

igraph-0.4.2/setup.cfg

[egg_info]
tag_build = 
tag_date = 0
tag_svn_revision = 0








igraph-0.4.2/MANIFEST.in

include src/*.h
include igraph/*.hc
include igraph/*.h
include test.py
include MANIFEST.in
include LICENSE








igraph-0.4.2/package/test/structural.py

import unittest
from igraph import *


class SimplePropertiesTests(unittest.TestCase):
    gfull  = Graph.Full(10)
    gempty = Graph(10)
    g = Graph(4, [(0, 1), (0, 2), (1, 2), (0, 3), (1, 3)])
    gdir = Graph(4, [(0, 1), (0, 2), (1, 2), (2, 1), (0, 3), (1, 3), (3, 0)], directed=True)
    tree = Graph.Tree(10, 3)

    def testDensity(self):
        self.failUnless(self.gfull.density() == 1.0)
        self.failUnless(self.gempty.density() == 0.0)
        self.failUnless(self.g.density() == 5.0/6.0)
        self.failUnless(self.g.density(True) == 5.0/8.0)
        self.failUnless(self.gdir.density() == 7.0/12.0)
        self.failUnless(self.gdir.density(True) == 7.0/16.0)
        self.failUnless(self.tree.density() == 0.2)
        
    def testDiameter(self):
        self.failUnless(self.gfull.diameter() == 1)
        self.failUnless(self.gempty.diameter(unconn=False) == 10)
        self.failUnless(self.g.diameter() == 2)
        self.failUnless(self.gdir.diameter(False) == 2)
        self.failUnless(self.gdir.diameter() == 3)
        self.failUnless(self.tree.diameter() == 4)
        
    def testTransitivity(self):
        self.failUnless(self.gfull.transitivity_undirected() == 1.0)
        self.failUnless(self.tree.transitivity_undirected() == 0.0)
        self.failUnless(self.g.transitivity_undirected() == 0.75)


class DegreeTests(unittest.TestCase):
    gfull  = Graph.Full(10)
    gempty = Graph(10)
    g = Graph(4, [(0, 1), (0, 2), (1, 2), (0, 3), (1, 3), (0, 0)])
    gdir = Graph(4, [(0, 1), (0, 2), (1, 2), (2, 1), (0, 3), (1, 3), (3, 0)], directed=True)
    tree = Graph.Tree(10, 3)

    def testDegree(self):
        self.failUnless(self.gfull.degree() == [9] * 10)
        self.failUnless(self.gempty.degree() == [0] * 10)
        self.failUnless(self.g.degree() == [3, 3, 2, 2])
        self.failUnless(self.g.degree(loops=True) == [5, 3, 2, 2])
        self.failUnless(self.gdir.degree(type=IN) == [1, 2, 2, 2])
        self.failUnless(self.gdir.degree(type=OUT) == [3, 2, 1, 1])
        self.failUnless(self.gdir.degree(type=ALL) == [4, 4, 3, 3])

    def testMaxDegree(self):
        self.failUnless(self.gfull.maxdegree() == 9)
        self.failUnless(self.gempty.maxdegree() == 0)
        self.failUnless(self.g.maxdegree() == 3)
        self.failUnless(self.g.maxdegree(loops=True) == 5)
        self.failUnless(self.g.maxdegree([1, 2], loops=True) == 3)
        self.failUnless(self.gdir.maxdegree(type=IN) == 2)
        self.failUnless(self.gdir.maxdegree(type=OUT) == 3)
        self.failUnless(self.gdir.maxdegree(type=ALL) == 4)
        
        

class LocalTransitivityTests(unittest.TestCase):
    def testLocalTransitivityFull(self):
        trans = Graph.Full(10).transitivity_local_undirected()
        self.failUnless(trans == [1.0]*10)
        
    def testLocalTransitivityTree(self):
        trans = Graph.Tree(10, 3).transitivity_local_undirected()
        self.failUnless(trans[0:3] == [0.0, 0.0, 0.0])

    def testLocalTransitivityHalf(self):
        g = Graph(4, [(0, 1), (0, 2), (1, 2), (0, 3), (1, 3)])
        trans = g.transitivity_local_undirected()
        trans = [round(x, 3) for x in trans]
        self.failUnless(trans == [0.667, 0.667, 1.0, 1.0])

    def testLocalTransitivityPartial(self):
        g = Graph(4, [(0, 1), (0, 2), (1, 2), (0, 3), (1, 3)])
        trans = g.transitivity_local_undirected([1,2])
        trans = [round(x, 3) for x in trans]
        self.failUnless(trans == [0.667, 1.0])


class MiscTests(unittest.TestCase):
    def testConstraint(self):
        g = Graph(4, [(0, 1), (0, 2), (1, 2), (0, 3), (1, 3)])
        self.failUnless(isinstance(g.constraint(), list)) # TODO check more

    def testTopologicalSorting(self):
        g = Graph(5, [(0, 1), (0, 2), (1, 2), (1, 3), (2, 3)], directed=True)
        self.failUnless(g.topological_sorting() == [0, 4, 1, 2, 3])
        self.failUnless(g.topological_sorting(IN) == [3, 4, 2, 1, 0])
        g.to_undirected()
        self.assertRaises(InternalError, g.topological_sorting)


def suite():
    simple_suite = unittest.makeSuite(SimplePropertiesTests)
    degree_suite = unittest.makeSuite(DegreeTests)
    local_transitivity_suite = unittest.makeSuite(LocalTransitivityTests)
    misc_suite = unittest.makeSuite(MiscTests)
    return unittest.TestSuite([simple_suite,
                               degree_suite,
                               local_transitivity_suite,
                               misc_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/operators.py

import unittest
from igraph import *

class OperatorTests(unittest.TestCase):
    def testMultiplication(self):
        g = Graph.Full(3)*3
        self.failUnless(g.vcount() == 9 and g.ecount() == 9
                        and g.clusters().membership == [0,0,0,1,1,1,2,2,2])

    def testIntersection(self):
        g = Graph.Tree(7, 2) & Graph.Lattice([7])
        self.failUnless(g.get_edgelist() == [(0, 1)])

    def testUnion(self):
        g = Graph.Tree(7, 2) | Graph.Lattice([7])
        self.failUnless(g.vcount() == 7 and g.ecount() == 12)

    def testInPlaceAddition(self):
        g = Graph.Full(3)
        orig = g

        # Adding vertices
        g += 2
        self.failUnless(g.vcount() == 5 and g.ecount() == 3
                        and g.clusters().membership == [0,0,0,1,2])

        # Adding a single edge
        g += (2, 3)
        self.failUnless(g.vcount() == 5 and g.ecount() == 4
                        and g.clusters().membership == [0,0,0,0,1])

        # Adding two edges
        g += [(3, 4), (2, 4)]
        self.failUnless(g.vcount() == 5 and g.ecount() == 6
                        and g.clusters().membership == [0]*5)

        # Did we really use the original graph so far?
        # TODO: disjoint union should be modified so that this assertion
        # could be moved to the end
        self.assert_(id(g) == id(orig))

        # Adding another graph
        g += Graph.Full(3)
        self.failUnless(g.vcount() == 8 and g.ecount() == 9
                        and g.clusters().membership == [0,0,0,0,0,1,1,1])

        # Adding two graphs
        g += [Graph.Full(3), Graph.Full(2)]
        self.failUnless(g.vcount() == 13 and g.ecount() == 13
                        and g.clusters().membership == [0,0,0,0,0,1,1,1,2,2,2,3,3])

    def testAddition(self):
        g0 = Graph.Full(3)

        # Adding vertices
        g = g0+2
        self.failUnless(g.vcount() == 5 and g.ecount() == 3
                        and g.clusters().membership == [0,0,0,1,2])
        g0 = g

        # Adding a single edge
        g = g0+(2,3)
        self.failUnless(g.vcount() == 5 and g.ecount() == 4
                        and g.clusters().membership == [0,0,0,0,1])
        g0 = g

        # Adding two edges
        g = g0+[(3, 4), (2, 4)]
        self.failUnless(g.vcount() == 5 and g.ecount() == 6
                        and g.clusters().membership == [0]*5)
        g0 = g

        # Adding another graph
        g = g0+Graph.Full(3)
        self.failUnless(g.vcount() == 8 and g.ecount() == 9
                        and g.clusters().membership == [0,0,0,0,0,1,1,1])

    def testInPlaceSubtraction(self):
        g = Graph.Full(7)
        orig = g

        # Deleting a vertex
        g -= 6
        self.failUnless(g.vcount() == 6 and g.ecount() == 15
                        and g.clusters().membership == [0,0,0,0,0,0])

        # Deleting two vertices
        g -= [4, 5]
        self.failUnless(g.vcount() == 4 and g.ecount() == 6
                        and g.clusters().membership == [0,0,0,0])

        # Deleting an edge
        g -= (1, 2)
        self.failUnless(g.vcount() == 4 and g.ecount() == 5
                        and g.clusters().membership == [0,0,0,0])

        # Deleting three more edges
        g -= [(1, 3), (0, 2), (0, 3)]
        self.failUnless(g.vcount() == 4 and g.ecount() == 2
                        and g.clusters().membership == [0,0,1,1])
        
        # Did we really use the original graph so far?
        self.assert_(id(g) == id(orig))

        # Subtracting a graph
        g2 = Graph.Tree(3, 2)
        g -= g2
        self.failUnless(g.vcount() == 4 and g.ecount() == 1
                        and g.clusters().membership == [0,1,2,2])


def suite():
    operator_suite = unittest.makeSuite(OperatorTests)
    return unittest.TestSuite([operator_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/games.py

import unittest
from igraph import *

class GameTests(unittest.TestCase):
    def testGRG(self):
        g=Graph.GRG(50, 0.2)
        self.failUnless(isinstance(g, Graph))
        g=Graph.GRG(50, 0.2, True)
        self.failUnless(isinstance(g, Graph))

    def testRecentDegree(self):
        g=Graph.Recent_Degree(100, 5, 10)
        self.failUnless(isinstance(g, Graph))

    def testPreference(self):
        g=Graph.Preference(100, [1, 1], [[1, 0], [0, 1]])
        self.failUnless(isinstance(g, Graph) and len(g.clusters()) == 2)

        g=Graph.Preference(100, [1, 1], [[1, 0], [0, 1]], attribute="type")
        l=g.vs.get_attribute_values("type")
        self.failUnless(min(l) == 0 and max(l) == 1)

    def testAsymmetricPreference(self):
        g=Graph.Asymmetric_Preference(100, [[0, 1], [1, 0]], [[0, 1], [1, 0]])
        self.failUnless(isinstance(g, Graph) and len(g.clusters()) == 2)

        g=Graph.Asymmetric_Preference(100, [[0, 1], [1, 0]], [[1, 0], [0, 1]],\
                                      attribute="type")
        l=g.vs.get_attribute_values("type")
        l1=[i[0] for i in l]
        l2=[i[1] for i in l]
        self.failUnless(min(l1) == 0 and max(l1) == 1 and
                        min(l2) == 0 and max(l2) == 1)

        g=Graph.Asymmetric_Preference(100, [[0, 1], [1, 0]], [[1, 0], [0, 1]])
        self.failUnless(isinstance(g, Graph) and len(g.clusters()) == 1)

    def testWattsStrogatz(self):
        g=Graph.Watts_Strogatz(1, 20, 1, 0.2)
        self.failUnless(isinstance(g, Graph) and g.vcount()==20 and g.ecount()==20)
        
def suite():
    game_suite = unittest.makeSuite(GameTests)
    return unittest.TestSuite([game_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/cliques.py

import unittest
from igraph import *

class CliqueTests(unittest.TestCase):
    def setUp(self):
	self.g=Graph.Full(6)
	self.g.delete_edges([(0, 1), (0, 2), (3, 5)])

    def testCliques(self):
	tests = {(4, -1): [[1, 2, 3, 4], [1, 2, 4, 5]],
		 (2, 2): [[0, 3], [0, 4], [0, 5],
			  [1, 2], [1, 3], [1, 4], [1, 5],
			  [2, 3], [2, 4], [2, 5], [3, 4], [4, 5]],
		 (-1, -1): [[0], [1], [2], [3], [4], [5],
			    [0, 3], [0, 4], [0, 5],
			    [1, 2], [1, 3], [1, 4], [1, 5],
			    [2, 3], [2, 4], [2, 5], [3, 4], [4, 5],
			    [0, 3, 4], [0, 4, 5],
			    [1, 2, 3], [1, 2, 4], [1, 2, 5],
			    [1, 3, 4], [1, 4, 5], [2, 3, 4], [2, 4, 5],
			    [1, 2, 3, 4], [1, 2, 4, 5]]}
	for (lo, hi), exp in tests.iteritems():
	    self.assertEqual(map(tuple, exp), self.g.cliques(lo, hi))

    def testLargestCliques(self):
	self.assertEqual(self.g.largest_cliques(),
			 [(1, 2, 3, 4), (1, 2, 4, 5)])

    def testMaximalCliques(self):
	self.assertEqual(self.g.maximal_cliques(),
			 [(0, 3, 4), (0, 4, 5),
			  (1, 2, 3, 4), (1, 2, 4, 5)])

    def testCliqueNumber(self):
	self.assertEqual(self.g.clique_number(), 4)
	self.assertEqual(self.g.omega(), 4)

class IndependentVertexSetTests(unittest.TestCase):
    def setUp(self):
	self.g1=Graph.Tree(5, 2, TREE_OUT)
	self.g2=Graph.Tree(10, 2, TREE_OUT)

    def testIndependentVertexSets(self):
	tests = {(4, -1): [],
		 (2, 2): [(0, 3), (0, 4), (1, 2), (2, 3), (2, 4), (3, 4)],
		 (-1, -1): [(0,), (1,), (2,), (3,), (4,),
			    (0, 3), (0, 4), (1, 2), (2, 3), (2, 4),
			    (3, 4), (0, 3, 4), (2, 3, 4)]}
	for (lo, hi), exp in tests.iteritems():
	    self.assertEqual(exp, self.g1.independent_vertex_sets(lo, hi))

    def testLargestIndependentVertexSets(self):
	self.assertEqual(self.g1.largest_independent_vertex_sets(),
			 [(0, 3, 4), (2, 3, 4)])

    def testMaximalIndependentVertexSets(self):
	self.assertEqual(self.g2.maximal_independent_vertex_sets(),
			 [(0, 3, 4, 5, 6), (0, 3, 5, 6, 9),
			  (0, 4, 5, 6, 7, 8), (0, 5, 6, 7, 8, 9),
			  (1, 2, 7, 8, 9), (1, 5, 6, 7, 8, 9),
			  (2, 3, 4), (2, 3, 9), (2, 4, 7, 8)])

    def testIndependenceNumber(self):
	self.assertEqual(self.g2.independence_number(), 6)
	self.assertEqual(self.g2.alpha(), 6)

def suite():
    clique_suite = unittest.makeSuite(CliqueTests)
    indvset_suite = unittest.makeSuite(IndependentVertexSetTests)
    return unittest.TestSuite([clique_suite, indvset_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/foreign.py

import unittest
from igraph import *
import tempfile
import os

class ForeignTests(unittest.TestCase):
    def testDIMACS(self):
	tmpf, tmpfname = tempfile.mkstemp()
	os.close(tmpf)
	tmpf = open(tmpfname, "w")
	print >>tmpf, """c
c        This is a simple example file to demonstrate the
c     DIMACS input file format for minimum-cost flow problems.
c 
c problem line :
p min 4 5
c
c node descriptor lines :
n 1 s
n 4 t
c
c arc descriptor lines :
a 1 2 4
a 1 3 2
a 2 3 2
a 2 4 3
a 3 4 5
"""
	tmpf.close()
	g, src, dst, cap=Graph.Read_DIMACS(tmpfname, False)
	self.failUnless(isinstance(g, Graph))
	self.failUnless(g.vcount() == 4 and g.ecount() == 5)
	self.failUnless(src == 0 and dst == 3)
	self.failUnless(cap == [4,2,2,3,5])
	
	g.write_dimacs(tmpfname, src, dst, cap)
	os.unlink(tmpfname)
	

def suite():
    foreign_suite = unittest.makeSuite(ForeignTests)
    return unittest.TestSuite([foreign_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/layouts.py

import unittest
from igraph import Layout

class LayoutTests(unittest.TestCase):
    def testConstructor(self):
        layout = Layout([(0,0,1), (0,1,0), (1,0,0)])
        self.assertEqual(layout.dim, 3)
        layout = Layout([(0,0,1), (0,1,0), (1,0,0)], 3)
        self.assertEqual(layout.dim, 3)
        self.assertRaises(ValueError, Layout, [(0,1), (1,0)], 3)
        self.assertRaises(ValueError, Layout, [])

    def testIndexing(self):
        layout = Layout([(0,0,1), (0,1,0), (1,0,0), (2,1,3)])
        self.assertEqual(len(layout), 4)
        self.assertEqual(layout[1], [0, 1, 0])
        self.assertEqual(layout[3], [2, 1, 3])
        
        row = layout[2]
        row[2] = 1
        self.assertEqual(layout[2], [1, 0, 0])
        layout[2] = row
        self.assertEqual(layout[2], [1, 0, 1])

        del layout[1]
        self.assertEqual(len(layout), 3)

    def testScaling(self):
        layout = Layout([(0,0,1), (0,1,0), (1,0,0), (2,1,3)])
        layout.scale(1.5)
        self.assertEqual(layout.coords, [[0., 0., 1.5], \
                                         [0., 1.5, 0.], \
                                         [1.5, 0., 0.], \
                                         [3., 1.5, 4.5]])

        layout = Layout([(0,0,1), (0,1,0), (1,0,0), (2,1,3)])
        layout.scale(1, 1, 3)
        self.assertEqual(layout.coords, [[0, 0, 3], \
                                         [0, 1, 0], \
                                         [1, 0, 0], \
                                         [2, 1, 9]])


        layout = Layout([(0,0,1), (0,1,0), (1,0,0), (2,1,3)])
        layout.scale((2, 2, 1))
        self.assertEqual(layout.coords, [[0, 0, 1], \
                                         [0, 2, 0], \
                                         [2, 0, 0], \
                                         [4, 2, 3]])

        self.assertRaises(ValueError, layout.scale, 2, 3)


    def testTranslation(self):
        layout = Layout([(0,0,1), (0,1,0), (1,0,0), (2,1,3)])
        layout2 = layout.copy()
        
        layout.translate(1,3,2)
        self.assertEqual(layout.coords, [[1, 3, 3], \
                                         [1, 4, 2], \
                                         [2, 3, 2], \
                                         [3, 4, 5]])
        
        layout.translate((-1,-3,-2))
        self.assertEqual(layout.coords, layout2.coords)

        self.assertRaises(ValueError, layout.translate, v=[3])
        
    def testCentroid(self):
        layout = Layout([(0,0,1), (0,1,0), (1,0,0), (2,1,3)])
        centroid = layout.centroid()
        self.assertEqual(len(centroid), 3)
        self.assertAlmostEqual(centroid[0], 0.75)
        self.assertAlmostEqual(centroid[1], 0.5)
        self.assertAlmostEqual(centroid[2], 1.)


    def testBoundingBox(self):
        layout = Layout([(0,0,1), (0,1,0), (1,0,0), (2,1,3)])
        self.assertEqual(layout.bounding_box(), ([0,0,0], [2,1,3]))
        self.assertEqual(layout.bounding_box(1), ([-1,-1,-1], [3,2,4]))


    def testCenter(self):
        layout = Layout([(-2,0), (-2,-2), (0,-2), (0,0)])
        layout.center()
        self.assertEqual(layout.coords, [[-1,1], [-1,-1], [1,-1], [1,1]])
        layout.center(5,5)
        self.assertEqual(layout.coords, [[4,6], [4,4], [6,4], [6,6]])
        self.assertRaises(ValueError, layout.center, 3)
        self.assertRaises(TypeError, layout.center, p=6)


        
def suite():
    layout_suite = unittest.makeSuite(LayoutTests)
    return unittest.TestSuite([layout_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/__init__.py

import unittest
from igraph.test import basic, layouts, games, foreign, structural, flow, \
    spectral, attributes, cliques, decomposition, operators
from igraph import *

def suite():
    return unittest.TestSuite( \
        [basic.suite(),
         layouts.suite(),
         games.suite(),
         foreign.suite(),
         structural.suite(),
         flow.suite(),
         spectral.suite(),
         attributes.suite(),
         cliques.suite(),
         decomposition.suite(),
         operators.suite()] \
    )
    
def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    







igraph-0.4.2/package/test/attributes.py

import unittest
from igraph import *

class AttributeTests(unittest.TestCase):
    def testMassVertexAttributeAssignment(self):
	g = Graph.Full(5)
	g.vs.set_attribute_values("name", range(5))
	self.failUnless(g.vs.get_attribute_values("name") == range(5))
	self.assertRaises(ValueError, g.vs.set_attribute_values, "name", [2])

    def testMassEdgeAttributeAssignment(self):
	g = Graph.Full(5)
	g.es.set_attribute_values("name", range(10))
	self.failUnless(g.es.get_attribute_values("name") == range(10))
	self.assertRaises(ValueError, g.es.set_attribute_values, "name", [2])
	
def suite():
    attribute_suite = unittest.makeSuite(AttributeTests)
    return unittest.TestSuite([attribute_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()







igraph-0.4.2/package/test/spectral.py

import unittest
from igraph import *

class SpectralTests(unittest.TestCase):
    def testLaplacian(self):
	g=Graph.Full(3)
	self.failUnless(g.laplacian() == [[ 2, -1, -1],\
					  [-1,  2, -1],\
					  [-1, -1,  2]])
	self.failUnless(g.laplacian(True) == [[ 1.0, -0.5, -0.5],\
					      [-0.5,  1.0, -0.5],\
					      [-0.5, -0.5,  1.0]])

	g=Graph.Tree(5, 2)
	g.add_vertices(1)
	self.failUnless(g.laplacian() == [[ 2, -1, -1,  0,  0, 0],\
					  [-1,  3,  0, -1, -1, 0],\
					  [-1,  0,  1,  0,  0, 0],\
					  [ 0, -1,  0,  1,  0, 0],\
					  [ 0, -1,  0,  0,  1, 0],\
					  [ 0,  0,  0,  0,  0, 0]])
	
def suite():
    spectral_suite = unittest.makeSuite(SpectralTests)
    return unittest.TestSuite([spectral_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/basic.py

import unittest
from igraph import *

class BasicTests(unittest.TestCase):
    def testGraphCreation(self):
	self.failUnless(isinstance(Graph(), Graph))
	
def suite():
    basic_suite = unittest.makeSuite(BasicTests)
    return unittest.TestSuite([basic_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/flow.py

import unittest
from igraph import *

class MaxFlowTests(unittest.TestCase):
    def setUp(self):
	self.g=Graph(4, [(0, 1), (0, 2), (1, 2), (1, 3), (2, 3)])
	self.capacities = [4, 2, 10, 2, 2]
	for idx in range(self.g.ecount()):
	    self.g.es[idx]["capacity"]=self.capacities[idx]

    def testCapacities(self):
	self.failUnless(self.capacities == \
			self.g.es.get_attribute_values("capacity"))

    def testMaxFlowValue(self):
	self.failUnless(self.g.maxflow_value(0, 3) == 2)
	self.failUnless(self.g.maxflow_value(0, 3, self.capacities) == 4)
	self.failUnless(self.g.maxflow_value(0, 3, "capacity") == 4)
	self.assertRaises(KeyError, self.g.maxflow_value, 0, 3, "unknown")

    def testMinCutValue(self):
	self.failUnless(self.g.mincut_value(0, 3) == 2)
	self.failUnless(self.g.mincut_value(0, 3, self.capacities) == 4)
	self.failUnless(self.g.mincut_value(0, 3, "capacity") == 4)
	self.assertRaises(KeyError, self.g.mincut_value, 0, 3, "unknown")
	self.failUnless(self.g.mincut_value() == 2)
	self.failUnless(self.g.mincut_value(source=0) == 2)
	self.failUnless(self.g.mincut_value(target=2) == 2)

def suite():
    flow_suite = unittest.makeSuite(MaxFlowTests)
    return unittest.TestSuite([flow_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/test/decomposition.py

import unittest
from igraph import *

class DecompositionTests(unittest.TestCase):
    def testKCores(self):
        g = Graph(11, [(0,1), (0,2), (0,3), (1,2), (1,3), (2,3),
                       (2,4), (2,5), (3,6), (3,7), (1,7), (7,8),
                       (1,9), (1,10), (9,10)])
        self.failUnless(g.coreness() == [3,3,3,3,1,1,1,2,1,2,2])
        self.failUnless(g.shell_index() == g.coreness())

        l=g.k_core(3).get_edgelist()
        l.sort()
        self.failUnless(l == [(0,1), (0,2), (0,3), (1,2), (1,3), (2,3)])

class ClusteringTests(unittest.TestCase):
    def setUp(self):
        self.cl = Clustering([0,0,0,1,1,2,1,1,4,4])

    def testClusteringIndex(self):
        self.failUnless(self.cl[0] == [0, 1, 2])
        self.failUnless(self.cl[1] == [3, 4, 6, 7])
        self.failUnless(self.cl[2] == [5])
        self.failUnless(self.cl[3] == [])
        self.failUnless(self.cl[4] == [8, 9])

    def testClusteringLength(self):
        self.failUnless(len(self.cl) == 5)

    def testClusteringMembership(self):
        self.failUnless(membership == [0,0,0,1,1,2,1,1,4,4])

    def testClusteringSizes(self):
        self.failUnless(self.cl.sizes() == [3, 4, 1, 0, 2])
        self.failUnless(self.cl.sizes(2, 4, 1) == [1, 2, 4])
        self.failUnless(self.cl.size(2) == 1)

    def testClusteringHistogram(self):
        self.failUnless(isinstance(self.cl.size_histogram(), Histogram))


class CommunityTests(unittest.TestCase):
    def testClauset(self):
        g = Graph.Full(5) + Graph.Full(5)
        g.add_edges([(0, 5)])
        cl = g.community_fastgreedy()
        self.failUnless(cl.membership == [0,0,0,0,0,1,1,1,1,1])
        self.assertAlmostEqual(cl.q, 0.4523, places=3)

    def testEigenvector(self):
        g = Graph.Full(5) + Graph.Full(5)
        g.add_edges([(0, 5)])
        cl = g.community_leading_eigenvector_naive()
        self.failUnless(cl.membership == [0,0,0,0,0,1,1,1,1,1])
        self.assertAlmostEqual(cl.q, 0.4523, places=3)
        cl = g.community_leading_eigenvector(2)
        self.failUnless(cl.membership == [0,0,0,0,0,1,1,1,1,1])
        self.assertAlmostEqual(cl.q, 0.4523, places=3)

def suite():
    decomposition_suite = unittest.makeSuite(DecompositionTests)
    clustering_suite = unittest.makeSuite(ClusteringTests)
    community_suite = unittest.makeSuite(CommunityTests)
    return unittest.TestSuite([decomposition_suite, community_suite])

def test():
    runner = unittest.TextTestRunner()
    runner.run(suite())
    
if __name__ == "__main__":
    test()








igraph-0.4.2/package/statistics.py

"""
Statistics related stuff in igraph
"""

__license__ = """
Copyright (C) 2006-2007  Gabor Csardi <csardi@rmki.kfki.hu>,
Tamas Nepusz <ntamas@rmki.kfki.hu>

MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
02110-1301 USA
"""

class Interval(object):
    """A class representing an interval over the real numbers"""

    def __init__(self, left, right):
        """Constructor.

        @param left: the left edge of the interval
        @param right: the right edge of the interval"""
        if left == right:
            raise ArgumentError, "Interval can't have zero length"""
        self._left = min(left, right)
        self._right = max(left, right)

    def __contains__(self, x):
        """Returns C{True} if x is in the interval, C{False} otherwise"""
        return (x >= self._left and x < self._right)

    def __eq__(self, x):
        """Tests for the equality of two intervals"""
        return (isinstance(x, Interval) and \
                x.left == self._left and x.right == self._right)
 
    def __cmp__(self, x): return cmp(self._left, x.left)
    def __getattr__(self, attr):
        if attr == "left": return self._left
        if attr == "right": return self._right
        return object.__getattr__(self, attr)

    def __hash__(self): return hash(self._left) | hash(self._right)

    def __str__(self): return "[%f, %f)" % (self._left, self._right)

class Histogram(object):
    """Generic histogram class for real numbers
    
    Example:
        
        >>> h = Histogram(5)     # Initializing, bin width = 5
        >>> h << [2,3,2,7,8,5,5,0,7,9]     # Adding more items
        >>> print h
        N = 10, mean +- sd: 4.8000 +- 2.9740
        [ 0.000,  5.000): ****
        [ 5.000, 10.000): ******
    """

    def __init__(self, bin_width = 1, data = []):
        """Initializes the histogram with the given data set.

        @param bin_width: the bin width of the histogram.
        @param data: the data set to be used. Must contain real numbers.
        """
        self._bin_width = float(bin_width)
        self.clear()
        self.add_many(data)

    def _get_bin(self, num, create = False):
        """Returns the bin corresponding to the given number.

        @param num: the number for which the bin is being sought
        @param create: whether to create a new bin if no bin exists yet.
        @return: the range of the bin or C{None} if no bin exists yet and
          {create} is C{False}."""
        for bin in self._bins.keys():
            if num in bin: return bin

        if create:
            left = (num // self._bin_width) * self._bin_width
            right = left + self._bin_width
            bin = Interval(left, right)
            self._bins[bin] = 0

            if self._min is None or left < self._min: self._min = left
            if self._max is None or right > self._max: self._max = right

            return bin

        return None

    def _get_n(self): return self._n
    def _get_mean(self): return self._mean
    def _get_sd(self): return self._sd
    def _get_var(self): return self._sd ** 2
    n = property(_get_n, doc="Number of elements in the histogram")
    mean = property(_get_mean, doc="Mean of the elements")
    sd = property(_get_sd, doc="Standard deviation of the elements")
    var = property(_get_var, doc="Variance of the elements")

    def add(self, num):
        """Adds a single number to the histogram.
        
        @param num: the number to be added"""
        bin = self._get_bin(num, True)
        self._bins[bin] += 1
        self._n += 1
        delta = num - self._mean
        self._mean += (delta / self._n)
        self._s += delta * (num - self._mean)
        if self._n > 1:
            self._sd = (self._s / (self._n-1)) ** 0.5

    def add_many(self, data):
        """Adds a single number or elements of an iterable to the histogram.

        @param data: the data to be added"""
        try:
            it = iter(data)
        except:
            it = iter([data])
        for x in it: self.add(x)
    __lshift__ = add_many

    def clear(self):
        """Clears the collected data"""
        self._bins = {}
        self._min = None
        self._max = None
        self._n = 0
        self._mean = 0.0
        self._s = 0.0
        self._sd = 0.0

    def bins(self):
        """Generator returning the bins of the histogram in increasing order
        
        @return: a tuple with the following elements: left bound, right bound,
          number of elements in the bin"""
        x = self._min
        while x < self._max:
            bin = self._get_bin(x)
            if bin is None:
                yield (x, x+self._bin_width, 0)
            else:
                yield (x, x+self._bin_width, self._bins[bin])
            x += self._bin_width

    def __str__(self):
        """Returns the string representation of the histogram"""
        if self._min is None or self._max is None: return str()
        num_length = max(len("%.3f" % self._min), \
                         len("%.3f" % self._max))
        format_string = "[%%%d.3f, %%%d.3f): %%s" % (num_length, num_length)
        #bins = self._bins.keys()
        #bins.sort()
        maxval = max(self._bins.itervalues())
        scale = maxval // (70-2*num_length)
        if scale<1: scale = 1

        result=["N = %d, mean +- sd: %.4f +- %.4f " % \
            (self.n, self.mean, self.sd)]

        if scale>1: result.append("Each * represents %d items" % scale)

        for left, right, cnt in self.bins():
            cnt //= scale
            result.append(format_string % (left, right, '*'*cnt))

        return "\n".join(result)



class RunningMean(object):
    """Running mean calculator.
    
    This class can be used to calculate the mean of elements from a
    list, tuple, iterable or any other data source. The mean is
    calculated on the fly without explicitly summing the values,
    so it can be used for data sets with arbitrary item count. Also
    capable of returning the standard deviation (also calculated on
    the fly)
    """
    
    def __init__(self, n = 0.0, mean = 0.0, sd = 0.0):
        """RunningMean(n=0.0, mean=0.0, sd=0.0)
        
        Initializes the running mean calculator. Optionally the
        number of already processed elements and an initial mean
        can be supplied if we want to continue an interrupted
        calculation.

        @param n: the initial number of elements already processed
        @param mean: the initial mean
        @param sd: the initial standard deviation"""
        self._n = float(n)
        self._mean = float(mean)
        if n>1:
            self._s = float(sd) ** 2 * float(n-1)
            self._sd = float(sd)
        else:
            self._s = 0.0
            self._sd = 0.0
        
    def add(self, value):
        """RunningMean.add(value)
        
        Adds the given value to the elements from which we calculate
        the mean and the standard deviation.

        @param value: the element to be added
        @return: the new mean and standard deviation as a tuple"""
        self._n += 1
        delta = value - self._mean
        self._mean = self._mean + delta / self._n
        self._s = self._s + delta * (value - self._mean)
        if self._n > 1:
            self._sd = (self._s / (self._n-1)) ** 0.5
        return self._mean, self._sd

    def add_many(self, values):
        """RunningMean.add(values)
        
        Adds the values in the given iterable to the elements from
        which we calculate the mean. Can also accept a single number.
        The left shift (C{<<}) operator is aliased to this function,
        so you can use it to add elements as well:
            
          >>> rm=RunningMean()
          >>> rm << [1,2,3,4]
          (2.5, 1.6666666666667)
        
        @param values: the element(s) to be added
        @type values: iterable
        @return: the new mean"""
        try:
            iterator=iter(values)
        except TypeError:
            iterator=iter([values])
        for value in iterator: self.add(value)
        return self._mean, self._sd
        
    def _get_result(self): return self._mean, self._sd
    def _get_mean(self): return self._mean
    def _get_sd(self): return self._sd
    mean = property(_get_mean, doc="the current mean")
    sd = property(_get_sd, doc="the current standard deviation")
    result = property(_get_result, doc="the current mean and standard deviation as a tuple")

    def __str__(self):
        return "Running mean (N=%d, %f +- %f)" % \
            (int(self._n), self._mean, self._sd)
    
    __lshift__ = add_many
    
    def __float__(self): return float(self._mean)
    def __int__(self): return int(self._mean)
    def __long__(self): return long(self._mean)
    def __complex__(self): return complex(self._mean)








igraph-0.4.2/package/__init__.py

"""
IGraph library.

@undocumented: test
"""

__license__ = """
Copyright (C) 2006-2007  Gabor Csardi <csardi@rmki.kfki.hu>,
Tamas Nepusz <ntamas@rmki.kfki.hu>

MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
02110-1301 USA
"""

from core import *
from core import __version__, __build_date__
from clustering import *
from layout import *

import os
import math
import gzip
import sys
from tempfile import mkstemp
from warnings import warn

def summary(o, f=sys.stdout):
    """Prints a summary of object o to a given stream

    @param o: the object about which a human-readable summary is requested.
    @param f: the stream to be used
    """
    if hasattr(o, "summary"):
        print >>f, o.summary()
    else:
        print >>f, str(o)


class Graph(core.GraphBase):
    """Generic graph.
    
    This class is built on top of L{GraphBase}, so the order of the
    methods in the Epydoc documentation is a little bit obscure:
    inherited methods come after the ones implemented directly in the
    subclass.
    """

    # Some useful aliases
    omega = core.GraphBase.clique_number
    alpha = core.GraphBase.independence_number
    shell_index = core.GraphBase.coreness

    def indegree(self, *args, **kwds):
        """Returns the in-degrees in a list.
        
        See L{degree} for possible arguments.
        """
        kwds['degree']=_igraph.IN
        return self.degree(*args, **kwds)

    def outdegree(self, *args, **kwds):
        """Returns the out-degrees in a list.
        
        See L{degree} for possible arguments.
        """
        kwds['degree']=_igraph.OUT
        return self.degree(*args, **kwds)

    def eccentricity(self, nodes=None):
        """Calculates eccentricities for vertices with the given indices.
        
        Eccentricity is given as the reciprocal of the greatest distance
        between the vertex being considered and any other vertex in the
        graph.

        Please note that for any unconnected graph, eccentricities will
        all be equal to 1 over the number of vertices, since for all vertices
        the greatest distance will be equal to the number of vertices (this
        is how L{shortest_paths} denotes vertex pairs where it is impossible
        to reach one from the other).

        @param vertices: the vertices to consider. If C{None}, all
          vertices are considered.
        @return: the eccentricities in a list
        """
        if self.vcount() == 0: return []
        if self.vcount() == 1: return [1.0]
        distance_matrix = self.shortest_paths(mode=OUT)
        distance_maxs = map(max, distance_matrix)
        
        if nodes is None:
            result = [1.0/x for x in distance_maxs]
        else:
            result = [1.0/distance_maxs[idx] for idx in nodes]

        return result

    def clusters(self, mode=STRONG):
        """clusters(mode=STRONG)

        Calculates the (strong or weak) clusters (connected components) for
        a given graph.

        @param mode: must be either C{STRONG} or C{WEAK}, depending on the
          clusters being sought. Optional, defaults to C{STRONG}.
        @return: a L{VertexClustering} object"""
        return VertexClustering(self, GraphBase.clusters(self, mode))
    components = clusters

    def degree_distribution(self, bin_width = 1, *args, **kwds):
        """degree_distribution(bin_width=1, ...)

        Calculates the degree distribution of the graph.

        Unknown keyword arguments are directly passed to L{degree()}.

        @param bin_width: the bin width of the histogram
        @return: a histogram representing the degree distribution of the
          graph.
        """
        result = Histogram(bin_width, self.degree(*args, **kwds))
        return result

    def modularity(self, membership):
        """modularity(membership)

        Calculates the modularity score of the graph with respect to a given
        clustering.
        
        The modularity of a graph w.r.t. some division measures how good the
        division is, or how separated are the different vertex types from each
        other. It is defined as M{Q=1/(2m)*sum(Aij-ki*kj/(2m)delta(ci,cj),i,j)}.
        M{m} is the number of edges, M{Aij} is the element of the M{A} adjacency
        matrix in row M{i} and column M{j}, M{ki} is the degree of node M{i},
        M{kj} is the degree of node M{j}, and M{Ci} and C{cj} are the types of
        the two vertices (M{i} and M{j}). M{delta(x,y)} is one iff M{x=y}, 0
        otherwise.

        @param membership: a membership list or a L{VertexClustering} object
        @return: the modularity score
        
        @newfield ref: Reference
        @ref: MEJ Newman and M Girvan: Finding and evaluating community
          structure in networks. Phys Rev E 69 026113, 2004.
        """
        if isinstance(membership, VertexClustering):
            if membership.graph != self:
                raise ValueError, "clustering object belongs to a different graph"
            return GraphBase.modularity(self, membership.membership)
        else:
            return GraphBase.modularity(self, membership)

    # Various clustering algorithms -- mostly wrappers around GraphBase

    def community_fastgreedy(self):
        """Community structure based on the greedy optimization of modularity.

        This algorithm merges individual nodes into communities in a way that
        greedily maximizes the modularity score of the graph. It can be proven
        that if no merge can increase the current modularity score, the algorithm
        can be stopped since no further increase can be achieved.

        This algorithm is said to run almost in linear time on sparse graphs.

        @return: an appropriate L{VertexClustering} object.

        @newfield ref: Reference
        @ref: A Clauset, MEJ Newman and C Moore: Finding community structure
          in very large networks. Phys Rev E 70, 066111 (2004).
        """
        merges, qs = GraphBase.community_fastgreedy(self, True)
        return VertexDendrogram(self, merges, None, qs)


    def community_leading_eigenvector_naive(self, clusters=None, return_merges = False):
        """community_leading_eigenvector_naive(clusters=None, return_merges=False)
        A naive implementation of Newman's eigenvector community structure
        detection. This function splits the network into two components
        according to the leading eigenvector of the modularity matrix and
        then recursively takes the given number of steps by splitting the
        communities as individual networks. This is not the correct way,
        however, see the reference for explanation. Consider using the
        correct L{community_leading_eigenvector} method instead.

        @param clusters: the desired number of communities. If C{None}, the algorithm
          tries to do as many splits as possible. Note that the algorithm
          won't split a community further if the signs of the leading eigenvector
          are all the same, so the actual number of discovered communities can be
          less than the desired one.
        @param return_merges: whether the returned L{VertexClustering} object
          should contain information about the merges performed on the graph.
        @return: an appropriate L{VertexClustering} object.
        @param return_merges: whether 
        
        @newfield ref: Reference
        @ref: MEJ Newman: Finding community structure in networks using the
        eigenvectors of matrices, arXiv:physics/0605087"""
        if clusters is None: clusters=-1
        cl, merges = GraphBase.community_leading_eigenvector_naive(self, clusters, return_merges)
        if merges is None:
            return VertexClustering(self, cl)
        else:
            return VertexDendrogram(self, merges, cl)


    def community_leading_eigenvector(self, clusters=None, return_merges = False):
        """community_leading_eigenvector(clusters=None, return_merges=False)
        
        Newman's leading eigenvector method for detecting community structure.
        This is the proper implementation of the recursive, divisive algorithm:
        each split is done by maximizing the modularity regarding the
        original network.
        
        @param clusters: the desired number of communities. If C{None}, the algorithm
          tries to do as many splits as possible. Note that the algorithm
          won't split a community further if the signs of the leading eigenvector
          are all the same, so the actual number of discovered communities can be
          less than the desired one.
        @param return_merges: whether the returned L{VertexClustering} object
          should contain information about the merges performed on the graph.
        @return: an appropriate L{VertexClustering} object.
        @param return_merges: whether 
        
        @newfield ref: Reference
        @ref: MEJ Newman: Finding community structure in networks using the
        eigenvectors of matrices, arXiv:physics/0605087"""
        if clusters is None: clusters=-1
        cl, merges = GraphBase.community_leading_eigenvector(self, clusters, return_merges)
        if merges is None:
            return VertexClustering(self, cl)
        else:
            return VertexDendrogram(self, merges, cl)


    def community_edge_betweenness(self, clusters = None, directed = True):
        """Community structure based on the betweenness of the edges in the network.

        The idea is that the betweenness of the edges connecting two communities
        is typically high, as many of the shortest paths between nodes in separate
        communities go through them. So we gradually remove the edge with the
        highest betweenness and recalculate the betweennesses after every
        removal. This way sooner or later the network falls of to separate
        components. The result of the clustering will be represented by a
        dendrogram.

        @param clusters: the number of clusters we would like to see. This
          practically defines the "level" where we "cut" the dendrogram to
          get the membership vector of the vertices. If C{None}, the dendrogram
          is cut at the level which maximizes the modularity.
        @param directed: whether the directionality of the edges should be taken
          into account or not.
        @return: a L{VertexClustering} object. Besides the usual methods and members,
          this object will have a member called C{merges} which records information
          used to produce the dendrogram. It is practically a list of tuples where
          each tuple defines two nodes which will be joined in a step. Node IDs
          from 0 to M{n-1} (where M{n} is the number of vertices) correspond to
          the individual vertices, while node IDs up from M{n} correspond to
          merged communities. M{n} means the community created after the first
          merge, M{n+1} means the community created after the second merge and
          so on...
        """
        d = VertexDendrogram(self, GraphBase.community_edge_betweenness(self, directed));
        if clusters is not None: d.cut(clusters)
        return d
    
    def edge_betweenness_clustering(self, clusters = None, steps = None):
        """Newman's edge betweenness clustering.

        Iterative removal of edges with the largest edge betweenness until
        the given number of steps is reached or until the graph is decomposed
        to the given number of clusters. Edge betweennesses are recalculated
        after every run.

        @param clusters: the desired number of clusters.
        @param steps: the number of tests to take.

        @return: an appropriate L{VertexClustering} object.

        @newfield ref: Reference
        @ref: Girvan, M and Newman, MEJ: Community structure in social and
          biological networks. Proc. Natl. Acad. Sci. USA 99, 7821-7826 (2002)
        """
        warn("Graph.edge_betweenness_clustering is deprecated and will be removed soon. Use Graph.community_edge_betweenness instead", DeprecationWarning)
        g = self.copy()
        number_of_steps = 0

        directed = g.is_directed()

        while True:
            if clusters is not None:
                cl = g.clusters()
                if max(cl)+1 >= clusters: break

            if steps is not None:
                if number_of_steps > steps: break

            ebs = g.edge_betweenness(directed)

            if len(ebs) == 0: break

            eb_max = max(ebs)
            eb_max_index = ebs.index(eb_max)

            g.delete_edges(eb_max_index, by_index=True)
            number_of_steps += 1

        return VertexClustering(self, g.clusters()) 


    def k_core(self, *args):
        """Returns some k-cores of the graph.

        The method accepts an arbitrary number of arguments representing
        the desired indices of the M{k}-cores to be returned. The arguments
        can also be lists or tuples. The result is a single L{Graph} object
        if an only integer argument was given, otherwise the result is a
        list of L{Graph} objects representing the desired k-cores in the
        order the arguments were specified. If no argument is given, returns
        all M{k}-cores in increasing order of M{k}.
        """
        if len(args) == 0:
            indices = xrange(self.vcount())
            return_single = False
        else:
            return_single = True
            indices = []
            for arg in args:
                try:
                    indices.extend(arg)
                except:
                    indices.append(arg)

        if len(indices)>1 or hasattr(args[0], "__iter__"):
            return_single = False

        corenesses = self.coreness()
        result = []
        vidxs = xrange(self.vcount())
        for idx in indices:
            core_idxs = [vidx for vidx in vidxs if corenesses[vidx] >= idx]
            result.append(self.subgraph(core_idxs))

        if return_single: return result[0]
        return result


    def write_graphmlz(self, f, compresslevel=9):
        """Writes the graph to a zipped GraphML file.

        The library uses the gzip compression algorithm, so the resulting
        file can be unzipped with regular gzip uncompression (like
        C{gunzip} or C{zcat} from Unix command line) or the Python C{gzip}
        module.

        Uses a temporary file to store intermediate GraphML data, so
        make sure you have enough free space to store the unzipped
        GraphML file as well.

        @param f: the name of the file to be written.
        @param compresslevel: the level of compression. 1 is fastest and
          produces the least compression, and 9 is slowest and produces
          the most compression."""
        tmpfilename=None
        try:
            tmpfileno, tmpfilename = mkstemp(text=True)
            os.close(tmpfileno)
            self.write_graphml(tmpfilename)
            outf = gzip.GzipFile(f, "wb", compresslevel)
            inf = open(tmpfilename)
            for line in inf: outf.write(line)
            inf.close()
            outf.close()
        finally:
            if tmpfilename is not None: os.unlink(tmpfilename)

    def Read_GraphMLz(cls, f, *params, **kwds):
        """Read_GraphMLz(f, directed=True, index=0)

        Reads a graph from a zipped GraphML file.

        @param f: the name of the file
        @param index: if the GraphML file contains multiple graphs,
          specified the one that should be loaded. Graph indices
          start from zero, so if you want to load the first graph,
          specify 0 here.
        @return: the loaded graph object"""
        tmpfilename=None
        try:
            tmpfileno, tmpfilename = mkstemp(text=True)
            os.close(tmpfileno)
            inf = gzip.GzipFile(f, "rb")
            outf = open(tmpfilename, "wt")
            for line in inf: outf.write(line)
            inf.close()
            outf.close()
            result=cls.Read_GraphML(tmpfilename)
        finally:
            if tmpfilename is not None: os.unlink(tmpfilename)
        return result
    Read_GraphMLz = classmethod(Read_GraphMLz)

    def write_svg(self, fname, layout, width = None, height = None, \
                  labels = "label", colors = "color", shapes = "shape", \
                  vertex_size = 10, font_size = 16, *args, **kwds):
        """Saves the graph as an SVG (Scalable Vector Graphics) file
        
        @param fname: the name of the file
        @param layout: the layout of the graph. Can be either an
          explicitly specified layout (using a list of coordinate
          pairs) or the name of a layout algorithm (which should
          refer to a method in the L{Graph} object, but without
          the C{layout_} prefix.
        @param width: the preferred width in pixels (default: 400)
        @param height: the preferred height in pixels (default: 400)
        @param labels: the vertex labels. Either it is the name of
          a vertex attribute to use, or a list explicitly specifying
          the labels. It can also be C{None}.
        @param colors: the vertex colors. Either it is the name of
          a vertex attribute to use, or a list explicitly specifying
          the colors. A color can be anything acceptable in an SVG
          file.
        @param shapes: the vertex shapes. Either it is the name of
          a vertex attribute to use, or a list explicitly specifying
          the shapes as integers. Shape 0 means hidden (nothing is drawn),
          shape 1 is a circle, shape 2 is a rectangle.
        @param vertex_size: vertex size in pixels
        @param font_size: font size. If it is a string, it is written into
          the SVG file as-is (so you can specify anything which is valid
          as the value of the C{font-size} style). If it is a number, it
          is interpreted as pixel size and converted to the proper attribute
          value accordingly.
        """
        if width is None and height is None:
            width = 400
            height = 400
        elif width is None:
            width = height
        elif height is None:
            height = width
                
        if width<=0 or height<=0:
            raise ValueError, "width and height must be positive"

        if isinstance(layout, str):
            f=getattr(Graph, "layout_"+layout);
            layout=f(self, *args)

        if isinstance(labels, str):
            try:
                labels = self.vs.get_attribute_values(labels)
            except KeyError:
                labels = [x+1 for x in xrange(self.vcount())]
        elif labels is None:
            labels = [""] * self.vcount()

        if isinstance(colors, str):
            try:
                colors = self.vs.get_attribute_values(colors)
            except KeyError:
                colors = ["red" for x in xrange(self.vcount())]

        if isinstance(shapes, str):
            try:
                shapes = self.vs.get_attribute_values(shapes)
            except KeyError:
                shapes = [1]*self.vcount()
        
        if not isinstance(font_size, str):
            font_size = "%spx" % str(font_size)
        else:
            if ";" in font_size:
                raise ValueError, "font size can't contain a semicolon"

        vc = self.vcount()
        while len(labels)<vc: labels.append(len(labels)+1)
        while len(colors)<vc: colors.append("red")

        f=open(fname, "w")
                
        maxs=[layout[0][dim] for dim in range(2)]
        mins=[layout[0][dim] for dim in range(2)]
                
        for rowidx in range(1, len(layout)):
            row = layout[rowidx]
            for dim in range(0, 2):
                if maxs[dim]<row[dim]: maxs[dim]=row[dim]
                if mins[dim]>row[dim]: mins[dim]=row[dim]
                
        sizes=[width-2*vertex_size, height-2*vertex_size]
        halfsizes=[(maxs[dim]+mins[dim])/2.0 for dim in range(2)]
        ratios=[sizes[dim]/(maxs[dim]-mins[dim]) for dim in range(2)]
        layout=[[(row[0]-halfsizes[0])*ratios[0], \
                 (row[1]-halfsizes[1])*ratios[1]] \
                for row in layout]

        print >>f, "<?xml version=\"1.0\" standalone=\"no\"?>"
        print >>f, "<!DOCTYPE svg PUBLIC \"-//W3C//DTD SVG 1.1//EN\""
        print >>f, "\"http://www.w3.org/Graphics/SVG/1.1/DTD/svg11.dtd\">"
        
        print >>f, "<svg width=\"%d\" height=\"%d\" version=\"1.1\" xmlns=\"http://www.w3.org/2000/svg\">" % (width, height)
        print >>f, "<!-- Created by igraph -->"
        print >>f
        print >>f, "<defs>"
        print >>f, "  <marker id=\"Triangle\" viewBox=\"0 0 10 10\""
        print >>f, "    refX=\"10\" refY=\"5\" orient=\"auto\""
        print >>f, "    markerUnits=\"strokeWidth\""
        print >>f, "    markerWidth=\"16\" markerHeight=\"8\">"
        print >>f, "    <path d=\"M 0 0 L 10 5 L 0 10 z\"/>"
        print >>f, "  </marker>"
        print >>f, "  <style type=\"text/css\">"
        print >>f, "    <![CDATA["
        print >>f, "#vertices circle { stroke: black; stroke-width: 1 }"
        print >>f, "#vertices rect { stroke: black; stroke-width: 1 }"
        print >>f, "#vertices text { text-anchor: middle; font-size: %s; font-family: sans-serif; font-weight: normal }" % font_size
        if self.is_directed():
            print >>f, "#edges line { stroke: black; stroke-width: 1; marker-end: url(#Triangle) }"
        else:
            print >>f, "#edges line { stroke: black; stroke-width: 1 }"
        print >>f, "    ]]>"
        print >>f, "  </style>"
        print >>f, "</defs>"
        print >>f
        print >>f, "<g transform=\"translate(%.4f,%.4f)\">" % (width/2.0, height/2.0)
        print >>f, "  <g id=\"edges\">"
        print >>f, "  <!-- Edges -->"

        has_edge_opacities = "opacity" in self.edge_attributes()
        for edge in self.es:
            vidxs = edge.tuple
            x1 = layout[vidxs[0]][0]
            y1 = layout[vidxs[0]][1]
            x2 = layout[vidxs[1]][0]
            y2 = layout[vidxs[1]][1]
            angle = math.atan2(y2-y1, x2-x1)
            x2 = x2 - vertex_size*math.cos(angle)
            y2 = y2 - vertex_size*math.sin(angle)
            if has_edge_opacities:
                print >>f, "    <line x1=\"%.4f\" y1=\"%.4f\" x2=\"%.4f\" y2=\"%.4f\" style=\"stroke-opacity:%.2f\"/>" % (x1, y1, x2, y2, float(edge["opacity"]))
            else:
                print >>f, "    <line x1=\"%.4f\" y1=\"%.4f\" x2=\"%.4f\" y2=\"%.4f\"/>" % (x1, y1, x2, y2)

        print >>f, "  </g>"
        print >>f

        print >>f, "  <g id=\"vertices\">"
        print >>f, "  <!-- Vertices -->"
        for vidx in range(self.vcount()):
            print >>f, "    <g transform=\"translate(%.4f %.4f)\">" % (layout[vidx][0], layout[vidx][1])
            if shapes[vidx] == 1:
                # Undocumented feature: can handle two colors
                c = str(colors[vidx])
                if " " in c:
                    c = c.split(" ")
                    vs = str(vertex_size)
                    print >>f, "      <path d=\"M -%s,0 A%s,%s 0 0,0 %s,0 L -%s,0\" fill=\"%s\"/>" % (vs,vs,vs,vs,vs,c[0])
                    print >>f, "      <path d=\"M -%s,0 A%s,%s 0 0,1 %s,0 L -%s,0\" fill=\"%s\"/>" % (vs,vs,vs,vs,vs,c[1])
                    print >>f, "      <circle cx=\"0\" cy=\"0\" r=\"%s\" fill=\"none\"/>" % vs
                else:
                    print >>f, "      <circle cx=\"0\" cy=\"0\" r=\"%s\" fill=\"%s\"/>" % (str(vertex_size), str(colors[vidx]))
            elif shapes[vidx] == 2:
                print >>f, "      <rect x=\"-%s\" y=\"-%s\" width=\"%s\" height=\"%s\" fill=\"%s\"/>" % (str(vertex_size), str(vertex_size), str(2*vertex_size), str(2*vertex_size), str(colors[vidx]))
            print >>f, "      <text x=\"0\" y=\"5\">%s</text>" % str(labels[vidx])
            print >>f, "    </g>"

        print >>f, "  </g>"
        print >>f, "</g>"
        print >>f
        print >>f, "</svg>"
                
        f.close()


    def Read(klass, f, format=None, *args, **kwds):
        """Unified reading function for graphs.

        This method tries to identify the format of the graph given in
        the first parameter and calls the corresponding reader method.

        The remaining arguments are passed to the reader method without
        any changes.

        @param f: the file containing the graph to be loaded
        @param format: the format of the file (if known in advance).
          C{None} means auto-detection. Possible values are: C{"ncol"}
          (NCOL format), C{"lgl"} (LGL format), C{"graphml"}, C{"graphmlz"}
          (GraphML and gzipped GraphML format), C{"gml"} (GML format),
          C{"net"}, C{"pajek"} (Pajek format), C{"dimacs"} (DIMACS format),
          C{"edgelist"}, C{"edges"} or C{"edge"} (edge list).
        @raises IOError: if the file format can't be identified and
          none was given.
        """
        if format is None: format = klass._identify_format(f)
        try:
            reader = klass._format_mapping[format][0]
        except KeyError, IndexError:
            raise IOError, "unknown file format: %s" % str(format)
        if reader is None:
            raise IOError, "no loader method for file format: %s" % str(format)
        reader = getattr(klass, reader)
        return reader(f, *args, **kwds)
    Read = classmethod(Read)
    Load = Read

    def __iadd__(self, other):
        """In-place addition (disjoint union).

        @see: L{__add__}
        """
        if isinstance(other, int):
            return self.add_vertices(other)
        elif isinstance(other, tuple) and len(other) == 2:
            return self.add_edges([other])
        elif isinstance(other, list):
            if len(other)>0:
                if isinstance(other[0], tuple):
                    return self.add_edges(other)
            else:
                return self

        return NotImplemented


    def __add__(self, other):
        """Copies the graph and extends the copy depending on the type of
        the other object given.

        @param other: if it is an integer, the copy is extended by the given
          number of vertices. If it is a tuple with two elements, the copy
          is extended by a single edge. If it is a list of tuples, the copy
          is extended by multiple edges. If it is a L{Graph}, a disjoint
          union is performed.
        """
        if isinstance(other, int):
            g = self.copy()
            g.add_vertices(other)
        elif isinstance(other, tuple) and len(other) == 2:
            g = self.copy()
            g.add_edges([other])
        elif isinstance(other, list):
            if len(other)>0:
                if isinstance(other[0], tuple):
                    g = self.copy()
                    g.add_edges(other)
                elif isinstance(other[0], Graph):
                    return self.disjoint_union(other)
                else:
                    return NotImplemented
            else:
                return self.copy()

        elif isinstance(other, Graph):
            return self.disjoint_union(other)
        else:
            return NotImplemented

        return g


    def __isub__(self, other):
        """In-place subtraction (difference).

        @see: L{__sub__}"""
        if isinstance(other, int):
            return self.delete_vertices(other)
        elif isinstance(other, tuple) and len(other) == 2:
            return self.delete_edges(other)
        elif isinstance(other, list):
            if len(other)>0:
                if isinstance(other[0], tuple):
                    return self.delete_edges(other)
                elif isinstance(other[0], int):
                    return self.delete_vertices(other)
            else:
                return self

        return NotImplemented


    def __sub__(self, other):
        """Removes the given object(s) from the graph

        @param other: if it is an integer, removes the vertex with the given
          ID from the graph (note that the remaining vertices will get
          re-indexed!). If it is a tuple, removes the given edge. If it is
          a graph, takes the difference of the two graphs. Accepts
          lists of integers or lists of tuples as well, but they can't be
          mixed!
        """
        if isinstance(other, int):
            return self.copy().delete_vertices(other)
        elif isinstance(other, tuple) and len(other) == 2:
            return self.copy().delete_edges(other)
        elif isinstance(other, list):
            if len(other)>0:
                if isinstance(other[0], tuple):
                    return self.copy().delete_edges(other)
                elif isinstance(other[0], int):
                    return self.copy().delete_vertices(other)
            else:
                return self.copy()
        elif isinstance(other, Graph):
            return self.difference(other)

        return NotImplemented

    def __mul__(self, other):
        """Copies exact replicas of the original graph an arbitrary number of times.

        @param other: if it is an integer, multiplies the graph by creating the
          given number of identical copies and taking the disjoint union of
          them.
        """
        if isinstance(other, int):
            if other == 0:
                return Graph()
            elif other == 1:
                return self
            elif other > 1:
                # TODO: should make it more efficient - powers of 2?
                return self.disjoint_union([self]*(other-1))
            else:
                return NotImplemented

        return NotImplemented
    
    def __coerce__(self, other):
        """Coercion rules.

        This method is needed to allow the graph to react to additions
        with lists, tuples or integers.
        """
        if type(other) in [int, tuple, list]:
            return self, other


    def summary(self, verbosity=0):
        """Returns basic statistics about the graph in a string
        
        @param verbosity: the amount of statistics to be returned. 0 returns
          the usual statistics (node, edge count, directedness, number of
          strong components, density, reciprocity, average path length,
          diameter). 1 also returns the detailed degree distributions."""
        output=[]
        output.append("%d nodes, %d edges, %sdirected" % \
            (self.vcount(), self.ecount(), ["un", ""][self.is_directed()]))
        output.append("")
        output.append("Number of components: %d" % (len(self.clusters())+1))
        output.append("Diameter: %d" % self.diameter(unconn=True))
        output.append("Density: %.4f" % self.density())
        # output.append("Transitivity: %.4f" % self.transitivity())
        if self.is_directed():
            output.append("Reciprocity: %.4f" % self.reciprocity())
        output.append("Average path length: %.4f" % self.average_path_length())

        if verbosity>=1:
            maxdegree=self.maxdegree()
            binwidth=max(1, maxdegree/20)
            output.append("")
            output.append("Degree distribution:")
            output.append(str(self.degree_distribution(binwidth)))

            if self.is_directed():
                output.append("")
                output.append("Degree distribution (only in-degrees):")
                output.append(str(self.degree_distribution(binwidth, type=IN)))
                output.append("")
                output.append("Degree distribution (only out-degrees):")
                output.append(str(self.degree_distribution(binwidth, type=OUT)))

        return "\n".join(output)

    _format_mapping = {
          "ncol":       ("Read_Ncol", "write_ncol"),
          "lgl":        ("Read_Lgl", "write_lgl"),
          "graphmlz":   ("Read_GraphMLz", "write_graphmlz"),
          "graphml":    ("Read_GraphML", "write_graphml"),
          "gml":        ("Read_GML", "write_gml"),
          "net":        ("Read_Pajek", None),
          "pajek":      ("Read_Pajek", None),
          "dimacs":     ("Read_DIMACS", "write_dimacs"),
          #"adjacency":  ("Read_Adjacency", "write_adjacency"),
          #"adj":        ("Read_Adjacency", "write_adjacency),
          "edgelist":   ("Read_Edgelist", "write_edgelist"),
          "edge":       ("Read_Edgelist", "write_edgelist"),
          "edges":      ("Read_Edgelist", "write_edgelist")
    }








igraph-0.4.2/package/layout.py

"""
Layout-related code in the IGraph library.

This package contains the implementation of the L{Layout} object.
"""

from copy import copy
from igraph.statistics import RunningMean

__license__ = """
Copyright (C) 2006-2007  Gabor Csardi <csardi@rmki.kfki.hu>,
Tamas Nepusz <ntamas@rmki.kfki.hu>

MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
02110-1301 USA
"""

class Layout(object):
    """Represents the layout of a graph.

    A layout is practically a list of coordinates in an n-dimensional
    space. This class is generic in the sense that it can store coordinates
    in any n-dimensional space, but the layout methods return either a
    L{Layout2D} or L{Layout3D} object to make it easier for the graph drawing
    routines to decide whether they can make use of the layout or not.

    Layout objects are not associated directly with a graph. This is deliberate:
    there were times when I worked with almost identical copies of the same
    graph, the only difference was that they had different colors assigned to
    the vertices. It was particularly convenient for me to use the same layout
    for all of them, especially when I made figures for a paper. However,
    C{igraph} will of course refuse to draw a graph with a layout that has
    less coordinates than the node count of the graph.

    Layouts behave exactly like lists when they are accessed using the item
    index operator (C{[...]}). They can even be iterated through. Items
    returned by the index operator are only copies of the coordinates,
    but the stored coordinates can be modified by directly assigning to
    an index.

        >>> layout = Layout([(0, 1), (0, 2)])
        >>> coords = layout[1]
        >>> print coords
        [0, 2]
        >>> coords = (0, 3)
        >>> print layout[1]
        [0, 2]
        >>> layout[1] = coords
        >>> print layout[1]
        [0, 3]
    """
    
    def __init__(self, coords=[], dim=None):
        """Constructor.

        @param coords: the coordinates to be stored in the layout.
        @param dim: the number of dimensions. If C{None}, the number of
          dimensions is determined automatically from the length of the
          first item of the coordinate list. An exception is thrown if
          the coordinate list is empty and this parameter is C{None}.
          Generally, this should be given if the length of the coordinate
          list is zero, otherwise it should be left as is.
        @throws: L{ValueError} if the coordinate list is empty and the
          number of dimensions is not given.
        """
        self._coords = map(list, coords)
        if dim is None:
            if len(self._coords) == 0:
                raise ValueError, "the number of dimensions must be given if the coordinate list is empty"
            else:
                self._dim = len(self._coords[0])
        else:
            self._dim = int(dim)
            for row in self._coords:
                if len(row) != self._dim:
                    raise ValueError, "all items in the coordinate list must have a length of %d" % self._dim

    def __len__(self): return len(self._coords)
    def __getitem__(self, idx): return copy(self._coords[idx])
    def __setitem__(self, idx, value):
        if len(value) != self._dim:
            raise ValueError, "assigned item must have %d elements" % self._dim
        self._coords[idx] = list(value)
    def __delitem__(self, idx): del self._coords[idx]
    def __copy__(self):
        return self.__class__(copy(self._coords), self._dim)

    def _get_dim(self): return self._dim
    dim = property(_get_dim, "the number of dimensions")
    def _get_coords(self): return [copy(row) for row in self._coords]
    coords = property(_get_coords, "the coordinates as a list of lists")

    def scale(self, *args, **kwds):
        """Scales the layout.

        Scaling parameters can be provided either through the C{scale} keyword
        argument or through plain unnamed arguments. If a single integer or
        float is given, it is interpreted as a uniform multiplier to be applied
        on all dimensions. If it is a list or tuple, its length must be equal to
        the number of dimensions in the layout, and each element must be an
        integer or float describing the scaling coefficient in one of the
        dimensions.

        @keyword scale: scaling coefficients (integer, float, list or tuple)
        @keyword origin: the origin of scaling (this point will stay in place).
          Optional, defaults to the origin of the coordinate system being used.
        """
        origin = list(kwds.get("origin", [0.]*self._dim))
        if len(origin) != self._dim:
            raise ValueError, "origin must have %d dimensions" % self._dim

        scaling = kwds.get("scale") or args
        if type(scaling) == int or type(scaling) == float: scaling = [scaling]
        if len(scaling) == 0:
            raise ValueError, "scaling factor must be given"
        elif len(scaling) == 1:
            if type(scaling[0]) == int or type(scaling[0]) == float:
                scaling = scaling*self._dim
            else:
                scaling = scaling[0]
        if len(scaling) != self._dim:
            raise ValueError, "scaling factor list must have %d elements" % self._dim

        for idx, row in enumerate(self._coords):
            self._coords[idx] = [(row[d]-origin[d])*scaling[d]+origin[d] \
                                 for d in xrange(self._dim)]

    def translate(self, *args, **kwds):
        """Translates the layout.

        The translation vector can be provided either through the C{v} keyword
        argument or through plain unnamed arguments. If unnamed arguments are
        used, the vector can be supplied as a single list (or tuple) or just as
        a series of arguments. In all cases, the translation vector must have
        the same number of dimensions as the layout.

        @keyword v: the translation vector
        """
        v = kwds.get("v") or args
        if len(v) == 0:
            raise ValueError, "translation vector must be given"
        elif len(v) == 1 and type(v[0]) != int and type(v[0]) != float:
            v = v[0]
        if len(v) != self._dim:
            raise ValueError, "translation vector must have %d dimensions" % self._dim

        for idx, row in enumerate(self._coords):
            self._coords[idx] = [row[d]+v[d] for d in xrange(self._dim)]


    def centroid(self):
        """Returns the centroid of the layout.

        The centroid of the layout is the arithmetic mean of the points in
        the layout.
        
        @return: the centroid as a list of floats"""
        centroid = [RunningMean() for d in xrange(self._dim)]
        for row in self._coords:
            for d in xrange(self._dim):
                centroid[d] << row[d]
        return [rm.mean for rm in centroid]

    def bounding_box(self, border=0):
        """Returns the bounding box of the layout.

        The bounding box of the layout is the smallest box enclosing all the
        points in the layout.

        @param border: this value gets subtracted from the minimum bounds
          and gets added to the maximum bounds before returning the coordinates
          of the box. Defaults to zero.
        @return: the coordinates of the lower left and the upper right corner
          of the box. "Lower left" means the minimum coordinates and "upper right"
          means the maximum."""
        mins, maxs = [], []
        for d in xrange(self._dim):
            col = [row[d] for row in self._coords]
            mins.append(min(col)-border)
            maxs.append(max(col)+border)
        return mins, maxs

    def center(self, *args, **kwds):
        """Centers the layout around the given point.

        The point itself can be supplied as multiple unnamed arguments, as a
        simple unnamed list or as a keyword argument. This operation moves
        the centroid of the layout to the given point. If no point is supplied,
        defaults to the origin of the coordinate system.

        @keyword p: the point where the centroid of the layout will be after
          the operation."""
        center = kwds.get("p") or args
        if len(center) == 0:
            center = [0.] * self._dim
        elif len(center) == 1 and type(center[0]) != int \
            and type(center[0]) != float:
            center = center[0]
        if len(center) != self._dim:
            raise ValueError, "the given point must have %d dimensions"%self._dim
        centroid = self.centroid()
        vec = [center[d]-centroid[d] for d in xrange(self._dim)]
        self.translate(vec)


    def copy(self):
        """Creates an exact copy of the layout."""
        return copy(self)








igraph-0.4.2/package/clustering.py

"""Objects related to graph clustering"""

__license__ = """
Copyright (C) 2006-2007  Gabor Csardi <csardi@rmki.kfki.hu>,
Tamas Nepusz <ntamas@rmki.kfki.hu>

MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
02110-1301 USA
"""

from statistics import Histogram
from copy import copy, deepcopy
from StringIO import StringIO

class Clustering(object):
    """Class representing a clustering of an arbitrary ordered set.
    
    This is now used as a base for L{VertexClustering}, but it might be
    useful for other purposes as well.
    
    Members of an individual cluster can be accessed by the C{[]} operator:
    
      >>> cl = Clustering([0,0,0,0,1,1,1,2,2,2,2])
      >>> cl[0]
      [0, 1, 2, 3]
    
    The membership vector can be accessed by the C{membership} property:

      >>> cl.membership
      [0, 0, 0, 0, 1, 1, 1, 2, 2, 2, 2]

    The number of clusters can be retrieved by the C{len} function:

      >>> len(cl)
      3
    """

    def __init__(self, membership, params = {}):
        """Constructor.

        @param membership: the membership list -- that is, the cluster
          index in which each element of the set belongs to.
        @param params: additional parameters to be stored in this
          object's dictionary."""
        self._membership = list(membership)
        if len(self._membership)>0:
            self._len = max(self._membership)+1
        else:
            self._len = 0
        self.__dict__.update(params)
    
    def __getitem__(self, idx):
        """Returns the members of the specified cluster.

        @param idx: the index of the cluster
        @return: the members of the specified cluster as a list
        @raise: C{IndexError} if the index is out of bounds"""
        if idx<0 or idx>self._len:
            raise IndexError, "cluster index out of range"
        return [i for i,e in enumerate(self._membership) if e==idx]

    def __len__(self):
        """Returns the number of clusters.

        @return: the number of clusters
        """
        return self._len

    def _get_membership(self): return copy(self._membership)
    membership = property(_get_membership, doc = "The membership vector (read only)")

    def size(self, idx):
        """Returns the size of a given cluster.

        @param idx: the cluster in which we are interested.
        """
        if idx<0 or idx>self._len:
            raise IndexError, "cluster index out of range"
        return len([1 for x in self._membership if x == idx])

    def sizes(self, *args):
        """Returns the size of given clusters.

        @param idxs: the cluster indices in which we are interested. If C{None},
          defaults to all clusters
        """
        idxs = args
        if len(idxs) == 0: idxs = None
        counts = [0] * len(self)
        m = min(self._membership)
        for x in self._membership: counts[x+m] += 1
        if idxs is None: return counts
        result = []
        for idx in idxs: result.append(counts[idx-m])
        return result
    
    def size_histogram(self, bin_width = 1):
        """Returns the histogram of cluster sizes.

        @param bin_width: the bin width of the histogram
        @return: a L{Histogram} object
        """
        return Histogram(bin_width, self.sizes())


class VertexClustering(Clustering):
    """The clustering of the vertex set of a graph.

    This class extends L{Clustering} by linking it to a specific L{Graph} object
    and by optionally storing the modularity score of the clustering.

    @note: since this class is linked to a L{Graph}, destroying the graph by the
      C{del} operator does not free the memory occupied by the graph if there
      exists a L{VertexClustering} that references the L{Graph}.
    """

    def __init__(self, graph, membership = None, modularity = None, params = {}):
        """Creates a clustering object for a given graph.

        @param graph: the graph that will be associated to the clustering
        @param membership: the membership list. The length of the list must
          be equal to the number of vertices in the graph. If C{None}, every
          vertex is assumed to belong to the same cluster.
        @param modularity: the modularity score of the clustering. If C{None},
          it will be calculated.
        @param params: additional parameters to be stored in this object.
        """
        self._graph = graph

        if membership is None:
            Clustering.__init__(self, [0]*graph.vcount(), params)
        else:
            if len(membership) != graph.vcount():
                raise ValueError, "membership list is too short"
            Clustering.__init__(self, membership, params)

        if modularity is None:
            self._q = graph.modularity(membership)
        else:
            self._q = modularity

    def _get_modularity(self): return self._q
    modularity = property(_get_modularity, doc = "The modularity score")
    q = modularity

    def _get_graph(self): return self._graph
    modularity = property(_get_graph, doc = "The graph belonging to this object")

    def recalculate_modularity(self):
        """Recalculates the stored modularity value.

        This method must be called before querying the modularity score of the
        clustering through the class member C{modularity} or C{q} if the
        graph has been modified (edges have been added or removed) since the
        creation of the L{VertexClustering} object.
        
        @return: the new modularity score
        """
        self._q = self._graph.modularity(self._membership)
        return self._q


    def subgraph(self, idx):
        """Get the subgraph belonging to a given cluster.

        @param idx: the cluster index
        @return: a copy of the subgraph
        @precondition: the vertex set of the graph hasn't been modified since
          the moment the clustering was constructed.
        """
        return self._graph.subgraph(self[idx])


    def giant(self):
        """Returns the giant community of the clustered graph.

        The giant component a community for which no larger community exists.
        @note: there can be multiple giant communities, this method will return
          the copy of an arbitrary one if there are multiple giant communities.

        @return: a copy of the giant community.
        @precondition: the vertex set of the graph hasn't been modified since
          the moment the clustering was constructed.
        """
        ss = self.sizes()
        max_size = max(ss)
        return self.subgraph(ss.index(max_size))


class Dendrogram(Clustering):
    """The hierarchical clustering (dendrogram) of some dataset.

    A hierarchical clustering means that we know not only the way the
    elements are separated into groups, but also the exact history of
    how individual elements were joined into larger subgroups.

    This class internally represents the hierarchy by a matrix with n rows
    and 2 columns -- or more precisely, a list of lists of size 2. This is
    exactly the same as the original format used by C{igraph}'s C core.
    The M{i}th row of the matrix contains the indices of the two clusters
    being joined in time step M{i}. The joint group will be represented by
    the ID M{n+i}, with M{i} starting from one. The ID of the joint group
    will be referenced in the upcoming steps instead of any of its individual
    members. So, IDs less than or equal to M{n} (where M{n} is the number of
    rows in the matrix) mean the original members of the dataset (with ID
    from 0 to M{n}), while IDs up from M{n+1} mean joint groups. As an
    example, take a look at the dendrogram and the internal representation of
    a given clustering of five nodes::

      0 -+
         |
      1 -+-+
           |
      2 ---+-+        <====>   [[0, 1], [4, 5], [2, 3], [6, 7]]
             |
      3 -+   |
         |   |
      4 -+---+---
    """

    def __init__(self, merges):
        """Creates a hierarchical clustering.

        @param merges: the merge history either in matrix or tuple format"""
        Clustering.__init__(self, [0]*(len(merges)+1))
        self._merges = [tuple(pair) for pair in merges]
        self._nmerges = len(self._merges)
        self._n = max(self._merges[-1])-self._nmerges+2
    
    def _convert_matrix_to_tuple_repr(merges, n=None):
        if n is None: n = len(merges)+1
        t = range(n)
        idxs = range(n)
        for rowidx, row in enumerate(merges):
            i, j = row
            try:
                idxi, idxj = idxs[i], idxs[j]
                t[idxi] = (t[idxi], t[idxj])
                t[idxj] = None
            except IndexError:
                raise ValueError, "malformed matrix, subgroup referenced before being created in step %d" % rowidx
            idxs.append(j)
        return [x for x in t if x is not None]

    def _traverse_inorder(self):
        """Conducts an inorder traversal of the merge tree.

        The inorder traversal returns the nodes on the last level in the order
        they should be drawn so that no edges cross each other.

        @return: the result of the inorder traversal in a list."""
        stack = [self._merges[-1]]
        result = []
        while len(stack)>0:
            last = stack[-1]
            if len(last) == 0:
                stack.pop()
                continue
            elif len(last) == 1:       # Right child
                stack[-1] = ()
                last = last[0]
            else:                      # Left child
                stack[-1] = (last[1],)
                last = last[0]
            if last < self._n: # This will be a regular node
                result.append(last)
            else:        # This is a merge node, proceed towards left
                stack.append(self._merges[last-self._n])

        return result

    def __str__(self):
        return "Dendrogram, %d elements, %d merges" % (self._n, self._nmerges)

    def summary(self):
        """Draws the dendrogram of the hierarchical clustering in a string"""
        out = StringIO()
        print >>out, str(self)
        if self._n == 0: return out.getvalue()
            
        print >>out

        positions = [None] * self._n
        inorder = self._traverse_inorder()
        distance = 2
        level_distance = 2
        nextp = 0
        for idx, element in enumerate(inorder):
            positions[element] = nextp
            inorder[idx] = str(element)
            nextp += max(distance, len(inorder[idx])+1)

        width = max(positions)+1

        # Print the nodes on the lowest level
        print >>out, (" "*(distance-1)).join(inorder)
        midx = 0
        max_community_idx = self._n
        while midx < self._nmerges:
            s = [" "]*width
            for p in positions:
                if p >= 0: s[p] = "|"
            for i in xrange(level_distance-1): print >>out, "".join(s) # Print the lines
            
            cidx_incr = 0
            while midx < self._nmerges:
                v1, v2 = self._merges[midx]
                if v1 >= max_community_idx or v2 >= max_community_idx: break
                midx += 1
                p1 = positions[v1]
                p2 = positions[v2]
                positions[v1] = -1
                positions[v2] = -1
                positions.append((p1+p2)/2)
                s[p1:(p2+1)] = "+%s+" % ("-" * (p2-p1-1))
                cidx_incr += 1
            
            max_community_idx += cidx_incr

            print >>out, "".join(s)


        return out.getvalue()

    def _get_merges(self): return copy(self._merges)
    merges = property(_get_merges, doc = "The performed merges in matrix format")

class VertexDendrogram(VertexClustering, Dendrogram):
    """The dendrogram resulting from the hierarchical clustering of the
    vertex set of a graph."""

    def __init__(self, graph, merges, membership = None, modularity = None, params = {}):
        """Creates a dendrogram object for a given graph.

        @param graph: the graph that will be associated to the clustering
        @param merges: the merges performed given in matrix form.
        @param membership: the membership list. The length of the list must
          be equal to the number of vertices in the graph. If C{None}, the
          dendrogram will be cut at the level where the modularity is maximized
          and the membership list will represent this state.
        @param modularity: the modularity score of the clustering on each
          level of the dendrogram starting from the fully decomposed state.
          If C{None}, it will be calculated.
        @param params: additional parameters to be stored in this object.
        """
        if modularity is None:
            # TODO: this is a fairly simple way to calculate the modularity
            ms = range(graph.vcount())
            communities = range(graph.vcount())
            modularity = []
            n = graph.vcount()
            modularity.append(graph.modularity(ms))
            for c1, c2 in merges:
                try:
                    cidx1 = communities[c1]
                    cidx2 = communities[c2]
                except IndexError:
                    raise ValueError, "invalid merge matrix, referencing nonexisting community"
                if cidx1 == -1 or cidx2 == -1:
                    raise ValueError, "invalid merge matrix, referencing already joined community"
                for idx, m in enumerate(ms):
                    if m == cidx2: ms[idx] = cidx1
                communities.append(communities[c1])
                communities[c1] = -1
                communities[c2] = -1
                modularity.append(graph.modularity(ms))

        if membership is None:
            maxmod = max(modularity)
            maxidx = modularity.index(maxmod)
            membership = range(graph.vcount())
            communities = range(graph.vcount())
            midx = 0
            while maxidx>0:
                maxidx -= 1
                c1, c2 = merges[midx]
                midx += 1
                try:
                    cidx1 = communities[c1]
                    cidx2 = communities[c2]
                except IndexError:
                    raise ValueError, "invalid merge matrix, referencing nonexisting community"

                if cidx1 == -1 or cidx2 == -1:
                    raise ValueError, "invalid merge matrix, referencing already joined community"

                for idx, m in enumerate(membership):
                    if m == cidx2: membership[idx] = cidx1

                communities.append(communities[c1])
                communities[c1] = -1
                communities[c2] = -1

            recoding = {}
            n=0
            for idx, m in enumerate(membership):
                try:
                    v = recoding[m]
                except KeyError:
                    recoding[m], v = n, n
                    n += 1
                membership[idx] = v
        
        Dendrogram.__init__(self, merges)
        VertexClustering.__init__(self, graph, membership, None, params)


    def cut(self, n):
        """Cuts the dendrogram at a given level.

        @param n: the desired number of clusters. Merges are replayed from the
          beginning until the membership vector has exactly M{n} distinct elements
          or until there are no more recorded merges, whichever happens first.
        @return: the membership vector
        """
        num_elts = self._graph.vcount()
        membership = range(self._graph.vcount())
        communities = range(self._graph.vcount())
        midx = 0
        while num_elts>n:
            num_elts -= 1
            c1, c2 = self._merges[midx]
            midx += 1
            try:
                cidx1 = communities[c1]
                cidx2 = communities[c2]
            except IndexError:
                raise ValueError, "invalid merge matrix, referencing nonexisting community in row %d" % idx

            if cidx1 == -1 or cidx2 == -1:
                raise ValueError, "invalid merge matrix, referencing already joined community in row %d" % idx

            for idx, m in enumerate(membership):
                if m == cidx2: membership[idx] = cidx1

            communities.append(communities[c1])
            communities[c1] = -1
            communities[c2] = -1

        recoding = {}
        n=0
        for idx, m in enumerate(membership):
            try:
                v = recoding[m]
            except KeyError:
                recoding[m], v = n, n
                n += 1
            membership[idx] = v
 
        self._membership = membership
        return copy(membership)







igraph-0.4.2/src/edgeobject.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "edgeobject.h"
#include "graphobject.h"
#include "error.h"

/**
 * \ingroup python_interface
 * \defgroup python_interface_edge Edge object
 */

PyTypeObject igraphmodule_EdgeType;

/**
 * \ingroup python_interface_edge
 * \brief Allocates a new Python edge object
 * \param gref weak reference of the \c igraph.Graph being referenced by the edge
 * \param idx the index of the edge
 * 
 * \warning \c igraph references its edges by indices, so if
 * you delete some edges from the graph, the edge indices will
 * change. Since the \c igraph.Edge objects do not follow these
 * changes, your existing edge objects will point to elsewhere
 * (or they might even get invalidated).
 */
PyObject* igraphmodule_Edge_New(PyObject *gref, long idx) {
  igraphmodule_EdgeObject* self;
  self=PyObject_GC_New(igraphmodule_EdgeObject, &igraphmodule_EdgeType);
  if (self) {
    /* RC_ALLOC("Edge", self); */
    Py_INCREF(gref);
    self->gref=gref;
    self->idx=idx;
  }
  return (PyObject*)self;
}

/**
 * \ingroup python_interface_edge
 * \brief Support for cyclic garbage collection in Python
 */
int igraphmodule_Edge_traverse(igraphmodule_EdgeObject *self,
			       visitproc visit, void *arg) {
  int vret;
  
  if (self->gref) {
    vret=visit((PyObject*)self->gref, arg);
    if (vret != 0) return vret;
  }
  
  return 0;
}

/**
 * \ingroup python_interface_edge
 * \brief Clears the graph object's subobject (before deallocation)
 */
int igraphmodule_Edge_clear(igraphmodule_EdgeObject *self) {
  PyObject *tmp;

  tmp=(PyObject*)self->gref;
  self->gref=NULL;
  Py_XDECREF(tmp);

  return 0;
}

/**
 * \ingroup python_interface_edge
 * \brief Deallocates a Python representation of a given edge object
 */
void igraphmodule_Edge_dealloc(igraphmodule_EdgeObject* self) {
  igraphmodule_Edge_clear(self);

  /* RC_DEALLOC("Edge", self); */

  PyObject_GC_Del((PyObject*)self);
}

/** \ingroup python_interface_edge
 * \brief Formats an \c igraph.Edge object in a human-consumable format.
 * 
 * \return the formatted textual representation as a \c PyObject
 */
PyObject* igraphmodule_Edge_str(igraphmodule_EdgeObject *self)
{
  PyObject *s, *o;
  
  o=igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  s=PyString_FromFormat("Edge #%ld of: ", self->idx);
  PyString_Concat(&s, igraphmodule_Graph_str((igraphmodule_GraphObject*)o));
  return s;
}

/** \ingroup python_interface_edge
 * \brief Returns the number of edge attributes
 */
int igraphmodule_Edge_attribute_count(igraphmodule_EdgeObject* self) {
  igraphmodule_GraphObject *o;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return 0;
  if (!((PyObject**)o->g.attr)[1]) return 0;
  return PyDict_Size(((PyObject**)o->g.attr)[1]);
}

/** \ingroup python_interface_edge
 * \brief Returns the list of attribute names
 */
PyObject* igraphmodule_Edge_attributes(igraphmodule_EdgeObject* self) {
  igraphmodule_GraphObject *o;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;

  return igraphmodule_Graph_edge_attributes(o);
}

/** \ingroup python_interface_edge
 * \brief Returns the corresponding value to a given attribute of the edge
 * \param self the edge object
 * \param s the attribute name to be queried
 */
PyObject* igraphmodule_Edge_get_attribute(igraphmodule_EdgeObject* self,
					  PyObject* s) {
  igraphmodule_GraphObject *o;
  PyObject* result;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  result=PyDict_GetItem(((PyObject**)o->g.attr)[2], s);
  if (result) {
    /* result is a list, so get the element with index self->idx */
    if (!PyList_Check(result)) {
      PyErr_SetString(igraphmodule_InternalError, "Edge attribute dict member is not a list");
      return NULL;
    }
    result=PyList_GetItem(result, self->idx);
    Py_INCREF(result);
    return result;
  }
  
  /* result is NULL, check whether there was an error */
  if (!PyErr_Occurred())
    PyErr_SetString(PyExc_KeyError, "Attribute does not exist");
  return NULL;
}

/** \ingroup python_interface_edge
 * \brief Sets the corresponding value of a given attribute of the edge
 * \param self the edge object
 * \param k the attribute name to be set
 * \param v the value to be set
 * \return 0 if everything's ok, -1 in case of error
 */
int igraphmodule_Edge_set_attribute(igraphmodule_EdgeObject* self, PyObject* k, PyObject* v) {
  igraphmodule_GraphObject *o;
  PyObject* result;
  int r;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return -1;

  if (v==NULL)
    // we are deleting attribute
    return PyDict_DelItem(((PyObject**)o->g.attr)[2], k);
  
  result=PyDict_GetItem(((PyObject**)o->g.attr)[2], k);
  if (result) {
    /* result is a list, so set the element with index self->idx */
    if (!PyList_Check(result)) {
      PyErr_SetString(igraphmodule_InternalError, "Vertex attribute dict member is not a list");
      return -1;
    }
    /* we actually don't own a reference here to v, so we must increase
     * its reference count, because PyList_SetItem will "steal" a reference!
     * It took me 1.5 hours between London and Manchester to figure it out */
    Py_INCREF(v);
    r=PyList_SetItem(result, self->idx, v);
    if (r == -1) { Py_DECREF(v); }
    return r;
  }
  
  /* result is NULL, check whether there was an error */
  if (!PyErr_Occurred()) {
    /* no, there wasn't, so we must simply add the attribute */
    int n=(int)igraph_ecount(&o->g), i;
    result=PyList_New(n);
    for (i=0; i<n; i++) {
      if (i != self->idx) {
	Py_INCREF(Py_None);
	if (PyList_SetItem(result, i, Py_None) == -1) {
	  Py_DECREF(Py_None);
	  Py_DECREF(result);
	  return -1;
	}
      } else {
	/* Same game with the reference count here */
	Py_INCREF(v);
	if (PyList_SetItem(result, i, v) == -1) {
	  Py_DECREF(v);
	  Py_DECREF(result);
	  return -1;
	}
      }
    }
    if (PyDict_SetItem(((PyObject**)o->g.attr)[2], k, result) == -1) {
      Py_DECREF(result); /* TODO: is it needed here? maybe not! */
      return -1;
    }
    return 0;
  }
  
  return -1;
}

/**
 * \ingroup python_interface_edge
 * Returns the source node index of an edge
 */
PyObject* igraphmodule_Edge_get_from(igraphmodule_EdgeObject* self, void* closure) {
  PyObject *o;
  igraph_integer_t from, to;
  
  o=igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  if (igraph_edge(&((igraphmodule_GraphObject*)o)->g, self->idx, &from, &to)) {
    igraphmodule_handle_igraph_error(); return NULL;
  }
  return PyInt_FromLong((long)from);
}

/**
 * \ingroup python_interface_edge
 * Returns the target node index of an edge
 */
PyObject* igraphmodule_Edge_get_to(igraphmodule_EdgeObject* self, void* closure) {
  PyObject *o;
  igraph_integer_t from, to;
  
  o=igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  if (igraph_edge(&((igraphmodule_GraphObject*)o)->g, self->idx, &from, &to)) {
    igraphmodule_handle_igraph_error(); return NULL;
  }
  return PyInt_FromLong((long)to);
}

/**
 * \ingroup python_interface_edge
 * Returns the target node index of an edge
 */
PyObject* igraphmodule_Edge_get_tuple(igraphmodule_EdgeObject* self, void* closure) {
  PyObject *o;
  igraph_integer_t from, to;
  
  o=igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  if (igraph_edge(&((igraphmodule_GraphObject*)o)->g, self->idx, &from, &to)) {
    igraphmodule_handle_igraph_error(); return NULL;
  }
  return Py_BuildValue("(ii)", (long)from, (long)to);
}

/**
 * \ingroup python_interface_edge
 * Method table for the \c igraph.Edge object
 */
PyMethodDef igraphmodule_Edge_methods[] = {
  {"attributes", (PyCFunction)igraphmodule_Edge_attributes,
      METH_NOARGS,
      "attributes() -> list\n\n"
      "Returns the attribute list of the graph's edges\n"
  },
  {NULL}
};

/**
 * \ingroup python_interface_edge
 * Getter/setter table for the \c igraph.Edge object
 */
PyGetSetDef igraphmodule_Edge_getseters[] = {
  {"source", (getter)igraphmodule_Edge_get_from, NULL,
      "Source node index of this edge", NULL
  },
  {"target", (getter)igraphmodule_Edge_get_to, NULL,
      "Target node index of this edge", NULL
  },
  {"tuple", (getter)igraphmodule_Edge_get_tuple, NULL,
      "Source and target node index of this edge as a tuple", NULL
  },
  {NULL}
};

/** \ingroup python_interface_edge
 * This structure is the collection of functions necessary to implement
 * the edge as a mapping (i.e. to allow the retrieval and setting of
 * igraph attributes in Python as if it were of a Python mapping type)
 */
PyMappingMethods igraphmodule_Edge_as_mapping = {
  // returns the number of edge attributes
  (inquiry)igraphmodule_Edge_attribute_count,
  // returns an attribute by name
  (binaryfunc)igraphmodule_Edge_get_attribute,
  // sets an attribute by name
  (objobjargproc)igraphmodule_Edge_set_attribute
};

/** \ingroup python_interface_edge
 * Python type object referencing the methods Python calls when it performs various operations on
 * an edge of a graph
 */
PyTypeObject igraphmodule_EdgeType =
{
  PyObject_HEAD_INIT(NULL)                    //
  0,                                          // ob_size
  "igraph.Edge",                              // tp_name
  sizeof(igraphmodule_EdgeObject),            // tp_basicsize
  0,                                          // tp_itemsize
  (destructor)igraphmodule_Edge_dealloc,      // tp_dealloc
  0,                                          // tp_print
  0,                                          // tp_getattr
  0,                                          // tp_setattr
  0,                                          // tp_compare
  0,                                          // tp_repr
  0,                                          // tp_as_number
  0,                                          // tp_as_sequence
  &igraphmodule_Edge_as_mapping,              // tp_as_mapping
  0,                                          // tp_hash
  0,                                          // tp_call
  (reprfunc)igraphmodule_Edge_str,            // tp_str
  0,                                          // tp_getattro
  0,                                          // tp_setattro
  0,                                          // tp_as_buffer
  Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, // tp_flags
  "Class representing a single edge in a graph.\n\n"
  "The edge is referenced by its index, so if the underlying graph\n"
  "changes, the semantics of the edge object might change as well\n"
  "(if the edge indices are altered in the original graph).\n\n"
  "The attributes of the edge can be accessed by using the edge\n"
  "as a hash:\n\n"
  "  >>> e[\"weight\"] = 2\n"
  "  >>> print e[\"weight\"]\n"
  "  2\n", // tp_doc
  0,                                          // tp_traverse
  0,                                          // tp_clear
  0,                                          // tp_richcompare
  0,                                          // tp_weaklistoffset
  0,                                          // tp_iter
  0,                                          // tp_iternext
  igraphmodule_Edge_methods,                  // tp_methods
  0,                                          // tp_members
  igraphmodule_Edge_getseters,                // tp_getset
};








igraph-0.4.2/src/common.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef PYTHON_COMMON_H
#define PYTHON_COMMON_H

#include <Python.h>

#ifdef RC_DEBUG
#define RC_ALLOC(T, P) fprintf(stderr, "[ alloc ] " T " @ %p\n", P)
#define RC_DEALLOC(T, P) fprintf(stderr, "[dealloc] " T " @ %p\n", P);
#define RC_TRAVERSE(T, P)
//#define RC_TRAVERSE(T, P) fprintf(stderr, "[ travr ] " T " @ %p\n", P);
#else
#define RC_ALLOC(T, P)
#define RC_DEALLOC(T, P)
#define RC_TRAVERSE(T, P)
#endif

/* Compatibility stuff for Python 2.3 */
#ifndef Py_RETURN_TRUE
#define Py_RETURN_TRUE { Py_INCREF(Py_True); return Py_True; }
#endif

#ifndef Py_RETURN_FALSE
#define Py_RETURN_FALSE { Py_INCREF(Py_False); return Py_False; }
#endif

#ifndef Py_RETURN_NONE
#define Py_RETURN_NONE { Py_INCREF(Py_None); return Py_None; }
#endif


#define ATTRHASH_IDX_GRAPH 0
#define ATTRHASH_IDX_VERTEX 1
#define ATTRHASH_IDX_EDGE 2


PyObject* igraphmodule_unimplemented(PyObject* self, PyObject* args, PyObject* kwds);
PyObject* igraphmodule_resolve_graph_weakref(PyObject* ref);
#endif







igraph-0.4.2/src/error.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "error.h"
#include "igraph/error.h"

/** \ingroup python_interface_errors
 * \brief Exception type to be returned when an internal \c igraph error occurs.
 */
PyObject* igraphmodule_InternalError;

/**
 * \ingroup python_interface_errors
 * \brief Generic error handler for internal \c igraph errors.
 * 
 * Since now \c igraph supports error handler functions, a special
 * function called \c igraphmodule_igraph_error_hook is responsible
 * for providing a meaningful error message. If it fails (or it isn't
 * even called), this function will provide a default error message.
 * 
 * \return Always returns \c NULL, and all callers are advised to pass this
 * \c NULL value to their callers until it is propagated to the Python
 * interpreter.
 */
PyObject* igraphmodule_handle_igraph_error() 
{
  if (!PyErr_Occurred()) {
    PyErr_SetString(igraphmodule_InternalError,
		    "Internal igraph error. Please contact the author!");
  }
  return NULL;
}

/**
 * \ingroup python_interface_errors
 * \brief Error hook for \c igraph
 */
void igraphmodule_igraph_error_hook(const char *reason, const char *file,
				    int line, int igraph_errno) {
  char buf[4096];
  sprintf(buf, "Error at %s:%i: %s, %s", file, line, reason,
	  igraph_strerror(igraph_errno));
  IGRAPH_FINALLY_FREE();
  PyErr_SetString(igraphmodule_InternalError, buf);
}







igraph-0.4.2/src/igraphmodule.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include <Python.h>
#include <pythonrun.h>
#include "igraph.h"
#include "memory.h"
#include "attributes.h"
#include "common.h"
#include "error.h"
#include "convert.h"
#include "graphobject.h"
#include "vertexseqobject.h"
#include "vertexobject.h"
#include "edgeseqobject.h"
#include "edgeobject.h"
#include "bfsiter.h"
#include "config.h"

/**
 * \defgroup python_interface Python module implementation
 * \brief Functions implementing a Python interface to \a igraph
 * 
 * These functions provide a way to access \a igraph functions from Python.
 * It should be of interest of \a igraph developers only. Classes, functions
 * and methods exposed to Python are still to be documented. Until it is done,
 * just type the following to get help about \a igraph functions in Python
 * (assuming you have \c igraph.so somewhere in your Python library path):
 * 
 * \verbatim
import igraph
help(igraph)
help(igraph.Graph)
\endverbatim
 * 
 * Most of the functions provided here share the same calling conventions
 * (which are determined by the Python/C API). Since the role of the
 * arguments are the same across many functions, I won't explain them
 * everywhere, just give a quick overview of the common argument names here.
 * 
 * \param self the Python igraph.Graph object the method is working on
 * \param args pointer to the Python tuple containing the arguments
 * \param kwds pointer to the Python hash containing the keyword parameters
 * \param type the type object of a Python igraph.Graph object. Used usually
 * in constructors and class methods.
 * 
 * Any arguments not documented here should be mentioned at the documentation
 * of the appropriate method.
 * 
 * The functions which implement a Python method always return a pointer to
 * a \c PyObject. According to Python conventions, this is \c NULL if and
 * only if an exception was thrown by the method (or any of the functions
 * it has called). When I explain the return value of a function which
 * provides interface to an \a igraph function, I won't cover the case of
 * returning a \c NULL value, because this is the same for every such method.
 * The conclusion is that a method can return \c NULL even if I don't state
 * it explicitly.
 * 
 * Also please take into consideration that I'm documenting the C calls
 * with the abovementioned parameters here, and \em not the Python methods
 * which are presented to the user using the Python interface of \a igraph.
 * If you are looking for the documentation of the classes, methods and
 * functions exposed to Python, please use the \c help calls from Python
 * or use \c pydoc to generate a formatted version.
 *
 * \section weakrefs The usage of weak references in the Python interface
 * 
 * Many classes implemented in the Python interface (e.g. VertexSeq, Vertex...)
 * use weak references to keep track of the graph they are referencing to.
 * The use of weak references is twofold:
 * 
 * -# If we assign a VertexSeq or a Vertex of a given graph to a local
 *    variable and then destroy the graph, real references keep the graph
 *    alive and do not return the memory back to Python.
 * -# If we use real references, a Graph object will hold a reference
 *    to its VertexSeq (because we don't want to allocate a new VertexSeq
 *    object for the same graph every time it is requested), and the
 *    VertexSeq will also hold a reference to the Graph. This is a circular
 *    reference. Python does not reclaim the memory occupied by the Graph
 *    back when the Graph is destroyed, because the VertexSeq is holding a
 *    reference to it. Similarly, VertexSeq doesn't get freed because the
 *    Graph is holding a reference to it. These situations can only be
 *    resolved by the Python garbage collector which is invoked at regular
 *    intervals. Unfortunately, the garbage collector refuses to break
 *    circular references and free the objects participating in the circle
 *    when any of the objects has a \c __del__ method. In this case,
 *    \c igraph.Graph has one (which frees the underlying \c igraph_t
 *    graph), therefore our graphs never get freed when we use real
 *    references.
 */

static PyObject* igraphmodule_progress_handler=NULL;

static int igraphmodule_igraph_interrupt_hook(void* data) {
  if (PyErr_CheckSignals()) {
    return IGRAPH_FAILURE;
  }
  return IGRAPH_SUCCESS;
}

int igraphmodule_igraph_progress_hook(const char* message, igraph_real_t percent,
				       void* data) {
  if (igraphmodule_progress_handler) {
    PyObject *result;
    if (PyCallable_Check(igraphmodule_progress_handler)) {
      result=PyObject_CallFunction(igraphmodule_progress_handler,
				   "sd", message, (double)percent);
      Py_DECREF(result);
    }
  }
  
  return 0;
}


PyObject* igraphmodule_set_progress_handler(PyObject* self, PyObject* args) {
  PyObject* o;
  if (!PyArg_ParseTuple(args, "O", &o)) return NULL;
  if (!PyCallable_Check(o) && o != Py_None) {
    PyErr_SetString(PyExc_TypeError, "Progress handler must be callable.");
    return NULL;
  }
  Py_XDECREF(igraphmodule_progress_handler);
  if (o == Py_None)
     igraphmodule_progress_handler=NULL;
  else {
    Py_INCREF(o);
    igraphmodule_progress_handler=o;
  }
  Py_RETURN_NONE;
}


PyObject* igraphmodule_convex_hull(PyObject* self, PyObject* args, PyObject* kwds) {
  char* kwlist[] = {"vs", "coords", NULL};
  PyObject *vs, *o, *o1=0, *o2=0, *coords = Py_False;
  igraph_matrix_t mtrx;
  igraph_vector_t result;
  igraph_matrix_t resmat;
  long no_of_nodes, i;
  
  if (!PyArg_ParseTupleAndKeywords(args, kwds, "O!|O", kwlist, &PyList_Type, &vs, &coords))
    return NULL;
  
  no_of_nodes=PyList_Size(vs);
  if (igraph_matrix_init(&mtrx, no_of_nodes, 2)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }
  for (i=0; i<no_of_nodes; i++) {
    o=PyList_GetItem(vs, i);
    if (PyList_Check(o)) {
      if (PyList_Size(o) >= 2) {
	o1=PyList_GetItem(o, 0);
	o2=PyList_GetItem(o, 1);
	if (PyList_Size(o) > 2)
	  PyErr_Warn(PyExc_Warning, "vertex with more than 2 coordinates found, considering only the first 2");
      } else {
	PyErr_SetString(PyExc_TypeError, "vertex with less than 2 coordinates found");
	igraph_matrix_destroy(&mtrx);
	return NULL;
      }
    } else if (PyTuple_Check(o)) {
      if (PyTuple_Size(o) >= 2) {
	o1=PyTuple_GetItem(o, 0);
	o2=PyTuple_GetItem(o, 1);
	if (PyTuple_Size(o) > 2)
	  PyErr_Warn(PyExc_Warning, "vertex with more than 2 coordinates found, considering only the first 2");
      } else {
	PyErr_SetString(PyExc_TypeError, "vertex with less than 2 coordinates found");
	igraph_matrix_destroy(&mtrx);
	return NULL;
      }
    }
    
    if (!PyNumber_Check(o1) || !PyNumber_Check(o2)) {
      PyErr_SetString(PyExc_TypeError, "vertex coordinates must be numeric");
      igraph_matrix_destroy(&mtrx);
      return NULL;
    }
    /* o, o1 and o2 were borrowed, but now o1 and o2 are actual references! */
    o1=PyNumber_Float(o1); o2=PyNumber_Float(o2);
    if (!o1 || !o2) {
      PyErr_SetString(PyExc_TypeError, "vertex coordinate conversion to float failed");
      Py_XDECREF(o1);
      Py_XDECREF(o2);
      igraph_matrix_destroy(&mtrx);
      return NULL;
    }
    MATRIX(mtrx, i, 0)=(igraph_real_t)PyFloat_AsDouble(o1);
    MATRIX(mtrx, i, 1)=(igraph_real_t)PyFloat_AsDouble(o2);
    Py_DECREF(o1);
    Py_DECREF(o2);
  }

  if (!PyObject_IsTrue(coords)) {
    if (igraph_vector_init(&result, 0)) {
      igraphmodule_handle_igraph_error();
      igraph_matrix_destroy(&mtrx);
      return NULL;
    }
    if (igraph_convex_hull(&mtrx, &result, 0)) {
      igraphmodule_handle_igraph_error();
      igraph_matrix_destroy(&mtrx);
      igraph_vector_destroy(&result);
      return NULL;
    }    
    o=igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_INT);
    igraph_vector_destroy(&result);
  } else {
    if (igraph_matrix_init(&resmat, 0, 0)) {
      igraphmodule_handle_igraph_error();
      igraph_matrix_destroy(&mtrx);
      return NULL;
    }
    if (igraph_convex_hull(&mtrx, 0, &resmat)) {
      igraphmodule_handle_igraph_error();
      igraph_matrix_destroy(&mtrx);
      igraph_matrix_destroy(&resmat);
      return NULL;
    }        
    o=igraphmodule_matrix_t_to_PyList(&resmat, IGRAPHMODULE_TYPE_FLOAT);
    igraph_matrix_destroy(&resmat);
  }
  
  igraph_matrix_destroy(&mtrx);

  return o;
}


/* Attribute handlers for the Python interface */

/* Initialization */ 
static int igraphmodule_i_attribute_init(igraph_t *graph, igraph_vector_ptr_t *attr) {
  PyObject** attrs;
  long int i, n;
  
  attrs=(PyObject**)calloc(3, sizeof(PyObject*));
  /* printf("Created attribute table at %p\n", attrs); */
  if (!attrs)
    IGRAPH_ERROR("not enough memory to allocate attribute hashes", IGRAPH_ENOMEM);
  
  for (i=0; i<3; i++) {
    attrs[i] = PyDict_New();
  }
  graph->attr=(void*)attrs;

  /* See if we have graph attributes */
  if (attr) {
    PyObject *dict=attrs[ATTRHASH_IDX_GRAPH], *value;
    char *s;
    n = igraph_vector_ptr_size(attr);
    for (i=0; i<n; i++) {
      igraph_i_attribute_record_t *attr_rec;
      attr_rec = VECTOR(*attr)[i];
      switch (attr_rec->type) {
      case IGRAPH_ATTRIBUTE_NUMERIC:
	value=PyFloat_FromDouble((double)VECTOR(*(igraph_vector_t*)attr_rec->value)[0]);
	break;
      case IGRAPH_ATTRIBUTE_STRING:
	igraph_strvector_get((igraph_strvector_t*)attr_rec->value, 0, &s);
	value=PyString_FromString(s);
	break;
      default:
	IGRAPH_WARNING("unsupported attribute type (not string and not numeric)");
	value=0;
	break;
      }
      if (value) {
	if (PyDict_SetItemString(dict, attr_rec->name, value)) {
	  Py_DECREF(value);
	  Py_DECREF(attrs[0]);
	  Py_DECREF(attrs[1]);
	  Py_DECREF(attrs[2]);
	  Free(graph->attr);
	  IGRAPH_ERROR("failed to add attributes to graph attribute hash",
		       IGRAPH_FAILURE);
	}
	Py_DECREF(value);
	value=0;
      }
    }
  }

  return IGRAPH_SUCCESS;
}

/* Destruction */
static void igraphmodule_i_attribute_destroy(igraph_t *graph) {
  PyObject** attrs;
  int i;
 
  /* printf("Destroying attribute table\n"); */
  if (graph->attr) {
    attrs=(PyObject**)graph->attr;
    for (i=0; i<3; i++) {
      Py_DECREF(attrs[i]);
    }
    free(attrs);
  }
}

/* Copying */
static int igraphmodule_i_attribute_copy(igraph_t *to, const igraph_t *from) {
  PyObject **fromattrs, **toattrs, *key, *value, *newval, *o=NULL;
  int i, j, pos;
 
  /* printf("Copying attribute table\n"); */
  if (from->attr) {
    fromattrs=(PyObject**)from->attr;
    /* what to do with the original value of toattrs? */
    toattrs=to->attr=(PyObject**)calloc(3, sizeof(PyObject*));
    for (i=0; i<3; i++) {
      if (!PyDict_Check(fromattrs[i])) {
	toattrs[i]=fromattrs[i];
	Py_XINCREF(o);
	continue;
      }
      
      toattrs[i]=PyDict_New();
      
      pos=0;
      while (PyDict_Next(fromattrs[i], &pos, &key, &value)) {
	/* value is only borrowed, so copy it */
	if (i>0) {
	  newval=PyList_New(PyList_GET_SIZE(value));
	  for (j=0; j<PyList_GET_SIZE(value); j++) {
	    o=PyList_GetItem(value, j);
	    Py_INCREF(o);
	    PyList_SetItem(newval, j, o);
	  }
	} else {
	  newval=value;
	  Py_INCREF(newval);
	}
	PyDict_SetItem(toattrs[i], key, newval);
      }
    }
  }
  return IGRAPH_SUCCESS;
}

/* Adding vertices */
static int igraphmodule_i_attribute_add_vertices(igraph_t *graph, long int nv, igraph_vector_ptr_t *attr) {
  /* Extend the end of every value in the vertex hash with nv pieces of None */
  PyObject *key, *value, *dict;
  int pos=0;
  long int i, j, k, l;
  igraph_i_attribute_record_t *attr_rec;
  igraph_bool_t *added_attrs=0;

  if (!graph->attr) return IGRAPH_SUCCESS;
  if (nv<=0) return IGRAPH_SUCCESS;

  if (attr) {
    added_attrs = (igraph_bool_t*)calloc((size_t)igraph_vector_ptr_size(attr),
					 sizeof(igraph_bool_t));
    if (!added_attrs)
      IGRAPH_ERROR("can't add vertex attributes", IGRAPH_ENOMEM);
    IGRAPH_FINALLY(free, added_attrs);
  }

  dict=((PyObject**)graph->attr)[1];
  if (!PyDict_Check(dict)) 
    IGRAPH_ERROR("vertex attribute hash type mismatch", IGRAPH_EINVAL);

  while (PyDict_Next(dict, &pos, &key, &value)) {
    if (!PyString_Check(key))
      IGRAPH_ERROR("vertex attribute hash key is not a string", IGRAPH_EINVAL);
    if (!PyList_Check(value))
      IGRAPH_ERROR("vertex attribute hash member is not a list", IGRAPH_EINVAL);
    /* Check if we have specific values for the given attribute */
    attr_rec=0;
    if (attr) {
      j=igraph_vector_ptr_size(attr);
      for (i=0; i<j; i++) {
	attr_rec=VECTOR(*attr)[i];
	if (!strcmp(attr_rec->name, PyString_AS_STRING(key))) {
	  added_attrs[i]=1;
	  break;
	}
	attr_rec=0;
      }
    }
    /* If we have specific values for the given attribute, attr_rec contains
     * the appropriate vector. If not, it is null. */
    if (attr_rec) {
      for (i=0; i<nv; i++) {
	char *s;
	PyObject *o;
	switch (attr_rec->type) {
	case IGRAPH_ATTRIBUTE_NUMERIC:
	  o=PyFloat_FromDouble((double)VECTOR(*(igraph_vector_t*)attr_rec->value)[i]);
	  break;
	case IGRAPH_ATTRIBUTE_STRING:
	  igraph_strvector_get((igraph_strvector_t*)attr_rec->value, i, &s);
	  o=PyString_FromString(s);
	  break;
	default:
	  IGRAPH_WARNING("unsupported attribute type (not string and not numeric)");
	  o=0;
	  break;
	}
	if (o) {
	  if (PyList_Append(value, o) == -1)
	    IGRAPH_ERROR("can't extend a vertex attribute hash member", IGRAPH_FAILURE);
	  else Py_DECREF(o);
	}
      }
    } else {
      for (i=0; i<nv; i++) {
	if (PyList_Append(value, Py_None) == -1) {
	  IGRAPH_ERROR("can't extend a vertex attribute hash member", IGRAPH_FAILURE);
	}
      }
    }
  }

  /* Okay, now we added the new attribute values for the already existing
   * attribute keys. Let's see if we have something left */
  if (attr) {
    l=igraph_vector_ptr_size(attr);
    j=igraph_vcount(graph)-nv;
    /* j contains the number of vertices EXCLUDING the new ones! */
    for (k=0; k<l; k++) {
      if (added_attrs[k]) continue;
      attr_rec=(igraph_i_attribute_record_t*)VECTOR(*attr)[k];

      value=PyList_New(j + nv);
      if (!value) {
	IGRAPH_ERROR("can't add attributes", IGRAPH_ENOMEM);
      }

      for (i=0; i<j; i++) {
	Py_INCREF(Py_None);
	PyList_SET_ITEM(value, i, Py_None);
      }

      for (i=0; i<nv; i++) {
	char *s;
	PyObject *o;
	switch (attr_rec->type) {
	case IGRAPH_ATTRIBUTE_NUMERIC:
	  o=PyFloat_FromDouble((double)VECTOR(*(igraph_vector_t*)attr_rec->value)[i]);
	  break;
	case IGRAPH_ATTRIBUTE_STRING:
	  igraph_strvector_get((igraph_strvector_t*)attr_rec->value, i, &s);
	  o=PyString_FromString(s);
	  break;
	default:
	  IGRAPH_WARNING("unsupported attribute type (not string and not numeric)");
	  o=0;
	  break;
	}
	if (o) PyList_SET_ITEM(value, i+j, o);
      }

      PyDict_SetItemString(dict, attr_rec->name, value);
    }
    free(added_attrs);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return IGRAPH_SUCCESS;
}

static void igraphmodule_i_attribute_delete_edges(igraph_t *graph, const igraph_vector_t *idx);

/* Deleting vertices */
static void igraphmodule_i_attribute_delete_vertices(igraph_t *graph,
						     const igraph_vector_t *eidx,
						     const igraph_vector_t *vidx) {
  long int n, i, ndeleted=0;
  PyObject *key, *value, *dict, *o;
  int pos=0;
  
  /* Reindexing vertices */
  dict=((PyObject**)graph->attr)[1];
  if (!PyDict_Check(dict)) return;

  n=igraph_vector_size(vidx);
  for (i=0; i<n; i++) {
    /*printf("%ld:%f ", i, VECTOR(*idx)[i]);*/
    if (!VECTOR(*vidx)[i]) {
      ndeleted++;
      continue;
    }

    pos=0;
    /* TODO: maybe it would be more efficient to get the values from the
     * hash in advance? */
    while (PyDict_Next(dict, &pos, &key, &value)) {
      /* Move the element from index i to VECTOR(*idx)[i]-1 */
      o=PyList_GetItem(value, i);
      if (!o) {
	/* IndexError is already set, clear it and return */
	PyErr_Clear();
	return;
      }
      Py_INCREF(o);
      PyList_SetItem(value, VECTOR(*vidx)[i]-1, o);
    }
  }
  /*printf("\n");*/
  
  /* Clear the remaining parts of the lists that aren't needed anymore */
  pos=0;
  while (PyDict_Next(dict, &pos, &key, &value)) {
    n=PySequence_Size(value);
    if (PySequence_DelSlice(value, n-ndeleted, n) == -1) return;
    /*printf("key: "); PyObject_Print(key, stdout, Py_PRINT_RAW); printf("\n");
    printf("value: "); PyObject_Print(value, stdout, Py_PRINT_RAW); printf("\n");*/
  }
  
  igraphmodule_i_attribute_delete_edges(graph, eidx);

  return;
}

/* Adding edges */
static int igraphmodule_i_attribute_add_edges(igraph_t *graph, const igraph_vector_t *edges, igraph_vector_ptr_t *attr) {
  /* Extend the end of every value in the edge hash with ne pieces of None */
  PyObject *key, *value, *dict;
  int pos=0;
  long int i, j, k, l, ne;
  igraph_bool_t *added_attrs=0;
  igraph_i_attribute_record_t *attr_rec;

  ne=igraph_vector_size(edges)/2;
  if (!graph->attr) return IGRAPH_SUCCESS;
  if (ne<=0) return IGRAPH_SUCCESS;
  
  if (attr) {
    added_attrs = (igraph_bool_t*)calloc((size_t)igraph_vector_ptr_size(attr),
					 sizeof(igraph_bool_t));
    if (!added_attrs)
      IGRAPH_ERROR("can't add vertex attributes", IGRAPH_ENOMEM);
    IGRAPH_FINALLY(free, added_attrs);
  }

  dict=((PyObject**)graph->attr)[2];
  if (!PyDict_Check(dict)) 
    IGRAPH_ERROR("edge attribute hash type mismatch", IGRAPH_EINVAL);
  while (PyDict_Next(dict, &pos, &key, &value)) {
    if (!PyString_Check(key))
      IGRAPH_ERROR("edge attribute hash key is not a string", IGRAPH_EINVAL);
    if (!PyList_Check(value))
      IGRAPH_ERROR("edge attribute hash member is not a list", IGRAPH_EINVAL);

    /* Check if we have specific values for the given attribute */
    attr_rec=0;
    if (attr) {
      j=igraph_vector_ptr_size(attr);
      for (i=0; i<j; i++) {
	attr_rec=VECTOR(*attr)[i];
	if (!strcmp(attr_rec->name, PyString_AS_STRING(key))) {
	  added_attrs[i]=1;
	  break;
	}
	attr_rec=0;
      }
    }
    /* If we have specific values for the given attribute, attr_rec contains
     * the appropriate vector. If not, it is null. */
    if (attr_rec) {
      for (i=0; i<ne; i++) {
	char *s;
	PyObject *o;
	switch (attr_rec->type) {
	case IGRAPH_ATTRIBUTE_NUMERIC:
	  o=PyFloat_FromDouble((double)VECTOR(*(igraph_vector_t*)attr_rec->value)[i]);
	  break;
	case IGRAPH_ATTRIBUTE_STRING:
	  igraph_strvector_get((igraph_strvector_t*)attr_rec->value, i, &s);
	  o=PyString_FromString(s);
	  break;
	default:
	  IGRAPH_WARNING("unsupported attribute type (not string and not numeric)");
	  o=0;
	  break;
	}
	if (o) {
	  if (PyList_Append(value, o) == -1)
	    IGRAPH_ERROR("can't extend an edge attribute hash member", IGRAPH_FAILURE);
	  else Py_DECREF(o);
	}
      }
    } else {
      for (i=0; i<ne; i++) {
	if (PyList_Append(value, Py_None) == -1) {
	  IGRAPH_ERROR("can't extend an edge attribute hash member", IGRAPH_FAILURE);
	}
      }
    }
  }
  
  /*pos=0;
  while (PyDict_Next(dict, &pos, &key, &value)) {
    printf("key: "); PyObject_Print(key, stdout, Py_PRINT_RAW); printf("\n");
    printf("value: "); PyObject_Print(value, stdout, Py_PRINT_RAW); printf("\n");
  }*/
  
  /* Okay, now we added the new attribute values for the already existing
   * attribute keys. Let's see if we have something left */
  if (attr) {
    l=igraph_vector_ptr_size(attr);
    j=igraph_ecount(graph)-ne;
    /* j contains the number of edges EXCLUDING the new ones! */
    for (k=0; k<l; k++) {
      if (added_attrs[k]) continue;
      attr_rec=(igraph_i_attribute_record_t*)VECTOR(*attr)[k];

      value=PyList_New(j+ne);
      if (!value) {
	IGRAPH_ERROR("can't add attributes", IGRAPH_ENOMEM);
      }

      for (i=0; i<j; i++) {
	Py_INCREF(Py_None);
	PyList_SET_ITEM(value, i, Py_None);
      }

      for (i=0; i<ne; i++) {
	char *s;
	PyObject *o;
	switch (attr_rec->type) {
	case IGRAPH_ATTRIBUTE_NUMERIC:
	  o=PyFloat_FromDouble((double)VECTOR(*(igraph_vector_t*)attr_rec->value)[i]);
	  break;
	case IGRAPH_ATTRIBUTE_STRING:
	  igraph_strvector_get((igraph_strvector_t*)attr_rec->value, i, &s);
	  o=PyString_FromString(s);
	  break;
	default:
	  IGRAPH_WARNING("unsupported attribute type (not string and not numeric)");
	  o=0;
	  break;
	}
	if (o) PyList_SET_ITEM(value, i+j, o);
      }

      PyDict_SetItemString(dict, attr_rec->name, value);
    }
    free(added_attrs);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return IGRAPH_SUCCESS;
}

/* Deleting edges */
static void igraphmodule_i_attribute_delete_edges(igraph_t *graph, const igraph_vector_t *idx) {
  long int n, i, ndeleted=0;
  PyObject *key, *value, *dict, *o;
  int pos=0;
  
  dict=((PyObject**)graph->attr)[2];
  if (!PyDict_Check(dict)) return;

  n=igraph_vector_size(idx);
  for (i=0; i<n; i++) {
    /* printf("%ld:%f ", i, VECTOR(*idx)[i]); */
    if (!VECTOR(*idx)[i]) {
      ndeleted++;
      continue;
    }

    pos=0;
    /* TODO: maybe it would be more efficient to get the values from the
     * hash in advance? */
    while (PyDict_Next(dict, &pos, &key, &value)) {
      /* Move the element from index i to VECTOR(*idx)[i]-1 */
      o=PyList_GetItem(value, i);
      if (!o) {
	/* IndexError is already set, clear it and return */
	PyErr_Clear();
	return;
      }
      Py_INCREF(o);
      PyList_SetItem(value, VECTOR(*idx)[i]-1, o);
    }
  }
  /*printf("\n");*/
  
  /* Clear the remaining parts of the lists that aren't needed anymore */
  pos=0;
  while (PyDict_Next(dict, &pos, &key, &value)) {
    n=PySequence_Size(value);
    if (PySequence_DelSlice(value, n-ndeleted, n) == -1) return;
    /*printf("key: "); PyObject_Print(key, stdout, Py_PRINT_RAW); printf("\n");
    printf("value: "); PyObject_Print(value, stdout, Py_PRINT_RAW); printf("\n");*/
  }
  
  return;
}

/* Permuting edges */
static int igraphmodule_i_attribute_permute_edges(igraph_t *graph,
						  const igraph_vector_t *idx) { 
  long int n, i;
  PyObject *key, *value, *dict, *newdict, *newlist, *o;
  int pos=0;

  dict=((PyObject**)graph->attr)[2];
  if (!PyDict_Check(dict)) return 1;

  newdict=PyDict_New();
  if (!newdict) return 1;

  n=igraph_vector_size(idx);
  pos=0;

  while (PyDict_Next(dict, &pos, &key, &value)) {
    newlist=PyList_New(n);
    for (i=0; i<n; i++) {
      o=PyList_GetItem(value, VECTOR(*idx)[i]-1);
      if (!o) {
	PyErr_Clear();
	return 1;
      }
      Py_INCREF(o);
      PyList_SET_ITEM(newlist, i, o);
    }
    PyDict_SetItem(newdict, key, newlist);
    Py_DECREF(newlist);
  }

  ((PyObject**)graph->attr)[2]=newdict;
  Py_DECREF(dict);

  return 0;
}

/* Getting attribute names and types */
static int igraphmodule_i_attribute_get_info(const igraph_t *graph,
					     igraph_strvector_t *gnames,
					     igraph_vector_t *gtypes,
					     igraph_strvector_t *vnames,
					     igraph_vector_t *vtypes,
					     igraph_strvector_t *enames,
					     igraph_vector_t *etypes) {
  igraph_strvector_t *names[3] = { gnames, vnames, enames };
  igraph_vector_t *types[3] = { gtypes, vtypes, etypes };
  long int i, j, k, l, m;
  
  for (i=0; i<3; i++) {
    igraph_strvector_t *n = names[i];
    igraph_vector_t *t = types[i];
    PyObject *dict = ((PyObject**)graph->attr)[i];
    PyObject *keys;
    PyObject *values;
    PyObject *o=0;
    keys=PyDict_Keys(dict);
    if (!keys) IGRAPH_ERROR("Internal error in PyDict_Keys", IGRAPH_FAILURE);
 
    if (n) {
      j=igraphmodule_PyList_to_strvector_t(keys, n);
      if (j) return j;
    }
    if (t) {
      k=PyList_Size(keys);
      igraph_vector_init(t, k);
      for (j=0; j<k; j++) {
	int is_numeric = 1; 
	values=PyDict_GetItem(dict, PyList_GetItem(keys, j));
	if (PyList_Check(values)) {
	  m=PyList_Size(values);
	  for (l=0; l<m && is_numeric; l++) {
	    o=PyList_GetItem(values, l);
	    if (o != Py_None && !PyNumber_Check(o)) is_numeric=0;
	  }
	} else if (o != Py_None && !PyNumber_Check(values)) is_numeric=0;
      
	VECTOR(*t)[j]=is_numeric ? IGRAPH_ATTRIBUTE_NUMERIC : IGRAPH_ATTRIBUTE_STRING;
      }
    }
    
    Py_DECREF(keys);
  }
 
  return 0;
}

/* Checks whether the graph has a graph/vertex/edge attribute with the given name */
igraph_bool_t igraphmodule_i_attribute_has_attr(const igraph_t *graph,
						igraph_attribute_elemtype_t type,
						const char* name) {
  long int attrnum;
  PyObject *o, *dict;
  switch (type) {
  case IGRAPH_ATTRIBUTE_GRAPH: attrnum=0; break;
  case IGRAPH_ATTRIBUTE_VERTEX: attrnum=1; break;
  case IGRAPH_ATTRIBUTE_EDGE: attrnum=2; break;
  default: return 0; break;
  }
  dict = ((PyObject**)graph->attr)[attrnum];
  o = PyDict_GetItemString(dict, name);
  return o != 0;
}

/* Returns the type of a given attribute */
int igraphmodule_i_attribute_get_type(const igraph_t *graph,
				      igraph_attribute_type_t *type,
				      igraph_attribute_elemtype_t elemtype,
				      const char *name) {
  long int attrnum, i, j;
  int is_numeric;
  PyObject *o, *dict;
  switch (elemtype) {
  case IGRAPH_ATTRIBUTE_GRAPH: attrnum=0; break;
  case IGRAPH_ATTRIBUTE_VERTEX: attrnum=1; break;
  case IGRAPH_ATTRIBUTE_EDGE: attrnum=2; break;
  default: IGRAPH_ERROR("No such attribute type", IGRAPH_EINVAL); break;
  }
  dict = ((PyObject**)graph->attr)[attrnum];
  o = PyDict_GetItemString(dict, name);
  if (o == 0) IGRAPH_ERROR("No such attribute", IGRAPH_EINVAL);
  is_numeric = 1;
  if (attrnum>0) {
    if (!PyList_Check(o)) IGRAPH_ERROR("attribute hash type mismatch", IGRAPH_EINVAL);
    if (!PyList_Size(o))  IGRAPH_ERROR("attribute hash type mismatch", IGRAPH_EINVAL);
    j = PyList_Size(o);
    for (i=0; i<j && is_numeric; i++)
      if (o != Py_None && !PyNumber_Check(o)) is_numeric=0;
  } else if (o != Py_None && !PyNumber_Check(o)) is_numeric=0;
  if (is_numeric)
    *type = IGRAPH_ATTRIBUTE_NUMERIC;
  else
    *type = IGRAPH_ATTRIBUTE_STRING;
  return 0;
}

/* Getting numeric graph attributes */
int igraphmodule_i_get_numeric_graph_attr(const igraph_t *graph,
					  const char *name, igraph_vector_t *value) {
  PyObject *dict, *o, *result;
  dict = ((PyObject**)graph->attr)[0];
  /* No error checking, if we get here, the type has already been checked by previous
     attribute handler calls... hopefully :) Same applies for the other handlers. */
  o = PyDict_GetItemString(dict, name);
  if (!o) IGRAPH_ERROR("No such attribute", IGRAPH_EINVAL);
  IGRAPH_CHECK(igraph_vector_resize(value, 1));
  if (o == Py_None) {
    VECTOR(*value)[0] = IGRAPH_NAN;
    return 0;
  }
  result = PyNumber_Float(o);
  if (result) {
    VECTOR(*value)[0] = PyFloat_AsDouble(o);
    Py_DECREF(result);
  } else IGRAPH_ERROR("Internal error in PyFloat_AsDouble", IGRAPH_EINVAL); 

  return 0;
}

/* Getting string graph attributes */
int igraphmodule_i_get_string_graph_attr(const igraph_t *graph,
					 const char *name, igraph_strvector_t *value) {
  PyObject *dict, *o, *result;
  dict = ((PyObject**)graph->attr)[0];
  o = PyDict_GetItemString(dict, name);
  if (!o) IGRAPH_ERROR("No such attribute", IGRAPH_EINVAL);
  IGRAPH_CHECK(igraph_strvector_resize(value, 1));
  result = PyObject_Str(o);
  if (result) {
    IGRAPH_CHECK(igraph_strvector_set(value, 0, PyString_AsString(result)));
    Py_DECREF(result);
  } else IGRAPH_ERROR("Internal error in PyObject_Str", IGRAPH_EINVAL); 

  return 0;
}

/* Getting numeric vertex attributes */
int igraphmodule_i_get_numeric_vertex_attr(const igraph_t *graph,
					   const char *name,
					   igraph_vs_t vs,
					   igraph_vector_t *value) {
  PyObject *dict, *list, *result, *o;
  igraph_vector_t newvalue;

  dict = ((PyObject**)graph->attr)[1];
  list = PyDict_GetItemString(dict, name);
  if (!list) IGRAPH_ERROR("No such attribute", IGRAPH_EINVAL);

  if (igraph_vs_is_all(&vs)) {
    if (igraphmodule_PyList_to_vector_t(list, &newvalue, 0, 0))
      IGRAPH_ERROR("Internal error", IGRAPH_EINVAL);
    igraph_vector_destroy(value);
    *value=newvalue;
  } else {
    igraph_vit_t it;
    long int i=0;
    IGRAPH_CHECK(igraph_vit_create(graph, vs, &it));
    IGRAPH_FINALLY(igraph_vit_destroy, &it);
    IGRAPH_CHECK(igraph_vector_resize(value, IGRAPH_VIT_SIZE(it)));
    while (!IGRAPH_VIT_END(it)) {
      long int v=IGRAPH_VIT_GET(it);
      o = PyList_GetItem(list, v);
      if (o != Py_None) {
	result = PyNumber_Float(o);
	VECTOR(*value)[i] = PyFloat_AsDouble(result);
	Py_XDECREF(result);
      } else VECTOR(*value)[i] = IGRAPH_NAN;
      IGRAPH_VIT_NEXT(it);
      i++;
    }
    igraph_vit_destroy(&it);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return 0;
}

/* Getting string vertex attributes */
int igraphmodule_i_get_string_vertex_attr(const igraph_t *graph,
					  const char *name,
					  igraph_vs_t vs,
					  igraph_strvector_t *value) {
  PyObject *dict, *list, *result;
  igraph_strvector_t newvalue;

  dict = ((PyObject**)graph->attr)[1];
  list = PyDict_GetItemString(dict, name);
  if (!list) IGRAPH_ERROR("No such attribute", IGRAPH_EINVAL);

  if (igraph_vs_is_all(&vs)) {
    if (igraphmodule_PyList_to_strvector_t(list, &newvalue))
      IGRAPH_ERROR("Internal error", IGRAPH_EINVAL);
    igraph_strvector_destroy(value);
    *value=newvalue;
  } else {
    igraph_vit_t it;
    long int i=0;
    IGRAPH_CHECK(igraph_vit_create(graph, vs, &it));
    IGRAPH_FINALLY(igraph_vit_destroy, &it);
    IGRAPH_CHECK(igraph_strvector_resize(value, IGRAPH_VIT_SIZE(it)));
    while (!IGRAPH_VIT_END(it)) {
      long int v=IGRAPH_VIT_GET(it);
      result = PyObject_Str(PyList_GetItem(list, v));
      igraph_strvector_set(value, i, PyString_AsString(result));
      Py_XDECREF(result);
      IGRAPH_VIT_NEXT(it);
      i++;
    }
    igraph_vit_destroy(&it);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return 0;
}

/* Getting numeric edge attributes */
int igraphmodule_i_get_numeric_edge_attr(const igraph_t *graph,
					 const char *name,
					 igraph_es_t es,
					 igraph_vector_t *value) {
  PyObject *dict, *list, *result, *o;
  igraph_vector_t newvalue;

  dict = ((PyObject**)graph->attr)[2];
  list = PyDict_GetItemString(dict, name);
  if (!list) IGRAPH_ERROR("No such attribute", IGRAPH_EINVAL);

  if (igraph_es_is_all(&es)) {
    if (igraphmodule_PyList_to_vector_t(list, &newvalue, 0, 0))
      IGRAPH_ERROR("Internal error", IGRAPH_EINVAL);
    igraph_vector_destroy(value);
    *value=newvalue;
  } else {
    igraph_eit_t it;
    long int i=0;
    IGRAPH_CHECK(igraph_eit_create(graph, es, &it));
    IGRAPH_FINALLY(igraph_eit_destroy, &it);
    IGRAPH_CHECK(igraph_vector_resize(value, IGRAPH_EIT_SIZE(it)));
    while (!IGRAPH_EIT_END(it)) {
      long int v=IGRAPH_EIT_GET(it);
      o = PyList_GetItem(list, v);
      if (o != Py_None) {
	result = PyNumber_Float(o);
	VECTOR(*value)[i] = PyFloat_AsDouble(result);
	Py_XDECREF(result);
      } else VECTOR(*value)[i] = IGRAPH_NAN;
      IGRAPH_EIT_NEXT(it);
      i++;
    }
    igraph_eit_destroy(&it);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return 0;
}

/* Getting string edge attributes */
int igraphmodule_i_get_string_edge_attr(const igraph_t *graph,
					const char *name,
					igraph_es_t es,
					igraph_strvector_t *value) {
  PyObject *dict, *list, *result;
  igraph_strvector_t newvalue;

  dict = ((PyObject**)graph->attr)[2];
  list = PyDict_GetItemString(dict, name);
  if (!list) IGRAPH_ERROR("No such attribute", IGRAPH_EINVAL);

  if (igraph_es_is_all(&es)) {
    if (igraphmodule_PyList_to_strvector_t(list, &newvalue))
      IGRAPH_ERROR("Internal error", IGRAPH_EINVAL);
    igraph_strvector_destroy(value);
    *value=newvalue;
  } else {
    igraph_eit_t it;
    long int i=0;
    IGRAPH_CHECK(igraph_eit_create(graph, es, &it));
    IGRAPH_FINALLY(igraph_eit_destroy, &it);
    IGRAPH_CHECK(igraph_strvector_resize(value, IGRAPH_EIT_SIZE(it)));
    while (!IGRAPH_EIT_END(it)) {
      long int v=IGRAPH_EIT_GET(it);
      result = PyObject_Str(PyList_GetItem(list, v));
      igraph_strvector_set(value, i, PyString_AsString(result));
      Py_XDECREF(result);
      IGRAPH_EIT_NEXT(it);
      i++;
    }
    igraph_eit_destroy(&it);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return 0;
}

static igraph_attribute_table_t igraphmodule_i_attribute_table = {
  igraphmodule_i_attribute_init,
  igraphmodule_i_attribute_destroy,
  igraphmodule_i_attribute_copy,
  igraphmodule_i_attribute_add_vertices,
  igraphmodule_i_attribute_delete_vertices,
  igraphmodule_i_attribute_add_edges,
  igraphmodule_i_attribute_delete_edges,
  igraphmodule_i_attribute_permute_edges,
  igraphmodule_i_attribute_get_info,
  igraphmodule_i_attribute_has_attr,
  igraphmodule_i_attribute_get_type,
  igraphmodule_i_get_numeric_graph_attr,
  igraphmodule_i_get_string_graph_attr,
  igraphmodule_i_get_numeric_vertex_attr,
  igraphmodule_i_get_string_vertex_attr,
  igraphmodule_i_get_numeric_edge_attr,
  igraphmodule_i_get_string_edge_attr,
};

/** \ingroup python_interface
 * \brief Method table for the igraph Python module
 */
static PyMethodDef igraphmodule_methods[] = 
{
  {"convex_hull", (PyCFunction)igraphmodule_convex_hull, METH_VARARGS,
      "convex_hull(vs, coords=False)\n\n"
      "Calculates the convex hull of a given point set.\n\n"
      "@param vs: the point set as a list of lists\n"
      "@param coords: if C{True}, the function returns the\n"
      "  coordinates of the corners of the convex hull polygon,\n"
      "  otherwise returns the corner indices.\n"
      "@return: either the hull's corner coordinates or the point\n"
      "  indices corresponding to them, depending on the C{coords}\n"
      "  parameter."
  },
  {"set_progress_handler", igraphmodule_set_progress_handler, METH_VARARGS,
      "set_progress_handler(handler)\n\n"
      "Sets the handler to be called when igraph is performing a long operation.\n"
      "@param handler: the progress handler function. It must accept two\n"
      "  arguments, the first is the message informing the user about\n"
      "  what igraph is doing right now, the second is the actual\n"
      "  progress information (a percentage).\n"
  },
  {NULL, NULL, 0, NULL}
};

#ifndef PyMODINIT_FUNC
#define PyMODINIT_FUNC void
#endif

extern PyObject* igraphmodule_InternalError;

PyMODINIT_FUNC initcore(void) {
  PyObject* m;
  
  igraphmodule_VertexSeqType.tp_traverse = (traverseproc)igraphmodule_VertexSeq_traverse;
  igraphmodule_VertexSeqType.tp_clear = (inquiry)igraphmodule_VertexSeq_clear;
  if (PyType_Ready(&igraphmodule_VertexSeqType) < 0) return;
  
  igraphmodule_VertexType.tp_traverse = (traverseproc)igraphmodule_Vertex_traverse;
  igraphmodule_VertexType.tp_clear = (inquiry)igraphmodule_Vertex_clear;
  if (PyType_Ready(&igraphmodule_VertexType) < 0) return;
  
  igraphmodule_EdgeSeqType.tp_traverse = (traverseproc)igraphmodule_EdgeSeq_traverse;
  igraphmodule_EdgeSeqType.tp_clear = (inquiry)igraphmodule_EdgeSeq_clear;
  if (PyType_Ready(&igraphmodule_EdgeSeqType) < 0) return;
  
  igraphmodule_EdgeType.tp_traverse = (traverseproc)igraphmodule_Edge_traverse;
  igraphmodule_EdgeType.tp_clear = (inquiry)igraphmodule_Edge_clear;
  if (PyType_Ready(&igraphmodule_EdgeType) < 0) return;
  
  if (PyType_Ready(&igraphmodule_GraphType) < 0) return;
  
  if (PyType_Ready(&igraphmodule_BFSIterType) < 0) return;
  
  igraphmodule_InternalError =
    PyErr_NewException("igraph.core.InternalError", PyExc_Exception, NULL);
  
  Py_INCREF(igraphmodule_InternalError);
  
  m = Py_InitModule3("igraph.core", igraphmodule_methods,
		     "Low-level Python interface for the igraph library. "
		     "Should not be used directly.");
  
  Py_INCREF(&igraphmodule_GraphType);
  
  PyModule_AddObject(m, "GraphBase", (PyObject*)&igraphmodule_GraphType);
  PyModule_AddObject(m, "BFSIter", (PyObject*)&igraphmodule_BFSIterType);
  /* These types are not necessary to be registered, but I want epydoc to
   * see them so the proper documentation can be generated for them */
  PyModule_AddObject(m, "Edge", (PyObject*)&igraphmodule_EdgeType);
  PyModule_AddObject(m, "EdgeSeq", (PyObject*)&igraphmodule_EdgeSeqType);
  PyModule_AddObject(m, "Vertex", (PyObject*)&igraphmodule_VertexType);
  PyModule_AddObject(m, "VertexSeq", (PyObject*)&igraphmodule_VertexSeqType);
  
  PyModule_AddObject(m, "InternalError", igraphmodule_InternalError);
  
  PyModule_AddIntConstant(m, "OUT", IGRAPH_OUT);
  PyModule_AddIntConstant(m, "IN", IGRAPH_IN);
  PyModule_AddIntConstant(m, "ALL", IGRAPH_ALL);
  PyModule_AddIntConstant(m, "STAR_OUT", IGRAPH_STAR_OUT);
  PyModule_AddIntConstant(m, "STAR_IN", IGRAPH_STAR_IN);
  PyModule_AddIntConstant(m, "STAR_UNDIRECTED", IGRAPH_STAR_UNDIRECTED);
  PyModule_AddIntConstant(m, "TREE_OUT", IGRAPH_TREE_OUT);
  PyModule_AddIntConstant(m, "TREE_IN", IGRAPH_TREE_IN);
  PyModule_AddIntConstant(m, "TREE_UNDIRECTED", IGRAPH_TREE_UNDIRECTED);
  PyModule_AddIntConstant(m, "STRONG", IGRAPH_STRONG);
  PyModule_AddIntConstant(m, "WEAK", IGRAPH_WEAK);
  PyModule_AddIntConstant(m, "GET_ADJACENCY_UPPER", IGRAPH_GET_ADJACENCY_UPPER);
  PyModule_AddIntConstant(m, "GET_ADJACENCY_LOWER", IGRAPH_GET_ADJACENCY_LOWER);
  PyModule_AddIntConstant(m, "GET_ADJACENCY_BOTH", IGRAPH_GET_ADJACENCY_BOTH);
  PyModule_AddIntConstant(m, "REWIRING_SIMPLE", IGRAPH_REWIRING_SIMPLE);
  PyModule_AddIntConstant(m, "ADJ_DIRECTED", IGRAPH_ADJ_DIRECTED);
  PyModule_AddIntConstant(m, "ADJ_UNDIRECTED", IGRAPH_ADJ_UNDIRECTED);
  PyModule_AddIntConstant(m, "ADJ_MAX", IGRAPH_ADJ_MAX);
  PyModule_AddIntConstant(m, "ADJ_MIN", IGRAPH_ADJ_MIN);
  PyModule_AddIntConstant(m, "ADJ_PLUS", IGRAPH_ADJ_PLUS);
  PyModule_AddIntConstant(m, "ADJ_UPPER", IGRAPH_ADJ_UPPER);
  PyModule_AddIntConstant(m, "ADJ_LOWER", IGRAPH_ADJ_LOWER);

  PyModule_AddStringConstant(m, "__version__", VERSION);
  PyModule_AddStringConstant(m, "__build_date__", __DATE__);

  /* initialize error, progress and interruption handler */
  igraph_set_error_handler(igraphmodule_igraph_error_hook);
  igraph_set_progress_handler(igraphmodule_igraph_progress_hook);
  igraph_set_interruption_handler(igraphmodule_igraph_interrupt_hook);
  
  /* initialize attribute handlers */
  igraph_i_set_attribute_table(&igraphmodule_i_attribute_table);
}







igraph-0.4.2/src/error.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef PYTHON_ERROR_H
#define PYTHON_ERROR_H

#include <Python.h>

/** \defgroup python_interface_errors Error handling
 * \ingroup python_interface */

PyObject* igraphmodule_handle_igraph_error(void);
void igraphmodule_igraph_error_hook(const char *reason, const char *file,
				    int line, int igraph_errno);

extern PyObject* igraphmodule_InternalError;
#endif







igraph-0.4.2/src/vertexobject.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "vertexobject.h"
#include "graphobject.h"
#include "error.h"

/**
 * \ingroup python_interface
 * \defgroup python_interface_vertex Vertex object
 */

PyTypeObject igraphmodule_VertexType;

/**
 * \ingroup python_interface_vertex
 * \brief Allocates a new Python vertex object
 * \param gref weak reference of the \c igraph.Graph being referenced by the vertex
 * \param idx the index of the vertex
 * 
 * \warning \c igraph references its vertices by indices, so if
 * you delete some vertices from the graph, the vertex indices will
 * change. Since the \c igraph.Vertex objects do not follow these
 * changes, your existing vertex objects will point to elsewhere
 * (or they might even get invalidated).
 */
PyObject* igraphmodule_Vertex_New(PyObject *gref, long idx) {
  igraphmodule_VertexObject* self;
  self=PyObject_GC_New(igraphmodule_VertexObject, &igraphmodule_VertexType);
  if (self) {
    RC_ALLOC("Vertex", self);
    Py_INCREF(gref);
    self->gref=gref;
    self->idx=idx;
  }
  return (PyObject*)self;
}

/**
 * \ingroup python_interface_vertex
 * \brief Support for cyclic garbage collection in Python
 */
int igraphmodule_Vertex_traverse(igraphmodule_VertexObject *self,
				    visitproc visit, void *arg) {
  int vret;
  
  if (self->gref) {
    vret=visit((PyObject*)self->gref, arg);
    if (vret != 0) return vret;
  }
  
  return 0;
}

/**
 * \ingroup python_interface_vertex
 * \brief Clears the graph object's subobject (before deallocation)
 */
int igraphmodule_Vertex_clear(igraphmodule_VertexObject *self) {
  PyObject *tmp;

  tmp=(PyObject*)self->gref;
  self->gref=NULL;
  Py_XDECREF(tmp);

  return 0;
}

/**
 * \ingroup python_interface_vertex
 * \brief Deallocates a Python representation of a given vertex object
 */
void igraphmodule_Vertex_dealloc(igraphmodule_VertexObject* self) {
  igraphmodule_Vertex_clear(self);

  RC_DEALLOC("Vertex", self);

  PyObject_GC_Del((PyObject*)self);
}

/** \ingroup python_interface_vertex
 * \brief Formats an \c igraph.Vertex object in a human-consumable format.
 * 
 * \return the formatted textual representation as a \c PyObject
 */
PyObject* igraphmodule_Vertex_str(igraphmodule_VertexObject *self)
{
  PyObject *s, *o;
  
  o=igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  s=PyString_FromFormat("Vertex #%ld of: ", self->idx);
  PyString_Concat(&s, igraphmodule_Graph_str((igraphmodule_GraphObject*)o));
  return s;
}

/** \ingroup python_interface_vertex
 * \brief Returns the number of vertex attributes
 */
int igraphmodule_Vertex_attribute_count(igraphmodule_VertexObject* self) {
  igraphmodule_GraphObject *o;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return 0;
  if (!((PyObject**)o->g.attr)[1]) return 0;
  return PyDict_Size(((PyObject**)o->g.attr)[1]);
}

/** \ingroup python_interface_vertex
 * \brief Returns the list of attribute names
 */
PyObject* igraphmodule_Vertex_attributes(igraphmodule_VertexObject* self) {
  igraphmodule_GraphObject *o;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;

  return igraphmodule_Graph_vertex_attributes(o);
}

/** \ingroup python_interface_vertex
 * \brief Returns the corresponding value to a given attribute of the vertex
 * \param self the vertex object
 * \param s the attribute name to be queried
 */
PyObject* igraphmodule_Vertex_get_attribute(igraphmodule_VertexObject* self,
					   PyObject* s) {
  igraphmodule_GraphObject *o;
  PyObject* result;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  result=PyDict_GetItem(((PyObject**)o->g.attr)[1], s);
  if (result) {
    /* result is a list, so get the element with index self->idx */
    if (!PyList_Check(result)) {
      PyErr_SetString(igraphmodule_InternalError, "Vertex attribute dict member is not a list");
      return NULL;
    }
    result=PyList_GetItem(result, self->idx);
    Py_INCREF(result);
    return result;
  }
  
  /* result is NULL, check whether there was an error */
  if (!PyErr_Occurred())
    PyErr_SetString(PyExc_KeyError, "Attribute does not exist");
  return NULL;
}

/** \ingroup python_interface_vertex
 * \brief Sets the corresponding value of a given attribute of the vertex
 * \param self the vertex object
 * \param k the attribute name to be set
 * \param v the value to be set
 * \return 0 if everything's ok, -1 in case of error
 */
int igraphmodule_Vertex_set_attribute(igraphmodule_VertexObject* self, PyObject* k, PyObject* v) {
  igraphmodule_GraphObject *o;
  PyObject* result;
  int r;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return -1;

  if (v==NULL)
    // we are deleting attribute
    return PyDict_DelItem(((PyObject**)o->g.attr)[1], k);
  
  result=PyDict_GetItem(((PyObject**)o->g.attr)[1], k);
  if (result) {
    /* result is a list, so set the element with index self->idx */
    if (!PyList_Check(result)) {
      PyErr_SetString(igraphmodule_InternalError, "Vertex attribute dict member is not a list");
      return -1;
    }
    /* we actually don't own a reference here to v, so we must increase
     * its reference count, because PyList_SetItem will "steal" a reference!
     * It took me 1.5 hours between London and Manchester to figure it out */
    Py_INCREF(v);
    r=PyList_SetItem(result, self->idx, v);
    if (r == -1) { Py_DECREF(v); }
    return r;
  }
  
  /* result is NULL, check whether there was an error */
  if (!PyErr_Occurred()) {
    /* no, there wasn't, so we must simply add the attribute */
    int n=(int)igraph_vcount(&o->g), i;
    result=PyList_New(n);
    for (i=0; i<n; i++) {
      if (i != self->idx) {
	Py_INCREF(Py_None);
	if (PyList_SetItem(result, i, Py_None) == -1) {
	  Py_DECREF(Py_None);
	  Py_DECREF(result);
	  return -1;
	}
      } else {
	/* Same game with the reference count here */
	Py_INCREF(v);
	if (PyList_SetItem(result, i, v) == -1) {
	  Py_DECREF(v);
	  Py_DECREF(result);
	  return -1;
	}
      }
    }
    if (PyDict_SetItem(((PyObject**)o->g.attr)[1], k, result) == -1) {
      Py_DECREF(result);
      return -1;
    }
    return 0;
  }
  
  return -1;
}

/**
 * \ingroup python_interface_vertex
 * Returns the vertex index
 */
PyObject* igraphmodule_Vertex_get_index(igraphmodule_VertexObject* self, void* closure) {
  return PyInt_FromLong((long)self->idx);
}

/**
 * \ingroup python_interface_vertex
 * Method table for the \c igraph.Vertex object
 */
PyMethodDef igraphmodule_Vertex_methods[] = {
  {"attributes", (PyCFunction)igraphmodule_Vertex_attributes,
      METH_NOARGS,
      "attributes() -> list\n\n"
      "Returns the attribute list of the graph's vertices\n"
  },
  {NULL}
};

/** \ingroup python_interface_vertex
 * This structure is the collection of functions necessary to implement
 * the vertex as a mapping (i.e. to allow the retrieval and setting of
 * igraph attributes in Python as if it were of a Python mapping type)
 */
PyMappingMethods igraphmodule_Vertex_as_mapping = {
  // returns the number of vertex attributes
  (inquiry)igraphmodule_Vertex_attribute_count,
  // returns an attribute by name
  (binaryfunc)igraphmodule_Vertex_get_attribute,
  // sets an attribute by name
  (objobjargproc)igraphmodule_Vertex_set_attribute
};

/**
 * \ingroup python_interface_vertex
 * Getter/setter table for the \c igraph.Vertex object
 */
PyGetSetDef igraphmodule_Vertex_getseters[] = {
  {"index", (getter)igraphmodule_Vertex_get_index, NULL,
      "Index of the vertex", NULL
  },
  {NULL}
};

/** \ingroup python_interface_vertex
 * Python type object referencing the methods Python calls when it performs various operations on
 * a vertex of a graph
 */
PyTypeObject igraphmodule_VertexType =
{
  PyObject_HEAD_INIT(NULL)                    //
  0,                                          // ob_size
  "igraph.Vertex",                            // tp_name
  sizeof(igraphmodule_VertexObject),          // tp_basicsize
  0,                                          // tp_itemsize
  (destructor)igraphmodule_Vertex_dealloc,    // tp_dealloc
  0,                                          // tp_print
  0,                                          // tp_getattr
  0,                                          // tp_setattr
  0,                                          // tp_compare
  0,                                          // tp_repr
  0,                                          // tp_as_number
  0,                                          // tp_as_sequence
  &igraphmodule_Vertex_as_mapping,            // tp_as_mapping
  0,                                          // tp_hash
  0,                                          // tp_call
  (reprfunc)igraphmodule_Vertex_str,          // tp_str
  0,                                          // tp_getattro
  0,                                          // tp_setattro
  0,                                          // tp_as_buffer
  Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, // tp_flags
  "Class representing a single vertex in a graph.\n\n"
  "The vertex is referenced by its index, so if the underlying graph\n"
  "changes, the semantics of the vertex object might change as well\n"
  "(if the vertex indices are altered in the original graph).\n\n"
  "The attributes of the vertex can be accessed by using the vertex\n"
  "as a hash:\n\n"
  "  >>> v[\"color\"] = \"red\"\n"
  "  >>> print v[\"color\"]\n"
  "  red\n", // tp_doc
  0,                                          // tp_traverse
  0,                                          // tp_clear
  0,                                          // tp_richcompare
  0,                                          // tp_weaklistoffset
  0,                                          // tp_iter
  0,                                          // tp_iternext
  igraphmodule_Vertex_methods,                // tp_methods
  0,                                          // tp_members
  igraphmodule_Vertex_getseters,              // tp_getset
};








igraph-0.4.2/src/edgeobject.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef PYTHON_EDGEOBJECT_H
#define PYTHON_EDGEOBJECT_H

#include <Python.h>
#include "graphobject.h"

/**
 * \ingroup python_interface_edge
 * \brief A structure representing an edge of a graph
 */
typedef struct
{
  PyObject_HEAD
  PyObject* gref;
  long idx;
} igraphmodule_EdgeObject;

int igraphmodule_Edge_traverse(igraphmodule_EdgeObject *self,
			       visitproc visit, void *arg);
int igraphmodule_Edge_clear(igraphmodule_EdgeObject *self);
void igraphmodule_Edge_dealloc(igraphmodule_EdgeObject* self);

PyObject* igraphmodule_Edge_New(PyObject *gref, long idx);
PyObject* igraphmodule_Edge_str(igraphmodule_EdgeObject *self);
PyObject* igraphmodule_Edge_attributes(igraphmodule_EdgeObject* self);

extern PyTypeObject igraphmodule_EdgeType;

#endif







igraph-0.4.2/src/graphobject.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef PYTHON_GRAPHOBJECT_H
#define PYTHON_GRAPHOBJECT_H

#include <Python.h>
#include "igraph.h"
#include "types.h"
#include "structmember.h"
#include "common.h"

extern PyTypeObject igraphmodule_GraphType;

/**
 * \ingroup python_interface
 * \brief A structure containing all the fields required to access an igraph from Python
 */
typedef struct 
{
  PyObject_HEAD
  // The graph object
  igraph_t g;
  // Python object to be called upon destruction
  PyObject* destructor;
  // Python object representing the sequence of vertices
  PyObject* vseq;
  // Python object representing the sequence of edges
  PyObject* eseq;
  // Python object of the weak reference list
  PyObject* weakreflist;
} igraphmodule_GraphObject;

void igraphmodule_Graph_init_internal(igraphmodule_GraphObject *self);
PyObject* igraphmodule_Graph_new(PyTypeObject *type, PyObject *args, PyObject *kwds);
int igraphmodule_Graph_clear(igraphmodule_GraphObject *self);
int igraphmodule_Graph_traverse(igraphmodule_GraphObject *self, visitproc visit, void *arg);
void igraphmodule_Graph_dealloc(igraphmodule_GraphObject* self);
int igraphmodule_Graph_init(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_str(igraphmodule_GraphObject *self);

PyObject* igraphmodule_Graph_vcount(igraphmodule_GraphObject *self);
PyObject* igraphmodule_Graph_ecount(igraphmodule_GraphObject *self);
PyObject* igraphmodule_Graph_is_directed(igraphmodule_GraphObject *self);
PyObject* igraphmodule_Graph_add_vertices(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_delete_vertices(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_add_edges(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_delete_edges(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_degree(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_neighbors(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_successors(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_predecessors(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_get_eid(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);

PyObject* igraphmodule_Graph_Adjacency(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Asymmetric_Preference(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Atlas(PyTypeObject *type, PyObject *args);
PyObject* igraphmodule_Graph_Barabasi(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Degree_Sequence(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Establishment(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Erdos_Renyi(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Full(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_GRG(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Growing_Random(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Isoclass(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Lattice(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Preference(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Recent_Degree(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Ring(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Star(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Tree(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Watts_Strogatz(PyTypeObject *type, PyObject *args, PyObject *kwds);

PyObject* igraphmodule_Graph_is_connected(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_are_connected(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_average_path_length(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_betweenness(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_bibcoupling(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_closeness(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_clusters(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_cocitation(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_constraint(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_copy(igraphmodule_GraphObject *self);
PyObject* igraphmodule_Graph_decompose(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_density(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_diameter(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_edge_betweenness(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_get_shortest_paths(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_get_all_shortest_paths(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_maxdegree(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_pagerank(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_reciprocity(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_rewire(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_shortest_paths(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_spanning_tree(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_simplify(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_subcomponent(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_subgraph(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_transitivity_undirected(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_transitivity_local_undirected(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);

PyObject* igraphmodule_Graph_layout_circle(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_sphere(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_random(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_random_3d(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_kamada_kawai(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_kamada_kawai_3d(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_fruchterman_reingold(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_fruchterman_reingold_3d(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_grid_fruchterman_reingold(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_lgl(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_layout_reingold_tilford(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);

PyObject* igraphmodule_Graph_get_adjacency(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_get_edgelist(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_to_undirected(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_to_directed(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);

PyObject* igraphmodule_Graph_laplacian(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);

PyObject* igraphmodule_Graph_Read_DIMACS(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Read_Edgelist(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Read_GML(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Read_Ncol(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Read_Lgl(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Read_Pajek(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_Read_GraphML(PyTypeObject *type, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_write_dimacs(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_write_edgelist(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_write_ncol(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_write_lgl(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_write_gml(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_write_graphml(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);

PyObject* igraphmodule_Graph_isoclass(igraphmodule_GraphObject* self, PyObject* args, PyObject* kwds);
PyObject* igraphmodule_Graph_isomorphic(igraphmodule_GraphObject* self, PyObject* args, PyObject* kwds);

int igraphmodule_Graph_attribute_count(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_get_attribute(igraphmodule_GraphObject* self, PyObject* s);
int igraphmodule_Graph_set_attribute(igraphmodule_GraphObject* self, PyObject* k, PyObject* v);
PyObject* igraphmodule_Graph_attributes(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_vertex_attributes(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_edge_attributes(igraphmodule_GraphObject* self);

PyObject* igraphmodule_Graph_get_vertices(igraphmodule_GraphObject* self, void* closure);
PyObject* igraphmodule_Graph_get_edges(igraphmodule_GraphObject* self, void* closure);

PyObject* igraphmodule_Graph_complementer(igraphmodule_GraphObject* self, PyObject* args);
PyObject* igraphmodule_Graph_complementer_op(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_compose(igraphmodule_GraphObject* self, PyObject* other);
PyObject* igraphmodule_Graph_difference(igraphmodule_GraphObject* self, PyObject* other);
PyObject* igraphmodule_Graph_disjoint_union(igraphmodule_GraphObject* self, PyObject* other);
PyObject* igraphmodule_Graph_intersection(igraphmodule_GraphObject* self, PyObject* other);
PyObject* igraphmodule_Graph_union(igraphmodule_GraphObject* self, PyObject* other);

PyObject* igraphmodule_Graph_bfs(igraphmodule_GraphObject* self, PyObject* args, PyObject* kwds);
PyObject* igraphmodule_Graph_bfsiter(igraphmodule_GraphObject* self, PyObject* args, PyObject* kwds);

PyObject* igraphmodule_Graph_maxflow_value(igraphmodule_GraphObject* self, PyObject* args, PyObject* kwds);
PyObject* igraphmodule_Graph_mincut_value(igraphmodule_GraphObject* self, PyObject* args, PyObject* kwds);

PyObject* igraphmodule_Graph_cliques(igraphmodule_GraphObject* self, PyObject* args, PyObject* kwds);
PyObject* igraphmodule_Graph_maximal_cliques(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_largest_cliques(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_clique_number(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_independent_sets(igraphmodule_GraphObject* self, PyObject* args, PyObject* kwds);
PyObject* igraphmodule_Graph_maximal_independent_sets(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_largest_independent_sets(igraphmodule_GraphObject* self);
PyObject* igraphmodule_Graph_independence_number(igraphmodule_GraphObject* self);

PyObject* igraphmodule_Graph_community_leading_eigenvector(igraphmodule_GraphObject* self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_community_leading_eigenvector_naive(igraphmodule_GraphObject* self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_community_clauset(igraphmodule_GraphObject* self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_community_edge_betweenness(igraphmodule_GraphObject* self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph_modularity(igraphmodule_GraphObject* self, PyObject *o);

PyObject* igraphmodule_Graph___graph_as_cobject__(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);
PyObject* igraphmodule_Graph___register_destructor__(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds);

#endif







igraph-0.4.2/src/vertexseqobject.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "vertexseqobject.h"
#include "vertexobject.h"
#include "common.h"

/**
 * \ingroup python_interface
 * \defgroup python_interface_vertexseq Vertex sequence object
 */

PyTypeObject igraphmodule_VertexSeqType;

/**
 * \ingroup python_interface_vertexseq
 * \brief Allocate a new vertex sequence object for a given graph
 * \param g the graph object being referenced
 * \return the allocated PyObject
 */
PyObject* igraphmodule_VertexSeq_New(igraphmodule_GraphObject *g) {
  igraphmodule_VertexSeqObject* o;
  
  o=PyObject_GC_New(igraphmodule_VertexSeqObject, &igraphmodule_VertexSeqType);
  o->gref=PyWeakref_NewRef((PyObject*)g, NULL);
  //Py_INCREF(g);
  PyObject_GC_Track(o);
  
  RC_ALLOC("VertexSeq", o);
  
  return (PyObject*)o;
}

/**
 * \ingroup python_interface_vertexseq
 * \brief Support for cyclic garbage collection in Python
 * 
 * This is necessary because the \c igraph.VertexSeq object contains several
 * other \c PyObject pointers and they might point back to itself.
 */
int igraphmodule_VertexSeq_traverse(igraphmodule_VertexSeqObject *self,
                    visitproc visit, void *arg) {
  int vret;

  RC_TRAVERSE("VertexSeq", self);
  
  if (self->gref) {
    vret=visit(self->gref, arg);
    if (vret != 0) return vret;
  }
  
  return 0;
}

/**
 * \ingroup python_interface_vertexseq
 * \brief Clears the graph object's subobject (before deallocation)
 */
int igraphmodule_VertexSeq_clear(igraphmodule_VertexSeqObject *self) {
  PyObject *tmp;

  PyObject_GC_UnTrack(self);
  
  tmp=self->gref;
  self->gref=NULL;
  Py_XDECREF(tmp);

  return 0;
}

/**
 * \ingroup python_interface_vertexseq
 * \brief Deallocates a Python representation of a given vertex sequence object
 */
void igraphmodule_VertexSeq_dealloc(igraphmodule_VertexSeqObject* self) {
  igraphmodule_VertexSeq_clear(self);

  RC_DEALLOC("VertexSeq", self);
  
  PyObject_GC_Del(self);
}

/**
 * \ingroup python_interface_vertexseq
 * \brief Returns the length of the sequence (i.e. the number of vertices in the graph)
 */
int igraphmodule_VertexSeq_sq_length(igraphmodule_VertexSeqObject* self) {
  igraph_t *g;
  
  g=&((igraphmodule_GraphObject*)PyWeakref_GetObject(self->gref))->g;
  if ((PyObject*)g == Py_None) return 0;
  
  return (int)igraph_vcount(g);
}

/**
 * \ingroup python_interface_vertexseq
 * \brief Returns the item at the given index in the sequence
 */
PyObject* igraphmodule_VertexSeq_sq_item(igraphmodule_VertexSeqObject* self,
                     int i) {
  igraphmodule_GraphObject *o;
  igraph_t *g;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  g=&o->g;
  if (i<0 || i>=(int)igraph_vcount(g)) {
    PyErr_SetString(PyExc_IndexError, "vertex index out of range");
    return NULL;
  }
  /// @todo caching
  return igraphmodule_Vertex_New(self->gref, i);
}

/** \ingroup python_interface_vertexseq
 * \brief Returns the list of attribute names
 */
PyObject* igraphmodule_VertexSeq_attributes(igraphmodule_VertexSeqObject* self) {
  igraphmodule_GraphObject *o;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;

  return igraphmodule_Graph_vertex_attributes(o);
}

/** \ingroup python_interface_vertexseq
 * \brief Returns the count of attribute names
 */
PyObject* igraphmodule_VertexSeq_attribute_count(igraphmodule_VertexSeqObject* self) {
  PyObject *list, *result;
    long int size;
    igraphmodule_GraphObject *o;
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;

  list=igraphmodule_Graph_vertex_attributes(o);
  size=PySequence_Size(list);
  Py_DECREF(list);

  return Py_BuildValue("i", size);
}

/** \ingroup python_interface_vertexseq
 * \brief Returns the list of values for a given attribute
 */
PyObject* igraphmodule_VertexSeq_get_attribute_values(igraphmodule_VertexSeqObject* self, PyObject* o) {
  igraphmodule_GraphObject *gr;
  PyObject *result, *values, *item;
  
  gr=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!gr) return NULL;
  
  values=PyDict_GetItem(((PyObject**)gr->g.attr)[ATTRHASH_IDX_VERTEX], o);
  if (values) {
    long int i, n;
    n = PyList_Size(values);
    result = PyList_New(n);
    if (!result) return result;

    for (i=0; i<n; i++) {
        item = PyList_GET_ITEM(values, i);
        Py_INCREF(item);
        PyList_SET_ITEM(result, i, item);
    }
    return result;
  }
  
  if (!PyErr_Occurred())
    PyErr_SetString(PyExc_KeyError, "Attribute does not exist");
  return NULL;
}

PyObject* igraphmodule_VertexSeq_get_attribute_values_mapping(igraphmodule_VertexSeqObject *self, PyObject *o) {
  /* Handle integer indices according to the sequence protocol */
  if (PyInt_Check(o)) return igraphmodule_VertexSeq_sq_item(self, PyInt_AsLong(o));
  return igraphmodule_VertexSeq_get_attribute_values(self, o);
}

/** \ingroup python_interface_vertexseq
 * \brief Sets the list of values for a given attribute
 */
int igraphmodule_VertexSeq_set_attribute_values_mapping(igraphmodule_VertexSeqObject* self, PyObject* attrname, PyObject* values) {
  PyObject *dict, *list, *item;
  igraphmodule_GraphObject *gr;
  long i, n;

  gr=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!gr) return -1;

  n=PySequence_Size(values);
  if (n<0) return -1;
  if (n != (long)igraph_vcount(&gr->g)) {
    PyErr_SetString(PyExc_ValueError, "value list length must be equal to the number of vertices in the graph");
    return -1;
  }

  /* Check if we already have attributes with the given name */
  dict = ((PyObject**)gr->g.attr)[ATTRHASH_IDX_VERTEX];
  list = PyDict_GetItem(dict, attrname);
  if (list != 0) {
    /* Yes, we have. Modify its items to the items found in values */
    for (i=0; i<n; i++) {
      item = PyList_GetItem(values, i);
      if (item == 0) return -1;
      Py_INCREF(item);
      if (PyList_SetItem(list, i, item)) {
        Py_DECREF(item);
        return -1;
      } /* PyList_SetItem stole a reference to the item automatically */ 
    }
  } else {
    /* We don't have attributes with the given name yet. Create an entry
     * in the dict, create a new list and copy everything */
    list = PyList_New(n);
    if (list == 0) return -1;
    for (i=0; i<n; i++) {
      item = PyList_GetItem(values, i);
      if (item == 0) {
        Py_DECREF(list);
        return -1;
      }
      Py_INCREF(item);
      PyList_SET_ITEM(list, i, item);
    }
    if (PyDict_SetItem(dict, attrname, list)) {
      Py_DECREF(list);
      return -1;
    }
  }

  return 0;
}

PyObject* igraphmodule_VertexSeq_set_attribute_values(igraphmodule_VertexSeqObject *self, PyObject *args, PyObject *kwds) {
  static char* kwlist[] = { "attrname", "values", NULL };
  PyObject *attrname, *values;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "OO", kwlist,
				   &attrname, &values))
	return NULL;

  if (igraphmodule_VertexSeq_set_attribute_values_mapping(self, attrname, values))
	return NULL;

  Py_RETURN_NONE;
}

/**
 * \ingroup python_interface_vertexseq
 * Method table for the \c igraph.VertexSeq object
 */
PyMethodDef igraphmodule_VertexSeq_methods[] = {
  {"attributes", (PyCFunction)igraphmodule_VertexSeq_attributes,
   METH_NOARGS,
   "attributes() -> list\n\n"
   "Returns the attribute name list of the graph's vertices\n"
  },
  {"get_attribute_values", (PyCFunction)igraphmodule_VertexSeq_get_attribute_values,
   METH_O,
   "get_attribute_values(attrname) -> list\n"
   "Returns the value of a given vertex attribute for all vertices in a list.\n\n"
   "The values stored in the list are exactly the same objects that are stored\n"
   "in the vertex attribute, meaning that in the case of mutable objects,\n"
   "the modification of the list element does affect the attribute stored in\n"
   "the vertex. In the case of immutable objects, modification of the list\n"
   "does not affect the attribute values.\n\n"
   "@param attrname: the name of the attribute\n"
  },
  {"set_attribute_values", (PyCFunction)igraphmodule_VertexSeq_set_attribute_values,
   METH_VARARGS | METH_KEYWORDS,
   "set_attribute_values(attrname, values) -> list\n"
   "Sets the value of a given vertex attribute for all vertices\n"
   "@param attrname: the name of the attribute\n"
   "@param values: the new attribute values in a list\n"
  },
  {NULL}
};

/**
 * \ingroup python_interface_vertexseq
 * This is the collection of functions necessary to implement the
 * vertex sequence as a real sequence (e.g. allowing to reference
 * vertices by indices)
 */
static PySequenceMethods igraphmodule_VertexSeq_as_sequence = {
  (inquiry)igraphmodule_VertexSeq_sq_length,
  0,               /* sq_concat */
  0,               /* sq_repeat */
  (intargfunc)igraphmodule_VertexSeq_sq_item, /* sq_item */
  0,                                          /* sq_slice */
  0,                                          /* sq_ass_item */
  0,                                          /* sq_ass_slice */
  0,                                          /* sq_contains */
  0,                                          /* sq_inplace_concat */
  0,                                          /* sq_inplace_repeat */
};

/**
 * \ingroup python_interface_vertexseq
 * This is the collection of functions necessary to implement the
 * vertex sequence as a mapping (which maps attribute names to values)
 */
static PyMappingMethods igraphmodule_VertexSeq_as_mapping = {
	/* returns the number of vertex attributes */
	(inquiry) igraphmodule_VertexSeq_attribute_count,
	/* returns the values of an attribute by name */
	(binaryfunc) igraphmodule_VertexSeq_get_attribute_values_mapping,
	/* sets the values of an attribute by name */
	(objobjargproc) igraphmodule_VertexSeq_set_attribute_values_mapping,
};

/** \ingroup python_interface_vertexseq
 * Python type object referencing the methods Python calls when it performs various operations on
 * a vertex sequence of a graph
 */
PyTypeObject igraphmodule_VertexSeqType =
{
  PyObject_HEAD_INIT(NULL)                    /* */
  0,                                          /* ob_size */
  "igraph.VertexSeq",                         /* tp_name */
  sizeof(igraphmodule_VertexSeqObject),       /* tp_basicsize */
  0,                                          /* tp_itemsize */
  (destructor)igraphmodule_VertexSeq_dealloc, /* tp_dealloc */
  0,                                          /* tp_print */
  0,                                          /* tp_getattr */
  0,                                          /* tp_setattr */
  0,                                          /* tp_compare */
  0,                                          /* tp_repr */
  0,                                          /* tp_as_number */
  &igraphmodule_VertexSeq_as_sequence,        /* tp_as_sequence */
  &igraphmodule_VertexSeq_as_mapping,         /* tp_as_mapping */
  0,                                          /* tp_hash */
  0,                                          /* tp_call */
  0,                                          /* tp_str */
  0,                                          /* tp_getattro */
  0,                                          /* tp_setattro */
  0,                                          /* tp_as_buffer */
  Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, /* tp_flags */
  "Class representing the vertex set of a graph.\n\n"
  "The individual vertices can be accessed by indexing the vertex sequence\n"
  "object. It can be used as an iterable as well, or even in a list\n"
  "comprehension:\n\n"
  "  >>> g=igraph.Graph.Full(3)\n"
  "  >>> for v in g.vs:\n"
  "  ...   v[\"value\"] = v.index ** 2\n"
  "  ...\n"
  "  >>> [v[\"value\"] ** 0.5 for v in g.vs]\n"
  "  [0.0, 1.0, 2.0]\n\n"
  "The vertex set can also be used as a dictionary where the keys are the\n"
  "attribute names. The values corresponding to the keys are the values\n"
  "of the given attribute of every vertex in the graph:\n\n"
  "  >>> g=igraph.Graph.Full(3)\n"
  "  >>> for idx, v in enumerate(g.vs):\n"
  "  ...   v[\"weight\"] = idx*(idx+1)\n"
  "  ...\n"
  "  >>> g.vs[\"weight\"]\n"
  "  [0, 2, 6]\n"
  "  >>> g.vs[\"weight\"] = range(3)\n"
  "  >>> g.vs[\"weight\"]\n"
  "  [0, 1, 2]\n", /* tp_doc */
  0,                                          /* tp_traverse */
  0,                                          /* tp_clear */
  0,                                          /* tp_richcompare */
  0,                                          /* tp_weaklistoffset */
  0,                                          /* tp_iter */
  0,                                          /* tp_iternext */
  igraphmodule_VertexSeq_methods,             /* tp_methods */
};








igraph-0.4.2/src/bfsiter.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "bfsiter.h"
#include "vertexobject.h"
#include "common.h"
#include "error.h"

/**
 * \ingroup python_interface
 * \defgroup python_interface_bfsiter BFS iterator object
 */

PyTypeObject igraphmodule_BFSIterType;

/**
 * \ingroup python_interface_bfsiter
 * \brief Allocate a new BFS iterator object for a given graph and a given root
 * \param g the graph object being referenced
 * \param vid the root vertex index
 * \param advanced whether the iterator should be advanced (returning distance and parent as well)
 * \return the allocated PyObject
 */
PyObject* igraphmodule_BFSIter_new(igraphmodule_GraphObject *g, PyObject *root, igraph_neimode_t mode, igraph_bool_t advanced) {
  igraphmodule_BFSIterObject* o;
  long int no_of_nodes, r;
  
  o=PyObject_GC_New(igraphmodule_BFSIterObject, &igraphmodule_BFSIterType);
  o->gref=PyWeakref_NewRef((PyObject*)g, NULL);
  o->graph=&g->g;
  
  if (!PyInt_Check(root) && !PyObject_IsInstance(root, (PyObject*)&igraphmodule_VertexType)) {
    PyErr_SetString(PyExc_TypeError, "root must be integer or igraph.Vertex");
    return NULL;
  }
  
  no_of_nodes=igraph_vcount(&g->g);
  o->visited=(char*)calloc(no_of_nodes, sizeof(char));
  if (o->visited == 0) {
    PyErr_SetString(PyExc_MemoryError, "out of memory");
    return NULL;
  }
  
  if (igraph_dqueue_init(&o->queue, 100)) {
    PyErr_SetString(PyExc_MemoryError, "out of memory");
    return NULL;
  }
  if (igraph_vector_init(&o->neis, 0)) {
    PyErr_SetString(PyExc_MemoryError, "out of memory");
    igraph_dqueue_destroy(&o->queue);
    return NULL;
  }
  
  if (PyInt_Check(root)) {
    r=PyInt_AsLong(root);
  } else {
    r=((igraphmodule_VertexObject*)root)->idx;
  }
  if (igraph_dqueue_push(&o->queue, r) ||
      igraph_dqueue_push(&o->queue, 0) ||
      igraph_dqueue_push(&o->queue, -1)) {
    igraph_dqueue_destroy(&o->queue);
    igraph_vector_destroy(&o->neis);
    PyErr_SetString(PyExc_MemoryError, "out of memory");
    return NULL;
  }
  o->visited[r]=1;
  
  if (!igraph_is_directed(&g->g)) mode=IGRAPH_ALL;
  o->mode=mode;
  o->advanced=advanced;
  
  PyObject_GC_Track(o);
  
  RC_ALLOC("BFSIter", o);
  
  return (PyObject*)o;
}

/**
 * \ingroup python_interface_bfsiter
 * \brief Support for cyclic garbage collection in Python
 * 
 * This is necessary because the \c igraph.BFSIter object contains several
 * other \c PyObject pointers and they might point back to itself.
 */
int igraphmodule_BFSIter_traverse(igraphmodule_BFSIterObject *self,
				  visitproc visit, void *arg) {
  int vret;

  RC_TRAVERSE("BFSIter", self);
  
  if (self->gref) {
    vret=visit(self->gref, arg);
    if (vret != 0) return vret;
  }
  
  return 0;
}

/**
 * \ingroup python_interface_bfsiter
 * \brief Clears the iterator's subobject (before deallocation)
 */
int igraphmodule_BFSIter_clear(igraphmodule_BFSIterObject *self) {
  PyObject *tmp;

  PyObject_GC_UnTrack(self);
  
  tmp=self->gref;
  self->gref=NULL;
  Py_XDECREF(tmp);

  igraph_dqueue_destroy(&self->queue);
  igraph_vector_destroy(&self->neis);
  free(self->visited);
  self->visited=0;
  
  return 0;
}

/**
 * \ingroup python_interface_bfsiter
 * \brief Deallocates a Python representation of a given BFS iterator object
 */
void igraphmodule_BFSIter_dealloc(igraphmodule_BFSIterObject* self) {
  igraphmodule_BFSIter_clear(self);

  RC_DEALLOC("BFSIter", self);
  
  PyObject_GC_Del(self);
}

PyObject* igraphmodule_BFSIter_iter(igraphmodule_BFSIterObject* self) {
  Py_INCREF(self);
  return (PyObject*)self;
}

PyObject* igraphmodule_BFSIter_iternext(igraphmodule_BFSIterObject* self) {
  if (!igraph_dqueue_empty(&self->queue)) {
    long int vid = igraph_dqueue_pop(&self->queue);
    long int dist = igraph_dqueue_pop(&self->queue);
    long int parent = igraph_dqueue_pop(&self->queue);
    long int i;
    
    if (igraph_neighbors(self->graph, &self->neis, vid, self->mode)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
	
    for (i=0; i<igraph_vector_size(&self->neis); i++) {
      long int neighbor=VECTOR(self->neis)[i];
      if (self->visited[neighbor]==0) {
	self->visited[neighbor]=1;
	if (igraph_dqueue_push(&self->queue, neighbor) ||
	    igraph_dqueue_push(&self->queue, dist+1) ||
	    igraph_dqueue_push(&self->queue, vid)) {
	  igraphmodule_handle_igraph_error();
	  return NULL;
	}
      }
    }

    if (self->advanced) {
      PyObject *vertexobj, *parentobj, *result;
      vertexobj = igraphmodule_Vertex_New(self->gref, (long)vid);
      if (!vertexobj) return NULL;
      if (parent>=0) {
	parentobj = igraphmodule_Vertex_New(self->gref, (long)parent);
	if (!parentobj) return NULL;
      } else {
	Py_INCREF(Py_None);
	parentobj=Py_None;
      }
      result=PyTuple_New(3);
      PyTuple_SetItem(result, 0, vertexobj);
      PyTuple_SetItem(result, 1, PyInt_FromLong(dist));
      PyTuple_SetItem(result, 2, parentobj);
      return result;
    } else
      return igraphmodule_Vertex_New(self->gref, (long)vid);
  } else {
    return NULL;
  }
}

/**
 * \ingroup python_interface_bfsiter
 * Method table for the \c igraph.BFSIter object
 */
PyMethodDef igraphmodule_BFSIter_methods[] = {
  {NULL}
};

/** \ingroup python_interface_bfsiter
 * Python type object referencing the methods Python calls when it performs various operations on
 * a BFS iterator of a graph
 */
PyTypeObject igraphmodule_BFSIterType =
{
  PyObject_HEAD_INIT(NULL)                  //
  0,                                        // ob_size
  "igraph.BFSIter",                         // tp_name
  sizeof(igraphmodule_BFSIterObject),       // tp_basicsize
  0,                                        // tp_itemsize
  (destructor)igraphmodule_BFSIter_dealloc, // tp_dealloc
  0,                                        // tp_print
  0,                                        // tp_getattr
  0,                                        // tp_setattr
  0,                                        // tp_compare
  0,                                        // tp_repr
  0,                                        // tp_as_number
  0,                                        // tp_as_sequence
  0,                                        // tp_as_mapping
  0,                                        // tp_hash
  0,                                        // tp_call
  0,                                        // tp_str
  0,                                        // tp_getattro
  0,                                        // tp_setattro
  0,                                        // tp_as_buffer
  Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, // tp_flags
  "igraph BFS iterator object",             // tp_doc
  0,                                        // tp_traverse
  0,                                        // tp_clear
  0,                                        // tp_richcompare
  0,                                        // tp_weaklistoffset
  (getiterfunc)igraphmodule_BFSIter_iter,   /* tp_iter */
  (iternextfunc)igraphmodule_BFSIter_iternext, /* tp_iternext */
  0,                                        /* tp_methods */
  0,                                        /* tp_members */
  0,                                        /* tp_getset */
  0,                                        /* tp_base */
  0,                                        /* tp_dict */
  0,                                        /* tp_descr_get */
  0,                                        /* tp_descr_set */
  0,                                        /* tp_dictoffset */
  0,                                        /* tp_init */
  0,                                        /* tp_alloc */
  0,                                        /* tp_new */
  0,                                        /* tp_free */
};








igraph-0.4.2/src/edgeseqobject.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef PYTHON_EDGESEQOBJECT_H
#define PYTHON_EDGESEQOBJECT_H

#include <Python.h>
#include "graphobject.h"

/**
 * \ingroup python_interface_edgeseq
 * \brief A structure representing the edge sequence of a graph
 */
typedef struct
{
  PyObject_HEAD
  PyObject* gref;
} igraphmodule_EdgeSeqObject;

PyObject* igraphmodule_EdgeSeq_New(igraphmodule_GraphObject *g);
int igraphmodule_EdgeSeq_traverse(igraphmodule_EdgeSeqObject *self,
				  visitproc visit, void *arg);
int igraphmodule_EdgeSeq_clear(igraphmodule_EdgeSeqObject *self);
void igraphmodule_EdgeSeq_dealloc(igraphmodule_EdgeSeqObject* self);

int igraphmodule_EdgeSeq_sq_length(igraphmodule_EdgeSeqObject *self);

extern PyTypeObject igraphmodule_EdgeSeqType;

#endif







igraph-0.4.2/src/vertexobject.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef PYTHON_VERTEXOBJECT_H
#define PYTHON_VERTEXOBJECT_H

#include <Python.h>
#include "graphobject.h"

/**
 * \ingroup python_interface_vertex
 * \brief A structure representing a vertex of a graph
 */
typedef struct
{
  PyObject_HEAD
  PyObject* gref;
  long idx;
} igraphmodule_VertexObject;

int igraphmodule_Vertex_traverse(igraphmodule_VertexObject *self,
					   visitproc visit, void *arg);
int igraphmodule_Vertex_clear(igraphmodule_VertexObject *self);
void igraphmodule_Vertex_dealloc(igraphmodule_VertexObject* self);

PyObject* igraphmodule_Vertex_New(PyObject *gref, long idx);
PyObject* igraphmodule_Vertex_str(igraphmodule_VertexObject *self);
//int igraphmodule_Vertex_attribute_count(igraphmodule_VertexObject* self);
PyObject* igraphmodule_Vertex_attributes(igraphmodule_VertexObject* self);
/*PyObject* igraphmodule_Vertex_get_attribute(igraphmodule_VertexObject* self,
					   PyObject* s);
int igraphmodule_Vertex_set_attribute(igraphmodule_VertexObject* self, PyObject* k, PyObject* v);*/

extern PyTypeObject igraphmodule_VertexType;

#endif







igraph-0.4.2/src/vertexseqobject.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef PYTHON_VERTEXSEQOBJECT_H
#define PYTHON_VERTEXSEQOBJECT_H

#include <Python.h>
#include "graphobject.h"

/**
 * \ingroup python_interface_vertexseq
 * \brief A structure representing the vertex sequence of a graph
 */
typedef struct
{
  PyObject_HEAD
  PyObject* gref;
} igraphmodule_VertexSeqObject;

PyObject* igraphmodule_VertexSeq_New(igraphmodule_GraphObject *g);
int igraphmodule_VertexSeq_traverse(igraphmodule_VertexSeqObject *self,
					   visitproc visit, void *arg);
int igraphmodule_VertexSeq_clear(igraphmodule_VertexSeqObject *self);
void igraphmodule_VertexSeq_dealloc(igraphmodule_VertexSeqObject* self);

int igraphmodule_VertexSeq_sq_length(igraphmodule_VertexSeqObject *self);

extern PyTypeObject igraphmodule_VertexSeqType;

#endif







igraph-0.4.2/src/edgeseqobject.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "edgeseqobject.h"
#include "edgeobject.h"
#include "common.h"

/**
 * \ingroup python_interface
 * \defgroup python_interface_edgeseq Edge sequence object
 */

PyTypeObject igraphmodule_EdgeSeqType;

/**
 * \ingroup python_interface_edgeseq
 * \brief Allocate a new edge sequence object for a given graph
 * \param g the graph object being referenced
 * \return the allocated PyObject
 */
PyObject* igraphmodule_EdgeSeq_New(igraphmodule_GraphObject *g) {
  igraphmodule_EdgeSeqObject* o;
  
  o=PyObject_GC_New(igraphmodule_EdgeSeqObject, &igraphmodule_EdgeSeqType);
  o->gref=PyWeakref_NewRef((PyObject*)g, NULL);
  //Py_INCREF(g);
  PyObject_GC_Track(o);
  
  RC_ALLOC("EdgeSeq", o);
  
  return (PyObject*)o;
}

/**
 * \ingroup python_interface_edgeseq
 * \brief Support for cyclic garbage collection in Python
 * 
 * This is necessary because the \c igraph.EdgeSeq object contains several
 * other \c PyObject pointers and they might point back to itself.
 */
int igraphmodule_EdgeSeq_traverse(igraphmodule_EdgeSeqObject *self,
                  visitproc visit, void *arg) {
  int vret;

  RC_TRAVERSE("EdgeSeq", self);
  
  if (self->gref) {
    vret=visit(self->gref, arg);
    if (vret != 0) return vret;
  }
  
  return 0;
}

/**
 * \ingroup python_interface_edgeseq
 * \brief Clears the graph object's subobject (before deallocation)
 */
int igraphmodule_EdgeSeq_clear(igraphmodule_EdgeSeqObject *self) {
  PyObject *tmp;

  PyObject_GC_UnTrack(self);
  
  tmp=self->gref;
  self->gref=NULL;
  Py_XDECREF(tmp);

  return 0;
}

/**
 * \ingroup python_interface_edgeseq
 * \brief Deallocates a Python representation of a given edge sequence object
 */
void igraphmodule_EdgeSeq_dealloc(igraphmodule_EdgeSeqObject* self) {
  igraphmodule_EdgeSeq_clear(self);

  RC_DEALLOC("EdgeSeq", self);
  
  PyObject_GC_Del(self);
}

/**
 * \ingroup python_interface_edgeseq
 * \brief Returns the length of the sequence (i.e. the number of edges in the graph)
 */
int igraphmodule_EdgeSeq_sq_length(igraphmodule_EdgeSeqObject* self) {
  igraph_t *g;
  
  g=&((igraphmodule_GraphObject*)PyWeakref_GetObject(self->gref))->g;
  if ((PyObject*)g == Py_None) return 0;
  
  return (int)igraph_ecount(g);
}

/**
 * \ingroup python_interface_edgeseq
 * \brief Returns the item at the given index in the sequence
 */
PyObject* igraphmodule_EdgeSeq_sq_item(igraphmodule_EdgeSeqObject* self,
                       int i) {
  igraphmodule_GraphObject *o;
  igraph_t *g;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;
  
  g=&o->g;
  if (i<0 || i>=(int)igraph_ecount(g)) {
    PyErr_SetString(PyExc_IndexError, "edge index out of range");
    return NULL;
  }
  /// @todo caching
  return igraphmodule_Edge_New(self->gref, i);
}

/** \ingroup python_interface_edgeseq
 * \brief Returns the list of attribute names
 */
PyObject* igraphmodule_EdgeSeq_attributes(igraphmodule_EdgeSeqObject* self) {
  igraphmodule_GraphObject *o;
  
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;

  return igraphmodule_Graph_edge_attributes(o);
}

/** \ingroup python_interface_edgeseq
 * \brief Returns the count of attribute names
 */
PyObject* igraphmodule_EdgeSeq_attribute_count(igraphmodule_EdgeSeqObject* self) {
  PyObject *list, *result;
  long int size;
  igraphmodule_GraphObject *o;
  o=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!o) return NULL;

  list=igraphmodule_Graph_edge_attributes(o);
  size=PySequence_Size(list);
  Py_DECREF(list);

  return Py_BuildValue("i", size);
}

/** \ingroup python_interface_edgeseq
 * \brief Returns the list of values for a given attribute
 */
PyObject* igraphmodule_EdgeSeq_get_attribute_values(igraphmodule_EdgeSeqObject* self, PyObject* o) {
  igraphmodule_GraphObject *gr;
  PyObject *result, *values, *item;

  gr=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!gr) return NULL;
  
  values=PyDict_GetItem(((PyObject**)gr->g.attr)[ATTRHASH_IDX_EDGE], o);
  if (values) {
    long int i, n;
    n = PyList_Size(values);
    result = PyList_New(n);
    if (!result) return result;

    for (i=0; i<n; i++) {
        item = PyList_GET_ITEM(values, i);
        Py_INCREF(item);
        PyList_SET_ITEM(result, i, item);
    }
    return result;
  }
  
  if (!PyErr_Occurred())
    PyErr_SetString(PyExc_KeyError, "Attribute does not exist");
  return NULL;
}

PyObject* igraphmodule_EdgeSeq_get_attribute_values_mapping(igraphmodule_EdgeSeqObject *self, PyObject *o) {
  /* Handle integer indices according to the sequence protocol */
  if (PyInt_Check(o)) return igraphmodule_EdgeSeq_sq_item(self, PyInt_AsLong(o));
  return igraphmodule_EdgeSeq_get_attribute_values(self, o);
}

/** \ingroup python_interface_edgeseq
 * \brief Sets the list of values for a given attribute
 */
int igraphmodule_EdgeSeq_set_attribute_values_mapping(igraphmodule_EdgeSeqObject* self, PyObject* attrname, PyObject* values) {
  PyObject *dict, *list, *item;
  igraphmodule_GraphObject *gr;
  long i, n;
  
  gr=(igraphmodule_GraphObject*)igraphmodule_resolve_graph_weakref(self->gref);
  if (!gr) return -1;

  n=PySequence_Size(values);
  if (n<0) return -1;
  if (n != (long)igraph_ecount(&gr->g)) {
    PyErr_SetString(PyExc_ValueError, "value list length must be equal to the number of edges in the graph");
    return -1;
  }

  /* Check if we already have attributes with the given name */
  dict = ((PyObject**)gr->g.attr)[ATTRHASH_IDX_EDGE];
  list = PyDict_GetItem(dict, attrname);
  if (list != 0) {
    /* Yes, we have. Modify its items to the items found in values */
    for (i=0; i<n; i++) {
      item = PyList_GetItem(values, i);
      if (item == 0) return -1;
      Py_INCREF(item);
      if (PyList_SetItem(list, i, item)) {
        Py_DECREF(item);
        return -1;
      } /* PyList_SetItem stole a reference to the item automatically */ 
    }
  } else {
    /* We don't have attributes with the given name yet. Create an entry
     * in the dict, create a new list and copy everything */
    list = PyList_New(n);
    if (list == 0) return -1;
    for (i=0; i<n; i++) {
      item = PyList_GetItem(values, i);
      if (item == 0) {
        Py_DECREF(list);
        return -1;
      }
      Py_INCREF(item);
      PyList_SET_ITEM(list, i, item);
    }
    if (PyDict_SetItem(dict, attrname, list)) {
      Py_DECREF(list);
      return -1;
    }
  }

  return 0;
}

PyObject* igraphmodule_EdgeSeq_set_attribute_values(igraphmodule_EdgeSeqObject *self,
    PyObject *args, PyObject *kwds) {
  static char* kwlist[] = { "attrname", "values", NULL };
  PyObject *attrname, *values;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "OO", kwlist,
                   &attrname, &values))
    return NULL;

  if (igraphmodule_EdgeSeq_set_attribute_values_mapping(self, attrname, values))
    return NULL;

  Py_RETURN_NONE;
}

/**
 * \ingroup python_interface_edgeseq
 * Method table for the \c igraph.EdgeSeq object
 */
PyMethodDef igraphmodule_EdgeSeq_methods[] = {
  {"attributes", (PyCFunction)igraphmodule_EdgeSeq_attributes,
   METH_NOARGS,
   "attributes() -> list\n\n"
   "Returns the attribute name list of the graph's edges\n"
  },
  {"get_attribute_values", (PyCFunction)igraphmodule_EdgeSeq_get_attribute_values,
   METH_O,
   "get_attribute_values(attrname) -> list\n\n"
   "Returns the value of a given edge attribute for all edges.\n\n"
   "@param attrname: the name of the attribute\n"
  },
  {"set_attribute_values", (PyCFunction)igraphmodule_EdgeSeq_set_attribute_values,
   METH_VARARGS | METH_KEYWORDS,
   "set_attribute_values(attrname, values) -> list\n"
   "Sets the value of a given edge attribute for all vertices\n"
   "@param attrname: the name of the attribute\n"
   "@param values: the new attribute values in a list\n"
  },
  {NULL}
};

/**
 * \ingroup python_interface_edgeseq
 * This is the collection of functions necessary to implement the
 * edge sequence as a real sequence (e.g. allowing to reference
 * edges by indices)
 */
static PySequenceMethods igraphmodule_EdgeSeq_as_sequence = {
  (inquiry)igraphmodule_EdgeSeq_sq_length,
  0,               /* sq_concat */
  0,               /* sq_repeat */
  (intargfunc)igraphmodule_EdgeSeq_sq_item, /* sq_item */
  0,                                          /* sq_slice */
  0,                                          /* sq_ass_item */
  0,                                          /* sq_ass_slice */
  0,                                          /* sq_contains */
  0,                                          /* sq_inplace_concat */
  0,                                          /* sq_inplace_repeat */
};

/**
 * \ingroup python_interface_edgeseq
 * This is the collection of functions necessary to implement the
 * edge sequence as a mapping (which maps attribute names to values)
 */
static PyMappingMethods igraphmodule_EdgeSeq_as_mapping = {
    /* returns the number of edge attributes */
    (inquiry) igraphmodule_EdgeSeq_attribute_count,
    /* returns the values of an attribute by name */
    (binaryfunc) igraphmodule_EdgeSeq_get_attribute_values_mapping,
    /* sets the values of an attribute by name */
    (objobjargproc) igraphmodule_EdgeSeq_set_attribute_values_mapping,
};

/** \ingroup python_interface_edgeseq
 * Python type object referencing the methods Python calls when it performs various operations on
 * an edge sequence of a graph
 */
PyTypeObject igraphmodule_EdgeSeqType =
{
  PyObject_HEAD_INIT(NULL)                  /* */
  0,                                        /* ob_size */
  "igraph.EdgeSeq",                         /* tp_name */
  sizeof(igraphmodule_EdgeSeqObject),       /* tp_basicsize */
  0,                                        /* tp_itemsize */
  (destructor)igraphmodule_EdgeSeq_dealloc, /* tp_dealloc */
  0,                                        /* tp_print */
  0,                                        /* tp_getattr */
  0,                                        /* tp_setattr */
  0,                                        /* tp_compare */
  0,                                        /* tp_repr */
  0,                                        /* tp_as_number */
  &igraphmodule_EdgeSeq_as_sequence,        /* tp_as_sequence */
  &igraphmodule_EdgeSeq_as_mapping,         /* tp_as_mapping */
  0,                                        /* tp_hash */
  0,                                        /* tp_call */
  0,                                        /* tp_str */
  0,                                        /* tp_getattro */
  0,                                        /* tp_setattro */
  0,                                        /* tp_as_buffer */
  Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, /* tp_flags */
  "Class representing the edge set of a graph.\n\n"
  "The individual edges can be accessed by indexing the edge sequence\n"
  "object. It can be used as an iterable as well, or even in a list\n"
  "comprehension:\n\n"
  "  >>> g=igraph.Graph.Full(3)\n"
  "  >>> for e in g.es:\n"
  "  ...   print e.tuple\n"
  "  ...\n"
  "  (0, 1)\n"
  "  (0, 2)\n"
  "  (1, 2)\n"
  "  >>> [max(e.tuple) for e in g.es]\n"
  "  [1, 2, 2]\n\n"
  "The edge set can also be used as a dictionary where the keys are the\n"
  "attribute names. The values corresponding to the keys are the values\n"
  "of the given attribute of every edge in the graph:\n\n"
  "  >>> g=igraph.Graph.Full(3)\n"
  "  >>> for idx, e in enumerate(g.es):\n"
  "  ...   e[\"weight\"] = idx*(idx+1)\n"
  "  ...\n"
  "  >>> g.es[\"weight\"]\n"
  "  [0, 2, 6]\n"
  "  >>> g.es[\"weight\"] = range(3)\n"
  "  >>> g.es[\"weight\"]\n"
  "  [0, 1, 2]\n", /* tp_doc */
  0,                                          /* tp_traverse */
  0,                                          /* tp_clear */
  0,                                          /* tp_richcompare */
  0,                                          /* tp_weaklistoffset */
  0,                                          /* tp_iter */
  0,                                          /* tp_iternext */
  igraphmodule_EdgeSeq_methods,             /* tp_methods */
};








igraph-0.4.2/src/graphobject.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "common.h"
#include "graphobject.h"
#include "vertexseqobject.h"
#include "edgeseqobject.h"
#include "bfsiter.h"
#include "convert.h"
#include "error.h"
#include "memory.h"

PyTypeObject igraphmodule_GraphType;

/** \defgroup python_interface_graph Graph object
 * \ingroup python_interface */

/**
 * \ingroup python_interface_internal
 * \brief Initializes the internal structures in an \c igraph.Graph object's
 * C representation.
 * 
 * This function must be called whenever we create a new Graph object with
 * \c tp_alloc
 */
void igraphmodule_Graph_init_internal(igraphmodule_GraphObject * self)
{
  if (!self)
    return;
  self->vseq = NULL;
  self->eseq = NULL;
  self->destructor = NULL;
  self->weakreflist = NULL;
  self->g.attr = NULL;
}

/**
 * \ingroup python_interface_graph
 * \brief Creates a new igraph object in Python
 * 
 * This function is called whenever a new \c igraph.Graph object is created in
 * Python. An optional \c n parameter can be passed from Python,
 * representing the number of vertices in the graph. If it is omitted,
 * the default value is 1.
 * 
 * <b>Example call from Python:</b>
\verbatim
g = igraph.Graph(5);
\endverbatim
 *
 * In fact, the parameters are processed by \c igraphmodule_Graph_init
 * 
 * \return the new \c igraph.Graph object or NULL if an error occurred.
 * 
 * \sa igraphmodule_Graph_init
 * \sa igraph_empty
 */
PyObject *igraphmodule_Graph_new(PyTypeObject * type, PyObject * args,
                                 PyObject * kwds)
{
  igraphmodule_GraphObject *self;

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  /* don't need it, the constructor will do it */
  /*if (self != NULL) {
     igraph_empty(&self->g, 1, 0);
     } */
  igraphmodule_Graph_init_internal(self);

  return (PyObject *) self;
}

/**
 * \ingroup python_interface_graph
 * \brief Clears the graph object's subobject (before deallocation)
 */
int igraphmodule_Graph_clear(igraphmodule_GraphObject * self)
{
  PyObject *tmp;
  PyObject_GC_UnTrack(self);

  tmp = self->vseq;
  self->vseq = NULL;
  Py_XDECREF(tmp);

  tmp = self->eseq;
  self->eseq = NULL;
  Py_XDECREF(tmp);

  tmp = self->destructor;
  self->destructor = NULL;
  Py_XDECREF(tmp);

  /*
     for (i=0; i<3; i++) {
     tmp=self->attrs[i];
     self->attrs[i]=NULL;
     Py_XDECREF(tmp);
     }
   */
  return 0;
}

/**
 * \ingroup python_interface_graph
 * \brief Support for cyclic garbage collection in Python
 * 
 * This is necessary because the \c igraph.Graph object contains several
 * other \c PyObject pointers and they might point back to itself.
 */
int igraphmodule_Graph_traverse(igraphmodule_GraphObject * self,
                                visitproc visit, void *arg)
{
  int vret, i;

  RC_TRAVERSE("Graph", self);

  if (self->destructor) {
    vret = visit(self->destructor, arg);
    if (vret != 0)
      return vret;
  }

  if (self->g.attr) {
    for (i = 0; i < 3; i++) {
      vret = visit(((PyObject **) (self->g.attr))[i], arg);
      if (vret != 0)
        return vret;
    }
  }

  // Funny things happen when we traverse the contained VertexSeq or EdgeSeq
  // object (it results in obviously fake memory leaks)
  /*if (self->vseq) {
     vret=visit(self->vseq, arg);
     if (vret != 0) return vret;
     } */

  return 0;
}

/**
 * \ingroup python_interface_graph
 * \brief Deallocates a Python representation of a given igraph object
 */
void igraphmodule_Graph_dealloc(igraphmodule_GraphObject * self)
{
  PyObject *r;

  // Clear weak references
  if (self->weakreflist != NULL)
    PyObject_ClearWeakRefs((PyObject *) self);

  igraph_destroy(&self->g);

  if (PyCallable_Check(self->destructor)) {
    r = PyObject_CallObject(self->destructor, NULL);
    if (r) {
      Py_DECREF(r);
    }
  }

  igraphmodule_Graph_clear(self);

  RC_DEALLOC("Graph", self);

  PyObject_GC_Del((PyObject *) self);
  // self->ob_type->tp_free((PyObject*)self);
}

/**
 * \ingroup python_interface_graph
 * \brief Initializes a new \c igraph object in Python
 * 
 * This function is called whenever a new \c igraph.Graph object is initialized in
 * Python (note that initializing is not equal to creating: an object might
 * be created but not initialized when it is being recovered from a serialized
 * state).
 * 
 * Throws \c AssertionError in Python if \c vcount is less than or equal to zero.
 * \return the new \c igraph.Graph object or NULL if an error occurred.
 * 
 * \sa igraphmodule_Graph_new
 * \sa igraph_empty
 * \sa igraph_create
 */
int igraphmodule_Graph_init(igraphmodule_GraphObject * self,
                            PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "n", "edges", "directed", NULL };
  int n = 1;
  PyObject *edges = NULL, *dir = Py_False;
  igraph_vector_t edges_vector;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|iO!O!", kwlist,
                                   &n, &PyList_Type, &edges,
                                   &PyBool_Type, &dir))
    return -1;

  if (edges && PyList_Check(edges)) {
    // Caller specified an edge list, so we use igraph_create
    // We have to convert the Python list to a igraph_vector_t
    if (igraphmodule_PyList_to_vector_t(edges, &edges_vector, 1, 1)) {
      igraphmodule_handle_igraph_error();
      return -1;
    }

    /*printf("Edge list:");
       for (i=0; i<n; i++)
       printf(" %d", (int)(VECTOR(edges_vector)[i]));
       printf("\n"); */

    if (igraph_create
        (&self->g, &edges_vector, (igraph_integer_t) n, (dir == Py_True))) {
      igraphmodule_handle_igraph_error();
      return -1;
    }

    igraph_vector_destroy(&edges_vector);
  }
  else {
    // No edge list was specified, let's use igraph_empty
    if (igraph_empty(&self->g, n, (dir == Py_True))) {
      igraphmodule_handle_igraph_error();
      return -1;
    }
  }

  return 0;
}

/** \ingroup python_interface_graph
 * \brief Formats an \c igraph.Graph object in a human-readable format.
 * 
 * This function is rather simple now, it returns the number of vertices
 * and edges in a string.
 * 
 * \return the formatted textual representation as a \c PyObject
 */
PyObject *igraphmodule_Graph_str(igraphmodule_GraphObject * self)
{
  if (igraph_is_directed(&self->g))
    return PyString_FromFormat("Directed graph (|V| = %ld, |E| = %ld)",
                               (long)igraph_vcount(&self->g),
                               (long)igraph_ecount(&self->g));
  else
    return PyString_FromFormat("Undirected graph (|V| = %ld, |E| = %ld)",
                               (long)igraph_vcount(&self->g),
                               (long)igraph_ecount(&self->g));
}

/** \ingroup python_interface_graph
 * \brief Returns the number of vertices in an \c igraph.Graph object.
 * \return the number of vertices as a \c PyObject
 * \sa igraph_vcount
 */
PyObject *igraphmodule_Graph_vcount(igraphmodule_GraphObject * self)
{
  PyObject *result;
  result = Py_BuildValue("l", (long)igraph_vcount(&self->g));
  return result;
}

/** \ingroup python_interface_graph
 * \brief Returns the number of edges in an \c igraph.Graph object.
 * \return the number of edges as a \c PyObject
 * \sa igraph_ecount
 */
PyObject *igraphmodule_Graph_ecount(igraphmodule_GraphObject * self)
{
  PyObject *result;
  result = Py_BuildValue("l", (long)igraph_ecount(&self->g));
  return result;
}

/** \ingroup python_interface_graph
 * \brief Checks whether an \c igraph.Graph object is directed.
 * \return \c True if the graph is directed, \c False otherwise.
 * \sa igraph_is_directed
 */
PyObject *igraphmodule_Graph_is_directed(igraphmodule_GraphObject * self)
{
  if (igraph_is_directed(&self->g)) {
    Py_INCREF(Py_True);
    return Py_True;
  }
  else {
    Py_INCREF(Py_False);
    return Py_False;
  }
}

/** \ingroup python_interface_graph
 * \brief Adds vertices to an \c igraph.Graph
 * \return the extended \c igraph.Graph object
 * \sa igraph_add_vertices
 */
PyObject *igraphmodule_Graph_add_vertices(igraphmodule_GraphObject * self,
                                          PyObject * args, PyObject * kwds)
{
  long n;

  if (!PyArg_ParseTuple(args, "l", &n))
    return NULL;
  if (n < 0) {
    // Throw an exception
    PyErr_SetString(PyExc_AssertionError,
                    "Number of vertices to be added can't be negative.");
    return NULL;
  }
  if (igraph_add_vertices(&self->g, (igraph_integer_t) n, 0)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  Py_INCREF(self);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Removes vertices from an \c igraph.Graph
 * \return the modified \c igraph.Graph object
 * 
 * \todo Need more error checking on vertex IDs. (igraph fails when an
 * invalid vertex ID is given)
 * \sa igraph_delete_vertices
 */
PyObject *igraphmodule_Graph_delete_vertices(igraphmodule_GraphObject * self,
                                             PyObject * args, PyObject * kwds)
{
  PyObject *list;
  igraph_vector_t v;

  if (!PyArg_ParseTuple(args, "O", &list))
    return NULL;
  if (igraphmodule_PyList_to_vector_t(list, &v, 1, 0)) {
    // something bad happened during conversion
    return NULL;
  }

  // do the hard work :)
  if (igraph_delete_vertices(&self->g, igraph_vss_vector(&v))) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&v);
    return NULL;
  }

  igraph_vector_destroy(&v);

  Py_INCREF(self);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Adds edges to an \c igraph.Graph
 * \return the extended \c igraph.Graph object
 * 
 * \todo Need more error checking on vertex IDs. (igraph fails when an
 * invalid vertex ID is given)
 * \sa igraph_add_edges
 */
PyObject *igraphmodule_Graph_add_edges(igraphmodule_GraphObject * self,
                                       PyObject * args, PyObject * kwds)
{
  PyObject *list;
  igraph_vector_t v;

  if (!PyArg_ParseTuple(args, "O", &list))
    return NULL;
  Py_INCREF(list);

  if (igraphmodule_PyList_to_vector_t(list, &v, 1, 1)) {
    // something bad happened during conversion, release the
    // list reference and return immediately
    Py_DECREF(list);
    return NULL;
  }

  // do the hard work :)
  if (igraph_add_edges(&self->g, &v, 0)) {
    igraphmodule_handle_igraph_error();
    Py_DECREF(list);
    igraph_vector_destroy(&v);
    return NULL;
  }

  Py_DECREF(list);

  Py_INCREF(self);

  igraph_vector_destroy(&v);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Deletes edges from an \c igraph.Graph
 * \return the extended \c igraph.Graph object
 * 
 * \todo Need more error checking on vertex IDs. (igraph fails when an
 * invalid vertex ID is given)
 * \sa igraph_delete_edges
 */
PyObject *igraphmodule_Graph_delete_edges(igraphmodule_GraphObject * self,
                                          PyObject * args, PyObject * kwds)
{
  PyObject *list, *by_index = Py_False;
  igraph_vector_t v;
  igraph_es_t es;
  static char *kwlist[] = { "edges", "by_index", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "O|O", kwlist,
                                   &list, &by_index))
    return NULL;

  if (PyObject_IsTrue(by_index)) {
    if (igraphmodule_PyList_to_vector_t(list, &v, 1, 0)) {
      /* something bad happened during conversion, return immediately */
      return NULL;
    }

    /* do the hard work :) */
    if (igraph_es_vector(&es, &v)) {
      igraphmodule_handle_igraph_error();
      igraph_vector_destroy(&v);
      return NULL;
    }
  }
  else {
    if (igraphmodule_PyList_to_vector_t(list, &v, 1, 1)) {
      /* something bad happened during conversion, return immediately */
      return NULL;
    }

    /* do the hard work :) */
    if (igraph_es_pairs(&es, &v, IGRAPH_DIRECTED)) {
      igraphmodule_handle_igraph_error();
      igraph_vector_destroy(&v);
      return NULL;
    }
  }

  if (igraph_delete_edges(&self->g, es)) {
    igraphmodule_handle_igraph_error();
    igraph_es_destroy(&es);
    igraph_vector_destroy(&v);
    return NULL;
  }

  Py_INCREF(self);

  igraph_es_destroy(&es);
  igraph_vector_destroy(&v);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief The degree of some vertices in an \c igraph.Graph
 * \return the degree list as a Python object
 * \sa igraph_degree
 */
PyObject *igraphmodule_Graph_degree(igraphmodule_GraphObject * self,
                                    PyObject * args, PyObject * kwds)
{
  PyObject *list = Py_None;
  int dtype = IGRAPH_ALL;
  PyObject *loops = Py_False;
  igraph_vector_t result;
  igraph_vs_t vs;
  igraph_bool_t return_single = 0;

  static char *kwlist[] = { "vertices", "type", "loops", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|OiO", kwlist,
                                   &list, &dtype, &loops))
    return NULL;

  if (dtype != IGRAPH_ALL && dtype != IGRAPH_OUT && dtype != IGRAPH_IN) {
    PyErr_SetString(PyExc_ValueError,
                    "dtype should be either ALL or IN or OUT");
    return NULL;
  }

  if (igraphmodule_PyObject_to_vs_t(list, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_vector_init(&result, 0)) {
    igraph_vs_destroy(&vs);
    return NULL;
  }

  if (igraph_degree(&self->g, &result, vs,
                    (igraph_neimode_t) dtype, PyObject_IsTrue(loops))) {
    igraphmodule_handle_igraph_error();
    igraph_vs_destroy(&vs);
    igraph_vector_destroy(&result);
    return NULL;
  }

  if (!return_single)
    list = igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_INT);
  else
    list = PyInt_FromLong(VECTOR(result)[0]);

  igraph_vector_destroy(&result);
  igraph_vs_destroy(&vs);

  return list;
}

/** \ingroup python_interface_graph
 * \brief The maximum degree of some vertices in an \c igraph.Graph
 * \return the maxium degree as a Python object
 * \sa igraph_maxdegree
 */
PyObject *igraphmodule_Graph_maxdegree(igraphmodule_GraphObject * self,
                                       PyObject * args, PyObject * kwds)
{
  PyObject *list = Py_None;
  int dtype = IGRAPH_ALL;
  PyObject *loops = Py_False;
  igraph_integer_t result;
  igraph_vs_t vs;
  igraph_bool_t return_single = 0;

  static char *kwlist[] = { "vertices", "type", "loops", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|OiO", kwlist,
                                   &list, &dtype, &loops))
    return NULL;

  if (dtype != IGRAPH_ALL && dtype != IGRAPH_OUT && dtype != IGRAPH_IN) {
    PyErr_SetString(PyExc_ValueError,
                    "dtype should be either ALL or IN or OUT");
    return NULL;
  }

  if (igraphmodule_PyObject_to_vs_t(list, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_maxdegree(&self->g, &result, vs,
                       (igraph_neimode_t) dtype, PyObject_IsTrue(loops))) {
    igraphmodule_handle_igraph_error();
    igraph_vs_destroy(&vs);
    return NULL;
  }

  igraph_vs_destroy(&vs);

  return PyInt_FromLong((long)result);
}

/** \ingroup python_interface_graph
 * \brief The neighbors of a given vertex in an \c igraph.Graph
 * This method accepts a single vertex ID as a parameter, and returns the
 * neighbors of the given vertex in the form of an integer list. A
 * second argument may be passed as well, meaning the type of neighbors to
 * be returned (\c OUT for successors, \c IN for predecessors or \c ALL
 * for both of them). This argument is ignored for undirected graphs.
 * 
 * \return the neighbor list as a Python list object
 * \sa igraph_neighbors
 */
PyObject *igraphmodule_Graph_neighbors(igraphmodule_GraphObject * self,
                                       PyObject * args, PyObject * kwds)
{
  PyObject *list;
  int dtype = IGRAPH_ALL;
  long idx;
  igraph_vector_t result;

  char *kwlist[] = {
    "vertex", "type", NULL
  }
  ;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|i", kwlist, &idx, &dtype))
    return NULL;

  if (dtype != IGRAPH_ALL && dtype != IGRAPH_OUT && dtype != IGRAPH_IN) {
    PyErr_SetString(PyExc_ValueError,
                    "type should be either ALL or IN or OUT");
    return NULL;
  }

  igraph_vector_init(&result, 1);
  if (igraph_neighbors(&self->g, &result, idx, (igraph_neimode_t) dtype)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&result);
    return NULL;
  }

  list = igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief The successors of a given vertex in an \c igraph.Graph
 * This method accepts a single vertex ID as a parameter, and returns the
 * successors of the given vertex in the form of an integer list. It
 * is equivalent to calling \c igraph.Graph.neighbors with \c type=OUT
 * 
 * \return the successor list as a Python list object
 * \sa igraph_neighbors
 */
PyObject *igraphmodule_Graph_successors(igraphmodule_GraphObject * self,
                                        PyObject * args, PyObject * kwds)
{
  PyObject *list;
  long idx;
  igraph_vector_t result;

  char *kwlist[] = { "vertex", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l", kwlist, &idx))
    return NULL;

  igraph_vector_init(&result, 1);
  if (igraph_neighbors(&self->g, &result, idx, IGRAPH_OUT)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&result);
    return NULL;
  }

  list = igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief The predecessors of a given vertex in an \c igraph.Graph
 * This method accepts a single vertex ID as a parameter, and returns the
 * predecessors of the given vertex in the form of an integer list. It
 * is equivalent to calling \c igraph.Graph.neighbors with \c type=IN
 * 
 * \return the predecessor list as a Python list object
 * \sa igraph_neighbors
 */
PyObject *igraphmodule_Graph_predecessors(igraphmodule_GraphObject * self,
                                          PyObject * args, PyObject * kwds)
{
  PyObject *list;
  long idx;
  igraph_vector_t result;

  char *kwlist[] = { "vertex", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l", kwlist, &idx))
    return NULL;

  igraph_vector_init(&result, 1);
  if (igraph_neighbors(&self->g, &result, idx, IGRAPH_IN)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&result);
    return NULL;
  }

  list = igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Returns the ID of an arbitrary edge between the given two nodes
 * \sa igraph_get_eid
 */
PyObject *igraphmodule_Graph_get_eid(igraphmodule_GraphObject * self,
                                     PyObject * args, PyObject * kwds)
{
  static char *kwlist[] = { "v1", "v2", "directed", NULL };
  long v1, v2;
  igraph_integer_t result;
  PyObject *directed = Py_False;
  if (!PyArg_ParseTupleAndKeywords(args, kwds, "ii|O", kwlist, &v1, &v2,
                                   &directed))
    return NULL;
  if (igraph_get_eid(&self->g, &result, v1, v2, PyObject_IsTrue(directed)))
    return igraphmodule_handle_igraph_error();

  return Py_BuildValue("i", (long)result);
}

/** \ingroup python_interface_graph
 * \brief Calculates the diameter of an \c igraph.Graph
 * This method accepts two optional parameters: the first one is
 * a boolean meaning whether to consider directed paths (and is
 * ignored for undirected graphs). The second one is only meaningful
 * in unconnected graphs: it is \c True if the longest geodesic
 * within a component should be returned and \c False if the number of
 * vertices should be returned. They both have a default value of \c False.
 * 
 * \return the diameter as a Python integer
 * \sa igraph_diameter
 */
PyObject *igraphmodule_Graph_diameter(igraphmodule_GraphObject * self,
                                      PyObject * args, PyObject * kwds)
{
  PyObject *dir = Py_True, *vcount_if_unconnected = Py_True;
  igraph_integer_t i;

  static char *kwlist[] = {
    "directed", "unconn", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|OO", kwlist,
                                   &dir, &vcount_if_unconnected))
    return NULL;

  if (igraph_diameter(&self->g, &i, 0, 0, 0, PyObject_IsTrue(dir),
                      PyObject_IsTrue(vcount_if_unconnected))) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  return PyInt_FromLong((long)i);
}

/**
 * \ingroup python_interface_graph
 * \brief Calculates the girth of an \c igraph.Graph
 */
PyObject *igraphmodule_Graph_girth(igraphmodule_GraphObject *self,
                                   PyObject *args, PyObject *kwds)
{
  PyObject *sc = Py_False;
  static char *kwlist[] = {
	"return_shortest_circle", NULL
  };
  igraph_integer_t girth;
  igraph_vector_t vids;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &sc))
	return NULL;

  igraph_vector_init(&vids, 0);
  if (igraph_girth(&self->g, &girth, &vids)) {
	igraphmodule_handle_igraph_error();
	igraph_vector_destroy(&vids);
	return NULL;
  }

  if (PyObject_IsTrue(sc)) {
	PyObject* o;
	o=igraphmodule_vector_t_to_PyList(&vids, IGRAPHMODULE_TYPE_INT);
	igraph_vector_destroy(&vids);
	return o;
  }
  return PyInt_FromLong((long)girth);
}

/** \ingroup python_interface_graph
 * \brief Generates a graph from its adjacency matrix
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_adjacency
 */
PyObject *igraphmodule_Graph_Adjacency(PyTypeObject * type,
                                       PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  igraph_matrix_t m;
  PyObject *matrix;
  igraph_adjacency_t mode = IGRAPH_ADJ_DIRECTED;

  char *kwlist[] = { "matrix", "mode", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "O!|i", kwlist,
                                   &PyList_Type, &matrix, &mode))
    return NULL;

  if (igraphmodule_PyList_to_matrix_t(matrix, &m)) {
    PyErr_SetString(PyExc_TypeError,
                    "Error while converting adjacency matrix");
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_adjacency(&self->g, &m, mode)) {
      igraphmodule_handle_igraph_error();
      igraph_matrix_destroy(&m);
      return NULL;
    }
  }

  igraph_matrix_destroy(&m);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph from the Graph Atlas
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_atlas
 */
PyObject *igraphmodule_Graph_Atlas(PyTypeObject * type, PyObject * args)
{
  long n;
  igraphmodule_GraphObject *self;

  if (!PyArg_ParseTuple(args, "l", &n))
    return NULL;

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_atlas(&self->g, (igraph_integer_t) n)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph based on the Barabasi-Albert model
 * This is intended to be a class method in Python, so the first argument
 * is the type object and not the Python igraph object (because we have
 * to allocate that in this method).
 * 
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_barabasi_game
 */
PyObject *igraphmodule_Graph_Barabasi(PyTypeObject * type,
                                      PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  long n, m = 1;
  float power = 0.0, zero_appeal = 0.0;
  igraph_vector_t outseq;
  PyObject *m_obj = 0, *outpref = Py_False, *directed = Py_False;

  char *kwlist[] =
    { "n", "m", "outpref", "directed", "power", "zero_appeal", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|OOOff", kwlist,
                                   &n, &m_obj, &outpref, &directed, &power,
                                   &zero_appeal))
    return NULL;

  if (n < 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }

  if (m_obj == 0) {
	igraph_vector_init(&outseq, 0);
	m = 1;
  } else if (m_obj != 0) {
    /* let's check whether we have a constant out-degree or a list */
    if (PyInt_Check(m_obj)) {
      m = PyInt_AsLong(m_obj);
      igraph_vector_init(&outseq, 0);
    } else if (PyList_Check(m_obj)) {
      if (igraphmodule_PyList_to_vector_t(m_obj, &outseq, 1, 0)) {
        /* something bad happened during conversion */
       return NULL;
      }
    }
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (power == 0.0) {
      /* linear model */
      if (igraph_barabasi_game(&self->g, (igraph_integer_t) n,
                               (igraph_integer_t) m,
                               &outseq, PyObject_IsTrue(outpref),
                               PyObject_IsTrue(directed))) {
        igraphmodule_handle_igraph_error();
        igraph_vector_destroy(&outseq);
        return NULL;
      }
    }
    else {
      /* nonlinear model */
      if (igraph_nonlinear_barabasi_game(&self->g, (igraph_integer_t) n,
                                         (igraph_real_t) power,
                                         (igraph_integer_t) m,
                                         &outseq, PyObject_IsTrue(outpref),
                                         (igraph_real_t) zero_appeal,
                                         PyObject_IsTrue(directed))) {
        igraphmodule_handle_igraph_error();
        igraph_vector_destroy(&outseq);
        return NULL;
      }
    }
  }

  igraph_vector_destroy(&outseq);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph based on the Erdõs-Rényi model
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_erdos_renyi_game
 */
PyObject *igraphmodule_Graph_Erdos_Renyi(PyTypeObject * type,
                                         PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  long n, m = -1;
  double p = -1.0;
  igraph_erdos_renyi_t t;
  PyObject *loops = NULL, *directed = NULL;

  char *kwlist[] = { "n", "p", "m", "directed", "loops", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|dlO!O!", kwlist,
                                   &n, &p, &m,
                                   &PyBool_Type, &directed,
                                   &PyBool_Type, &loops))
    return NULL;

  if (n < 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }

  if (m == -1 && p == -1.0) {
    // no density parameters were given, throw exception
    PyErr_SetString(PyExc_TypeError, "Either m or p must be given.");
    return NULL;
  }
  if (m != -1 && p != -1.0) {
    // both density parameters were given, throw exception
    PyErr_SetString(PyExc_TypeError, "Only one must be given from m and p.");
    return NULL;
  }

  t = (m == -1) ? IGRAPH_ERDOS_RENYI_GNP : IGRAPH_ERDOS_RENYI_GNM;

  if (t == IGRAPH_ERDOS_RENYI_GNP) {
    if (p < 0.0 || p > 1.0) {
      // Invalid probability was given, throw exception
      PyErr_SetString(PyExc_ValueError, "p must be between 0 and 1.");
      return NULL;
    }
  }
  else {
    if (m < 0 || m > n * n) {
      // Invalid edge count was given, throw exception
      PyErr_SetString(PyExc_ValueError, "m must be between 0 and n^2.");
      return NULL;
    }
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_erdos_renyi_game(&self->g, t, (igraph_integer_t) n,
                                (igraph_real_t) ((t ==
                                                  IGRAPH_ERDOS_RENYI_GNM) ? m
                                                 : p), (directed == Py_True),
                                (loops == Py_True))) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph based on a simple growing model with vertex types
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_establishment_game
 */
PyObject *igraphmodule_Graph_Establishment(PyTypeObject * type,
                                           PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  long n, types, k;
  PyObject *type_dist, *pref_matrix;
  PyObject *directed = Py_False;
  igraph_matrix_t pm;
  igraph_vector_t td;

  char *kwlist[] = { "n", "k", "type_dist", "pref_matrix", "directed", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "llO!O!|O", kwlist,
                                   &n, &k, &PyList_Type, &type_dist,
                                   &PyList_Type, &pref_matrix, &directed))
    return NULL;

  if (n <= 0 || k <= 0) {
    PyErr_SetString(PyExc_ValueError,
                    "Number of vertices and the amount of connection trials per step must be positive.");
    return NULL;
  }
  types = PyList_Size(type_dist);

  if (igraphmodule_PyList_to_matrix_t(pref_matrix, &pm)) {
    PyErr_SetString(PyExc_TypeError,
                    "Error while converting preference matrix");
    return NULL;
  }
  if (igraph_matrix_nrow(&pm) != igraph_matrix_ncol(&pm) ||
      igraph_matrix_nrow(&pm) != types) {
    PyErr_SetString(PyExc_ValueError,
                    "Preference matrix must have exactly the same rows and columns as the number of types");
    igraph_matrix_destroy(&pm);
    return NULL;
  }
  if (igraphmodule_PyList_to_vector_t(type_dist, &td, 1, 0)) {
    PyErr_SetString(PyExc_ValueError,
                    "Error while converting type distribution vector");
    igraph_matrix_destroy(&pm);
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_establishment_game(&self->g, (igraph_integer_t) n,
                                  (igraph_integer_t) types,
                                  (igraph_integer_t) k, &td, &pm,
                                  PyObject_IsTrue(directed))) {
      igraphmodule_handle_igraph_error();
      igraph_matrix_destroy(&pm);
      igraph_vector_destroy(&td);
      return NULL;
    }
  }

  igraph_matrix_destroy(&pm);
  igraph_vector_destroy(&td);
  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a full graph
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_full
 */
PyObject *igraphmodule_Graph_Full(PyTypeObject * type,
                                  PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  long n;
  PyObject *loops = NULL, *directed = NULL;

  char *kwlist[] = { "n", "directed", "loops", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|O!O!", kwlist, &n,
                                   &PyBool_Type, &directed,
                                   &PyBool_Type, &loops))
    return NULL;

  if (n < 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_full(&self->g, (igraph_integer_t) n,
                    (directed == Py_True), (loops == Py_True))) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph based on the geometric random model
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_grg_game
 */
PyObject *igraphmodule_Graph_GRG(PyTypeObject * type,
                                 PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  long n;
  double r;
  PyObject *torus = Py_False;

  char *kwlist[] = { "n", "radius", "torus", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "ld|O", kwlist,
                                   &n, &r, &torus))
    return NULL;

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_grg_game(&self->g, (igraph_integer_t) n, (igraph_real_t) r,
                        PyObject_IsTrue(torus))) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a growing random graph
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_growing_random_game
 */
PyObject *igraphmodule_Graph_Growing_Random(PyTypeObject * type,
                                            PyObject * args, PyObject * kwds)
{
  long n, m;
  PyObject *directed = NULL, *citation = NULL;
  igraphmodule_GraphObject *self;

  char *kwlist[] = { "n", "m", "directed", "citation", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "ll|O!O!", kwlist, &n, &m,
                                   &PyBool_Type, &directed,
                                   &PyBool_Type, &citation))
    return NULL;

  if (n < 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }

  if (m < 0) {
    PyErr_SetString(PyExc_ValueError,
                    "Number of new edges per iteration must be positive.");
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_growing_random_game(&self->g, (igraph_integer_t) n,
                                   (igraph_integer_t) m,
                                   (directed == Py_True),
                                   (citation == Py_True))) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a star graph
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_star
 */
PyObject *igraphmodule_Graph_Star(PyTypeObject * type,
                                  PyObject * args, PyObject * kwds)
{
  long n, center = 0;
  igraph_star_mode_t mode = IGRAPH_STAR_UNDIRECTED;
  igraphmodule_GraphObject *self;

  char *kwlist[] = { "n", "mode", "center", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|ll", kwlist,
                                   &n, &mode, &center))
    return NULL;

  if (n < 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }

  if (center >= n || center < 0) {
    PyErr_SetString(PyExc_ValueError,
                    "Central vertex ID should be between 0 and n-1");
    return NULL;
  }

  if (mode != IGRAPH_STAR_UNDIRECTED && mode != IGRAPH_STAR_IN &&
      mode != IGRAPH_STAR_OUT) {
    PyErr_SetString(PyExc_ValueError,
                    "Mode should be either STAR_IN, STAR_OUT or STAR_UNDIRECTED.");
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_star
        (&self->g, (igraph_integer_t) n, mode, (igraph_integer_t) center)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a regular lattice
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_lattice
 */
PyObject *igraphmodule_Graph_Lattice(PyTypeObject * type,
                                     PyObject * args, PyObject * kwds)
{
  igraph_vector_t dimvector;
  long nei = 1;
  igraph_bool_t directed;
  igraph_bool_t mutual;
  igraph_bool_t circular;
  PyObject *o_directed = Py_False, *o_mutual = Py_True, *o_circular = Py_True;
  PyObject *o_dimvector = Py_None;
  igraphmodule_GraphObject *self;

  char *kwlist[] = { "dim", "nei", "directed", "mutual", "circular", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "O!|lOOO", kwlist,
                                   &PyList_Type, &o_dimvector,
                                   &nei, &o_directed, &o_mutual, &o_circular))
    return NULL;

  directed = PyObject_IsTrue(o_directed);
  mutual = PyObject_IsTrue(o_mutual);
  circular = PyObject_IsTrue(o_circular);

  if (igraphmodule_PyList_to_vector_t(o_dimvector, &dimvector, 1, 0))
    return NULL;

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_lattice(&self->g, &dimvector, nei, directed, mutual, circular)) {
      igraph_vector_destroy(&dimvector);
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  igraph_vector_destroy(&dimvector);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph based on vertex types and connection preferences
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_preference_game
 */
PyObject *igraphmodule_Graph_Preference(PyTypeObject * type,
                                        PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  long n, types;
  PyObject *type_dist, *pref_matrix;
  PyObject *directed = Py_False;
  PyObject *loops = Py_False;
  igraph_matrix_t pm;
  igraph_vector_t td;
  igraph_vector_t type_vec;
  PyObject *type_vec_o;
  PyObject *attribute_key = Py_None;
  igraph_bool_t store_attribs;

  char *kwlist[] =
    { "n", "type_dist", "pref_matrix", "attribute", "directed", "loops",
NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "lO!O!|OOO", kwlist,
                                   &n, &PyList_Type, &type_dist,
                                   &PyList_Type, &pref_matrix,
                                   &attribute_key, &directed, &loops))
    return NULL;

  if (n <= 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }
  types = PyList_Size(type_dist);

  if (igraphmodule_PyList_to_matrix_t(pref_matrix, &pm)) {
    PyErr_SetString(PyExc_TypeError,
                    "Error while converting preference matrix");
    return NULL;
  }

  if (igraph_matrix_nrow(&pm) != igraph_matrix_ncol(&pm) ||
      igraph_matrix_nrow(&pm) != types) {
    PyErr_SetString(PyExc_ValueError,
                    "Preference matrix must have exactly the same rows and columns as the number of types");
    igraph_matrix_destroy(&pm);
    return NULL;
  }
  if (igraphmodule_PyList_to_vector_t(type_dist, &td, 1, 0)) {
    PyErr_SetString(PyExc_ValueError,
                    "Error while converting type distribution vector");
    igraph_matrix_destroy(&pm);
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    store_attribs = (attribute_key && attribute_key != Py_None);
    if (store_attribs && igraph_vector_init(&type_vec, (igraph_integer_t) n)) {
      igraph_matrix_destroy(&pm);
      igraph_vector_destroy(&td);
      igraphmodule_handle_igraph_error();
      return NULL;
    }

    igraphmodule_Graph_init_internal(self);
    if (igraph_preference_game(&self->g, (igraph_integer_t) n,
                               (igraph_integer_t) types, &td, &pm,
                               store_attribs ? &type_vec : 0,
                               PyObject_IsTrue(directed),
                               PyObject_IsTrue(loops))) {
      igraphmodule_handle_igraph_error();
      igraph_matrix_destroy(&pm);
      igraph_vector_destroy(&td);
      if (store_attribs)
        igraph_vector_destroy(&type_vec);
      return NULL;
    }

    if (store_attribs) {
      type_vec_o = igraphmodule_vector_t_to_PyList(&type_vec, IGRAPHMODULE_TYPE_INT);
      if (type_vec_o == 0) {
        igraph_matrix_destroy(&pm);
        igraph_vector_destroy(&td);
        igraph_vector_destroy(&type_vec);
        Py_DECREF(self);
        return NULL;
      }
      if (attribute_key != Py_None && attribute_key != 0) {
        if (PyDict_SetItem(((PyObject **) self->g.attr)[ATTRHASH_IDX_VERTEX],
                           attribute_key, type_vec_o) == -1) {
          Py_DECREF(type_vec_o);
          igraph_matrix_destroy(&pm);
          igraph_vector_destroy(&td);
          igraph_vector_destroy(&type_vec);
          Py_DECREF(self);
          return NULL;
        }
      }

      Py_DECREF(type_vec_o);
      igraph_vector_destroy(&type_vec);
    }
  }

  igraph_matrix_destroy(&pm);
  igraph_vector_destroy(&td);
  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph based on asymmetric vertex types and connection preferences
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_asymmetric_preference_game
 */
PyObject *igraphmodule_Graph_Asymmetric_Preference(PyTypeObject * type,
                                                   PyObject * args,
                                                   PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  long n, types;
  PyObject *type_dist_matrix, *pref_matrix;
  PyObject *loops = Py_False;
  igraph_matrix_t pm;
  igraph_matrix_t td;
  igraph_vector_t in_type_vec, out_type_vec;
  PyObject *type_vec_o;
  PyObject *attribute_key = Py_None;
  igraph_bool_t store_attribs;

  char *kwlist[] =
    { "n", "type_dist_matrix", "pref_matrix", "attribute", "loops", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "lO!O!|OO", kwlist,
                                   &n, &PyList_Type, &type_dist_matrix,
                                   &PyList_Type, &pref_matrix,
                                   &attribute_key, &loops))
    return NULL;

  if (n <= 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }
  types = PyList_Size(type_dist_matrix);

  if (igraphmodule_PyList_to_matrix_t(pref_matrix, &pm)) {
    PyErr_SetString(PyExc_TypeError,
                    "Error while converting preference matrix");
    return NULL;
  }

  if (igraph_matrix_nrow(&pm) != igraph_matrix_ncol(&pm) ||
      igraph_matrix_nrow(&pm) != types) {
    PyErr_SetString(PyExc_ValueError,
                    "Preference matrix must have exactly the same rows and columns as the number of types");
    igraph_matrix_destroy(&pm);
    return NULL;
  }
  if (igraphmodule_PyList_to_matrix_t(type_dist_matrix, &td)) {
    PyErr_SetString(PyExc_ValueError,
                    "Error while converting type distribution matrix");
    igraph_matrix_destroy(&pm);
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    store_attribs = (attribute_key && attribute_key != Py_None);
    if (store_attribs) {
      if (igraph_vector_init(&in_type_vec, (igraph_integer_t) n)) {
        igraph_matrix_destroy(&pm);
        igraph_matrix_destroy(&td);
        igraphmodule_handle_igraph_error();
        return NULL;
      }
      if (igraph_vector_init(&out_type_vec, (igraph_integer_t) n)) {
        igraph_matrix_destroy(&pm);
        igraph_matrix_destroy(&td);
        igraph_vector_destroy(&in_type_vec);
        igraphmodule_handle_igraph_error();
        return NULL;
      }
    }

    igraphmodule_Graph_init_internal(self);
    if (igraph_asymmetric_preference_game(&self->g, (igraph_integer_t) n,
                                          (igraph_integer_t) types, &td, &pm,
                                          store_attribs ? &in_type_vec : 0,
                                          store_attribs ? &out_type_vec : 0,
                                          PyObject_IsTrue(loops))) {
      igraphmodule_handle_igraph_error();
      igraph_vector_destroy(&in_type_vec);
      igraph_vector_destroy(&out_type_vec);
      igraph_matrix_destroy(&pm);
      igraph_matrix_destroy(&td);
      return NULL;
    }

    if (store_attribs) {
      type_vec_o = igraphmodule_vector_t_pair_to_PyList(&in_type_vec,
                                                        &out_type_vec);
      if (type_vec_o == NULL) {
        igraph_matrix_destroy(&pm);
        igraph_matrix_destroy(&td);
        igraph_vector_destroy(&in_type_vec);
        igraph_vector_destroy(&out_type_vec);
        Py_DECREF(self);
        return NULL;
      }
      if (attribute_key != Py_None && attribute_key != 0) {
        if (PyDict_SetItem(((PyObject **) self->g.attr)[ATTRHASH_IDX_VERTEX],
                           attribute_key, type_vec_o) == -1) {
          Py_DECREF(type_vec_o);
          igraph_matrix_destroy(&pm);
          igraph_matrix_destroy(&td);
          igraph_vector_destroy(&in_type_vec);
          igraph_vector_destroy(&out_type_vec);
          Py_DECREF(self);
          return NULL;
        }
      }

      Py_DECREF(type_vec_o);
      igraph_vector_destroy(&in_type_vec);
      igraph_vector_destroy(&out_type_vec);
    }
  }

  igraph_matrix_destroy(&pm);
  igraph_matrix_destroy(&td);
  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph based on sort of a "windowed" Barabasi-Albert model
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_recent_degree_game
 */
PyObject *igraphmodule_Graph_Recent_Degree(PyTypeObject * type,
                                           PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  long n, m = 0, window = 0;
  float power = 0.0, zero_appeal = 0.0;
  igraph_vector_t outseq;
  PyObject *m_obj, *outpref = Py_False, *directed = Py_False;

  char *kwlist[] =
    { "n", "m", "window", "outpref", "directed", "power", "zero_appeal",
NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "lOl|OOff", kwlist,
                                   &n, &m_obj, &window, &outpref, &directed,
                                   &power, &zero_appeal))
    return NULL;

  if (n < 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }

  // let's check whether we have a constant out-degree or a list
  if (PyInt_Check(m_obj)) {
    m = PyInt_AsLong(m_obj);
    igraph_vector_init(&outseq, 0);
  }
  else if (PyList_Check(m_obj)) {
    if (igraphmodule_PyList_to_vector_t(m_obj, &outseq, 1, 0)) {
      // something bad happened during conversion
      return NULL;
    }
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_recent_degree_game(&self->g, (igraph_integer_t) n,
                                  (igraph_real_t) power,
                                  (igraph_integer_t) window,
                                  (igraph_integer_t) m, &outseq,
                                  PyObject_IsTrue(outpref),
                                  (igraph_real_t) zero_appeal,
                                  PyObject_IsTrue(directed))) {
      igraphmodule_handle_igraph_error();
      igraph_vector_destroy(&outseq);
      return NULL;
    }
  }

  igraph_vector_destroy(&outseq);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a ring-shaped graph
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_ring
 */
PyObject *igraphmodule_Graph_Ring(PyTypeObject * type,
                                  PyObject * args, PyObject * kwds)
{
  long n;
  PyObject *directed = Py_False, *mutual = Py_False, *circular = Py_True;
  igraphmodule_GraphObject *self;

  char *kwlist[] = { "n", "directed", "mutual", "circular", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|O!O!O!", kwlist, &n,
                                   &PyBool_Type, &directed,
                                   &PyBool_Type, &mutual,
                                   &PyBool_Type, &circular))
    return NULL;

  if (n < 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_ring(&self->g, (igraph_integer_t) n, (directed == Py_True),
                    (mutual == Py_True), (circular == Py_True))) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a tree graph where almost all vertices have an equal number of children
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_tree
 */
PyObject *igraphmodule_Graph_Tree(PyTypeObject * type,
                                  PyObject * args, PyObject * kwds)
{
  long n, children;
  igraph_tree_mode_t mode = IGRAPH_TREE_UNDIRECTED;
  igraphmodule_GraphObject *self;

  char *kwlist[] = { "n", "children", "type", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "ll|l", kwlist,
                                   &n, &children, &mode))
    return NULL;

  if (n < 0) {
    PyErr_SetString(PyExc_ValueError, "Number of vertices must be positive.");
    return NULL;
  }

  if (mode != IGRAPH_TREE_UNDIRECTED && mode != IGRAPH_TREE_IN &&
      mode != IGRAPH_TREE_OUT) {
    PyErr_SetString(PyExc_ValueError,
                    "Mode should be either TREE_IN, TREE_OUT or TREE_UNDIRECTED.");
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_tree
        (&self->g, (igraph_integer_t) n, (igraph_integer_t) children, mode)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a random graph with a given degree sequence
 * This is intended to be a class method in Python, so the first argument
 * is the type object and not the Python igraph object (because we have
 * to allocate that in this method).
 * 
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_degree_sequence_game
 */
PyObject *igraphmodule_Graph_Degree_Sequence(PyTypeObject * type,
                                             PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  igraph_vector_t outseq, inseq;
  PyObject *outdeg = NULL, *indeg = NULL;

  char *kwlist[] = { "out", "in", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "O!|O!", kwlist,
                                   &PyList_Type, &outdeg,
                                   &PyList_Type, &indeg))
    return NULL;

  if (igraphmodule_PyList_to_vector_t(outdeg, &outseq, 1, 0)) {
    // something bad happened during conversion
    return NULL;
  }
  if (indeg) {
    if (igraphmodule_PyList_to_vector_t(indeg, &inseq, 1, 0)) {
      // something bad happened during conversion
      igraph_vector_destroy(&outseq);
      return NULL;
    }
  }
  else {
    igraph_vector_init(&inseq, 0);
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_degree_sequence_game(&self->g, &outseq, &inseq,
                                    IGRAPH_DEGSEQ_SIMPLE)) {
      igraphmodule_handle_igraph_error();
      igraph_vector_destroy(&outseq);
      igraph_vector_destroy(&inseq);
      return NULL;
    }
  }

  igraph_vector_destroy(&outseq);
  igraph_vector_destroy(&inseq);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph with a given isomorphy class
 * This is intended to be a class method in Python, so the first argument
 * is the type object and not the Python igraph object (because we have
 * to allocate that in this method).
 * 
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_isoclass_create
 */
PyObject *igraphmodule_Graph_Isoclass(PyTypeObject * type,
                                      PyObject * args, PyObject * kwds)
{
  long n, isoclass;
  PyObject *directed = NULL;
  igraphmodule_GraphObject *self;

  char *kwlist[] = { "n", "class", "directed", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "ii|O", kwlist,
                                   &n, &isoclass, &directed))
    return NULL;

  if (n < 3 || n > 4) {
    PyErr_SetString(PyExc_ValueError,
                    "Only graphs with 3 or 4 vertices are supported");
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_isoclass_create
        (&self->g, n, isoclass, PyObject_IsTrue(directed))) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Generates a graph based on the Watts-Strogatz model
 * \return a reference to the newly generated Python igraph object
 * \sa igraph_watts_strogatz_game
 */
PyObject *igraphmodule_Graph_Watts_Strogatz(PyTypeObject * type,
                                            PyObject * args, PyObject * kwds)
{
  long nei = 1, dim, size;
  double p;
  igraphmodule_GraphObject *self;

  char *kwlist[] = { "dim", "size", "nei", "p", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "llld", kwlist,
                                   &dim, &size, &nei, &p))
    return NULL;

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  RC_ALLOC("Graph", self);

  if (self != NULL) {
    igraphmodule_Graph_init_internal(self);
    if (igraph_watts_strogatz_game(&self->g, dim, size, nei, p)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Decides whether a graph is connected.
 * \return Py_True if the graph is connected, Py_False otherwise
 * \sa igraph_is_connected
 */
PyObject *igraphmodule_Graph_is_connected(igraphmodule_GraphObject * self,
                                          PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "mode", NULL };
  igraph_connectedness_t mode = IGRAPH_STRONG;
  igraph_bool_t res;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|l", kwlist, &mode))
    return NULL;

  if (mode != IGRAPH_STRONG && mode != IGRAPH_WEAK) {
    PyErr_SetString(PyExc_ValueError, "mode must be either STRONG or WEAK");
    return NULL;
  }

  if (igraph_is_connected(&self->g, &res, mode)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }
  if (res) {
    Py_INCREF(Py_True);
    return Py_True;
  }
  else {
    Py_INCREF(Py_False);
    return Py_False;
  }
}

/** \ingroup python_interface_graph
 * \brief Decides whether there is an edge from a given vertex to an other one.
 * \return Py_True if the vertices are directly connected, Py_False otherwise
 * \sa igraph_are_connected
 */
PyObject *igraphmodule_Graph_are_connected(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "v1", "v2", NULL };
  long v1, v2;
  igraph_bool_t res;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "ll", kwlist, &v1, &v2))
    return NULL;

  if (igraph_are_connected
      (&self->g, (igraph_integer_t) v1, (igraph_integer_t) v2, &res))
    return NULL;

  if (res) {
    Py_INCREF(Py_True);
    return Py_True;
  }
  else {
    Py_INCREF(Py_False);
    return Py_False;
  }
}

/** \ingroup python_interface_graph
 * \brief Calculates the average path length in a graph.
 * \return the average path length as a PyObject
 * \sa igraph_average_path_length
 */
PyObject *igraphmodule_Graph_average_path_length(igraphmodule_GraphObject *
                                                 self, PyObject * args,
                                                 PyObject * kwds)
{
  char *kwlist[] = { "directed", "unconn", NULL };
  PyObject *directed = Py_True, *unconn = Py_True;
  igraph_real_t res;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O!O!", kwlist,
                                   &PyBool_Type, &directed,
                                   &PyBool_Type, &unconn))
    return NULL;

  if (igraph_average_path_length(&self->g, &res, (directed == Py_True),
                                 (unconn == Py_True))) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  return PyFloat_FromDouble(res);
}

/** \ingroup python_interface_graph
 * \brief Calculates the betweennesses of some nodes in a graph.
 * \return the betweennesses as a list (or a single float)
 * \sa igraph_betweenness
 */
PyObject *igraphmodule_Graph_betweenness(igraphmodule_GraphObject * self,
                                         PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vertices", "directed", NULL };
  PyObject *directed = Py_True;
  PyObject *vobj = Py_None, *list;
  igraph_vector_t res;
  igraph_bool_t return_single = 0;
  igraph_vs_t vs;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|OO", kwlist,
                                   &vobj, &directed)) {
    return NULL;
  }

  if (igraphmodule_PyObject_to_vs_t(vobj, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_vector_init(&res, 0)) {
    igraph_vs_destroy(&vs);
    return igraphmodule_handle_igraph_error();
  }

  if (igraph_betweenness(&self->g, &res, vs, PyObject_IsTrue(directed))) {
    igraph_vs_destroy(&vs);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (!return_single)
    list = igraphmodule_vector_t_to_PyList(&res, IGRAPHMODULE_TYPE_FLOAT);
  else
    list = PyFloat_FromDouble(VECTOR(res)[0]);

  igraph_vector_destroy(&res);
  igraph_vs_destroy(&vs);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates the Google PageRank value of some nodes in the graph.
 * \return the PageRank values
 * \sa igraph_pagerank
 */
PyObject *igraphmodule_Graph_pagerank(igraphmodule_GraphObject * self,
                                      PyObject * args, PyObject * kwds)
{
  char *kwlist[] =
    { "vertices", "directed", "niter", "eps", "damping", NULL };
  PyObject *directed = Py_True;
  PyObject *vobj = Py_None, *list;
  long int niter = 1000;        /// @todo maybe it should be selected adaptively based on the number of vertices?
  double eps = 0.001, damping = 0.85;
  igraph_vector_t res;
  igraph_bool_t return_single = 0;
  igraph_vs_t vs;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|OOldd", kwlist,
                                   &vobj, &directed, &niter, &eps, &damping))
    return NULL;

  if (igraphmodule_PyObject_to_vs_t(vobj, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_vector_init(&res, 0)) {
    igraph_vs_destroy(&vs);
    return igraphmodule_handle_igraph_error();
  }

  if (igraph_pagerank(&self->g, &res, vs,
                      PyObject_IsTrue(directed), niter, eps, damping)) {
    igraph_vs_destroy(&vs);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (!return_single)
    list = igraphmodule_vector_t_to_PyList(&res, IGRAPHMODULE_TYPE_FLOAT);
  else
    list = PyFloat_FromDouble(VECTOR(res)[0]);

  igraph_vector_destroy(&res);
  igraph_vs_destroy(&vs);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates the bibliographic coupling of some nodes in a graph.
 * \return the bibliographic coupling values in a matrix
 * \sa igraph_bibcoupling
 */
PyObject *igraphmodule_Graph_bibcoupling(igraphmodule_GraphObject * self,
                                         PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vertices", NULL };
  PyObject *vobj = NULL, *list;
  igraph_matrix_t res;
  igraph_vs_t vs;
  igraph_bool_t return_single = 0;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &vobj))
    return NULL;

  if (igraphmodule_PyObject_to_vs_t(vobj, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_matrix_init(&res, 1, igraph_vcount(&self->g))) {
    igraph_vs_destroy(&vs);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_bibcoupling(&self->g, &res, vs)) {
    igraph_vs_destroy(&vs);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  /* TODO: Return a single list instead of a matrix if only one vertex was given */
  list = igraphmodule_matrix_t_to_PyList(&res, IGRAPHMODULE_TYPE_INT);

  igraph_matrix_destroy(&res);
  igraph_vs_destroy(&vs);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates the closeness centrality of some nodes in a graph.
 * \return the closeness centralities as a list (or a single float)
 * \sa igraph_betweenness
 */
PyObject *igraphmodule_Graph_closeness(igraphmodule_GraphObject * self,
                                       PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vertices", "mode", NULL };
  PyObject *vobj = Py_None, *list = NULL;
  igraph_vector_t res;
  igraph_neimode_t mode = IGRAPH_ALL;
  int return_single = 0;
  igraph_vs_t vs;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|Ol", kwlist, &vobj, &mode))
    return NULL;

  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && mode != IGRAPH_ALL) {
    PyErr_SetString(PyExc_ValueError, "mode must be one of IN, OUT or ALL");
    return NULL;
  }

  if (igraphmodule_PyObject_to_vs_t(vobj, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_vector_init(&res, 0)) {
    igraph_vs_destroy(&vs);
    return igraphmodule_handle_igraph_error();
  }

  if (igraph_closeness(&self->g, &res, vs, mode)) {
    igraph_vs_destroy(&vs);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (!return_single)
    list = igraphmodule_vector_t_to_PyList(&res, IGRAPHMODULE_TYPE_FLOAT);
  else
    list = PyFloat_FromDouble(VECTOR(res)[0]);

  igraph_vector_destroy(&res);
  igraph_vs_destroy(&vs);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates the (weakly or strongly) connected components in a graph.
 * \return a list containing the cluster ID for every vertex in the graph
 * \sa igraph_clusters
 */
PyObject *igraphmodule_Graph_clusters(igraphmodule_GraphObject * self,
                                      PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "mode", NULL };
  igraph_connectedness_t mode = IGRAPH_STRONG;
  igraph_vector_t res1, res2;
  igraph_integer_t no;
  PyObject *list;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|l", kwlist, &mode))
    return NULL;

  if (mode != IGRAPH_STRONG && mode != IGRAPH_WEAK) {
    PyErr_SetString(PyExc_ValueError, "mode must be either STRONG or WEAK");
    return NULL;
  }

  igraph_vector_init(&res1, igraph_vcount(&self->g));
  igraph_vector_init(&res2, 10);

  if (igraph_clusters(&self->g, &res1, &res2, &no, mode)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&res1);
    igraph_vector_destroy(&res2);
    return NULL;
  }

  list = igraphmodule_vector_t_to_PyList(&res1, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&res1);
  igraph_vector_destroy(&res2);
  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates Burt's constraint scores for a given graph
 * \sa igraph_constraint
 */
PyObject *igraphmodule_Graph_constraint(igraphmodule_GraphObject * self,
                                        PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vertices", "weights", NULL };
  PyObject *vids_obj = Py_None, *weight_obj = Py_None, *list;
  igraph_vector_t result, weights;
  igraph_vs_t vids;
  igraph_bool_t return_single = 0, weight_obj_was_created = 0;

  if (!PyArg_ParseTupleAndKeywords
      (args, kwds, "|OO", kwlist, &vids_obj, weight_obj))
    return NULL;

  if (igraph_vector_init(&result, 0)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraphmodule_PyObject_to_attribute_values(weight_obj, &weights,
                                                self, ATTRHASH_IDX_EDGE,
                                                1.0)) {
    igraph_vector_destroy(&result);
    if (weight_obj_was_created) {
      Py_DECREF(weight_obj);
    }
    return NULL;
  }

  if (igraphmodule_PyObject_to_vs_t(vids_obj, &vids, &return_single)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&result);
    igraph_vector_destroy(&weights);
    return NULL;
  }

  if (igraph_constraint(&self->g, &result, vids, &weights)) {
    igraphmodule_handle_igraph_error();
    igraph_vs_destroy(&vids);
    igraph_vector_destroy(&result);
    igraph_vector_destroy(&weights);
    return NULL;
  }

  list = igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_INT);
  igraph_vs_destroy(&vids);
  igraph_vector_destroy(&result);
  igraph_vector_destroy(&weights);

  return list;
}

/** \ingroup python_interface_copy
 * \brief Creates an exact deep copy of the graph
 * \return the copy of the graph
 */
PyObject *igraphmodule_Graph_copy(igraphmodule_GraphObject * self)
{
  igraphmodule_GraphObject *result;
  igraph_t g;

  if (igraph_copy(&g, &self->g)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  igraphmodule_Graph_init_internal(result);
  result->g = g;
  RC_ALLOC("Graph", result);

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Decomposes a graph into components.
 * \return a list of graph objects, each containing a copy of a component in the original graph.
 * \sa igraph_components
 */
PyObject *igraphmodule_Graph_decompose(igraphmodule_GraphObject * self,
                                       PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "mode", "maxcompno", "minelements", NULL };
  igraph_connectedness_t mode = IGRAPH_STRONG;
  PyObject *list;
  igraphmodule_GraphObject *o;
  long maxcompno = -1, minelements = -1, n, i;
  igraph_vector_ptr_t components;
  igraph_t *g;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|lll", kwlist, &mode,
                                   &maxcompno, &minelements))
    return NULL;

  if (mode != IGRAPH_STRONG && mode != IGRAPH_WEAK) {
    PyErr_SetString(PyExc_ValueError, "mode must be either STRONG or WEAK");
    return NULL;
  }

  igraph_vector_ptr_init(&components, 3);
  if (igraph_decompose(&self->g, &components, mode, maxcompno, minelements)) {
    igraph_vector_ptr_destroy(&components);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  // We have to create a separate Python igraph object for every graph returned
  n = igraph_vector_ptr_size(&components);
  list = PyList_New(n);
  for (i = 0; i < n; i++) {
    g = (igraph_t *) VECTOR(components)[i];
    o =
      (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
    RC_ALLOC("Graph", self);
    igraphmodule_Graph_init_internal(o);
    o->g = *g;
    PyList_SET_ITEM(list, i, (PyObject *) o);
    // reference has been transferred by PyList_SET_ITEM, no need to Py_DECREF
    //
    // we mustn't call igraph_destroy here, because it would free the vertices
    // and the edges as well, but we need them in o->g. So just call free
    igraph_free(g);
  }

  igraph_vector_ptr_destroy(&components);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates the cocitation scores of some nodes in a graph.
 * \return the cocitation scores in a matrix
 * \sa igraph_cocitation
 */
PyObject *igraphmodule_Graph_cocitation(igraphmodule_GraphObject * self,
                                        PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vertices", NULL };
  PyObject *vobj = NULL, *list = NULL;
  igraph_matrix_t res;
  int return_single = 0;
  igraph_vs_t vs;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &vobj))
    return NULL;

  if (igraphmodule_PyObject_to_vs_t(vobj, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_matrix_init(&res, 1, igraph_vcount(&self->g))) {
    igraph_vs_destroy(&vs);
    return igraphmodule_handle_igraph_error();
  }

  if (igraph_cocitation(&self->g, &res, vs)) {
    igraph_matrix_destroy(&res);
    igraph_vs_destroy(&vs);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  /* TODO: Return a single list instead of a matrix if only one vertex was given */
  list = igraphmodule_matrix_t_to_PyList(&res, IGRAPHMODULE_TYPE_INT);

  igraph_matrix_destroy(&res);
  igraph_vs_destroy(&vs);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates the edge betweennesses in the graph
 * \return a list containing the edge betweenness for every edge
 * \sa igraph_edge_betweenness
 */
PyObject *igraphmodule_Graph_edge_betweenness(igraphmodule_GraphObject * self,
                                              PyObject * args,
                                              PyObject * kwds)
{
  char *kwlist[] = { "directed", NULL };
  igraph_vector_t res;
  PyObject *list, *directed = Py_True;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O!", kwlist,
                                   &PyBool_Type, &directed))
    return NULL;

  igraph_vector_init(&res, igraph_ecount(&self->g));

  if (igraph_edge_betweenness(&self->g, &res, (directed == Py_True))) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&res);
    return NULL;
  }

  list = igraphmodule_vector_t_to_PyList(&res, IGRAPHMODULE_TYPE_FLOAT);
  igraph_vector_destroy(&res);
  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates the shortest paths from/to a given node in the graph
 * \return a list containing shortest paths from/to the given node
 * \sa igraph_get_shortest_paths
 */
PyObject *igraphmodule_Graph_get_shortest_paths(igraphmodule_GraphObject *
                                                self, PyObject * args,
                                                PyObject * kwds)
{
  char *kwlist[] = { "v", "mode", NULL };
  igraph_vector_t *res;
  igraph_neimode_t mode = IGRAPH_OUT;
  long from0, i, j;
  igraph_integer_t from;
  PyObject *list, *item;
  long int no_of_nodes = igraph_vcount(&self->g);
  igraph_vector_ptr_t ptrvec;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|l", kwlist, &from0, &mode))
    return NULL;

  from = (igraph_integer_t) from0;

  res = (igraph_vector_t *) calloc(no_of_nodes, sizeof(igraph_vector_t));
  if (!res) {
    PyErr_SetString(PyExc_MemoryError, "");
    return NULL;
  }

  if (igraph_vector_ptr_init(&ptrvec, no_of_nodes)) {
    PyErr_SetString(PyExc_MemoryError, "");
    return NULL;
  }

  for (i = 0; i < no_of_nodes; i++) {
    VECTOR(ptrvec)[i] = &res[i];
    igraph_vector_init(&res[i], 5);
  }

  if (igraph_get_shortest_paths(&self->g, &ptrvec, from,
                                igraph_vss_all(), mode)) {
    igraphmodule_handle_igraph_error();
    for (j = 0; j < no_of_nodes; j++)
      igraph_vector_destroy(&res[j]);
    free(res);
    return NULL;
  }

  list = PyList_New(no_of_nodes);
  if (!list) {
    for (j = 0; j < no_of_nodes; j++)
      igraph_vector_destroy(&res[j]);
    free(res);
    return NULL;
  }

  for (i = 0; i < no_of_nodes; i++) {
    item = igraphmodule_vector_t_to_PyList(&res[i], IGRAPHMODULE_TYPE_INT);
    if (!item) {
      Py_DECREF(list);
      for (j = 0; j < no_of_nodes; j++)
        igraph_vector_destroy(&res[j]);
      free(res);
      return NULL;
    }
    if (PyList_SetItem(list, i, item)) {
      Py_DECREF(list);
      for (j = 0; j < no_of_nodes; j++)
        igraph_vector_destroy(&res[j]);
      free(res);
      return NULL;
    }
  }

  for (j = 0; j < no_of_nodes; j++)
    igraph_vector_destroy(&res[j]);
  free(res);
  igraph_vector_ptr_destroy(&ptrvec);
  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates all of the shortest paths from/to a given node in the graph
 * \return a list containing shortest paths from/to the given node
 * \sa igraph_get_shortest_paths
 */
PyObject *igraphmodule_Graph_get_all_shortest_paths(igraphmodule_GraphObject *
                                                    self, PyObject * args,
                                                    PyObject * kwds)
{
  char *kwlist[] = { "v", "mode", NULL };
  igraph_vector_ptr_t res;
  igraph_neimode_t mode = IGRAPH_OUT;
  long from0, i, j, k;
  igraph_integer_t from;
  PyObject *list, *item;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|l", kwlist, &from0, &mode))
    return NULL;

  from = (igraph_integer_t) from0;

  if (igraph_vector_ptr_init(&res, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_get_all_shortest_paths(&self->g, &res, NULL, from,
                                    igraph_vss_all(), mode)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_ptr_destroy(&res);
    return NULL;
  }

  j = igraph_vector_ptr_size(&res);
  list = PyList_New(j);
  if (!list) {
    for (i = 0; i < j; i++)
      igraph_vector_destroy(igraph_vector_ptr_e(&res, i));
    igraph_vector_ptr_destroy_all(&res);
    return NULL;
  }

  for (i = 0; i < j; i++) {
    item =
      igraphmodule_vector_t_to_PyList((igraph_vector_t *)
                                      igraph_vector_ptr_e(&res, i),
									  IGRAPHMODULE_TYPE_INT);
    if (!item) {
      Py_DECREF(list);
      for (k = 0; k < j; k++)
        igraph_vector_destroy(igraph_vector_ptr_e(&res, k));
      igraph_vector_ptr_destroy_all(&res);
      return NULL;
    }
    if (PyList_SetItem(list, i, item)) {
      Py_DECREF(list);
      Py_DECREF(item);
      for (k = 0; k < j; k++)
        igraph_vector_destroy(igraph_vector_ptr_e(&res, k));
      igraph_vector_ptr_destroy_all(&res);
      return NULL;
    }
  }

  for (i = 0; i < j; i++)
    igraph_vector_destroy(igraph_vector_ptr_e(&res, i));
  igraph_vector_ptr_destroy_all(&res);
  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates shortest paths in a graph.
 * \return the shortest path lengths for the given vertices
 * \sa igraph_shortest_paths
 */
PyObject *igraphmodule_Graph_shortest_paths(igraphmodule_GraphObject * self,
                                            PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vertices", "mode", NULL };
  PyObject *vobj = NULL, *list = NULL;
  igraph_matrix_t res;
  igraph_neimode_t mode = IGRAPH_OUT;
  int return_single = 0;
  igraph_vs_t vs;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|Ol", kwlist, &vobj, &mode))
    return NULL;

  if (mode != IGRAPH_IN && mode != IGRAPH_OUT && mode != IGRAPH_ALL) {
    PyErr_SetString(PyExc_ValueError, "mode must be either IN or OUT or ALL");
    return NULL;
  }

  if (igraphmodule_PyObject_to_vs_t(vobj, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_matrix_init(&res, 1, igraph_vcount(&self->g))) {
    igraph_vs_destroy(&vs);
    return igraphmodule_handle_igraph_error();
  }

  if (igraph_shortest_paths(&self->g, &res, vs, mode)) {
    igraph_matrix_destroy(&res);
    igraph_vs_destroy(&vs);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  /* TODO Return a single list instead of a matrix if only one vertex was given */
  list = igraphmodule_matrix_t_to_PyList(&res, IGRAPHMODULE_TYPE_INT);

  igraph_matrix_destroy(&res);
  igraph_vs_destroy(&vs);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates a spanning tree for a graph
 * \return a list containing the edge betweenness for every edge
 * \sa igraph_minimum_spanning_tree_unweighted
 * \sa igraph_minimum_spanning_tree_prim
 */
PyObject *igraphmodule_Graph_spanning_tree(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "weights", NULL };
  igraph_t mst;
  int err;
  igraph_vector_t ws;
  PyObject *weights = NULL;
  igraphmodule_GraphObject *result = NULL;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O!", kwlist,
                                   &PyList_Type, &weights))
    return NULL;

  if (weights && (PyList_Size(weights) < igraph_vcount(&self->g))) {
    PyErr_SetString(PyExc_ValueError,
                    "Weight list must have at least |V| elements (|V| = node count in the graph)");
    return NULL;
  }

  if (!weights)
    err = igraph_minimum_spanning_tree_unweighted(&self->g, &mst);
  else {
    if (igraphmodule_PyList_to_vector_t(weights, &ws, 1, 0))
      return NULL;
    err = igraph_minimum_spanning_tree_prim(&self->g, &mst, &ws);
  }

  if (err) {
    igraphmodule_handle_igraph_error();
    if (weights)
      igraph_vector_destroy(&ws);
    return NULL;
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);

  if (result != NULL)
    result->g = mst;

  if (weights)
    igraph_vector_destroy(&ws);

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Simplifies a graph by removing loops and/or multiple edges
 * \return the simplified graph.
 * \sa igraph_simplify
 */
PyObject *igraphmodule_Graph_simplify(igraphmodule_GraphObject * self,
                                      PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "multiple", "loops", NULL };
  PyObject *multiple = Py_True, *loops = Py_True;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|OO", kwlist,
                                   &multiple, &loops))
    return NULL;

  if (igraph_simplify(&self->g, PyObject_IsTrue(multiple),
                      PyObject_IsTrue(loops))) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  Py_INCREF(self);
  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Calculates the vertex indices within the same component as a given vertex
 * \return the vertex indices in a list
 * \sa igraph_subcomponent
 */
PyObject *igraphmodule_Graph_subcomponent(igraphmodule_GraphObject * self,
                                          PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "v", "mode", NULL };
  igraph_vector_t res;
  igraph_neimode_t mode = IGRAPH_ALL;
  long from0;
  igraph_real_t from;
  PyObject *list = NULL;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "l|l", kwlist, &from0, &mode))
    return NULL;

  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && mode != IGRAPH_ALL) {
    PyErr_SetString(PyExc_ValueError, "mode must be either IN, OUT or ALL");
    return NULL;
  }

  if (from0 < 0 || from0 >= igraph_vcount(&self->g)) {
    PyErr_SetString(PyExc_ValueError,
                    "vertex ID must be non-negative and less than the number of edges");
    return NULL;
  }
  from = (igraph_real_t) from0;

  igraph_vector_init(&res, 0);
  if (igraph_subcomponent(&self->g, &res, from, mode)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&res);
    return NULL;
  }

  list = igraphmodule_vector_t_to_PyList(&res, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&res);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Rewires a graph while preserving degree distribution
 * \return the rewired graph
 * \sa igraph_rewire
 */
PyObject *igraphmodule_Graph_rewire(igraphmodule_GraphObject * self,
                                    PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "n", "mode", NULL };
  long n = 1000;
  igraph_rewiring_t mode = IGRAPH_REWIRING_SIMPLE;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|ll", kwlist, &n, &mode))
    return NULL;

  if (mode != IGRAPH_REWIRING_SIMPLE) {
    PyErr_SetString(PyExc_ValueError, "mode must be REWIRING_SIMPLE");
    return NULL;
  }

  if (igraph_rewire(&self->g, n, mode)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  Py_INCREF(self);
  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Returns a subgraph of the graph based on the given vertices
 * \return the subgraph as a new igraph object
 * \sa igraph_subgraph
 */
PyObject *igraphmodule_Graph_subgraph(igraphmodule_GraphObject * self,
                                      PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vertices", NULL };
  igraph_vector_t vertices;
  igraph_t sg;
  igraphmodule_GraphObject *result;
  PyObject *list;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "O", kwlist, &list))
    return NULL;

  if (igraphmodule_PyList_to_vector_t(list, &vertices, 1, 0))
    return NULL;

  if (igraph_subgraph(&self->g, &sg, igraph_vss_vector(&vertices))) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&vertices);
    return NULL;
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);
  if (result != NULL)
    result->g = sg;

  igraph_vector_destroy(&vertices);

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Calculates the graph transitivity (a.k.a. clustering coefficient)
 * \return the clustering coefficient
 * \sa igraph_transitivity_undirected
 */
PyObject *igraphmodule_Graph_transitivity_undirected(igraphmodule_GraphObject
                                                     * self, PyObject * args,
                                                     PyObject * kwds)
{
  igraph_real_t res;
  PyObject *r;

  if (igraph_transitivity_undirected(&self->g, &res)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  r = Py_BuildValue("d", (double)(res));
  return r;
}

/** \ingroup python_interface_graph
 * \brief Calculates the local transitivity of given vertices
 * \return the transitivities in a list
 * \sa igraph_transitivity_local_undirected
 */
PyObject
  *igraphmodule_Graph_transitivity_local_undirected(igraphmodule_GraphObject *
                                                    self, PyObject * args,
                                                    PyObject * kwds)
{
  char *kwlist[] = { "vertices", NULL };
  PyObject *vobj = NULL, *list = NULL;
  igraph_vector_t result;
  igraph_bool_t return_single = 0;
  igraph_vs_t vs;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &vobj))
    return NULL;

  if (igraphmodule_PyObject_to_vs_t(vobj, &vs, &return_single)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_vector_init(&result, 0)) {
    igraph_vs_destroy(&vs);
    return igraphmodule_handle_igraph_error();
  }

  if (igraph_transitivity_local_undirected(&self->g, &result, vs)) {
    igraphmodule_handle_igraph_error();
    igraph_vs_destroy(&vs);
    igraph_vector_destroy(&result);
    return NULL;
  }

  if (!return_single)
    list = igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_FLOAT);
  else
    list = PyFloat_FromDouble(VECTOR(result)[0]);

  igraph_vs_destroy(&vs);
  igraph_vector_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates a possible topological sorting
 * \return a possible topological sorting as a list
 * \sa igraph_topological_sorting
 */
PyObject *igraphmodule_Graph_topological_sorting(igraphmodule_GraphObject *
                                                 self, PyObject * args,
                                                 PyObject * kwds)
{
  char *kwlist[] = { "mode", NULL };
  PyObject *list;
  igraph_neimode_t mode = IGRAPH_OUT;
  igraph_vector_t result;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|l", kwlist, &mode))
    return NULL;

  if (igraph_vector_init(&result, 0)) {
    return igraphmodule_handle_igraph_error();
  }

  if (igraph_topological_sorting(&self->g, &result, mode)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&result);
    return NULL;
  }

  list = igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Calculates the graph reciprocity
 * \return the reciprocity
 * \sa igraph_reciprocity
 */
PyObject *igraphmodule_Graph_reciprocity(igraphmodule_GraphObject * self,
                                         PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "ignore_loops", NULL };
  igraph_real_t result;
  PyObject *ignore_loops = Py_True;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &ignore_loops))
    return NULL;

  if (igraph_reciprocity(&self->g, &result, PyObject_IsTrue(ignore_loops))) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  return Py_BuildValue("d", (double)result);
}

/** \ingroup python_interface_graph
 * \brief Calculates the graph density
 * \return the density
 * \sa igraph_density
 */
PyObject *igraphmodule_Graph_density(igraphmodule_GraphObject * self,
                                     PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "loops", NULL };
  igraph_real_t result;
  PyObject *loops = Py_False;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &loops))
    return NULL;

  if (igraph_density(&self->g, &result, PyObject_IsTrue(loops))) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  return Py_BuildValue("d", (double)result);
}

/** \ingroup python_interface_graph
 * \brief Places the vertices of a graph uniformly on a circle.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_circle
 */
PyObject *igraphmodule_Graph_layout_circle(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  igraph_matrix_t m;
  PyObject *result;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_circle(&self->g, &m)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);

  igraph_matrix_destroy(&m);

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices of a graph uniformly on a sphere in 3D.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_sphere
 */
PyObject *igraphmodule_Graph_layout_sphere(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  igraph_matrix_t m;
  PyObject *result;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_sphere(&self->g, &m)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);

  igraph_matrix_destroy(&m);

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices of a graph randomly.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_random
 */
PyObject *igraphmodule_Graph_layout_random(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  igraph_matrix_t m;
  PyObject *result;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_random(&self->g, &m)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices of a graph randomly in 3D.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_random_3d
 */
PyObject *igraphmodule_Graph_layout_random_3d(igraphmodule_GraphObject * self,
                                              PyObject * args,
                                              PyObject * kwds)
{
  igraph_matrix_t m;
  PyObject *result;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_random_3d(&self->g, &m)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices on a plane according to the Kamada-Kawai algorithm.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_kamada_kawai
 */
PyObject *igraphmodule_Graph_layout_kamada_kawai(igraphmodule_GraphObject *
                                                 self, PyObject * args,
                                                 PyObject * kwds)
{
  char *kwlist[] =
    { "maxiter", "sigma", "initemp", "coolexp", "kkconst", NULL };
  igraph_matrix_t m;
  long niter = 1000;
  double sigma, initemp, coolexp, kkconst;
  PyObject *result;

  sigma = igraph_vcount(&self->g);
  kkconst = sigma * sigma;
  sigma = sigma / 4.0;
  initemp = 10.0;
  coolexp = 0.99;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|ldddd", kwlist,
                                   &niter, &sigma, &initemp, &coolexp,
                                   &kkconst))
    return NULL;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_kamada_kawai
      (&self->g, &m, niter, sigma, initemp, coolexp, kkconst)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices on a plane according to the Kamada-Kawai algorithm in 3D.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_kamada_kawai_3d
 */
PyObject *igraphmodule_Graph_layout_kamada_kawai_3d(igraphmodule_GraphObject *
                                                    self, PyObject * args,
                                                    PyObject * kwds)
{
  char *kwlist[] =
    { "maxiter", "sigma", "initemp", "coolexp", "kkconst", NULL };
  igraph_matrix_t m;
  long niter = 1000;
  double sigma, initemp, coolexp, kkconst;
  PyObject *result;

  sigma = igraph_vcount(&self->g);
  kkconst = sigma * sigma;
  sigma = sigma / 4.0;
  initemp = 10.0;
  coolexp = 0.99;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|ldddd", kwlist,
                                   &niter, &sigma, &initemp, &coolexp,
                                   &kkconst))
    return NULL;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_kamada_kawai_3d
      (&self->g, &m, niter, sigma, initemp, coolexp, kkconst)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices on a plane according to the Fruchterman-Reingold algorithm.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_fruchterman_reingold
 */
PyObject
  *igraphmodule_Graph_layout_fruchterman_reingold(igraphmodule_GraphObject *
                                                  self, PyObject * args,
                                                  PyObject * kwds)
{
  char *kwlist[] =
    { "maxiter", "maxdelta", "area", "coolexp", "repulserad", NULL };
  igraph_matrix_t m;
  long niter = 500;
  double maxdelta, area, coolexp, repulserad;
  PyObject *result;

  maxdelta = igraph_vcount(&self->g);
  area = maxdelta * maxdelta;
  coolexp = 1.5;
  repulserad = area * maxdelta;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|ldddd", kwlist,
                                   &niter, &maxdelta, &area, &coolexp,
                                   &repulserad))
    return NULL;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_fruchterman_reingold
      (&self->g, &m, niter, maxdelta, area, coolexp, repulserad, 0)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices on a plane according to the Fruchterman-Reingold algorithm in 3D.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_fruchterman_reingold_3d
 */
PyObject
  *igraphmodule_Graph_layout_fruchterman_reingold_3d(igraphmodule_GraphObject
                                                     * self, PyObject * args,
                                                     PyObject * kwds)
{
  char *kwlist[] =
    { "maxiter", "maxdelta", "area", "coolexp", "repulserad", NULL };
  igraph_matrix_t m;
  long niter = 500;
  double maxdelta, area, coolexp, repulserad;
  PyObject *result;

  maxdelta = igraph_vcount(&self->g);
  area = maxdelta * maxdelta;
  coolexp = 1.5;
  repulserad = area * maxdelta;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|ldddd", kwlist,
                                   &niter, &maxdelta, &area, &coolexp,
                                   &repulserad))
    return NULL;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_fruchterman_reingold_3d
      (&self->g, &m, niter, maxdelta, area, coolexp, repulserad, 0)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices on a plane according to the Fruchterman-Reingold grid layout algorithm.
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_grid_fruchterman_reingold
 */
PyObject
  *igraphmodule_Graph_layout_grid_fruchterman_reingold
  (igraphmodule_GraphObject * self, PyObject * args, PyObject * kwds)
{
  char *kwlist[] =
    { "maxiter", "maxdelta", "area", "coolexp", "repulserad", "cellsize",
NULL };
  igraph_matrix_t m;
  long niter = 500;
  double maxdelta, area, coolexp, repulserad, cellsize;
  PyObject *result;

  maxdelta = igraph_vcount(&self->g);
  area = maxdelta * maxdelta;
  coolexp = 1.5;
  repulserad = area * maxdelta;
  cellsize = 1.0;               // TODO: reasonable default

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|lddddd", kwlist,
                                   &niter, &maxdelta, &area, &coolexp,
                                   &repulserad, &cellsize))
    return NULL;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_grid_fruchterman_reingold
      (&self->g, &m, niter, maxdelta, area, coolexp, repulserad, cellsize,
       0)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices of a graph according to the Large Graph Layout
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_lgl
 */
PyObject *igraphmodule_Graph_layout_lgl(igraphmodule_GraphObject * self,
                                        PyObject * args, PyObject * kwds)
{
  char *kwlist[] =
    { "maxiter", "maxdelta", "area", "coolexp", "repulserad", "cellsize",
"proot", NULL };
  igraph_matrix_t m;
  PyObject *result;
  long maxiter = 500, proot = -1;
  double maxdelta, area, coolexp, repulserad, cellsize;

  maxdelta = igraph_vcount(&self->g);
  area = maxdelta * maxdelta;
  coolexp = 1.5;
  repulserad = area * maxdelta;
  cellsize = 1.0;               // TODO: reasonable default should be set

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|ldddddl", kwlist,
                                   &maxiter, &maxdelta, &area, &coolexp,
                                   &repulserad, &cellsize, &proot))
    return NULL;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_lgl(&self->g, &m, maxiter, maxdelta,
                        area, coolexp, repulserad, cellsize, proot)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices of a graph according to the Reingold-Tilford
 * tree layout algorithm
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_reingold_tilford
 */
PyObject *igraphmodule_Graph_layout_reingold_tilford(igraphmodule_GraphObject
                                                     * self, PyObject * args,
                                                     PyObject * kwds)
{
  char *kwlist[] = { "root", NULL };
  igraph_matrix_t m;
  long int root = 0;
  PyObject *result;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|l", kwlist, &root))
    return NULL;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_reingold_tilford(&self->g, &m, root)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Places the vertices of a graph according to the Reingold-Tilford
 * tree layout algorithm in a polar coordinate system
 * \return the calculated coordinates as a Python list of lists
 * \sa igraph_layout_reingold_tilford
 */
PyObject *igraphmodule_Graph_layout_reingold_tilford_circular(
  igraphmodule_GraphObject * self, PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "root", NULL };
  igraph_matrix_t m;
  long int root = 0;
  PyObject *result;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|l", kwlist, &root))
    return NULL;

  if (igraph_matrix_init(&m, 1, 1)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_layout_reingold_tilford_circular(&self->g, &m, root)) {
    igraph_matrix_destroy(&m);
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  igraph_matrix_destroy(&m);
  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Returns the adjacency matrix of a graph.
 * \return the adjacency matrix as a Python list of lists
 * \sa igraph_get_adjacency
 */
PyObject *igraphmodule_Graph_get_adjacency(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "type", NULL };
  igraph_get_adjacency_t t = IGRAPH_GET_ADJACENCY_BOTH;
  igraph_matrix_t m;
  PyObject *result;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|i", kwlist, &t))
    return NULL;

  if (t != IGRAPH_GET_ADJACENCY_UPPER && t != IGRAPH_GET_ADJACENCY_LOWER &&
      t != IGRAPH_GET_ADJACENCY_BOTH) {
    PyErr_SetString(PyExc_ValueError,
                    "type must be either GET_ADJACENCY_LOWER or GET_ADJACENCY_UPPER or GET_ADJACENCY_BOTH");
    return NULL;
  }

  if (igraph_matrix_init
      (&m, igraph_vcount(&self->g), igraph_vcount(&self->g))) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_get_adjacency(&self->g, &m, t)) {
    igraphmodule_handle_igraph_error();
    igraph_matrix_destroy(&m);
    return NULL;
  }

  result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_INT);
  igraph_matrix_destroy(&m);
  return result;
}

/** \ingroup python_interface_graph
 * \brief Returns the Laplacian matrix of a graph.
 * \return the Laplacian matrix as a Python list of lists
 * \sa igraph_laplacian
 */
PyObject *igraphmodule_Graph_laplacian(igraphmodule_GraphObject * self,
                                       PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "normalized", NULL };
  igraph_matrix_t m;
  PyObject *result;
  PyObject *normalized = Py_False;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &normalized))
    return NULL;

  if (igraph_matrix_init
      (&m, igraph_vcount(&self->g), igraph_vcount(&self->g))) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  if (igraph_laplacian(&self->g, &m, PyObject_IsTrue(normalized))) {
    igraphmodule_handle_igraph_error();
    igraph_matrix_destroy(&m);
    return NULL;
  }

  if (PyObject_IsTrue(normalized)) {
    result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_FLOAT);
  }
  else {
    result = igraphmodule_matrix_t_to_PyList(&m, IGRAPHMODULE_TYPE_INT);
  }
  igraph_matrix_destroy(&m);
  return result;
}

/** \ingroup python_interface_graph
 * \brief Returns the list of edges in a graph.
 * \return the list of edges, every edge is represented by a pair
 * \sa igraph_get_edgelist
 */
PyObject *igraphmodule_Graph_get_edgelist(igraphmodule_GraphObject * self,
                                          PyObject * args, PyObject * kwds)
{
  igraph_vector_t edgelist;
  PyObject *result;

  igraph_vector_init(&edgelist, igraph_ecount(&self->g));
  if (igraph_get_edgelist(&self->g, &edgelist, 0)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&edgelist);
    return NULL;
  }

  result = igraphmodule_vector_t_to_PyList_pairs(&edgelist);
  igraph_vector_destroy(&edgelist);

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \function igraphmodule_Graph_to_undirected
 * \brief Converts a directed graph to an undirected one.
 * \return The undirected graph.
 * \sa igraph_to_undirected
 */
PyObject *igraphmodule_Graph_to_undirected(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  PyObject *collapse = Py_True;
  igraph_to_undirected_t mode = IGRAPH_TO_UNDIRECTED_COLLAPSE;
  static char *kwlist[] = { "collapse", NULL };
  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &collapse))
    return NULL;
  mode =
    (PyObject_IsTrue(collapse) ? IGRAPH_TO_UNDIRECTED_COLLAPSE :
     IGRAPH_TO_UNDIRECTED_EACH);
  if (igraph_to_undirected(&self->g, mode)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }
  Py_RETURN_NONE;
}


/** \ingroup python_interface_graph
 * \function igraphmodule_Graph_to_directed
 * \brief Converts an undirected graph to a directed one.
 * \return The directed graph.
 * \sa igraph_to_directed
 */
PyObject *igraphmodule_Graph_to_directed(igraphmodule_GraphObject * self,
                                         PyObject * args, PyObject * kwds)
{
  PyObject *mutual = Py_True;
  igraph_to_directed_t mode = IGRAPH_TO_DIRECTED_MUTUAL;
  static char *kwlist[] = { "mutual", NULL };
  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &mutual))
    return NULL;
  mode =
    (PyObject_IsTrue(mutual) ? IGRAPH_TO_DIRECTED_MUTUAL :
     IGRAPH_TO_DIRECTED_ARBITRARY);
  if (igraph_to_directed(&self->g, mode)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }
  Py_RETURN_NONE;
}

/** \ingroup python_interface_graph
 * \brief Reads a DIMACS file and creates a graph from it.
 * \return the graph
 * \sa igraph_read_graph_dimacs
 */
PyObject *igraphmodule_Graph_Read_DIMACS(PyTypeObject * type,
                                         PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  char *fname = NULL;
  FILE *f;
  igraph_integer_t source = 0, target = 0;
  igraph_vector_t capacity;
  igraph_t g;
  PyObject *directed = Py_False, *capacity_obj;

  char *kwlist[] = { "f", "directed", NULL };

  if (!PyArg_ParseTupleAndKeywords
      (args, kwds, "s|O", kwlist, &fname, &directed))
    return NULL;

  f = fopen(fname, "r");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_vector_init(&capacity, 0)) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }

  if (igraph_read_graph_dimacs(&g, f, &source, &target, &capacity,
                               PyObject_IsTrue(directed))) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&capacity);
    fclose(f);
    return NULL;
  }

  capacity_obj = igraphmodule_vector_t_to_PyList(&capacity, IGRAPHMODULE_TYPE_FLOAT);
  if (!capacity_obj) {
    igraph_vector_destroy(&capacity);
    fclose(f);
    return NULL;
  }

  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  if (self != NULL) {
    RC_ALLOC("Graph", self);
    igraphmodule_Graph_init_internal(self);
    self->g = g;
  }
  fclose(f);
  igraph_vector_destroy(&capacity);

  return Py_BuildValue("NiiN", (PyObject *) self, (long)source,
                       (long)target, capacity_obj);
}

/** \ingroup python_interface_graph
 * \brief Reads an edge list from a file and creates a graph from it.
 * \return the graph
 * \sa igraph_read_graph_edgelist
 */
PyObject *igraphmodule_Graph_Read_Edgelist(PyTypeObject * type,
                                           PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  char *fname = NULL;
  FILE *f;
  PyObject *directed = Py_True;
  igraph_t g;

  char *kwlist[] = {
    "f", "directed", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s|O", kwlist,
                                   &fname, &directed))
    return NULL;

  f = fopen(fname, "r");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_read_graph_edgelist(&g, f, 0, PyObject_IsTrue(directed))) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  if (self != NULL) {
    RC_ALLOC("Graph", self);
    igraphmodule_Graph_init_internal(self);
    self->g = g;
  }
  fclose(f);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Reads an edge list from an NCOL file and creates a graph from it.
 * \return the graph
 * \sa igraph_read_graph_ncol
 */
PyObject *igraphmodule_Graph_Read_Ncol(PyTypeObject * type, PyObject * args,
                                       PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  char *fname = NULL;
  FILE *f;
  PyObject *names = Py_True, *weights = Py_True, *directed = Py_True;
  igraph_t g;

  char *kwlist[] = {
    "f", "names", "weights", "directed", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s|OOO", kwlist,
                                   &fname, &names, &weights, &directed))
    return NULL;

  f = fopen(fname, "r");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_read_graph_ncol
      (&g, f, 0, PyObject_IsTrue(names), PyObject_IsTrue(weights),
       PyObject_IsTrue(directed))) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  if (self != NULL) {
    RC_ALLOC("Graph", self);
    igraphmodule_Graph_init_internal(self);
    self->g = g;
  }
  fclose(f);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Reads an edge list from an LGL file and creates a graph from it.
 * \return the graph
 * \sa igraph_read_graph_lgl
 */
PyObject *igraphmodule_Graph_Read_Lgl(PyTypeObject * type, PyObject * args,
                                      PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  char *fname = NULL;
  FILE *f;
  PyObject *names = Py_True, *weights = Py_True;
  igraph_t g;

  char *kwlist[] = {
    "f", "names", "weights", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s|OO", kwlist,
                                   &fname, &names, &weights))
    return NULL;

  f = fopen(fname, "r");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_read_graph_lgl
      (&g, f, PyObject_IsTrue(names), PyObject_IsTrue(weights))) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  if (self != NULL) {
    RC_ALLOC("Graph", self);
    igraphmodule_Graph_init_internal(self);
    self->g = g;
  }
  fclose(f);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Reads an edge list from a Pajek file and creates a graph from it.
 * \return the graph
 * \sa igraph_read_graph_pajek
 */
PyObject *igraphmodule_Graph_Read_Pajek(PyTypeObject * type, PyObject * args,
                                        PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  char *fname = NULL;
  FILE *f;
  igraph_t g;

  char *kwlist[] = {
    "f", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s", kwlist, &fname))
    return NULL;

  f = fopen(fname, "r");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_read_graph_pajek(&g, f)) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  if (self != NULL) {
    RC_ALLOC("Graph", self);
    igraphmodule_Graph_init_internal(self);
    self->g = g;
  }
  fclose(f);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Reads a GML file and creates a graph from it.
 * \return the graph
 * \sa igraph_read_graph_ghml
 */
PyObject *igraphmodule_Graph_Read_GML(PyTypeObject * type,
                                      PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  char *fname = NULL;
  FILE *f;
  igraph_t g;

  static char *kwlist[] = { "f", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s", kwlist, &fname))
    return NULL;

  f = fopen(fname, "r");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_read_graph_gml(&g, f)) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  if (self != NULL) {
    RC_ALLOC("Graph", self);
    igraphmodule_Graph_init_internal(self);
    self->g = g;
  }
  fclose(f);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Reads a GraphML file and creates a graph from it.
 * \return the graph
 * \sa igraph_read_graph_graphml
 */
PyObject *igraphmodule_Graph_Read_GraphML(PyTypeObject * type,
                                          PyObject * args, PyObject * kwds)
{
  igraphmodule_GraphObject *self;
  char *fname = NULL;
  FILE *f;
  long int index = 0;
  igraph_t g;

  char *kwlist[] = { "f", "index", NULL };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s|i", kwlist, &fname, &index))
    return NULL;

  f = fopen(fname, "r");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_read_graph_graphml(&g, f, index)) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  self = (igraphmodule_GraphObject *) type->tp_alloc(type, 0);
  if (self != NULL) {
    RC_ALLOC("Graph", self);
    igraphmodule_Graph_init_internal(self);
    self->g = g;
  }
  fclose(f);

  return (PyObject *) self;
}

/** \ingroup python_interface_graph
 * \brief Writes the graph as a DIMACS file
 * \return none
 * \sa igraph_write_graph_dimacs
 */
PyObject *igraphmodule_Graph_write_dimacs(igraphmodule_GraphObject * self,
                                          PyObject * args, PyObject * kwds)
{
  char *fname = NULL;
  FILE *f;
  long source, target;
  PyObject *capacity_obj = Py_None;
  igraph_vector_t capacity;
  igraph_bool_t capacity_obj_created = 0;

  char *kwlist[] = {
    "f", "source", "target", "capacity", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "sii|O", kwlist, &fname,
                                   &source, &target, &capacity_obj))
    return NULL;

  f = fopen(fname, "w");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }

  if (igraphmodule_PyObject_to_attribute_values(capacity_obj,
                                                &capacity,
                                                self, ATTRHASH_IDX_EDGE,
                                                1.0)) {
    fclose(f);
    return igraphmodule_handle_igraph_error();
  }

  if (capacity_obj == Py_None) {
    capacity_obj_created = 1;
    capacity_obj = PyString_FromString("capacity");
  }

  if (igraph_write_graph_dimacs(&self->g, f, source, target, &capacity)) {
    igraphmodule_handle_igraph_error();
    igraph_vector_destroy(&capacity);
    fclose(f);
    if (capacity_obj_created) {
      Py_DECREF(capacity_obj);
    }
    return NULL;
  }
  igraph_vector_destroy(&capacity);
  fclose(f);
  if (capacity_obj_created) {
    Py_DECREF(capacity_obj);
  }

  Py_RETURN_NONE;
}

/** \ingroup python_interface_graph
 * \brief Writes the edge list to a file
 * \return none
 * \sa igraph_write_graph_edgelist
 */
PyObject *igraphmodule_Graph_write_edgelist(igraphmodule_GraphObject * self,
                                            PyObject * args, PyObject * kwds)
{
  char *fname = NULL;
  FILE *f;

  char *kwlist[] = {
    "f", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s", kwlist, &fname))
    return NULL;

  f = fopen(fname, "w");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }

  if (igraph_write_graph_edgelist(&self->g, f)) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  fclose(f);

  Py_RETURN_NONE;
}


/** \ingroup python_interface_graph
 * \brief Writes the graph as a GML file
 * \return none
 * \sa igraph_write_graph_gml
 */
PyObject *igraphmodule_Graph_write_gml(igraphmodule_GraphObject * self,
                                       PyObject * args, PyObject * kwds)
{
  char *fname = NULL;
  FILE *f;
  PyObject *ids = Py_None;
  PyObject *creator = Py_None, *o=0;
  igraph_vector_t idvec, *idvecptr=0;
  char *creator_str=0;

  static char *kwlist[] = {
    "f", "creator", "ids", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s|OO", kwlist, &fname, &creator, &ids))
    return NULL;

  f = fopen(fname, "w");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }

  if (PyList_Check(ids)) {
	idvecptr = &idvec;
    if (igraphmodule_PyList_to_vector_t(ids, idvecptr, 0, 0)) return NULL;
  }

  if (creator != Py_None) {
	o = PyObject_Str(creator);
    creator_str = PyString_AS_STRING(o);
  }

  if (igraph_write_graph_gml(&self->g, f, idvecptr, creator_str)) {
    if (idvecptr) igraph_vector_destroy(idvecptr);
	if (o) Py_DECREF(o);
	igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  if (idvecptr) igraph_vector_destroy(idvecptr);
  if (o) Py_DECREF(o);
  fclose(f);

  Py_RETURN_NONE;
}

/** \ingroup python_interface_graph
 * \brief Writes the edge list to a file in .ncol format
 * \return none
 * \sa igraph_write_graph_ncol
 */
PyObject *igraphmodule_Graph_write_ncol(igraphmodule_GraphObject * self,
                                        PyObject * args, PyObject * kwds)
{
  char *fname = NULL;
  char *names = "name";
  char *weights = "weight";
  FILE *f;

  char *kwlist[] = {
    "f", "names", "weights", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s|zz", kwlist,
                                   &fname, &names, &weights))
    return NULL;

  f = fopen(fname, "w");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_write_graph_ncol(&self->g, f, names, weights)) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  fclose(f);

  Py_RETURN_NONE;
}

/** \ingroup python_interface_graph
 * \brief Writes the edge list to a file in .lgl format
 * \return none
 * \sa igraph_write_graph_lgl
 */
PyObject *igraphmodule_Graph_write_lgl(igraphmodule_GraphObject * self,
                                       PyObject * args, PyObject * kwds)
{
  char *fname = NULL;
  char *names = "name";
  char *weights = "weight";
  PyObject *isolates = Py_True;
  FILE *f;

  char *kwlist[] = {
    "f", "names", "weights", "isolates", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s|zzO", kwlist,
                                   &fname, &names, &weights, &isolates))
    return NULL;

  f = fopen(fname, "w");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_write_graph_lgl(&self->g, f, names, weights,
                             PyObject_IsTrue(isolates))) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  fclose(f);

  Py_RETURN_NONE;
}

/** \ingroup python_interface_graph
 * \brief Writes the graph to a GraphML file
 * \return none
 * \sa igraph_write_graph_graphml
 */
PyObject *igraphmodule_Graph_write_graphml(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  char *fname = NULL;
  FILE *f;

  char *kwlist[] = {
    "f", NULL
  };

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "s", kwlist, &fname))
    return NULL;

  f = fopen(fname, "w");
  if (!f) {
    PyErr_SetString(PyExc_IOError, strerror(errno));
    return NULL;
  }
  if (igraph_write_graph_graphml(&self->g, f)) {
    igraphmodule_handle_igraph_error();
    fclose(f);
    return NULL;
  }
  fclose(f);

  Py_RETURN_NONE;
}

/** \ingroup python_interface_graph
 * \brief Calculates the isomorphy class of a graph or its subgraph
 * \sa igraph_isoclass, igraph_isoclass_subgraph
 */
PyObject *igraphmodule_Graph_isoclass(igraphmodule_GraphObject * self,
                                      PyObject * args, PyObject * kwds)
{
  int isoclass = 0, n;
  PyObject *vids = 0;
  char *kwlist[] = { "vertices", NULL };

  if (!PyArg_ParseTupleAndKeywords
      (args, kwds, "|O!", kwlist, &PyList_Type, &vids))
    return NULL;

  if (vids) {
    /* vertex list was passed, check its length */
    n = PyList_Size(vids);
  }
  else {
    n = igraph_vcount(&self->g);
  }

  if (n < 3 || n > 4) {
    PyErr_SetString(PyExc_ValueError,
                    "Graph or subgraph must have 3 or 4 vertices.");
    return NULL;
  }

  if (vids) {
    igraph_vector_t vidsvec;
    if (igraphmodule_PyList_to_vector_t(vids, &vidsvec, 1, 0)) {
      PyErr_SetString(PyExc_ValueError,
                      "Error while converting PyList to igraph_vector_t");
      return NULL;
    }
    if (igraph_isoclass_subgraph(&self->g, &vidsvec, &isoclass)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }
  else {
    if (igraph_isoclass(&self->g, &isoclass)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  return PyInt_FromLong((long)isoclass);
}

/** \ingroup python_interface_graph
 * \brief Determines whether the graph is isomorphic to another graph
 * \sa igraph_isoclass
 */
PyObject *igraphmodule_Graph_isomorphic(igraphmodule_GraphObject * self,
                                        PyObject * args, PyObject * kwds)
{
  igraph_bool_t result = 0;
  PyObject *o;
  igraphmodule_GraphObject *other;
  char *kwlist[] = { "other", NULL };

  if (!PyArg_ParseTupleAndKeywords
      (args, kwds, "O!", kwlist, &igraphmodule_GraphType, &o))
    return NULL;
  other = (igraphmodule_GraphObject *) o;

  if (igraph_vcount(&self->g) == 3 || igraph_vcount(&self->g) == 4) {
    if (igraph_isomorphic(&self->g, &other->g, &result)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  } else {
    if (igraph_isomorphic_vf2(&self->g, &other->g, &result)) {
	  igraphmodule_handle_igraph_error();
	  return NULL;
	}
  }

  if (result)
    Py_RETURN_TRUE;
  Py_RETURN_FALSE;
}

/** \ingroup python_interface_graph
 * \brief Returns the number of graph attributes
 */
int igraphmodule_Graph_attribute_count(igraphmodule_GraphObject * self)
{
  return PyDict_Size(((PyObject **) self->g.attr)[ATTRHASH_IDX_GRAPH]);
}

/** \ingroup python_interface_graph
 * \brief Returns the corresponding value to a given attribute in the graph
 */
PyObject *igraphmodule_Graph_get_attribute(igraphmodule_GraphObject * self,
                                           PyObject * s)
{
  PyObject *result;

  result =
    PyDict_GetItem(((PyObject **) self->g.attr)[ATTRHASH_IDX_GRAPH], s);
  if (result) {
    Py_INCREF(result);
    return result;
  }

  /* result is NULL, check whether there was an error */
  if (!PyErr_Occurred())
    PyErr_SetString(PyExc_KeyError, "Attribute does not exist");
  return NULL;
}

/** \ingroup python_interface_graph
 * \brief Sets the corresponding value of a given attribute in the graph
 * \param self the graph object
 * \param k the attribute name to be set
 * \param v the value to be set
 * \return 0 if everything's ok, -1 in case of error
 */
int igraphmodule_Graph_set_attribute(igraphmodule_GraphObject * self,
                                     PyObject * k, PyObject * v)
{
  if (v == NULL)
    return PyDict_DelItem(((PyObject **) self->g.attr)[ATTRHASH_IDX_GRAPH],
                          k);
  Py_INCREF(v);
  if (PyDict_SetItem(((PyObject **) self->g.attr)[ATTRHASH_IDX_GRAPH], k, v)
      == -1) {
    Py_DECREF(v);
    return -1;
  }
  return 0;
}

/** \ingroup python_interface_graph
 * \brief Returns the attribute list of the graph
 */
PyObject *igraphmodule_Graph_attributes(igraphmodule_GraphObject * self)
{
  return PyDict_Keys(((PyObject **) self->g.attr)[ATTRHASH_IDX_GRAPH]);
}

/** \ingroup python_interface_graph
 * \brief Returns the attribute list of the graph's vertices
 */
PyObject *igraphmodule_Graph_vertex_attributes(igraphmodule_GraphObject *
                                               self)
{
  return PyDict_Keys(((PyObject **) self->g.attr)[ATTRHASH_IDX_VERTEX]);
}

/** \ingroup python_interface_graph
 * \brief Returns the attribute list of the graph's edges
 */
PyObject *igraphmodule_Graph_edge_attributes(igraphmodule_GraphObject * self)
{
  return PyDict_Keys(((PyObject **) self->g.attr)[ATTRHASH_IDX_EDGE]);
}

/** \ingroup python_interface_graph
 * \brief Returns the vertex sequence of the graph
 */
PyObject *igraphmodule_Graph_get_vertices(igraphmodule_GraphObject * self,
                                          void *closure)
{
  if (self->vseq == NULL) {
    self->vseq = igraphmodule_VertexSeq_New(self);
  }
  Py_INCREF(self->vseq);
  return self->vseq;
}

/** \ingroup python_interface_graph
 * \brief Returns the edge sequence of the graph
 */
PyObject *igraphmodule_Graph_get_edges(igraphmodule_GraphObject * self,
                                       void *closure)
{
  if (self->eseq == NULL) {
    self->eseq = igraphmodule_EdgeSeq_New(self);
  }
  Py_INCREF(self->eseq);
  return self->eseq;
}

/** \ingroup python_interface_graph
 * \brief Creates the disjoint union of two graphs (operator version)
 */
PyObject *igraphmodule_Graph_disjoint_union(igraphmodule_GraphObject * self,
                                            PyObject * other)
{
  PyObject *it;
  igraphmodule_GraphObject *o, *result;
  igraph_t g;

  /* Did we receive an iterable? */
  it = PyObject_GetIter(other);
  if (it) {
    /* Get all elements, store the graphs in an igraph_vector_ptr */
    igraph_vector_ptr_t gs;
    if (igraph_vector_ptr_init(&gs, 0)) {
      Py_DECREF(it);
      return igraphmodule_handle_igraph_error();
    }
    if (igraph_vector_ptr_push_back(&gs, &self->g)) {
      Py_DECREF(it);
      igraph_vector_ptr_destroy(&gs);
      return igraphmodule_handle_igraph_error();
    }
    if (igraphmodule_append_PyIter_to_vector_ptr_t(it, &gs)) {
      igraph_vector_ptr_destroy(&gs);
      Py_DECREF(it);
      return NULL;
    }
    Py_DECREF(it);

    /* Create disjoint union */
    if (igraph_disjoint_union_many(&g, &gs)) {
      igraph_vector_ptr_destroy(&gs);
      return igraphmodule_handle_igraph_error();
    }

    igraph_vector_ptr_destroy(&gs);
  }
  else {
    PyErr_Clear();
    if (!PyObject_TypeCheck(other, &igraphmodule_GraphType)) {
      Py_INCREF(Py_NotImplemented);
      return Py_NotImplemented;
    }
    o = (igraphmodule_GraphObject *) other;

    if (igraph_disjoint_union(&g, &self->g, &o->g)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);
  if (result != NULL) {
    /* this is correct as long as attributes are not copied by the
     * operator. if they are copied, the initialization should not empty
     * the attribute hashes */
    igraphmodule_Graph_init_internal(result);
    result->g = g;
  }

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Creates the union of two graphs (operator version)
 */
PyObject *igraphmodule_Graph_union(igraphmodule_GraphObject * self,
                                   PyObject * other)
{
  PyObject *it;
  igraphmodule_GraphObject *o, *result;
  igraph_t g;

  /* Did we receive an iterable? */
  it = PyObject_GetIter(other);
  if (it) {
    /* Get all elements, store the graphs in an igraph_vector_ptr */
    igraph_vector_ptr_t gs;
    if (igraph_vector_ptr_init(&gs, 0)) {
      Py_DECREF(it);
      return igraphmodule_handle_igraph_error();
    }
    if (igraph_vector_ptr_push_back(&gs, &self->g)) {
      Py_DECREF(it);
      igraph_vector_ptr_destroy(&gs);
      return igraphmodule_handle_igraph_error();
    }
    if (igraphmodule_append_PyIter_to_vector_ptr_t(it, &gs)) {
      Py_DECREF(it);
      igraph_vector_ptr_destroy(&gs);
      return NULL;
    }
    Py_DECREF(it);

    /* Create union */
    if (igraph_union_many(&g, &gs)) {
      igraph_vector_ptr_destroy(&gs);
      igraphmodule_handle_igraph_error();
      return NULL;
    }

    igraph_vector_ptr_destroy(&gs);
  }
  else {
    PyErr_Clear();
    if (!PyObject_TypeCheck(other, &igraphmodule_GraphType)) {
      Py_INCREF(Py_NotImplemented);
      return Py_NotImplemented;
    }
    o = (igraphmodule_GraphObject *) other;

    if (igraph_union(&g, &self->g, &o->g)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);
  if (result != NULL) {
    /* this is correct as long as attributes are not copied by the
     * operator. if they are copied, the initialization should not empty
     * the attribute hashes */
    igraphmodule_Graph_init_internal(result);
    result->g = g;
  }

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Creates the intersection of two graphs (operator version)
 */
PyObject *igraphmodule_Graph_intersection(igraphmodule_GraphObject * self,
                                          PyObject * other)
{
  PyObject *it;
  igraphmodule_GraphObject *o, *result;
  igraph_t g;

  /* Did we receive an iterable? */
  it = PyObject_GetIter(other);
  if (it) {
    /* Get all elements, store the graphs in an igraph_vector_ptr */
    igraph_vector_ptr_t gs;
    if (igraph_vector_ptr_init(&gs, 0)) {
      Py_DECREF(it);
      return igraphmodule_handle_igraph_error();
    }
    if (igraph_vector_ptr_push_back(&gs, &self->g)) {
      Py_DECREF(it);
      igraph_vector_ptr_destroy(&gs);
      return igraphmodule_handle_igraph_error();
    }
    if (igraphmodule_append_PyIter_to_vector_ptr_t(it, &gs)) {
      Py_DECREF(it);
      igraph_vector_ptr_destroy(&gs);
      return NULL;
    }
    Py_DECREF(it);

    /* Create union */
    if (igraph_intersection_many(&g, &gs)) {
      igraph_vector_ptr_destroy(&gs);
      igraphmodule_handle_igraph_error();
      return NULL;
    }

    igraph_vector_ptr_destroy(&gs);
  }
  else {
    PyErr_Clear();
    if (!PyObject_TypeCheck(other, &igraphmodule_GraphType)) {
      Py_INCREF(Py_NotImplemented);
      return Py_NotImplemented;
    }
    o = (igraphmodule_GraphObject *) other;

    if (igraph_intersection(&g, &self->g, &o->g)) {
      igraphmodule_handle_igraph_error();
      return NULL;
    }
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);
  if (result != NULL) {
    /* this is correct as long as attributes are not copied by the
     * operator. if they are copied, the initialization should not empty
     * the attribute hashes */
    igraphmodule_Graph_init_internal(result);
    result->g = g;
  }

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Creates the difference of two graphs (operator version)
 */
PyObject *igraphmodule_Graph_difference(igraphmodule_GraphObject * self,
                                        PyObject * other)
{
  igraphmodule_GraphObject *o, *result;
  igraph_t g;

  if (!PyObject_TypeCheck(other, &igraphmodule_GraphType)) {
    Py_INCREF(Py_NotImplemented);
    return Py_NotImplemented;
  }
  o = (igraphmodule_GraphObject *) other;

  if (igraph_difference(&g, &self->g, &o->g)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);
  if (result != NULL) {
    /* this is correct as long as attributes are not copied by the
     * operator. if they are copied, the initialization should not empty
     * the attribute hashes */
    igraphmodule_Graph_init_internal(result);
    result->g = g;
  }

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Creates the complementer of a graph
 */
PyObject *igraphmodule_Graph_complementer(igraphmodule_GraphObject * self,
                                          PyObject * args)
{
  igraphmodule_GraphObject *result;
  PyObject *o = Py_True;
  igraph_t g;

  if (!PyArg_ParseTuple(args, "|O", &o))
    return NULL;
  if (igraph_complementer(&g, &self->g, PyObject_IsTrue(o))) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);
  if (result != NULL) {
    /* this is correct as long as attributes are not copied by the
     * operator. if they are copied, the initialization should not empty
     * the attribute hashes */
    igraphmodule_Graph_init_internal(result);
    result->g = g;
  }

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Creates the complementer of a graph (operator version)
 */
PyObject *igraphmodule_Graph_complementer_op(igraphmodule_GraphObject * self)
{
  igraphmodule_GraphObject *result;
  igraph_t g;

  if (igraph_complementer(&g, &self->g, 0)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);
  if (result != NULL) {
    /* this is correct as long as attributes are not copied by the
     * operator. if they are copied, the initialization should not empty
     * the attribute hashes */
    igraphmodule_Graph_init_internal(result);
    result->g = g;
  }

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Creates the composition of two graphs
 */
PyObject *igraphmodule_Graph_compose(igraphmodule_GraphObject * self,
                                     PyObject * other)
{
  igraphmodule_GraphObject *o, *result;
  igraph_t g;

  if (!PyObject_TypeCheck(other, &igraphmodule_GraphType)) {
    Py_INCREF(Py_NotImplemented);
    return Py_NotImplemented;
  }
  o = (igraphmodule_GraphObject *) other;

  if (igraph_compose(&g, &self->g, &o->g)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }

  result =
    (igraphmodule_GraphObject *) self->ob_type->tp_alloc(self->ob_type, 0);
  RC_ALLOC("Graph", result);
  if (result != NULL) {
    /* this is correct as long as attributes are not copied by the
     * operator. if they are copied, the initialization should not empty
     * the attribute hashes */
    igraphmodule_Graph_init_internal(result);
    result->g = g;
  }

  return (PyObject *) result;
}

/** \ingroup python_interface_graph
 * \brief Conducts a breadth first search (BFS) on the graph
 */
PyObject *igraphmodule_Graph_bfs(igraphmodule_GraphObject * self,
                                 PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vid", "mode", NULL };
  long vid;
  PyObject *l1, *l2, *l3, *result;
  igraph_neimode_t mode = IGRAPH_OUT;
  igraph_vector_t vids;
  igraph_vector_t layers;
  igraph_vector_t parents;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "i|i", kwlist, &vid, &mode))
    return NULL;
  if (vid < 0 || vid > igraph_vcount(&self->g)) {
    PyErr_SetString(PyExc_ValueError, "invalid vertex id");
    return NULL;
  }

  if (igraph_vector_init(&vids, igraph_vcount(&self->g))) {
    PyErr_SetString(PyExc_MemoryError, "not enough memory");
  }
  if (igraph_vector_init(&layers, igraph_vcount(&self->g))) {
    PyErr_SetString(PyExc_MemoryError, "not enough memory");
  }
  if (igraph_vector_init(&parents, igraph_vcount(&self->g))) {
    PyErr_SetString(PyExc_MemoryError, "not enough memory");
  }
  if (igraph_bfs
      (&self->g, (igraph_integer_t) vid, mode, &vids, &layers, &parents)) {
    igraphmodule_handle_igraph_error();
    return NULL;
  }
  l1 = igraphmodule_vector_t_to_PyList(&vids, IGRAPHMODULE_TYPE_INT);
  l2 = igraphmodule_vector_t_to_PyList(&layers, IGRAPHMODULE_TYPE_INT);
  l3 = igraphmodule_vector_t_to_PyList(&parents, IGRAPHMODULE_TYPE_INT);
  if (l1 && l2 && l3)
    result = Py_BuildValue("(OOO)", l1, l2, l3);
  else
    result = NULL;
  igraph_vector_destroy(&vids);
  igraph_vector_destroy(&layers);
  igraph_vector_destroy(&parents);
  return result;
}

/** \ingroup python_interface_graph
 * \brief Constructs a breadth first search (BFS) iterator of the graph
 */
PyObject *igraphmodule_Graph_bfsiter(igraphmodule_GraphObject * self,
                                     PyObject * args, PyObject * kwds)
{
  char *kwlist[] = { "vid", "mode", "advanced", NULL };
  PyObject *root, *adv = Py_False;
  igraph_neimode_t mode = IGRAPH_OUT;

  if (!PyArg_ParseTupleAndKeywords
      (args, kwds, "O|iO", kwlist, &root, &mode, &adv))
    return NULL;

  return igraphmodule_BFSIter_new(self, root, mode, PyObject_IsTrue(adv));
}

/** \ingroup python_interface_graph
 * \brief Calculates the value of the maximum flow in the graph
 */
PyObject *igraphmodule_Graph_maxflow_value(igraphmodule_GraphObject * self,
                                           PyObject * args, PyObject * kwds)
{
  static char *kwlist[] = { "source", "target", "capacity", NULL };
  PyObject *capacity_object = Py_None;
  igraph_vector_t capacity_vector;
  igraph_real_t result;
  long vid1 = -1, vid2 = -1;
  igraph_integer_t v1, v2;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "ii|O", kwlist,
                                   &vid1, &vid2, &capacity_object))
    return NULL;

  v1 = vid1;
  v2 = vid2;
  if (igraphmodule_PyObject_to_attribute_values(capacity_object,
                                                &capacity_vector,
                                                self, ATTRHASH_IDX_EDGE, 1.0))
    return igraphmodule_handle_igraph_error();


  if (igraph_maxflow_value(&self->g, &result, v1, v2, &capacity_vector)) {
    igraph_vector_destroy(&capacity_vector);
    return igraphmodule_handle_igraph_error();
  }

  igraph_vector_destroy(&capacity_vector);
  return Py_BuildValue("d", (double)result);
}

/** \ingroup python_interface_graph
 * \brief Calculates the value of the minimum cut in the graph
 */
PyObject *igraphmodule_Graph_mincut_value(igraphmodule_GraphObject * self,
                                          PyObject * args, PyObject * kwds)
{
  static char *kwlist[] = { "source", "target", "capacity", NULL };
  PyObject *capacity_object = Py_None;
  igraph_vector_t capacity_vector;
  igraph_real_t result, mincut;
  igraph_integer_t v1, v2;
  long vid1 = -1, vid2 = -1;
  long n;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|iiO", kwlist,
                                   &vid1, &vid2, &capacity_object))
    return NULL;

  if (igraphmodule_PyObject_to_attribute_values(capacity_object,
                                                &capacity_vector,
                                                self, ATTRHASH_IDX_EDGE, 1.0))
    return igraphmodule_handle_igraph_error();

  v1 = vid1;
  v2 = vid2;
  if (v1 == -1 && v2 == -1) {
    if (igraph_mincut_value(&self->g, &result, &capacity_vector)) {
      igraph_vector_destroy(&capacity_vector);
      return igraphmodule_handle_igraph_error();
    }
  }
  else if (v1 == -1) {
    n = igraph_vcount(&self->g);
    result = -1;
    for (v1 = 0; v1 < n; v1++) {
      if (v2 == v1)
        continue;
      if (igraph_st_mincut_value(&self->g, &mincut, v1, v2, &capacity_vector)) {
        igraph_vector_destroy(&capacity_vector);
        return igraphmodule_handle_igraph_error();
      }
      if (result < 0 || result > mincut)
        result = mincut;
    }
    if (result < 0)
      result = 0.0;
  }
  else if (v2 == -1) {
    n = igraph_vcount(&self->g);
    result = -1;
    for (v2 = 0; v2 < n; v2++) {
      if (v2 == v1)
        continue;
      if (igraph_st_mincut_value(&self->g, &mincut, v1, v2, &capacity_vector)) {
        igraph_vector_destroy(&capacity_vector);
        return igraphmodule_handle_igraph_error();
      }
      if (result < 0.0 || result > mincut)
        result = mincut;
    }
    if (result < 0)
      result = 0.0;
  }
  else {
    if (igraph_st_mincut_value(&self->g, &result, v1, v2, &capacity_vector)) {
      igraph_vector_destroy(&capacity_vector);
      return igraphmodule_handle_igraph_error();
    }
  }

  igraph_vector_destroy(&capacity_vector);
  return Py_BuildValue("d", (double)result);
}


/* {{{ CLIQUES AND INDEPENDENT SETS */

/** \ingroup python_interface_graph
 * \brief Find all or some cliques in a graph
 */
PyObject *igraphmodule_Graph_cliques(igraphmodule_GraphObject * self,
                                     PyObject * args, PyObject * kwds)
{
  static char *kwlist[] = { "min", "max", NULL };
  PyObject *list, *item;
  long min_size = 0, max_size = 0;
  long int i, j, n;
  igraph_vector_ptr_t result;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|ii", kwlist,
                                   &min_size, &max_size))
    return NULL;

  if (igraph_vector_ptr_init(&result, 0)) {
    PyErr_SetString(PyExc_MemoryError, "");
    return NULL;
  }

  if (igraph_cliques(&self->g, &result, min_size, max_size)) {
    igraph_vector_ptr_destroy(&result);
    return igraphmodule_handle_igraph_error();
  }

  n = (long)igraph_vector_ptr_size(&result);
  list = PyList_New(n);
  if (!list)
    return NULL;

  for (i = 0; i < n; i++) {
    igraph_vector_t *vec = (igraph_vector_t *) VECTOR(result)[i];
    item = igraphmodule_vector_t_to_PyTuple(vec);
    if (!item) {
      for (j = i; j < n; j++)
        igraph_vector_destroy((igraph_vector_t *) VECTOR(result)[j]);
      igraph_vector_ptr_destroy(&result);
      Py_DECREF(list);
      return NULL;
    }
    else {
      PyList_SET_ITEM(list, i, item);
    }
    igraph_vector_destroy(vec);
  }
  igraph_vector_ptr_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Find all largest cliques in a graph
 */
PyObject *igraphmodule_Graph_largest_cliques(igraphmodule_GraphObject * self)
{
  PyObject *list, *item;
  long int i, j, n;
  igraph_vector_ptr_t result;

  if (igraph_vector_ptr_init(&result, 0)) {
    PyErr_SetString(PyExc_MemoryError, "");
    return NULL;
  }

  if (igraph_largest_cliques(&self->g, &result)) {
    igraph_vector_ptr_destroy(&result);
    return igraphmodule_handle_igraph_error();
  }

  n = (long)igraph_vector_ptr_size(&result);
  list = PyList_New(n);
  if (!list)
    return NULL;

  for (i = 0; i < n; i++) {
    igraph_vector_t *vec = (igraph_vector_t *) VECTOR(result)[i];
    item = igraphmodule_vector_t_to_PyTuple(vec);
    if (!item) {
      for (j = i; j < n; j++)
        igraph_vector_destroy((igraph_vector_t *) VECTOR(result)[j]);
      igraph_vector_ptr_destroy(&result);
      Py_DECREF(list);
      return NULL;
    }
    else {
      PyList_SET_ITEM(list, i, item);
    }
    igraph_vector_destroy(vec);
  }
  igraph_vector_ptr_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Find all maximal cliques in a graph
 */
PyObject *igraphmodule_Graph_maximal_cliques(igraphmodule_GraphObject * self)
{
  PyObject *list, *item;
  long int i, j, n;
  igraph_vector_ptr_t result;

  if (igraph_vector_ptr_init(&result, 0)) {
    PyErr_SetString(PyExc_MemoryError, "");
    return NULL;
  }

  if (igraph_maximal_cliques(&self->g, &result)) {
    igraph_vector_ptr_destroy(&result);
    return igraphmodule_handle_igraph_error();
  }

  n = (long)igraph_vector_ptr_size(&result);
  list = PyList_New(n);
  if (!list)
    return NULL;

  for (i = 0; i < n; i++) {
    igraph_vector_t *vec = (igraph_vector_t *) VECTOR(result)[i];
    item = igraphmodule_vector_t_to_PyTuple(vec);
    if (!item) {
      for (j = i; j < n; j++)
        igraph_vector_destroy((igraph_vector_t *) VECTOR(result)[j]);
      igraph_vector_ptr_destroy(&result);
      Py_DECREF(list);
      return NULL;
    }
    else {
      PyList_SET_ITEM(list, i, item);
    }
    igraph_vector_destroy(vec);
  }
  igraph_vector_ptr_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Returns the clique number of the graph
 */
PyObject *igraphmodule_Graph_clique_number(igraphmodule_GraphObject * self)
{
  PyObject *result;
  igraph_integer_t i;

  if (igraph_clique_number(&self->g, &i))
    return igraphmodule_handle_igraph_error();

  result = PyInt_FromLong((long)i);
  return result;
}

/** \ingroup python_interface_graph
 * \brief Find all or some independent vertex sets in a graph
 */
PyObject *igraphmodule_Graph_independent_vertex_sets(igraphmodule_GraphObject
                                                     * self, PyObject * args,
                                                     PyObject * kwds)
{
  static char *kwlist[] = { "min", "max", NULL };
  PyObject *list, *item;
  long min_size = 0, max_size = 0;
  long int i, j, n;
  igraph_vector_ptr_t result;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|ii", kwlist,
                                   &min_size, &max_size))
    return NULL;

  if (igraph_vector_ptr_init(&result, 0)) {
    PyErr_SetString(PyExc_MemoryError, "");
    return NULL;
  }

  if (igraph_independent_vertex_sets(&self->g, &result, min_size, max_size)) {
    igraph_vector_ptr_destroy(&result);
    return igraphmodule_handle_igraph_error();
  }

  n = (long)igraph_vector_ptr_size(&result);
  list = PyList_New(n);
  if (!list)
    return NULL;

  for (i = 0; i < n; i++) {
    igraph_vector_t *vec = (igraph_vector_t *) VECTOR(result)[i];
    item = igraphmodule_vector_t_to_PyTuple(vec);
    if (!item) {
      for (j = i; j < n; j++)
        igraph_vector_destroy((igraph_vector_t *) VECTOR(result)[j]);
      igraph_vector_ptr_destroy(&result);
      Py_DECREF(list);
      return NULL;
    }
    else {
      PyList_SET_ITEM(list, i, item);
    }
    igraph_vector_destroy(vec);
  }
  igraph_vector_ptr_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Find all largest independent_vertex_sets in a graph
 */
PyObject
  *igraphmodule_Graph_largest_independent_vertex_sets(igraphmodule_GraphObject
                                                      * self)
{
  PyObject *list, *item;
  long int i, j, n;
  igraph_vector_ptr_t result;

  if (igraph_vector_ptr_init(&result, 0)) {
    PyErr_SetString(PyExc_MemoryError, "");
    return NULL;
  }

  if (igraph_largest_independent_vertex_sets(&self->g, &result)) {
    igraph_vector_ptr_destroy(&result);
    return igraphmodule_handle_igraph_error();
  }

  n = (long)igraph_vector_ptr_size(&result);
  list = PyList_New(n);
  if (!list)
    return NULL;

  for (i = 0; i < n; i++) {
    igraph_vector_t *vec = (igraph_vector_t *) VECTOR(result)[i];
    item = igraphmodule_vector_t_to_PyTuple(vec);
    if (!item) {
      for (j = i; j < n; j++)
        igraph_vector_destroy((igraph_vector_t *) VECTOR(result)[j]);
      igraph_vector_ptr_destroy(&result);
      Py_DECREF(list);
      return NULL;
    }
    else {
      PyList_SET_ITEM(list, i, item);
    }
    igraph_vector_destroy(vec);
  }
  igraph_vector_ptr_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Find all maximal independent vertex sets in a graph
 */
PyObject
  *igraphmodule_Graph_maximal_independent_vertex_sets(igraphmodule_GraphObject
                                                      * self)
{
  PyObject *list, *item;
  long int i, j, n;
  igraph_vector_ptr_t result;

  if (igraph_vector_ptr_init(&result, 0)) {
    PyErr_SetString(PyExc_MemoryError, "");
    return NULL;
  }

  if (igraph_maximal_independent_vertex_sets(&self->g, &result)) {
    igraph_vector_ptr_destroy(&result);
    return igraphmodule_handle_igraph_error();
  }

  n = (long)igraph_vector_ptr_size(&result);
  list = PyList_New(n);
  if (!list)
    return NULL;

  for (i = 0; i < n; i++) {
    igraph_vector_t *vec = (igraph_vector_t *) VECTOR(result)[i];
    item = igraphmodule_vector_t_to_PyTuple(vec);
    if (!item) {
      for (j = i; j < n; j++)
        igraph_vector_destroy((igraph_vector_t *) VECTOR(result)[j]);
      igraph_vector_ptr_destroy(&result);
      Py_DECREF(list);
      return NULL;
    }
    else {
      PyList_SET_ITEM(list, i, item);
    }
    igraph_vector_destroy(vec);
  }
  igraph_vector_ptr_destroy(&result);

  return list;
}

/** \ingroup python_interface_graph
 * \brief Returns the independence number of the graph
 */
PyObject *igraphmodule_Graph_independence_number(igraphmodule_GraphObject *
                                                 self)
{
  PyObject *result;
  igraph_integer_t i;

  if (igraph_independence_number(&self->g, &i))
    return igraphmodule_handle_igraph_error();

  result = PyInt_FromLong((long)i);
  return result;
}

/* }}} */

/* {{{ K-CORES */

/** \ingroup python_interface_graph
 * \brief Returns the corenesses of the graph vertices
 * \return a new PyCObject
 */
PyObject *igraphmodule_Graph_coreness(igraphmodule_GraphObject * self,
                                      PyObject * args, PyObject * kwds)
{
  static char *kwlist[] = { "mode", NULL };
  long mode = (long)IGRAPH_ALL;
  igraph_vector_t result;
  PyObject *o;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|i", kwlist, &mode))
    return NULL;

  if (igraph_vector_init(&result, igraph_vcount(&self->g)))
    return igraphmodule_handle_igraph_error();

  if (igraph_coreness(&self->g, &result, mode)) {
    igraph_vector_destroy(&result);
    return igraphmodule_handle_igraph_error();
  }

  o = igraphmodule_vector_t_to_PyList(&result, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&result);

  return o;
}

/* }}} */

/* {{{ COMMUNITY STRUCTURE */

/**
 * Modularity calculation
 */
PyObject *igraphmodule_Graph_modularity(igraphmodule_GraphObject *self, PyObject *o) {
  igraph_vector_t membership;
  igraph_real_t modularity;
  if (igraphmodule_PyList_to_vector_t(o, &membership, 1, 0)) return NULL;
  if (igraph_modularity(&self->g, &membership, &modularity)) {
	igraph_vector_destroy(&membership);
	return NULL;
  }
  return Py_BuildValue("d", (double)modularity);
}

/**
 * Newman's edge betweenness method
 */
PyObject *igraphmodule_Graph_community_edge_betweenness(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds) {
  static char *kwlist[] = {"directed", "return_removed_edges", "return_ebs",
    "return_merges", "return_bridges", NULL };
  PyObject *directed = Py_True;
  PyObject *return_removed_edges = Py_False;
  PyObject *return_merges = Py_True;
  PyObject *return_bridges = Py_False;
  PyObject *return_ebs = Py_False;
  PyObject *res;
  igraph_matrix_t merges;
  igraph_vector_t removed_edges;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|OOOOO", kwlist, &directed,
	  &return_removed_edges, &return_merges, &return_bridges, &return_ebs))
	  return NULL;

  if (igraph_matrix_init(&merges, 0, 0))
	  return igraphmodule_handle_igraph_error();
  if (igraph_vector_init(&removed_edges, 0)) {
	  igraph_matrix_destroy(&merges);
	  return igraphmodule_handle_igraph_error();
  }
  if (igraph_community_edge_betweenness(&self->g, &removed_edges, 0, &merges, 0, PyObject_IsTrue(directed))) {
	igraphmodule_handle_igraph_error();
	igraph_vector_destroy(&removed_edges);
	igraph_matrix_destroy(&merges);
	return NULL;
  }

  res = igraphmodule_matrix_t_to_PyList(&merges, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&removed_edges);
  igraph_matrix_destroy(&merges);
  return res;
}

/**
 * Newman's leading eigenvector method, naive implementation
 */
PyObject *igraphmodule_Graph_community_leading_eigenvector_naive(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds) {
  static char *kwlist[] = { "n", "return_merges", NULL };
  long int n=-1;
  PyObject *return_merges = Py_False;
  PyObject *cl, *res, *merges;
  igraph_vector_t members;
  igraph_matrix_t *mptr = 0;
  igraph_matrix_t m;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|iO", kwlist,
	  &n, &return_merges)) {
    return NULL;
  }

  if (igraph_vector_init(&members, 0)) return igraphmodule_handle_igraph_error();
  if (PyObject_IsTrue(return_merges)) {
    mptr = &m;
	if (igraph_matrix_init(mptr, 0, 0)) return igraphmodule_handle_igraph_error();
  }

  if (n<0) n = igraph_vcount(&self->g); else n -= 1;

  if (igraph_community_leading_eigenvector_naive(&self->g, mptr, &members, n)){
    if (mptr) igraph_matrix_destroy(mptr);
	igraph_vector_destroy(&members);
    return igraphmodule_handle_igraph_error();
  }

  cl = igraphmodule_vector_t_to_PyList(&members, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&members);
  if (cl == 0) {
	if (mptr) igraph_matrix_destroy(mptr);
	return 0;
  }

  if (mptr) {
	merges=igraphmodule_matrix_t_to_PyList(mptr, IGRAPHMODULE_TYPE_INT);
	igraph_matrix_destroy(mptr);
	if (merges == 0) return 0;
  } else {
	merges=Py_None;
	Py_INCREF(merges);
  }

  res=Py_BuildValue("OO", cl, merges);
  Py_DECREF(merges);
  Py_DECREF(cl);

  return res;
}

/**
 * Newman's leading eigenvector method, precise implementation
 * The code is almost exactly the same as igraphmodule_Graph_community_leading_eigenvector_naive
 */
PyObject *igraphmodule_Graph_community_leading_eigenvector(igraphmodule_GraphObject *self, PyObject *args, PyObject *kwds) {
  static char *kwlist[] = { "n", "return_merges", NULL };
  long int n=-1;
  PyObject *return_merges = Py_False;
  PyObject *cl, *res, *merges;
  igraph_vector_t members;
  igraph_matrix_t *mptr = 0;
  igraph_matrix_t m;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|iO", kwlist,
	  &n, &return_merges)) {
    return NULL;
  }

  if (igraph_vector_init(&members, 0)) return igraphmodule_handle_igraph_error();
  if (PyObject_IsTrue(return_merges)) {
    mptr = &m;
	if (igraph_matrix_init(mptr, 0, 0)) return igraphmodule_handle_igraph_error();
  }

  if (n<0) n = igraph_vcount(&self->g); else n -= 1;

  if (igraph_community_leading_eigenvector(&self->g, mptr, &members, n)){
    if (mptr) igraph_matrix_destroy(mptr);
	igraph_vector_destroy(&members);
    return igraphmodule_handle_igraph_error();
  }

  cl = igraphmodule_vector_t_to_PyList(&members, IGRAPHMODULE_TYPE_INT);
  igraph_vector_destroy(&members);
  if (cl == 0) {
	if (mptr) igraph_matrix_destroy(mptr);
	return 0;
  }

  if (mptr) {
	merges=igraphmodule_matrix_t_to_PyList(mptr, IGRAPHMODULE_TYPE_INT);
	igraph_matrix_destroy(mptr);
	if (merges == 0) return 0;
  } else {
	merges=Py_None;
	Py_INCREF(merges);
  }

  res=Py_BuildValue("OO", cl, merges);
  Py_DECREF(merges);
  Py_DECREF(cl);

  return res;
}

/**
 * Clauset et al's greedy modularity optimization algorithm
 */
PyObject *igraphmodule_Graph_community_fastgreedy(igraphmodule_GraphObject * self,
	PyObject * args, PyObject * kwds)
{
  static char *kwlist[] = { "return_q", NULL };
  PyObject *return_modularities = Py_False;
  PyObject *ms, *qs, *res;
  igraph_matrix_t merges;
  igraph_vector_t q;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &return_modularities)) {
    return NULL;
  }

  igraph_matrix_init(&merges, 0, 0);
  if (PyObject_IsTrue(return_modularities)) {
    igraph_vector_init(&q, 0);
    if (igraph_community_fastgreedy(&self->g, &merges, &q)) {
	  igraph_vector_destroy(&q);
      igraph_matrix_destroy(&merges);
	  return igraphmodule_handle_igraph_error();
	}
	qs=igraphmodule_vector_t_to_PyList(&q, IGRAPHMODULE_TYPE_FLOAT);
	igraph_vector_destroy(&q);
	if (!qs) {
	  igraph_matrix_destroy(&merges);
	  return NULL;
	}
  } else {
	if (igraph_community_fastgreedy(&self->g, &merges, 0)) {
	  igraph_matrix_destroy(&merges);
	  return igraphmodule_handle_igraph_error();
	}
	qs=Py_None;
	Py_INCREF(qs);
  }

  ms=igraphmodule_matrix_t_to_PyList(&merges, IGRAPHMODULE_TYPE_INT);
  igraph_matrix_destroy(&merges);

  if (ms == NULL) {
	Py_DECREF(qs);
	return NULL;
  }

  res=Py_BuildValue("OO", ms, qs);
  Py_DECREF(ms);
  Py_DECREF(qs);

  return res;
}

/* }}} */

/* {{{ SPECIAL METHODS */

/* }}} */

/** \defgroup python_interface_internal Internal functions
 * \ingroup python_interface */

/** \ingroup python_interface_internal
 * \brief Returns the encapsulated igraph graph as a PyCObject
 * \return a new PyCObject
 */
PyObject *igraphmodule_Graph___graph_as_cobject__(igraphmodule_GraphObject *
                                                  self, PyObject * args,
                                                  PyObject * kwds)
{
  /*
     char *kwlist[] = {"ref", NULL};
     PyObject *incref=Py_True;

     if (!PyArg_ParseTupleAndKeywords(args, kwds, "|O", kwlist, &incref)) return NULL;
     if (PyObject_IsTrue(incref)) Py_INCREF(self);
   */

  return PyCObject_FromVoidPtr((void *)&self->g, NULL);
}


/** \ingroup python_interface_internal
 * \brief Registers a destructor to be called when the object is destroyed
 * \return the previous destructor (if any)
 * Unimplemented.
 */
PyObject *igraphmodule_Graph___register_destructor__(igraphmodule_GraphObject
                                                     * self, PyObject * args,
                                                     PyObject * kwds)
{
  char *kwlist[] = { "destructor", NULL };
  PyObject *destructor = NULL, *result;

  if (!PyArg_ParseTupleAndKeywords(args, kwds, "O", kwlist, &destructor))
    return NULL;

  if (!PyCallable_Check(destructor)) {
    PyErr_SetString(PyExc_TypeError, "The destructor must be callable!");
    return NULL;
  }

  result = self->destructor;
  self->destructor = destructor;
  Py_INCREF(self->destructor);

  if (!result)
    Py_RETURN_NONE;

  return result;
}

/** \ingroup python_interface
 * \brief Member list of the \c igraph.Graph object type
 */
#define OFF(x) offsetof(igraphmodule_GraphObject, x)

struct PyGetSetDef igraphmodule_Graph_getseters[] = {
  {"vs", (getter) igraphmodule_Graph_get_vertices, NULL,
   "The sequence of vertices in the graph.", NULL},
  {"es", (getter) igraphmodule_Graph_get_edges, NULL,
   "The sequence of edges in the graph.", NULL},
  {NULL}
};

/*
static PyMemberDef igraphmodule_Graph_members[] = {
  {"vertices", T_OBJECT, OFF(vseq), RO,
      "Sequence of vertices in the graph"
  },
  {"vs", T_OBJECT, OFF(vseq), RO,
      "Sequence of vertices in the graph. Alias for 'vertices'."
  },
  {"nodes", T_OBJECT, OFF(vseq), RO,
      "Sequence of vertices in the graph. Alias for 'nodes'."
  },
  {NULL}
};*/

/** \ingroup python_interface
 * \brief Method list of the \c igraph.Graph object type
 */
struct PyMethodDef igraphmodule_Graph_methods[] = {
  ////////////////////////////
  // BASIC IGRAPH INTERFACE //
  ////////////////////////////

  // interface to igraph_vcount
  {"vcount", (PyCFunction) igraphmodule_Graph_vcount,
   METH_NOARGS,
   "vcount()\n\n"
   "Counts the number of vertices.\n"
   "@return: the number of vertices in the graph.\n" "@rtype: integer"},

  // interface to igraph_ecount
  {"ecount", (PyCFunction) igraphmodule_Graph_ecount,
   METH_NOARGS,
   "ecount()\n\n"
   "Counts the number of edges.\n"
   "@return: the number of edges in the graph.\n" "@rtype: integer"},

  // interface to igraph_is_directed
  {"is_directed", (PyCFunction) igraphmodule_Graph_is_directed,
   METH_NOARGS,
   "is_directed()\n\n"
   "Checks whether the graph is directed."
   "@return: C{True} if it is directed, C{False} otherwise.\n"
   "@rtype: boolean"},

  // interface to igraph_add_vertices
  {"add_vertices", (PyCFunction) igraphmodule_Graph_add_vertices,
   METH_VARARGS,
   "add_vertices(n)\n\n"
   "Adds vertices to the graph.\n\n"
   "@param n: the number of vertices to be added\n"
   "@return: the same graph object\n"},

  // interface to igraph_delete_vertices
  {"delete_vertices", (PyCFunction) igraphmodule_Graph_delete_vertices,
   METH_VARARGS,
   "delete_vertices(vs)\n\n"
   "Deletes vertices and all its edges from the graph.\n\n"
   "@param vs: a single vertex ID or the list of vertex IDs\n"
   "  to be deleted.\n" "@return: the same graph object\n"},

  // interface to igraph_add_edges
  {"add_edges", (PyCFunction) igraphmodule_Graph_add_edges,
   METH_VARARGS,
   "add_edges(es)\n\n"
   "Adds edges to the graph.\n\n"
   "@param es: the list of edges to be added. Every edge is\n"
   "  represented with a tuple, containing the vertex IDs of the\n"
   "  two endpoints. Vertices are enumerated from zero. It is\n"
   "  allowed to provide a single pair instead of a list consisting\n"
   "  of only one pair.\n" "@return: the same graph object\n"},

  // interface to igraph_delete_edges
  {"delete_edges", (PyCFunction) igraphmodule_Graph_delete_edges,
   METH_VARARGS | METH_KEYWORDS,
   "delete_edges(es, by_index=False)\n\n"
   "Removes edges from the graph.\n\n"
   "All vertices will be kept, even if they lose all their edges.\n"
   "Nonexistent edges will be silently ignored.\n\n"
   "@param es: the list of edges to be removed.\n"
   "@param by_index: determines how edges are identified. If C{by_index} is\n"
   "  C{False}, every edge is represented with a tuple, containing the\n"
   "  vertex IDs of the two endpoints. Vertices are enumerated from zero.\n"
   "  It is allowed to provide a single pair instead of a list consisting\n"
   "  of only one pair. If C{by_index} is C{True}, edges are identified by\n"
   "  their IDs starting from zero.\n" "@return: the same graph object\n"},

  // interface to igraph_degree
  {"degree", (PyCFunction) igraphmodule_Graph_degree,
   METH_VARARGS | METH_KEYWORDS,
   "degree(vertices, type=ALL, loops=False)\n\n"
   "Returns some vertex degrees from the graph.\n\n"
   "This method accepts a single vertex ID or a list of vertex IDs as a\n"
   "parameter, and returns the degree of the given vertices (in the\n"
   "form of a single integer or a list, depending on the input\n"
   "parameter).\n"
   "\n"
   "@param vertices: a single vertex ID or a list of vertex IDs\n"
   "@param type: the type of degree to be returned (L{OUT} for\n"
   "  out-degrees, L{IN} IN for in-degrees or L{ALL} for the sum of\n"
   "  them).\n" "@param loops: whether self-loops should be counted.\n"},

  // interfaces to igraph_neighbors
  {"neighbors", (PyCFunction) igraphmodule_Graph_neighbors,
   METH_VARARGS | METH_KEYWORDS,
   "neighbors(vertex, type=ALL)\n\n"
   "Returns adjacent vertices to a given vertex.\n\n"
   "@param vertex: a vertex ID\n"
   "@param type: whether to return only predecessors (L{OUT}),\n"
   "  successors (L{OUT}) or both (L{ALL}). Ignored for undirected\n"
   "  graphs."},

  {"successors", (PyCFunction) igraphmodule_Graph_successors,
   METH_VARARGS | METH_KEYWORDS,
   "successors(vertex)\n\n"
   "Returns the successors of a given vertex.\n\n"
   "Equivalent to calling the L{Graph.neighbors} method with type=L{OUT}."},

  {"predecessors", (PyCFunction) igraphmodule_Graph_predecessors,
   METH_VARARGS | METH_KEYWORDS,
   "predecessors(vertex)\n\n"
   "Returns the predecessors of a given vertex.\n\n"
   "Equivalent to calling the L{Graph.neighbors} method with type=L{IN}."},

  /* interface to igraph_get_eid */
  {"get_eid", (PyCFunction) igraphmodule_Graph_get_eid,
   METH_VARARGS | METH_KEYWORDS,
   "get_eid(v1, v2)\n\n"
   "Returns the edge ID of an arbitrary edge between vertices v1 and v2\n\n"
   "@param v1: the first vertex ID\n"
   "@param v2: the second vertex ID\n"
   "@return: the edge ID of an arbitrary edge between vertices v1 and v2\n"},

  //////////////////////
  // GRAPH GENERATORS //
  //////////////////////

  // interface to igraph_adjacency
  {"Adjacency", (PyCFunction) igraphmodule_Graph_Adjacency,
   METH_CLASS | METH_VARARGS | METH_KEYWORDS,
   "Adjacency(matrix, mode=ADJ_DIRECTED)\n\n"
   "Generates a graph from its adjacency matrix.\n\n"
   "@param matrix: the adjacency matrix\n"
   "@param mode: the mode to be used. Possible values are:\n"
   "\n"
   "  - C{ADJ_DIRECTED} - the graph will be directed and a matrix\n"
   "    element gives the number of edges between two vertex.\n"
   "  - C{ADJ_UNDIRECTED} - alias to C{ADJ_MAX} for convenience.\n"
   "  - C{ADJ_MAX}   - undirected graph will be created and the number of\n"
   "    edges between vertex M{i} and M{j} is M{max(A(i,j), A(j,i))}\n"
   "  - C{ADJ_MIN}   - like C{ADJ_MAX}, but with M{min(A(i,j), A(j,i))}\n"
   "  - C{ADJ_PLUS}  - like C{ADJ_MAX}, but with M{A(i,j) + A(j,i)}\n"
   "  - C{ADJ_UPPER} - undirected graph with the upper right triangle of\n"
   "    the matrix (including the diagonal)\n"
   "  - C{ADJ_LOWER} - undirected graph with the lower left triangle of\n"
   "    the matrix (including the diagonal)\n"},

  /* interface to igraph_asymmetric_preference_game */
  {"Asymmetric_Preference",
   (PyCFunction) igraphmodule_Graph_Asymmetric_Preference,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Asymmetric_Preference(n, type_dist_matrix, pref_matrix, attribute=None, loops=False)\n\n"
   "Generates a graph based on asymmetric vertex types and connection probabilities.\n\n"
   "This is the asymmetric variant of L{Graph.Preference}.\n"
   "A given number of vertices are generated. Every vertex is assigned to an\n"
   "\"incoming\" and an \"outgoing\" vertex type according to the given joint\n"
   "type probabilities. Finally, every vertex pair is evaluated and a\n"
   "directed edge is created between them with a probability depending on\n"
   "the \"outgoing\" type of the source vertex and the \"incoming\" type of\n"
   "the target vertex.\n\n"
   "@param n: the number of vertices in the graph\n"
   "@param type_dist_matrix: matrix giving the joint distribution of vertex\n"
   "  types\n"
   "@param pref_matrix: matrix giving the connection probabilities for\n"
   "  different vertex types.\n"
   "@param attribute: the vertex attribute name used to store the vertex\n"
   "  types. If C{None}, vertex types are not stored.\n"
   "@param loops: whether loop edges are allowed.\n"},

  // interface to igraph_atlas
  {"Atlas", (PyCFunction) igraphmodule_Graph_Atlas,
   METH_CLASS | METH_KEYWORDS,
   "Atlas(idx)\n\n"
   "Generates a graph from the Graph Atlas.\n\n"
   "@param idx: The index of the graph to be generated.\n"
   "  Indices start from zero, graphs are listed:\n\n"
   "    1. in increasing order of number of nodes;\n"
   "    2. for a fixed number of nodes, in increasing order of the\n"
   "       number of edges;\n"
   "    3. for fixed numbers of nodes and edges, in increasing order\n"
   "       of the degree sequence, for example 111223 < 112222;\n"
   "    4. for fixed degree sequence, in increasing number of automorphisms.\n\n"
   "@newfield ref: Reference\n"
   "@ref: I{An Atlas of Graphs} by Ronald C. Read and Robin J. Wilson,\n"
   "  Oxford University Press, 1998."},

  // interface to igraph_barabasi_game
  {"Barabasi", (PyCFunction) igraphmodule_Graph_Barabasi,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Barabasi(n, m, outpref=False, directed=False, power=1)\n\n"
   "Generates a graph based on the Barabasi-Albert model.\n\n"
   "@param n: the number of vertices\n"
   "@param m: either the number of outgoing edges generated for\n"
   "  each vertex or a list containing the number of outgoing\n"
   "  edges for each vertex explicitly.\n"
   "@param outpref: C{True} if the out-degree of a given vertex\n"
   "  should also increase its citation probability (as well as\n"
   "  its in-degree), but it defaults to C{False}.\n"
   "@param directed: C{True} if the generated graph should be\n"
   "  directed (default: C{False}).\n"
   "@param power: the power constant of the nonlinear model.\n"
   "  It can be omitted, and in this case the usual linear model\n"
   "  will be used.\n\n"
   "@newfield ref: Reference\n"
   "@ref: Barabasi, A-L and Albert, R. 1999. Emergence of scaling\n"
   "  in random networks. Science, 286 509-512."},

  // interface to igraph_establishment_game
  {"Establishment", (PyCFunction) igraphmodule_Graph_Establishment,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Establishment(n, k, type_dist, pref_matrix, directed=False)\n\n"
   "Generates a graph based on a simple growing model with vertex types.\n\n"
   "A single vertex is added at each time step. This new vertex tries to\n"
   "connect to k vertices in the graph. The probability that such a\n"
   "connection is realized depends on the types of the vertices involved.\n"
   "\n"
   "@param n: the number of vertices in the graph\n"
   "@param k: the number of connections tried in each step\n"
   "@param type_dist: list giving the distribution of vertex types\n"
   "@param pref_matrix: matrix (list of lists) giving the connection\n"
   "  probabilities for different vertex types\n"
   "@param directed: whether to generate a directed graph.\n"},

  // interface to igraph_erdos_renyi_game
  {"Erdos_Renyi", (PyCFunction) igraphmodule_Graph_Erdos_Renyi,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Erdos_Renyi(n, p, m, directed=False, loops=False)\n\n"
   "Generates a graph based on the Erdos-Renyi model.\n\n"
   "@param n: the number of vertices.\n"
   "@param p: the probability of edges. If given, C{m} must be missing.\n"
   "@param m: the number of edges. If given, C{p} must be missing.\n"
   "@param directed: whether to generate a directed graph.\n"
   "@param loops: whether self-loops are allowed.\n"},

  /* interface to igraph_full */
  {"Full", (PyCFunction) igraphmodule_Graph_Full,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Full(n, directed=False, loops=False)\n\n"
   "Generates a full graph (directed or undirected, with or without loops).\n\n"
   "@param n: the number of vertices.\n"
   "@param directed: whether to generate a directed graph.\n"
   "@param loops: whether self-loops are allowed.\n"},

  /* interface to igraph_grg_game */
  {"GRG", (PyCFunction) igraphmodule_Graph_GRG,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "GRG(n, radius, torus=False)\n\n"
   "Generates a growing random geometric graph.\n\n"
   "The algorithm drops the vertices randomly on the 2D unit square and connects\n"
   "them if they are closer to each other than the given radius.\n\n"
   "@param n: The number of vertices in the graph\n"
   "@param radius: The given radius\n"
   "@param torus: This should be C{True} if we want to use a torus instead of a\n"
   "  square."},

  // interface to igraph_growing_random_game
  {"Growing_Random", (PyCFunction) igraphmodule_Graph_Growing_Random,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Growing_Random(n, m, directed=False, citation=False)\n\n"
   "Generates a growing random graph.\n\n"
   "@param n: The number of vertices in the graph\n"
   "@param m: The number of edges to add in each step (after adding a new vertex)\n"
   "@param directed: whether the graph should be directed.\n"
   "@param citation: whether the new edges should originate from the most\n"
   "   recently added vertex.\n"},

  /* interface to igraph_preference_game */
  {"Preference", (PyCFunction) igraphmodule_Graph_Preference,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Preference(n, type_dist, pref_matrix, attribute=None, directed=False, loops=False)\n\n"
   "Generates a graph based on vertex types and connection probabilities.\n\n"
   "This is practically the nongrowing variant of L{Graph.Establishment}.\n"
   "A given number of vertices are generated. Every vertex is assigned to a\n"
   "vertex type according to the given type probabilities. Finally, every\n"
   "vertex pair is evaluated and an edge is created between them with a\n"
   "probability depending on the types of the vertices involved.\n\n"
   "@param n: the number of vertices in the graph\n"
   "@param type_dist: list giving the distribution of vertex types\n"
   "@param pref_matrix: matrix giving the connection probabilities for\n"
   "  different vertex types.\n"
   "@param attribute: the vertex attribute name used to store the vertex\n"
   "  types. If C{None}, vertex types are not stored.\n"
   "@param directed: whether to generate a directed graph.\n"
   "@param loops: whether loop edges are allowed.\n"},

  /* interface to igraph_recent_degree_game */
  {"Recent_Degree", (PyCFunction) igraphmodule_Graph_Recent_Degree,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Recent_Degree(n, m, window, outpref=False, directed=False, power=1)\n\n"
   "Generates a graph based on a stochastic model where the probability\n"
   "of an edge gaining a new node is proportional to the edges gained in\n"
   "a given time window.\n\n"
   "@param n: the number of vertices\n"
   "@param m: either the number of outgoing edges generated for\n"
   "  each vertex or a list containing the number of outgoing\n"
   "  edges for each vertex explicitly.\n"
   "@param window: size of the window in time steps\n"
   "@param outpref: C{True} if the out-degree of a given vertex\n"
   "  should also increase its citation probability (as well as\n"
   "  its in-degree), but it defaults to C{False}.\n"
   "@param directed: C{True} if the generated graph should be\n"
   "  directed (default: C{False}).\n"
   "@param power: the power constant of the nonlinear model.\n"
   "  It can be omitted, and in this case the usual linear model\n"
   "  will be used.\n"},

  // interface to igraph_star
  {"Star", (PyCFunction) igraphmodule_Graph_Star,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Star(n, mode=STAR_UNDIRECTED, center=0)\n\n"
   "Generates a star graph.\n\n"
   "@param n: the number of vertices in the graph\n"
   "@param mode: Gives the type of the star graph to create. Should be\n"
   "  one of the constants C{STAR_OUT}, C{STAR_IN} and C{STAR_UNDIRECTED}.\n"
   "@param center: Vertex ID for the central vertex in the star.\n"},

  // interface to igraph_lattice
  {"Lattice", (PyCFunction) igraphmodule_Graph_Lattice,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Lattice(dim, nei=1, directed=False, mutual=True, circular=True)\n\n"
   "Generates a regular lattice.\n\n"
   "@param dim: list with the dimensions of the lattice\n"
   "@param nei: value giving the distance (number of steps) within which\n"
   "   two vertices will be connected. Not implemented yet.\n"
   "@param directed: whether to create a directed graph.\n"
   "@param mutual: whether to create all connections as mutual\n"
   "    in case of a directed graph.\n"
   "@param circular: whether the generated lattice is periodic.\n"},

  // interface to igraph_ring
  {"Ring", (PyCFunction) igraphmodule_Graph_Ring,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Ring(n, directed=False, mutual=False, circular=True)\n\n"
   "Generates a ring graph.\n\n"
   "@param n: the number of vertices in the ring\n"
   "@param directed: whether to create a directed ring.\n"
   "@param mutual: whether to create mutual edges in a directed ring.\n"
   "@param circular: whether to create a closed ring.\n"},

  // interface to igraph_tree
  {"Tree", (PyCFunction) igraphmodule_Graph_Tree,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Tree(n, children, type=TREE_UNDIRECTED)\n\n"
   "Generates a tree in which almost all vertices have the same number of children.\n\n"
   "@param n: the number of vertices in the graph\n"
   "@param children: the number of children of a vertex in the graph\n"
   "@param type: determines whether the tree should be directed, and if\n"
   "  this is the case, also its orientation. Must be one of\n"
   "  C{TREE_IN}, C{TREE_OUT} and C{TREE_UNDIRECTED}.\n"},

  // interface to igraph_degree_sequence_game
  {"Degree_Sequence", (PyCFunction) igraphmodule_Graph_Degree_Sequence,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Degree_Sequence(out, in=None)\n\n"
   "Generates a graph with a given degree sequence.\n\n"
   "@param out: the out-degree sequence for a directed graph. If the\n"
   "  in-degree sequence is omitted, the generated graph\n"
   "  will be undirected, so this will be the in-degree\n"
   "  sequence as well\n"
   "@param in: the in-degree sequence for a directed graph.\n"
   "   If omitted, the generated graph will be undirected.\n"},

  // interface to igraph_isoclass_create
  {"Isoclass", (PyCFunction) igraphmodule_Graph_Isoclass,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Isoclass(n, class, directed=False)\n\n"
   "Generates a graph with a given isomorphy class.\n\n"
   "@param n: the number of vertices in the graph (3 or 4)\n"
   "@param class: the isomorphy class\n"
   "@param directed: whether the graph should be directed.\n"},

  /* interface to igraph_watts_strogatz_game */
  {"Watts_Strogatz", (PyCFunction) igraphmodule_Graph_Watts_Strogatz,
   METH_VARARGS | METH_CLASS | METH_KEYWORDS,
   "Watts_Strogatz(dim, nei, p)\n\n"
   "@param dim: list with the dimensions of the lattice\n"
   "@param nei: value giving the distance (number of steps) within which\n"
   "   two vertices will be connected. Not implemented yet, should be 1.\n"
   "@param p: rewiring probability\n\n"
   "@see: L{Lattice()}, L{rewire()} if more flexibility is needed\n"
   "@newfield ref: Reference\n"
   "@ref: Duncan J Watts and Steven H Strogatz: I{Collective dynamics of\n"
   "  small world networks}, Nature 393, 440-442, 1998\n"},

  /////////////////////////////////////
  // STRUCTURAL PROPERTIES OF GRAPHS //
  /////////////////////////////////////

  // interface to igraph_are_connected
  {"are_connected", (PyCFunction) igraphmodule_Graph_are_connected,
   METH_VARARGS | METH_KEYWORDS,
   "are_connected(v1, v2)\n\n"
   "Decides whether two given vertices are directly connected.\n\n"
   "@param v1: the first vertex\n"
   "@param v2: the second vertex\n"
   "@return: C{True} if there exists an edge from v1 to v2, C{False}\n"
   "  otherwise.\n"},

  // interface to igraph_average_path_length
  {"average_path_length",
   (PyCFunction) igraphmodule_Graph_average_path_length,
   METH_VARARGS | METH_KEYWORDS,
   "average_path_length(directed=True, unconn=True)\n\n"
   "Calculates the average path length in a graph.\n\n"
   "@param directed: whether to consider directed paths in case of a\n"
   "  directed graph. Ignored for undirected graphs.\n"
   "@param unconn: what to do when the graph is unconnected. If C{True},\n"
   "  the average of the geodesic lengths in the components is\n"
   "  calculated. Otherwise for all unconnected vertex pairs,\n"
   "  a path length equal to the number of vertices is used.\n"
   "@return: the average path length in the graph\n"},

  // interface to igraph_betweenness
  {"betweenness", (PyCFunction) igraphmodule_Graph_betweenness,
   METH_VARARGS | METH_KEYWORDS,
   "betweenness(vertices=None, directed=True)\n\n"
   "Calculates the betweenness of nodes in a graph.\n\n"
   "Keyword arguments:\n"
   "@param vertices: the vertices for which the betweennesses must be returned.\n"
   "  If C{None}, assumes all of the vertices in the graph.\n"
   "@param directed: whether to consider directed paths.\n"
   "@return: the betweenness of the given nodes in a list\n"},

  // interface to igraph_bibcoupling
  {"bibcoupling", (PyCFunction) igraphmodule_Graph_bibcoupling,
   METH_VARARGS | METH_KEYWORDS,
   "bibcoupling(vertices)\n\n"
   "Calculates bibliographic coupling values for given vertices\n"
   "in a graph.\n\n"
   "@param vertices: the vertices to be analysed.\n"
   "@return: bibliographic coupling values for all given\n"
   "  vertices in a matrix.\n"},

  // interface to igraph_closeness
  {"closeness", (PyCFunction) igraphmodule_Graph_closeness,
   METH_VARARGS | METH_KEYWORDS,
   "closeness(vertices=None, mode=ALL)\n\n"
   "Calculates the closeness centralities of given nodes in a graph.\n\n"
   "The closeness centerality of a vertex measures how easily other\n"
   "vertices can be reached from it (or the other way: how easily it\n"
   "can be reached from the other vertices). It is defined as the\n"
   "number of the number of vertices minus one divided by the sum of\n"
   "the lengths of all geodesics from/to the given vertex.\n\n"
   "If the graph is not connected, and there is no path between two\n"
   "vertices, the number of vertices is used instead the length of\n"
   "the geodesic. This is always longer than the longest possible\n"
   "geodesic.\n\n"
   "@param vertices: the vertices for which the closenesses must\n"
   "  be returned. If C{None}, uses all of the vertices in the graph.\n"
   "@param mode: must be one of C{IN}, C{OUT} and C{ALL}. C{IN} means\n"
   "  that the length of the incoming paths, C{OUT} means that the\n"
   "  length of the outgoing paths must be calculated. C{ALL} means\n"
   "  that both of them must be calculated.\n"
   "@return: the calculated closenesses in a list\n"},

  // interface to igraph_clusters
  {"clusters", (PyCFunction) igraphmodule_Graph_clusters,
   METH_VARARGS | METH_KEYWORDS,
   "clusters(mode=STRONG)\n\n"
   "Calculates the (strong or weak) clusters for a given graph.\n\n"
   "@attention: this function has a more convenient interface in class\n"
   "  L{Graph} which wraps the result in a L{VertexClustering} object.\n"
   "  It is advised to use that.\n"
   "@param mode: must be either C{STRONG} or C{WEAK}, depending on\n"
   "  the clusters being sought. Optional, defaults to C{STRONG}.\n"
   "@return: the component index for every node in the graph.\n"},
  {"components", (PyCFunction) igraphmodule_Graph_clusters,
   METH_VARARGS | METH_KEYWORDS,
   "components(mode=STRONG)\n\n"
   "Alias for L{Graph.clusters}.\n\n"
   "See the documentation of L{Graph.clusters} for details."},
  {"copy", (PyCFunction) igraphmodule_Graph_copy,
   METH_NOARGS,
   "copy()\n\n" "Creates an exact deep copy of the graph."},
  {"decompose", (PyCFunction) igraphmodule_Graph_decompose,
   METH_VARARGS | METH_KEYWORDS,
   "decompose(mode=STRONG, maxcompno=None, minelements=1)\n\n"
   "Decomposes the graph into subgraphs.\n\n"
   "@param mode: must be either STRONG or WEAK, depending on the\n"
   "  clusters being sought.\n"
   "@param maxcompno: maximum number of components to return.\n"
   "  C{None} means all possible components.\n"
   "@param minelements: minimum number of vertices in a component.\n"
   "  By setting this to 2, isolated vertices are not returned\n"
   "  as separate components.\n"
   "@return: a list of the subgraphs. Every returned subgraph is a\n"
   "  copy of the original.\n"},

  // interface to igraph_cocitation
  {"cocitation", (PyCFunction) igraphmodule_Graph_cocitation,
   METH_VARARGS | METH_KEYWORDS,
   "cocitation(vertices)\n\n"
   "Calculates cocitation scores for given vertices in a graph.\n\n"
   "@param vertices: the vertices to be analysed.\n"
   "@return: cocitation scores for all given vertices in a matrix."},

  /* interface to igraph_constraint */
  {"constraint", (PyCFunction) igraphmodule_Graph_constraint,
   METH_VARARGS | METH_KEYWORDS,
   "cocitation(vertices=None, weights=None)\n\n"
   "Calculates Burt's constraint scores for given vertices in a graph.\n\n"
   "Burt's constraint is higher if ego has less, or mutually stronger\n"
   "related (i.e. more redundant) contacts. Burt's measure of\n"
   "constraint, C[i], of vertex i's ego network V[i], is defined for\n"
   "directed and valued graphs as follows:\n\n"
   "C[i] = sum( sum( (p[i,q] p[q,j])^2, q in V[i], q != i,j ), j in V[], j != i)\n\n"
   "for a graph of order (ie. number od vertices) N, where proportional\n"
   "tie strengths are defined as follows:\n\n"
   "p[i,j]=(a[i,j]+a[j,i]) / sum(a[i,k]+a[k,i], k in V[i], k != i),\n"
   "a[i,j] are elements of A and the latter being the graph adjacency matrix.\n\n"
   "For isolated vertices, constraint is undefined.\n\n"
   "@param vertices: the vertices to be analysed or C{None} for all vertices.\n"
   "@param weights: weights associated to the edges. Can be an attribute name\n"
   "  as well. If C{None}, every edge will have the same weight.\n"
   "@return: cocitation scores for all given vertices in a matrix."},

  /* interface to igraph_density */
  {"density", (PyCFunction) igraphmodule_Graph_density,
   METH_VARARGS | METH_KEYWORDS,
   "density(loops=False)\n\n"
   "Calculates the density of the graph.\n\n"
   "@param loops: whether to take loops into consideration. If C{True},\n"
   "  the algorithm assumes that there might be some loops in the graph\n"
   "  and calculates the density accordingly. If C{False}, the algorithm\n"
   "  assumes that there can't be any loops.\n"
   "@return: the reciprocity of the graph."},

  // interface to igraph_diameter
  {"diameter", (PyCFunction) igraphmodule_Graph_diameter,
   METH_VARARGS | METH_KEYWORDS,
   "diameter(directed=True, unconn=True)\n\n"
   "Calculates the diameter of the graph.\n\n"
   "@param directed: whether to consider directed paths.\n"
   "@param unconn: if C{True} and the graph is unconnected, the\n"
   "  longest geodesic within a component will be returned. If\n"
   "  C{False} and the graph is unconnected, the result is the\n"
   "  number of vertices."},

  // interface to igraph_edge_betweenness
  {"edge_betweenness", (PyCFunction) igraphmodule_Graph_edge_betweenness,
   METH_VARARGS | METH_KEYWORDS,
   "edge_betweenness(directed=True)\n\n"
   "Calculates the edge betweennesses in a graph.\n\n"
   "@param directed: whether to consider directed paths.\n"
   "@return: a list with the edge betweennesses of all specified edges.\n"},

  // interface to igraph_get_shortest_paths
  {"get_shortest_paths", (PyCFunction) igraphmodule_Graph_get_shortest_paths,
   METH_VARARGS | METH_KEYWORDS,
   "get_shortest_paths(v, mode=OUT)\n\n"
   "Calculates the shortest paths from/to a given node in a graph.\n\n"
   "@param v: the source/destination for the calculated paths\n"
   "@param mode: the directionality of the paths. C{IN} means to\n"
   "  calculate incoming paths, C{OUT} means to calculate outgoing\n"
   "  paths, C{ALL} means to calculate both ones.\n"
   "@return: at most one shortest path for every node in the graph in a\n"
   "list. For unconnected graphs, some of the list elements will be\n"
   "empty lists. Note that in case of mode=C{IN}, the nodes in a path\n"
   "are returned in reversed order!"},

  // interface to igraph_get_all_shortest_paths
  {"get_all_shortest_paths",
   (PyCFunction) igraphmodule_Graph_get_all_shortest_paths,
   METH_VARARGS | METH_KEYWORDS,
   "get_all_shortest_paths(v, mode=OUT)\n\n"
   "Calculates all of the shortest paths from/to a given node in a graph.\n\n"
   "@param v: the source/destination for the calculated paths\n"
   "@param mode: the directionality of the paths. C{IN} means to calculate\n"
   "  incoming paths, C{OUT} means to calculate outgoing paths,\n"
   "  C{ALL} means to calculate both ones.\n"
   "@return: all of the shortest path from the given node to every other\n"
   "reachable node in the graph in a list. Note that in case of mode=C{IN},\n"
   "the nodes in a path are returned in reversed order!"},

  /* interface to igraph_girth */
  {"girth", (PyCFunction)igraphmodule_Graph_girth,
   METH_VARARGS | METH_KEYWORDS,
   "girth(return_shortest_circle=False)\n\n"
   "Returns the girth of the graph.\n\n"
   "The girth of a graph is the length of the shortest circle in it.\n\n"
   "@param return_shortest_circle: whether to return one of the shortest\n"
   "  circles found in the graph.\n"
   "@return: the length of the shortest circle or (if C{return_shortest_circle})\n"
   "  is true, the shortest circle itself as a list\n"
  },

  // interface to igraph_is_connected
  {"is_connected", (PyCFunction) igraphmodule_Graph_is_connected,
   METH_VARARGS | METH_KEYWORDS,
   "is_connected(mode=STRONG)\n\n"
   "Decides whether a graph is connected.\n\n"
   "@param mode: whether we should calculate strong or weak connectivity.\n"
   "@return: C{True} if the graph is connected, C{False} otherwise.\n"},

  /* interface to igraph_maxdegree */
  {"maxdegree", (PyCFunction) igraphmodule_Graph_maxdegree,
   METH_VARARGS | METH_KEYWORDS,
   "maxdegree(vertices=None, type=ALL, loops=False)\n\n"
   "Returns the maximum degree of a vertex set in the graph.\n\n"
   "This method accepts a single vertex ID or a list of vertex IDs as a\n"
   "parameter, and returns the degree of the given vertices (in the\n"
   "form of a single integer or a list, depending on the input\n"
   "parameter).\n"
   "\n"
   "@param vertices: a single vertex ID or a list of vertex IDs or\n"
   "  C{None} meaning all the vertices in the graph.\n"
   "@param type: the type of degree to be returned (L{OUT} for\n"
   "  out-degrees, L{IN} IN for in-degrees or L{ALL} for the sum of\n"
   "  them).\n" "@param loops: whether self-loops should be counted.\n"},

  // interface to igraph_pagerank
  {"pagerank", (PyCFunction) igraphmodule_Graph_pagerank,
   METH_VARARGS | METH_KEYWORDS,
   "pagerank(vertices=None, directed=True, niter=1000, eps=0.001, damping=0.85)\n\n"
   "Calculates the Google PageRank values of a graph.\n\n"
   "@param vertices: the indices of the vertices being queried.\n"
   "  C{None} means all of the vertices.\n"
   "@param directed: whether to consider directed paths.\n"
   "@param niter: the maximum number of iterations to be performed.\n"
   "@param eps: the iteration stops if all of the PageRank values change\n"
   "  less than M{eps} between two iterations.\n"
   "@param damping: the damping factor.\n"
   "  M{1-damping} is the PageRank value for nodes with no\n"
   "  incoming links.\n"
   "@return: a list with the Google PageRank values of the specified\n"
   "  vertices.\n\n"
   "@newfield ref: Reference\n"
   "@ref: Sergey Brin and Larry Page: I{The Anatomy of a Large-Scale\n"
   "  Hypertextual Web Search Engine}. Proceedings of the 7th\n"
   "  World-Wide Web Conference, Brisbane, Australia, April 1998.\n"},

  // interface to igraph_reciprocity
  {"reciprocity", (PyCFunction) igraphmodule_Graph_reciprocity,
   METH_VARARGS | METH_KEYWORDS,
   "reciprocity()\n\n" "@return: the reciprocity of the graph."},

  // interface to igraph_rewire
  {"rewire", (PyCFunction) igraphmodule_Graph_rewire,
   METH_VARARGS | METH_KEYWORDS,
   "rewire(n=1000, mode=REWIRING_SIMPLE)\n\n"
   "Randomly rewires the graph while preserving the degree distribution.\n\n"
   "Please note that the rewiring is done \"in-place\", so the original\n"
   "graph will be modified. If you want to preserve the original graph,\n"
   "use the L{copy} method before.\n\n"
   "@param n: the number of rewiring trials.\n"
   "@param mode: the rewiring algorithm to use. As for now, only\n"
   "  C{REWIRING_SIMPLE} is supported.\n" "@return: the modified graph.\n"},

  // interface to igraph_shortest_paths
  {"shortest_paths", (PyCFunction) igraphmodule_Graph_shortest_paths,
   METH_VARARGS | METH_KEYWORDS,
   "shortest_paths(vertices, mode=OUT)\n\n"
   "Calculates shortest path lengths for given nodes in a graph.\n\n"
   "@param vertices: a list containing the vertex IDs which should be\n"
   "  included in the result.\n"
   "@param mode: the type of shortest paths to be used for the\n"
   "  calculation in directed graphs. C{OUT} means only outgoing,\n"
   "  C{IN} means only incoming paths. C{ALL} means to consider\n"
   "  the directed graph as an undirected one.\n"
   "@return: the shortest path lengths for given nodes in a matrix\n"},

  // interface to igraph_simplify
  {"simplify", (PyCFunction) igraphmodule_Graph_simplify,
   METH_VARARGS | METH_KEYWORDS,
   "simplify(multiple=True, loops=True)\n\n"
   "Simplifies a graph by removing self-loops and/or multiple edges.\n\n"
   "@param multiple: whether to remove multiple edges.\n"
   "@param loops: whether to remove loops.\n"},

  // interface to igraph_minimum_spanning_tree_unweighted and
  // igraph_minimum_spanning_tree_prim
  {"spanning_tree", (PyCFunction) igraphmodule_Graph_spanning_tree,
   METH_VARARGS | METH_KEYWORDS,
   "spanning_tree(weights=None)\n\n"
   "Calculates a minimum spanning tree for a graph (weighted or unweighted)\n\n"
   "@param weights: a vector containing weights for every edge in\n"
   "  the graph. C{None} means that the graph is unweighted.\n"
   "@return: the spanning tree as a L{Graph} object.\n\n"
   "@newfield ref: Reference\n"
   "@ref: Prim, R.C.: I{Shortest connection networks and some\n"
   "  generalizations}, Bell System Technical Journal, Vol. 36.,\n"
   "  1957, 1389--1401."},

  // interface to igraph_subcomponent
  {"subcomponent", (PyCFunction) igraphmodule_Graph_subcomponent,
   METH_VARARGS | METH_KEYWORDS,
   "subcomponent(v, mode=ALL)\n\n"
   "Determines the indices of vertices which are in the same component as a given vertex.\n\n"
   "@param v: the index of the vertex used as the source/destination\n"
   "@param mode: if equals to C{IN}, returns the vertex IDs from\n"
   "  where the given vertex can be reached. If equals to C{OUT},\n"
   "  returns the vertex IDs which are reachable from the given\n"
   "  vertex. If equals to C{ALL}, returns all vertices within the\n"
   "  same component as the given vertex, ignoring edge directions.\n"
   "  Note that this is not equal to calculating the union of the \n"
   "  results of C{IN} and C{OUT}.\n"
   "@return: the indices of vertices which are in the same component as a given vertex.\n"},

  // interface to igraph_subgraph
  {"subgraph", (PyCFunction) igraphmodule_Graph_subgraph,
   METH_VARARGS | METH_KEYWORDS,
   "subgraph(vertices)\n\n"
   "Returns a subgraph based on the given vertices.\n\n"
   "@param vertices: a list containing the vertex IDs which\n"
   "  should be included in the result.\n"
   "@return: a copy of the subgraph\n"},

  /* interface to igraph_topological_sorting */
  {"topological_sorting",
   (PyCFunction) igraphmodule_Graph_topological_sorting,
   METH_VARARGS | METH_KEYWORDS,
   "topological_sorting(mode=OUT)\n\n"
   "Calculates a possible topological sorting of the graph.\n\n"
   "Returns a partial sorting and issues a warning if the graph is not\n"
   "a directed acyclic graph.\n\n"
   "@param mode: if C{OUT}, vertices are returned according to the\n"
   "  forward topological order -- all vertices come before their\n"
   "  successors. If C{IN}, all vertices come before their ancestors.\n"
   "@return: a possible topological ordering as a list"},

  // interface to igraph_transitivity_undirected
  {"transitivity_undirected",
   (PyCFunction) igraphmodule_Graph_transitivity_undirected,
   METH_VARARGS | METH_KEYWORDS,
   "transitivity_undirected()\n\n"
   "Calculates the transitivity (clustering coefficient) of the graph.\n\n"
   "@return: the transitivity\n"},

  // interface to igraph_transitivity_local_undirected
  {"transitivity_local_undirected",
   (PyCFunction) igraphmodule_Graph_transitivity_local_undirected,
   METH_VARARGS | METH_KEYWORDS,
   "transitivity_local_undirected(vertices=None)\n\n"
   "Calculates the local transitivity of given vertices in the graph.\n\n"
   "@param vertices: a list containing the vertex IDs which should be\n"
   "  included in the result. C{None} means all of the vertices.\n"
   "@return: the transitivities for the given vertices in a list\n"},

  //////////////////////
  // LAYOUT FUNCTIONS //
  //////////////////////

  // interface to igraph_layout_circle
  {"layout_circle", (PyCFunction) igraphmodule_Graph_layout_circle,
   METH_VARARGS | METH_KEYWORDS,
   "layout_circle()\n\n"
   "Places the vertices of the graph uniformly on a circle.\n\n"
   "@return: the calculated coordinate pairs in a list."},

  // interface to igraph_layout_sphere
  {"layout_sphere", (PyCFunction) igraphmodule_Graph_layout_sphere,
   METH_VARARGS | METH_KEYWORDS,
   "layout_sphere()\n\n"
   "Places the vertices of the graph uniformly on a sphere.\n\n"
   "@return: the calculated coordinate triplets in a list."},

  // interface to igraph_layout_kamada_kawai
  {"layout_kamada_kawai",
   (PyCFunction) igraphmodule_Graph_layout_kamada_kawai,
   METH_VARARGS | METH_KEYWORDS,
   "layout_kamada_kawai(maxiter=1000, sigma=None, initemp=10, coolexp=0.99, kkconst=None)\n\n"
   "Places the vertices on a plane according to the Kamada-Kawai algorithm.\n\n"
   "This is a force directed layout, see Kamada, T. and Kawai, S.:\n"
   "An Algorithm for Drawing General Undirected Graphs.\n"
   "Information Processing Letters, 31/1, 7--15, 1989.\n\n"
   "@param maxiter: the number of iterations to perform.\n"
   "@param sigma: the standard base deviation of the position\n"
   "  change proposals. C{None} means the number of vertices * 0.25\n"
   "@param initemp: initial temperature of the simulated annealing.\n"
   "@param coolexp: cooling exponent of the simulated annealing.\n"
   "@param kkconst: the Kamada-Kawai vertex attraction constant.\n"
   "  C{None} means the square of the number of vertices.\n"
   "@return: the calculated coordinate pairs in a list."},

  // interface to igraph_layout_kamada_kawai_3d
  {"layout_kamada_kawai_3d",
   (PyCFunction) igraphmodule_Graph_layout_kamada_kawai_3d,
   METH_VARARGS | METH_KEYWORDS,
   "layout_kamada_kawai_3d(maxiter=1000, sigma=None, initemp=10, coolexp=0.99, kkconst=None)\n\n"
   "Places the vertices in the 3D space according to the Kamada-Kawai algorithm.\n\n"
   "This is a force directed layout, see Kamada, T. and Kawai, S.:\n"
   "An Algorithm for Drawing General Undirected Graphs.\n"
   "Information Processing Letters, 31/1, 7--15, 1989.\n\n"
   "@param maxiter: the number of iterations to perform.\n"
   "@param sigma: the standard base deviation of the position\n"
   "  change proposals. C{None} means the number of vertices * 0.25\n"
   "@param initemp: initial temperature of the simulated annealing.\n"
   "@param coolexp: cooling exponent of the simulated annealing.\n"
   "@param kkconst: the Kamada-Kawai vertex attraction constant.\n"
   "  C{None} means the square of the number of vertices.\n"
   "@return: the calculated coordinate triplets in a list."},

  // interface to igraph_layout_fruchterman_reingold
  {"layout_fruchterman_reingold",
   (PyCFunction) igraphmodule_Graph_layout_fruchterman_reingold,
   METH_VARARGS | METH_KEYWORDS,
   "layout_fruchterman_reingold(maxiter=500, maxdelta=None, area=None, coolexp=0.99, repulserad=maxiter*maxdelta)\n\n"
   "Places the vertices on a 2D plane according to the Fruchterman-Reingold algorithm.\n\n"
   "This is a force directed layout, see Fruchterman, T. M. J. and Reingold, E. M.:\n"
   "Graph Drawing by Force-directed Placement.\n"
   "Software -- Practice and Experience, 21/11, 1129--1164, 1991\n\n"
   "@param maxiter: the number of iterations to perform.\n"
   "@param maxdelta: the maximum distance to move a vertex in\n"
   "  an iteration. C{None} means the number of vertices.\n"
   "@param area: the area of the square on which the vertices\n"
   "  will be placed. C{None} means the square of M{maxdelta}.\n"
   "@param coolexp: the cooling exponent of the simulated annealing.\n"
   "@param repulserad: determines the radius at which vertex-vertex\n"
   "  repulsion cancels out attraction of adjacent vertices.\n"
   "  C{None} means M{maxiter*maxdelta}.\n"
   "@return: the calculated coordinate pairs in a list."},

  // interface to igraph_layout_fruchterman_reingold_3d
  {"layout_fruchterman_reingold_3d",
   (PyCFunction) igraphmodule_Graph_layout_fruchterman_reingold_3d,
   METH_VARARGS | METH_KEYWORDS,
   "layout_fruchterman_reingold_3d(maxiter=500, maxdelta=None, area=None, coolexp=0.99, repulserad=maxiter*maxdelta)\n\n"
   "Places the vertices in the 3D space according to the Fruchterman-Reingold grid algorithm.\n\n"
   "This is a force directed layout, see Fruchterman, T. M. J. and Reingold, E. M.:\n"
   "Graph Drawing by Force-directed Placement.\n"
   "Software -- Practice and Experience, 21/11, 1129--1164, 1991\n\n"
   "@param maxiter: the number of iterations to perform.\n"
   "@param maxdelta: the maximum distance to move a vertex in\n"
   "  an iteration. C{None} means the number of vertices.\n"
   "@param area: the area of the square on which the vertices\n"
   "  will be placed. C{None} means the square of M{maxdelta}.\n"
   "@param coolexp: the cooling exponent of the simulated annealing.\n"
   "@param repulserad: determines the radius at which vertex-vertex\n"
   "  repulsion cancels out attraction of adjacent vertices.\n"
   "  C{None} means M{maxiter*maxdelta}.\n"
   "@return: the calculated coordinate triplets in a list."},

  // interface to igraph_layout_grid_fruchterman_reingold
  {"layout_grid_fruchterman_reingold",
   (PyCFunction) igraphmodule_Graph_layout_grid_fruchterman_reingold,
   METH_VARARGS | METH_KEYWORDS,
   "layout_grid_fruchterman_reingold(maxiter=500, maxdelta=None, area=None, coolexp=0.99, repulserad=maxiter*maxdelta, cellsize=1.0)\n\n"
   "Places the vertices on a 2D plane according to the Fruchterman-Reingold grid algorithm.\n\n"
   "This is a modified version of a force directed layout, see\n"
   "Fruchterman, T. M. J. and Reingold, E. M.:\n"
   "Graph Drawing by Force-directed Placement.\n"
   "Software -- Practice and Experience, 21/11, 1129--1164, 1991.\n"
   "The algorithm partitions the 2D space to a grid and vertex\n"
   "repulsion is then calculated only for vertices nearby.\n\n"
   "@param maxiter: the number of iterations to perform.\n"
   "@param maxdelta: the maximum distance to move a vertex in\n"
   "  an iteration. C{None} means the number of vertices.\n"
   "@param area: the area of the square on which the vertices\n"
   "  will be placed. C{None} means the square of M{maxdelta}.\n"
   "@param coolexp: the cooling exponent of the simulated annealing.\n"
   "@param repulserad: determines the radius at which vertex-vertex\n"
   "  repulsion cancels out attraction of adjacent vertices.\n"
   "  C{None} means M{maxiter*maxdelta}.\n"
   "@param cellsize: the size of the grid cells.\n"
   "@return: the calculated coordinate pairs in a list."},

  // interface to igraph_layout_lgl
  {"layout_lgl", (PyCFunction) igraphmodule_Graph_layout_lgl,
   METH_VARARGS | METH_KEYWORDS,
   "layout_lgl(maxiter=500, maxdelta=None, area=None, coolexp=0.99, repulserad=maxiter*maxdelta, cellsize=1.0, proot=None)\n\n"
   "Places the vertices on a 2D plane according to the Large Graph Layout.\n\n"
   "@param maxiter: the number of iterations to perform.\n"
   "@param maxdelta: the maximum distance to move a vertex in\n"
   "  an iteration. C{None} means the number of vertices.\n"
   "@param area: the area of the square on which the vertices\n"
   "  will be placed. C{None} means the square of M{maxdelta}.\n"
   "@param coolexp: the cooling exponent of the simulated annealing.\n"
   "@param repulserad: determines the radius at which vertex-vertex\n"
   "  repulsion cancels out attraction of adjacent vertices.\n"
   "  C{None} means M{maxiter*maxdelta}.\n"
   "@param cellsize: the size of the grid cells.\n"
   "@param proot: the root vertex, this is placed first, its neighbors\n"
   "  in the first iteration, second neighbors in the second,\n"
   "  etc. C{None} means a random vertex.\n"
   "@return: the calculated coordinate pairs in a list."},

  /* interface to igraph_layout_reingold_tilford */
  {"layout_reingold_tilford",
   (PyCFunction) igraphmodule_Graph_layout_reingold_tilford,
   METH_VARARGS | METH_KEYWORDS,
   "layout_reingold_tilford(root)\n"
   "Places the vertices on a 2D plane according to the Reingold-Tilford\n"
   "layout algorithm.\n\n"
   "@param root: the root of the tree.\n"
   "@return: the calculated coordinate pairs in a list.\n\n"
   "@see: layout_reingold_tilford_circular\n"
   "@ref: EM Reingold, JS Tilford: I{Tidier Drawings of Trees.}\n"
   "IEEE Transactions on Software Engineering 7:22, 223-228, 1981."},

  /* interface to igraph_layout_reingold_tilford_circular */
  {"layout_reingold_tilford_circular",
   (PyCFunction) igraphmodule_Graph_layout_reingold_tilford_circular,
   METH_VARARGS | METH_KEYWORDS,
   "layout_reingold_tilford_circular(root)\n"
   "Circular Reingold-Tilford layout for trees.\n\n"
   "This layout is similar to the Reingold-Tilford layout, but the vertices\n"
   "are placed in a circular way, with the root vertex in the center.\n\n"
   "@param root: the root of the tree.\n"
   "@return: the calculated coordinate pairs in a list.\n\n"
   "@see: layout_reingold_tilford\n"
   "@ref: EM Reingold, JS Tilford: I{Tidier Drawings of Trees.}\n"
   "IEEE Transactions on Software Engineering 7:22, 223-228, 1981."},

  // interface to igraph_layout_random
  {"layout_random", (PyCFunction) igraphmodule_Graph_layout_random,
   METH_VARARGS | METH_KEYWORDS,
   "layout_random()\n"
   "Places the vertices of the graph randomly in a 2D space.\n\n"
   "@return: the \"calculated\" coordinate pairs in a list."},

  // interface to igraph_layout_random_3d
  {"layout_random_3d", (PyCFunction) igraphmodule_Graph_layout_random_3d,
   METH_VARARGS | METH_KEYWORDS,
   "layout_random_3d()\n"
   "Places the vertices of the graph randomly in a 3D space.\n\n"
   "@return: the \"calculated\" coordinate triplets in a list."},

  ////////////////////////////
  // VISITOR-LIKE FUNCTIONS //
  ////////////////////////////
  {"bfs", (PyCFunction) igraphmodule_Graph_bfs,
   METH_VARARGS | METH_KEYWORDS,
   "bfs(vid, mode=OUT)\n\n"
   "Conducts a breadth first search (BFS) on the graph.\n\n"
   "@param vid: the root vertex ID\n"
   "@param mode: either C{IN} or C{OUT} or C{ALL}, ignored\n"
   "  for undirected graphs.\n"
   "@return: a tuple with the following items:\n"
   "   - The vertex IDs visited (in order)\n"
   "   - The start indices of the layers in the vertex list\n"
   "   - The parent of every vertex in the BFS\n"},
  {"bfsiter", (PyCFunction) igraphmodule_Graph_bfsiter,
   METH_VARARGS | METH_KEYWORDS,
   "bfsiter(vid, mode=OUT, advanced=False)\n\n"
   "Constructs a breadth first search (BFS) iterator of the graph.\n\n"
   "@param vid: the root vertex ID\n"
   "@param mode: either C{IN} or C{OUT} or C{ALL}.\n"
   "@param advanced: if C{False}, the iterator returns the next\n"
   "  vertex in BFS order in every step. If C{True}, the iterator\n"
   "  returns the distance of the vertex from the root and the\n"
   "  parent of the vertex in the BFS tree as well.\n"
   "@return: the BFS iterator as an L{igraph.BFSIter} object.\n"},

  /////////////////
  // CONVERSIONS //
  /////////////////

  // interface to igraph_get_adjacency
  {"get_adjacency", (PyCFunction) igraphmodule_Graph_get_adjacency,
   METH_VARARGS | METH_KEYWORDS,
   "get_adjacency(type=GET_ADJACENCY_BOTH)\n\n"
   "Returns the adjacency matrix of a graph.\n\n"
   "@param type: either C{GET_ADJACENCY_LOWER} (uses the\n"
   "  lower triangle of the matrix) or C{GET_ADJACENCY_UPPER}\n"
   "  (uses the upper triangle) or C{GET_ADJACENCY_BOTH}\n"
   "  (uses both parts). Ignored for directed graphs.\n"
   "@return: the adjacency matrix.\n"},

  // interface to igraph_get_edgelist
  {"get_edgelist", (PyCFunction) igraphmodule_Graph_get_edgelist,
   METH_NOARGS,
   "get_edgelist()\n\n" "Returns the edge list of a graph."},

  // interface to igraph_to_directed
  {"to_directed", (PyCFunction) igraphmodule_Graph_to_directed,
   METH_VARARGS | METH_KEYWORDS,
   "to_directed(mutual=True)\n\n"
   "Converts an undirected graph to directed.\n\n"
   "@param mutual: C{True} if mutual directed edges should be\n"
   "  created for every undirected edge. If C{False}, a directed\n"
   "  edge with arbitrary direction is created.\n"},

  // interface to igraph_to_undirected
  {"to_undirected", (PyCFunction) igraphmodule_Graph_to_undirected,
   METH_VARARGS | METH_KEYWORDS,
   "to_undirected(collapse=True)\n\n"
   "Converts a directed graph to undirected.\n\n"
   "@param collapse: C{True} if only a single edge should be\n"
   "  created from multiple directed edges going between the\n"
   "  same vertex pair. If C{False}, the edge count is kept constant.\n"},

  /* interface to igraph_laplacian */
  {"laplacian", (PyCFunction) igraphmodule_Graph_laplacian,
   METH_VARARGS | METH_KEYWORDS,
   "laplacian(normalized=False)\n\n"
   "Returns the Laplacian matrix of a graph.\n\n"
   "The Laplacian matrix is similar to the adjacency matrix, but the edges\n"
   "are denoted with -1 and the diagonal contains the node degrees.\n\n"
   "Normalized Laplacian matrices have 1 or 0 in their diagonals (0 for nodes\n"
   "with no edges), edges are denoted by 1 / sqrt(d_i * d_j) where d_i is the\n"
   "degree of node i.\n\n"
   "Multiple edges and self-loops are silently ignored. Although it is\n"
   "possible to calculate the Laplacian matrix of a directed graph, it does\n"
   "not make much sense.\n\n"
   "@param normalized: whether to return the normalized Laplacian matrix.\n"
   "@return: the Laplacian matrix.\n"},

  ///////////////////////////////
  // LOADING AND SAVING GRAPHS //
  ///////////////////////////////

  // interface to igraph_read_graph_dimacs
  {"Read_DIMACS", (PyCFunction) igraphmodule_Graph_Read_DIMACS,
   METH_VARARGS | METH_KEYWORDS | METH_CLASS,
   "Read_DIMACS(f, directed=False)\n\n"
   "Reads a graph from a file conforming to the DIMACS minimum-cost flow file format.\n\n"
   "For the exact description of the format, see\n"
   "U{http://lpsolve.sourceforge.net/5.5/DIMACS.htm}\n\n"
   "Restrictions compared to the official description of the format:\n\n"
   "  - igraph's DIMACS reader requires only three fields in an arc definition,\n"
   "    describing the edge's source and target node and its capacity.\n"
   "  - Source nodes are identified by 's' in the FLOW field, target nodes are\n"
   "    identified by 't'.\n"
   "  - Node indices start from 1. Only a single source and target node is allowed.\n\n"
   "@param f: the name of the file\n"
   "@param directed: whether the generated graph should be directed.\n"
   "@return: the generated graph, the source and the target of the flow and the edge\n"
   "  capacities in a tuple\n"},

  // interface to igraph_read_graph_edgelist
  {"Read_Edgelist", (PyCFunction) igraphmodule_Graph_Read_Edgelist,
   METH_VARARGS | METH_KEYWORDS | METH_CLASS,
   "Read_Edgelist(f, directed=True)\n\n"
   "Reads an edge list from a file and creates a graph based on it.\n\n"
   "Please note that the vertex indices are zero-based.\n\n"
   "@param f: the name of the file\n"
   "@param directed: whether the generated graph should be directed.\n"},
  /* interface to igraph_read_graph_graphml */
  {"Read_GraphML", (PyCFunction) igraphmodule_Graph_Read_GraphML,
   METH_VARARGS | METH_KEYWORDS | METH_CLASS,
   "Read_GraphML(f, directed=True, index=0)\n\n"
   "Reads a GraphML format file and creates a graph based on it.\n\n"
   "@param f: the name of the file\n"
   "@param index: if the GraphML file contains multiple graphs,\n"
   "  specifies the one that should be loaded. Graph indices\n"
   "  start from zero, so if you want to load the first graph,\n"
   "  specify 0 here.\n"},
  /* interface to igraph_read_graph_gml */
  {"Read_GML", (PyCFunction) igraphmodule_Graph_Read_GML,
   METH_VARARGS | METH_KEYWORDS | METH_CLASS,
   "Read_GML(f)\n\n"
   "Reads a GML file and creates a graph based on it.\n\n"
   "@param f: the name of the file\n"
  },
  /* interface to igraph_read_graph_ncol */
  {"Read_Ncol", (PyCFunction) igraphmodule_Graph_Read_Ncol,
   METH_VARARGS | METH_KEYWORDS | METH_CLASS,
   "Read_Ncol(f, names=True, weights=True)\n\n"
   "Reads an .ncol file used by LGL.\n\n"
   "It is also useful for creating graphs from \"named\" (and\n"
   "optionally weighted) edge lists.\n\n"
   "This format is used by the Large Graph Layout program. See the\n"
   "U{documentation of LGL <http://bioinformatics.icmb.utexas.edu/bgl/>}\n"
   "regarding the exact format description.\n\n"
   "LGL originally cannot deal with graphs containing multiple or loop\n"
   "edges, but this condition is not checked here, as igraph is happy\n"
   "with these.\n\n"
   "@param f: the name of the file\n"
   "@param names: If C{True}, the vertex names are added as a\n"
   "  vertex attribute called 'name'.\n"
   "@param weights: If True, the edge weights are added as an\n"
   "  edge attribute called 'weight'.\n"},
  // interface to igraph_read_graph_lgl
  {"Read_Lgl", (PyCFunction) igraphmodule_Graph_Read_Lgl,
   METH_VARARGS | METH_KEYWORDS | METH_CLASS,
   "Read_Lgl(f, names=True, weights=True)\n\n"
   "Reads an .lgl file used by LGL.\n\n"
   "It is also useful for creating graphs from \"named\" (and\n"
   "optionally weighted) edge lists.\n\n"
   "This format is used by the Large Graph Layout program. See the\n"
   "U{documentation of LGL <http://bioinformatics.icmb.utexas.edu/bgl/>}\n"
   "regarding the exact format description.\n\n"
   "LGL originally cannot deal with graphs containing multiple or loop\n"
   "edges, but this condition is not checked here, as igraph is happy\n"
   "with these.\n\n"
   "@param f: the name of the file\n"
   "@param names: If C{True}, the vertex names are added as a\n"
   "  vertex attribute called 'name'.\n"
   "@param weights: If True, the edge weights are added as an\n"
   "  edge attribute called 'weight'.\n"},
  // interface to igraph_read_graph_pajek
  {"Read_Pajek", (PyCFunction) igraphmodule_Graph_Read_Pajek,
   METH_VARARGS | METH_KEYWORDS | METH_CLASS,
   "Read_Pajek(f)\n\n"
   "Reads a Pajek format file and creates a graph based on it.\n\n"
   "@param f: the name of the file\n"},
  // interface to igraph_write_graph_dimacs
  {"write_dimacs", (PyCFunction) igraphmodule_Graph_write_dimacs,
   METH_VARARGS | METH_KEYWORDS,
   "write_dimacs(f, source, target, capacity=None)\n\n"
   "Writes the graph in DIMACS format to the given file.\n\n"
   "@param f: the name of the file to be written\n"
   "@param source: the source vertex ID\n"
   "@param target: the target vertex ID\n"
   "@param capacity: the capacities of the edges in a list. If it is not a\n"
   "  list, the corresponding edge attribute will be used to retrieve\n"
   "  capacities."},
  // interface to igraph_write_graph_edgelist
  {"write_edgelist", (PyCFunction) igraphmodule_Graph_write_edgelist,
   METH_VARARGS | METH_KEYWORDS,
   "write_edgelist(f)\n\n"
   "Writes the edge list of a graph to a file.\n\n"
   "Directed edges are written in (from, to) order.\n\n"
   "@param f: the name of the file to be written\n"},
  /* interface to igraph_write_graph_gml */
  {"write_gml", (PyCFunction) igraphmodule_Graph_write_gml,
   METH_VARARGS | METH_KEYWORDS,
   "write_gml(f, creator=None, ids=None)\n\n"
   "Writes the graph in GML format to the given file.\n\n"
   "@param f: the name of the file to be written\n"
   "@param creator: optional creator information to be written to the file.\n"
   "  If C{None}, the current date and time is added.\n"
   "@param ids: optional numeric vertex IDs to use in the file. This must\n"
   "  be a list of integers or C{None}. If C{None}, the C{id} attribute of\n"
   "  the vertices are used, or if they don't exist, numeric vertex IDs\n"
   "  will be generated automatically."},
  // interface to igraph_write_graph_ncol
  {"write_ncol", (PyCFunction) igraphmodule_Graph_write_ncol,
   METH_VARARGS | METH_KEYWORDS,
   "write_ncol(f, names=\"name\", weights=\"weights\")\n\n"
   "Writes the edge list of a graph to a file in .ncol format.\n\n"
   "Note that multiple edges and/or loops break the LGL software,\n"
   "but igraph does not check for this condition. Unless you know\n"
   "that the graph does not have multiple edges and/or loops, it\n"
   "is wise to call L{simplify()} before saving.\n\n"
   "@param f: the name of the file to be written\n"
   "@param names: the name of the vertex attribute containing the name\n"
   "  of the vertices. If you don't want to store vertex names,\n"
   "  supply C{None} here.\n"
   "@param weights: the name of the edge attribute containing the weight\n"
   "  of the vertices. If you don't want to store weights,\n"
   "  supply C{None} here.\n"},
  // interface to igraph_write_graph_lgl
  {"write_lgl", (PyCFunction) igraphmodule_Graph_write_lgl,
   METH_VARARGS | METH_KEYWORDS,
   "write_lgl(f, names=\"name\", weights=\"weights\", isolates=True)\n\n"
   "Writes the edge list of a graph to a file in .lgl format.\n\n"
   "Note that multiple edges and/or loops break the LGL software,\n"
   "but igraph does not check for this condition. Unless you know\n"
   "that the graph does not have multiple edges and/or loops, it\n"
   "is wise to call L{simplify()} before saving.\n\n"
   "@param f: the name of the file to be written\n"
   "@param names: the name of the vertex attribute containing the name\n"
   "  of the vertices. If you don't want to store vertex names,\n"
   "  supply C{None} here.\n"
   "@param weights: the name of the edge attribute containing the weight\n"
   "  of the vertices. If you don't want to store weights,\n"
   "  supply C{None} here.\n"
   "@param isolates: whether to include isolated vertices in the output.\n"},
  // interface to igraph_write_graph_edgelist
  {"write_graphml", (PyCFunction) igraphmodule_Graph_write_graphml,
   METH_VARARGS | METH_KEYWORDS,
   "write_graphml(f)\n\n"
   "Writes the graph to a GraphML file.\n\n"
   "@param f: the name of the file to be written\n"},

  /////////////////
  // ISOMORPHISM //
  /////////////////
  {"isoclass", (PyCFunction) igraphmodule_Graph_isoclass,
   METH_VARARGS | METH_KEYWORDS,
   "isoclass(vertices)\n\n"
   "Returns the isomorphy class of the graph or its subgraph.\n\n"
   "Isomorphy class calculations are implemented only for graphs with\n"
   "3 or 4 nodes.\n\n"
   "@param vertices: a list of vertices if we want to calculate the\n"
   "  isomorphy class for only a subset of vertices. C{None} means to\n"
   "  use the full graph.\n"
   "@return: the isomorphy class of the (sub)graph\n\n"},
  {"isomorphic", (PyCFunction) igraphmodule_Graph_isomorphic,
   METH_VARARGS | METH_KEYWORDS,
   "isomorphic(other)\n\n"
   "Checks whether the graph is isomorphic with another graph.\n\n"
   "@param other: the other graph with which we want to compare the graph.\n"
   "@return: C{True} if the graphs are isomorphic, C{False} if not.\n"},

  ////////////////////////
  // ATTRIBUTE HANDLING //
  ////////////////////////
  {"attributes", (PyCFunction) igraphmodule_Graph_attributes,
   METH_NOARGS,
   "attributes()\n\n" "@return: the attribute name list of the graph\n"},
  {"vertex_attributes", (PyCFunction) igraphmodule_Graph_vertex_attributes,
   METH_NOARGS,
   "vertex_attributes()\n\n"
   "@return: the attribute name list of the graph's vertices\n"},
  {"edge_attributes", (PyCFunction) igraphmodule_Graph_edge_attributes,
   METH_NOARGS,
   "edge_attributes()\n\n"
   "@return: the attribute name list of the graph's edges\n"},

  ///////////////
  // OPERATORS //
  ///////////////
  {"complementer", (PyCFunction) igraphmodule_Graph_complementer,
   METH_VARARGS,
   "complementer(loops=False)\n\n"
   "Returns the complementer of the graph\n\n"
   "@param loops: whether to include loop edges in the complementer.\n"
   "@return: the complementer of the graph\n"},
  {"compose", (PyCFunction) igraphmodule_Graph_compose,
   METH_O, "compose(other)\n\nReturns the composition of two graphs."},
  {"difference", (PyCFunction) igraphmodule_Graph_difference,
   METH_O,
   "difference(other)\n\nSubtracts the given graph from the original"},
  {"disjoint_union", (PyCFunction) igraphmodule_Graph_disjoint_union,
   METH_O,
   "disjoint_union(graphs)\n\n"
   "Creates the disjoint union of two (or more) graphs.\n\n"
   "@param graphs: the list of graphs to be united with the current one.\n"},
  {"intersection", (PyCFunction) igraphmodule_Graph_intersection,
   METH_O,
   "intersection(graphs)\n\n"
   "Creates the intersection of two (or more) graphs.\n\n"
   "@param graphs: the list of graphs to be intersected with\n"
   "  the current one.\n"},
  {"union", (PyCFunction) igraphmodule_Graph_union,
   METH_O,
   "union(graphs)\n\n"
   "Creates the union of two (or more) graphs.\n\n"
   "@param graphs: the list of graphs to be intersected with\n"
   "  the current one.\n"},

  /**************************/
  /* FLOW RELATED FUNCTIONS */
  /**************************/
  {"maxflow_value", (PyCFunction) igraphmodule_Graph_maxflow_value,
   METH_VARARGS | METH_KEYWORDS,
   "maxflow_value(source, target, capacity=None)\n\n"
   "Returns the maximum flow between the source and target vertices.\n\n"
   "@param source: the source vertex ID\n"
   "@param target: the target vertex ID\n"
   "@param capacity: the capacity of the edges. It must be a list or a valid\n"
   "  attribute name or C{None}. In the latter case, every edge will have the\n"
   "  same capacity.\n"
   "@return: the value of the maximum flow between the given vertices\n"},

  {"mincut_value", (PyCFunction) igraphmodule_Graph_mincut_value,
   METH_VARARGS | METH_KEYWORDS,
   "mincut_value(source=-1, target=-1, capacity=None)\n\n"
   "Returns the minimum cut between the source and target vertices.\n\n"
   "@param source: the source vertex ID. If negative, the calculation is\n"
   "  done for every vertex except the target and the minimum is returned.\n"
   "@param target: the target vertex ID. If negative, the calculation is\n"
   "  done for every vertex except the source and the minimum is returned.\n"
   "@param capacity: the capacity of the edges. It must be a list or a valid\n"
   "  attribute name or C{None}. In the latter case, every edge will have the\n"
   "  same capacity.\n"
   "@return: the value of the minimum cut between the given vertices\n"},

  /********************************/
  /* CLIQUES AND INDEPENDENT SETS */
  /********************************/
  {"cliques", (PyCFunction) igraphmodule_Graph_cliques,
   METH_VARARGS | METH_KEYWORDS,
   "cliques(min=0, max=0)\n\n"
   "Returns some or all cliques of the graph as a list of tuples.\n\n"
   "A clique is a complete subgraph -- a set of vertices where an edge\n"
   "is present between any two of them (excluding loops)\n\n"
   "@param min: the minimum size of cliques to be returned. If zero or\n"
   "  negative, no lower bound will be used.\n"
   "@param max: the maximum size of cliques to be returned. If zero or\n"
   "  negative, no upper bound will be used."},
  {"largest_cliques", (PyCFunction) igraphmodule_Graph_largest_cliques,
   METH_NOARGS,
   "largest_cliques()\n\n"
   "Returns the largest cliques of the graph as a list of tuples.\n\n"
   "Quite intuitively a clique is considered largest if there is no clique\n"
   "with more vertices in the whole graph. All largest cliques are maximal\n"
   "(i.e. nonextendable) but not all maximal cliques are largest.\n\n"
   "@see: L{clique_number()} for the size of the largest cliques or\n"
   "  L{maximal_cliques()} for the maximal cliques"},
  {"maximal_cliques", (PyCFunction) igraphmodule_Graph_maximal_cliques,
   METH_NOARGS,
   "maximal_cliques()\n\n"
   "Returns the maximal cliques of the graph as a list of tuples.\n\n"
   "A maximal clique is a clique which can't be extended by adding any other\n"
   "vertex to it. A maximal clique is not necessarily one of the largest\n"
   "cliques in the graph.\n\n"
   "@see: L{largest_cliques()} for the largest cliques."},
  {"clique_number", (PyCFunction) igraphmodule_Graph_clique_number,
   METH_NOARGS,
   "clique_number()\n\n"
   "Returns the clique number of the graph.\n\n"
   "The clique number of the graph is the size of the largest clique.\n\n"
   "@see: L{largest_cliques()} for the largest cliques."},
  {"independent_vertex_sets",
   (PyCFunction) igraphmodule_Graph_independent_vertex_sets,
   METH_VARARGS | METH_KEYWORDS,
   "independent_vertex_sets(min=0, max=0)\n\n"
   "Returns some or all independent vertex sets of the graph as a list of tuples.\n\n"
   "Two vertices are independent if there is no edge between them. Members\n"
   "of an independent vertex set are mutually independent.\n\n"
   "@param min: the minimum size of sets to be returned. If zero or\n"
   "  negative, no lower bound will be used.\n"
   "@param max: the maximum size of sets to be returned. If zero or\n"
   "  negative, no upper bound will be used."},
  {"largest_independent_vertex_sets",
   (PyCFunction) igraphmodule_Graph_largest_independent_vertex_sets,
   METH_NOARGS,
   "largest_independent_vertex_sets()\n\n"
   "Returns the largest independent vertex sets of the graph as a list of tuples.\n\n"
   "Quite intuitively an independent vertex set is considered largest if\n"
   "there is no other set with more vertices in the whole graph. All largest\n"
   "sets are maximal (i.e. nonextendable) but not all maximal sets\n"
   "are largest.\n\n"
   "@see: L{independence_number()} for the size of the largest independent\n"
   "  vertex sets or L{maximal_independent_vertex_sets()} for the maximal\n"
   "  (nonextendable) independent vertex sets"},
  {"maximal_independent_vertex_sets",
   (PyCFunction) igraphmodule_Graph_maximal_independent_vertex_sets,
   METH_NOARGS,
   "maximal_independent_vertex_sets()\n\n"
   "Returns the maximal independent vertex sets of the graph as a list of tuples.\n\n"
   "A maximal independent vertex set is an independent vertex set\n"
   "which can't be extended by adding any other vertex to it. A maximal\n"
   "independent vertex set is not necessarily one of the largest\n"
   "independent vertex sets in the graph.\n\n"
   "@see: L{largest_independent_vertex_sets()} for the largest independent\n"
   "  vertex sets\n\n"
   "@newfield ref: Reference\n"
   "@ref: S. Tsukiyama, M. Ide, H. Ariyoshi and I. Shirawaka: I{A new\n"
   "  algorithm for generating all the maximal independent sets}.\n"
   "  SIAM J Computing, 6:505--517, 1977."},
  {"independence_number",
   (PyCFunction) igraphmodule_Graph_independence_number,
   METH_NOARGS,
   "independence_number()\n\n"
   "Returns the independence number of the graph.\n\n"
   "The independence number of the graph is the size of the largest\n"
   "independent vertex set.\n\n"
   "@see: L{largest_independent_vertex_sets()} for the largest independent\n"
   "  vertex sets"},

  /*********************************/
  /* COMMUNITIES AND DECOMPOSITION */
  /*********************************/
  {"modularity", (PyCFunction) igraphmodule_Graph_modularity,
   METH_O,
   "modularity(membership)\n\n"
   "Calculates the modularity of the graph with respect to some vertex types.\n\n"
   "The modularity of a graph w.r.t. some division measures how good the\n"
   "division is, or how separated are the different vertex types from each\n"
   "other. It is defined as M{Q=1/(2m) * sum(Aij-ki*kj/(2m)delta(ci,cj),i,j)}.\n"
   "M{m} is the number of edges, M{Aij} is the element of the M{A} adjacency\n"
   "matrix in row M{i} and column M{j}, M{ki} is the degree of node M{i},\n"
   "M{kj} is the degree of node M{j}, and M{Ci} and C{cj} are the types of\n"
   "the two vertices (M{i} and M{j}). M{delta(x,y)} is one iff M{x=y}, 0\n"
   "otherwise.\n\n"
   "@attention: method overridden in L{Graph} to allow L{VertexClustering}\n"
   "  objects as a parameter. This method is not strictly necessary, since\n"
   "  the L{VertexClustering} class provides a variable called C{modularity}.\n"
   "@param membership: the membership vector, e.g. the vertex type index for\n"
   "  each vertex.\n"
   "@return: the modularity score. Score larger than 0.3 usually indicates\n"
   "  strong community structure.\n"
   "@newfield ref: Reference\n"
   "@ref: MEJ Newman and M Girvan: Finding and evaluating community structure\n"
   "  in networks. Phys Rev E 69 026113, 2004.\n"
  },
  {"coreness", (PyCFunction) igraphmodule_Graph_coreness,
   METH_VARARGS | METH_KEYWORDS,
   "coreness(mode=ALL)\n\n"
   "Finds the coreness (shell index) of the vertices of the network.\n\n"
   "The M{k}-core of a graph is a maximal subgraph in which each vertex\n"
   "has at least degree k. (Degree here means the degree in the\n"
   "subgraph of course). The coreness of a vertex is M{k} if it\n"
   "is a member of the M{k}-core but not a member of the M{k+1}-core.\n\n"
   "@param mode: whether to compute the in-corenesses (L{IN}), the\n"
   "  out-corenesses (L{OUT}) or the undirected corenesses (L{ALL}).\n"
   "  Ignored and assumed to be L{ALL} for undirected graphs.\n"
   "@return: the corenesses for each vertex.\n\n"
   "@newfield ref: Reference\n"
   "@ref: Vladimir Batagelj, Matjaz Zaversnik: I{An M{O(m)} Algorithm\n"
   "  for Core Decomposition of Networks.}"},
  {"community_fastgreedy",
   (PyCFunction) igraphmodule_Graph_community_fastgreedy,
   METH_VARARGS | METH_KEYWORDS,
   "community_fastgreedy(return_qs=True)\n\n"
   "Finds the community structure of the graph according to the algorithm of\n"
   "Clauset et al based on the greedy optimization of modularity.\n\n"
   "This is a bottom-up algorithm: initially every vertex belongs to a separate\n"
   "community, and communities are merged one by one. In every step, the two\n"
   "communities being merged are the ones which result in the maximal increase\n"
   "in modularity.\n\n"
   "@attention: this function is wrapped in a more convenient syntax in the\n"
   "  derived class L{Graph}. It is advised to use that instead of this version.\n\n"
   "@param return_qs: if C{True}, returns the modularity achieved before each\n"
   "  merge during the algorithm, so the first element of the list returned\n"
   "  will be the initial modularity (when every vertex belongs to a separate\n"
   "  community), the second one is the modularity after the first join and so on.\n"
   "@return: a tuple with the following elements:\n"
   "  1. The list of merges\n"
   "  2. The modularity scores before each merge if C{return_qs} is C{True}, or\n"
   "     C{None} otherwise\n"
   "\n"
   "@newfield ref: Reference\n"
   "@ref: A. Clauset, M. E. J. Newman and C. Moore: I{Finding community\n"
   "  structure in very large networks.} Phys Rev E 70, 066111 (2004).\n"
   "@see: modularity()\n"
  },
  {"community_leading_eigenvector_naive", (PyCFunction) igraphmodule_Graph_community_leading_eigenvector_naive,
   METH_VARARGS | METH_KEYWORDS,
   "community_leading_eigenvector_naive(n=-1, return_merges=False)\n\n"
   "A naive implementation of Newman's eigenvector community structure\n"
   "detection. This function splits the network into two components\n"
   "according to the leading eigenvector of the modularity matrix and\n"
   "then recursively takes the given number of steps by splitting the\n"
   "communities as individual networks. This is not the correct way,\n"
   "however, see the reference for explanation. Consider using the\n"
   "correct L{community_leading_eigenvector} method instead.\n\n"
   "@attention: this function is wrapped in a more convenient syntax in the\n"
   "  derived class L{Graph}. It is advised to use that instead of this version.\n\n"
   "@param n: the desired number of communities. If negative, the algorithm\n"
   "  tries to do as many splits as possible. Note that the algorithm\n"
   "  won't split a community further if the signs of the leading eigenvector\n"
   "  are all the same.\n"
   "@param return_merges: if C{True}, returns the order in which the individual\n"
   "  vertices are merged into communities.\n"
   "@return: a tuple where the first element is the membership vector of the\n"
   "  clustering and the second element is the merge matrix.\n"
   "@newfield ref: Reference\n"
   "@ref: MEJ Newman: Finding community structure in networks using the\n"
   "  eigenvectors of matrices, arXiv:physics/0605087\n"
  },
  {"community_leading_eigenvector", (PyCFunction) igraphmodule_Graph_community_leading_eigenvector,
   METH_VARARGS | METH_KEYWORDS,
   "community_leading_eigenvector(n=-1, return_merges=False)\n\n"
   "A proper implementation of Newman's eigenvector community structure\n"
   "detection. Each split is done by maximizing the modularity regarding\n"
   "the original network. See the reference for details.\n\n"
   "@attention: this function is wrapped in a more convenient syntax in the\n"
   "  derived class L{Graph}. It is advised to use that instead of this version.\n\n"
   "@param n: the desired number of communities. If negative, the algorithm\n"
   "  tries to do as many splits as possible. Note that the algorithm\n"
   "  won't split a community further if the signs of the leading eigenvector\n"
   "  are all the same.\n"
   "@param return_merges: if C{True}, returns the order in which the individual\n"
   "  vertices are merged into communities.\n"
   "@return: a tuple where the first element is the membership vector of the\n"
   "  clustering and the second element is the merge matrix.\n\n"
   "@newfield ref: Reference\n"
	"@ref: MEJ Newman: Finding community structure in networks using the\n"
	"  eigenvectors of matrices, arXiv:physics/0605087\n"
  },
  {"community_edge_betweenness",
  (PyCFunction)igraphmodule_Graph_community_edge_betweenness,
  METH_VARARGS | METH_KEYWORDS,
  "community_edge_betweenness(directed=True, return_removed_edges=False,\n"
  "return_merges=True, return_ebs=False, return_bridges=False)\n\n"
  "Community structure detection based on the betweenness of the edges in\n"
  "the network. This algorithm was invented by M Girvan and MEJ Newman,\n"
  "see: M Girvan and MEJ Newman: Community structure in social and biological\n"
  "networks, Proc. Nat. Acad. Sci. USA 99, 7821-7826 (2002).\n\n"
  "The idea is that the betweenness of the edges connecting two communities\n"
  "is typically high. So we gradually remove the edge with the highest\n"
  "betweenness from the network and recalculate edge betweenness after every\n"
  "removal, as long as all edges are removed.\n\n"
   "@attention: this function is wrapped in a more convenient syntax in the\n"
   "  derived class L{Graph}. It is advised to use that instead of this version.\n\n"
  "@param directed: whether to take into account the directedness of the edges\n"
  "  when we calculate the betweenness values.\n"
  "@param return_removed_edges: whether to return the IDs of the edges in the\n"
  "  order of removal.\n"
  "@param return_merges: if C{True}, returns the order in which the individual\n"
  "  vertices are merged into communities.\n"
  "@param return_ebs: if C{True}, returns the edge betweenness of the removed\n"
  "  edges at the time of the removal.\n"
  "@param return_bridges: if C{True}, returns the IDs of the edges whose\n"
  "  removal increased the number of connected components (these are the\n"
  "  so-called bridges).\n"
  "@return: a tuple with the removed edges IDs, the merge matrix, the edge\n"
  "  betweennesses of the removed edges and the IDs of the bridges. Any\n"
  "  of these elements can be equal to C{None} based on the C{return_*}\n"
  "  arguments."
  },
  /**********************/
  /* INTERNAL FUNCTIONS */
  /**********************/
  {"__graph_as_cobject",
   (PyCFunction) igraphmodule_Graph___graph_as_cobject__,
   METH_VARARGS | METH_KEYWORDS,
   "__graph_as_cobject()\n\n"
   "Returns the igraph graph encapsulated by the Python object as\n"
   "a PyCObject\n\n."
   "A PyObject is barely a regular C pointer. This function\n"
   "should not be used directly by igraph users, it is useful only\n"
   "in the case when the underlying igraph object must be passed to\n"
   "another C code through Python.\n\n"},
  {"__register_destructor",
   (PyCFunction) igraphmodule_Graph___register_destructor__,
   METH_VARARGS | METH_KEYWORDS,
   "__register_destructor(destructor)\n\n"
   "Registers a destructor to be called when the object is freed by\n"
   "Python. This function should not be used directly by igraph users."},
  {NULL}
};

/** \ingroup python_interface_graph
 * This structure is the collection of functions necessary to implement
 * the graph as a mapping (i.e. to allow the retrieval and setting of
 * igraph attributes in Python as if it were of a Python mapping type)
 */
PyMappingMethods igraphmodule_Graph_as_mapping = {
  // returns the number of graph attributes
  (inquiry) igraphmodule_Graph_attribute_count,
  // returns an attribute by name
  (binaryfunc) igraphmodule_Graph_get_attribute,
  // sets an attribute by name
  (objobjargproc) igraphmodule_Graph_set_attribute
};

/** \ingroup python_interface
 * \brief Collection of methods to allow numeric operators to be used on the graph
 */
PyNumberMethods igraphmodule_Graph_as_number = {
  0,                            /* nb_add */
  0,                            /*nb_subtract */
  0,                            /*nb_multiply */
  0,                            /*nb_divide */
  0,                            /*nb_remainder */
  0,                            /*nb_divmod */
  0,                            /*nb_power */
  0,                            /*nb_negative */
  0,                            /*nb_positive */
  0,                            /*nb_absolute */
  0,                            /*nb_nonzero */
  (unaryfunc) igraphmodule_Graph_complementer_op, /*nb_invert */
  0,                            /*nb_lshift */
  0,                            /*nb_rshift */
  (binaryfunc) igraphmodule_Graph_intersection, /*nb_and */
  0,                            /*nb_xor */
  (binaryfunc) igraphmodule_Graph_union,  /*nb_or */
  0,                            /*nb_coerce */
  0,                            /*nb_int */
  0,                            /*nb_long */
  0,                            /*nb_float */
  0,                            /*nb_oct */
  0,                            /*nb_hex */
  0,                            /*nb_inplace_add */
  0,                            /*nb_inplace_subtract */
  0,                            /*nb_inplace_multiply */
  0,                            /*nb_inplace_divide */
  0,                            /*nb_inplace_remainder */
  0,                            /*nb_inplace_power */
  0,                            /*nb_inplace_lshift */
  0,                            /*nb_inplace_rshift */
  0,                            /*nb_inplace_and */
  0,                            /*nb_inplace_xor */
  0,                            /*nb_inplace_or */
};

/** \ingroup python_interface_graph
 * Python type object referencing the methods Python calls when it performs various operations on an igraph (creating, printing and so on)
 */
PyTypeObject igraphmodule_GraphType = {
  PyObject_HEAD_INIT(NULL)
    0,                          /* ob_size */
  "igraph.Graph",               /* tp_name */
  sizeof(igraphmodule_GraphObject), /* tp_basicsize */
  0,                            /* tp_itemsize */
  (destructor) igraphmodule_Graph_dealloc,  /* tp_dealloc */
  0,                            /* tp_print */
  0,                            /* tp_getattr */
  0,                            /* tp_setattr */
  0,                            /* tp_compare */
  0,                            /* tp_repr */
  &igraphmodule_Graph_as_number,  /* tp_as_number */
  0,                            /* tp_as_sequence */
  &igraphmodule_Graph_as_mapping, /* tp_as_mapping */
  0,                            /* tp_hash */
  0,                            /* tp_call */
  (reprfunc) igraphmodule_Graph_str,  /* tp_str */
  0,                            /* tp_getattro */
  0,                            /* tp_setattro */
  0,                            /* tp_as_buffer */
  Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,  /* tp_flags */
  "Low-level representation of a graph.\n\n" "Don't use it directly, use L{igraph.Graph} instead.\n\n" "@deffield ref: Reference",  /* tp_doc */
  (traverseproc) igraphmodule_Graph_traverse, /* tp_traverse */
  (inquiry) igraphmodule_Graph_clear, /* tp_clear */
  0,                            /* tp_richcompare */
  offsetof(igraphmodule_GraphObject, weakreflist),  /* tp_weaklistoffset */
  0,                            /* tp_iter */
  0,                            /* tp_iternext */
  igraphmodule_Graph_methods,   /* tp_methods */
  0,                            /* tp_members */
  igraphmodule_Graph_getseters, /* tp_getset */
  0,                            /* tp_base */
  0,                            /* tp_dict */
  0,                            /* tp_descr_get */
  0,                            /* tp_descr_set */
  0,                            /* tp_dictoffset */
  (initproc) igraphmodule_Graph_init, /* tp_init */
  0,                            /* tp_alloc */
  igraphmodule_Graph_new,       /* tp_new */
  0,                            /* tp_free */
};







igraph-0.4.2/src/common.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "common.h"
#include "structmember.h"

/**
 * \ingroup python_interface
 * \brief Handler function for all unimplemented \c igraph.Graph methods
 * 
 * This function is called whenever an unimplemented \c igraph.Graph method
 * is called ("unimplemented" meaning that there is a method name in the
 * method table of \c igraph.Graph , but there isn't any working implementation
 * either because the underlying \c igraph API might be subject to change
 * or because the calling format from Python is not decided yet (or maybe
 * because of laziness or lack of time ;))
 * 
 * All of the parameters are ignored, they are here just to make the
 * function satisfy the requirements of \c PyCFunction, thus allowing it
 * to be included in a method table.
 * 
 * \return NULL
 */
PyObject* igraphmodule_unimplemented(PyObject* self, PyObject* args, PyObject* kwds)
{
   PyErr_SetString(PyExc_NotImplementedError, "This method is unimplemented.");
   return NULL;
}

/**
 * \ingroup python_interface
 * \brief Resolves a weak reference to an \c igraph.Graph
 * \return the \c igraph.Graph object or NULL if the weak reference is dead.
 * Sets an exception in the latter case.
 */
PyObject* igraphmodule_resolve_graph_weakref(PyObject* ref) {
  PyObject *o;
  
  if (!PyWeakref_Check(ref)) {
    PyErr_SetString(PyExc_TypeError, "weak reference expected");
    return NULL;
  }
  o=PyWeakref_GetObject(ref);
  if (o == Py_None) {
    PyErr_SetString(PyExc_TypeError, "underlying graph has already been destroyed");
    return NULL;
  }
  return o;
}







igraph-0.4.2/src/convert.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/************************ Miscellaneous functions *************************/

/** \defgroup python_interface_conversion Converting between Python and igraph data types
 * \ingroup python_interface */

#ifndef PYTHON_CONVERT_H
#define PYTHON_CONVERT_H

#include <Python.h>
#include "types.h"
#include "graphobject.h"

typedef enum { IGRAPHMODULE_TYPE_INT=0, IGRAPHMODULE_TYPE_FLOAT }
igraphmodule_conv_t;

int igraphmodule_PyList_to_vector_t(PyObject *list, igraph_vector_t *v, igraph_bool_t need_non_negative, igraph_bool_t pairs);
PyObject* igraphmodule_vector_t_to_PyList(igraph_vector_t *v, igraphmodule_conv_t type);
PyObject* igraphmodule_vector_t_to_PyTuple(igraph_vector_t *v);
PyObject* igraphmodule_vector_t_pair_to_PyList(igraph_vector_t *v1,
					       igraph_vector_t *v2);
PyObject* igraphmodule_vector_t_to_PyList_pairs(igraph_vector_t *v);
PyObject* igraphmodule_matrix_t_to_PyList(igraph_matrix_t *m,
						 igraphmodule_conv_t type);
int igraphmodule_PyList_to_matrix_t(PyObject *o, igraph_matrix_t *m);
PyObject* igraphmodule_strvector_t_to_PyList(igraph_strvector_t *v);
int igraphmodule_PyList_to_strvector_t(PyObject* v, igraph_strvector_t *result);
int igraphmodule_append_PyIter_to_vector_ptr_t(PyObject *it, igraph_vector_ptr_t *v);
int igraphmodule_PyObject_to_vs_t(PyObject *o, igraph_vs_t *vs,
				  igraph_bool_t *return_single);
int igraphmodule_PyObject_to_attribute_values(PyObject *o,
					      igraph_vector_t *v,
					      igraphmodule_GraphObject* g,
					      int type,
					      igraph_real_t def);
#endif







igraph-0.4.2/src/bfsiter.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef PYTHON_BFSITER_H
#define PYTHON_BFSITER_H

#include <Python.h>
#include "graphobject.h"

/**
 * \ingroup python_interface_bfsiter
 * \brief A structure representing a BFS iterator of a graph
 */
typedef struct
{
  PyObject_HEAD
  PyObject *gref;
  igraph_dqueue_t queue;
  igraph_vector_t neis;
  igraph_t *graph;
  char *visited;
  igraph_neimode_t mode;
  igraph_bool_t advanced;
} igraphmodule_BFSIterObject;

PyObject* igraphmodule_BFSIter_new(igraphmodule_GraphObject *g, PyObject *o, igraph_neimode_t mode, igraph_bool_t advanced);
int igraphmodule_BFSIter_traverse(igraphmodule_BFSIterObject *self,
				  visitproc visit, void *arg);
int igraphmodule_BFSIter_clear(igraphmodule_BFSIterObject *self);
void igraphmodule_BFSIter_dealloc(igraphmodule_BFSIterObject* self);

extern PyTypeObject igraphmodule_BFSIterType;

#endif







igraph-0.4.2/src/convert.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/************************ Miscellaneous functions *************************/

#include "graphobject.h"
#include "convert.h"
#include "error.h"
#include "memory.h"

/**
 * \ingroup python_interface_conversion
 * \brief Converts a Python integer list to an igraph \c igraph_vector_t
 * The incoming \c igraph_vector_t should be uninitialized. Raises suitable
 * Python exceptions when needed.
 * 
 * \param list the Python list to be converted
 * \param v the \c igraph_vector_t containing the result
 * \param need_non_negative if true, checks whether all elements are non-negative
 * \param pairs if true, assumes that every list element is a pair of integers
 * \return 0 if everything was OK, 1 otherwise
 */
int igraphmodule_PyList_to_vector_t(PyObject *list, igraph_vector_t *v, igraph_bool_t need_non_negative, igraph_bool_t pairs)
{
   PyObject *item, *i1, *i2;
   int i, j, k, ok;
   long idx=0, idx2=0;

   if (!PyList_Check(list)) 
     {
	ok=1;
	
	if (pairs)
	  {
	     // a pair was given instead of a list
	     // Let's assume that the user meant a list consisting of this single pair
	     if (PyTuple_Check(list) && PyTuple_Size(list)==2)
	       {
		  i1=i2=NULL;
		  i1=PyTuple_GetItem(list, 0);
		  if (i1) i2=PyTuple_GetItem(list, 1);
		  if (i1 && i2) 
		    {
		       if (PyInt_Check(i1) && PyInt_Check(i2)) 
			 {
			    idx=PyInt_AsLong(i1); idx2=PyInt_AsLong(i2);
			    // domain checking
			    if (need_non_negative && (idx<0 || idx2<0)) ok=0;
			 }
		       else ok=0;
		    }
		  else
		    {
		       // should not ever get here
		       // Exception was set by PyTuple_GetItem, so return immediately
		       return 1;
		    }
		  
	       }
	     else 
	       {
		  PyErr_SetString(PyExc_TypeError, "List of pairs or a single pair of integer expected");
		  return 1;
	       }
	     
	     if (ok) 
	       {
		  igraph_vector_init(v, 2);
		  VECTOR(*v)[0]=(igraph_real_t)idx;
		  VECTOR(*v)[1]=(igraph_real_t)idx2;
	       }
	     else
	       {
		  if (need_non_negative)
		    PyErr_SetString(PyExc_TypeError, "List elements must be non-negative integers");
		  else
		    PyErr_SetString(PyExc_TypeError, "List elements must be integers");
		  return 1;
	       }
	  }
	else if (PyInt_Check(list)) 
	  {
	     // a single integer was given instead of a list
	     // Let's assume that the user meant a list consisting of this single item
	     igraph_vector_init(v, 1);
	     VECTOR(*v)[0]=(igraph_real_t)PyInt_AsLong(list);
	  }
	else 
	  {
	     PyErr_SetString(PyExc_TypeError, "List or single integer expected");
	     return 1;
	  }
     }
   else 
     {
	// we received a list, so loop through all elements and add them
	// to a vector.
	// Non-integer or negative elements raise an exception
	j=PyList_Size(list);
	if (pairs)
	  igraph_vector_init(v, 2*j);
	else
	  igraph_vector_init(v, j);
	for (i=0, k=0; i<j; i++)
	  {
	     item=PyList_GetItem(list, i);
	     if (item) 
	       {
		  ok=1;
		  
		  if (pairs) 
		    {
		       // item is a borrowed reference, so no need to hassle with reference counting
		       if (PyTuple_Check(item) && PyTuple_Size(item)==2)
			 {
			    i1=NULL; i2=NULL;
			    i1=PyTuple_GetItem(item, 0);
			    if (i1) i2=PyTuple_GetItem(item, 1);
			    if (i1 && i2) 
			      {
				 if (PyInt_Check(i1) && PyInt_Check(i2)) 
				   {
				      // domain checking
				      idx=PyInt_AsLong(i1);
				      idx2=PyInt_AsLong(i2);
				      if (need_non_negative && (idx<0 || idx2<0)) ok=0;
				   }
				 else ok=0;
			      }
			    else 
			      {
				 // this should not happen, but we return anyway.
				 // an IndexError exception was set by PyTuple_GetItem
				 // at this point
				 igraph_vector_destroy(v);
				 return 1;
			      }
			    
			 } else ok=0;
		    }
		  else 
		    {
		       // item is a borrowed reference, so no need to hassle with reference counting
		       if (PyInt_Check(item)) 
			 {
			    // domain checking
			    idx=PyInt_AsLong(item);
			    if (need_non_negative && idx<0) ok=0;
			 }
		       else ok=0;
		    }
	     
		  if (!ok)
		    {
		      if (pairs) {
			// item is not a non-negative integer pair, so throw an exception
			if (need_non_negative)
			  PyErr_SetString(PyExc_TypeError, "List elements must be non-negative integer pairs");
			else
			  PyErr_SetString(PyExc_TypeError, "List elements must be integer pairs");
			igraph_vector_destroy(v);
			return 1;
		      } else {
			// item is not a non-negative integer, so throw an exception
			if (need_non_negative)
			  PyErr_SetString(PyExc_TypeError, "List elements must be non-negative integers");
			else
			  PyErr_SetString(PyExc_TypeError, "List elements must be integers");
			igraph_vector_destroy(v);
			return 1;
		      }
		    }
		  
		 // add idx into index vector
		  VECTOR(*v)[k]=(igraph_real_t)idx;
		  k++;
		  if (pairs) 
		    {
		       // if we are working on pairs, add idx and idx2 as well
		       VECTOR(*v)[k]=(igraph_real_t)idx2;
		       k++;
		    }
	       }
	     else 
	       {
		  // this should not happen, but we return anyway.
		  // an IndexError exception was set by PyList_GetItem
		  // at this point
		  igraph_vector_destroy(v);
		  return 1;
	       }
	  }
     }
   
   return 0;
}

/**
 * \ingroup python_interface_conversion
 * \brief Converts an igraph \c igraph_vector_t to a Python integer list
 * 
 * \param v the \c igraph_vector_t containing the vector to be converted
 * \return the Python integer list as a \c PyObject*, or \c NULL if an error occurred
 */
PyObject* igraphmodule_vector_t_to_PyList(igraph_vector_t *v,
    igraphmodule_conv_t type) {
  PyObject *list, *item;
  int n, i;
   
  n=igraph_vector_size(v);
  if (n<0) return igraphmodule_handle_igraph_error();

  list=PyList_New(n);
  for (i=0; i<n; i++) {
    if (type == IGRAPHMODULE_TYPE_INT) {
      item=PyInt_FromLong((long)VECTOR(*v)[i]);
    } else if (type == IGRAPHMODULE_TYPE_FLOAT) {
      item=PyFloat_FromDouble((double)VECTOR(*v)[i]);
    } else {
      item=Py_None;
      Py_INCREF(item);
    }
    if (!item) {
      Py_DECREF(list);
      return NULL;
    }
    PyList_SET_ITEM(list, i, item);
  }

  return list;
}

/**
 * \ingroup python_interface_conversion
 * \brief Converts an igraph \c igraph_vector_t to a Python integer tuple
 * 
 * \param v the \c igraph_vector_t containing the vector to be converted
 * \return the Python integer tuple as a \c PyObject*, or \c NULL if an error occurred
 */
PyObject* igraphmodule_vector_t_to_PyTuple(igraph_vector_t *v) {
  PyObject* tuple;
  int n, i;
  
  n=igraph_vector_size(v);
  if (n<0) return igraphmodule_handle_igraph_error();
  
  tuple=PyTuple_New(n);
  for (i=0; i<n; i++) {
    PyObject *item=PyInt_FromLong((long)VECTOR(*v)[i]);
    if (!item) {
      Py_DECREF(tuple);
      return NULL;
    }
    PyTuple_SET_ITEM(tuple, i, item);
  }

  return tuple;
}

/**
 * \ingroup python_interface_conversion
 * \brief Converts an igraph \c igraph_vector_t to a Python list of integer pairs
 * 
 * \param v the \c igraph_vector_t containing the vector to be converted
 * \return the Python integer pair list as a \c PyObject*, or \c NULL if an error occurred
 */
PyObject* igraphmodule_vector_t_to_PyList_pairs(igraph_vector_t *v) {
   PyObject *list, *pair;
   long n, i, j;
   
   n=igraph_vector_size(v);
   if (n<0) return igraphmodule_handle_igraph_error();
   if (n%2) return igraphmodule_handle_igraph_error();
   
   /* create a new Python list */
   n>>=1;
   list=PyList_New(n);
   
   /* populate the list with data */
   for (i=0, j=0; i<n; i++, j+=2) {
     pair=Py_BuildValue("(ll)", (long)VECTOR(*v)[j], (long)VECTOR(*v)[j+1]);
     if (pair==NULL || PyList_SetItem(list, i, pair)) {
       /* error occurred while populating the list, return immediately */
       Py_DECREF(pair);
       Py_DECREF(list);
       return NULL;
     }
   }

   return list;
}

/**
 * \ingroup python_interface_conversion
 * \brief Converts two igraph \c igraph_vector_t vectors to a Python list of integer pairs
 * 
 * \param v1 the \c igraph_vector_t containing the 1st vector to be converted
 * \param v2 the \c igraph_vector_t containing the 2nd vector to be converted
 * \return the Python integer pair list as a \c PyObject*, or \c NULL if an error occurred
 */
PyObject* igraphmodule_vector_t_pair_to_PyList(igraph_vector_t *v1,
					       igraph_vector_t *v2) {
   PyObject *list, *pair;
   long n, i;
   
   n=igraph_vector_size(v1);
   if (n<0) return igraphmodule_handle_igraph_error();
   if (igraph_vector_size(v2) != n) return igraphmodule_handle_igraph_error();

   /* create a new Python list */
   list=PyList_New(n);
   
   /* populate the list with data */
   for (i=0; i<n; i++) {
     pair=Py_BuildValue("(ll)", (long)VECTOR(*v1)[i], (long)VECTOR(*v2)[i]);
     if (pair==NULL || PyList_SetItem(list, i, pair)) {
       /* error occurred while populating the list, return immediately */
       Py_DECREF(pair);
       Py_DECREF(list);
       return NULL;
     }
   }

   return list;
}

/**
 * \ingroup python_interface_conversion
 * \brief Converts an igraph \c igraph_matrix_t to a Python list of lists
 * 
 * \param m the \c igraph_matrix_t containing the matrix to be converted
 * \param type the type of conversion. If equals to IGRAPHMODULE_TYPE_INT,
 *        returns an integer matrix, else returns a float matrix.
 * \return the Python list of lists as a \c PyObject*, or \c NULL if an error occurred
 */
PyObject* igraphmodule_matrix_t_to_PyList(igraph_matrix_t *m,
						 igraphmodule_conv_t type) {
   PyObject *list, *row, *item;
   int nr, nc, i, j;
   
   
   nr=igraph_matrix_nrow(m); nc=igraph_matrix_ncol(m);
   if (nr<0 || nc<0) return igraphmodule_handle_igraph_error();

   // create a new Python list
   list=PyList_New(nr);
   // populate the list with data
   for (i=0; i<nr; i++) 
     {
	row=PyList_New(nc);
	for (j=0; j<nc; j++) 
	  {
	     if (type==IGRAPHMODULE_TYPE_INT)
	       item=PyInt_FromLong(MATRIX(*m,i,j));
	     else
	       item=PyFloat_FromDouble(MATRIX(*m,i,j));
	       
	     if (PyList_SetItem(row, j, item))
	       {
		  // error occurred while populating the list, return immediately
		  Py_DECREF(row);
		  Py_DECREF(list);
		  return NULL;
	       }
	  }
	if (PyList_SetItem(list, i, row)) 
	  {
	     Py_DECREF(row);
	     Py_DECREF(list);
	     return NULL;
	  }
     }
   // return the list
   return list;
}

/**
 * \ingroup python_interface_conversion
 * \brief Converts a Python list of lists to an \c igraph_matrix_t
 * 
 * \param o the Python object representing the list of lists
 * \param m the address of an uninitialized \c igraph_matrix_t
 * \return 0 if everything was OK, 1 otherwise
 */
int igraphmodule_PyList_to_matrix_t(PyObject* o, igraph_matrix_t *m) {
  int nr, nc, n, i, j;
  PyObject *row, *item;
  
  /* calculate the matrix dimensions */
  if (!PyList_Check(o)) return 1;
  nr = PyList_Size(o);
  nc = 0;
  for (i=0; i<nr; i++) {
    row=PyList_GetItem(o, i);
    if (!PyList_Check(row)) return 1;
    n=PyList_Size(row);
    if (n>nc) nc=n;
  }
  
  igraph_matrix_init(m, nr, nc);
  for (i=0; i<nr; i++) {
    row=PyList_GetItem(o, i);
    n=PyList_Size(row);
    for (j=0; j<n; j++) {
      item=PyList_GetItem(row, j);
      if (PyInt_Check(item)) {
	MATRIX(*m, i, j) = (igraph_real_t)PyInt_AsLong(item);
      } else if (PyLong_Check(item)) {
	MATRIX(*m, i, j) = (igraph_real_t)PyLong_AsLong(item);
      } else if (PyFloat_Check(item)) {
	MATRIX(*m, i, j) = (igraph_real_t)PyFloat_AsDouble(item);
      } else {
	/* warning? */
      }
    }
  }

  return 0;
}

/**
 * \ingroup python_interface_conversion
 * \brief Converts an \c igraph_strvector_t to a Python string list
 * 
 * \param v the \c igraph_strvector_t containing the vector to be converted
 * \return the Python string list as a \c PyObject*, or \c NULL if an error occurred
 */
PyObject* igraphmodule_strvector_t_to_PyList(igraph_strvector_t *v) {
  PyObject* list;
  int n, i;
  char* ptr;
  
  n=igraph_strvector_size(v);
  if (n<0) return igraphmodule_handle_igraph_error();
  
  // create a new Python list
  list=PyList_New(n);
  /* populate the list with data */
  for (i=0; i<n; i++) {
    igraph_strvector_get(v, i, &ptr);
    if (PyList_SetItem(list, i, PyString_FromString(ptr))) {
      /* error occurred while populating the list, return immediately */
      Py_DECREF(list);
      return NULL;
    }
  }
  
   /* return the list */
   return list;
}

/**
 * \ingroup python_interface_conversion
 * \brief Converts a Python string list to an \c igraph_strvector_t
 * 
 * \param v the Python list as a \c PyObject*
 * \param result an \c igraph_strvector_t containing the result
 * The incoming \c igraph_strvector_t should be uninitialized. Raises suitable
 * Python exceptions when needed.
 * \return 0 if everything was OK, 1 otherwise
 */
int igraphmodule_PyList_to_strvector_t(PyObject* v, igraph_strvector_t *result) {
  int n, i;
  static char* empty = "";
  
  if (!PyList_Check(v)) {
    PyErr_SetString(PyExc_TypeError, "expected list");
    return 1;
  }
  
  n=PyList_Size(v);

  /* initialize the string vector */
  if (igraph_strvector_init(result, n)) return 1;
  
  /* populate the vector with data */
  for (i=0; i<n; i++) {
    PyObject *item = PyList_GetItem(v, i);
    char* ptr;
    if (PyString_Check(item))
      ptr=PyString_AS_STRING(item);
    else
      ptr=empty;
    if (igraph_strvector_set(result, i, ptr)) {
      igraph_strvector_destroy(result);
      return 1;
    }
  }

  return 0;
}

/**
 * \ingroup python_interface_conversion
 * \brief Appends the contents of a Python iterator returning graphs to
 * an \c igraph_vectorptr_t
 *
 * The incoming \c igraph_vector_ptr_t should be INITIALIZED.
 * Raises suitable Python exceptions when needed.
 * 
 * \param it the Python iterator
 * \param v the \c igraph_vector_ptr_t which will contain the result
 * \return 0 if everything was OK, 1 otherwise
 */
int igraphmodule_append_PyIter_to_vector_ptr_t(PyObject *it, igraph_vector_ptr_t *v) {
  PyObject *t;
  
  while ((t=PyIter_Next(it))) {
    if (!PyObject_TypeCheck(t, &igraphmodule_GraphType)) {
      PyErr_SetString(PyExc_TypeError, "iterable argument must contain graphs");
      Py_DECREF(t);
      return 1;
    }
    igraph_vector_ptr_push_back(v, &((igraphmodule_GraphObject*)t)->g);
    Py_DECREF(t);
  }  
  
  return 0;
}

/**
 * \ingroup python_interface_conversion
 * \brief Tries to interpret a Python object as a vertex selector
 * 
 * \param o the Python object
 * \param vs the \c igraph_vs_t which will contain the result
 * \param return_single will be 1 if the selector selected only a single vertex,
 * 0 otherwise
 * \return 0 if everything was OK, 1 otherwise
 */
int igraphmodule_PyObject_to_vs_t(PyObject *o, igraph_vs_t *vs,
				  igraph_bool_t *return_single) {
  *return_single=0;
  if (o==NULL || o == Py_None) {
    /* Returns a vertex sequence for all vertices */
    igraph_vs_all(vs);
  } else if (PyInt_Check(o)) {
    /* Returns a vertex sequence for a single vertex ID */
    igraph_vs_1(vs, PyInt_AsLong(o));
    *return_single=1;
  } else if (PyLong_Check(o)) {
    /* Returns a vertex sequence for a single vertex ID */
    igraph_vs_1(vs, PyLong_AsLong(o));
    *return_single=1;
  } else {
    /* Returns a vertex sequence with the IDs returned by the iterator */
    PyObject *iterator = PyObject_GetIter(o);
    PyObject *item;
    igraph_vector_t vector;

    if (iterator == NULL) {
      PyErr_SetString(PyExc_TypeError, "integer, long, iterable or None expected");
      return 1;
    }

    IGRAPH_CHECK(igraph_vector_init(&vector, 0));
    IGRAPH_FINALLY(igraph_vector_destroy, &vector);
    IGRAPH_CHECK(igraph_vector_reserve(&vector, 20));

    while ((item = PyIter_Next(iterator))) {
      long val=-1;
      if (PyInt_Check(item)) val=PyInt_AsLong(item);
      else if (PyLong_Check(item)) val=PyLong_AsLong(item);
      Py_DECREF(item);

      if (val >= 0) igraph_vector_push_back(&vector, val);
      else {
	PyErr_SetString(PyExc_TypeError, "integer or long expected");
      }

      if (PyErr_Occurred()) break;
    }
    Py_DECREF(iterator);

    if (PyErr_Occurred()) {
      igraph_vector_destroy(&vector);
      IGRAPH_FINALLY_CLEAN(1);
      return 1;
    } else {
      igraph_vs_vector_copy(vs, &vector);
      igraph_vector_destroy(&vector);
      IGRAPH_FINALLY_CLEAN(1);
    }
  }
  return 0;
}


/**
 * \ingroup python_interface_conversion
 * \brief Tries to interpret a Python object as a numeric attribute value list
 * 
 * \param o the Python object
 * \param v the \c igraph_vector_t which will contain the result
 * \param g a \c igraphmodule_GraphObject object or \c NULL - used when the
 * provided Python object is not a list and we're trying to interpret it as
 * an attribute name.
 * \param type the attribute type (graph = 0, vertex = 1, edge = 2) to be used
 * \param def default value if the attribute name supplied is \c None
 * if \c o is not a list.
 * \return 0 if everything was OK, 1 otherwise
 *
 * If the Python object is not a list, tries to interpret it as an attribute
 * name.
 */
int igraphmodule_PyObject_to_attribute_values(PyObject *o,
					      igraph_vector_t *v,
					      igraphmodule_GraphObject* g,
					      int type, igraph_real_t def) {
  PyObject* list = o;
  long i, n;

  if (o==NULL) return 1;
  
  if (o == Py_None) {
    if (type == ATTRHASH_IDX_VERTEX) n=igraph_vcount(&g->g);
    else if (type == ATTRHASH_IDX_EDGE) n=igraph_ecount(&g->g);
    else n=1;

    if (igraph_vector_init(v, n)) return 1;
    for (i=0; i<n; i++) VECTOR(*v)[i] = def;
    return 0;
  }

  if (!PyList_Check(o)) {
    list = PyDict_GetItem(((PyObject**)g->g.attr)[type], o);
    if (!list) {
      if (!PyErr_Occurred())
	PyErr_SetString(PyExc_KeyError, "Attribute does not exist");
      return 1;
    }
  }

  n=PyList_Size(list);
  if (igraph_vector_init(v, n)) return 1;

  for (i=0; i<n; i++) {
    PyObject *item = PyList_GetItem(list, i);
    if (!item) {
      igraph_vector_destroy(v);
      return 1;
    }

    if (PyInt_Check(item))
      VECTOR(*v)[i] = PyInt_AsLong(item);
    else if (PyLong_Check(item))
      VECTOR(*v)[i] = PyLong_AsLong(item);
    else if (PyFloat_Check(item))
      VECTOR(*v)[i] = PyFloat_AsDouble(item);
    else
      VECTOR(*v)[i] = def;
  }

  return 0;
}







igraph-0.4.2/test.py

#!/usr/bin/env python

import distutils.util
import os.path
import sys

build_dir = os.path.join('build', 'lib.'+distutils.util.get_platform()+'-'+sys.version[0:3])

sys.path.insert(0, build_dir)

import igraph.test
igraph.test.test()
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		    GNU GENERAL PUBLIC LICENSE
		       Version 2, June 1991

 Copyright (C) 1989, 1991 Free Software Foundation, Inc.,
 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA
 Everyone is permitted to copy and distribute verbatim copies
 of this license document, but changing it is not allowed.

			    Preamble

  The licenses for most software are designed to take away your
freedom to share and change it.  By contrast, the GNU General Public
License is intended to guarantee your freedom to share and change free
software--to make sure the software is free for all its users.  This
General Public License applies to most of the Free Software
Foundation's software and to any other program whose authors commit to
using it.  (Some other Free Software Foundation software is covered by
the GNU Lesser General Public License instead.)  You can apply it to
your programs, too.

  When we speak of free software, we are referring to freedom, not
price.  Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
this service if you wish), that you receive source code or can get it
if you want it, that you can change the software or use pieces of it
in new free programs; and that you know you can do these things.

  To protect your rights, we need to make restrictions that forbid
anyone to deny you these rights or to ask you to surrender the rights.
These restrictions translate to certain responsibilities for you if you
distribute copies of the software, or if you modify it.

  For example, if you distribute copies of such a program, whether
gratis or for a fee, you must give the recipients all the rights that
you have.  You must make sure that they, too, receive or can get the
source code.  And you must show them these terms so they know their
rights.

  We protect your rights with two steps: (1) copyright the software, and
(2) offer you this license which gives you legal permission to copy,
distribute and/or modify the software.

  Also, for each author's protection and ours, we want to make certain
that everyone understands that there is no warranty for this free
software.  If the software is modified by someone else and passed on, we
want its recipients to know that what they have is not the original, so
that any problems introduced by others will not reflect on the original
authors' reputations.

  Finally, any free program is threatened constantly by software
patents.  We wish to avoid the danger that redistributors of a free
program will individually obtain patent licenses, in effect making the
program proprietary.  To prevent this, we have made it clear that any
patent must be licensed for everyone's free use or not licensed at all.

  The precise terms and conditions for copying, distribution and
modification follow.

		    GNU GENERAL PUBLIC LICENSE
   TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

  0. This License applies to any program or other work which contains
a notice placed by the copyright holder saying it may be distributed
under the terms of this General Public License.  The "Program", below,
refers to any such program or work, and a "work based on the Program"
means either the Program or any derivative work under copyright law:
that is to say, a work containing the Program or a portion of it,
either verbatim or with modifications and/or translated into another
language.  (Hereinafter, translation is included without limitation in
the term "modification".)  Each licensee is addressed as "you".

Activities other than copying, distribution and modification are not
covered by this License; they are outside its scope.  The act of
running the Program is not restricted, and the output from the Program
is covered only if its contents constitute a work based on the
Program (independent of having been made by running the Program).
Whether that is true depends on what the Program does.

  1. You may copy and distribute verbatim copies of the Program's
source code as you receive it, in any medium, provided that you
conspicuously and appropriately publish on each copy an appropriate
copyright notice and disclaimer of warranty; keep intact all the
notices that refer to this License and to the absence of any warranty;
and give any other recipients of the Program a copy of this License
along with the Program.

You may charge a fee for the physical act of transferring a copy, and
you may at your option offer warranty protection in exchange for a fee.

  2. You may modify your copy or copies of the Program or any portion
of it, thus forming a work based on the Program, and copy and
distribute such modifications or work under the terms of Section 1
above, provided that you also meet all of these conditions:

    a) You must cause the modified files to carry prominent notices
    stating that you changed the files and the date of any change.

    b) You must cause any work that you distribute or publish, that in
    whole or in part contains or is derived from the Program or any
    part thereof, to be licensed as a whole at no charge to all third
    parties under the terms of this License.

    c) If the modified program normally reads commands interactively
    when run, you must cause it, when started running for such
    interactive use in the most ordinary way, to print or display an
    announcement including an appropriate copyright notice and a
    notice that there is no warranty (or else, saying that you provide
    a warranty) and that users may redistribute the program under
    these conditions, and telling the user how to view a copy of this
    License.  (Exception: if the Program itself is interactive but
    does not normally print such an announcement, your work based on
    the Program is not required to print an announcement.)

These requirements apply to the modified work as a whole.  If
identifiable sections of that work are not derived from the Program,
and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works.  But when you
distribute the same sections as part of a whole which is a work based
on the Program, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the
entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest
your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or
collective works based on the Program.

In addition, mere aggregation of another work not based on the Program
with the Program (or with a work based on the Program) on a volume of
a storage or distribution medium does not bring the other work under
the scope of this License.

  3. You may copy and distribute the Program (or a work based on it,
under Section 2) in object code or executable form under the terms of
Sections 1 and 2 above provided that you also do one of the following:

    a) Accompany it with the complete corresponding machine-readable
    source code, which must be distributed under the terms of Sections
    1 and 2 above on a medium customarily used for software interchange; or,

    b) Accompany it with a written offer, valid for at least three
    years, to give any third party, for a charge no more than your
    cost of physically performing source distribution, a complete
    machine-readable copy of the corresponding source code, to be
    distributed under the terms of Sections 1 and 2 above on a medium
    customarily used for software interchange; or,

    c) Accompany it with the information you received as to the offer
    to distribute corresponding source code.  (This alternative is
    allowed only for noncommercial distribution and only if you
    received the program in object code or executable form with such
    an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for
making modifications to it.  For an executable work, complete source
code means all the source code for all modules it contains, plus any
associated interface definition files, plus the scripts used to
control compilation and installation of the executable.  However, as a
special exception, the source code distributed need not include
anything that is normally distributed (in either source or binary
form) with the major components (compiler, kernel, and so on) of the
operating system on which the executable runs, unless that component
itself accompanies the executable.

If distribution of executable or object code is made by offering
access to copy from a designated place, then offering equivalent
access to copy the source code from the same place counts as
distribution of the source code, even though third parties are not
compelled to copy the source along with the object code.

  4. You may not copy, modify, sublicense, or distribute the Program
except as expressly provided under this License.  Any attempt
otherwise to copy, modify, sublicense or distribute the Program is
void, and will automatically terminate your rights under this License.
However, parties who have received copies, or rights, from you under
this License will not have their licenses terminated so long as such
parties remain in full compliance.

  5. You are not required to accept this License, since you have not
signed it.  However, nothing else grants you permission to modify or
distribute the Program or its derivative works.  These actions are
prohibited by law if you do not accept this License.  Therefore, by
modifying or distributing the Program (or any work based on the
Program), you indicate your acceptance of this License to do so, and
all its terms and conditions for copying, distributing or modifying
the Program or works based on it.

  6. Each time you redistribute the Program (or any work based on the
Program), the recipient automatically receives a license from the
original licensor to copy, distribute or modify the Program subject to
these terms and conditions.  You may not impose any further
restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties to
this License.

  7. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License.  If you cannot
distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you
may not distribute the Program at all.  For example, if a patent
license would not permit royalty-free redistribution of the Program by
all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to
refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under
any particular circumstance, the balance of the section is intended to
apply and the section as a whole is intended to apply in other
circumstances.

It is not the purpose of this section to induce you to infringe any
patents or other property right claims or to contest validity of any
such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system, which is
implemented by public license practices.  Many people have made
generous contributions to the wide range of software distributed
through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or she is willing
to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to
be a consequence of the rest of this License.

  8. If the distribution and/or use of the Program is restricted in
certain countries either by patents or by copyrighted interfaces, the
original copyright holder who places the Program under this License
may add an explicit geographical distribution limitation excluding
those countries, so that distribution is permitted only in or among
countries not thus excluded.  In such case, this License incorporates
the limitation as if written in the body of this License.

  9. The Free Software Foundation may publish revised and/or new versions
of the General Public License from time to time.  Such new versions will
be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

Each version is given a distinguishing version number.  If the Program
specifies a version number of this License which applies to it and "any
later version", you have the option of following the terms and conditions
either of that version or of any later version published by the Free
Software Foundation.  If the Program does not specify a version number of
this License, you may choose any version ever published by the Free Software
Foundation.

  10. If you wish to incorporate parts of the Program into other free
programs whose distribution conditions are different, write to the author
to ask for permission.  For software which is copyrighted by the Free
Software Foundation, write to the Free Software Foundation; we sometimes
make exceptions for this.  Our decision will be guided by the two goals
of preserving the free status of all derivatives of our free software and
of promoting the sharing and reuse of software generally.

			    NO WARRANTY

  11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW.  EXCEPT WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.  THE ENTIRE RISK AS
TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU.  SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING,
REPAIR OR CORRECTION.

  12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED
TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER
PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

		     END OF TERMS AND CONDITIONS

	    How to Apply These Terms to Your New Programs

  If you develop a new program, and you want it to be of the greatest
possible use to the public, the best way to achieve this is to make it
free software which everyone can redistribute and change under these terms.

  To do so, attach the following notices to the program.  It is safest
to attach them to the start of each source file to most effectively
convey the exclusion of warranty; and each file should have at least
the "copyright" line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software; you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation; either version 2 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License along
    with this program; if not, write to the Free Software Foundation, Inc.,
    51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA.

Also add information on how to contact you by electronic and paper mail.

If the program is interactive, make it output a short notice like this
when it starts in an interactive mode:

    Gnomovision version 69, Copyright (C) year name of author
    Gnomovision comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate
parts of the General Public License.  Of course, the commands you use may
be called something other than `show w' and `show c'; they could even be
mouse-clicks or menu items--whatever suits your program.

You should also get your employer (if you work as a programmer) or your
school, if any, to sign a "copyright disclaimer" for the program, if
necessary.  Here is a sample; alter the names:

  Yoyodyne, Inc., hereby disclaims all copyright interest in the program
  `Gnomovision' (which makes passes at compilers) written by James Hacker.

  <signature of Ty Coon>, 1 April 1989
  Ty Coon, President of Vice

This General Public License does not permit incorporating your program into
proprietary programs.  If your program is a subroutine library, you may
consider it more useful to permit linking proprietary applications with the
library.  If this is what you want to do, use the GNU Lesser General
Public License instead of this License.
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Metadata-Version: 1.0
Name: igraph
Version: 0.4.2
Summary: High performance graph data structures and algorithms
Home-page: http://cneurocvs.rmki.kfki.hu/igraph/
Author: Tamas Nepusz
Author-email: ntamas@rmki.kfki.hu
License: GNU General Public License (GPL)
Download-URL: http://cneurocvs.rmki.kfki.hu/igraph/
Description: This module extends Python with a Graph class which is capable
        of handling arbitrary directed and undirected graphs with thousands of nodes and
        millions of edges. Since the module makes use of the open source igraph library
        written in almost 100% pure C, it is blazing fast and outperforms most other
        pure Python-based graph packages around.
Keywords: graph,network,mathematics,math,graph theory,discrete mathematics
Platform: ALL
Classifier: Development Status :: 4 - Beta
Classifier: Intended Audience :: Developers
Classifier: Intended Audience :: Science/Research
Classifier: Operating System :: OS Independent
Classifier: Programming Language :: C
Classifier: Programming Language :: Python
Classifier: Topic :: Scientific/Engineering
Classifier: Topic :: Scientific/Engineering :: Information Analysis
Classifier: Topic :: Scientific/Engineering :: Mathematics
Classifier: Topic :: Scientific/Engineering :: Physics
Classifier: Topic :: Scientific/Engineering :: Bio-Informatics
Classifier: Topic :: Software Development :: Libraries :: Python Modules







igraph-0.4.2/setup.py

#!/usr/bin/env python
try:
    from setuptools import setup
except ImportError:
    from distutils.core import setup
from distutils.core import Extension
from distutils.file_util import copy_file
from sys import version, exit
import glob
import os.path
from os import popen, mkdir
from shutil import copy2

LIBXML2_FALLBACK_INCLUDE_DIRS = ['/usr/include/libxml2']
LIBXML2_FALLBACK_LIBRARIES = ['xml2', 'iconv']
LIBXML2_FALLBACK_LIBRARY_DIRS = []

if version < '2.3':
    print "This module requires Python >= 2.3"
    exit(0)
    
def get_output(command):
    """Returns the output of a command returning a single line of output"""
    f=popen(command)
    line=f.readline().strip()
    exit_code=f.close()
    return line, exit_code
    
def detect_libxml2_include_dirs(default = LIBXML2_FALLBACK_INCLUDE_DIRS):
    """Tries to detect the libxml2 include directory"""
    line, exit_code = get_output("xml2-config --cflags")
    if exit_code>0: return default
    opts=line.split()
    return [opt[2:] for opt in opts if opt[0:2]=="-I"]

def detect_libxml2_libraries(default = LIBXML2_FALLBACK_LIBRARIES):
    """Tries to detect the libraries that libxml2 uses"""
    line, exit_code = get_output("xml2-config --libs")
    if exit_code>0: return default
    opts=line.split()
    return [opt[2:] for opt in opts if opt[0:2]=="-l"]
    
def detect_libxml2_library_dirs(default = LIBXML2_FALLBACK_LIBRARY_DIRS):
    """Tries to detect the libxml2 library directory"""
    line, exit_code = get_output("xml2-config --libs")
    if exit_code>0: return default
    opts=line.split()
    return [opt[2:] for opt in opts if opt[0:2]=="-L"]

def detect_igraph_source():
    """Tries to detect the igraph sources and copy it to igraph/ if necessary"""
    if not os.path.isdir('igraph'): os.mkdir('igraph')
    if os.path.isfile(os.path.join('..', '..', 'src', 'igraph.h')):
	files_to_copy = ['*.c', '*.h', '*.hc', '*.y']
	src_files = [os.path.join('..', '..', 'config.h')]
	for wildcard in files_to_copy:
	    src_files.extend(glob.glob(os.path.join('..', '..', 'src', wildcard)))
	for src_file in src_files:
	    copy_file(src_file, 'igraph', update=1)
	
	return
	
def igraph_version():
    """Returns igraph version number"""
    try:
	f=open(os.path.join('igraph', 'config.h'))
	while True:
	    line=f.readline()
	    if not line: break
	    line=line.strip()
	    if line[0:16] == "#define VERSION ":
		return line[16:].replace('"', '')
	    
	f.close()
	raise Exception, "Can't detect igraph version number from source code!"
    except:
	raise Exception, "igraph source code not found"
    
try:
    detect_igraph_source()
except:
    print "An error happened while trying to find igraph source!"
    print "Consider downloading the C source code of the igraph library and "
    print "put the contents of the src subdirectory and config.h in "
    print "subdirectory called igraph."
    exit(1)

module_sources=glob.glob(os.path.join('src', '*.c'))
sources=glob.glob(os.path.join('igraph', '*.c'))
sources.extend(module_sources)

include_dirs=['igraph', '.']
library_dirs=[]
libraries=[]

line, exit_code = get_output("xml2-config --version")
if exit_code>0:
    print "An error happened while trying to get libxml2 compilation options!"
    print "Maybe you don't have libxml2 installed?"
    print "Falling back to reasonable defaults."
    print "If the compilation fails, please edit the LIBXML2_FALLBACK_* variables"
    print "in setup.py to point to the correct directories and libraries."
    print

include_dirs.extend(detect_libxml2_include_dirs())
library_dirs.extend(detect_libxml2_library_dirs())
libraries.extend(detect_libxml2_libraries())

igraph_extension = Extension('igraph.core', sources, \
  library_dirs=library_dirs, libraries=libraries, \
  include_dirs=include_dirs)
       
description = """This module extends Python with a Graph class which is capable
of handling arbitrary directed and undirected graphs with thousands of nodes and
millions of edges. Since the module makes use of the open source igraph library
written in almost 100% pure C, it is blazing fast and outperforms most other
pure Python-based graph packages around."""

setup(name = 'igraph',
      version = igraph_version(),
      description = 'High performance graph data structures and algorithms',
      long_description = description,
      license = 'GNU General Public License (GPL)',
      author = 'Tamas Nepusz',
      author_email = 'ntamas@rmki.kfki.hu',
      url = 'http://cneurocvs.rmki.kfki.hu/igraph/',
      download_url = 'http://cneurocvs.rmki.kfki.hu/igraph/',
      ext_modules = [igraph_extension],
      package_dir = {'igraph': 'package'},
      packages = ['igraph', 'igraph.test'],
      platforms = 'ALL',
      keywords = ['graph', 'network', 'mathematics', 'math', 'graph theory', 'discrete mathematics'],
      classifiers = [
        'Development Status :: 4 - Beta',
	'Intended Audience :: Developers',
	'Intended Audience :: Science/Research',
	'Operating System :: OS Independent',
	'Programming Language :: C',
	'Programming Language :: Python',
	'Topic :: Scientific/Engineering',
	'Topic :: Scientific/Engineering :: Information Analysis',
	'Topic :: Scientific/Engineering :: Mathematics',
	'Topic :: Scientific/Engineering :: Physics',
	'Topic :: Scientific/Engineering :: Bio-Informatics',
	'Topic :: Software Development :: Libraries :: Python Modules'
      ])
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/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "random.h"
#include "error.h"

#include <assert.h>
#include <string.h> 		/* memcpy & co. */
#include <stdlib.h>

/**
 * \section igraph_matrix_constructor_and_destructor Matrix constructors and
 * destructors
 */

/**
 * \ingroup matrix
 * \function igraph_matrix_init
 * \brief Initializes a matrix.
 * 
 * </para><para>
 * Every matrix needs to be initialized before using it, this is done
 * by calling this function. A matrix has to be destroyed if it is not
 * needed any more, see \ref igraph_matrix_destroy().
 * \param m Pointer to a not yet initialized matrix object to be
 *        initialized. 
 * \param nrow The number of rows in the matrix.
 * \param ncol The number of columns in the matrix.
 * \return Error code.
 *
 * Time complexity: usually O(n), 
 * n is the
 * number of elements in the matrix.
 */

int igraph_matrix_init(igraph_matrix_t *m, long int nrow, long int ncol) {
  int ret1;
  ret1=igraph_vector_init(&m->data, nrow*ncol);
  m->nrow=nrow;
  m->ncol=ncol;
  return ret1;
}

/** 
 * \ingroup matrix
 * \function igraph_matrix_destroy
 * \brief Destroys a matrix object.
 * 
 * </para><para>
 * This function frees all the memory allocated for a matrix
 * object. The destroyed object needs to be reinitialized before using
 * it again.
 * \param m The matrix to destroy.
 * 
 * Time complexity: operating system dependent.
 */ 

void igraph_matrix_destroy(igraph_matrix_t *m) {
  igraph_vector_destroy(&m->data);
}

/**
 * \section igraph_matrix_accessing_elements Accessing elements of a matrix
 */

/**
 * \ingroup matrix
 * \function igraph_matrix_resize
 * \brief Resizes a matrix.
 *
 * </para><para>
 * This function resizes a matrix by adding more elements to it.
 * The matrix contains arbitrary data after resizing it.
 * Ie. after calling this function you cannot expect that element
 * (i,j) in the matrix remains the
 * same as before.  
 * \param m Pointer to an already initialized matrix object.
 * \param nrow The number of rows in the resized matrix.
 * \param ncol The number of columns in the resized matrix.
 * \return Error code.
 * 
 * Time complexity: O(1) if the
 * matrix gets smaller, usually O(n)
 * if it gets larger, n is the 
 * number of elements in the resized matrix.
 */

int igraph_matrix_resize(igraph_matrix_t *m, long int nrow, long int ncol) {
  igraph_vector_resize(&m->data, nrow*ncol);
  m->nrow=nrow;
  m->ncol=ncol;
  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_matrix_size
 * \brief The number of elements in a matrix.
 * 
 * \param m Pointer to an initialized matrix object.
 * \return The size of the matrix.
 *
 * Time complexity: O(1).
 */

long int igraph_matrix_size(const igraph_matrix_t *m) {
  return (m->nrow) * (m->ncol);
}

/**
 * \ingroup matrix
 * \function igraph_matrix_nrow
 * \brief The number of rows in a matrix.
 * 
 * \param m Pointer to an initialized matrix object.
 * \return The number of rows in the matrix.
 * 
 * Time complexity: O(1).
 */

long int igraph_matrix_nrow(const igraph_matrix_t *m) {
  return m->nrow;
}

/**
 * \ingroup matrix
 * \function igraph_matrix_ncol
 * \brief The number of columns in a matrix.
 * 
 * \param m Pointer to an initialized matrix object.
 * \return The number of columns in the matrix.
 * 
 * Time complexity: O(1).
 */

long int igraph_matrix_ncol(const igraph_matrix_t *m) {
  return m->ncol;
}

/** 
 * \ingroup matrix
 * \brief Copies a matrix to a regular C array.
 *
 * </para><para>
 * The matrix is copied columnwise, as this is the format most
 * programs and languages use.
 * The C array should be of sufficient size, there are (of course) not
 * range checks done.
 * \param m Pointer to an initialized matrix object.
 * \param to Pointer to a C array, the place to copy the data to.
 * \return Error code.
 *
 * Time complexity: O(n),
 * n is the number of 
 * elements in the matrix.
 */

int igraph_matrix_copy_to(const igraph_matrix_t *m, igraph_real_t *to) {
  igraph_vector_copy_to(&m->data, to);
  return 0;
}

/** 
 * \ingroup matrix
 * \brief Sets all element in a matrix to zero.
 * 
 * \param m Pointer to an initialized matrix object.
 * \return Error code, always returns with success.
 * 
 * Time complexity: O(n),
 * n is the number of  elements in
 * the matrix. 
 */

int igraph_matrix_null(igraph_matrix_t *m) {
  igraph_vector_null(&m->data);
  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_matrix_add_cols
 * \brief Adds columns to a matrix.
 * \param m The matrix object.
 * \param n The number of columns to add.
 * \return Error code, \c IGRAPH_ENOMEM if there is
 *   not enough memory to perform the operation.
 *
 * Time complexity: linear with the number of elements of the new,
 * resized matrix.
 */

int igraph_matrix_add_cols(igraph_matrix_t *m, long int n) {
  igraph_matrix_resize(m, m->nrow, m->ncol+n);
  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_matrix_add_rows
 * \brief Adds rows to a matrix.
 * \param m The matrix object.
 * \param n The number of rows to add.
 * \return Error code, \c IGRAPH_ENOMEM if there
 *   isn't enough memory for the operation.
 * 
 * Time complexity: linear with the number of elements of the new,
 * resized, matrix.
 */

int igraph_matrix_add_rows(igraph_matrix_t *m, long int n) {
  long int i;
  igraph_vector_resize(&m->data, (m->ncol)*(m->nrow+n));
  for (i=m->ncol-1; i>=0; i--) {
    igraph_vector_move_interval(&m->data, (m->nrow)*i, (m->nrow)*(i+1),
			 (m->nrow+n)*i);
  }
  m->nrow += n;
  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_matrix_remove_col
 * \brief Removes a column from a matrix.
 * 
 * \param m The matrix object.
 * \param col The column to remove.
 * \return Error code, always returns with success. 
 * 
 * Time complexity: linear with the number of elements of the new,
 * resized matrix.
 */

int igraph_matrix_remove_col(igraph_matrix_t *m, long int col) {
  igraph_vector_remove_section(&m->data, (m->nrow)*col, (m->nrow)*(col+1));
  m->ncol--;
  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_matrix_permdelete_rows
 * \brief Removes columns from a matrix (for internal use).
 * 
 * Time complexity: linear with the number of elements of the original
 * matrix. 
 */

int igraph_matrix_permdelete_rows(igraph_matrix_t *m, long int *index, long int nremove) {
  long int i, j;
  for (i=0; i<m->ncol; i++) {
    for (j=0; j<m->nrow; j++) {
      if (index[j] != 0) {
	MATRIX(*m, index[j]-1, i) = MATRIX(*m, j, i);
      }
    }
  }
  igraph_matrix_resize(m, m->nrow-nremove, m->ncol);

  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_matrix_delete_rows_neg
 * \brief Removes columns from a matrix (for internal use).
 * 
 * Time complexity: linear with the number of elements of the original
 * matrix. 
 */

int igraph_matrix_delete_rows_neg(igraph_matrix_t *m, igraph_vector_t *neg, long int nremove) {
  long int i, j, idx=0;
  for (i=0; i<m->ncol; i++) {
    for (j=0; j<m->nrow; j++) {
      if (VECTOR(*neg)[j] >= 0) {
	MATRIX(*m, idx++, i) = MATRIX(*m, j, i);
      } 
    }
    idx=0;
  }
  igraph_matrix_resize(m, m->nrow-nremove, m->ncol);

  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_matrix_copy
 * \brief Copies a matrix.
 *
 * </para><para>
 * Creates a matrix object by copying another one.
 * \param to Pointer to an uninitialized matrix object.
 * \param from The initialized matrix object to copy.
 * \return Error code, \c IGRAPH_ENOMEM if there
 *   isn't enough memory to allocate the new matrix.
 * 
 * Time complexity: O(n), the number
 * of elements in the matrix.
 */

int igraph_matrix_copy(igraph_matrix_t *to, const igraph_matrix_t *from) {
  to->nrow = from->nrow;
  to->ncol = from->ncol;
  return igraph_vector_copy(&to->data, &from->data);
}

/**
 * \function igraph_matrix_max
 * 
 * Returns the maximal element of a matrix.
 * \param m The matrix object.
 * \return The maximum element. For empty matrix the returned value is
 * undefined. 
 * 
 * Added in version 0.2.</para><para>
 *
 * Time complexity: O(n), the number of elements in the matrix.
 */

igraph_real_t igraph_matrix_max(const igraph_matrix_t *m) {
  return igraph_vector_max(&m->data);
}

/**
 * \function igraph_matrix_multiply
 * 
 * Multiplies each element of the matrix by a constant.
 * \param m The matrix.
 * \param by The constant.
 *
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(n), the number of elements in the matrix.
 */

void igraph_matrix_multiply(igraph_matrix_t *m, igraph_real_t by) {
  igraph_vector_multiply(&m->data, by);
}

int igraph_matrix_select_rows(const igraph_matrix_t *m, igraph_matrix_t *res, 
			      const igraph_vector_t *rows) {
  long int norows=igraph_vector_size(rows);
  long int i, j, ncols=igraph_matrix_ncol(m);
  
  IGRAPH_CHECK(igraph_matrix_resize(res, norows, ncols));
  for (i=0; i<norows; i++) {
    for (j=0; j<ncols; j++) {
      MATRIX(*res, i, j) = MATRIX(*m, (long int)VECTOR(*rows)[i], j);
    }
  }
  
  return 0;
}

int igraph_matrix_get_col(const igraph_matrix_t *m, igraph_vector_t *res,
			  long int index) {
  long int nrow=igraph_matrix_nrow(m);

  IGRAPH_CHECK(igraph_vector_get_interval(&m->data, res, 
					  nrow*index, nrow*(index+1)));
  return 0;
}

igraph_real_t igraph_matrix_sum(const igraph_matrix_t *m) {
  return igraph_vector_sum(&m->data);
}

igraph_bool_t igraph_matrix_is_equal(const igraph_matrix_t *m1, 
				     const igraph_matrix_t *m2) {
  return igraph_vector_is_equal(&m1->data, &m2->data);
}

igraph_real_t igraph_matrix_maxdifference(const igraph_matrix_t *m1,
					  const igraph_matrix_t *m2) {
  long int col1=igraph_matrix_ncol(m1);
  long int col2=igraph_matrix_ncol(m2);
  long int row1=igraph_matrix_nrow(m1);
  long int row2=igraph_matrix_nrow(m2);
  if (col1 != col2 || row1 != row2) {
    IGRAPH_WARNING("Comparing non-conformant matrices");
  }
  return igraph_vector_maxdifference(&m1->data, &m2->data);
}







igraph-0.4.2/igraph/fastcommunity_maxheap.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

// The original copyright notice follows

////////////////////////////////////////////////////////////////////////
// --- COPYRIGHT NOTICE ---------------------------------------------
// FastCommunityMH - infers community structure of networks
// Copyright (C) 2004 Aaron Clauset
//
// This program is free software; you can redistribute it and/or modify
// it under the terms of the GNU General Public License as published by
// the Free Software Foundation; either version 2 of the License, or
// (at your option) any later version.
//
// This program is distributed in the hope that it will be useful,
// but WITHOUT ANY WARRANTY; without even the implied warranty of
// MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
// GNU General Public License for more details.
//
// You should have received a copy of the GNU General Public License
// along with this program; if not, write to the Free Software
// Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307  USA
// 
// See http://www.gnu.org/licenses/gpl.txt for more details.
// 
////////////////////////////////////////////////////////////////////////
// Author       : Aaron Clauset  (aaron@cs.unm.edu)				//
// Location     : U. Michigan, U. New Mexico						//
// Time         : January-August 2004							//
// Collaborators: Dr. Cris Moore (moore@cs.unm.edu)				//
//              : Dr. Mark Newman (mejn@umich.edu)				//
////////////////////////////////////////////////////////////////////////

#if !defined(TUPLE_INCLUDED)
#define TUPLE_INCLUDED
struct tuple {
	double    m;					// stored value
	int		i;					// row index
	int		j;					// column index
	int		k;					// heap index
};
#endif

#if !defined(MAXHEAP_INCLUDED)
#define MAXHEAP_INCLUDED

/*   Because using this heap requires us to be able to modify an arbitrary element's
	data in constant O(1) time, I use to tricky tactic of having elements in an array-
	based heap only contain addresses to the data, rather than the data itself. In this
	manner, an external program may freely modify an element of the heap, given that it
	possesses a pointer to said element (in an array-based heap, the addresses and the 
	value in that address are not bound and thus may change during the heapify() operation).
*/

struct hnode { tuple     *d; };
const int heapmin = 3;
//const double tiny = -4294967296.0;

class maxheap {
private:
	hnode    *A;					// maxheap array
	int       heaplimit;			// first unused element of heap array
	int		arraysize;			// size of array
	bool		isempty;				// T if heap is empty; F otherwise

	int		downsift(int i);		// sift A[i] down in heap
	int		upsift  (int i);		// sift A[i] up in heap
	int		left    (int i);		// returns index of left child
	int		right   (int i);		// returns index of right child
	int		parent  (int i);		// returns index of parent
	void		grow();				// increase size of array A
	void		shrink();				// decrease size of array A
  
public:
	maxheap();					// default constructor
	maxheap(int size);				// default constructor
	~maxheap();					// default destructor
	
	int		heapSize();							// returns heaplimit value
	bool		heapIsEmpty();							// returns isempty value
	tuple	*insertItem(const tuple newData);			// heap-inserts newData, returns the address of it
	tuple	popMaximum();							// removes and returns heap max, reheapifies
	tuple	returnMaximum();						// returns the heap max; no change to heap
	void		updateItem(tuple *address, tuple newData);   // updates the value of the tuple at address
	void		updateItem(tuple *address, double newStored);// update only the stored value of tuple at address
	void		deleteItem(tuple *address);				// remove an item from the heap
	int		returnArraysize();						// 
	int		returnHeaplimit();						// 
	
};

// ------------------------------------------------------------------------------------
// Max Heap methods

// Constructor + Destructor -----------------------------------------------------------
maxheap::maxheap() {
	tuple *newtuple;
	heaplimit = 1;							// first free location is A[1]
	arraysize = heapmin+1;					// 
	isempty   = true;						// heap is initially empty
	A = new hnode [arraysize];				// allocate array for heap
	for (int i=0; i<arraysize; i++) {			// initialize heap values
		newtuple = new tuple;				// 
		A[i].d = newtuple;					// 
		A[i].d->m = -4294967296.0;			// a very negative value; unlikely to be a valid dQ
		A[i].d->i = 0;						// 
		A[i].d->j = 0;						// 
		A[i].d->k = i;						// 
	}
}

maxheap::maxheap(int size) {
	tuple *newtuple;
	heaplimit = 1;							// first free location is A[1]
	arraysize = size+1;						// 
	isempty   = true;						// heap is initially empty
	A = new hnode [arraysize];				// allocate array for heap
	for (int i=0; i<arraysize; i++) {			// initialize heap values
		newtuple = new tuple;				// 
		A[i].d = newtuple;					// 
		A[i].d->m = -4294967296.0;			// a very negative value; unlikely to be a valid dQ
		A[i].d->i = 0;						// 
		A[i].d->j = 0;						// 
		A[i].d->k = i;						// 
	}
}

maxheap::~maxheap() {
	for (int i=0; i<arraysize; i++) { delete A[i].d; }	// first delete the containers pointed to
	delete [] A;									// then delete the list of pointers to containers
}

// Pop Maximum ------------------------------------------------------------------------
tuple maxheap::popMaximum() {				// O(log k) time
	tuple temp = returnMaximum();
	deleteItem(A[1].d);
	return temp;
}

// Return Maximum --------------------------------------------------------------------
tuple maxheap::returnMaximum() {			// O(1) time
	tuple temp;
	temp.m = A[1].d->m;					// 
	temp.i = A[1].d->i;					// 
	temp.j = A[1].d->j;					// 
	temp.k = A[1].d->k;					// grab A's data
	return temp;
}

int maxheap::returnArraysize() { return arraysize; }
int maxheap::returnHeaplimit() { return heaplimit; }


// Heapification functions ------------------------------------------------------------
int maxheap::downsift(int index) {			// O(log k) time
	bool stopFlag  = false;
	int L		= left(index);
	int R		= right(index);
	int swap;
	tuple* temp;
	
	while (!stopFlag) {
		// check that both children are within the array boundaries
		if ((L < heaplimit) && (R < heaplimit)) {
			if (A[L].d->m > A[R].d->m) { swap = L; } else { swap = R; } // first choose larger of the children
		} else { if (L < heaplimit) { swap = L; } else { break; } }		// only one child to consider
		
		// now decide if need to exchange A[index] with A[swap]
		if (A[index].d->m < A[swap].d->m) {
			temp          = A[index].d;   // exchange pointers A[index] and A[swap]
			A[index].d    = A[swap].d;    // 
			A[index].d->k = index;		// note A[index].d's change of array location
			A[swap].d     = temp;		// 
			A[swap].d->k  = swap;		// note A[swap].d's change in array location
			
			index = swap;				// update indices for next pass
			L     = left(index);		// 
			R     = right(index);		// 			
		} else { stopFlag = true; }
	}
	return index;						// return the new index location of downsifted element
}

int maxheap::upsift(int index) {			// O(log k) time
	bool stopFlag = false;
	int P         = parent(index);
	tuple* temp;
	while (!stopFlag) {
		// decide if A[index] needs to move up in tree
		if ((P > 0) && (A[index].d->m > A[P].d->m)) {
			temp          = A[index].d;   // exchange A[index] and A[P]
			A[index].d    = A[P].d;		// 
			A[index].d->k = index;		// note A[index].d's change of array location
			A[P].d        = temp;		// 
			A[P].d->k     = P;			// note A[P].d's change of array location
			
			index = P;				// update indices for next pass
			P     = parent(index);		// 
		} else { stopFlag = true; }
	}
	return index;
}


int  maxheap::left  (int index) { return 2*index;		}
int  maxheap::right (int index) { return 2*index+1;    }
int  maxheap::parent(int index) { return (int)index/2; }

void maxheap::grow() {								// O(k) time
	tuple	*newtuple;
	hnode	*B;									// scratch space for expansion of A
	B = new hnode [arraysize];						// 
	for (int i=0; i<arraysize; i++) { B[i].d = A[i].d; }   // copy A into B
	delete [] A;									// delete old array of addresses
	A = new hnode [2*arraysize];						// grow A by factor of 2
	for (int i=0; i<arraysize; i++) { A[i].d = B[i].d; }   // copy B into first half of A
	for (int i=arraysize; i<(2*arraysize); i++) {		// initialize new heap values
		newtuple  = new tuple;						// 
		A[i].d    = newtuple;						// 
		A[i].d->m = -4294967296.0;					// 
		A[i].d->i = 0;								// 
		A[i].d->j = 0;								// 
		A[i].d->k = i;								// 
	}										 
	delete [] B;									// delete scratch space B
	arraysize = 2*arraysize;							// update size of array
	return;
}

void maxheap::shrink() {								// O(k) time
	tuple	*newtuple;
	hnode	*B;									// scratch space for contraction of A
	B = new hnode [heaplimit];						// 
	for (int i=0; i<heaplimit; i++) { B[i].d = A[i].d; }   // copy A into B
	delete [] A;									// delete old array of addresses
	A = new hnode [arraysize/2];						// shrink A by factor of 2
	for (int i=0; i<heaplimit; i++) { A[i].d = B[i].d; }   // copy B into A
	for (int i=heaplimit; i<(arraysize/2); i++) {		// initialize new heap values
		newtuple  = new tuple;						// 
		A[i].d    = newtuple;						// 
		A[i].d->m = -4294967296.0;					// 
		A[i].d->i = 0;								// 
		A[i].d->j = 0;								// 
		A[i].d->k = i;								// 
	}										 
	delete [] B;									// delete scratch space B
	arraysize = arraysize/2;							// update size of array
	return;
}

// Insert + Update Functions --------------------------------------------------------------

tuple* maxheap::insertItem(const tuple newData) {			// O(log k) time
	int index;
	tuple *pointer;
	if (heaplimit >= (arraysize-1)) { grow(); }  // if heap is full, grow by factor of 2

	index		= heaplimit;			// 
	A[index].d->m  = newData.m;			// copy newData onto the bottom of the heap
	A[index].d->i  = newData.i;			// 
	A[index].d->j  = newData.j;			// 
	A[index].d->k  = index;				//
	pointer		= A[index].d;			// store pointer to container
	heaplimit++;						// note the larger heap
	upsift(index);						// upsift new item up to proper spot
	if  (heaplimit > 1) { isempty = false; }
	
	return pointer;
}

void maxheap::updateItem(tuple *address, tuple newData) {   // O(log k) time
	double oldm = address->m;
	address->m = newData.m;						//   udpate the dQ stored
	address->j = newData.j;						//   udpate the community to which to join
	if (oldm > newData.m) { downsift(address->k); }   //   downsift if old value was larger
	else				  { upsift(address->k);   }   //   upsift otherwise
	return;
}

void maxheap::updateItem(tuple *address, double newStored) {	// O(log k) time
	double oldm    = address->m;
	address->m	= newStored;						// udpate the dQ stored
	if (oldm > newStored) { downsift(address->k); }		// downsift if old value was larger
	else				  { upsift(address->k);   }		// upsift otherwise
	return;
}

void maxheap::deleteItem(tuple *address) {
	tuple *swap;
	int small = heaplimit-1;
	int index = address->k;

	if (heaplimit==2) {						// check if deleting last item in heap
		A[1].d->m		= -4294967296.0;		// zero out root data
		A[1].d->i		= 0;					// 
		A[1].d->j		= 0;					// 
		A[1].d->k		= 1;					// 
		isempty		= true;				// note the heap's emptiness
		heaplimit--;						// decrement size of heap to empty
	} else {
		A[index].d->m  = -4294967296.0;		// zero out the deleted item's data
		A[index].d->i	= 0;					// 
		A[index].d->j  = 0;					// 
		swap			= A[index].d;			// swap this element with item at end of heap
		A[index].d	= A[small].d;			// 
		A[small].d	= swap;				// 
		A[index].d->k  = index;				// note the change in locations
		A[small].d->k  = small;				// 
		heaplimit--;						// note change in heap size
		downsift(index);					// downsift moved element to new location; O(log k)
		if ((heaplimit/2 > heapmin) && (heaplimit == (arraysize/2))) { shrink(); } // shrink by factor of 2 if necessary
	}
	return;
}

bool maxheap::heapIsEmpty() { return isempty; }
int  maxheap::heapSize()    { return heaplimit-1; }

// ------------------------------------------------------------------------------------

#endif







igraph-0.4.2/igraph/revolver_grow.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

#include <math.h>

/* This file contains tools for non-citation evolving networks */
/* Citation networks are in evolver.c */

/***********************************************/
/* degree + degree                             */
/***********************************************/

int igraph_revolver_d_d(const igraph_t *graph,
			igraph_integer_t niter,
			const igraph_vector_t *vtime,
			const igraph_vector_t *etime,
			igraph_matrix_t *kernel,
			igraph_matrix_t *sd,
			igraph_matrix_t *norm,
			igraph_matrix_t *cites,
			igraph_matrix_t *expected,
			igraph_real_t *logprob,
			igraph_real_t *lognull,
			const igraph_matrix_t *debug,
			igraph_vector_ptr_t *debugres) {
  
  igraph_integer_t no_of_events, vnoev, enoev;
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;
  igraph_vector_t vtimeidx, etimeidx;
  igraph_i_lazy_adjedgelist_t adjlist;

  if (igraph_vector_size(vtime) != igraph_vcount(graph)) {
    IGRAPH_ERROR("Invalid vtime length", IGRAPH_EINVAL);
  }
  if (igraph_vector_size(etime) != igraph_ecount(graph)) {
    IGRAPH_ERROR("Invalid etime length", IGRAPH_EINVAL);
  }
  
  vnoev=igraph_vector_max(vtime)+1;
  enoev=igraph_vector_max(etime)+1;
  no_of_events= vnoev > enoev ? vnoev : enoev;

  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_events);
  for (i=0; i<no_of_events; i++) {
    VECTOR(st)[i]=1;
  }
  
  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_ALL, IGRAPH_LOOPS));
  
  IGRAPH_VECTOR_INIT_FINALLY(&vtimeidx, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&etimeidx, 0);
  IGRAPH_CHECK(igraph_vector_order1(vtime, &vtimeidx, no_of_events));
  IGRAPH_CHECK(igraph_vector_order1(etime, &etimeidx, no_of_events));
  
  IGRAPH_CHECK(igraph_i_lazy_adjedgelist_init(graph, &adjlist, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_lazy_adjedgelist_destroy, &adjlist);

  igraph_progress("Revolver d-d", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_d_d(graph, &adjlist, 
					   kernel, 0 /*sd*/, 0 /*norm*/,
					   0/*cites*/, 0/*debug*/, 0 /*debugres*/,
					   &st, vtime, &vtimeidx, etime, 
					   &etimeidx, no_of_events,
					   maxdegree));
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_d_d(graph, &adjlist, 
					  &st, kernel, vtime, &vtimeidx,
					  etime, &etimeidx,
					  no_of_events));
      
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_d_d(graph, &adjlist,
					   kernel, sd, norm, cites, 
					   debug, debugres, &st, vtime, &vtimeidx,
					   etime, &etimeidx,
					   no_of_events, maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_d_d(graph, &adjlist,
					  &st, kernel, vtime, &vtimeidx,
					  etime, &etimeidx,
					  no_of_events));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_d_d(graph, &adjlist,
					     expected, kernel, &st,
					     vtime, &vtimeidx, etime, &etimeidx,
					     no_of_events, 
					     maxdegree));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_d_d(graph, &adjlist,
					       kernel, &st,
					       vtime, &vtimeidx, 
					       etime, &etimeidx, no_of_events,
					       maxdegree, logprob, lognull));
      }
    }

    igraph_progress("Revolver d-d", 100.0*(i+1)/niter, NULL);
  }

  igraph_i_lazy_adjedgelist_destroy(&adjlist);
  igraph_vector_destroy(&etimeidx);
  igraph_vector_destroy(&vtimeidx);
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(4);
  
  return 0;
}

#define NTKK(xidx, yidx) \
   ((xidx)==(yidx) ? (VECTOR(ntk)[(xidx)]*(VECTOR(ntk)[(xidx)]-1))/2-MATRIX(ntkk,(xidx),(yidx)) : VECTOR(ntk)[(xidx)]*VECTOR(ntk)[(yidx)]-MATRIX(ntkk,(xidx),(yidx)))

/* int print_ntkk(igraph_matrix_t *ntkk, igraph_vector_long_t *ntk) { */
/*   long int i, j, r=igraph_matrix_nrow(ntkk), c=igraph_matrix_ncol(ntkk); */
/*   for (i=0; i<r; i++) { */
/*     for (j=0; j<c; j++) { */
/*       long int val=(i==j) ? */
/* 	(VECTOR(*ntk)[i]*(VECTOR(*ntk)[i]-1)/2-MATRIX(*ntkk,i,j)) : */
/* 	(VECTOR(*ntk)[i]*VECTOR(*ntk)[j]-MATRIX(*ntkk,i,j)); */
/*       fprintf(stderr, "%li ", val); */
/*     } */
/*     fprintf(stderr, "\n"); */
/*   } */
/*   fprintf(stderr, "*************\n"); */
/*   return 0; */
/* } */

int igraph_revolver_mes_d_d(const igraph_t *graph, 
			    igraph_i_lazy_adjedgelist_t *adjlist,
			    igraph_matrix_t *kernel,
			    igraph_matrix_t *sd,
			    igraph_matrix_t *norm,
			    igraph_matrix_t *cites,
			    const igraph_matrix_t *debug,
			    igraph_vector_ptr_t *debugres,
			    const igraph_vector_t *st,
			    const igraph_vector_t *vtime,
			    const igraph_vector_t *vtimeidx,
			    const igraph_vector_t *etime,
			    const igraph_vector_t *etimeidx,
			    igraph_integer_t pno_of_events,
			    igraph_integer_t pmaxdegree) {

  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  long int no_of_events=pno_of_events;
  long int maxdegree=pmaxdegree;
  
  igraph_vector_long_t degree;
  igraph_vector_char_t added;	/* is this edge already in the network? */
    
  igraph_matrix_t v_normfact, *normfact, v_notnull, *notnull;
  igraph_matrix_t ch;
  
  igraph_vector_long_t ntk;	/* # of type x vertices */
  igraph_matrix_t ntkk;	        /* # of connections between type x1, x2 vert. */
  
  igraph_vector_t *adjedges;

  long int timestep, i;
  long int nptr=0, eptr=0;
  long int nptr_save, eptr_save, eptr_new;
  
  IGRAPH_CHECK(igraph_vector_long_init(&degree, no_of_nodes));
  IGRAPH_FINALLY(&igraph_vector_long_destroy, &degree);

  IGRAPH_CHECK(igraph_vector_char_init(&added, no_of_edges));
  IGRAPH_FINALLY(igraph_vector_char_destroy, &added);

  IGRAPH_CHECK(igraph_vector_long_init(&ntk, maxdegree+1));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &ntk);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkk, maxdegree+1, maxdegree+1);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, maxdegree+1, maxdegree+1);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, maxdegree+1, maxdegree+1));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, maxdegree+1, maxdegree+1);
  }
  
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(notnull, maxdegree+1, maxdegree+1));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, maxdegree+1, maxdegree+1);
  }
  
  IGRAPH_CHECK(igraph_matrix_resize(kernel, maxdegree+1, maxdegree+1));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, maxdegree+1, maxdegree+1));
    igraph_matrix_null(sd);
  }
  
  for (timestep=0; timestep<no_of_events; timestep++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Add the vertices in the first */
    nptr_save=nptr;
    while (nptr < no_of_nodes && 
	   VECTOR(*vtime)[(long int)VECTOR(*vtimeidx)[nptr]]==timestep) {
      nptr++;
    }
    VECTOR(ntk)[0] += (nptr-nptr_save);

    /* Update ch accordingly, could be done later as well */
    if (VECTOR(ntk)[0] == nptr-nptr_save && nptr!=nptr_save) {
      if (nptr-nptr_save >= 2) {
	MATRIX(ch, 0, 0) = eptr;
      }
      for (i=1; i<maxdegree+1; i++) {
	if (NTKK(0,i) == (nptr-nptr_save)*VECTOR(ntk)[i]) {
	  MATRIX(ch, 0, i) = MATRIX(ch, i, 0) = eptr;
	}
      }
    }    

    /* Estimate Akk */
    eptr_save=eptr;
    while (eptr < no_of_edges &&
	   VECTOR(*etime)[(long int)VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge), to=IGRAPH_TO(graph, edge);
      long int xidx=VECTOR(degree)[from];
      long int yidx=VECTOR(degree)[to];
      double xk, oldakk;
      
      MATRIX(*notnull, xidx, yidx) += 1;
      MATRIX(*notnull, yidx, xidx) = MATRIX(*notnull, xidx, yidx);
      
      xk=VECTOR(*st)[timestep]/NTKK(xidx, yidx);
      oldakk=MATRIX(*kernel, xidx, yidx);
      MATRIX(*kernel, xidx, yidx) +=  (xk-oldakk)/MATRIX(*notnull, xidx, yidx);
      MATRIX(*kernel, yidx, xidx) = MATRIX(*kernel, xidx, yidx);
      if (sd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldakk)*(xk-MATRIX(*kernel, xidx, yidx));
	MATRIX(*sd, yidx, xidx) = MATRIX(*sd, xidx, yidx);
      }
      /* TODO: debug */

      eptr++;
    }
    
    /* Update ntkk, ntk, ch, normfact, add the edges */
    eptr_new=eptr;
    eptr=eptr_save;
    while (eptr < no_of_edges && 
	   VECTOR(*etime)[(long int) VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge);
      long int to=IGRAPH_TO(graph, edge);
      long int xidx=VECTOR(degree)[from];
      long int yidx=VECTOR(degree)[to];
      long int n;

      adjedges=igraph_i_lazy_adjedgelist_get(adjlist, from);
      n=igraph_vector_size(adjedges);
      for (i=0; i<n; i++) {
	long int edge=VECTOR(*adjedges)[i];
	if (VECTOR(added)[edge]) {
	  long int otherv=IGRAPH_OTHER(graph, edge, from); /* other than from */
	  long int deg=VECTOR(degree)[otherv];
	  MATRIX(ntkk, xidx, deg) -= 1;
	  MATRIX(ntkk, deg, xidx) = MATRIX(ntkk, xidx, deg);
	  if (NTKK(xidx, deg)==1) {
	    MATRIX(ch, deg, xidx) = eptr_new;
	    MATRIX(ch, xidx, deg) = MATRIX(ch, deg, xidx);
	  }
	  MATRIX(ntkk, xidx+1, deg) += 1;
	  MATRIX(ntkk, deg, xidx+1) = MATRIX(ntkk, xidx+1, deg);
	  if (NTKK(xidx+1, deg)==0) {
	    MATRIX(*normfact, xidx+1, deg) += eptr_new-MATRIX(ch, xidx+1, deg);
	    MATRIX(*normfact, deg, xidx+1) = MATRIX(*normfact, xidx+1, deg);
	  }
	}
      }
      adjedges=igraph_i_lazy_adjedgelist_get(adjlist, to);
      n=igraph_vector_size(adjedges);
      for (i=0; i<n; i++) {
	long int edge=VECTOR(*adjedges)[i];
	if (VECTOR(added)[edge]) {
	  long int otherv=IGRAPH_OTHER(graph, edge, to); /* other than to */
	  long int deg=VECTOR(degree)[otherv];
	  MATRIX(ntkk, yidx, deg) -= 1;	  
	  MATRIX(ntkk, deg, yidx) = MATRIX(ntkk, yidx, deg);
	  if (NTKK(yidx, deg)==1) {
	    MATRIX(ch, deg, yidx) = eptr_new;
	    MATRIX(ch, yidx, deg) = MATRIX(ch, deg, yidx);
	  }
	  MATRIX(ntkk, yidx+1, deg) += 1;
	  MATRIX(ntkk, deg, yidx+1) = MATRIX(ntkk, yidx+1, deg);
	  if (NTKK(yidx+1, deg)==0) {
	    MATRIX(*normfact, yidx+1, deg) += eptr_new-MATRIX(ch, yidx+1, deg);
	    MATRIX(*normfact, deg, yidx+1) = MATRIX(*normfact, yidx+1, deg);
	  }
	}
      }

      VECTOR(added)[edge]=1;

      MATRIX(ntkk, xidx+1, yidx+1) += 1;
      MATRIX(ntkk, yidx+1, xidx+1) = MATRIX(ntkk, xidx+1, yidx+1);      
      if (NTKK(xidx+1, yidx+1)==0) {
	MATRIX(*normfact, xidx+1, yidx+1) = eptr_new-MATRIX(ch, xidx+1, yidx+1);
	MATRIX(*normfact, yidx+1, xidx+1) = MATRIX(*normfact, xidx+1, yidx+1);
      }

      for (i=0; i<maxdegree+1; i++) {
	long int before, after;
	before=NTKK(xidx,i); 
	VECTOR(ntk)[xidx] -= 1;
	after=NTKK(xidx,i);
	VECTOR(ntk)[xidx] += 1;
	if (before > 0 && after==0) {
	  MATRIX(*normfact, xidx, i) += eptr_new-MATRIX(ch, xidx, i);
	  MATRIX(*normfact, i, xidx) = MATRIX(*normfact, xidx, i);
	}
      }
      VECTOR(ntk)[xidx]--;

      for (i=0; i<maxdegree+1; i++) {
	long int before, after;
	before=NTKK(yidx, i); 
	VECTOR(ntk)[yidx] -= 1;
	after=NTKK(yidx, i);
	VECTOR(ntk)[yidx] += 1;
	if (before > 0 && after==0) {
	  MATRIX(*normfact, yidx, i) += eptr_new-MATRIX(ch, yidx, i);
	  MATRIX(*normfact, i, yidx) = MATRIX(*normfact, yidx, i);
	}
      }
      VECTOR(ntk)[yidx]--;

      for (i=0; i<maxdegree+1; i++) {
	long int before, after;
	before=NTKK(xidx+1, i);
	VECTOR(ntk)[xidx+1] += 1;
	after=NTKK(xidx+1, i);
	VECTOR(ntk)[xidx+1] -= 1;
	if (before==0 && after > 0) {
	  MATRIX(ch, xidx+1, i) = eptr_new;
	  MATRIX(ch, i, xidx+1) = MATRIX(ch, xidx+1, i);
	}
      }
      VECTOR(ntk)[xidx+1]++;

      for (i=0; i<maxdegree+1; i++) {
	long int before, after;
	before=NTKK(yidx+1, i);
	VECTOR(ntk)[yidx+1] += 1;
	after=NTKK(yidx+1, i);
	VECTOR(ntk)[yidx+1] -= 1;
	if (before == 0 && after == 0) {
	  MATRIX(ch, yidx+1, i) = eptr_new;
	  MATRIX(ch, i, yidx+1) = MATRIX(ch, yidx+1, i);
	}
      }
      VECTOR(ntk)[yidx+1]++;
            
      VECTOR(degree)[from]++;
      VECTOR(degree)[to]++;

      eptr++;
    }
    
  }

  for (i=0; i<maxdegree+1; i++) {
    igraph_real_t oldakk;
    long int j;
    for (j=0; j<=i; j++) {
      if (NTKK(i, j) != 0) {
	MATRIX(*normfact, i, j) += (eptr-MATRIX(ch, i, j));
	MATRIX(*normfact, j, i) = MATRIX(*normfact, i, j);
      }
      if (MATRIX(*normfact, i, j)==0) {
	MATRIX(*kernel, i, j)=MATRIX(*kernel, j, i)=0;
	MATRIX(*normfact, i, j)=MATRIX(*normfact, j, i)=1;
      }
      oldakk=MATRIX(*kernel, i, j);
      MATRIX(*kernel, i, j) *= MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j);
      MATRIX(*kernel, j, i) = MATRIX(*kernel, i, j);
      if (sd) {
	MATRIX(*sd, i, j) += oldakk * oldakk * MATRIX(*notnull, i, j) *
	  (1-MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j));
	MATRIX(*sd, i, j) = sqrt(MATRIX(*sd, i, j)/(MATRIX(*normfact, i, j)-1));
	MATRIX(*sd, j, i) = MATRIX(*sd, i, j);
      }
    }
  }
  
  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }

  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&ntkk);
  igraph_vector_long_destroy(&ntk);
  igraph_vector_char_destroy(&added);
  igraph_vector_long_destroy(&degree);
  IGRAPH_FINALLY_CLEAN(5);
  
  return 0;
}

#undef NTKK

int igraph_revolver_st_d_d(const igraph_t *graph,
			   igraph_i_lazy_adjedgelist_t *adjlist,
			   igraph_vector_t *st,
			   const igraph_matrix_t *kernel,
			   const igraph_vector_t *vtime,
			   const igraph_vector_t *vtimeidx,
			   const igraph_vector_t *etime,
			   const igraph_vector_t *etimeidx,
			   igraph_integer_t pno_of_events) {

  long int no_of_events=pno_of_events;
  long int maxdegree=igraph_matrix_nrow(kernel)-1;
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  long int timestep=0;
  
  igraph_vector_long_t degree;
  igraph_vector_long_t ntk;
  igraph_vector_char_t added;
  
  igraph_vector_t *adjedges;

  long int i;
  long int nptr=0, eptr=0;

  IGRAPH_CHECK(igraph_vector_long_init(&ntk, maxdegree+1));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &ntk);
  IGRAPH_CHECK(igraph_vector_long_init(&degree, no_of_nodes));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &degree);
  IGRAPH_CHECK(igraph_vector_char_init(&added, no_of_edges));
  IGRAPH_FINALLY(igraph_vector_char_destroy, &added);
  
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_events));
  VECTOR(*st)[0]=0;
  
  for (timestep=0; timestep<no_of_events-1; timestep++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* add the new nodes */
    while (nptr < no_of_nodes && 
	   VECTOR(*vtime)[ (long int) VECTOR(*vtimeidx)[nptr] ] == timestep) {
      for (i=0; i<maxdegree+1; i++) {
	VECTOR(*st)[timestep] += VECTOR(ntk)[i]*MATRIX(*kernel, i, 0);
      }
      VECTOR(ntk)[0]++;
      nptr++;
    }

    /* add the new edges as well, but this is for the next timestep
       already */
    VECTOR(*st)[timestep+1] = VECTOR(*st)[timestep];
    while (eptr < no_of_edges && 
	   VECTOR(*etime)[ (long int) VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge);
      long int to=IGRAPH_TO(graph, edge);
      long int xidx=VECTOR(degree)[from];
      long int yidx=VECTOR(degree)[to];
      igraph_real_t inc=0;
      long int n;
      
      inc -= MATRIX(*kernel, xidx, yidx);

      for (i=0; i<maxdegree+1; i++) {
	inc += VECTOR(ntk)[i] * (MATRIX(*kernel, i, xidx+1) -
				 MATRIX(*kernel, i, xidx)   +
				 MATRIX(*kernel, i, yidx+1) -
				 MATRIX(*kernel, i, yidx));
      }
      inc -= MATRIX(*kernel, xidx+1, xidx+1);
      inc -= MATRIX(*kernel, yidx+1, yidx+1);
      inc += MATRIX(*kernel, xidx, xidx);
      inc += MATRIX(*kernel, yidx, yidx);
            
      VECTOR(ntk)[xidx]--;
      VECTOR(ntk)[yidx]--;
      VECTOR(ntk)[xidx+1]++;
      VECTOR(ntk)[yidx+1]++;
      
      adjedges=igraph_i_lazy_adjedgelist_get(adjlist, from);
      n=igraph_vector_size(adjedges);
      for (i=0; i<n; i++) {
	long int edge=VECTOR(*adjedges)[i];
	if (VECTOR(added)[edge]) {
	  long int otherv=IGRAPH_OTHER(graph, edge, from);
	  long int deg=VECTOR(degree)[otherv];
	  inc += MATRIX(*kernel, xidx, deg);
	  inc -= MATRIX(*kernel, xidx+1, deg);
	}
      }
      adjedges=igraph_i_lazy_adjedgelist_get(adjlist, to);
      n=igraph_vector_size(adjedges);
      for (i=0; i<n; i++) {
	long int edge=VECTOR(*adjedges)[i];
	if (VECTOR(added)[edge]) {
	  long int otherv=IGRAPH_OTHER(graph, edge, to);
	  long int deg=VECTOR(degree)[otherv];
	  inc += MATRIX(*kernel, yidx, deg);
	  inc -= MATRIX(*kernel, yidx+1, deg);
	}
      }
      
      VECTOR(degree)[from] += 1;
      VECTOR(degree)[to] += 1;
      VECTOR(added)[edge]=1;
      
      VECTOR(*st)[timestep+1] += inc;
      
      eptr++;
    }        
  }

  igraph_vector_char_destroy(&added);
  igraph_vector_long_destroy(&degree);
  igraph_vector_long_destroy(&ntk);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

int igraph_revolver_exp_d_d(const igraph_t *graph,
			    igraph_i_lazy_adjedgelist_t *adjlist,
			    igraph_matrix_t *expected,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *vtime,
			    const igraph_vector_t *vtimeidx,
			    const igraph_vector_t *etime,
			    const igraph_vector_t *etimeidx,
			    igraph_integer_t pno_of_events,
			    igraph_integer_t pmaxdegree) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_d_d(const igraph_t *graph,
			      igraph_i_lazy_adjedgelist_t *adjlist,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *st,
			      const igraph_vector_t *vtime,
			      const igraph_vector_t *vtimeidx,
			      const igraph_vector_t *etime,
			      const igraph_vector_t *etimeidx,
			      igraph_integer_t pno_of_events,
			      igraph_integer_t pmaxdegree, 
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {

  long int no_of_events=pno_of_events;
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  
  igraph_vector_long_t degree;
    
  long int timestep, nptr=0, eptr=0, eptr_save;
  long int edges=0, vertices=0;
  
  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;

  IGRAPH_CHECK(igraph_vector_long_init(&degree, no_of_nodes));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &degree);

  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (timestep=0; timestep<no_of_events; timestep++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    while (nptr < no_of_nodes && 
	   VECTOR(*vtime)[ (long int) VECTOR(*vtimeidx)[nptr] ] == timestep) {
      vertices++;
      nptr++;
    }

    eptr_save=eptr;
    while (eptr < no_of_edges && 
	   VECTOR(*etime)[ (long int) VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge);
      long int to=IGRAPH_TO(graph, edge);
      long int xidx=VECTOR(degree)[from];
      long int yidx=VECTOR(degree)[to];
      
      igraph_real_t prob=MATRIX(*kernel, xidx, yidx)/VECTOR(*st)[timestep];
      igraph_real_t nullprob=1.0/(vertices*(vertices-1)/2-eptr_save);
            
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
      
      edges++;
      eptr++;
    }

    eptr=eptr_save;
    while (eptr < no_of_edges && 
	   VECTOR(*etime)[ (long int) VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge);
      long int to=IGRAPH_TO(graph, edge);
      VECTOR(degree)[from] += 1;
      VECTOR(degree)[to] += 1;
      eptr++;
    }
  }

  igraph_vector_long_destroy(&degree);
  IGRAPH_FINALLY_CLEAN(1);
    
  return 0;
}

/***********************************************/
/* # of papers + # of papers                   */
/***********************************************/

int igraph_revolver_p_p(const igraph_t *graph,
			igraph_integer_t niter,
			const igraph_vector_t *vtime,
			const igraph_vector_t *etime,
			const igraph_vector_t *authors,
			const igraph_vector_t *eventsizes,
			igraph_matrix_t *kernel,
			igraph_matrix_t *sd,
			igraph_matrix_t *norm,
			igraph_matrix_t *cites,
			igraph_matrix_t *expected,
			igraph_real_t *logprob,
			igraph_real_t *lognull,
			const igraph_matrix_t *debug,
			igraph_vector_ptr_t *debugres) {
  
  igraph_integer_t no_of_events;
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxpapers=0;
  igraph_vector_t vtimeidx, etimeidx;
  igraph_i_lazy_adjedgelist_t adjlist;
  igraph_vector_long_t papers;
  
  if (igraph_vector_size(vtime) != igraph_vcount(graph)) {
    IGRAPH_ERROR("Invalid vtime length", IGRAPH_EINVAL);
  }
  if (igraph_vector_size(etime) != igraph_ecount(graph)) {
    IGRAPH_ERROR("Invalid etime length", IGRAPH_EINVAL);
  }

  no_of_events=igraph_vector_size(eventsizes);
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_events);
  for (i=0; i<no_of_events; i++) {
    VECTOR(st)[i]=1;
  }
  
  IGRAPH_CHECK(igraph_vector_long_init(&papers, igraph_vcount(graph)));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &papers);
  for (i=0; i<igraph_vector_size(authors); i++) {
    long int author=VECTOR(*authors)[i];
    VECTOR(papers)[author] += 1;
    if (VECTOR(papers)[author] > maxpapers) {
      maxpapers=VECTOR(papers)[author];
    }
  }
  igraph_vector_long_destroy(&papers);
  IGRAPH_FINALLY_CLEAN(1);
  
  IGRAPH_VECTOR_INIT_FINALLY(&vtimeidx, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&etimeidx, 0);
  IGRAPH_CHECK(igraph_vector_order1(vtime, &vtimeidx, no_of_events));
  IGRAPH_CHECK(igraph_vector_order1(etime, &etimeidx, no_of_events));
  
  IGRAPH_CHECK(igraph_i_lazy_adjedgelist_init(graph, &adjlist, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_lazy_adjedgelist_destroy, &adjlist);

  igraph_progress("Revolver p-p", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_p_p(graph, &adjlist, 
					   kernel, 0 /*sd*/, 0 /*norm*/,
					   0/*cites*/, 0/*debug*/, 0 /*debugres*/,
					   &st, vtime, &vtimeidx, etime, 
					   &etimeidx, no_of_events,
					   authors, eventsizes,
					   maxpapers));
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_p_p(graph, &adjlist, 
					  &st, kernel, vtime, &vtimeidx,
					  etime, &etimeidx,
					  no_of_events, authors, 
					  eventsizes, maxpapers));
      
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_p_p(graph, &adjlist,
					   kernel, sd, norm, cites, 
					   debug, debugres, &st, vtime, &vtimeidx,
					   etime, &etimeidx,
					   no_of_events, authors,
					   eventsizes, maxpapers));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_p_p(graph, &adjlist,
					  &st, kernel, vtime, &vtimeidx,
					  etime, &etimeidx,
					  no_of_events, authors, eventsizes,
					  maxpapers));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_p_p(graph, &adjlist,
					     expected, kernel, &st,
					     vtime, &vtimeidx, etime, &etimeidx,
					     no_of_events, authors, eventsizes,
					     maxpapers));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_p_p(graph, &adjlist,
					       kernel, &st,
					       vtime, &vtimeidx, 
					       etime, &etimeidx, no_of_events,
					       authors, eventsizes,
					       maxpapers, logprob, lognull));
      }
    }

    igraph_progress("Revolver p-p", 100.0*(i+1)/niter, NULL);
  }

  igraph_i_lazy_adjedgelist_destroy(&adjlist);
  igraph_vector_destroy(&etimeidx);
  igraph_vector_destroy(&vtimeidx);
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(4);
  
  return 0;
}

#define NTKK(xidx, yidx) \
   ((xidx)==(yidx) ? (VECTOR(ntk)[(xidx)]*(VECTOR(ntk)[(xidx)]-1))/2-MATRIX(ntkk,(xidx),(yidx)) : VECTOR(ntk)[(xidx)]*VECTOR(ntk)[(yidx)]-MATRIX(ntkk,(xidx),(yidx)))

int igraph_revolver_mes_p_p(const igraph_t *graph,
			    igraph_i_lazy_adjedgelist_t *adjlist,
			    igraph_matrix_t *kernel,
			    igraph_matrix_t *sd,
			    igraph_matrix_t *norm,
			    igraph_matrix_t *cites,
			    const igraph_matrix_t *debug,
			    igraph_vector_ptr_t *debugres,
			    const igraph_vector_t *st,
			    const igraph_vector_t *vtime,
			    const igraph_vector_t *vtimeidx,
			    const igraph_vector_t *etime,
			    const igraph_vector_t *etimeidx,
			    igraph_integer_t pno_of_events,
			    const igraph_vector_t *authors,
			    const igraph_vector_t *eventsizes,
			    igraph_integer_t pmaxpapers) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  long int no_of_events=pno_of_events;
  long int maxpapers=pmaxpapers;
  
  igraph_vector_long_t papers;
  igraph_vector_char_t added;
  
  igraph_matrix_t v_normfact, *normfact, v_notnull, *notnull;
  igraph_matrix_t ch;
  
  igraph_vector_long_t ntk;
  igraph_matrix_t ntkk;
  
  igraph_vector_t *adjedges;
  
  long int timestep, i;
  long int nptr=0, eptr=0, aptr=0;
  long int nptr_save, eptr_save, eptr_new;

  IGRAPH_CHECK(igraph_vector_long_init(&papers, no_of_nodes));
  IGRAPH_FINALLY(&igraph_vector_long_destroy, &papers);

  IGRAPH_CHECK(igraph_vector_char_init(&added, no_of_edges));
  IGRAPH_FINALLY(igraph_vector_char_destroy, &added);

  IGRAPH_CHECK(igraph_vector_long_init(&ntk, maxpapers+1));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &ntk);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkk, maxpapers+1, maxpapers+1);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, maxpapers+1, maxpapers+1);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, maxpapers+1, maxpapers+1));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, maxpapers+1, maxpapers+1);
  }
  
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(notnull, maxpapers+1, maxpapers+1));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, maxpapers+1, maxpapers+1);
  }
  
  IGRAPH_CHECK(igraph_matrix_resize(kernel, maxpapers+1, maxpapers+1));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, maxpapers+1, maxpapers+1));
    igraph_matrix_null(sd);
  }
  
  for (timestep=0; timestep<no_of_events; timestep++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
        
    nptr_save=nptr;
    while (nptr < no_of_nodes && 
	   VECTOR(*vtime)[(long int)VECTOR(*vtimeidx)[nptr]]==timestep) {
      nptr++;
    }
    /* If it is a new author then she has no papers yet */
    VECTOR(ntk)[0] += (nptr-nptr_save);

    /* Update ch accordingly, could be done later as well */
    if (VECTOR(ntk)[0] == nptr-nptr_save && nptr!=nptr_save) {
      if (nptr-nptr_save >= 2) {
	MATRIX(ch, 0, 0) = eptr;
      }
      for (i=1; i<maxpapers+1; i++) {
	if (NTKK(0,i) == (nptr-nptr_save)*VECTOR(ntk)[i]) {
	  MATRIX(ch, 0, i) = MATRIX(ch, i, 0) = eptr;
	}
      }
    }    
    
/*     print_ntkk(&ntkk, &ntk); */

    /* Estimate Akk */
    eptr_save=eptr;
    while (eptr < no_of_edges &&
	   VECTOR(*etime)[(long int)VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge), to=IGRAPH_TO(graph, edge);
      long int xidx=VECTOR(papers)[from];
      long int yidx=VECTOR(papers)[to];
      double xk, oldakk;

      MATRIX(*notnull, xidx, yidx) += 1;
      MATRIX(*notnull, yidx, xidx) = MATRIX(*notnull, xidx, yidx);
      
      xk=VECTOR(*st)[timestep]/NTKK(xidx, yidx);
      oldakk=MATRIX(*kernel, xidx, yidx);
      MATRIX(*kernel, xidx, yidx) +=  (xk-oldakk)/MATRIX(*notnull, xidx, yidx);
      MATRIX(*kernel, yidx, xidx) = MATRIX(*kernel, xidx, yidx);
      if (sd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldakk)*(xk-MATRIX(*kernel, xidx, yidx));
	MATRIX(*sd, yidx, xidx) = MATRIX(*sd, xidx, yidx);
      }
      /* TODO: debug */

      eptr++;
    }

    /* update ntkk, the new papers change the type of their authors */
    eptr_new=eptr;
    for (i=aptr; i<aptr+VECTOR(*eventsizes)[timestep]; i++) {
      long int aut=VECTOR(*authors)[i];
      long int pap=VECTOR(papers)[aut];
      long int j, n;

      adjedges=igraph_i_lazy_adjedgelist_get(adjlist, aut);
      n=igraph_vector_size(adjedges);
      for (j=0; j<n; j++) {
	long int edge=VECTOR(*adjedges)[j];
	if (VECTOR(added)[edge]) {
	  long int otherv=IGRAPH_OTHER(graph, edge, aut);
	  long int otherpap=VECTOR(papers)[otherv];
	  MATRIX(ntkk, pap, otherpap) -= 1;
	  MATRIX(ntkk, otherpap, pap) = MATRIX(ntkk, pap, otherpap);
	  if (NTKK(pap, otherpap)==1) {
	    MATRIX(ch, pap, otherpap) = eptr_new;
	    MATRIX(ch, otherpap, pap) = MATRIX(ch, pap, otherpap);
	  }
	  MATRIX(ntkk, pap+1, otherpap) += 1;
	  MATRIX(ntkk, otherpap, pap+1) = MATRIX(ntkk, pap+1, otherpap);
	  if (NTKK(pap+1, otherpap)==0) {
	    MATRIX(*normfact, pap+1, otherpap) += 
	      eptr_new-MATRIX(ch, pap+1, otherpap);
	    MATRIX(*normfact, otherpap, pap+1) = 
	      MATRIX(*normfact, pap+1, otherpap);
	  }
	}
      }

      /* update ntk too */
      for (j=0; j<maxpapers+1; j++) {
	long int before, after;
	before=NTKK(pap, j);
	VECTOR(ntk)[pap]-=1;
	after=NTKK(pap, j);
	VECTOR(ntk)[pap]+=1;
	if (before > 0 && after==0) {
	  MATRIX(*normfact, pap, j) += eptr_new-MATRIX(ch, pap, j);
	  MATRIX(*normfact, j, pap) = MATRIX(*normfact, pap, j);
	}
      }
      VECTOR(ntk)[pap]-=1;
      
      for (j=0; j<maxpapers+1; j++) { 
	long int before, after;
	before=NTKK(pap+1, j);
	VECTOR(ntk)[pap+1] += 1;
	after=NTKK(pap+1, j);
	VECTOR(ntk)[pap+1] -= 1;
	if (before == 0 && after > 0) {
	  MATRIX(ch, pap+1, j) = eptr_new;
	  MATRIX(ch, j, pap+1) = MATRIX(ch, pap+1, j);
	}
      }
      VECTOR(ntk)[pap+1]+=1;
      
      VECTOR(papers)[aut] += 1;
    }
    aptr += VECTOR(*eventsizes)[timestep];
    
    /* For every new edge, we lose one connection possibility, also add the edges*/
    eptr=eptr_save;
    while (eptr < no_of_edges && 
	   VECTOR(*etime)[(long int) VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge), to=IGRAPH_TO(graph, edge);
      long int xidx=VECTOR(papers)[from];
      long int yidx=VECTOR(papers)[to];
      
      MATRIX(ntkk, xidx, yidx) += 1;
      MATRIX(ntkk, yidx, xidx) = MATRIX(ntkk, xidx, yidx);
      if (NTKK(xidx, yidx)==0) {
	MATRIX(*normfact, xidx, yidx) += eptr_new-MATRIX(ch, xidx, yidx);
	MATRIX(*normfact, yidx, xidx) = MATRIX(*normfact, xidx, yidx);
      }

      VECTOR(added)[edge]=1;
      eptr++;
    }
  }    

  for (i=0; i<maxpapers+1; i++) {
    igraph_real_t oldakk;
    long int j;
    for (j=0; j<=i; j++) {
      if (NTKK(i, j) != 0) {
	MATRIX(*normfact, i, j) += (eptr-MATRIX(ch, i, j));
	MATRIX(*normfact, j, i) = MATRIX(*normfact, i, j);
      }
      if (MATRIX(*normfact, i, j)==0) {
	MATRIX(*kernel, i, j)=MATRIX(*kernel, j, i)=0;
	MATRIX(*normfact, i, j)=MATRIX(*normfact, j, i)=1;
      }
      oldakk=MATRIX(*kernel, i, j);
      MATRIX(*kernel, i, j) *= MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j);
      MATRIX(*kernel, j, i) = MATRIX(*kernel, i, j);
      if (sd) {
	MATRIX(*sd, i, j) += oldakk * oldakk * MATRIX(*notnull, i, j) *
	  (1-MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j));
	MATRIX(*sd, i, j) = sqrt(MATRIX(*sd, i, j)/(MATRIX(*normfact, i, j)-1));
	MATRIX(*sd, j, i) = MATRIX(*sd, i, j);
      }
    }
  }

  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&ntkk);
  igraph_vector_long_destroy(&ntk);
  igraph_vector_char_destroy(&added);
  igraph_vector_long_destroy(&papers);
  IGRAPH_FINALLY_CLEAN(5);
  
  return 0;
}

#undef NTKK

int igraph_revolver_st_p_p(const igraph_t *graph,
			   igraph_i_lazy_adjedgelist_t *adjlist,
			   igraph_vector_t *st,
			   const igraph_matrix_t *kernel,
			   const igraph_vector_t *vtime,
			   const igraph_vector_t *vtimeidx,
			   const igraph_vector_t *etime,
			   const igraph_vector_t *etimeidx,
			   igraph_integer_t pno_of_events,
			   const igraph_vector_t *authors,
			   const igraph_vector_t *eventsizes,
			   igraph_integer_t pmaxpapers) {

  long int no_of_events=pno_of_events;
  long int maxpapers=igraph_matrix_nrow(kernel)-1;
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  long int timestep=0;
  
  igraph_vector_long_t papers;
  igraph_vector_long_t ntk;
  igraph_vector_char_t added;
  
  igraph_vector_t *adjedges;
  
  long int i;
  long int nptr=0, eptr=0, aptr=0, nptr_save;
  
  IGRAPH_CHECK(igraph_vector_long_init(&ntk, maxpapers+1));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &ntk);
  IGRAPH_CHECK(igraph_vector_long_init(&papers, no_of_nodes));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &papers);
  IGRAPH_CHECK(igraph_vector_char_init(&added, no_of_edges));
  IGRAPH_FINALLY(igraph_vector_char_destroy, &added);
  
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_events));
  VECTOR(*st)[0]=0;
  
  for (timestep=0; timestep<no_of_events-1; timestep++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* add the new nodes */
    nptr_save=nptr;
    while (nptr < no_of_nodes &&
	   VECTOR(*vtime)[ (long int) VECTOR(*vtimeidx)[nptr] ] == timestep) {
      nptr++;
    }
    nptr_save=nptr-nptr_save;
    if (nptr_save != 0) {
      for (i=0; i<maxpapers+1; i++) {
	VECTOR(*st)[timestep] += VECTOR(ntk)[i]*MATRIX(*kernel, i, 0)*nptr_save;
      }
      VECTOR(*st)[timestep] += nptr_save*(nptr_save-1)/2 * MATRIX(*kernel, 0, 0);
      VECTOR(ntk)[0]+=nptr_save;
    }    
    
    VECTOR(*st)[timestep+1] = VECTOR(*st)[timestep];
    
    for (i=aptr; i<aptr+VECTOR(*eventsizes)[timestep]; i++) {
      long int aut=VECTOR(*authors)[i];
      long int pap=VECTOR(papers)[aut];
      long int j, n;
      
      for (j=0; j<maxpapers+1; j++) {
	VECTOR(*st)[timestep+1] += VECTOR(ntk)[j] * (MATRIX(*kernel, j, pap+1)-
						     MATRIX(*kernel, j, pap));
      }
      
      VECTOR(*st)[timestep+1] += MATRIX(*kernel, pap, pap);
      VECTOR(*st)[timestep+1] -= MATRIX(*kernel, pap+1, pap+1);

      VECTOR(ntk)[pap]--;
      VECTOR(ntk)[pap+1]++;

      adjedges=igraph_i_lazy_adjedgelist_get(adjlist, aut);
      n=igraph_vector_size(adjedges);
      for (j=0; j<n; j++) {
	long int edge=VECTOR(*adjedges)[j];
	if (VECTOR(added)[edge]) {
	  long int otherv=IGRAPH_OTHER(graph, edge, aut);
	  long int otherpap=VECTOR(papers)[otherv];
	  VECTOR(*st)[timestep+1] += MATRIX(*kernel, pap, otherpap);
	  VECTOR(*st)[timestep+1] -= MATRIX(*kernel, pap+1, otherpap);
	}
      }

      VECTOR(papers)[aut] += 1;      
    }
    aptr += VECTOR(*eventsizes)[timestep];
    
    while (eptr < no_of_edges && 
	   VECTOR(*etime)[ (long int) VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge);
      long int to=IGRAPH_TO(graph, edge);
      long int xidx=VECTOR(papers)[from];
      long int yidx=VECTOR(papers)[to];
      VECTOR(*st)[timestep+1] -= MATRIX(*kernel, xidx, yidx);
      VECTOR(added)[edge]=1;
      eptr++;
    }
    
  }
  
  igraph_vector_char_destroy(&added);
  igraph_vector_long_destroy(&papers);
  igraph_vector_long_destroy(&ntk);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

int igraph_revolver_exp_p_p(const igraph_t *graph,
			    igraph_i_lazy_adjedgelist_t *adjlist,
			    igraph_matrix_t *expected,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *vtime,
			    const igraph_vector_t *vtimeidx,
			    const igraph_vector_t *etime,
			    const igraph_vector_t *etimeidx,
			    igraph_integer_t pno_of_events,
			    const igraph_vector_t *authors,
			    const igraph_vector_t *eventsizes,
			    igraph_integer_t pmaxpapers) {

  /* TODO */
  return 0;
}

int igraph_revolver_error_p_p(const igraph_t *graph,
			      igraph_i_lazy_adjedgelist_t *adjlist,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *st,
			      const igraph_vector_t *vtime,
			      const igraph_vector_t *vtimeidx,
			      const igraph_vector_t *etime,
			      const igraph_vector_t *etimeidx,
			      igraph_integer_t pno_of_events,
			      const igraph_vector_t *authors,
			      const igraph_vector_t *eventsizes,
			      igraph_integer_t pmaxpapers,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {

  long int no_of_events=pno_of_events;
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);

  igraph_vector_long_t papers;
  
  long int timestep, nptr=0, eptr=0, aptr=0, eptr_save;
  long int edges=0, vertices=0, i;
  
  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;

  IGRAPH_CHECK(igraph_vector_long_init(&papers, no_of_nodes));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &papers);

  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (timestep=0; timestep<no_of_events; timestep++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
  
    while (nptr < no_of_nodes && 
	   VECTOR(*vtime)[ (long int) VECTOR(*vtimeidx)[nptr] ] == timestep) {
      vertices++;
      nptr++;
    }
    
    eptr_save=eptr;
    while (eptr < no_of_edges && 
	   VECTOR(*etime)[ (long int) VECTOR(*etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(*etimeidx)[eptr];
      long int from=IGRAPH_FROM(graph, edge);
      long int to=IGRAPH_TO(graph, edge);
      long int xidx=VECTOR(papers)[from];
      long int yidx=VECTOR(papers)[to];
      
      igraph_real_t prob=MATRIX(*kernel, xidx, yidx)/VECTOR(*st)[timestep];
      igraph_real_t nullprob=1.0/(vertices*(vertices-1)/2-eptr_save);
            
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
      
      edges++;
      eptr++;
    }
    
    for (i=aptr; i<aptr+VECTOR(*eventsizes)[timestep]; i++) {
      long int aut=VECTOR(*authors)[i];
      VECTOR(papers)[aut] += 1;
    }
    aptr += VECTOR(*eventsizes)[timestep];
    
  }
  
  igraph_vector_long_destroy(&papers);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}







igraph-0.4.2/igraph/basic_query.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "types.h"

/**
 * \ingroup structural
 * \function igraph_are_connected
 * \brief Decides whether two vertices are connected 
 *
 * \param graph The graph object.
 * \param v1 The first vertex.
 * \param v2 The second vertex.
 * \param res Boolean, \c TRUE if there is an edge from
 *         \p v1 to \p v2, \c FALSE otherwise.
 * \return Error code.
 * 
 * The function is of course symmetric for undirected graphs.
 *
 * </para><para>
 * Time complexity: O(d),
 * d is the
 * out-degree of \p v1.
 */
int igraph_are_connected(const igraph_t *graph, 
			 igraph_integer_t v1, igraph_integer_t v2,
			 igraph_bool_t *res) {
  igraph_vs_t vs;
  igraph_vit_t it;
  long int nov=igraph_vcount(graph);

  if (v1 < 0 || v2 < 0 || v1 > nov-1 || v2 > nov-1) {
    IGRAPH_ERROR("are connected", IGRAPH_EINVVID);
  }

  IGRAPH_CHECK(igraph_vs_adj(&vs, v1, IGRAPH_OUT));
  IGRAPH_CHECK(igraph_vit_create(graph, vs, &it));
  IGRAPH_FINALLY(igraph_vit_destroy, &it);
  
  *res=0;
  IGRAPH_VIT_RESET(it);
  while (!*res && !IGRAPH_VIT_END(it)) {
    *res= (IGRAPH_VIT_GET(it) == v2);
    IGRAPH_VIT_NEXT(it);
  }
  
  igraph_vit_destroy(&it);
  IGRAPH_FINALLY_CLEAN(1);
  
  return IGRAPH_SUCCESS;
}







igraph-0.4.2/igraph/foreign-ncol-lexer.c

#line 2 "foreign-ncol-lexer.c"

#line 4 "foreign-ncol-lexer.c"

#define  YY_INT_ALIGNED short int

/* A lexical scanner generated by flex */

#define yy_create_buffer igraph_ncol_yy_create_buffer
#define yy_delete_buffer igraph_ncol_yy_delete_buffer
#define yy_flex_debug igraph_ncol_yy_flex_debug
#define yy_init_buffer igraph_ncol_yy_init_buffer
#define yy_flush_buffer igraph_ncol_yy_flush_buffer
#define yy_load_buffer_state igraph_ncol_yy_load_buffer_state
#define yy_switch_to_buffer igraph_ncol_yy_switch_to_buffer
#define yyin igraph_ncol_yyin
#define yyleng igraph_ncol_yyleng
#define yylex igraph_ncol_yylex
#define yylineno igraph_ncol_yylineno
#define yyout igraph_ncol_yyout
#define yyrestart igraph_ncol_yyrestart
#define yytext igraph_ncol_yytext
#define yywrap igraph_ncol_yywrap
#define yyalloc igraph_ncol_yyalloc
#define yyrealloc igraph_ncol_yyrealloc
#define yyfree igraph_ncol_yyfree

#define FLEX_SCANNER
#define YY_FLEX_MAJOR_VERSION 2
#define YY_FLEX_MINOR_VERSION 5
#define YY_FLEX_SUBMINOR_VERSION 35
#if YY_FLEX_SUBMINOR_VERSION > 0
#define FLEX_BETA
#endif

/* First, we deal with  platform-specific or compiler-specific issues. */

/* begin standard C headers. */
#include <stdio.h>
#include <string.h>
#include <errno.h>
#include <stdlib.h>

/* end standard C headers. */

/* flex integer type definitions */

#ifndef FLEXINT_H
#define FLEXINT_H

/* C99 systems have <inttypes.h>. Non-C99 systems may or may not. */

#if defined (__STDC_VERSION__) && __STDC_VERSION__ >= 199901L

/* C99 says to define __STDC_LIMIT_MACROS before including stdint.h,
 * if you want the limit (max/min) macros for int types. 
 */
#ifndef __STDC_LIMIT_MACROS
#define __STDC_LIMIT_MACROS 1
#endif

#include <inttypes.h>
typedef int8_t flex_int8_t;
typedef uint8_t flex_uint8_t;
typedef int16_t flex_int16_t;
typedef uint16_t flex_uint16_t;
typedef int32_t flex_int32_t;
typedef uint32_t flex_uint32_t;
#else
typedef signed char flex_int8_t;
typedef short int flex_int16_t;
typedef int flex_int32_t;
typedef unsigned char flex_uint8_t; 
typedef unsigned short int flex_uint16_t;
typedef unsigned int flex_uint32_t;
#endif /* ! C99 */

/* Limits of integral types. */
#ifndef INT8_MIN
#define INT8_MIN               (-128)
#endif
#ifndef INT16_MIN
#define INT16_MIN              (-32767-1)
#endif
#ifndef INT32_MIN
#define INT32_MIN              (-2147483647-1)
#endif
#ifndef INT8_MAX
#define INT8_MAX               (127)
#endif
#ifndef INT16_MAX
#define INT16_MAX              (32767)
#endif
#ifndef INT32_MAX
#define INT32_MAX              (2147483647)
#endif
#ifndef UINT8_MAX
#define UINT8_MAX              (255U)
#endif
#ifndef UINT16_MAX
#define UINT16_MAX             (65535U)
#endif
#ifndef UINT32_MAX
#define UINT32_MAX             (4294967295U)
#endif

#endif /* ! FLEXINT_H */

#ifdef __cplusplus

/* The "const" storage-class-modifier is valid. */
#define YY_USE_CONST

#else	/* ! __cplusplus */

/* C99 requires __STDC__ to be defined as 1. */
#if defined (__STDC__)

#define YY_USE_CONST

#endif	/* defined (__STDC__) */
#endif	/* ! __cplusplus */

#ifdef YY_USE_CONST
#define yyconst const
#else
#define yyconst
#endif

/* Returned upon end-of-file. */
#define YY_NULL 0

/* Promotes a possibly negative, possibly signed char to an unsigned
 * integer for use as an array index.  If the signed char is negative,
 * we want to instead treat it as an 8-bit unsigned char, hence the
 * double cast.
 */
#define YY_SC_TO_UI(c) ((unsigned int) (unsigned char) c)

/* Enter a start condition.  This macro really ought to take a parameter,
 * but we do it the disgusting crufty way forced on us by the ()-less
 * definition of BEGIN.
 */
#define BEGIN (yy_start) = 1 + 2 *

/* Translate the current start state into a value that can be later handed
 * to BEGIN to return to the state.  The YYSTATE alias is for lex
 * compatibility.
 */
#define YY_START (((yy_start) - 1) / 2)
#define YYSTATE YY_START

/* Action number for EOF rule of a given start state. */
#define YY_STATE_EOF(state) (YY_END_OF_BUFFER + state + 1)

/* Special action meaning "start processing a new file". */
#define YY_NEW_FILE igraph_ncol_yyrestart(igraph_ncol_yyin  )

#define YY_END_OF_BUFFER_CHAR 0

/* Size of default input buffer. */
#ifndef YY_BUF_SIZE
#define YY_BUF_SIZE 16384
#endif

/* The state buf must be large enough to hold one state per character in the main buffer.
 */
#define YY_STATE_BUF_SIZE   ((YY_BUF_SIZE + 2) * sizeof(yy_state_type))

#ifndef YY_TYPEDEF_YY_BUFFER_STATE
#define YY_TYPEDEF_YY_BUFFER_STATE
typedef struct yy_buffer_state *YY_BUFFER_STATE;
#endif

extern int igraph_ncol_yyleng;

extern FILE *igraph_ncol_yyin, *igraph_ncol_yyout;

#define EOB_ACT_CONTINUE_SCAN 0
#define EOB_ACT_END_OF_FILE 1
#define EOB_ACT_LAST_MATCH 2

    #define YY_LESS_LINENO(n)
    
/* Return all but the first "n" matched characters back to the input stream. */
#define yyless(n) \
	do \
		{ \
		/* Undo effects of setting up igraph_ncol_yytext. */ \
        int yyless_macro_arg = (n); \
        YY_LESS_LINENO(yyless_macro_arg);\
		*yy_cp = (yy_hold_char); \
		YY_RESTORE_YY_MORE_OFFSET \
		(yy_c_buf_p) = yy_cp = yy_bp + yyless_macro_arg - YY_MORE_ADJ; \
		YY_DO_BEFORE_ACTION; /* set up igraph_ncol_yytext again */ \
		} \
	while ( 0 )

#define unput(c) yyunput( c, (yytext_ptr)  )

#ifndef YY_TYPEDEF_YY_SIZE_T
#define YY_TYPEDEF_YY_SIZE_T
typedef size_t yy_size_t;
#endif

#ifndef YY_STRUCT_YY_BUFFER_STATE
#define YY_STRUCT_YY_BUFFER_STATE
struct yy_buffer_state
	{
	FILE *yy_input_file;

	char *yy_ch_buf;		/* input buffer */
	char *yy_buf_pos;		/* current position in input buffer */

	/* Size of input buffer in bytes, not including room for EOB
	 * characters.
	 */
	yy_size_t yy_buf_size;

	/* Number of characters read into yy_ch_buf, not including EOB
	 * characters.
	 */
	int yy_n_chars;

	/* Whether we "own" the buffer - i.e., we know we created it,
	 * and can realloc() it to grow it, and should free() it to
	 * delete it.
	 */
	int yy_is_our_buffer;

	/* Whether this is an "interactive" input source; if so, and
	 * if we're using stdio for input, then we want to use getc()
	 * instead of fread(), to make sure we stop fetching input after
	 * each newline.
	 */
	int yy_is_interactive;

	/* Whether we're considered to be at the beginning of a line.
	 * If so, '^' rules will be active on the next match, otherwise
	 * not.
	 */
	int yy_at_bol;

    int yy_bs_lineno; /**< The line count. */
    int yy_bs_column; /**< The column count. */
    
	/* Whether to try to fill the input buffer when we reach the
	 * end of it.
	 */
	int yy_fill_buffer;

	int yy_buffer_status;

#define YY_BUFFER_NEW 0
#define YY_BUFFER_NORMAL 1
	/* When an EOF's been seen but there's still some text to process
	 * then we mark the buffer as YY_EOF_PENDING, to indicate that we
	 * shouldn't try reading from the input source any more.  We might
	 * still have a bunch of tokens to match, though, because of
	 * possible backing-up.
	 *
	 * When we actually see the EOF, we change the status to "new"
	 * (via igraph_ncol_yyrestart()), so that the user can continue scanning by
	 * just pointing igraph_ncol_yyin at a new input file.
	 */
#define YY_BUFFER_EOF_PENDING 2

	};
#endif /* !YY_STRUCT_YY_BUFFER_STATE */

/* Stack of input buffers. */
static size_t yy_buffer_stack_top = 0; /**< index of top of stack. */
static size_t yy_buffer_stack_max = 0; /**< capacity of stack. */
static YY_BUFFER_STATE * yy_buffer_stack = 0; /**< Stack as an array. */

/* We provide macros for accessing buffer states in case in the
 * future we want to put the buffer states in a more general
 * "scanner state".
 *
 * Returns the top of the stack, or NULL.
 */
#define YY_CURRENT_BUFFER ( (yy_buffer_stack) \
                          ? (yy_buffer_stack)[(yy_buffer_stack_top)] \
                          : NULL)

/* Same as previous macro, but useful when we know that the buffer stack is not
 * NULL or when we need an lvalue. For internal use only.
 */
#define YY_CURRENT_BUFFER_LVALUE (yy_buffer_stack)[(yy_buffer_stack_top)]

/* yy_hold_char holds the character lost when igraph_ncol_yytext is formed. */
static char yy_hold_char;
static int yy_n_chars;		/* number of characters read into yy_ch_buf */
int igraph_ncol_yyleng;

/* Points to current character in buffer. */
static char *yy_c_buf_p = (char *) 0;
static int yy_init = 0;		/* whether we need to initialize */
static int yy_start = 0;	/* start state number */

/* Flag which is used to allow igraph_ncol_yywrap()'s to do buffer switches
 * instead of setting up a fresh igraph_ncol_yyin.  A bit of a hack ...
 */
static int yy_did_buffer_switch_on_eof;

void igraph_ncol_yyrestart (FILE *input_file  );
void igraph_ncol_yy_switch_to_buffer (YY_BUFFER_STATE new_buffer  );
YY_BUFFER_STATE igraph_ncol_yy_create_buffer (FILE *file,int size  );
void igraph_ncol_yy_delete_buffer (YY_BUFFER_STATE b  );
void igraph_ncol_yy_flush_buffer (YY_BUFFER_STATE b  );
void igraph_ncol_yypush_buffer_state (YY_BUFFER_STATE new_buffer  );
void igraph_ncol_yypop_buffer_state (void );

static void igraph_ncol_yyensure_buffer_stack (void );
static void igraph_ncol_yy_load_buffer_state (void );
static void igraph_ncol_yy_init_buffer (YY_BUFFER_STATE b,FILE *file  );

#define YY_FLUSH_BUFFER igraph_ncol_yy_flush_buffer(YY_CURRENT_BUFFER )

YY_BUFFER_STATE igraph_ncol_yy_scan_buffer (char *base,yy_size_t size  );
YY_BUFFER_STATE igraph_ncol_yy_scan_string (yyconst char *yy_str  );
YY_BUFFER_STATE igraph_ncol_yy_scan_bytes (yyconst char *bytes,int len  );

void *igraph_ncol_yyalloc (yy_size_t  );
void *igraph_ncol_yyrealloc (void *,yy_size_t  );
void igraph_ncol_yyfree (void *  );

#define yy_new_buffer igraph_ncol_yy_create_buffer

#define yy_set_interactive(is_interactive) \
	{ \
	if ( ! YY_CURRENT_BUFFER ){ \
        igraph_ncol_yyensure_buffer_stack (); \
		YY_CURRENT_BUFFER_LVALUE =    \
            igraph_ncol_yy_create_buffer(igraph_ncol_yyin,YY_BUF_SIZE ); \
	} \
	YY_CURRENT_BUFFER_LVALUE->yy_is_interactive = is_interactive; \
	}

#define yy_set_bol(at_bol) \
	{ \
	if ( ! YY_CURRENT_BUFFER ){\
        igraph_ncol_yyensure_buffer_stack (); \
		YY_CURRENT_BUFFER_LVALUE =    \
            igraph_ncol_yy_create_buffer(igraph_ncol_yyin,YY_BUF_SIZE ); \
	} \
	YY_CURRENT_BUFFER_LVALUE->yy_at_bol = at_bol; \
	}

#define YY_AT_BOL() (YY_CURRENT_BUFFER_LVALUE->yy_at_bol)

/* Begin user sect3 */

#define igraph_ncol_yywrap(n) 1
#define YY_SKIP_YYWRAP

typedef unsigned char YY_CHAR;

FILE *igraph_ncol_yyin = (FILE *) 0, *igraph_ncol_yyout = (FILE *) 0;

typedef int yy_state_type;

extern int igraph_ncol_yylineno;

int igraph_ncol_yylineno = 1;

extern char *igraph_ncol_yytext;
#define yytext_ptr igraph_ncol_yytext

static yy_state_type yy_get_previous_state (void );
static yy_state_type yy_try_NUL_trans (yy_state_type current_state  );
static int yy_get_next_buffer (void );
static void yy_fatal_error (yyconst char msg[]  );

/* Done after the current pattern has been matched and before the
 * corresponding action - sets up igraph_ncol_yytext.
 */
#define YY_DO_BEFORE_ACTION \
	(yytext_ptr) = yy_bp; \
	igraph_ncol_yyleng = (size_t) (yy_cp - yy_bp); \
	(yy_hold_char) = *yy_cp; \
	*yy_cp = '\0'; \
	(yy_c_buf_p) = yy_cp;

#define YY_NUM_RULES 4
#define YY_END_OF_BUFFER 5
/* This struct is not used in this scanner,
   but its presence is necessary. */
struct yy_trans_info
	{
	flex_int32_t yy_verify;
	flex_int32_t yy_nxt;
	};
static yyconst flex_int16_t yy_accept[10] =
    {   0,
        1,    1,    5,    3,    1,    2,    3,    1,    0
    } ;

static yyconst flex_int32_t yy_ec[256] =
    {   0,
        1,    1,    1,    1,    1,    1,    1,    1,    2,    3,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    2,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,

        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,

        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1
    } ;

static yyconst flex_int32_t yy_meta[4] =
    {   0,
        1,    2,    3
    } ;

static yyconst flex_int16_t yy_base[12] =
    {   0,
        0,    0,    6,    0,    0,    7,    0,    0,    7,    4,
        2
    } ;

static yyconst flex_int16_t yy_def[12] =
    {   0,
        9,    1,    9,   10,   11,    9,   10,   11,    0,    9,
        9
    } ;

static yyconst flex_int16_t yy_nxt[11] =
    {   0,
        4,    5,    6,    8,    7,    9,    3,    9,    9,    9
    } ;

static yyconst flex_int16_t yy_chk[11] =
    {   0,
        1,    1,    1,   11,   10,    3,    9,    9,    9,    9
    } ;

static yy_state_type yy_last_accepting_state;
static char *yy_last_accepting_cpos;

extern int igraph_ncol_yy_flex_debug;
int igraph_ncol_yy_flex_debug = 0;

/* The intent behind this definition is that it'll catch
 * any uses of REJECT which flex missed.
 */
#define REJECT reject_used_but_not_detected
#define yymore() yymore_used_but_not_detected
#define YY_MORE_ADJ 0
#define YY_RESTORE_YY_MORE_OFFSET
char *igraph_ncol_yytext;
#line 1 "foreign-ncol-lexer.l"
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/
#line 24 "foreign-ncol-lexer.l"

/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "foreign-ncol-parser.h"
extern long int igraph_ncol_mylineno;
int igraph_i_ncol_eof;
void igraph_i_ncol_reset_scanner() {
  YY_FLUSH_BUFFER;
}
#line 525 "foreign-ncol-lexer.c"

#define INITIAL 0

#ifndef YY_NO_UNISTD_H
/* Special case for "unistd.h", since it is non-ANSI. We include it way
 * down here because we want the user's section 1 to have been scanned first.
 * The user has a chance to override it with an option.
 */
#include <unistd.h>
#endif

#ifndef YY_EXTRA_TYPE
#define YY_EXTRA_TYPE void *
#endif

static int yy_init_globals (void );

/* Accessor methods to globals.
   These are made visible to non-reentrant scanners for convenience. */

int igraph_ncol_yylex_destroy (void );

int igraph_ncol_yyget_debug (void );

void igraph_ncol_yyset_debug (int debug_flag  );

YY_EXTRA_TYPE igraph_ncol_yyget_extra (void );

void igraph_ncol_yyset_extra (YY_EXTRA_TYPE user_defined  );

FILE *igraph_ncol_yyget_in (void );

void igraph_ncol_yyset_in  (FILE * in_str  );

FILE *igraph_ncol_yyget_out (void );

void igraph_ncol_yyset_out  (FILE * out_str  );

int igraph_ncol_yyget_leng (void );

char *igraph_ncol_yyget_text (void );

int igraph_ncol_yyget_lineno (void );

void igraph_ncol_yyset_lineno (int line_number  );

/* Macros after this point can all be overridden by user definitions in
 * section 1.
 */

#ifndef YY_SKIP_YYWRAP
#ifdef __cplusplus
extern "C" int igraph_ncol_yywrap (void );
#else
extern int igraph_ncol_yywrap (void );
#endif
#endif

    static void yyunput (int c,char *buf_ptr  );
    
#ifndef yytext_ptr
static void yy_flex_strncpy (char *,yyconst char *,int );
#endif

#ifdef YY_NEED_STRLEN
static int yy_flex_strlen (yyconst char * );
#endif

#ifndef YY_NO_INPUT

#ifdef __cplusplus
static int yyinput (void );
#else
static int input (void );
#endif

#endif

/* Amount of stuff to slurp up with each read. */
#ifndef YY_READ_BUF_SIZE
#define YY_READ_BUF_SIZE 8192
#endif

/* Copy whatever the last rule matched to the standard output. */
#ifndef ECHO
/* This used to be an fputs(), but since the string might contain NUL's,
 * we now use fwrite().
 */
#define ECHO fwrite( igraph_ncol_yytext, igraph_ncol_yyleng, 1, igraph_ncol_yyout )
#endif

/* Gets input and stuffs it into "buf".  number of characters read, or YY_NULL,
 * is returned in "result".
 */
#ifndef YY_INPUT
#define YY_INPUT(buf,result,max_size) \
	if ( YY_CURRENT_BUFFER_LVALUE->yy_is_interactive ) \
		{ \
		int c = '*'; \
		int n; \
		for ( n = 0; n < max_size && \
			     (c = getc( igraph_ncol_yyin )) != EOF && c != '\n'; ++n ) \
			buf[n] = (char) c; \
		if ( c == '\n' ) \
			buf[n++] = (char) c; \
		if ( c == EOF && ferror( igraph_ncol_yyin ) ) \
			YY_FATAL_ERROR( "input in flex scanner failed" ); \
		result = n; \
		} \
	else \
		{ \
		errno=0; \
		while ( (result = fread(buf, 1, max_size, igraph_ncol_yyin))==0 && ferror(igraph_ncol_yyin)) \
			{ \
			if( errno != EINTR) \
				{ \
				YY_FATAL_ERROR( "input in flex scanner failed" ); \
				break; \
				} \
			errno=0; \
			clearerr(igraph_ncol_yyin); \
			} \
		}\
\

#endif

/* No semi-colon after return; correct usage is to write "yyterminate();" -
 * we don't want an extra ';' after the "return" because that will cause
 * some compilers to complain about unreachable statements.
 */
#ifndef yyterminate
#define yyterminate() return YY_NULL
#endif

/* Number of entries by which start-condition stack grows. */
#ifndef YY_START_STACK_INCR
#define YY_START_STACK_INCR 25
#endif

/* Report a fatal error. */
#ifndef YY_FATAL_ERROR
#define YY_FATAL_ERROR(msg) yy_fatal_error( msg )
#endif

/* end tables serialization structures and prototypes */

/* Default declaration of generated scanner - a define so the user can
 * easily add parameters.
 */
#ifndef YY_DECL
#define YY_DECL_IS_OURS 1

extern int igraph_ncol_yylex (void);

#define YY_DECL int igraph_ncol_yylex (void)
#endif /* !YY_DECL */

/* Code executed at the beginning of each rule, after igraph_ncol_yytext and igraph_ncol_yyleng
 * have been set up.
 */
#ifndef YY_USER_ACTION
#define YY_USER_ACTION
#endif

/* Code executed at the end of each rule. */
#ifndef YY_BREAK
#define YY_BREAK break;
#endif

#define YY_RULE_SETUP \
	YY_USER_ACTION

/** The main scanner function which does all the work.
 */
YY_DECL
{
	register yy_state_type yy_current_state;
	register char *yy_cp, *yy_bp;
	register int yy_act;
    
#line 61 "foreign-ncol-lexer.l"


 /* ------------------------------------------------whitespace------*/
#line 711 "foreign-ncol-lexer.c"

	if ( !(yy_init) )
		{
		(yy_init) = 1;

#ifdef YY_USER_INIT
		YY_USER_INIT;
#endif

		if ( ! (yy_start) )
			(yy_start) = 1;	/* first start state */

		if ( ! igraph_ncol_yyin )
			igraph_ncol_yyin = stdin;

		if ( ! igraph_ncol_yyout )
			igraph_ncol_yyout = stdout;

		if ( ! YY_CURRENT_BUFFER ) {
			igraph_ncol_yyensure_buffer_stack ();
			YY_CURRENT_BUFFER_LVALUE =
				igraph_ncol_yy_create_buffer(igraph_ncol_yyin,YY_BUF_SIZE );
		}

		igraph_ncol_yy_load_buffer_state( );
		}

	while ( 1 )		/* loops until end-of-file is reached */
		{
		yy_cp = (yy_c_buf_p);

		/* Support of igraph_ncol_yytext. */
		*yy_cp = (yy_hold_char);

		/* yy_bp points to the position in yy_ch_buf of the start of
		 * the current run.
		 */
		yy_bp = yy_cp;

		yy_current_state = (yy_start);
yy_match:
		do
			{
			register YY_CHAR yy_c = yy_ec[YY_SC_TO_UI(*yy_cp)];
			if ( yy_accept[yy_current_state] )
				{
				(yy_last_accepting_state) = yy_current_state;
				(yy_last_accepting_cpos) = yy_cp;
				}
			while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
				{
				yy_current_state = (int) yy_def[yy_current_state];
				if ( yy_current_state >= 10 )
					yy_c = yy_meta[(unsigned int) yy_c];
				}
			yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
			++yy_cp;
			}
		while ( yy_base[yy_current_state] != 7 );

yy_find_action:
		yy_act = yy_accept[yy_current_state];
		if ( yy_act == 0 )
			{ /* have to back up */
			yy_cp = (yy_last_accepting_cpos);
			yy_current_state = (yy_last_accepting_state);
			yy_act = yy_accept[yy_current_state];
			}

		YY_DO_BEFORE_ACTION;

do_action:	/* This label is used only to access EOF actions. */

		switch ( yy_act )
	{ /* beginning of action switch */
			case 0: /* must back up */
			/* undo the effects of YY_DO_BEFORE_ACTION */
			*yy_cp = (yy_hold_char);
			yy_cp = (yy_last_accepting_cpos);
			yy_current_state = (yy_last_accepting_state);
			goto yy_find_action;

case 1:
YY_RULE_SETUP
#line 64 "foreign-ncol-lexer.l"
{ }
	YY_BREAK
/* ---------------------------------------------------newline------*/
case 2:
/* rule 2 can match eol */
YY_RULE_SETUP
#line 67 "foreign-ncol-lexer.l"
{ igraph_ncol_mylineno++; return NEWLINE; }
	YY_BREAK
/* ----------------------------------------------alphanumeric------*/
case 3:
YY_RULE_SETUP
#line 70 "foreign-ncol-lexer.l"
{ return ALNUM; }
	YY_BREAK
case YY_STATE_EOF(INITIAL):
#line 72 "foreign-ncol-lexer.l"
{ if (igraph_i_ncol_eof) {
                       yyterminate();
                    } else {
                       igraph_i_ncol_eof=1;
                       return NEWLINE; 
                    }
                  }
	YY_BREAK
case 4:
YY_RULE_SETUP
#line 80 "foreign-ncol-lexer.l"
ECHO;
	YY_BREAK
#line 827 "foreign-ncol-lexer.c"

	case YY_END_OF_BUFFER:
		{
		/* Amount of text matched not including the EOB char. */
		int yy_amount_of_matched_text = (int) (yy_cp - (yytext_ptr)) - 1;

		/* Undo the effects of YY_DO_BEFORE_ACTION. */
		*yy_cp = (yy_hold_char);
		YY_RESTORE_YY_MORE_OFFSET

		if ( YY_CURRENT_BUFFER_LVALUE->yy_buffer_status == YY_BUFFER_NEW )
			{
			/* We're scanning a new file or input source.  It's
			 * possible that this happened because the user
			 * just pointed igraph_ncol_yyin at a new source and called
			 * igraph_ncol_yylex().  If so, then we have to assure
			 * consistency between YY_CURRENT_BUFFER and our
			 * globals.  Here is the right place to do so, because
			 * this is the first action (other than possibly a
			 * back-up) that will match for the new input source.
			 */
			(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_n_chars;
			YY_CURRENT_BUFFER_LVALUE->yy_input_file = igraph_ncol_yyin;
			YY_CURRENT_BUFFER_LVALUE->yy_buffer_status = YY_BUFFER_NORMAL;
			}

		/* Note that here we test for yy_c_buf_p "<=" to the position
		 * of the first EOB in the buffer, since yy_c_buf_p will
		 * already have been incremented past the NUL character
		 * (since all states make transitions on EOB to the
		 * end-of-buffer state).  Contrast this with the test
		 * in input().
		 */
		if ( (yy_c_buf_p) <= &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] )
			{ /* This was really a NUL. */
			yy_state_type yy_next_state;

			(yy_c_buf_p) = (yytext_ptr) + yy_amount_of_matched_text;

			yy_current_state = yy_get_previous_state(  );

			/* Okay, we're now positioned to make the NUL
			 * transition.  We couldn't have
			 * yy_get_previous_state() go ahead and do it
			 * for us because it doesn't know how to deal
			 * with the possibility of jamming (and we don't
			 * want to build jamming into it because then it
			 * will run more slowly).
			 */

			yy_next_state = yy_try_NUL_trans( yy_current_state );

			yy_bp = (yytext_ptr) + YY_MORE_ADJ;

			if ( yy_next_state )
				{
				/* Consume the NUL. */
				yy_cp = ++(yy_c_buf_p);
				yy_current_state = yy_next_state;
				goto yy_match;
				}

			else
				{
				yy_cp = (yy_c_buf_p);
				goto yy_find_action;
				}
			}

		else switch ( yy_get_next_buffer(  ) )
			{
			case EOB_ACT_END_OF_FILE:
				{
				(yy_did_buffer_switch_on_eof) = 0;

				if ( igraph_ncol_yywrap( ) )
					{
					/* Note: because we've taken care in
					 * yy_get_next_buffer() to have set up
					 * igraph_ncol_yytext, we can now set up
					 * yy_c_buf_p so that if some total
					 * hoser (like flex itself) wants to
					 * call the scanner after we return the
					 * YY_NULL, it'll still work - another
					 * YY_NULL will get returned.
					 */
					(yy_c_buf_p) = (yytext_ptr) + YY_MORE_ADJ;

					yy_act = YY_STATE_EOF(YY_START);
					goto do_action;
					}

				else
					{
					if ( ! (yy_did_buffer_switch_on_eof) )
						YY_NEW_FILE;
					}
				break;
				}

			case EOB_ACT_CONTINUE_SCAN:
				(yy_c_buf_p) =
					(yytext_ptr) + yy_amount_of_matched_text;

				yy_current_state = yy_get_previous_state(  );

				yy_cp = (yy_c_buf_p);
				yy_bp = (yytext_ptr) + YY_MORE_ADJ;
				goto yy_match;

			case EOB_ACT_LAST_MATCH:
				(yy_c_buf_p) =
				&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)];

				yy_current_state = yy_get_previous_state(  );

				yy_cp = (yy_c_buf_p);
				yy_bp = (yytext_ptr) + YY_MORE_ADJ;
				goto yy_find_action;
			}
		break;
		}

	default:
		YY_FATAL_ERROR(
			"fatal flex scanner internal error--no action found" );
	} /* end of action switch */
		} /* end of scanning one token */
} /* end of igraph_ncol_yylex */

/* yy_get_next_buffer - try to read in a new buffer
 *
 * Returns a code representing an action:
 *	EOB_ACT_LAST_MATCH -
 *	EOB_ACT_CONTINUE_SCAN - continue scanning from current position
 *	EOB_ACT_END_OF_FILE - end of file
 */
static int yy_get_next_buffer (void)
{
    	register char *dest = YY_CURRENT_BUFFER_LVALUE->yy_ch_buf;
	register char *source = (yytext_ptr);
	register int number_to_move, i;
	int ret_val;

	if ( (yy_c_buf_p) > &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars) + 1] )
		YY_FATAL_ERROR(
		"fatal flex scanner internal error--end of buffer missed" );

	if ( YY_CURRENT_BUFFER_LVALUE->yy_fill_buffer == 0 )
		{ /* Don't try to fill the buffer, so this is an EOF. */
		if ( (yy_c_buf_p) - (yytext_ptr) - YY_MORE_ADJ == 1 )
			{
			/* We matched a single character, the EOB, so
			 * treat this as a final EOF.
			 */
			return EOB_ACT_END_OF_FILE;
			}

		else
			{
			/* We matched some text prior to the EOB, first
			 * process it.
			 */
			return EOB_ACT_LAST_MATCH;
			}
		}

	/* Try to read more data. */

	/* First move last chars to start of buffer. */
	number_to_move = (int) ((yy_c_buf_p) - (yytext_ptr)) - 1;

	for ( i = 0; i < number_to_move; ++i )
		*(dest++) = *(source++);

	if ( YY_CURRENT_BUFFER_LVALUE->yy_buffer_status == YY_BUFFER_EOF_PENDING )
		/* don't do the read, it's not guaranteed to return an EOF,
		 * just force an EOF
		 */
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars) = 0;

	else
		{
			int num_to_read =
			YY_CURRENT_BUFFER_LVALUE->yy_buf_size - number_to_move - 1;

		while ( num_to_read <= 0 )
			{ /* Not enough room in the buffer - grow it. */

			/* just a shorter name for the current buffer */
			YY_BUFFER_STATE b = YY_CURRENT_BUFFER;

			int yy_c_buf_p_offset =
				(int) ((yy_c_buf_p) - b->yy_ch_buf);

			if ( b->yy_is_our_buffer )
				{
				int new_size = b->yy_buf_size * 2;

				if ( new_size <= 0 )
					b->yy_buf_size += b->yy_buf_size / 8;
				else
					b->yy_buf_size *= 2;

				b->yy_ch_buf = (char *)
					/* Include room in for 2 EOB chars. */
					igraph_ncol_yyrealloc((void *) b->yy_ch_buf,b->yy_buf_size + 2  );
				}
			else
				/* Can't grow it, we don't own it. */
				b->yy_ch_buf = 0;

			if ( ! b->yy_ch_buf )
				YY_FATAL_ERROR(
				"fatal error - scanner input buffer overflow" );

			(yy_c_buf_p) = &b->yy_ch_buf[yy_c_buf_p_offset];

			num_to_read = YY_CURRENT_BUFFER_LVALUE->yy_buf_size -
						number_to_move - 1;

			}

		if ( num_to_read > YY_READ_BUF_SIZE )
			num_to_read = YY_READ_BUF_SIZE;

		/* Read in more data. */
		YY_INPUT( (&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[number_to_move]),
			(yy_n_chars), (size_t) num_to_read );

		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	if ( (yy_n_chars) == 0 )
		{
		if ( number_to_move == YY_MORE_ADJ )
			{
			ret_val = EOB_ACT_END_OF_FILE;
			igraph_ncol_yyrestart(igraph_ncol_yyin  );
			}

		else
			{
			ret_val = EOB_ACT_LAST_MATCH;
			YY_CURRENT_BUFFER_LVALUE->yy_buffer_status =
				YY_BUFFER_EOF_PENDING;
			}
		}

	else
		ret_val = EOB_ACT_CONTINUE_SCAN;

	if ((yy_size_t) ((yy_n_chars) + number_to_move) > YY_CURRENT_BUFFER_LVALUE->yy_buf_size) {
		/* Extend the array by 50%, plus the number we really need. */
		yy_size_t new_size = (yy_n_chars) + number_to_move + ((yy_n_chars) >> 1);
		YY_CURRENT_BUFFER_LVALUE->yy_ch_buf = (char *) igraph_ncol_yyrealloc((void *) YY_CURRENT_BUFFER_LVALUE->yy_ch_buf,new_size  );
		if ( ! YY_CURRENT_BUFFER_LVALUE->yy_ch_buf )
			YY_FATAL_ERROR( "out of dynamic memory in yy_get_next_buffer()" );
	}

	(yy_n_chars) += number_to_move;
	YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] = YY_END_OF_BUFFER_CHAR;
	YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars) + 1] = YY_END_OF_BUFFER_CHAR;

	(yytext_ptr) = &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[0];

	return ret_val;
}

/* yy_get_previous_state - get the state just before the EOB char was reached */

    static yy_state_type yy_get_previous_state (void)
{
	register yy_state_type yy_current_state;
	register char *yy_cp;
    
	yy_current_state = (yy_start);

	for ( yy_cp = (yytext_ptr) + YY_MORE_ADJ; yy_cp < (yy_c_buf_p); ++yy_cp )
		{
		register YY_CHAR yy_c = (*yy_cp ? yy_ec[YY_SC_TO_UI(*yy_cp)] : 1);
		if ( yy_accept[yy_current_state] )
			{
			(yy_last_accepting_state) = yy_current_state;
			(yy_last_accepting_cpos) = yy_cp;
			}
		while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
			{
			yy_current_state = (int) yy_def[yy_current_state];
			if ( yy_current_state >= 10 )
				yy_c = yy_meta[(unsigned int) yy_c];
			}
		yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
		}

	return yy_current_state;
}

/* yy_try_NUL_trans - try to make a transition on the NUL character
 *
 * synopsis
 *	next_state = yy_try_NUL_trans( current_state );
 */
    static yy_state_type yy_try_NUL_trans  (yy_state_type yy_current_state )
{
	register int yy_is_jam;
    	register char *yy_cp = (yy_c_buf_p);

	register YY_CHAR yy_c = 1;
	if ( yy_accept[yy_current_state] )
		{
		(yy_last_accepting_state) = yy_current_state;
		(yy_last_accepting_cpos) = yy_cp;
		}
	while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
		{
		yy_current_state = (int) yy_def[yy_current_state];
		if ( yy_current_state >= 10 )
			yy_c = yy_meta[(unsigned int) yy_c];
		}
	yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
	yy_is_jam = (yy_current_state == 9);

	return yy_is_jam ? 0 : yy_current_state;
}

    static void yyunput (int c, register char * yy_bp )
{
	register char *yy_cp;
    
    yy_cp = (yy_c_buf_p);

	/* undo effects of setting up igraph_ncol_yytext */
	*yy_cp = (yy_hold_char);

	if ( yy_cp < YY_CURRENT_BUFFER_LVALUE->yy_ch_buf + 2 )
		{ /* need to shift things up to make room */
		/* +2 for EOB chars. */
		register int number_to_move = (yy_n_chars) + 2;
		register char *dest = &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[
					YY_CURRENT_BUFFER_LVALUE->yy_buf_size + 2];
		register char *source =
				&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[number_to_move];

		while ( source > YY_CURRENT_BUFFER_LVALUE->yy_ch_buf )
			*--dest = *--source;

		yy_cp += (int) (dest - source);
		yy_bp += (int) (dest - source);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars =
			(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_buf_size;

		if ( yy_cp < YY_CURRENT_BUFFER_LVALUE->yy_ch_buf + 2 )
			YY_FATAL_ERROR( "flex scanner push-back overflow" );
		}

	*--yy_cp = (char) c;

	(yytext_ptr) = yy_bp;
	(yy_hold_char) = *yy_cp;
	(yy_c_buf_p) = yy_cp;
}

#ifndef YY_NO_INPUT
#ifdef __cplusplus
    static int yyinput (void)
#else
    static int input  (void)
#endif

{
	int c;
    
	*(yy_c_buf_p) = (yy_hold_char);

	if ( *(yy_c_buf_p) == YY_END_OF_BUFFER_CHAR )
		{
		/* yy_c_buf_p now points to the character we want to return.
		 * If this occurs *before* the EOB characters, then it's a
		 * valid NUL; if not, then we've hit the end of the buffer.
		 */
		if ( (yy_c_buf_p) < &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] )
			/* This was really a NUL. */
			*(yy_c_buf_p) = '\0';

		else
			{ /* need more input */
			int offset = (yy_c_buf_p) - (yytext_ptr);
			++(yy_c_buf_p);

			switch ( yy_get_next_buffer(  ) )
				{
				case EOB_ACT_LAST_MATCH:
					/* This happens because yy_g_n_b()
					 * sees that we've accumulated a
					 * token and flags that we need to
					 * try matching the token before
					 * proceeding.  But for input(),
					 * there's no matching to consider.
					 * So convert the EOB_ACT_LAST_MATCH
					 * to EOB_ACT_END_OF_FILE.
					 */

					/* Reset buffer status. */
					igraph_ncol_yyrestart(igraph_ncol_yyin );

					/*FALLTHROUGH*/

				case EOB_ACT_END_OF_FILE:
					{
					if ( igraph_ncol_yywrap( ) )
						return EOF;

					if ( ! (yy_did_buffer_switch_on_eof) )
						YY_NEW_FILE;
#ifdef __cplusplus
					return yyinput();
#else
					return input();
#endif
					}

				case EOB_ACT_CONTINUE_SCAN:
					(yy_c_buf_p) = (yytext_ptr) + offset;
					break;
				}
			}
		}

	c = *(unsigned char *) (yy_c_buf_p);	/* cast for 8-bit char's */
	*(yy_c_buf_p) = '\0';	/* preserve igraph_ncol_yytext */
	(yy_hold_char) = *++(yy_c_buf_p);

	return c;
}
#endif	/* ifndef YY_NO_INPUT */

/** Immediately switch to a different input stream.
 * @param input_file A readable stream.
 * 
 * @note This function does not reset the start condition to @c INITIAL .
 */
    void igraph_ncol_yyrestart  (FILE * input_file )
{
    
	if ( ! YY_CURRENT_BUFFER ){
        igraph_ncol_yyensure_buffer_stack ();
		YY_CURRENT_BUFFER_LVALUE =
            igraph_ncol_yy_create_buffer(igraph_ncol_yyin,YY_BUF_SIZE );
	}

	igraph_ncol_yy_init_buffer(YY_CURRENT_BUFFER,input_file );
	igraph_ncol_yy_load_buffer_state( );
}

/** Switch to a different input buffer.
 * @param new_buffer The new input buffer.
 * 
 */
    void igraph_ncol_yy_switch_to_buffer  (YY_BUFFER_STATE  new_buffer )
{
    
	/* TODO. We should be able to replace this entire function body
	 * with
	 *		igraph_ncol_yypop_buffer_state();
	 *		igraph_ncol_yypush_buffer_state(new_buffer);
     */
	igraph_ncol_yyensure_buffer_stack ();
	if ( YY_CURRENT_BUFFER == new_buffer )
		return;

	if ( YY_CURRENT_BUFFER )
		{
		/* Flush out information for old buffer. */
		*(yy_c_buf_p) = (yy_hold_char);
		YY_CURRENT_BUFFER_LVALUE->yy_buf_pos = (yy_c_buf_p);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	YY_CURRENT_BUFFER_LVALUE = new_buffer;
	igraph_ncol_yy_load_buffer_state( );

	/* We don't actually know whether we did this switch during
	 * EOF (igraph_ncol_yywrap()) processing, but the only time this flag
	 * is looked at is after igraph_ncol_yywrap() is called, so it's safe
	 * to go ahead and always set it.
	 */
	(yy_did_buffer_switch_on_eof) = 1;
}

static void igraph_ncol_yy_load_buffer_state  (void)
{
    	(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_n_chars;
	(yytext_ptr) = (yy_c_buf_p) = YY_CURRENT_BUFFER_LVALUE->yy_buf_pos;
	igraph_ncol_yyin = YY_CURRENT_BUFFER_LVALUE->yy_input_file;
	(yy_hold_char) = *(yy_c_buf_p);
}

/** Allocate and initialize an input buffer state.
 * @param file A readable stream.
 * @param size The character buffer size in bytes. When in doubt, use @c YY_BUF_SIZE.
 * 
 * @return the allocated buffer state.
 */
    YY_BUFFER_STATE igraph_ncol_yy_create_buffer  (FILE * file, int  size )
{
	YY_BUFFER_STATE b;
    
	b = (YY_BUFFER_STATE) igraph_ncol_yyalloc(sizeof( struct yy_buffer_state )  );
	if ( ! b )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_ncol_yy_create_buffer()" );

	b->yy_buf_size = size;

	/* yy_ch_buf has to be 2 characters longer than the size given because
	 * we need to put in 2 end-of-buffer characters.
	 */
	b->yy_ch_buf = (char *) igraph_ncol_yyalloc(b->yy_buf_size + 2  );
	if ( ! b->yy_ch_buf )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_ncol_yy_create_buffer()" );

	b->yy_is_our_buffer = 1;

	igraph_ncol_yy_init_buffer(b,file );

	return b;
}

/** Destroy the buffer.
 * @param b a buffer created with igraph_ncol_yy_create_buffer()
 * 
 */
    void igraph_ncol_yy_delete_buffer (YY_BUFFER_STATE  b )
{
    
	if ( ! b )
		return;

	if ( b == YY_CURRENT_BUFFER ) /* Not sure if we should pop here. */
		YY_CURRENT_BUFFER_LVALUE = (YY_BUFFER_STATE) 0;

	if ( b->yy_is_our_buffer )
		igraph_ncol_yyfree((void *) b->yy_ch_buf  );

	igraph_ncol_yyfree((void *) b  );
}

#ifndef __cplusplus
extern int isatty (int );
#endif /* __cplusplus */
    
/* Initializes or reinitializes a buffer.
 * This function is sometimes called more than once on the same buffer,
 * such as during a igraph_ncol_yyrestart() or at EOF.
 */
    static void igraph_ncol_yy_init_buffer  (YY_BUFFER_STATE  b, FILE * file )

{
	int oerrno = errno;
    
	igraph_ncol_yy_flush_buffer(b );

	b->yy_input_file = file;
	b->yy_fill_buffer = 1;

    /* If b is the current buffer, then igraph_ncol_yy_init_buffer was _probably_
     * called from igraph_ncol_yyrestart() or through yy_get_next_buffer.
     * In that case, we don't want to reset the lineno or column.
     */
    if (b != YY_CURRENT_BUFFER){
        b->yy_bs_lineno = 1;
        b->yy_bs_column = 0;
    }

        b->yy_is_interactive = file ? (isatty( fileno(file) ) > 0) : 0;
    
	errno = oerrno;
}

/** Discard all buffered characters. On the next scan, YY_INPUT will be called.
 * @param b the buffer state to be flushed, usually @c YY_CURRENT_BUFFER.
 * 
 */
    void igraph_ncol_yy_flush_buffer (YY_BUFFER_STATE  b )
{
    	if ( ! b )
		return;

	b->yy_n_chars = 0;

	/* We always need two end-of-buffer characters.  The first causes
	 * a transition to the end-of-buffer state.  The second causes
	 * a jam in that state.
	 */
	b->yy_ch_buf[0] = YY_END_OF_BUFFER_CHAR;
	b->yy_ch_buf[1] = YY_END_OF_BUFFER_CHAR;

	b->yy_buf_pos = &b->yy_ch_buf[0];

	b->yy_at_bol = 1;
	b->yy_buffer_status = YY_BUFFER_NEW;

	if ( b == YY_CURRENT_BUFFER )
		igraph_ncol_yy_load_buffer_state( );
}

/** Pushes the new state onto the stack. The new state becomes
 *  the current state. This function will allocate the stack
 *  if necessary.
 *  @param new_buffer The new state.
 *  
 */
void igraph_ncol_yypush_buffer_state (YY_BUFFER_STATE new_buffer )
{
    	if (new_buffer == NULL)
		return;

	igraph_ncol_yyensure_buffer_stack();

	/* This block is copied from igraph_ncol_yy_switch_to_buffer. */
	if ( YY_CURRENT_BUFFER )
		{
		/* Flush out information for old buffer. */
		*(yy_c_buf_p) = (yy_hold_char);
		YY_CURRENT_BUFFER_LVALUE->yy_buf_pos = (yy_c_buf_p);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	/* Only push if top exists. Otherwise, replace top. */
	if (YY_CURRENT_BUFFER)
		(yy_buffer_stack_top)++;
	YY_CURRENT_BUFFER_LVALUE = new_buffer;

	/* copied from igraph_ncol_yy_switch_to_buffer. */
	igraph_ncol_yy_load_buffer_state( );
	(yy_did_buffer_switch_on_eof) = 1;
}

/** Removes and deletes the top of the stack, if present.
 *  The next element becomes the new top.
 *  
 */
void igraph_ncol_yypop_buffer_state (void)
{
    	if (!YY_CURRENT_BUFFER)
		return;

	igraph_ncol_yy_delete_buffer(YY_CURRENT_BUFFER );
	YY_CURRENT_BUFFER_LVALUE = NULL;
	if ((yy_buffer_stack_top) > 0)
		--(yy_buffer_stack_top);

	if (YY_CURRENT_BUFFER) {
		igraph_ncol_yy_load_buffer_state( );
		(yy_did_buffer_switch_on_eof) = 1;
	}
}

/* Allocates the stack if it does not exist.
 *  Guarantees space for at least one push.
 */
static void igraph_ncol_yyensure_buffer_stack (void)
{
	int num_to_alloc;
    
	if (!(yy_buffer_stack)) {

		/* First allocation is just for 2 elements, since we don't know if this
		 * scanner will even need a stack. We use 2 instead of 1 to avoid an
		 * immediate realloc on the next call.
         */
		num_to_alloc = 1;
		(yy_buffer_stack) = (struct yy_buffer_state**)igraph_ncol_yyalloc
								(num_to_alloc * sizeof(struct yy_buffer_state*)
								);
		if ( ! (yy_buffer_stack) )
			YY_FATAL_ERROR( "out of dynamic memory in igraph_ncol_yyensure_buffer_stack()" );
								  
		memset((yy_buffer_stack), 0, num_to_alloc * sizeof(struct yy_buffer_state*));
				
		(yy_buffer_stack_max) = num_to_alloc;
		(yy_buffer_stack_top) = 0;
		return;
	}

	if ((yy_buffer_stack_top) >= ((yy_buffer_stack_max)) - 1){

		/* Increase the buffer to prepare for a possible push. */
		int grow_size = 8 /* arbitrary grow size */;

		num_to_alloc = (yy_buffer_stack_max) + grow_size;
		(yy_buffer_stack) = (struct yy_buffer_state**)igraph_ncol_yyrealloc
								((yy_buffer_stack),
								num_to_alloc * sizeof(struct yy_buffer_state*)
								);
		if ( ! (yy_buffer_stack) )
			YY_FATAL_ERROR( "out of dynamic memory in igraph_ncol_yyensure_buffer_stack()" );

		/* zero only the new slots.*/
		memset((yy_buffer_stack) + (yy_buffer_stack_max), 0, grow_size * sizeof(struct yy_buffer_state*));
		(yy_buffer_stack_max) = num_to_alloc;
	}
}

/** Setup the input buffer state to scan directly from a user-specified character buffer.
 * @param base the character buffer
 * @param size the size in bytes of the character buffer
 * 
 * @return the newly allocated buffer state object. 
 */
YY_BUFFER_STATE igraph_ncol_yy_scan_buffer  (char * base, yy_size_t  size )
{
	YY_BUFFER_STATE b;
    
	if ( size < 2 ||
	     base[size-2] != YY_END_OF_BUFFER_CHAR ||
	     base[size-1] != YY_END_OF_BUFFER_CHAR )
		/* They forgot to leave room for the EOB's. */
		return 0;

	b = (YY_BUFFER_STATE) igraph_ncol_yyalloc(sizeof( struct yy_buffer_state )  );
	if ( ! b )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_ncol_yy_scan_buffer()" );

	b->yy_buf_size = size - 2;	/* "- 2" to take care of EOB's */
	b->yy_buf_pos = b->yy_ch_buf = base;
	b->yy_is_our_buffer = 0;
	b->yy_input_file = 0;
	b->yy_n_chars = b->yy_buf_size;
	b->yy_is_interactive = 0;
	b->yy_at_bol = 1;
	b->yy_fill_buffer = 0;
	b->yy_buffer_status = YY_BUFFER_NEW;

	igraph_ncol_yy_switch_to_buffer(b  );

	return b;
}

/** Setup the input buffer state to scan a string. The next call to igraph_ncol_yylex() will
 * scan from a @e copy of @a str.
 * @param yystr a NUL-terminated string to scan
 * 
 * @return the newly allocated buffer state object.
 * @note If you want to scan bytes that may contain NUL values, then use
 *       igraph_ncol_yy_scan_bytes() instead.
 */
YY_BUFFER_STATE igraph_ncol_yy_scan_string (yyconst char * yystr )
{
    
	return igraph_ncol_yy_scan_bytes(yystr,strlen(yystr) );
}

/** Setup the input buffer state to scan the given bytes. The next call to igraph_ncol_yylex() will
 * scan from a @e copy of @a bytes.
 * @param bytes the byte buffer to scan
 * @param len the number of bytes in the buffer pointed to by @a bytes.
 * 
 * @return the newly allocated buffer state object.
 */
YY_BUFFER_STATE igraph_ncol_yy_scan_bytes  (yyconst char * yybytes, int  _yybytes_len )
{
	YY_BUFFER_STATE b;
	char *buf;
	yy_size_t n;
	int i;
    
	/* Get memory for full buffer, including space for trailing EOB's. */
	n = _yybytes_len + 2;
	buf = (char *) igraph_ncol_yyalloc(n  );
	if ( ! buf )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_ncol_yy_scan_bytes()" );

	for ( i = 0; i < _yybytes_len; ++i )
		buf[i] = yybytes[i];

	buf[_yybytes_len] = buf[_yybytes_len+1] = YY_END_OF_BUFFER_CHAR;

	b = igraph_ncol_yy_scan_buffer(buf,n );
	if ( ! b )
		YY_FATAL_ERROR( "bad buffer in igraph_ncol_yy_scan_bytes()" );

	/* It's okay to grow etc. this buffer, and we should throw it
	 * away when we're done.
	 */
	b->yy_is_our_buffer = 1;

	return b;
}

#ifndef YY_EXIT_FAILURE
#define YY_EXIT_FAILURE 2
#endif

static void yy_fatal_error (yyconst char* msg )
{
    	(void) fprintf( stderr, "%s\n", msg );
	exit( YY_EXIT_FAILURE );
}

/* Redefine yyless() so it works in section 3 code. */

#undef yyless
#define yyless(n) \
	do \
		{ \
		/* Undo effects of setting up igraph_ncol_yytext. */ \
        int yyless_macro_arg = (n); \
        YY_LESS_LINENO(yyless_macro_arg);\
		igraph_ncol_yytext[igraph_ncol_yyleng] = (yy_hold_char); \
		(yy_c_buf_p) = igraph_ncol_yytext + yyless_macro_arg; \
		(yy_hold_char) = *(yy_c_buf_p); \
		*(yy_c_buf_p) = '\0'; \
		igraph_ncol_yyleng = yyless_macro_arg; \
		} \
	while ( 0 )

/* Accessor  methods (get/set functions) to struct members. */

/** Get the current line number.
 * 
 */
int igraph_ncol_yyget_lineno  (void)
{
        
    return igraph_ncol_yylineno;
}

/** Get the input stream.
 * 
 */
FILE *igraph_ncol_yyget_in  (void)
{
        return igraph_ncol_yyin;
}

/** Get the output stream.
 * 
 */
FILE *igraph_ncol_yyget_out  (void)
{
        return igraph_ncol_yyout;
}

/** Get the length of the current token.
 * 
 */
int igraph_ncol_yyget_leng  (void)
{
        return igraph_ncol_yyleng;
}

/** Get the current token.
 * 
 */

char *igraph_ncol_yyget_text  (void)
{
        return igraph_ncol_yytext;
}

/** Set the current line number.
 * @param line_number
 * 
 */
void igraph_ncol_yyset_lineno (int  line_number )
{
    
    igraph_ncol_yylineno = line_number;
}

/** Set the input stream. This does not discard the current
 * input buffer.
 * @param in_str A readable stream.
 * 
 * @see igraph_ncol_yy_switch_to_buffer
 */
void igraph_ncol_yyset_in (FILE *  in_str )
{
        igraph_ncol_yyin = in_str ;
}

void igraph_ncol_yyset_out (FILE *  out_str )
{
        igraph_ncol_yyout = out_str ;
}

int igraph_ncol_yyget_debug  (void)
{
        return igraph_ncol_yy_flex_debug;
}

void igraph_ncol_yyset_debug (int  bdebug )
{
        igraph_ncol_yy_flex_debug = bdebug ;
}

static int yy_init_globals (void)
{
        /* Initialization is the same as for the non-reentrant scanner.
     * This function is called from igraph_ncol_yylex_destroy(), so don't allocate here.
     */

    (yy_buffer_stack) = 0;
    (yy_buffer_stack_top) = 0;
    (yy_buffer_stack_max) = 0;
    (yy_c_buf_p) = (char *) 0;
    (yy_init) = 0;
    (yy_start) = 0;

/* Defined in main.c */
#ifdef YY_STDINIT
    igraph_ncol_yyin = stdin;
    igraph_ncol_yyout = stdout;
#else
    igraph_ncol_yyin = (FILE *) 0;
    igraph_ncol_yyout = (FILE *) 0;
#endif

    /* For future reference: Set errno on error, since we are called by
     * igraph_ncol_yylex_init()
     */
    return 0;
}

/* igraph_ncol_yylex_destroy is for both reentrant and non-reentrant scanners. */
int igraph_ncol_yylex_destroy  (void)
{
    
    /* Pop the buffer stack, destroying each element. */
	while(YY_CURRENT_BUFFER){
		igraph_ncol_yy_delete_buffer(YY_CURRENT_BUFFER  );
		YY_CURRENT_BUFFER_LVALUE = NULL;
		igraph_ncol_yypop_buffer_state();
	}

	/* Destroy the stack itself. */
	igraph_ncol_yyfree((yy_buffer_stack) );
	(yy_buffer_stack) = NULL;

    /* Reset the globals. This is important in a non-reentrant scanner so the next time
     * igraph_ncol_yylex() is called, initialization will occur. */
    yy_init_globals( );

    return 0;
}

/*
 * Internal utility routines.
 */

#ifndef yytext_ptr
static void yy_flex_strncpy (char* s1, yyconst char * s2, int n )
{
	register int i;
	for ( i = 0; i < n; ++i )
		s1[i] = s2[i];
}
#endif

#ifdef YY_NEED_STRLEN
static int yy_flex_strlen (yyconst char * s )
{
	register int n;
	for ( n = 0; s[n]; ++n )
		;

	return n;
}
#endif

void *igraph_ncol_yyalloc (yy_size_t  size )
{
	return (void *) malloc( size );
}

void *igraph_ncol_yyrealloc  (void * ptr, yy_size_t  size )
{
	/* The cast to (char *) in the following accommodates both
	 * implementations that use char* generic pointers, and those
	 * that use void* generic pointers.  It works with the latter
	 * because both ANSI C and C++ allow castless assignment from
	 * any pointer type to void*, and deal with argument conversions
	 * as though doing an assignment.
	 */
	return (void *) realloc( (char *) ptr, size );
}

void igraph_ncol_yyfree (void * ptr )
{
	free( (char *) ptr );	/* see igraph_ncol_yyrealloc() for (char *) cast */
}

#define YYTABLES_NAME "yytables"

#line 80 "foreign-ncol-lexer.l"











igraph-0.4.2/igraph/structural_properties.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"
#include "random.h"

#include <string.h>
#include <limits.h>

/** 
 * \section about_structural
 *
 * <para>These functions usually calculate some structural property
 * of a graph, like its diameter, the degree of the nodes, etc.</para>
 */

/**
 * \ingroup structural
 * \function igraph_diameter
 * \brief Calculates the diameter of a graph (longest geodesic).
 *
 * \param graph The graph object.
 * \param pres Pointer to an integer, if not \c NULL then it will contain 
 *        the diameter (the actual distance).
 * \param pfrom Pointer to an integer, if not \c NULL it will be set to the 
 *        source vertex of the diameter path.
 * \param pto Pointer to an integer, if not \c NULL it will be set to the 
 *        target vertex of the diameter path.
 * \param path Pointer to an initialized vector. If not \c NULL the actual 
 *        longest geodesic path will be stored here. The vector will be 
 *        resized as needed.
 * \param directed Boolean, whether to consider directed
 *        paths. Ignored for undirected graphs.
 * \param unconn What to do if the graph is not connected. If
 *        \c TRUE the longest geodesic within a component
 *        will be returned, otherwise the number of vertices is
 *        returned. (The rationale behind the latter is that this is
 *        always longer than the longest possible diameter in a
 *        graph.) 
 * \return Error code:
 *         \c IGRAPH_ENOMEM, not enough memory for
 *         temporary data.  
 *
 * Time complexity: O(|V||E|), the
 * number of vertices times the number of edges.
 */

int igraph_diameter(const igraph_t *graph, igraph_integer_t *pres, 
		    igraph_integer_t *pfrom, igraph_integer_t *pto, 
		    igraph_vector_t *path,
		    igraph_bool_t directed, igraph_bool_t unconn) {

  long int no_of_nodes=igraph_vcount(graph);
  long int i, j, n;
  long int *already_added;
  long int nodes_reached;
  long int from=0, to=0;
  long int res=0;

  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  igraph_vector_t *neis;
  igraph_integer_t dirmode;
  igraph_i_adjlist_t allneis;
  
  if (directed) { dirmode=IGRAPH_OUT; } else { dirmode=IGRAPH_ALL; }
  already_added=Calloc(no_of_nodes, long int);
  if (already_added==0) {
    IGRAPH_ERROR("diameter failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, already_added);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  
  igraph_i_adjlist_init(graph, &allneis, dirmode);
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);
  
  for (i=0; i<no_of_nodes; i++) {
    nodes_reached=1;
    IGRAPH_CHECK(igraph_dqueue_push(&q, i));
    IGRAPH_CHECK(igraph_dqueue_push(&q, 0));
    already_added[i]=i+1;

    igraph_progress("Diameter: ", 100.0*i/no_of_nodes, NULL);

    IGRAPH_ALLOW_INTERRUPTION();
    
    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);
      long int actdist=igraph_dqueue_pop(&q);
      if (actdist>res) { 
	res=actdist; 
	from=i;
	to=actnode;
      }
      
      neis=igraph_i_adjlist_get(&allneis, actnode);
      n=igraph_vector_size(neis);
      for (j=0; j<n; j++) {
	long int neighbor=VECTOR(*neis)[j];
	if (already_added[neighbor] == i+1) { continue; }
	already_added[neighbor]=i+1;
	nodes_reached++;
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
      }
    } /* while !igraph_dqueue_empty */
    
    /* not connected, return largest possible */
    if (nodes_reached != no_of_nodes && !unconn) {
      res=no_of_nodes;
      from=-1;
      to=-1;
      break;
    }
  } /* for i<no_of_nodes */

  igraph_progress("Diameter: ", 100.0, NULL);
  
  /* return the requested info */
  if (pres != 0) {
    *pres=res;
  }
  if (pfrom != 0) {
    *pfrom=from;
  }
  if (pto != 0) {
    *pto=to;
  }
  if (path != 0) {
    if (res==no_of_nodes) {
      igraph_vector_clear(path);
    } else {
      igraph_vector_ptr_t tmpptr;
      igraph_vector_ptr_init(&tmpptr, 1);
      IGRAPH_FINALLY(igraph_vector_ptr_destroy, &tmpptr);
      VECTOR(tmpptr)[0]=path;
      IGRAPH_CHECK(igraph_get_shortest_paths(graph, &tmpptr, from, 
					     igraph_vss_1(to), dirmode));
      igraph_vector_ptr_destroy(&tmpptr);
      IGRAPH_FINALLY_CLEAN(1);
    }
  }
  
  /* clean */
  Free(already_added);
  igraph_dqueue_destroy(&q);
  igraph_i_adjlist_destroy(&allneis);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

/**
 * \ingroup structural
 * \function igraph_average_path_length
 * \brief Calculates the average geodesic length in a graph.
 *
 * \param graph The graph object.
 * \param res Pointer to a real number, this will contain the result.
 * \param directed Boolean, whether to consider directed
 *        paths. Ignored for undirected graphs.
 * \param unconn What to do if the graph is not connected. If
 *        \c TRUE the average of thr geodesics
 *        within the components 
 *        will be returned, otherwise the number of vertices is
 *        used for the length of non-existing geodesics. (The rationale
 *        behind this is that this is always longer than the longest
 *        possible geodesic in a graph.) 
 * \return Error code:
 *         \c IGRAPH_ENOMEM, not enough memory for
 *         data structures 
 *
 * Time complexity: O(|V||E|), the
 * number of vertices times the number of edges.
 */

int igraph_average_path_length(const igraph_t *graph, igraph_real_t *res,
			       igraph_bool_t directed, igraph_bool_t unconn) {
  long int no_of_nodes=igraph_vcount(graph);
  long int i, j, n;
  long int *already_added;
  long int nodes_reached=0;
  igraph_real_t normfact=0.0;

  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  igraph_vector_t *neis;
  igraph_integer_t dirmode;
  igraph_i_adjlist_t allneis;

  *res=0;  
  if (directed) { dirmode=IGRAPH_OUT; } else { dirmode=IGRAPH_ALL; }
  already_added=Calloc(no_of_nodes, long int);
  if (already_added==0) {
    IGRAPH_ERROR("average path length failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, already_added); /* TODO: hack */
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);

  igraph_i_adjlist_init(graph, &allneis, dirmode);
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);

  for (i=0; i<no_of_nodes; i++) {
    nodes_reached=0;
    IGRAPH_CHECK(igraph_dqueue_push(&q, i));
    IGRAPH_CHECK(igraph_dqueue_push(&q, 0));
    already_added[i]=i+1;

    IGRAPH_ALLOW_INTERRUPTION();
    
    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);
      long int actdist=igraph_dqueue_pop(&q);
    
      neis=igraph_i_adjlist_get(&allneis, actnode);
      n=igraph_vector_size(neis);
      for (j=0; j<n; j++) {
	long int neighbor=VECTOR(*neis)[j];
	if (already_added[neighbor] == i+1) { continue; }
	already_added[neighbor]=i+1;
	nodes_reached++;
	*res += actdist+1;
	normfact+=1;
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
      }
    } /* while !igraph_dqueue_empty */
    
    /* not connected, return largest possible */
    if (!unconn) {
      *res += (no_of_nodes * (no_of_nodes-1-nodes_reached));
      normfact += no_of_nodes-1-nodes_reached;
    }    
  } /* for i<no_of_nodes */

  *res /= normfact;

  /* clean */
  Free(already_added);
  igraph_dqueue_destroy(&q);
  igraph_i_adjlist_destroy(&allneis);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

/**
 * \ingroup structural
 * \function igraph_minimum_spanning_tree_unweighted
 * \brief Calculates one minimum spanning tree of an unweighted graph.
 * 
 * </para><para>
 * If the graph has more minimum spanning trees (this is always the
 * case, except if it is a forest) this implementation returns only
 * the same one.
 * 
 * </para><para>
 * Directed graphs are considered as undirected for this computation.
 *
 * </para><para>
 * If the graph is not connected then its minimum spanning forest is
 * returned. This is the set of the minimum spanning trees of each
 * component.
 * \param graph The graph object.
 * \param mst The minimum spanning tree, another graph object. Do
 *        \em not initialize this object before passing it to
 *        this function, but be sure to call \ref igraph_destroy() on it if
 *        you don't need it any more.
 * \return Error code:
 *         \c IGRAPH_ENOMEM, not enough memory for
 *         temporary data. 
 *
 * Time complexity: O(|V|+|E|),
 * |V| is the 
 * number of vertices, |E| the number
 * of edges in the graph. 
 *
 * \sa \ref igraph_minimum_spanning_tree_prim() for weighted graphs.
 */

int igraph_minimum_spanning_tree_unweighted(const igraph_t *graph, 
					    igraph_t *mst) {

  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  char *already_added;
  char *added_edges;
  
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  igraph_vector_t tmp=IGRAPH_VECTOR_NULL;
  long int i, j;

  added_edges=Calloc(no_of_edges, char);
  if (added_edges==0) {
    IGRAPH_ERROR("unweighted spanning tree failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  already_added=Calloc(no_of_nodes, char);
  if (already_added==0) {
    IGRAPH_ERROR("unweighted spanning tree failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, already_added);
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  
  for (i=0; i<no_of_nodes; i++) {
    if (already_added[i]>0) { continue; }

    IGRAPH_ALLOW_INTERRUPTION();

    already_added[i]=1;
    IGRAPH_CHECK(igraph_dqueue_push(&q, i));
    while (! igraph_dqueue_empty(&q)) {
      long int act_node=igraph_dqueue_pop(&q);
      IGRAPH_CHECK(igraph_adjacent(graph, &tmp, act_node, IGRAPH_ALL));
      for (j=0; j<igraph_vector_size(&tmp); j++) {
	long int edge=VECTOR(tmp)[j];
	if (added_edges[edge]==0) {
	  igraph_integer_t from, to;
	  igraph_edge(graph, edge, &from, &to);
	  if (act_node==to) { to=from; }
	  if (already_added[(long int) to]==0) {
	    already_added[(long int) to]=1;
	    added_edges[edge]=1;
	    IGRAPH_CHECK(igraph_dqueue_push(&q, to));
	  }
	}
      }
    }
  }
  
  igraph_dqueue_destroy(&q);
  Free(already_added);
  igraph_vector_destroy(&tmp);
  IGRAPH_FINALLY_CLEAN(3);

  /* summarize the edges to delete */
  j=0;
  for (i=0; i<no_of_edges; i++) {
    if (added_edges[i]==0) {
      j++;
    }
  }
  IGRAPH_CHECK(igraph_vector_resize(&edges, j));
  j=0;
  for (i=0; i<no_of_edges; i++) {
    if (added_edges[i]==0) {
      VECTOR(edges)[j++]=i;
    }
  }
  
  IGRAPH_CHECK(igraph_copy(mst, graph));
  IGRAPH_FINALLY(igraph_destroy, mst);
  IGRAPH_CHECK(igraph_delete_edges(mst, igraph_ess_vector(&edges)));
  
  igraph_vector_destroy(&edges);
  Free(added_edges);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

/**
 * \ingroup structural
 * \function igraph_minimum_spanning_tree_prim
 * \brief Calculates one minimum spanning tree of a weighted graph.
 *
 * </para><para>
 * This function uses Prim's method for carrying out the computation,
 * see Prim, R.C.: Shortest connection networks and some
 * generalizations, Bell System Technical
 * Journal, Vol. 36, 
 * 1957, 1389--1401.
 * 
 * </para><para>
 * If the graph has more than one minimum spanning tree, the current
 * implementation returns always the same one.
 *
 * </para><para>
 * Directed graphs are considered as undirected for this computation. 
 * 
 * </para><para>
 * If the graph is not connected then its minimum spanning forest is
 * returned. This is the set of the minimum spanning trees of each
 * component.
 * 
 * \param graph The graph object.
 * \param mst The result of the computation, a graph object containing
 *        the minimum spanning tree of the graph.
 *        Do \em not initialize this object before passing it to
 *        this function, but be sure to call \ref igraph_destroy() on it if
 *        you don't need it any more.
 * \param weights A vector containing the weights of the the edges.
 *        in the same order as the simple edge iterator visits them.
 * \return Error code:
 *         \c IGRAPH_ENOMEM, not enough memory.
 *         \c IGRAPH_EINVAL, length of weight vector does not
 *           match number of edges.
 *
 * Time complexity: O(|V|+|E|),
 * |V| is the number of vertices,
 * |E| the number of edges in the 
 * graph. 
 *
 * \sa \ref igraph_minimum_spanning_tree_unweighted() for unweighted graphs.
 */

int igraph_minimum_spanning_tree_prim(const igraph_t *graph, igraph_t *mst,
				      const igraph_vector_t *weights) {

  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  char *already_added;
  char *added_edges;

  igraph_d_indheap_t heap=IGRAPH_D_INDHEAP_NULL;
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  igraph_integer_t mode=IGRAPH_ALL;
  
  igraph_vector_t adj;

  long int i, j;

  if (igraph_vector_size(weights) != igraph_ecount(graph)) {
    IGRAPH_ERROR("Invalid weights length", IGRAPH_EINVAL);
  }

  added_edges=Calloc(no_of_edges, char);
  if (added_edges==0) {
    IGRAPH_ERROR("prim spanning tree failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_destroy, added_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  already_added=Calloc(no_of_nodes, char);
  if (already_added == 0) {
    IGRAPH_ERROR("prim spanning tree failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, already_added);
  IGRAPH_CHECK(igraph_d_indheap_init(&heap, 0));
  IGRAPH_FINALLY(igraph_d_indheap_destroy, &heap);
  IGRAPH_VECTOR_INIT_FINALLY(&adj, 0);

  for (i=0; i<no_of_nodes; i++) {
    if (already_added[i]>0) { continue; }
    IGRAPH_ALLOW_INTERRUPTION();

    already_added[i]=1;
    /* add all edges of the first vertex */
    igraph_adjacent(graph, &adj, i, mode);
    for (j=0; j<igraph_vector_size(&adj); j++) {
      long int edgeno=VECTOR(adj)[j];
      igraph_integer_t edgefrom, edgeto;
      long int neighbor;
      igraph_edge(graph, edgeno, &edgefrom, &edgeto);
      neighbor= edgefrom != i ? edgefrom : edgeto;
      if (already_added[neighbor] == 0) {
	IGRAPH_CHECK(igraph_d_indheap_push(&heap, -VECTOR(*weights)[edgeno], i,
					   edgeno));
      }
    }

    while(! igraph_d_indheap_empty(&heap)) {
      /* Get minimal edge */
      long int from, edge;
      igraph_integer_t tmp, to;
      igraph_d_indheap_max_index(&heap, &from, &edge);
      igraph_edge(graph, edge, &tmp, &to);
      
      /* Erase it */
      igraph_d_indheap_delete_max(&heap);

      /* Is this edge already included? */
      if (added_edges[edge]==0) {
	if (from==to) { to=tmp; }
	/* Does it point to a visited node? */      
	if (already_added[(long int)to]==0) {
	  already_added[(long int)to]=1;
	  added_edges[edge]=1;
	  /* add all outgoing edges */
	  igraph_adjacent(graph, &adj, to, mode);
	  for (j=0; j<igraph_vector_size(&adj); j++) {
	    long int edgeno=VECTOR(adj)[j];
	    igraph_integer_t edgefrom, edgeto;
	    long int neighbor;
	    igraph_edge(graph, edgeno, &edgefrom, &edgeto);
	    neighbor= edgefrom != to ? edgefrom : edgeto;
	    if (already_added[neighbor] == 0) {
	      IGRAPH_CHECK(igraph_d_indheap_push(&heap, -VECTOR(*weights)[edgeno], to,
						 edgeno));
	    }
	  }
	} /* for */
      } /* if !already_added */
    } /* while in the same component */
  } /* for all nodes */

  igraph_d_indheap_destroy(&heap);
  Free(already_added);
  igraph_vector_destroy(&adj);
  IGRAPH_FINALLY_CLEAN(3);

  /* Ok, collect the edges to delete */
  j=0;
  for (i=0; i<no_of_edges; i++) {
    if (added_edges[i]==0) {
      j++;
    }
  }
  IGRAPH_CHECK(igraph_vector_resize(&edges, j));
  j=0;
  for (i=0; i<no_of_edges; i++) {
    if (added_edges[i]==0) {
      VECTOR(edges)[j++]=i;
    }
  }
  
  IGRAPH_CHECK(igraph_copy(mst, graph));
  IGRAPH_FINALLY(igraph_destroy, mst);
  IGRAPH_CHECK(igraph_delete_edges(mst, igraph_ess_vector(&edges)));
  
  igraph_vector_destroy(&edges);
  Free(added_edges);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

/**
 * \ingroup structural
 * \function igraph_closeness
 * \brief Closeness centrality calculations for some vertices.
 *
 * </para><para>
 * The closeness centrality of a vertex measures how easily other
 * vertices can be reached from it (or the other way: how easily it
 * can be reached from the other vertices). It is defined as the
 * number of the number of vertices minus one divided by the sum of the
 * lengths of all geodesics from/to the given vertex.
 *
 * </para><para>
 * If the graph is not connected, and there is no path between two
 * vertices, the number of vertices is used instead the length of the
 * geodesic. This is always longer than the longest possible geodesic.
 * 
 * \param graph The graph object.
 * \param res The result of the computation, a vector containing the
 *        closeness centrality scores for the given vertices.
 * \param vids Vector giving the vertices for which the closeness
 *        centrality scores will be computed.
 * \param mode The type of shortest paths to be used for the
 *        calculation in directed graphs. Possible values: 
 *        \clist
 *        \cli IGRAPH_OUT 
 *          the lengths of the outgoing paths are calculated. 
 *        \cli IGRAPH_IN 
 *          the lengths of the incoming paths are calculated. 
 *        \cli IGRAPH_ALL
 *          the directed graph is considered as an
 *          undirected one for the computation.
 *        \endclist
 * \return Error code:
 *        \clist
 *        \cli IGRAPH_ENOMEM
 *           not enough memory for temporary data.
 *        \cli IGRAPH_EINVVID
 *           invalid vertex id passed.
 *        \cli IGRAPH_EINVMODE
 *           invalid mode argument.
 *        \endclist
 *
 * Time complexity: O(n|E|),
 * n is the number 
 * of vertices for which the calculation is done and
 * |E| is the number 
 * of edges in the graph.
 *
 * \sa Other centrality types: \ref igraph_degree(), \ref igraph_betweenness().
 */

int igraph_closeness(const igraph_t *graph, igraph_vector_t *res, 
		     const igraph_vs_t vids, 
		     igraph_neimode_t mode) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t already_counted;
  long int i, j;
  long int nodes_reached;

  igraph_dqueue_t q;
  
  long int nodes_to_calc;
  igraph_vector_t tmp;
  igraph_vit_t vit;

  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);

  nodes_to_calc=IGRAPH_VIT_SIZE(vit);
  
  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && 
      mode != IGRAPH_ALL) {
    IGRAPH_ERROR("calculating closeness", IGRAPH_EINVMODE);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&already_counted, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);

  IGRAPH_CHECK(igraph_vector_resize(res, nodes_to_calc));
  igraph_vector_null(res);
  
  for (IGRAPH_VIT_RESET(vit), i=0; 
       !IGRAPH_VIT_END(vit); 
       IGRAPH_VIT_NEXT(vit), i++) {
    IGRAPH_CHECK(igraph_dqueue_push(&q, IGRAPH_VIT_GET(vit)));
    IGRAPH_CHECK(igraph_dqueue_push(&q, 0));
    nodes_reached=1;
    VECTOR(already_counted)[(long int)IGRAPH_VIT_GET(vit)]=i+1;

    IGRAPH_ALLOW_INTERRUPTION();
    
    while (!igraph_dqueue_empty(&q)) {
      long int act=igraph_dqueue_pop(&q);
      long int actdist=igraph_dqueue_pop(&q);
      VECTOR(*res)[i] += actdist;

      IGRAPH_CHECK(igraph_neighbors(graph, &tmp, act, mode));
      for (j=0; j<igraph_vector_size(&tmp); j++) {
	long int neighbor=VECTOR(tmp)[j];
	if (VECTOR(already_counted)[neighbor] == i+1) { continue; }
	VECTOR(already_counted)[neighbor] = i+1;
	nodes_reached++;
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
      }
    }
    VECTOR(*res)[i] += (no_of_nodes * (no_of_nodes-nodes_reached));
    VECTOR(*res)[i] = (no_of_nodes-1) / VECTOR(*res)[i];
  }
  
  /* Clean */
  igraph_dqueue_destroy(&q);
  igraph_vector_destroy(&tmp);
  igraph_vector_destroy(&already_counted);
  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(4);
  
  return 0;
}

/**
 * \ingroup structural
 * \function igraph_shortest_paths
 * \brief The length of the shortest paths between vertices.
 *
 * \param graph The graph object.
 * \param res The result of the calculation, a matrix. It has the same
 *        number of rows as the length of the \c from
 *        argument, and its number of columns is the number of
 *        vertices in the graph. One row of the matrix shows the
 *        distances from/to a given vertex to all the others in the
 *        graph, the order is fixed by the vertex ids.
 * \param from Vector of the vertex ids for which the path length
 *        calculations are done.
 * \param mode The type of shortest paths to be use for the
 *        calculation in directed graphs. Possible values: 
 *        \clist
 *        \cli IGRAPH_OUT 
 *          the lengths of the outgoing paths are calculated. 
 *        \cli IGRAPH_IN 
 *          the lengths of the incoming paths are calculated. 
 *        \cli IGRAPH_ALL 
 *          the directed graph is considered as an undirected one for
 *          the computation. 
 *        \endclist
 * \return Error code:
 *        \clist
 *        \cli IGRAPH_ENOMEM 
 *           not enough memory for temporary
 *           data.
 *        \cli IGRAPH_EINVVID
 *           invalid vertex id passed.
 *        \cli IGRAPH_EINVMODE 
 *           invalid mode argument.
 *        \endclist
 * 
 * Time complexity: O(n(|V|+|E|)),
 * n is the 
 * number of vertices to calculate, |V| and
 * |E| are the number of vertices and
 * edges in the graph. 
 *
 * \sa \ref igraph_get_shortest_paths() to get the paths themselves.
 */

int igraph_shortest_paths(const igraph_t *graph, igraph_matrix_t *res, 
			  const igraph_vs_t from, igraph_neimode_t mode) {

  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_from;
  long int *already_counted;
  
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;

  long int i, j;
  igraph_vector_t tmp=IGRAPH_VECTOR_NULL;
  igraph_vit_t fromvit;

  IGRAPH_CHECK(igraph_vit_create(graph, from, &fromvit));
  IGRAPH_FINALLY(igraph_vit_destroy, &fromvit);

  no_of_from=IGRAPH_VIT_SIZE(fromvit);

  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && 
      mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Invalid mode argument", IGRAPH_EINVMODE);
  }
  already_counted=Calloc(no_of_nodes, long int);
  if (already_counted==0) {
    IGRAPH_ERROR("shortest paths failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, already_counted);
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);

  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_from, no_of_nodes));
  igraph_matrix_null(res);

  for (IGRAPH_VIT_RESET(fromvit), i=0; 
       !IGRAPH_VIT_END(fromvit); 
       IGRAPH_VIT_NEXT(fromvit), i++) {
    long int reached=1;
    IGRAPH_CHECK(igraph_dqueue_push(&q, IGRAPH_VIT_GET(fromvit)));
    IGRAPH_CHECK(igraph_dqueue_push(&q, 0));
    already_counted[ (long int) IGRAPH_VIT_GET(fromvit) ] = i+1;
    
    IGRAPH_ALLOW_INTERRUPTION();

    while (!igraph_dqueue_empty(&q)) {
      long int act=igraph_dqueue_pop(&q);
      long int actdist=igraph_dqueue_pop(&q);
      MATRIX(*res, i, act)=actdist;
      
      IGRAPH_CHECK(igraph_neighbors(graph, &tmp, act, mode));
      for (j=0; j<igraph_vector_size(&tmp); j++) {
	long int neighbor=VECTOR(tmp)[j];
	if (already_counted[neighbor] == i+1) { continue; }
	already_counted[neighbor] = i+1;
	reached++;
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
      }
    }
    /* Plus the unreachable nodes */
    j=0;
    while (reached < no_of_nodes) {
      if (MATRIX(*res, i, j) == 0 && j != IGRAPH_VIT_GET(fromvit)) {
	MATRIX(*res, i, j)=no_of_nodes;
	reached++;
      }
      j++;
    }
  }

  /* Clean */
  igraph_vector_destroy(&tmp);
  Free(already_counted);
  igraph_dqueue_destroy(&q);
  igraph_vit_destroy(&fromvit);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

/**
 * \ingroup structural
 * \function igraph_get_shortest_paths
 * \brief Calculates the shortest paths from/to one vertex.
 * 
 * </para><para>
 * If there is more than one geodesic between two vertices, this
 * function gives only one of them. 
 * \param graph The graph object.
 * \param res The result, this is a pointer vector, each element points 
 *        to a vector
 *        object. These should be initialized before passing them to
 *        the function, which will properly clear and/or resize them
 *        and fill the ids of the vertices along the geodesics from/to
 *        the vertices.
 * \param from The id of the vertex from/to which the geodesics are
 *        calculated. 
 * \param to Vertex sequence with the ids of the vertices to/from which the 
 *        shortest paths will be calculated. A vertex might be given multiple
 *        times.
 * \param mode The type of shortest paths to be use for the
 *        calculation in directed graphs. Possible values: 
 *        \clist
 *        \cli IGRAPH_OUT 
 *          the outgoing paths are calculated. 
 *        \cli IGRAPH_IN 
 *          the incoming paths are calculated. 
 *        \cli IGRAPH_ALL 
 *          the directed graph is considered as an
 *          undirected one for the computation.
 *        \endclist
 * \return Error code:
 *        \clist
 *        \cli IGRAPH_ENOMEM 
 *           not enough memory for temporary data.
 *        \cli IGRAPH_EINVVID
 *           \p from is invalid vertex id, or the length of \p to is 
 *           not the same as the length of \p res.
 *        \cli IGRAPH_EINVMODE 
 *           invalid mode argument.
 *        \endclist
 * 
 * Time complexity: O(|V|+|E|),
 * |V| is the number of vertices,
 * |E| the number of edges in the
 * graph.  
 *
 * \sa \ref igraph_shortest_paths() if you only need the path length but
 * not the paths themselves.
 */
 

int igraph_get_shortest_paths(const igraph_t *graph, igraph_vector_ptr_t *res,
			      igraph_integer_t from, const igraph_vs_t to, 
			      igraph_neimode_t mode) {

  /* TODO: use adjlist_t if to is long (longer than 1?) */

  long int no_of_nodes=igraph_vcount(graph);
  long int *father;
  
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;

  long int j;
  igraph_vector_t tmp=IGRAPH_VECTOR_NULL;

  igraph_vit_t vit;
  
  long int to_reach;
  long int reached=0;

  if (from<0 || from>=no_of_nodes) {
    IGRAPH_ERROR("cannot get shortest paths", IGRAPH_EINVVID);
  }
  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && 
      mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Invalid mode argument", IGRAPH_EINVMODE);
  }

  IGRAPH_CHECK(igraph_vit_create(graph, to, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);

  if (IGRAPH_VIT_SIZE(vit) != igraph_vector_ptr_size(res)) {
    IGRAPH_ERROR("Size of the `res' and the `to' should match", IGRAPH_EINVAL);
  }

  father=Calloc(no_of_nodes, long int);
  if (father==0) {
    IGRAPH_ERROR("cannot get shortest paths", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, father);	/* TODO: hack */
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);

  /* Mark the vertices we need to reach */
  to_reach=IGRAPH_VIT_SIZE(vit);
  for (IGRAPH_VIT_RESET(vit); !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit)) {
    if (father[ (long int) IGRAPH_VIT_GET(vit) ] == 0) {
      father[ (long int) IGRAPH_VIT_GET(vit) ] = -1;
    } else {
      to_reach--;		/* this node was given multiple times */
    }
  }

  IGRAPH_CHECK(igraph_dqueue_push(&q, from+1));
  if (father[ (long int) from ] < 0) { reached++; }
  father[ (long int)from ] = from+1;
  
  while (!igraph_dqueue_empty(&q) && reached < to_reach) {
    long int act=igraph_dqueue_pop(&q);
    
    IGRAPH_CHECK(igraph_neighbors(graph, &tmp, act-1, mode));
    for (j=0; j<igraph_vector_size(&tmp); j++) {
      long int neighbor=VECTOR(tmp)[j]+1;
      if (father[neighbor-1] > 0) { 
	continue; 
      } else if (father[neighbor-1] < 0) { 
	reached++; 
      }
      father[neighbor-1] = act;
      IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
    }
  }

  if (reached < to_reach) {
    IGRAPH_WARNING("Couldn't reach some vertices");
  }
  
  for (IGRAPH_VIT_RESET(vit), j=0; 
       !IGRAPH_VIT_END(vit);
       IGRAPH_VIT_NEXT(vit), j++) {
    long int node=IGRAPH_VIT_GET(vit);
    igraph_vector_t *vec=VECTOR(*res)[j];
    igraph_vector_clear(vec);

    IGRAPH_ALLOW_INTERRUPTION();

    if (father[node]>0) {
      long int act=node+1;
      long int size=0;
      while (father[act-1] != act) {
	size++;
	act=father[act-1];
      }
      size++;
      IGRAPH_CHECK(igraph_vector_resize(vec, size));
      VECTOR(*vec)[--size]=node;
      act=node+1;
      while (father[act-1] != act) {
	VECTOR(*vec)[--size]=father[act-1]-1;
	act=father[act-1];
      }
    }
  }
  
  /* Clean */
  Free(father);
  igraph_dqueue_destroy(&q);
  igraph_vector_destroy(&tmp);
  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

void igraph_i_gasp_paths_destroy(igraph_vector_ptr_t *v) {
  long int i;
  for (i=0; i<igraph_vector_ptr_size(v); i++) {
    if (VECTOR(*v)[i] != 0) {
      igraph_vector_destroy(VECTOR(*v)[i]);
      Free(VECTOR(*v)[i]);
    }
  }
  igraph_vector_ptr_destroy(v);
}

/**
 * \function igraph_get_all_shortest_paths
 * \brief Finds all shortest paths (geodesics) from a vertex to all
 * other vertices 
 * 
 * \param graph The graph object.
 * \param res Pointer to an initialized pointer vector, the result
 *   will be stored here in igraph_vector_t objects. Each vector
 *   object contains the vertices along a shortest path from \p from
 *   to another vertex. The vectors are ordered according to their
 *   target vertex: first the shortest paths to vertex 0, then to
 *   vertex 1, etc. No data is included for unreachable vertices.
 * \param nrgeo Pointer to an initialized igraph_vector_t object or
 *   NULL. If not NULL the number of shortest paths from \p from are
 * is stored here for every vertex in the graph.
 * \param from The id of the vertex from/to which the geodesics are
 *        calculated. 
 * \param mode The type of shortest paths to be use for the
 *        calculation in directed graphs. Possible values: 
 *        \clist
 *        \cli IGRAPH_OUT 
 *          the lengths of the outgoing paths are calculated. 
 *        \cli IGRAPH_IN 
 *          the lengths of the incoming paths are calculated. 
 *        \cli IGRAPH_ALL 
 *          the directed graph is considered as an
 *          undirected one for the computation.
 *        \endclist
 * \return Error code:
 *        \clist
 *        \cli IGRAPH_ENOMEM 
 *           not enough memory for temporary data.
 *        \cli IGRAPH_EINVVID
 *           \p from is invalid vertex id.
 *        \cli IGRAPH_EINVMODE 
 *           invalid mode argument.
 *        \endclist
 *
 * Added in version 0.2.</para><para>
 *
 * Time complexity: O(|V|+|E|) for most graphs, O(|V|^2) in the worst
 * case. 
 */

int igraph_get_all_shortest_paths(const igraph_t *graph,
				  igraph_vector_ptr_t *res, 
				  igraph_vector_t *nrgeo,
				  igraph_integer_t from, const igraph_vs_t to,
				  igraph_neimode_t mode) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int *geodist;
  igraph_vector_ptr_t paths;
  igraph_dqueue_t q;
  igraph_vector_t *vptr;
  igraph_vector_t neis;
  igraph_vector_t ptrlist;
  igraph_vector_t ptrhead;
  long int n, j, i;

  igraph_vit_t vit;

  if (from<0 || from>=no_of_nodes) {
    IGRAPH_ERROR("cannot get shortest paths", IGRAPH_EINVVID);
  }
  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && 
      mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Invalid mode argument", IGRAPH_EINVMODE);
  }

  IGRAPH_CHECK(igraph_vit_create(graph, to, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  
  IGRAPH_CHECK(igraph_vector_ptr_init(&paths, 0));
  IGRAPH_FINALLY(igraph_i_gasp_paths_destroy, &paths);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&ptrlist, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&ptrhead, no_of_nodes);
  geodist=Calloc(no_of_nodes, long int);
  if (geodist==0) {
    IGRAPH_ERROR("Cannot calculate shortest paths", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, geodist);
  IGRAPH_CHECK(igraph_dqueue_init(&q, 100));
  IGRAPH_FINALLY(igraph_dqueue_destroy, &q);

  if (nrgeo) { 
    IGRAPH_CHECK(igraph_vector_resize(nrgeo, no_of_nodes));
    igraph_vector_null(nrgeo);
  }
  
  /* from -> from */
  vptr=Calloc(1, igraph_vector_t); /* TODO: dirty */
  IGRAPH_CHECK(igraph_vector_ptr_push_back(&paths, vptr));
  IGRAPH_CHECK(igraph_vector_init(vptr, 1));
  VECTOR(*vptr)[0]=from;
  geodist[(long int)from]=1;
  VECTOR(ptrhead)[(long int)from]=1;
  IGRAPH_CHECK(igraph_vector_push_back(&ptrlist, 0));
  if (nrgeo) { VECTOR(*nrgeo)[(long int)from]=1; }

  /* Init queue */
  IGRAPH_CHECK(igraph_dqueue_push(&q, from));
  IGRAPH_CHECK(igraph_dqueue_push(&q, 0.0));
  while (!igraph_dqueue_empty(&q)) {
    long int actnode=igraph_dqueue_pop(&q);
    long int actdist=igraph_dqueue_pop(&q);
    
    IGRAPH_ALLOW_INTERRUPTION();

    IGRAPH_CHECK(igraph_neighbors(graph, &neis, actnode, mode));
    n=igraph_vector_size(&neis);
    for (j=0; j<n; j++) {
      long int neighbor=VECTOR(neis)[j];
      long int fatherptr=VECTOR(ptrhead)[actnode];
      if (geodist[neighbor] != 0 && 
	  geodist[neighbor]-1 < actdist+1) { continue; }
      if (nrgeo) { VECTOR(*nrgeo)[neighbor] += VECTOR(*nrgeo)[actnode]; }
      if (geodist[neighbor] == 0) {
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
      }
      geodist[neighbor]=actdist+2;

      /* copy all existing paths to the parent */
      while (fatherptr != 0) {
	vptr=Calloc(1, igraph_vector_t);
	IGRAPH_CHECK(igraph_vector_ptr_push_back(&paths, vptr));
	IGRAPH_CHECK(igraph_vector_copy(vptr, VECTOR(paths)[fatherptr-1]));
	IGRAPH_CHECK(igraph_vector_reserve(vptr, actdist+2));
	igraph_vector_push_back(vptr, neighbor);

	IGRAPH_CHECK(igraph_vector_push_back(&ptrlist, 
					     VECTOR(ptrhead)[neighbor]));
	VECTOR(ptrhead)[neighbor]=igraph_vector_size(&ptrlist);
	
	fatherptr=VECTOR(ptrlist)[fatherptr-1];
      }
    }
  }

  igraph_dqueue_destroy(&q);
  IGRAPH_FINALLY_CLEAN(1);

  /* Copy to the result */
  memset(geodist, 0, sizeof(long int)*no_of_nodes);
  for (IGRAPH_VIT_RESET(vit); !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit)) {
    geodist[ (long int) IGRAPH_VIT_GET(vit) ] = 1;
  }
  
  n=0;
  for (i=0; i<no_of_nodes; i++) {
    long int fatherptr=VECTOR(ptrhead)[i];
    if (geodist[i] > 0) {
      while (fatherptr != 0) {
	n++;
	fatherptr=VECTOR(ptrlist)[fatherptr-1];
      }
    }
  }

  IGRAPH_CHECK(igraph_vector_ptr_resize(res, n));
  j=0;
  for (i=0; i<no_of_nodes; i++) {
    long int fatherptr=VECTOR(ptrhead)[i];

    IGRAPH_ALLOW_INTERRUPTION();

    if (geodist[i] > 0) {
      while (fatherptr != 0) {
	VECTOR(*res)[j++]=VECTOR(paths)[fatherptr-1];
	fatherptr=VECTOR(ptrlist)[fatherptr-1];
      }
    } else {
      while (fatherptr != 0) {
	igraph_vector_destroy(VECTOR(paths)[fatherptr-1]);
	Free(VECTOR(paths)[fatherptr-1]);
	fatherptr=VECTOR(ptrlist)[fatherptr-1];
      }
    }
  }

  Free(geodist);
  igraph_vector_destroy(&ptrlist);
  igraph_vector_destroy(&ptrhead);
  igraph_vector_destroy(&neis);
  igraph_vector_ptr_destroy(&paths);
  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(6);

  return 0;
}
				  

/** 
 * \ingroup structural
 * \function igraph_subcomponent
 * \brief The vertices in the same component as a given vertex.
 *
 * \param graph The graph object.
 * \param res The result, vector with the ids of the vertices in the
 *        same component. 
 * \param vertex The id of the vertex of which the component is
 *        searched. 
 * \param mode Type of the component for directed graphs, possible
 *        values:
 *        \clist
 *        \cli IGRAPH_OUT 
 *          the set of vertices reachable \em from the
 *          \p vertex, 
 *        \cli IGRAPH_IN
 *          the set of vertices from which the
 *          \p vertex is reachable.
 *        \cli IGRAPH_ALL 
 *          the graph is considered as an
 *          undirected graph. Note that this is \em not the same
 *          as the union of the previous two.
 *        \endclist
 * \return Error code:
 *        \clist
 *        \cli IGRAPH_ENOMEM 
 *          not enough memory for temporary data.
 *        \cli IGRAPH_EINVVID 
 *           \p vertex is an invalid vertex id
 *        \cli IGRAPH_EINVMODE
 *           invalid mode argument passed.
 *        \endclist
 * 
 * Time complexity: O(|V|+|E|),
 * |V| and
 * |E| are the number of vertices and
 * edges in the graph. 
 * 
 * \sa \ref igraph_subgraph() if you want a graph object consisting only
 * a given set of vertices and the edges between them.
 */

int igraph_subcomponent(const igraph_t *graph, igraph_vector_t *res, igraph_real_t vertex, 
			igraph_neimode_t mode) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  char *already_added;
  long int i;
  igraph_vector_t tmp=IGRAPH_VECTOR_NULL;

  if (vertex<0 || vertex>=no_of_nodes) {
    IGRAPH_ERROR("subcomponent failed", IGRAPH_EINVVID);
  }
  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && 
      mode != IGRAPH_ALL) {
    IGRAPH_ERROR("invalid mode argument", IGRAPH_EINVMODE);
  }

  already_added=Calloc(no_of_nodes, char);
  if (already_added==0) {
    IGRAPH_ERROR("subcomponent failed",IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, already_added); /* TODO: hack */

  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  
  IGRAPH_CHECK(igraph_dqueue_push(&q, vertex));
  IGRAPH_CHECK(igraph_vector_push_back(res, vertex));
  already_added[(long int)vertex]=1;
  
  while (!igraph_dqueue_empty(&q)) {
    long int actnode=igraph_dqueue_pop(&q);

    IGRAPH_ALLOW_INTERRUPTION();

    IGRAPH_CHECK(igraph_neighbors(graph, &tmp, actnode, mode));
    for (i=0; i<igraph_vector_size(&tmp); i++) {
      long int neighbor=VECTOR(tmp)[i];
      
      if (already_added[neighbor]) { continue; }
      already_added[neighbor]=1;
      IGRAPH_CHECK(igraph_vector_push_back(res, neighbor));
      IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
    }
  }

  igraph_dqueue_destroy(&q);
  igraph_vector_destroy(&tmp);
  Free(already_added);
  IGRAPH_FINALLY_CLEAN(3);
   
  return 0;
}

/**
 * \ingroup structural
 * \function igraph_betweenness
 * \brief Betweenness centrality of some vertices.
 * 
 * </para><para>
 * The betweenness centrality of a vertex is the number of geodesics
 * going through it. If there are more than one geodesic between two
 * vertices, the value of these geodesics are weighted by one over the 
 * number of geodesics.
 * \param graph The graph object.
 * \param res The result of the computation, a vector containing the
 *        betweenness scores for the specified vertices.
 * \param vids The vertices of which the betweenness centrality scores
 *        will be calculated.
 * \param directed Logical, if true directed paths will be considered
 *        for directed graphs. It is ignored for undirected graphs.
 * \return Error code:
 *        \c IGRAPH_ENOMEM, not enough memory for
 *        temporary data. 
 *        \c IGRAPH_EINVVID, invalid vertex id passed in
 *        \p vids. 
 *
 * Time complexity: O(|V||E|),
 * |V| and 
 * |E| are the number of vertices and
 * edges in the graph. 
 * Note that the time complexity is independent of the number of
 * vertices for which the score is calculated.
 *
 * \sa Other centrality types: \ref igraph_degree(), \ref igraph_closeness().
 *     See \ref igraph_edge_betweenness() for calculating the betweenness score
 *     of the edges in a graph.
 */

int igraph_betweenness (const igraph_t *graph, igraph_vector_t *res, 
			const igraph_vs_t vids, 
			igraph_bool_t directed) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  long int *distance;
  long int *nrgeo;
  double *tmpscore;
  igraph_stack_t stack=IGRAPH_STACK_NULL;
  long int source;
  long int j;
  igraph_vector_t tmp=IGRAPH_VECTOR_NULL;
  igraph_integer_t modein, modeout;
  igraph_vit_t vit;

  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);

  if (directed) 
    { modeout=IGRAPH_OUT; modein=IGRAPH_IN; } 
  else 
    { modeout=modein=IGRAPH_ALL; }

  distance=Calloc(no_of_nodes, long int);
  if (distance==0) {
    IGRAPH_ERROR("betweenness failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, distance); /* TODO: hack */
  nrgeo=Calloc(no_of_nodes, long int);
  if (nrgeo==0) {
    IGRAPH_ERROR("betweenness failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, nrgeo);	/* TODO: hack */
  tmpscore=Calloc(no_of_nodes, double);
  if (tmpscore==0) {
    IGRAPH_ERROR("betweenness failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmpscore); /* TODO: hack */

  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  igraph_stack_init(&stack, no_of_nodes);
  IGRAPH_FINALLY(igraph_stack_destroy, &stack);
    
  IGRAPH_CHECK(igraph_vector_resize(res, IGRAPH_VIT_SIZE(vit)));
  igraph_vector_null(res);

  /* here we go */
  
  for (source=0; source<no_of_nodes; source++) {
    
    IGRAPH_ALLOW_INTERRUPTION();

    memset(distance, 0, no_of_nodes*sizeof(long int));
    memset(nrgeo, 0, no_of_nodes*sizeof(long int));
    memset(tmpscore, 0, no_of_nodes*sizeof(double));
    igraph_stack_clear(&stack); /* it should be empty anyway... */
    
    IGRAPH_CHECK(igraph_dqueue_push(&q, source));
    nrgeo[source]=1;
    distance[source]=0;
    
    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);

      IGRAPH_CHECK(igraph_neighbors(graph, &tmp, actnode, modeout));
      for (j=0; j<igraph_vector_size(&tmp); j++) {
	long int neighbor=VECTOR(tmp)[j];
	if (nrgeo[neighbor] != 0) {
	  /* we've already seen this node, another shortest path? */
	  if (distance[neighbor]==distance[actnode]+1) {
	    nrgeo[neighbor]+=nrgeo[actnode];
	  }
	} else {
	  /* we haven't seen this node yet */
	  nrgeo[neighbor]+=nrgeo[actnode];
	  distance[neighbor]=distance[actnode]+1;
	  IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	  IGRAPH_CHECK(igraph_stack_push(&stack, neighbor));
	}
      }
    } /* while !igraph_dqueue_empty */

    /* Ok, we've the distance of each node and also the number of
       shortest paths to them. Now we do an inverse search, starting
       with the farthest nodes. */
    while (!igraph_stack_empty(&stack)) {
      long int actnode=igraph_stack_pop(&stack);      
      if (distance[actnode]<=1) { continue; } /* skip source node */
      
      /* set the temporary score of the friends */
      IGRAPH_CHECK(igraph_neighbors(graph, &tmp, actnode, modein));
      for (j=0; j<igraph_vector_size(&tmp); j++) {
	long int neighbor=VECTOR(tmp)[j];
	if (distance[neighbor]==distance[actnode]-1 &&
	    nrgeo[neighbor] != 0) {
	  tmpscore[neighbor] += 
	    (tmpscore[actnode]+1)*nrgeo[neighbor]/nrgeo[actnode];
	}
      }
    }
    
    /* Ok, we've the scores for this source */
    for (IGRAPH_VIT_RESET(vit); !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit)) {
      long int node=IGRAPH_VIT_GET(vit);
      VECTOR(*res)[node] += tmpscore[node];
      tmpscore[node] = 0.0; /* in case a node is in vids multiple times */
    }

  } /* for source < no_of_nodes */

  /* divide by 2 for undirected graph */
  if (!directed || !igraph_is_directed(graph)) {
    for (j=0; j<igraph_vector_size(res); j++) {
      VECTOR(*res)[j] /= 2.0;
    }
  }
  
  /* clean  */
  Free(distance);
  Free(nrgeo);
  Free(tmpscore);
  
  igraph_dqueue_destroy(&q);
  igraph_stack_destroy(&stack);
  igraph_vector_destroy(&tmp);
  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(7);

  return 0;
}

/**
 * \ingroup structural
 * \function igraph_edge_betweenness
 * \brief Betweenness centrality of the edges.
 * 
 * </para><para>
 * The betweenness centrality of an edge is the number of geodesics
 * going through it. If there are more than one geodesics between two
 * vertices, the value of these geodesics are weighted by one over the 
 * number of geodesics.
 * \param graph The graph object.
 * \param result The result of the computation, vector containing the
 *        betweenness scores for the edges.
 * \param directed Logical, if true directed paths will be considered
 *        for directed graphs. It is ignored for undirected graphs.
 * \return Error code:
 *        \c IGRAPH_ENOMEM, not enough memory for
 *        temporary data. 
 *
 * Time complexity: O(|V||E|),
 * |V| and
 * |E| are the number of vertices and
 * edges in the graph. 
 *
 * \sa Other centrality types: \ref igraph_degree(), \ref igraph_closeness().
 *     See \ref igraph_edge_betweenness() for calculating the betweenness score
 *     of the edges in a graph.
 */

int igraph_edge_betweenness (const igraph_t *graph, igraph_vector_t *result,
			     igraph_bool_t directed) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  long int *distance;
  long int *nrgeo;
  double *tmpscore;
  igraph_stack_t stack=IGRAPH_STACK_NULL;
  long int source;
  long int j;

  igraph_i_adjedgelist_t elist_out, elist_in;
  igraph_i_adjedgelist_t *elist_out_p, *elist_in_p;
  igraph_vector_t *neip;
  long int neino;
  long int i;
  igraph_integer_t modein, modeout;

  directed=directed && igraph_is_directed(graph);
  if (directed) {
    modeout=IGRAPH_OUT;
    modein=IGRAPH_IN;
    IGRAPH_CHECK(igraph_i_adjedgelist_init(graph, &elist_out, IGRAPH_OUT));
    IGRAPH_FINALLY(igraph_i_adjedgelist_destroy, &elist_out);
    IGRAPH_CHECK(igraph_i_adjedgelist_init(graph, &elist_in, IGRAPH_IN));
    IGRAPH_FINALLY(igraph_i_adjedgelist_destroy, &elist_in);
    elist_out_p=&elist_out;
    elist_in_p=&elist_in;
  } else {
    modeout=modein=IGRAPH_ALL;
    IGRAPH_CHECK(igraph_i_adjedgelist_init(graph,&elist_out, IGRAPH_ALL));
    IGRAPH_FINALLY(igraph_i_adjedgelist_destroy, &elist_out);
    elist_out_p=elist_in_p=&elist_out;
  }
  
  distance=Calloc(no_of_nodes, long int);
  if (distance==0) {
    IGRAPH_ERROR("edge betweenness failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, distance); /* TODO: hack */
  nrgeo=Calloc(no_of_nodes, long int);
  if (nrgeo==0) {
    IGRAPH_ERROR("edge betweenness failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, nrgeo);	/* TODO: hack */
  tmpscore=Calloc(no_of_nodes, double);
  if (tmpscore==0) {
    IGRAPH_ERROR("edge betweenness failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmpscore); /* TODO: hack */

  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  IGRAPH_CHECK(igraph_stack_init(&stack, no_of_nodes));
  IGRAPH_FINALLY(igraph_stack_destroy, &stack);

  IGRAPH_CHECK(igraph_vector_resize(result, no_of_edges));

  igraph_vector_null(result);

  /* here we go */
  
  for (source=0; source<no_of_nodes; source++) {

    IGRAPH_ALLOW_INTERRUPTION();

    memset(distance, 0, no_of_nodes*sizeof(long int));
    memset(nrgeo, 0, no_of_nodes*sizeof(long int));
    memset(tmpscore, 0, no_of_nodes*sizeof(double));
    igraph_stack_clear(&stack); /* it should be empty anyway... */
    
    IGRAPH_CHECK(igraph_dqueue_push(&q, source));
      
    nrgeo[source]=1;
    distance[source]=0;
    
    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);
    
      neip=igraph_i_adjedgelist_get(elist_out_p, actnode);
      neino=igraph_vector_size(neip);
      for (i=0; i<neino; i++) {
	igraph_integer_t edge=VECTOR(*neip)[i], from, to;
	long int neighbor;
	igraph_edge(graph, edge, &from, &to);
	neighbor = actnode!=from ? from : to;
	if (nrgeo[neighbor] != 0) {
	  /* we've already seen this node, another shortest path? */
	  if (distance[neighbor]==distance[actnode]+1) {
	    nrgeo[neighbor]+=nrgeo[actnode];
	  }
	} else {
	  /* we haven't seen this node yet */
	  nrgeo[neighbor]+=nrgeo[actnode];
	  distance[neighbor]=distance[actnode]+1;
	  IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	  IGRAPH_CHECK(igraph_stack_push(&stack, neighbor));
	}
      }
    } /* while !igraph_dqueue_empty */
    
    /* Ok, we've the distance of each node and also the number of
       shortest paths to them. Now we do an inverse search, starting
       with the farthest nodes. */
    while (!igraph_stack_empty(&stack)) {
      long int actnode=igraph_stack_pop(&stack);
      if (distance[actnode]<1) { continue; } /* skip source node */
      
      /* set the temporary score of the friends */
      neip=igraph_i_adjedgelist_get(elist_in_p, actnode);
      neino=igraph_vector_size(neip);
      for (i=0; i<neino; i++) {
	igraph_integer_t from, to;
	long int neighbor;
	long int edgeno=VECTOR(*neip)[i];
	igraph_edge(graph, edgeno, &from, &to);
	neighbor= actnode != from ? from : to;
	if (distance[neighbor]==distance[actnode]-1 &&
	    nrgeo[neighbor] != 0) {
	  tmpscore[neighbor] +=
	    (tmpscore[actnode]+1)*nrgeo[neighbor]/nrgeo[actnode];
	  VECTOR(*result)[edgeno] +=
	    (tmpscore[actnode]+1)*nrgeo[neighbor]/nrgeo[actnode];
	}
      }
    }
    /* Ok, we've the scores for this source */
  } /* for source <= no_of_nodes */
  
  /* clean and return */
  Free(distance);
  Free(nrgeo);
  Free(tmpscore);
  igraph_dqueue_destroy(&q);
  igraph_stack_destroy(&stack);
  IGRAPH_FINALLY_CLEAN(5);

  if (directed) {
    igraph_i_adjedgelist_destroy(&elist_out);
    igraph_i_adjedgelist_destroy(&elist_in);
    IGRAPH_FINALLY_CLEAN(2);
  } else {
    igraph_i_adjedgelist_destroy(&elist_out);
    IGRAPH_FINALLY_CLEAN(1);
  }

  /* divide by 2 for undirected graph */
  if (!directed || !igraph_is_directed(graph)) {
    for (j=0; j<igraph_vector_size(result); j++) {
      VECTOR(*result)[j] /= 2.0;
    }
  }
  
  return 0;
}


/**
 * \ingroup structural
 * \function igraph_pagerank
 * \brief Calculates the Google PageRank for the specified vertices.
 * 
 * </para><para>
 * Please note that the PageRank of a given vertex depends on the PageRank
 * of all other vertices, so even if you want to calculate the PageRank for
 * only some of the vertices, all of them must be calculated. Requesting
 * the PageRank for only some of the vertices does not result in any
 * performance increase at all.
 * </para>
 * <para>
 * Since the calculation is an iterative
 * process, the algorithm is stopped after a given count of iterations
 * or if the PageRank value differences between iterations are less than
 * a predefined value.
 * </para>
 * 
 * <para>
 * For the explanation of the PageRank algorithm, see the following
 * webpage:
 * http://www-db.stanford.edu/~backrub/google.html, or the
 * following reference:
 * </para>
 * 
 * <para>
 * Sergey Brin and Larry Page: The Anatomy of a Large-Scale Hypertextual
 * Web Search Engine. Proceedings of the 7th World-Wide Web Conference,
 * Brisbane, Australia, April 1998.
 * </para>
 * <para>
 * \param graph The graph object.
 * \param res The result vector containing the PageRank values for the
 * given nodes.
 * \param vids Vector with the vertex ids
 * \param directed Logical, if true directed paths will be considered
 *        for directed graphs. It is ignored for undirected graphs.
 * \param niter The maximum number of iterations to perform
 * \param eps The algorithm will consider the calculation as complete
 *        if the difference of PageRank values between iterations change
 *        less than this value for every node
 * \param damping The damping factor ("d" in the original paper)
 * \return Error code:
 *         \c IGRAPH_ENOMEM, not enough memory for
 *         temporary data. 
 *         \c IGRAPH_EINVVID, invalid vertex id in
 *         \p vids. 
 * 
 * Time complexity: TODO.
 */

int igraph_pagerank(const igraph_t *graph, igraph_vector_t *res, 
		    const igraph_vs_t vids, igraph_bool_t directed,
            igraph_integer_t niter, igraph_real_t eps, igraph_real_t damping) {
  long int no_of_nodes=igraph_vcount(graph);
  long int i, j, n, nodes_to_calc;
  igraph_real_t *prvec, *prvec_new, *prvec_aux, *prvec_scaled;
  igraph_vector_t *neis, outdegree;
  igraph_integer_t dirmode;
  igraph_i_adjlist_t allneis;
  igraph_real_t maxdiff=eps;
  igraph_vit_t vit;

  if (niter<=0) IGRAPH_ERROR("Invalid iteration count", IGRAPH_EINVAL);
  if (eps<=0) IGRAPH_ERROR("Invalid epsilon value", IGRAPH_EINVAL);
  if (damping<=0 || damping>=1) IGRAPH_ERROR("Invalid damping factor", IGRAPH_EINVAL);

  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  nodes_to_calc=IGRAPH_VIT_SIZE(vit);

  IGRAPH_CHECK(igraph_vector_resize(res, nodes_to_calc));
  igraph_vector_null(res);
  
  IGRAPH_VECTOR_INIT_FINALLY(&outdegree, no_of_nodes);
    
  prvec=Calloc(no_of_nodes, igraph_real_t);
  if (prvec==0) {
    IGRAPH_ERROR("pagerank failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, prvec);
  
  prvec_new=Calloc(no_of_nodes, igraph_real_t);
  if (prvec_new==0) {
    IGRAPH_ERROR("pagerank failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, prvec_new);
  
  prvec_scaled=Calloc(no_of_nodes, igraph_real_t);
  if (prvec_scaled==0) {
    IGRAPH_ERROR("pagerank failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, prvec_scaled);
  
  if (directed) { dirmode=IGRAPH_IN; } else { dirmode=IGRAPH_ALL; }  
  igraph_i_adjlist_init(graph, &allneis, dirmode);
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);

  /* Calculate outdegrees for every node */
  igraph_degree(graph, &outdegree, igraph_vss_all(),
		directed?IGRAPH_OUT:IGRAPH_ALL, 0);
  /* Initialize PageRank values */
  for (i=0; i<no_of_nodes; i++) {
    prvec[i]=1-damping;
    /* The next line is necessary to avoid division by zero in the
     * calculation of prvec_scaled. This won't cause any problem,
     * since if a node doesn't have any outgoing links, its
     * prvec_scaled value won't be used anywhere */
    if (VECTOR(outdegree)[i]==0) VECTOR(outdegree)[i]=1;
  }
  
  /* We will always calculate the new PageRank values into prvec_new
   * based on the existing values from prvec. To avoid unnecessary
   * copying from prvec_new to prvec at the end of every iteration,
   * the pointers are swapped after every iteration */
  while (niter>0 && maxdiff >= eps) {
    niter--;
    maxdiff=0;

    /* Calculate the quotient of the actual PageRank value and the
     * outdegree for every node */
    for (i=0; i<no_of_nodes; i++) {
      prvec_scaled[i]=prvec[i]/VECTOR(outdegree)[i];
    }
    
    /* Calculate new PageRank values based on the old ones */
    for (i=0; i<no_of_nodes; i++) {
      
      IGRAPH_ALLOW_INTERRUPTION();

      prvec_new[i]=0;
      neis=igraph_i_adjlist_get(&allneis, i);
      n=igraph_vector_size(neis);
      for (j=0; j<n; j++) {
	long int neighbor=VECTOR(*neis)[j];
	prvec_new[i]+=prvec_scaled[neighbor];
      }
      prvec_new[i]*=damping;
      prvec_new[i]+=(1-damping);

      if (prvec_new[i]-prvec[i]>maxdiff) 
	maxdiff=prvec_new[i]-prvec[i];
      else if (prvec[i]-prvec_new[i]>maxdiff)
	maxdiff=prvec[i]-prvec_new[i];
    }
    
    /* Swap the vectors */
    prvec_aux=prvec_new;
    prvec_new=prvec;
    prvec=prvec_aux;
  }
  
  /* Copy results from prvec to res */
  for (IGRAPH_VIT_RESET(vit), i=0; 
       !IGRAPH_VIT_END(vit); 
       IGRAPH_VIT_NEXT(vit), i++) {
    long int vid=IGRAPH_VIT_GET(vit);
    VECTOR(*res)[i]=prvec[vid];
  }
  
  igraph_i_adjlist_destroy(&allneis);
  igraph_vit_destroy(&vit);
  igraph_vector_destroy(&outdegree);
  Free(prvec);
  Free(prvec_new);  
  Free(prvec_scaled);
  
  IGRAPH_FINALLY_CLEAN(6);
  
  return 0;
}

/**
 * \ingroup structural
 * \function igraph_rewire
 * \brief Randomly rewires a graph while preserving the degree distribution.
 * 
 * </para><para>
 * This function generates a new graph based on the original one by randomly
 * rewiring edges while preserving the original graph's degree distribution.
 * Please note that the rewiring is done "in place", so no new graph will
 * be generated. If you would like to keep the original graph intact, use
 * \ref igraph_copy() before.
 * 
 * \param graph The graph object to be rewired.
 * \param n Number of rewiring trials to perform.
 * \param mode The rewiring algorithm to be used. It can be one of the following:
 *         \c IGRAPH_REWIRING_SIMPLE: simple rewiring algorithm which
 *         chooses two arbitrary edges in each step (namely (a,b) and (c,d))
 *         and substitutes them with (a,d) and (c,b) if they don't exist.
 *         Time complexity: TODO.
 * \return Error code:
 *         \clist
 *           \cli IGRAPH_EINVMODE
 *                Invalid rewiring mode.
 *           \cli IGRAPH_EINVAL
 *                Graph unsuitable for rewiring (e.g. it has
 *                less than 4 nodes in case of \c IGRAPH_REWIRING_SIMPLE)
 *           \cli IGRAPH_ENOMEM
 *                Not enough memory for temporary data.
 *         \endclist
 *
 * Time complexity: TODO.
 */

int igraph_rewire(igraph_t *graph, igraph_integer_t n, igraph_rewiring_t mode) {
  long int no_of_nodes=igraph_vcount(graph);
  long int i, a, b, c, d;
  igraph_i_adjlist_t allneis;
  igraph_vector_t *neis[2], edgevec;
  igraph_es_t es;
  
  if (mode == IGRAPH_REWIRING_SIMPLE && no_of_nodes<4)
    IGRAPH_ERROR("graph unsuitable for rewiring", IGRAPH_EINVAL);
  
  RNG_BEGIN();
  
  igraph_i_adjlist_init(graph, &allneis, IGRAPH_OUT);
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);
  igraph_vector_init(&edgevec, 4);
  IGRAPH_FINALLY(igraph_vector_destroy, &edgevec);

  while (n>0) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    switch (mode) {
    case IGRAPH_REWIRING_SIMPLE:
      a=RNG_INTEGER(0, no_of_nodes-1);
      do { c=RNG_INTEGER(0, no_of_nodes-1); } while (c==a);
      
      /* We don't want the algorithm to get stuck in an infinite loop when
       * it can't choose two edges satisfying the conditions. Instead of
       * this, we choose two arbitrary edges and if they have endpoints
       * in common, we just decrease the number of trials left and continue
       * (so unsuccessful rewirings still count as a trial)
       */
      neis[0]=igraph_i_adjlist_get(&allneis, a);
      i=igraph_vector_size(neis[0]);
      if (i==0) b=c;
      else b=VECTOR(*neis[0])[RNG_INTEGER(0, i-1)];
      
      neis[1]=igraph_i_adjlist_get(&allneis, c);
      i=igraph_vector_size(neis[1]);
      if (i==0) d=a;
      else d=VECTOR(*neis[1])[RNG_INTEGER(0, i-1)];
      
      /* Okay, we have two edges. Can they be rewired?
       * neis[0] mustn't contain d and neis[1] mustn't contain b
       */
      if (!igraph_vector_search(neis[0], 0, d, NULL) &&
	  !igraph_vector_search(neis[1], 0, b, NULL) &&
	  b!=c && a!=d && a!=b && c!=d) {
	/* TODO: maybe it would be more efficient to implement an
	 * igraph_replace_edges function?
	 */
	VECTOR(edgevec)[0]=a; VECTOR(edgevec)[1]=b;
	VECTOR(edgevec)[2]=c; VECTOR(edgevec)[3]=d;
	/*printf("Deleting: %d -> %d, %d -> %d\n", a, b, c, d);*/
	IGRAPH_CHECK(igraph_es_pairs(&es, &edgevec, IGRAPH_DIRECTED));
	IGRAPH_FINALLY(igraph_es_destroy, &es);
	IGRAPH_CHECK(igraph_delete_edges(graph, es));	
	igraph_es_destroy(&es);
	IGRAPH_FINALLY_CLEAN(1);
	VECTOR(edgevec)[0]=a; VECTOR(edgevec)[1]=d;
	VECTOR(edgevec)[2]=c; VECTOR(edgevec)[3]=b;
	/*printf("Adding: %d -> %d, %d -> %d\n", a, d, c, b);*/
	igraph_add_edges(graph, &edgevec, 0);
	/* We have to adjust the adjacency list view as well.
	   It's a luck that we have the pointers in neis[0] and neis[1] */
	for (i=igraph_vector_size(neis[0])-1; i>=0; i--)
	  if (VECTOR(*neis[0])[i]==b) { VECTOR(*neis[0])[i]=d; break; }
	for (i=igraph_vector_size(neis[1])-1; i>=0; i--)
	  if (VECTOR(*neis[1])[i]==d) { VECTOR(*neis[1])[i]=b; break; }
      }
      break;
    default:
      RNG_END();
      IGRAPH_ERROR("unknown rewiring mode", IGRAPH_EINVMODE);
    }
    n--;
  }
  
  igraph_i_adjlist_destroy(&allneis);
  igraph_vector_destroy(&edgevec);
  IGRAPH_FINALLY_CLEAN(2);
  
  RNG_END();
  
  return 0;
}

/**
 * \ingroup structural
 * \function igraph_subgraph
 * \brief Creates a subgraph with the specified vertices.
 * 
 * </para><para>
 * This function collects the specified vertices and all edges between
 * them to a new graph.
 * As the vertex ids in a graph always start with one, this function
 * very likely needs to reassign ids to the vertices.
 * \param graph The graph object.
 * \param res The subgraph, another graph object will be stored here,
 *        do \em not initialize this object before calling this
 *        function, and call \ref igraph_destroy() on it if you don't need
 *        it any more.
 * \param vids Vector with the vertex ids to put in the subgraph.
 * \return Error code:
 *         \c IGRAPH_ENOMEM, not enough memory for
 *         temporary data. 
 *         \c IGRAPH_EINVVID, invalid vertex id in
 *         \p vids. 
 * 
 * Time complexity: O(|V|+|E|),
 * |V| and
 * |E| are the number of vertices and
 * edges in the original graph.
 *
 * \sa \ref igraph_delete_vertices() to delete the specified set of
 * vertices from a graph, the opposite of this function.
 */

int igraph_subgraph(const igraph_t *graph, igraph_t *res, 
		    const igraph_vs_t vids) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t delete=IGRAPH_VECTOR_NULL;
  char *remain;
  long int i;
  igraph_vit_t vit;
  
  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);

  IGRAPH_VECTOR_INIT_FINALLY(&delete, 0);
  remain=Calloc(no_of_nodes, char);
  if (remain==0) {
    IGRAPH_ERROR("subgraph failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, remain);	/* TODO: hack */
  IGRAPH_CHECK(igraph_vector_reserve(&delete, no_of_nodes-IGRAPH_VIT_SIZE(vit)));
  
  for (IGRAPH_VIT_RESET(vit); !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit)) {
    remain[ (long int) IGRAPH_VIT_GET(vit) ] = 1;
  }

  for (i=0; i<no_of_nodes; i++) {

    IGRAPH_ALLOW_INTERRUPTION();

    if (remain[i] == 0) {
      IGRAPH_CHECK(igraph_vector_push_back(&delete, i));
    }
  }

  Free(remain);
  IGRAPH_FINALLY_CLEAN(1);
  
  /* must set res->attr to 0 before calling igraph_copy */
  res->attr=0;           /* Why is this needed? TODO */
  IGRAPH_CHECK(igraph_copy(res, graph));
  IGRAPH_FINALLY(igraph_destroy, res);
  IGRAPH_CHECK(igraph_delete_vertices(res, igraph_vss_vector(&delete)));
  
  igraph_vector_destroy(&delete);
  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

/**
 * \ingroup structural
 * \function igraph_simplify
 * \brief Removes loop and/or multiple edges from the graph.
 * 
 * \param graph The graph object.
 * \param multiple Logical, if true, multiple edges will be removed. 
 * \param loops Logical, if true, loops (self edges) will be removed.
 * \return Error code:
 *    \c IGRAPH_ENOMEM if we are out of memory.
 *
 * Time complexity: O(|V|+|E|).
 */

int igraph_simplify(igraph_t *graph, igraph_bool_t multiple, igraph_bool_t loops) {

  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  igraph_vector_t neis=IGRAPH_VECTOR_NULL;
  long int no_of_nodes=igraph_vcount(graph);
  long int i, j;
  igraph_es_t es;
  igraph_bool_t directed=igraph_is_directed(graph);

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (directed) { 
    for (i=0; i<no_of_nodes; i++) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, i, IGRAPH_OUT));
      
      IGRAPH_ALLOW_INTERRUPTION();
      
      if (loops) {
	for (j=0; j<igraph_vector_size(&neis); j++) {
	  if (VECTOR(neis)[j]==i) {
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	  }
	}
      } /* if loops */
      
      if (multiple) {
	for (j=1; j<igraph_vector_size(&neis); j++) {
	  if (VECTOR(neis)[j]==VECTOR(neis)[j-1] && 
	      (!loops || VECTOR(neis)[j] != i) ) {
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, VECTOR(neis)[j]));
	  }
	}
      }
    }
  } else { 			/* not directed */
    for (i=0; i<no_of_nodes; i++) {
      int flip=0;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, i, IGRAPH_OUT));
      
      IGRAPH_ALLOW_INTERRUPTION();
      
      if (loops) {
	for (j=0; j<igraph_vector_size(&neis); j++) {
	  if (VECTOR(neis)[j]==i) {
	    flip=1-flip;
	    if (flip==0) {
	      IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	      IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	    }
	  }
	}
      } /* if loops */
      
      if (multiple) {
	for (j=1; j<igraph_vector_size(&neis); j++) {
	  if (VECTOR(neis)[j] > i && VECTOR(neis)[j]==VECTOR(neis)[j-1]) {
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, VECTOR(neis)[j]));
	  }
	  if (VECTOR(neis)[j]==i && VECTOR(neis)[j-1]==i && !loops) {
	    flip=1-flip;
	    if (flip==0) {
	      IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	      IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	    }
	  }
	}
      }
    }
  }
    
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(1);
  IGRAPH_CHECK(igraph_es_multipairs(&es, &edges, IGRAPH_DIRECTED));
  IGRAPH_FINALLY(igraph_es_destroy, &es);
  IGRAPH_CHECK(igraph_delete_edges(graph, es));
  igraph_es_destroy(&es);
  IGRAPH_FINALLY_CLEAN(1);
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_transitivity_avglocal_undirected
 * \brief Average local transitivity (clustering coefficient)
 * 
 * The transitivity measures the probability that two neighbors of a
 * vertex are connected. In case of the average local transitivity
 * this probability if calculated for each vertex and then the average
 * is taken for those vertices which have at least two neighbors. If
 * there are no such vertices then \c NaN is returned. 
 * \param graph The input graph, directed graphs are considered as 
 *    undirected ones.
 * \param res Pointer to a real variable, the result will be stored here.
 * \return Error code.
 * 
 * \sa \ref igraph_transitivity_undirected(), \ref
 * igraph_transitivity_local_undirected().
 * 
 * Time complexity: O(|V|*d^2), |V| is the number of vertices in the
 * graph and d is the average degree.
 */

int igraph_transitivity_avglocal_undirected(const igraph_t *graph,
					    igraph_real_t *res) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_real_t sum=0.0;
  igraph_integer_t count=0;
  long int node, i, j, nn;
  igraph_i_adjlist_t allneis;
  igraph_vector_t *neis1, *neis2;
  long int neilen1, neilen2;
  igraph_integer_t triples;
  long int *neis;
  long int maxdegree;

  igraph_vector_t order;
  igraph_vector_t rank;
  igraph_vector_t degree;
  igraph_vector_t triangles;

  IGRAPH_VECTOR_INIT_FINALLY(&order, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  
  IGRAPH_CHECK(igraph_degree(graph, &degree, igraph_vss_all(), IGRAPH_ALL,
			     IGRAPH_LOOPS));
  maxdegree=igraph_vector_max(&degree)+1;
  igraph_vector_order1(&degree, &order, maxdegree);
  igraph_vector_destroy(&degree);
  IGRAPH_FINALLY_CLEAN(1);
  IGRAPH_VECTOR_INIT_FINALLY(&rank, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(rank)[ (long int) VECTOR(order)[i] ] = no_of_nodes-i-1;
  }
  
  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &allneis, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);
  IGRAPH_CHECK(igraph_i_adjlist_simplify(&allneis));

  neis=Calloc(no_of_nodes, long int);
  if (neis==0) {
    IGRAPH_ERROR("undirected average local transitivity failed",
		 IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, neis);

  IGRAPH_VECTOR_INIT_FINALLY(&triangles, no_of_nodes);
  
  for (nn=no_of_nodes-1; nn >= 0; nn--) {
    node=VECTOR(order)[nn];

    IGRAPH_ALLOW_INTERRUPTION();
    
    neis1=igraph_i_adjlist_get(&allneis, node);
    neilen1=igraph_vector_size(neis1);
    triples = (double)neilen1 * (neilen1-1) / 2;
    /* Mark the neighbors of 'node' */
    for (i=0; i<neilen1; i++) {
      neis[ (long int)VECTOR(*neis1)[i] ] = node+1;
    }
    
    for (i=0; i<neilen1; i++) {
      long int nei=VECTOR(*neis1)[i];
      if (VECTOR(rank)[nei] > VECTOR(rank)[node]) {
	neis2=igraph_i_adjlist_get(&allneis, nei);
	neilen2=igraph_vector_size(neis2);
	for (j=0; j<neilen2; j++) {
	  long int nei2=VECTOR(*neis2)[j];
	  if (VECTOR(rank)[nei2] < VECTOR(rank)[nei]) {
	    continue;
	  }
	  if (neis[nei2] == node+1) {
	    VECTOR(triangles)[nei2] += 1;
	    VECTOR(triangles)[nei] += 1;
	    VECTOR(triangles)[node] += 1;
	  }
	}
      }
    }
    
    if (triples != 0) {
      sum += VECTOR(triangles)[node] / triples;
      count++;
    }
  }
  
  *res = sum/count;

  igraph_vector_destroy(&triangles);
  Free(neis);
  igraph_i_adjlist_destroy(&allneis);
  igraph_vector_destroy(&rank);
  igraph_vector_destroy(&order);
  IGRAPH_FINALLY_CLEAN(5);
  return 0;
}
  
int igraph_transitivity_local_undirected1(const igraph_t *graph, 
					  igraph_vector_t *res,
					  const igraph_vs_t vids) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vit_t vit;
  long int nodes_to_calc;
  igraph_vector_t *neis1, *neis2;
  igraph_real_t triples, triangles;
  long int i, j, k;
  long int neilen1, neilen2;
  long int *neis;
  igraph_i_lazy_adjlist_t adjlist;

  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  nodes_to_calc=IGRAPH_VIT_SIZE(vit);

  neis=Calloc(no_of_nodes, long int);
  if (neis==0) {
    IGRAPH_ERROR("local undirected transitivity failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, neis);

  IGRAPH_CHECK(igraph_vector_resize(res, nodes_to_calc));

  igraph_i_lazy_adjlist_init(graph, &adjlist, IGRAPH_ALL, IGRAPH_I_SIMPLIFY);
  IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &adjlist);  

  for (i=0; !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit), i++) {
    long int node=IGRAPH_VIT_GET(vit);
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    neis1=igraph_i_lazy_adjlist_get(&adjlist, node);
    neilen1=igraph_vector_size(neis1);
    for (j=0; j<neilen1; j++) {
      neis[ (long int)VECTOR(*neis1)[j] ] = i+1;
    }
    triples = (double)neilen1*(neilen1-1);
    triangles = 0;

    for (j=0; j<neilen1; j++) {
      long int v=VECTOR(*neis1)[j];
      neis2=igraph_i_lazy_adjlist_get(&adjlist, v);
      neilen2=igraph_vector_size(neis2);
      for (k=0; k<neilen2; k++) {
	long int v2=VECTOR(*neis2)[k];
	if (neis[v2] == i+1) {
	  triangles += 1.0;
	}
      }
    }
    VECTOR(*res)[i] = triangles/triples;
/*     fprintf(stderr, "%f %f\n", triangles, triples); */
  }

  igraph_i_lazy_adjlist_destroy(&adjlist);
  Free(neis);
  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

int igraph_transitivity_local_undirected2(const igraph_t *graph, 
					  igraph_vector_t *res,
					  const igraph_vs_t vids) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vit_t vit;
  long int nodes_to_calc, affected_nodes;
  long int maxdegree=0;
  long int i, j, k, nn;
  igraph_i_lazy_adjlist_t adjlist;
  igraph_vector_t index, avids, rank, order, triangles, degree;
  long int *neis;

  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  nodes_to_calc=IGRAPH_VIT_SIZE(vit);

  IGRAPH_CHECK(igraph_i_lazy_adjlist_init(graph, &adjlist, IGRAPH_ALL,
					  IGRAPH_I_SIMPLIFY));
  IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &adjlist);

  IGRAPH_VECTOR_INIT_FINALLY(&index, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&avids, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&avids, nodes_to_calc));
  k=0;
  for (i=0; i<nodes_to_calc; IGRAPH_VIT_NEXT(vit), i++) {
    long int v=IGRAPH_VIT_GET(vit);
    igraph_vector_t *neis;
    long int neilen;
    if (VECTOR(index)[v]==0) {
      VECTOR(index)[v]=k+1; k++;
      IGRAPH_CHECK(igraph_vector_push_back(&avids, v));
    } 
    
    neis=igraph_i_lazy_adjlist_get(&adjlist, v);
    neilen=igraph_vector_size(neis);
    for (j=0; j<neilen; j++) {
      long int nei=VECTOR(*neis)[j];
      if (VECTOR(index)[nei]==0) {
	VECTOR(index)[nei]=k+1; k++;
	IGRAPH_CHECK(igraph_vector_push_back(&avids, nei));
      }
    }
  }

  /* Degree, ordering, ranking */
  affected_nodes=igraph_vector_size(&avids);
  IGRAPH_VECTOR_INIT_FINALLY(&order, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, affected_nodes);
  for (i=0; i<affected_nodes; i++) {
    long int v=VECTOR(avids)[i];
    igraph_vector_t *neis;
    long int deg;
    neis=igraph_i_lazy_adjlist_get(&adjlist, v);
    VECTOR(degree)[i]=deg=igraph_vector_size(neis);
    if (deg > maxdegree) { maxdegree = deg; }
  }
  igraph_vector_order1(&degree, &order, maxdegree+1);
  igraph_vector_destroy(&degree);
  IGRAPH_FINALLY_CLEAN(1);
  IGRAPH_VECTOR_INIT_FINALLY(&rank, affected_nodes);
  for (i=0; i<affected_nodes; i++) {
    VECTOR(rank)[ (long int) VECTOR(order)[i] ] = affected_nodes-i-1;
  }
  
  neis=Calloc(no_of_nodes, long int);
  if (neis==0) {
    IGRAPH_ERROR("local transitivity calculation failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, neis);
  
  IGRAPH_VECTOR_INIT_FINALLY(&triangles, affected_nodes);
  for (nn=affected_nodes-1; nn>=0; nn--) {
    long int node=VECTOR(avids) [ (long int) VECTOR(order)[nn] ];
    igraph_vector_t *neis1, *neis2;
    long int neilen1, neilen2;
    long int nodeindex=VECTOR(index)[node];
    long int noderank=VECTOR(rank) [nodeindex-1];
    
/*     fprintf(stderr, "node %li (index %li, rank %li)\n", node, */
/* 	    (long int)VECTOR(index)[node]-1, noderank); */
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    neis1=igraph_i_lazy_adjlist_get(&adjlist, node);
    neilen1=igraph_vector_size(neis1);
    for (i=0; i<neilen1; i++) {
      long int nei=VECTOR(*neis1)[i];
      neis[nei] = node+1;
    }
    for (i=0; i<neilen1; i++) {
      long int nei=VECTOR(*neis1)[i];
      long int neiindex=VECTOR(index)[nei];
      long int neirank=VECTOR(rank)[neiindex-1];

/*       fprintf(stderr, "  nei %li (index %li, rank %li)\n", nei, */
/* 	      neiindex, neirank); */
      if (neirank > noderank) {
	neis2=igraph_i_lazy_adjlist_get(&adjlist, nei);
	neilen2=igraph_vector_size(neis2);
	for (j=0; j<neilen2; j++) {	  
	  long int nei2=VECTOR(*neis2)[j];
	  long int nei2index=VECTOR(index)[nei2];
	  long int nei2rank=VECTOR(rank)[nei2index-1];
/* 	  fprintf(stderr, "    triple %li %li %li\n", node, nei, nei2); */
	  if (nei2rank < neirank) {
	    continue;
	  } 
	  if (neis[nei2] == node+1) {
/* 	    fprintf(stderr, "    triangle\n"); */
	    VECTOR(triangles) [ nei2index-1 ] += 1;
	    VECTOR(triangles) [ neiindex-1 ] += 1;
	    VECTOR(triangles) [ nodeindex-1 ] += 1;
	  }
	}
      }
    }    
  }
  
  /* Ok, for all affected vertices the number of triangles were counted */
  
  IGRAPH_CHECK(igraph_vector_resize(res, nodes_to_calc));
  IGRAPH_VIT_RESET(vit);
  for (i=0; i<nodes_to_calc; i++, IGRAPH_VIT_NEXT(vit)) {
    long int node=IGRAPH_VIT_GET(vit);
    long int idx=VECTOR(index)[node]-1;
    igraph_vector_t *neis=igraph_i_lazy_adjlist_get(&adjlist, node);
    long int deg=igraph_vector_size(neis);
    igraph_real_t triples=(double) deg * (deg-1) / 2;
    VECTOR(*res)[i] = VECTOR(triangles)[idx] / triples;
/*     fprintf(stderr, "%f %f\n", VECTOR(triangles)[idx], triples); */
  }
  
  igraph_vector_destroy(&triangles);
  igraph_free(neis);
  igraph_vector_destroy(&rank);
  igraph_vector_destroy(&order);
  igraph_vector_destroy(&avids);
  igraph_vector_destroy(&index);
  igraph_i_lazy_adjlist_destroy(&adjlist);
  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(8);

  return 0;
}

/* We don't use this, it is theoretically good, but practically not.
 */

/* int igraph_transitivity_local_undirected3(const igraph_t *graph, */
/* 				      igraph_vector_t *res, */
/* 				      const igraph_vs_t vids) { */

/*   igraph_vit_t vit; */
/*   long int nodes_to_calc; */
/*   igraph_i_lazy_adjlist_t adjlist; */
/*   long int i, j; */
  
/*   IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit)); */
/*   IGRAPH_FINALLY(igraph_vit_destroy, &vit); */
/*   nodes_to_calc=IGRAPH_VIT_SIZE(vit); */
  
/*   IGRAPH_CHECK(igraph_i_lazy_adjlist_init(graph, &adjlist, IGRAPH_ALL, */
/* 					  IGRAPH_I_SIMPLIFY)); */
/*   IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &adjlist); */
  
/*   IGRAPH_CHECK(igraph_vector_resize(res, nodes_to_calc)); */
/*   for (i=0, IGRAPH_VIT_RESET(vit); !IGRAPH_VIT_END(vit);  */
/*        i++, IGRAPH_VIT_NEXT(vit)) { */
/*     long int node=IGRAPH_VIT_GET(vit); */
/*     igraph_vector_t *neis=igraph_i_lazy_adjlist_get(&adjlist, node); */
/*     long int n1=igraph_vector_size(neis); */
/*     igraph_real_t triangles=0; */
/*     igraph_real_t triples=(double)n1*(n1-1); */
/*     IGRAPH_ALLOW_INTERRUPTION(); */
/*     for (j=0; j<n1; j++) { */
/*       long int node2=VECTOR(*neis)[j]; */
/*       igraph_vector_t *neis2=igraph_i_lazy_adjlist_get(&adjlist, node2); */
/*       long int n2=igraph_vector_size(neis2); */
/*       long int l1=0, l2=0; */
/*       while (l1 < n1 && l2 < n2) { */
/* 	long int nei1=VECTOR(*neis)[l1]; */
/* 	long int nei2=VECTOR(*neis2)[l2]; */
/* 	if (nei1 < nei2) {  */
/* 	  l1++; */
/* 	} else if (nei1 > nei2) { */
/* 	  l2++; */
/* 	} else { */
/* 	  triangles+=1; */
/* 	  l1++; l2++; */
/* 	} */
/*       } */
/*     } */
/*     /\* We're done with 'node' *\/ */
/*     VECTOR(*res)[i] = triangles / triples;   */
/*   } */

/*   igraph_i_lazy_adjlist_destroy(&adjlist); */
/*   igraph_vit_destroy(&vit); */
/*   IGRAPH_FINALLY_CLEAN(2); */

/*   return 0; */
/* } */

int igraph_transitivity_local_undirected4(const igraph_t *graph,
					  igraph_vector_t *res,
					  const igraph_vs_t vids) {

  long int no_of_nodes=igraph_vcount(graph);
  long int node, i, j, nn;
  igraph_i_adjlist_t allneis;
  igraph_vector_t *neis1, *neis2;
  long int neilen1, neilen2;
  igraph_integer_t triples;
  long int *neis;
  long int maxdegree;

  igraph_vector_t order;
  igraph_vector_t rank;
  igraph_vector_t degree;
  
  if (!igraph_vs_is_all((igraph_vs_t*)&vids)) {
    IGRAPH_ERROR("Internal error, wrong transitivity function called", 
		 IGRAPH_EINVAL);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&order, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  
  IGRAPH_CHECK(igraph_degree(graph, &degree, igraph_vss_all(), IGRAPH_ALL,
			     IGRAPH_LOOPS));
  maxdegree=igraph_vector_max(&degree)+1;
  igraph_vector_order1(&degree, &order, maxdegree);
  igraph_vector_destroy(&degree);
  IGRAPH_FINALLY_CLEAN(1);
  IGRAPH_VECTOR_INIT_FINALLY(&rank, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(rank)[ (long int)VECTOR(order)[i] ] = no_of_nodes-i-1;
  }
  
  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &allneis, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);
  IGRAPH_CHECK(igraph_i_adjlist_simplify(&allneis));
  
  neis=Calloc(no_of_nodes, long int);
  if (neis==0) {
    IGRAPH_ERROR("undirected local transitivity failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, neis);
  
  IGRAPH_CHECK(igraph_vector_resize(res, no_of_nodes));
  igraph_vector_null(res);
  
  for (nn=no_of_nodes-1; nn>=0; nn--) {
    node=VECTOR(order)[nn];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    neis1=igraph_i_adjlist_get(&allneis, node);
    neilen1=igraph_vector_size(neis1);
    triples=(double)neilen1*(neilen1-1)/2;
    /* Mark the neighbors of the node */
    for (i=0; i<neilen1; i++) {
      neis[ (long int) VECTOR(*neis1)[i] ] = node+1;
    }
    
    for (i=0; i<neilen1; i++) {
      long int nei=VECTOR(*neis1)[i];
      if (VECTOR(rank)[nei] > VECTOR(rank)[node]) {
	neis2=igraph_i_adjlist_get(&allneis, nei);
	neilen2=igraph_vector_size(neis2);
	for (j=0; j<neilen2; j++) {
	  long int nei2=VECTOR(*neis2)[j];
	  if (VECTOR(rank)[nei2] < VECTOR(rank)[nei]) {
	    continue;
	  }
	  if (neis[nei2] == node+1) {
	    VECTOR(*res)[nei2] += 1;
	    VECTOR(*res)[nei] += 1;
	    VECTOR(*res)[node] += 1;
	  }
	}
      }
    }
    
    VECTOR(*res)[node] /= triples;
  }
  
  igraph_free(neis);
  igraph_i_adjlist_destroy(&allneis);
  igraph_vector_destroy(&rank);
  igraph_vector_destroy(&order);
  IGRAPH_FINALLY_CLEAN(4);
  
  return 0;
}

/**
 * \function igraph_transitivity_local_undirected
 * \brief Calculates the local transitivity (clustering coefficient)
 * of a graph
 * 
 * The transitivity measures the probability that two neighbors of a
 * vertex are connected. In case of the local transitivity, this
 * probability is calculated separately for each vertex.
 * \param graph The input graph, it can be directed but direction of
 *   the edges will be ignored.
 * \param res Pointer to an initialized vector, the result will be
 *   stored here. It will be resized as needed.
 * \param vids Vertex set, the vertices for which the local
 *   transitivity will be calculated.
 * \return Error code.
 * 
 * \sa \ref igraph_transitivity_undirected(), \ref
 * igraph_transitivity_avglocal_undirected().
 * 
 * Time complexity: O(n*d^2), n is the number of vertices for which
 * the transitivity is calculated, d is the average vertex degree.
 */

int igraph_transitivity_local_undirected(const igraph_t *graph,
					 igraph_vector_t *res,
					 const igraph_vs_t vids) {
  if (igraph_vs_is_all((igraph_vs_t*)&vids)) {
    return igraph_transitivity_local_undirected4(graph, res, vids);
  } else {
    igraph_vit_t vit;
    long int size;
    IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
    IGRAPH_FINALLY(igraph_vit_destroy, &vit);
    size=IGRAPH_VIT_SIZE(vit);
    igraph_vit_destroy(&vit);
    if (size < 100) {
      return igraph_transitivity_local_undirected1(graph, res, vids);
    } else {
      return igraph_transitivity_local_undirected2(graph, res, vids);
    }
  }
  
  return 0;
}

/**
 * \ingroup structural
 * \function igraph_transitivity_undirected
 * \brief Calculates the transitivity (clustering coefficient) of a graph.
 * 
 * </para><para>
 * The transitivity measures the probability that two neighbors of a
 * vertex are connected. More precisely this is the ratio of the
 * triangles and connected triples in the graph, the result is a
 * single real number or NaN (0/0) if there are no connected triples
 * in the graph.  Directed graphs are considered as undirected ones.
 * \param graph The graph object.  
 * \param res Pointer to a real variable, the result will be stored here.
 * \return Error code:
 *         \c IGRAPH_ENOMEM: not enough memory for
 *         temporary data. 
 *
 * \sa \ref igraph_transitivity_local_undirected(), 
 * \ref igraph_transitivity_avglocal_undirected().
 *
 * Time complexity: O(|V|*d^2), |V| is the number of vertices in 
 * the graph, d is the average node degree. 
 */


int igraph_transitivity_undirected(const igraph_t *graph,
				   igraph_real_t *res) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_real_t triples=0, triangles=0;
  long int node, nn;
  long int maxdegree;
  long int *neis;
  igraph_vector_t order;
  igraph_vector_t rank;
  igraph_vector_t degree;
  
  igraph_i_adjlist_t allneis;
  igraph_vector_t *neis1, *neis2;
  long int i, j, neilen1, neilen2;

  IGRAPH_VECTOR_INIT_FINALLY(&order, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);

  IGRAPH_CHECK(igraph_degree(graph, &degree, igraph_vss_all(), IGRAPH_ALL,
			     IGRAPH_LOOPS));
  maxdegree=igraph_vector_max(&degree)+1;
  igraph_vector_order1(&degree, &order, maxdegree);
  igraph_vector_destroy(&degree);
  IGRAPH_FINALLY_CLEAN(1);
  IGRAPH_VECTOR_INIT_FINALLY(&rank, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(rank)[ (long int) VECTOR(order)[i] ]=no_of_nodes-i-1;
  }
  
  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &allneis, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);
  IGRAPH_CHECK(igraph_i_adjlist_simplify(&allneis));

  neis=Calloc(no_of_nodes, long int);
  if (neis==0) {
    IGRAPH_ERROR("undirected transitivity failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, neis);
  
  for (nn=no_of_nodes-1; nn >=0; nn--) { 
    node=VECTOR(order)[nn];

    IGRAPH_ALLOW_INTERRUPTION();
    
    neis1=igraph_i_adjlist_get(&allneis, node);
    neilen1=igraph_vector_size(neis1);
    triples += (double)neilen1 * (neilen1-1);
    /* Mark the neighbors of 'node' */
    for (i=0; i<neilen1; i++) {
      long int nei=VECTOR(*neis1)[i];
      neis[nei] = node+1;
    }
    for (i=0; i<neilen1; i++) {
      long int nei=VECTOR(*neis1)[i];
      /* If 'nei' is not ready yet */      
      if (VECTOR(rank)[nei] > VECTOR(rank)[node]) {
	neis2=igraph_i_adjlist_get(&allneis, nei);
	neilen2=igraph_vector_size(neis2);
	for (j=0; j<neilen2; j++) {
	  long int nei2=VECTOR(*neis2)[j];
	  if (neis[nei2] == node+1) {
	    triangles += 1.0;
	  }
	}
      }
    }
  }
    
  Free(neis);
  igraph_i_adjlist_destroy(&allneis);
  igraph_vector_destroy(&rank);
  igraph_vector_destroy(&order);
  IGRAPH_FINALLY_CLEAN(4);
  
  *res = triangles / triples * 2.0;
  
  return 0;
}

/**
 * \ingroup structural
 * \function igraph_reciprocity
 * \brief Calculates the reciprocity of a directed graph.
 * 
 * </para><para>
 * A vertex pair (A, B) is said to be reciprocal if there are edges
 * between them in both directions. The reciprocity of a directed graph
 * is the proportion of all possible (A, B) pairs which are reciprocal,
 * provided there is at least one edge between A and B. The reciprocity
 * of an empty graph is undefined (results in an error code). Undirected
 * graphs always have a reciprocity of 1.0 unless they are empty.
 * 
 * \param graph The graph object.
 * \param res Pointer to an \c igraph_real_t which will contain the result.
 * \param ignore_loops Whether to ignore loop edges.
 * \return Error code:
 *         \c IGRAPH_EINVAL: graph has no edges
 *         \c IGRAPH_ENOMEM: not enough memory for
 *         temporary data. 
 * 
 * Time complexity: O(|V|+|E|), |V| is the number of vertices, 
 * |E| is the number of edges.
 */

int igraph_reciprocity(const igraph_t *graph, igraph_real_t *res, 
		       igraph_bool_t ignore_loops) {
  igraph_integer_t nonrec=0, rec=0;
  igraph_vector_t inneis, outneis;
  long int i;
  long int no_of_nodes=igraph_vcount(graph);
  
  /* THIS IS AN EXIT HERE !!!!!!!!!!!!!! */
  if (!igraph_is_directed(graph)) {
    *res=1.0;
    return 0;
  }

  IGRAPH_VECTOR_INIT_FINALLY(&inneis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&outneis, 0);

  for (i=0; i<no_of_nodes; i++) {
    long int ip, op;
    igraph_neighbors(graph, &inneis, i, IGRAPH_IN);
    igraph_neighbors(graph, &outneis, i, IGRAPH_OUT);
    
    ip=op=0;
    while (ip < igraph_vector_size(&inneis) &&
	   op < igraph_vector_size(&outneis)) {
      if (VECTOR(inneis)[ip] < VECTOR(outneis)[op]) {
	nonrec += 1;
	ip++;
      } else if (VECTOR(inneis)[ip] > VECTOR(outneis)[op]) {
	nonrec += 1;
	op++;
      } else { 
	/* loop edge? */
	if (!ignore_loops || VECTOR(inneis)[ip] != i) {
	  rec += 1;
	}
	ip++;
	op++;
      }
    }
    nonrec += (igraph_vector_size(&inneis)-ip) + 
      (igraph_vector_size(&outneis)-op);
  }

  *res= rec/(rec+nonrec);
  
  igraph_vector_destroy(&inneis);
  igraph_vector_destroy(&outneis);
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

/**
 * \function igraph_constraint
 * \brief Burt's constraint scores
 * 
 * </para><para>
 * This function calculates Burt's constraint scores for the given
 * vertices, also known as structural holes.
 * 
 * </para><para>
 * Burt's constraint is higher if ego has less, or mutually stronger
 * related (i.e. more redundant) contacts. Burt's measure of
 * constraint, C[i], of vertex i's ego network V[i], is defined for
 * directed and valued graphs,
 * <blockquote><para>
 * C[i] = sum( sum( (p[i,q] p[q,j])^2, q in V[i], q != i,j ), j in
 * V[], j != i)
 * </para></blockquote>
 * for a graph of order (ie. number od vertices) N, where proportional
 * tie strengths are defined as 
 * <blockquote><para>
 * p[i,j]=(a[i,j]+a[j,i]) / sum(a[i,k]+a[k,i], k in V[i], k != i),
 * </para></blockquote>
 * a[i,j] are elements of A and
 * the latter being the graph adjacency matrix. For isolated vertices,
 * constraint is undefined. 
 * 
 * </para><para>
 * Burt, R.S. (2004). Structural holes and good ideas. American
 * Journal of Sociology 110, 349-399.
 *
 * </para><para>
 * The first R version of this function was contributed by Jeroen
 * Bruggeman. 
 * \param graph A graph object.
 * \param res Pointer to an initialized vector, the result will be
 *        stored here. The vector will be resized to have the
 *        appropriate size for holding the result.
 * \param vids Vertex selector containing the vertices for which the
 *        constraint should be calculated.
 * \param weights Vector giving the weights of the edges. If it is
 *        \c NULL then each edge is supposed to have the same weight.
 * \return Error code.
 * 
 * Time complexity: O(|V|+E|+n*d^2), n is the number of vertices for
 * which the constraint is calculated and d is the average degree, |V|
 * is the number of vertices, |E| the number of edges in the
 * graph. If the weights argument is \c NULL then the time complexity
 * is O(|V|+n*d^2).
 */

int igraph_constraint(const igraph_t *graph, igraph_vector_t *res,
		      igraph_vs_t vids, const igraph_vector_t *weights) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_vit_t vit;
  long int nodes_to_calc;
  long int a, b, c, i, j, q;
  igraph_integer_t edge, from, to, edge2, from2, to2;
  
  igraph_vector_t contrib;
  igraph_vector_t degree;
  igraph_vector_t ineis_in, ineis_out, jneis_in, jneis_out;

  if (weights != 0 && igraph_vector_size(weights) != no_of_edges) {
    IGRAPH_ERROR("Invalid length of weight vector", IGRAPH_EINVAL);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&contrib, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ineis_in, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&ineis_out, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&jneis_in, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&jneis_out, 0);
  
  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  nodes_to_calc=IGRAPH_VIT_SIZE(vit);

  if (weights==0) {
    IGRAPH_CHECK(igraph_degree(graph, &degree, igraph_vss_all(),
			       IGRAPH_ALL, IGRAPH_NO_LOOPS));
  } else {
    for (a=0; a<no_of_edges; a++) {
      igraph_edge(graph, a, &from, &to);
      if (from != to) {
	VECTOR(degree)[(long int) from] += VECTOR(*weights)[a];
	VECTOR(degree)[(long int) to  ] += VECTOR(*weights)[a];
      }
    }
  }
  
  IGRAPH_CHECK(igraph_vector_resize(res, nodes_to_calc));
  igraph_vector_null(res);
  
  for (a=0; a<nodes_to_calc; a++, IGRAPH_VIT_NEXT(vit)) {
    i=IGRAPH_VIT_GET(vit);
    
    /* get neighbors of i */
    IGRAPH_CHECK(igraph_adjacent(graph, &ineis_in, i, IGRAPH_IN));
    IGRAPH_CHECK(igraph_adjacent(graph, &ineis_out, i, IGRAPH_OUT));

    /* NaN for isolates */
    if (igraph_vector_size(&ineis_in) == 0 &&
	igraph_vector_size(&ineis_out) == 0) {
      VECTOR(*res)[a] = 0.0 / 0.0;
    }

    /* zero their contribution */
    for (b=0; b<igraph_vector_size(&ineis_in); b++) {
      edge=VECTOR(ineis_in)[b];
      igraph_edge(graph, edge, &from, &to);
      if (to==i) { to=from; }
      j=to;
      VECTOR(contrib)[j]=0.0;
    }
    for (b=0; b<igraph_vector_size(&ineis_out); b++) {
      edge=VECTOR(ineis_out)[b];
      igraph_edge(graph, edge, &from, &to);
      if (to==i) { to=from; }
      j=to;
      VECTOR(contrib)[j]=0.0;
    }

    /* add the direct contibutions, in-neighbors and out-neighbors */
    for (b=0; b<igraph_vector_size(&ineis_in); b++) {
      edge=VECTOR(ineis_in)[b];
      igraph_edge(graph, edge, &from, &to);
      if (to==i) { to=from; }
      j=to;
      if (i != j) {		/* excluding loops */
	if (weights) {
	  VECTOR(contrib)[j] += 
	    VECTOR(*weights)[(long int)edge]/VECTOR(degree)[i];
	} else {
	  VECTOR(contrib)[j] += 1.0/VECTOR(degree)[i];
	}
      }
    }
    if (igraph_is_directed(graph)) {
      for (b=0; b<igraph_vector_size(&ineis_out); b++) {
	edge=VECTOR(ineis_out)[b];
	igraph_edge(graph, edge, &from, &to);
	if (to==i) { to=from; }
	j=to;
	if (i != j) {
	  if (weights) {
	    VECTOR(contrib)[j] += 
	      VECTOR(*weights)[(long int)edge]/VECTOR(degree)[i];
	  } else {
	    VECTOR(contrib)[j] += 1.0/VECTOR(degree)[i];
	  }
	}
      }
    }

    /* add the indirect contributions, in-in, in-out, out-in, out-out */
    for (b=0; b<igraph_vector_size(&ineis_in); b++) {
      edge=VECTOR(ineis_in)[b];
      igraph_edge(graph, edge, &from, &to);
      if (to==i) { to=from; }
      j=to;
      if (i == j) { continue; }
      IGRAPH_CHECK(igraph_adjacent(graph, &jneis_in, j, IGRAPH_IN));
      IGRAPH_CHECK(igraph_adjacent(graph, &jneis_out, j, IGRAPH_OUT));
      for (c=0; c<igraph_vector_size(&jneis_in); c++) {
	edge2=VECTOR(jneis_in)[c];
	igraph_edge(graph, edge2, &from2, &to2);
	if (to2==j) { to2=from2; }
	q=to2;
	if (j != q) {
	  if (weights) {
	    VECTOR(contrib)[q] += 
	      VECTOR(*weights)[(long int)edge]*
	      VECTOR(*weights)[(long int)edge2]/
	      VECTOR(degree)[i]/VECTOR(degree)[j];
	  } else {
	    VECTOR(contrib)[q] += 1/VECTOR(degree)[i]/VECTOR(degree)[j];
	  }
	}
      }
      if (igraph_is_directed(graph)) {
	for (c=0; c<igraph_vector_size(&jneis_out); c++) {
	  edge2=VECTOR(jneis_out)[c];
	  igraph_edge(graph, edge2, &from2, &to2);
	  if (to2==j) { to2=from2; }
	  q=to2;
	  if (j != q) {
	    if (weights) {
	      VECTOR(contrib)[q] += 
		VECTOR(*weights)[(long int)edge]*
		VECTOR(*weights)[(long int)edge2]/
		VECTOR(degree)[i]/VECTOR(degree)[j];
	    } else {
	      VECTOR(contrib)[q] += 1/VECTOR(degree)[i]/VECTOR(degree)[j];
	    }
	  }
	}
      }
    }
    if (igraph_is_directed(graph)) {
      for (b=0; b<igraph_vector_size(&ineis_out); b++) {
	edge=VECTOR(ineis_out)[b];
	igraph_edge(graph, edge, &from, &to);
	if (to==i) { to=from; }
	j=to;
	if (i == j) { continue; }
	IGRAPH_CHECK(igraph_adjacent(graph, &jneis_in, j, IGRAPH_IN));
	IGRAPH_CHECK(igraph_adjacent(graph, &jneis_out, j, IGRAPH_OUT));
	for (c=0; c<igraph_vector_size(&jneis_in); c++) {
	  edge2=VECTOR(jneis_in)[c];
	  igraph_edge(graph, edge2, &from2, &to2);
	  if (to2==j) { to2=from2; }
	  q=to2;
	  if (j != q) {
	    if (weights) {
	      VECTOR(contrib)[q] += 
		VECTOR(*weights)[(long int)edge]*
		VECTOR(*weights)[(long int)edge2]/
		VECTOR(degree)[i]/VECTOR(degree)[j];
	    } else {
	      VECTOR(contrib)[q] += 1/VECTOR(degree)[i]/VECTOR(degree)[j];
	    }
	  }
	}
	for (c=0; c<igraph_vector_size(&jneis_out); c++) {
	  edge2=VECTOR(jneis_out)[c];
	  igraph_edge(graph, edge2, &from2, &to2);
	  if (to2==j) { to2=from2; }
	  q=to2;
	  if (j != q) {
	    if (weights) {
	      VECTOR(contrib)[q] += 
		VECTOR(*weights)[(long int)edge]*
		VECTOR(*weights)[(long int)edge2]/
		VECTOR(degree)[i]/VECTOR(degree)[j];
	    } else {
	      VECTOR(contrib)[q] += 1/VECTOR(degree)[i]/VECTOR(degree)[j];
	    }
	  }
	}
      }
    }
    
    /* squared sum of the contributions */
    for (b=0; b<igraph_vector_size(&ineis_in); b++) {
      edge=VECTOR(ineis_in)[b];
      igraph_edge(graph, edge, &from, &to);
      if (to==i) { to=from; }
      j=to;
      if (i == j) { continue; }
      VECTOR(*res)[a] += VECTOR(contrib)[j] * VECTOR(contrib)[j];
      VECTOR(contrib)[j]=0.0;
    }
    if (igraph_is_directed(graph)) {
      for (b=0; b<igraph_vector_size(&ineis_out); b++) {
	edge=VECTOR(ineis_out)[b];
	igraph_edge(graph, edge, &from, &to);
	if (to==i) { to=from; }
	j=to;
	if (i == j) { continue; }
	VECTOR(*res)[a] += VECTOR(contrib)[j] * VECTOR(contrib)[j];
	VECTOR(contrib)[j]=0.0;
      }
    }
  }

  igraph_vit_destroy(&vit);
  igraph_vector_destroy(&jneis_out);
  igraph_vector_destroy(&jneis_in);
  igraph_vector_destroy(&ineis_out);
  igraph_vector_destroy(&ineis_in);
  igraph_vector_destroy(&degree);
  igraph_vector_destroy(&contrib);
  IGRAPH_FINALLY_CLEAN(7);
  
  return 0;
}

/**
 * \function igraph_maxdegree
 * \brief Calculate the maximum degree in a graph (or set of vertices).
 * 
 * </para><para>
 * The largest in-, out- or total degree of the specified vertices is
 * calculated.
 * \param graph The input graph.
 * \param res Pointer to an integer (\c igraph_integer_t), the result
 *        will be stored here.
 * \param mode Defines the type of the degree.
 *        \c IGRAPH_OUT, out-degree,
 *        \c IGRAPH_IN, in-degree,
 *        \c IGRAPH_ALL, total degree (sum of the
 *        in- and out-degree). 
 *        This parameter is ignored for undirected graphs. 
 * \param loops Boolean, gives whether the self-loops should be
 *        counted.
 * \return Error code:
 *         \c IGRAPH_EINVVID: invalid vertex id.
 *         \c IGRAPH_EINVMODE: invalid mode argument.
 *
 * Time complexity: O(v) if
 * loops is 
 * TRUE, and
 * O(v*d)
 * otherwise. v is the number
 * vertices for which the degree will be calculated, and
 * d is their (average) degree. 
 */

int igraph_maxdegree(const igraph_t *graph, igraph_integer_t *res,
		     igraph_vs_t vids, igraph_neimode_t mode, 
		     igraph_bool_t loops) {

  igraph_vector_t tmp;
  
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  
  igraph_degree(graph, &tmp, vids, mode, loops);  
  *res=igraph_vector_max(&tmp);
  
  igraph_vector_destroy(&tmp);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_density
 * Calculate the density of a graph.
 * 
 * </para><para>The density of a graph is simply the ratio number of
 * edges and the number of possible edges. Note that density is
 * ill-defined for graphs with multiple and/or loop edges, so consider
 * calling \ref igraph_simplify() on the graph if you know that it
 * contains multiple or loop edges. 
 * \param graph The input graph object.
 * \param res Pointer to a real number, the result will be stored
 *   here.
 * \param loops Logical constant, whether to include loops in the
 *   calculation. If this constant is TRUE then
 *   loop edges are thought to be possible in the graph (this does not
 *   neccessary means that the graph really contains any loops). If
 *   this FALSE then the result is only correct if the graph does not
 *   contain loops.
 * \return Error code.
 *
 * Time complexity: O(1).
 */

int igraph_density(const igraph_t *graph, igraph_real_t *res, 
		   igraph_bool_t loops) {

  igraph_integer_t no_of_nodes=igraph_vcount(graph);
  igraph_integer_t no_of_edges=igraph_ecount(graph);
  igraph_bool_t directed=igraph_is_directed(graph);
  
  if (!loops) {
    if (directed) {
      *res = no_of_edges / (no_of_nodes*(no_of_nodes-1));
    } else {
      *res = no_of_edges / (no_of_nodes*(no_of_nodes-1)/2);
    }
  } else {
    if (directed) {
      *res = no_of_edges / (no_of_nodes*no_of_nodes);
    } else {
      *res = no_of_edges / (no_of_nodes*no_of_nodes/2);
    }
  }
  
  return 0;
}

/**
 * \function igraph_neighborhood_size
 * \brief Calculates the size of the neighborhood of a given vertex
 * 
 * The neighborhood of a given order of a vertex includes all vertices
 * which are closer to the vertex than the order. Ie. order 0 is
 * always the vertex itself, order 1 is the vertex plus its immediate
 * neighbors, order 2 is order 1 plus the immediate neighbors of the
 * vertices in order 1, etc. 
 * 
 * </para><para> This function calculates the size of the neighborhood
 * of the given order for the given vertices. 
 * \param graph The input graph.
 * \param res Pointer to an initialized vector, the result will be
 *    stored here. It will be resized as needed.
 * \param vids The vertices for which the calculation is performed.
 * \param order Integer giving the order of the neighborhood.
 * \param mode Specifies how to use the direction of the edges if a
 *   directed graph is analyzed. For \c IGRAPH_OUT only the outgoing
 *   edges are followed, so all vertices reachable from the source
 *   vertex in at most \c order steps are counted. For \c IGRAPH_IN
 *   all vertices from which the source vertex is reachable in at most
 *   \c order steps are counted. \c IGRAPH_ALL ignores the direction
 *   of the edges. This argument is ignored for undirected graphs.
 * \return Error code.
 * 
 * \sa \ref igraph_neighborhood() for calculating the actual neighborhood, 
 * \ref igraph_neighborhood_graphs() for creating separate graphs from
 * the neighborhoods.
 * 
 * Time complexity: O(n*d*o), where n is the number vertices for which
 * the calculation is performed, d is the average degree, o is the order.
 */ 

int igraph_neighborhood_size(const igraph_t *graph, igraph_vector_t *res,
			     igraph_vs_t vids, igraph_integer_t order,
			     igraph_neimode_t mode) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_dqueue_t q;
  igraph_vit_t vit;
  long int i, j;
  long int *added;
  igraph_vector_t neis;
  
  if (order < 0) {
    IGRAPH_ERROR("Negative order in neighborhood size", IGRAPH_EINVAL);
  }

  added=Calloc(no_of_nodes, long int);
  if (added==0) {
    IGRAPH_ERROR("Cannot calculate neighborhood size", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_vector_resize(res, IGRAPH_VIT_SIZE(vit)));
  
  for (i=0; !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit), i++) {
    long int node=IGRAPH_VIT_GET(vit);
    long int size=1;
    added[node]=i+1;
    igraph_dqueue_clear(&q);
    if (order > 0) {
      igraph_dqueue_push(&q, node);
      igraph_dqueue_push(&q, 0);
    }
    
    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);
      long int actdist=igraph_dqueue_pop(&q);
      long int n;
      igraph_neighbors(graph, &neis, actnode, mode);
      n=igraph_vector_size(&neis);

      if (actdist<order-1) {
	/* we add them to the q */
	for (j=0; j<n; j++) {
	  long int nei=VECTOR(neis)[j];
	  if (added[nei] != i+1) {
	    added[nei]=i+1;
	    IGRAPH_CHECK(igraph_dqueue_push(&q, nei));
	    IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
	    size++;
	  }
	}
      } else {
	/* we just count them, but don't add them */
	for (j=0; j<n; j++) {
	  long int nei=VECTOR(neis)[j];
	  if (added[nei] != i+1) {
	    added[nei]=i+1;
	    size++;
	  }
	}
      }

    } /* while q not empty */

    VECTOR(*res)[i]=size;
  } /* for VIT, i */

  igraph_vector_destroy(&neis);
  igraph_vit_destroy(&vit);
  igraph_dqueue_destroy(&q);
  Free(added);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

/** 
 * \function igraph_neighborhood
 * Calculate the neighborhood of vertices
 * 
 * The neighborhood of a given order of a vertex includes all vertices
 * which are closer to the vertex than the order. Ie. order 0 is
 * always the vertex itself, order 1 is the vertex plus its immediate
 * neighbors, order 2 is order 1 plus the immediate neighbors of the
 * vertices in order 1, etc. 
 * 
 * </para><para> This function calculates the vertices within the
 * neighborhood of the specified vertices.
 * \param graph The input graph.
 * \param res An initialized pointer vector. Note that the objects
 *    (pointers) in the vector will \em not be freed, but the pointer
 *    vector will be resized as needed. The result of the calculation
 *    will be stored here in \c vector_t objects.
 * \param vids The vertices for which the calculation is performed.
 * \param order Integer giving the order of the neighborhood.
 * \param mode Specifies how to use the direction of the edges if a
 *   directed graph is analyzed. For \c IGRAPH_OUT only the outgoing
 *   edges are followed, so all vertices reachable from the source
 *   vertex in at most \c order steps are included. For \c IGRAPH_IN
 *   all vertices from which the source vertex is reachable in at most
 *   \c order steps are included. \c IGRAPH_ALL ignores the direction
 *   of the edges. This argument is ignored for undirected graphs.
 * \return Error code.
 * 
 * \sa \ref igraph_neighborhood_size() to calculate the size of the
 * neighborhood, \ref igraph_neighborhood_graphs() for creating
 * graphs from the neighborhoods.
 * 
 * Time complexity: O(n*d*o), n is the number of vertices for which
 * the calculation is performed, d is the average degree, o is the
 * order.
 */

int igraph_neighborhood(const igraph_t *graph, igraph_vector_ptr_t *res,
			igraph_vs_t vids, igraph_integer_t order,
			igraph_neimode_t mode) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_dqueue_t q;
  igraph_vit_t vit;
  long int i, j;
  long int *added;
  igraph_vector_t neis;
  igraph_vector_t tmp;
  igraph_vector_t *newv;

  if (order < 0) {
    IGRAPH_ERROR("Negative order in neighborhood size", IGRAPH_EINVAL);
  }
  
  added=Calloc(no_of_nodes, long int);
  if (added==0) {
    IGRAPH_ERROR("Cannot calculate neighborhood size", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  IGRAPH_CHECK(igraph_vector_ptr_resize(res, IGRAPH_VIT_SIZE(vit)));
  
  for (i=0; !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit), i++) {
    long int node=IGRAPH_VIT_GET(vit);
    added[node]=i+1;
    igraph_vector_clear(&tmp);
    IGRAPH_CHECK(igraph_vector_push_back(&tmp, node));
    if (order > 0) {
      igraph_dqueue_push(&q, node);
      igraph_dqueue_push(&q, 0);
    }

    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);
      long int actdist=igraph_dqueue_pop(&q);
      long int n;
      igraph_neighbors(graph, &neis, actnode, mode);
      n=igraph_vector_size(&neis);
      
      if (actdist<order-1) {
	/* we add them to the q */
	for (j=0; j<n; j++) {
	  long int nei=VECTOR(neis)[j];
	  if (added[nei] != i+1) {
	    added[nei]=i+1;
	    IGRAPH_CHECK(igraph_dqueue_push(&q, nei));
	    IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
	    IGRAPH_CHECK(igraph_vector_push_back(&tmp, nei));
	  }
	}
      } else {
	/* we just count them but don't add them to q */
	for (j=0; j<n; j++) {
	  long int nei=VECTOR(neis)[j];
	  if (added[nei] != i+1) {
	    added[nei]=i+1;
	    IGRAPH_CHECK(igraph_vector_push_back(&tmp, nei));
	  }
	}
      }

    } /* while q not empty */

    newv=Calloc(1, igraph_vector_t);
    if (newv==0) {
      IGRAPH_ERROR("Cannot calculate neighborhood", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, newv);
    IGRAPH_CHECK(igraph_vector_copy(newv, &tmp));
    VECTOR(*res)[i]=newv;
    IGRAPH_FINALLY_CLEAN(1);
  }

  igraph_vector_destroy(&tmp);
  igraph_vector_destroy(&neis);
  igraph_vit_destroy(&vit);
  igraph_dqueue_destroy(&q);
  Free(added);
  IGRAPH_FINALLY_CLEAN(5);

  return 0;
}

/**
 * \function igraph_neighborhood_graphs
 * Create graphs from the neighborhood(s) of some vertex/vertices
 * 
 * The neighborhood of a given order of a vertex includes all vertices
 * which are closer to the vertex than the order. Ie. order 0 is
 * always the vertex itself, order 1 is the vertex plus its immediate
 * neighbors, order 2 is order 1 plus the immediate neighbors of the
 * vertices in order 1, etc. 
 * 
 * </para><para> This function finds every vertex in the neighborhood
 * of a given parameter vertex and creates a graph from these
 * vertices. 
 * 
 * </para><para> The first version of this function was written by 
 * Vincent Matossian, thanks Vincent.
 * \param graph The input graph.
 * \param res Pointer to a pointer vector, the result will be stored
 *   here, ie. \c res will contain pointers to \c igraph_t
 *   objects. It will be resized if needed but note that the
 *   objects in the pointer vector will not be freed.
 * \param vids The vertices for which the calculation is performed.
 * \param order Integer giving the order of the neighborhood.
 * \param mode Specifies how to use the direction of the edges if a
 *   directed graph is analyzed. For \c IGRAPH_OUT only the outgoing
 *   edges are followed, so all vertices reachable from the source
 *   vertex in at most \c order steps are counted. For \c IGRAPH_IN
 *   all vertices from which the source vertex is reachable in at most
 *   \c order steps are counted. \c IGRAPH_ALL ignores the direction
 *   of the edges. This argument is ignored for undirected graphs.
 * \return Error code.
 * 
 * \sa \ref igraph_neighborhood_size() for calculating the neighborhood
 * sizes only, \ref igraph_neighborhood() for calculating the
 * neighborhoods (but not creating graphs).
 * 
 * Time complexity: O(n*(|V|+|E|)), where n is the number vertices for
 * which the calculation is performed, |V| and |E| are the number of
 * vertices and edges in the original input graph.
 */

int igraph_neighborhood_graphs(const igraph_t *graph, igraph_vector_ptr_t *res,
			       igraph_vs_t vids, igraph_integer_t order,
			       igraph_neimode_t mode) {
  long int no_of_nodes=igraph_vcount(graph);
  igraph_dqueue_t q;
  igraph_vit_t vit;
  long int i, j;
  long int *added;
  igraph_vector_t neis;
  igraph_vector_t tmp;
  igraph_t *newg;
  
  if (order < 0) {
    IGRAPH_ERROR("Negative order in neighborhood size", IGRAPH_EINVAL);
  }
  
  added=Calloc(no_of_nodes, long int);
  if (added==0) {
    IGRAPH_ERROR("Cannot calculate neighborhood size", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);
  IGRAPH_CHECK(igraph_vector_ptr_resize(res, IGRAPH_VIT_SIZE(vit)));
  
  for (i=0; !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit), i++) {
    long int node=IGRAPH_VIT_GET(vit);
    added[node]=i+1;
    igraph_vector_clear(&tmp);
    IGRAPH_CHECK(igraph_vector_push_back(&tmp, node));
    if (order > 0) {
      igraph_dqueue_push(&q, node);
      igraph_dqueue_push(&q, 0);
    }

    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);
      long int actdist=igraph_dqueue_pop(&q);
      long int n;
      igraph_neighbors(graph, &neis, actnode, mode);
      n=igraph_vector_size(&neis);
      
      if (actdist<order-1) {
	/* we add them to the q */
	for (j=0; j<n; j++) {
	  long int nei=VECTOR(neis)[j];
	  if (added[nei] != i+1) {
	    added[nei]=i+1;
	    IGRAPH_CHECK(igraph_dqueue_push(&q, nei));
	    IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
	    IGRAPH_CHECK(igraph_vector_push_back(&tmp, nei));
	  }
	}
      } else {
	/* we just count them but don't add them to q */
	for (j=0; j<n; j++) {
	  long int nei=VECTOR(neis)[j];
	  if (added[nei] != i+1) {
	    added[nei]=i+1;
	    IGRAPH_CHECK(igraph_vector_push_back(&tmp, nei));
	  }
	}
      }

    } /* while q not empty */

    newg=Calloc(1, igraph_t);
    if (newg==0) {
      IGRAPH_ERROR("Cannot create neighborhood graph", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, newg);
    if (igraph_vector_size(&tmp) < no_of_nodes) {
      IGRAPH_CHECK(igraph_subgraph(graph, newg, igraph_vss_vector(&tmp)));
    } else {
      IGRAPH_CHECK(igraph_copy(newg, graph));
    }
    VECTOR(*res)[i]=newg;
    IGRAPH_FINALLY_CLEAN(1);
  }

  igraph_vector_destroy(&tmp);
  igraph_vector_destroy(&neis);
  igraph_vit_destroy(&vit);
  igraph_dqueue_destroy(&q);
  Free(added);
  IGRAPH_FINALLY_CLEAN(5);

  return 0;
}

/**
 * \function igraph_topological_sorting
 * Calculate a possible topological sorting of the graph
 *
 * </para><para>
 * A topological sorting of a directed acyclic graph is a linear ordering
 * of its nodes where each node comes before all nodes to which it has
 * edges. Every DAG has at least one topological sort, and may have many.
 * This function returns a possible topological sort among them. If the
 * graph is not acyclic (it has at least one cycle), a partial topological
 * sort is returned and a warning is issued.
 *
 * \param graph The input graph.
 * \param res Pointer to a vector, the result will be stored here.
 *   It will be resized if needed.
 * \param mode Specifies how to use the direction of the edges.
 *   For \c IGRAPH_OUT, the sorting order ensures that each node comes
 *   before all nodes to which it has edges, so nodes with no incoming
 *   edges go first. For \c IGRAPH_IN, it is quite the opposite: each
 *   node comes before all nodes from which it receives edges. Nodes 
 *   with no outgoing edges go first.
 * \return Error code.
 * 
 * Time complexity: O(|V|+|E|), where |V| and |E| are the number of
 * vertices and edges in the original input graph.
 */
int igraph_topological_sorting(const igraph_t* graph, igraph_vector_t *res,
			       igraph_neimode_t mode) {
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t degrees, neis;
  igraph_dqueue_t sources;
  igraph_neimode_t deg_mode;
  long int node, i, j;

  if (mode == IGRAPH_ALL || !igraph_is_directed(graph)) {
    IGRAPH_ERROR("topological sorting does not make sense for undirected graphs", IGRAPH_EINVAL);
  } else if (mode == IGRAPH_OUT) {
    deg_mode = IGRAPH_IN;
  } else if (mode == IGRAPH_IN) {
    deg_mode = IGRAPH_OUT;
  } else {
    IGRAPH_ERROR("invalid mode", IGRAPH_EINVAL);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&degrees, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_dqueue_init(&sources, 0));
  IGRAPH_FINALLY(igraph_dqueue_destroy, &sources);
  IGRAPH_CHECK(igraph_degree(graph, &degrees, igraph_vss_all(), deg_mode, 0));

  igraph_vector_clear(res);

  /* Do we have nodes with no incoming vertices? */
  for (i=0; i<no_of_nodes; i++) {
    if (VECTOR(degrees)[i] == 0)
      IGRAPH_CHECK(igraph_dqueue_push(&sources, i));
  }

  /* Take all nodes with no incoming vertices and remove them */
  while (!igraph_dqueue_empty(&sources)) {
    node=(long)igraph_dqueue_pop(&sources);
    /* Add the node to the result vector */
    igraph_vector_push_back(res, node);
    /* Exclude the node from further source searches */
    VECTOR(degrees)[node]=-1;
    /* Get the neighbors and decrease their degrees by one */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, mode));
    j=igraph_vector_size(&neis);
    for (i=0; i<j; i++) {
      VECTOR(degrees)[(long)VECTOR(neis)[i]]--;
      if (VECTOR(degrees)[(long)VECTOR(neis)[i]] == 0)
	IGRAPH_CHECK(igraph_dqueue_push(&sources, VECTOR(neis)[i]));
    }
  }

  if (igraph_vector_size(res)<no_of_nodes)
    IGRAPH_WARNING("graph contains a cycle, partial result is returned");

  igraph_vector_destroy(&degrees);
  igraph_vector_destroy(&neis);
  igraph_dqueue_destroy(&sources);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

int igraph_is_loop(const igraph_t *graph, igraph_vector_t *res, igraph_es_t es) {
  igraph_eit_t eit;  
  long int i;
  IGRAPH_CHECK(igraph_eit_create(graph, es, &eit));
  IGRAPH_FINALLY(igraph_eit_destroy, &eit);

  IGRAPH_CHECK(igraph_vector_resize(res, IGRAPH_EIT_SIZE(eit)));

  for (i=0; !IGRAPH_EIT_END(eit); i++, IGRAPH_EIT_NEXT(eit)) {
    long int e=IGRAPH_EIT_GET(eit);
    VECTOR(*res)[i] = (IGRAPH_FROM(graph, e)==IGRAPH_TO(graph, e)) ? 1 : 0;
  }
  
  igraph_eit_destroy(&eit);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_is_multiple(const igraph_t *graph, igraph_vector_t *res, igraph_es_t es) {
  igraph_eit_t eit;
  long int i;
  igraph_i_lazy_adjedgelist_t adjlist;
  
  IGRAPH_CHECK(igraph_eit_create(graph, es, &eit));
  IGRAPH_FINALLY(igraph_eit_destroy, &eit);
  IGRAPH_CHECK(igraph_i_lazy_adjedgelist_init(graph, &adjlist, IGRAPH_OUT));
  IGRAPH_FINALLY(igraph_i_lazy_adjedgelist_destroy, &adjlist);
  
  IGRAPH_CHECK(igraph_vector_resize(res, IGRAPH_EIT_SIZE(eit)));
  
  for (i=0; !IGRAPH_EIT_END(eit); i++, IGRAPH_EIT_NEXT(eit)) {
    long int e=IGRAPH_EIT_GET(eit);
    long int from=IGRAPH_FROM(graph, e);
    long int to=IGRAPH_TO(graph, e);
    igraph_vector_t *neis=igraph_i_lazy_adjedgelist_get(&adjlist, from);
    long int j, n=igraph_vector_size(neis);
    VECTOR(*res)[i]=0;
    for (j=0; j<n; j++) {
      long int e2=VECTOR(*neis)[j];
      long int to2=IGRAPH_OTHER(graph,e2,from);
      if (to2==to && e2<e) {
	VECTOR(*res)[i]=1;
      }
    }
  }
  
  igraph_i_lazy_adjedgelist_destroy(&adjlist);
  igraph_eit_destroy(&eit);
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

/**
 * \function igraph_girth
 * \brief The girth of a graph is the length of the shortest circle in it.
 * 
 * </para><para>
 * The current implementation works for undirected graphs only, 
 * directed graphs are treated as undirected graphs. Loop edges and
 * multiple edges are ignored.
 * </para><para>
 * If the graph is a forest (ie. acyclic), then zero is returned.
 * </para><para>
 * This implementation is based on Alon Itai and Michael Rodeh:
 * Finding a minimum circuit in a graph
 * \emb Proceedings of the ninth annual ACM symposium on Theory of
 * computing \eme, 1-10, 1977. The first implementation of this
 * function was done by Keith Briggs, thanks Keith.
 * \param graph The input graph.
 * \param girth Pointer to an integer, if not \c NULL then the result
 *     will be stored here.
 * \param circle Pointer to an initialized vector, the vertex ids in
 *     the shortest circle will be stored here. If \c NULL then it is
 *     ignored. 
 * \return Error code.
 *
 * Time complexity: O((|V|+|E|)^2), |V| is the number of vertices, |E|
 * is the number of edges in the general case. If the graph has no
 * circles at all then the function needs O(|V|+|E|) time to realize
 * this and then it stops.
 */

int igraph_girth(const igraph_t *graph, igraph_integer_t *girth, 
		 igraph_vector_t *circle) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_dqueue_t q;
  igraph_i_lazy_adjlist_t adjlist;
  long int mincirc=LONG_MAX, minvertex=0;
  long int node;
  igraph_bool_t triangle=0;
  igraph_vector_t *neis;
  igraph_vector_long_t level;
  long int stoplevel=no_of_nodes+1;
  igraph_bool_t anycircle=0;
  long int t1=0, t2=0;
  
  IGRAPH_CHECK(igraph_i_lazy_adjlist_init(graph, &adjlist, IGRAPH_ALL, 
					  IGRAPH_I_SIMPLIFY));
  IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &adjlist);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  IGRAPH_CHECK(igraph_vector_long_init(&level, no_of_nodes));
  IGRAPH_FINALLY(igraph_vector_long_destroy, &level);
  
  for (node=0; !triangle && node<no_of_nodes; node++) {

    /* Are there circles in this graph at all? */
    if (node==1 && anycircle==0) { 
      igraph_bool_t conn;
      IGRAPH_CHECK(igraph_is_connected(graph, &conn, IGRAPH_WEAK));
      if (conn) {
	/* No, there are none */
	break;
      }
    }

    anycircle=0;
    igraph_dqueue_clear(&q);
    igraph_vector_long_null(&level);
    IGRAPH_CHECK(igraph_dqueue_push(&q, node));
    VECTOR(level)[node]=1;    
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);
      long int actlevel=VECTOR(level)[actnode];
      long int i, n;

      if (actlevel>=stoplevel) { break; }

      neis=igraph_i_lazy_adjlist_get(&adjlist, actnode);
      n=igraph_vector_size(neis);
      for (i=0; i<n; i++) {
	long int nei=VECTOR(*neis)[i];
	long int neilevel=VECTOR(level)[nei];
	if (neilevel != 0) {
	  if (neilevel==actlevel-1) {
	    continue;
	  } else {
	    /* found circle */
	    stoplevel=neilevel;
	    anycircle=1;
	    if (actlevel<mincirc) {
	      /* Is it a minimum circle? */
	      mincirc=actlevel+neilevel-1;
	      minvertex=node;
	      t1=actnode; t2=nei;
	      if (neilevel==2) {
		/* Is it a triangle? */
		triangle=1;
	      }	    
	    }
	    if (neilevel==actlevel) {
	      break;
	    }
	  }
	} else {
	  igraph_dqueue_push(&q, nei);
	  VECTOR(level)[nei]=actlevel+1;
	}
      }

    } /* while q !empty */
  } /* node */

  if (girth) {
    if (mincirc==LONG_MAX) {
      *girth=mincirc=0;
    } else {
      *girth=mincirc;
    }
  }

  /* Store the actual circle, if needed */
  if (circle) {
    IGRAPH_CHECK(igraph_vector_resize(circle, mincirc));
    if (mincirc != 0) {
      long int i, n, idx=0;
      igraph_dqueue_clear(&q);
      igraph_vector_long_null(&level); /* used for father pointers */
#define FATHER(x) (VECTOR(level)[(x)])
      IGRAPH_CHECK(igraph_dqueue_push(&q, minvertex));
      FATHER(minvertex)=minvertex;
      while (FATHER(t1)==0 || FATHER(t2)==0) {
	long int actnode=igraph_dqueue_pop(&q);
	neis=igraph_i_lazy_adjlist_get(&adjlist, actnode);
	n=igraph_vector_size(neis);
	for (i=0; i<n; i++) {
	  long int nei=VECTOR(*neis)[i];
	  if (FATHER(nei) == 0) {
	    FATHER(nei)=actnode+1;
	    igraph_dqueue_push(&q, nei);
	  }
	}
      }  /* while q !empty */
      /* Ok, now use FATHER to create the path */
      while (t1!=minvertex) {
	VECTOR(*circle)[idx++]=t1;
	t1=FATHER(t1)-1;
      }
      VECTOR(*circle)[idx]=minvertex;
      idx=mincirc-1;
      while (t2!=minvertex) {
	VECTOR(*circle)[idx--]=t2;
	t2=FATHER(t2)-1;
      }
    } /* anycircle */
  } /* circle */
#undef FATHER

  igraph_vector_long_destroy(&level);
  igraph_dqueue_destroy(&q);
  igraph_i_lazy_adjlist_destroy(&adjlist);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}
    
    







igraph-0.4.2/igraph/fastcommunity_vektor.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

// The original copyright notice follows

////////////////////////////////////////////////////////////////////////
// --- COPYRIGHT NOTICE ---------------------------------------------
// FastCommunityMH - infers community structure of networks
// Copyright (C) 2004 Aaron Clauset
//
// This program is free software; you can redistribute it and/or modify
// it under the terms of the GNU General Public License as published by
// the Free Software Foundation; either version 2 of the License, or
// (at your option) any later version.
//
// This program is distributed in the hope that it will be useful,
// but WITHOUT ANY WARRANTY; without even the implied warranty of
// MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
// GNU General Public License for more details.
//
// You should have received a copy of the GNU General Public License
// along with this program; if not, write to the Free Software
// Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307  USA
// 
// See http://www.gnu.org/licenses/gpl.txt for more details.
// 
////////////////////////////////////////////////////////////////////////
// Author       : Aaron Clauset  (aaron@cs.unm.edu)				//
// Location     : U. Michigan, U. New Mexico						//
// Time         : January-August 2004							//
// Collaborators: Dr. Cris Moore (moore@cs.unm.edu)				//
//              : Dr. Mark Newman (mejn@umich.edu)				//
////////////////////////////////////////////////////////////////////////

#if !defined(vektor_INCLUDED)
#define vektor_INCLUDED

#if !defined(vektor_INCLUDED)
#define vektor_INCLUDED
#include "maxheap.h"
#endif

#if !defined(DPAIR_INCLUDED)
#define DPAIR_INCLUDED
class dpair {
public:
	int x; double y; dpair *next;
	dpair(); ~dpair();
};
dpair::dpair()  { x = 0; y = 0.0; next = NULL; }
dpair::~dpair() {}
#endif
struct dppair { dpair *head; dpair *tail; };

class element {
public:
	int		key;					// binary-tree key
	double    stored;				// additional stored value (associated with key)
	tuple	*heap_ptr;			// pointer to element's location in vektor max-heap
	
	bool		color;				// F: BLACK
								// T: RED
	element   *parent;				// pointer to parent node
	element   *left;				// pointer for left subtree
	element   *right;				// pointer for right subtree
	
	element(); ~element();
};
element::element()  {    key = 0; stored = -4294967296.0; color = false;
					parent  = NULL; left  = NULL; right  = NULL; }
element::~element() {}

/*   This vector implementation is a pair of linked data structures: a red-black balanced binary
	tree data structure and a maximum heap. This pair allows us to find a stored element in time
	O(log n), find the maximum element in time O(1), update the maximum element in time O(log n),
	delete an element in time O(log n), and insert an element in time O(log n). These complexities
	allow a much faster implementation of the fastCommunity algorithm. If we dispense with the
	max-heap, then some operations related to updating the maximum stored value can take up to O(n),
	which is potentially very slow.

	Both the red-black balanced binary tree and the max-heap implementations are custom-jobs. Note
	that the key=0 is assumed to be a special value, and thus you cannot insert such an item. 
	Beware of this limitation.
*/

class vektor {
private:
	element    *root;				// binary tree root
	element    *leaf;				// all leaf nodes
	maxheap    *heap;				// max-heap of elements in vektor
	int		 support;				// number of nodes in the tree

	void		rotateLeft(element *x);						// left-rotation operator
	void		rotateRight(element *y);						// right-rotation operator
	void		insertCleanup(element *z);					// house-keeping after insertion
	void		deleteCleanup(element *x);					// house-keeping after deletion
	dppair    *consSubtree(element *z);					// internal recursive cons'ing function
	dpair	*returnSubtreeAsList(element *z, dpair *head);
	void		deleteSubTree(element *z);					// delete subtree rooted at z
	element   *returnMinKey(element *z);					// returns minimum of subtree rooted at z
	element   *returnSuccessor(element *z);					// returns successor of z's key
	
public:
	vektor(int size); ~vektor();							// default constructor/destructor

	element*  findItem(const int searchKey);				// returns T if searchKey found, and
													// points foundNode at the corresponding node
	void		insertItem(int newKey, double newStored);		// insert a new key with stored value
	void		deleteItem(int killKey);						// selete a node with given key
	void		deleteTree();								// delete the entire tree
	dpair	*returnTreeAsList();						// return the tree as a list of dpairs
	dpair	*returnTreeAsList2();						// return the tree as a list of dpairs
	tuple	returnMaxKey();							// returns the maximum key in the tree
	tuple	returnMaxStored();							// returns a tuple of the maximum (key, .stored)
	int		returnNodecount();							// returns number of items in tree

	int		returnArraysize();							// 
	int		returnHeaplimit();							// 

};

// ------------------------------------------------------------------------------------
// Red-Black Tree methods

vektor::vektor(int size) {
	root = new element;
	leaf = new element;
	heap = new maxheap(size);

	leaf->parent   = root;

	root->left	= leaf;
	root->right    = leaf;
	support		= 0;
}

vektor::~vektor() {
	if (root != NULL && (root->left != leaf || root->right != leaf)) { deleteSubTree(root); }
	support         = 0;
	delete leaf;
	root		= NULL;
	leaf		= NULL;
	delete heap;
	heap		= NULL;
}

void vektor::deleteTree() { if (root != NULL) { deleteSubTree(root); } return; }

void vektor::deleteSubTree(element *z) {

	if (z->left  != leaf) { deleteSubTree(z->left);  }
	if (z->right != leaf) { deleteSubTree(z->right); }
	delete z;
	z = NULL;
	return;
}


// Search Functions -------------------------------------------------------------------

// public search function - if there exists a element in the three with key=searchKey,
// it returns TRUE and foundNode is set to point to the found node; otherwise, it sets
// foundNode=NULL and returns FALSE
element* vektor::findItem(const int searchKey) {

	element *current;    current = root;
	if (current->key==0) { return NULL; }							// empty tree; bail out
	while (current != leaf) {
		if (searchKey < current->key) {							// left-or-right?
			if (current->left  != leaf) { current = current->left;  }	// try moving down-left
			else { return NULL; }								//   failure; bail out
		} else {												// 
			if (searchKey > current->key) {							// left-or-right?
				if (current->right  != leaf) { current = current->right;  }	// try moving down-left
				else { return NULL; }							//   failure; bail out
			} else { return current; }							// found (searchKey==current->key)
		}
	}
	return NULL;
}

// Return Item Functions -------------------------------------------------------------------
// public function which returns the tree, via pre-order traversal, as a linked list

dpair* vektor::returnTreeAsList() { // pre-order traversal
	
	dpair  *head, *tail;

	head    = new dpair;
	head->x = root->key;
	head->y = root->stored;
	tail = head;

	if (root->left  != leaf) { tail = returnSubtreeAsList(root->left,  tail); }
	if (root->right != leaf) { tail = returnSubtreeAsList(root->right, tail); }
	
	if (head->x==0) { return NULL; /* empty tree */} else { return head; }
}

dpair* vektor::returnSubtreeAsList(element *z, dpair *head) {
	dpair *newnode, *tail;
	
	newnode    = new dpair;
	newnode->x = z->key;
	newnode->y = z->stored;
	head->next = newnode;
	tail       = newnode;
	
	if (z->left  != leaf) { tail = returnSubtreeAsList(z->left,  tail); }
	if (z->right != leaf) { tail = returnSubtreeAsList(z->right, tail); }
	
	return tail;
}

tuple vektor::returnMaxStored() { return heap->returnMaximum(); }

tuple vektor::returnMaxKey() {
	tuple themax;
	element *current;
	current = root;
	while (current->right != leaf) {		// search to bottom-right corner of tree
		current = current->right; }		// 
	themax.m = current->stored;			// store the data found
	themax.i = current->key;				// 
	themax.j = current->key;				// 
	
	return themax;						// return that data
}

// private functions for deleteItem() (although these could easily be made public, I suppose)
element* vektor::returnMinKey(element *z) {
	element *current;

	current = z;
	while (current->left != leaf) {		// search to bottom-right corner of tree
		current = current->left; }		// 
	return current;					// return pointer to the minimum
}

element* vektor::returnSuccessor(element *z) {
	element *current, *w;
	
	w = z;
	if (w->right != leaf) {				// if right-subtree exists, return min of it
		return returnMinKey(w->right); }
	current = w->parent;				// else search up in tree
	while ((current!=NULL) && (w==current->right)) {
		w       = current;
		current = current->parent;		// move up in tree until find a non-right-child
	}
	return current;
}

int vektor::returnNodecount() { return support; }
int vektor::returnArraysize() { return heap->returnArraysize(); }
int vektor::returnHeaplimit() { return heap->returnHeaplimit(); }

// Heapification Functions -------------------------------------------------------------------

// Insert Functions -------------------------------------------------------------------
// public insert function
void vektor::insertItem(int newKey, double newStored) {
	
	// first we check to see if newKey is already present in the tree; if so, we simply
	// set .stored += newStored; if not, we must find where to insert the key
	element *newNode, *current;

	current = findItem(newKey);						// find newKey in tree; return pointer to it O(log k)
	if (current != NULL) {
		current->stored += newStored;					// update its stored value
		heap->updateItem(current->heap_ptr, current->stored);
												// update corresponding element in heap + reheapify; O(log k)
	} else {										// didn't find it, so need to create it
		tuple newitem;								// 
		newitem.m = newStored;						//  
		newitem.i = -1;							//  
		newitem.j = newKey;							//  
		
		newNode			= new element;				// element for the vektor
		newNode->key		= newKey;					//  store newKey
		newNode->stored	= newStored;  				//  store newStored
		newNode->color		= true;					//  new nodes are always RED
		newNode->parent	= NULL;					//  new node initially has no parent
		newNode->left		= leaf;					//  left leaf
		newNode->right		= leaf;					//  right leaf
		newNode->heap_ptr   = heap->insertItem(newitem);  // add new item to the vektor heap
		support++;								// increment node count in vektor
		
		// must now search for where to insert newNode, i.e., find the correct parent and
		// set the parent and child to point to each other properly
		current = root;
		if (current->key==0) {										// insert as root
			delete root;											//   delete old root
			root			= newNode;								//   set root to newNode
			leaf->parent   = newNode;								//   set leaf's parent
			current		= leaf;									//   skip next loop
		}
		
		while (current != leaf) {									// search for insertion point
			if (newKey < current->key) {								// left-or-right?
				if (current->left  != leaf) { current = current->left;  }	// try moving down-left
				else {											// else found new parent
					newNode->parent	= current;					//    set parent
					current->left		= newNode;					//    set child
					current			= leaf;						//    exit search
				}
			} else {												// 
				if (current->right != leaf) { current = current->right; }   // try moving down-right
				else {											// else found new parent
					newNode->parent	= current;					//    set parent
					current->right		= newNode;					//    set child
					current			= leaf;						//    exit search
				}
			}
		}

		// now do the house-keeping necessary to preserve the red-black properties
		insertCleanup(newNode);			// do house-keeping to maintain balance
	}
	return;
}

// private house-keeping function for insertion
void vektor::insertCleanup(element *z) {
	
	if (z->parent==NULL) {								// fix now if z is root
		z->color = false; return; }
	element *temp;
	while (z->parent!=NULL && z->parent->color) {	// while z is not root and z's parent is RED
		if (z->parent == z->parent->parent->left) {  // z's parent is LEFT-CHILD
			temp = z->parent->parent->right;		// grab z's uncle
			if (temp->color) {
				z->parent->color		= false;  // color z's parent BLACK	(Case 1)
				temp->color			= false;  // color z's uncle BLACK		(Case 1)
				z->parent->parent->color = true;   // color z's grandparent RED  (Case 1)
				z = z->parent->parent;			// set z = z's grandparent    (Case 1)
			} else {
				if (z == z->parent->right) {		// z is RIGHT-CHILD
					z = z->parent;				// set z = z's parent		(Case 2)
					rotateLeft(z);				// perform left-rotation		(Case 2)
				}
				z->parent->color		= false;  // color z's parent BLACK	(Case 3)
				z->parent->parent->color = true;   // color z's grandparent RED  (Case 3)
				rotateRight(z->parent->parent);    // perform right-rotation	(Case 3)
			}
		} else {								// z's parent is RIGHT-CHILD
			temp = z->parent->parent->left;		// grab z's uncle
			if (temp->color) {
				z->parent->color		= false;  // color z's parent BLACK	(Case 1)
				temp->color			= false;  // color z's uncle BLACK		(Case 1)
				z->parent->parent->color = true;   // color z's grandparent RED  (Case 1)
				z = z->parent->parent;			// set z = z's grandparent    (Case 1)
			} else {
				if (z == z->parent->left) {		// z is LEFT-CHILD
					z = z->parent;				// set z = z's parent		(Case 2)
					rotateRight(z);			// perform right-rotation	(Case 2)
				}
				z->parent->color		= false;  // color z's parent BLACK	(Case 3)
				z->parent->parent->color = true;   // color z's grandparent RED  (Case 3)
				rotateLeft(z->parent->parent);	// perform left-rotation		(Case 3)
			}
		}
	}

	root->color = false;						// color the root BLACK
	return;
}

// Delete Functions -------------------------------------------------------------------
// public delete function
void vektor::deleteItem(int killKey) {
	element *x, *y, *z;
	
	z = findItem(killKey);
	if (z == NULL) { return; }						// item not present; bail out

	if (z != NULL) {
		tuple newmax    = heap->returnMaximum();		// get old maximum in O(1)
		heap->deleteItem(z->heap_ptr);				// delete item in the max-heap O(log k)
	}
	
	if (support==1) {								// -- attempt to delete the root
		root->key		= 0;							// restore root node to default state
		root->stored   = -4294967296.0;				// 
		root->color    = false;						// 
		root->parent   = NULL;						// 
		root->left	= leaf;						// 
		root->right    = leaf;						// 
		root->heap_ptr = NULL;						// 
		support--;								// set support to zero
		return;									// exit - no more work to do
	}
	
	if (z != NULL) {
		support--;								// decrement node count
		if ((z->left == leaf) || (z->right==leaf)) {		// case of less than two children
			  y = z; }							//    set y to be z
		else { y = returnSuccessor(z); }				//    set y to be z's key-successor
		
		if (y->left!=leaf) { x = y->left; }			// pick y's one child (left-child)
		else			    { x = y->right; }			//				  (right-child)
		x->parent = y->parent;						// make y's child's parent be y's parent

		if (y->parent==NULL) { root = x; }				// if y is the root, x is now root
		else {									// 
			if (y == y->parent->left) {				// decide y's relationship with y's parent
				y->parent->left  = x;				//   replace x as y's parent's left child
			} else {								// 
				y->parent->right = x; }				//   replace x as y's parent's left child
		}										// 

		if (y!=z) {								// insert y into z's spot
			z->key		= y->key;					// copy y data into z
			z->stored		= y->stored;				// 
			z->heap_ptr    = y->heap_ptr;				// 
		}										// 

		if (y->color==false) { deleteCleanup(x); }		// do house-keeping to maintain balance
		delete y;									// deallocate y
		y = NULL;									// point y to NULL for safety
	}											// 
		
	return;
}

void vektor::deleteCleanup(element *x) {
	element *w, *t;
	while ((x != root) && (x->color==false)) {			// until x is the root, or x is RED
		if (x==x->parent->left) {					// branch on x being a LEFT-CHILD
			w = x->parent->right;					// grab x's sibling
			if (w->color==true) {					// if x's sibling is RED
				w->color = false;					// color w BLACK				(case 1)
				x->parent->color = true;				// color x's parent RED			(case 1)
				rotateLeft(x->parent);				// left rotation on x's parent	(case 1)
				w = x->parent->right;				// make w be x's right sibling	(case 1)
			}
			if ((w->left->color==false) && (w->right->color==false)) {
				w->color = true;					// color w RED					(case 2)
				x = x->parent;						// examine x's parent			(case 2)
			} else {								// 
				if (w->right->color==false) {			// 
					w->left->color = false;			// color w's left child BLACK		(case 3)
					w->color = true;				// color w RED					(case 3)
					t = x->parent;					// store x's parent
					rotateRight(w);				// right rotation on w			(case 3)
					x->parent = t;					// restore x's parent
					w = x->parent->right;			// make w be x's right sibling	(case 3)
				}								// 
				w->color			= x->parent->color; // make w's color = x's parent's   (case 4)
				x->parent->color    = false;			// color x's parent BLACK		(case 4)
				w->right->color	= false;			// color w's right child BLACK	(case 4)
				rotateLeft(x->parent);				// left rotation on x's parent	(case 4)
				x = root;							// finished work. bail out		(case 4)
			}									// 
		} else {									// x is RIGHT-CHILD
			w = x->parent->left;					// grab x's sibling
			if (w->color==true) {					// if x's sibling is RED
				w->color			= false;			// color w BLACK				(case 1)
				x->parent->color    = true;			// color x's parent RED			(case 1)
				rotateRight(x->parent);				// right rotation on x's parent	(case 1)
				w				= x->parent->left;  // make w be x's left sibling		(case 1)
			}
			if ((w->right->color==false) && (w->left->color==false)) {
				w->color = true;					// color w RED					(case 2)
				x= x->parent;						// examine x's parent			(case 2)
			} else {								// 
				if (w->left->color==false) {			// 
					w->right->color	= false;		// color w's right child BLACK	(case 3)
					w->color			= true;		// color w RED					(case 3)
					t				= x->parent;   // store x's parent
					rotateLeft(w);					// left rotation on w			(case 3)
					x->parent			= t;			// restore x's parent
					w = x->parent->left;			// make w be x's left sibling		(case 3)
				}								// 
				w->color = x->parent->color;			// make w's color = x's parent's   (case 4)
				x->parent->color    = false;			// color x's parent BLACK		(case 4)
				w->left->color		= false;			// color w's left child BLACK		(case 4)
				rotateRight(x->parent);				// right rotation on x's parent    (case 4)
				x				= root;			// x is now the root			(case 4)
			}
		}
	}
	x->color = false;								// color x (the root) BLACK		(exit)

	return;
}

// Rotation Functions -------------------------------------------------------------------

void vektor::rotateLeft(element *x) {
	element *y;
	// do pointer-swapping operations for left-rotation
	y               = x->right;					// grab right child
	x->right        = y->left;					// make x's RIGHT-CHILD be y's LEFT-CHILD
	y->left->parent = x;						// make x be y's LEFT-CHILD's parent
	y->parent       = x->parent;					// make y's new parent be x's old parent

	if (x->parent==NULL) { root = y; }				// if x was root, make y root
	else {									// 
		if (x == x->parent->left)				// if x is LEFT-CHILD, make y be x's parent's
			{ x->parent->left  = y; }			//    left-child
		else { x->parent->right = y; }			//    right-child
	}										// 
	y->left   = x;								// make x be y's LEFT-CHILD
	x->parent = y;								// make y be x's parent
	
	return;
}

void vektor::rotateRight(element *y) {
	element *x;
	// do pointer-swapping operations for right-rotation
	x                = y->left;					// grab left child
	y->left          = x->right;					// replace left child yith x's right subtree
	x->right->parent = y;						// replace y as x's right subtree's parent
	
	x->parent        = y->parent;					// make x's new parent be y's old parent
	if (y->parent==NULL) { root = x; }				// if y was root, make x root
	else {
		if (y == y->parent->right)				// if y is RIGHT-CHILD, make x be y's parent's
			{ y->parent->right  = x; }			//    right-child
		else { y->parent->left   = x; }			//    left-child
	}
	x->right  = y;								// make y be x's RIGHT-CHILD
	y->parent = x;								// make x be y's parent
	
	return;
}

// ------------------------------------------------------------------------------------

#endif







igraph-0.4.2/igraph/error.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"

#include <stdio.h>
#include <stdlib.h>
#include <assert.h>

static igraph_error_handler_t *igraph_i_error_handler=0;

static char *igraph_i_error_strings[]={ "No error",            /* 0 */
					"Failed",              /* 1 */
					"Out of memory",       /* 2 */
					"Parse error",         /* 3 */
					"Invalid value",       /* 4 */
					"Already exists",      /* 5 */
					"Invalid edge vector", /* 6 */
					"Invalid vertex id",   /* 7 */
					"Non-square matrix",   /* 8 */
					"Invalid mode",        /* 9 */
					"File operation error",/* 10 */
					"Unfold infinite iterator", /* 11 */
                                        "Unimplemented function call", /* 12 */
                                        "Interrupted",         /* 13 */
					"Numeric procedure did not converge",/* 14 */
};

const char* igraph_strerror(const int igraph_errno) {
  return igraph_i_error_strings[igraph_errno];
}

int igraph_error(const char *reason, const char *file, int line,
		 int igraph_errno) {

  if (igraph_i_error_handler) {
    igraph_i_error_handler(reason, file, line, igraph_errno);
  }  else {
    igraph_error_handler_abort(reason, file, line, igraph_errno);
  }
  return igraph_errno;
}

void igraph_error_handler_abort (const char *reason, const char *file,
				 int line, int igraph_errno) {
  fprintf(stderr, "Error at %s:%i :%s, %s\n", file, line, reason,
	  igraph_strerror(igraph_errno));
  abort();
}

void igraph_error_handler_ignore (const char *reason, const char *file,
				  int line, int igraph_errno) {
  IGRAPH_FINALLY_FREE();
}

void igraph_error_handler_printignore (const char *reason, const char *file,
				       int line, int igraph_errno) {
  IGRAPH_FINALLY_FREE();
  fprintf(stderr, "Error at %s:%i :%s, %s\n", file, line, reason,
	  igraph_strerror(igraph_errno));
}

igraph_error_handler_t *
igraph_set_error_handler (igraph_error_handler_t * new_handler)
{
  igraph_error_handler_t * previous_handler = igraph_i_error_handler;
  igraph_i_error_handler = new_handler;
  return previous_handler;
}

struct igraph_i_protectedPtr igraph_i_finally_stack[100];

/*
 * Adds another element to the free list
 */

void IGRAPH_FINALLY_REAL(void (*func)(void*), void* ptr) {
  int no=igraph_i_finally_stack[0].all;
  assert (no<100);
  assert (no>=0);
  igraph_i_finally_stack[no].ptr=ptr;
  igraph_i_finally_stack[no].func=func;
  igraph_i_finally_stack[0].all ++;
  /* printf("--> Finally stack contains now %d elements\n", igraph_i_finally_stack[0].all); */
}

void IGRAPH_FINALLY_CLEAN(int minus) { 
  igraph_i_finally_stack[0].all -= minus;
  if (igraph_i_finally_stack[0].all < 0) {
    fprintf(stderr, "corrupt finally stack, popping %d elements when only %d left\n", minus, igraph_i_finally_stack[0].all+minus);
    igraph_i_finally_stack[0].all = 0;
  }
  /* printf("<-- Finally stack contains now %d elements\n", igraph_i_finally_stack[0].all); */
}

void IGRAPH_FINALLY_FREE(void) {
  int p;
/*   printf("[X] Finally stack will be cleaned (contained %d elements)\n", igraph_i_finally_stack[0].all);  */
  for (p=igraph_i_finally_stack[0].all-1; p>=0; p--) {
    igraph_i_finally_stack[p].func(igraph_i_finally_stack[p].ptr);
  }
  igraph_i_finally_stack[0].all=0;
}

static igraph_warning_handler_t *igraph_i_warning_handler=0;

void igraph_warning_handler_print (const char *reason, const char *file,
				   int line, int igraph_errno) {
  fprintf(stderr, "Warning: %s in file %s, line %i\n", reason, file, line);
}

int igraph_warning(const char *reason, const char *file, int line,
		   int igraph_errno) {

  if (igraph_i_warning_handler) {
    igraph_i_warning_handler(reason, file, line, igraph_errno);
  }  else {
    igraph_warning_handler_print(reason, file, line, igraph_errno);
  }
  return igraph_errno;
}

igraph_warning_handler_t *
igraph_set_warning_handler (igraph_warning_handler_t * new_handler)
{
  igraph_warning_handler_t * previous_handler = igraph_i_warning_handler;
  igraph_i_warning_handler = new_handler;
  return previous_handler;
}







igraph-0.4.2/igraph/measure_dynamics.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

#include <math.h>

int igraph_measure_dynamics_id(const igraph_t *graph,
			       igraph_matrix_t *ak, igraph_matrix_t *sd,
			       igraph_matrix_t *no, igraph_vector_t *cites,
			       igraph_vector_t *debug, 
			       igraph_integer_t debugdeg,
			       const igraph_vector_t *st, 
			       igraph_integer_t pmaxind) {
  
  long int maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);

  int *indegree;
  igraph_matrix_t normfact;
  igraph_vector_t ntk, ch, notnull;
  igraph_vector_t neis;
  
  long int node;
  long int i;
  long int edges=0;
  
  igraph_bool_t lsd=(sd != 0);

  igraph_vector_init(&neis, 0);
  indegree=Calloc(no_of_nodes, int);
  igraph_matrix_resize(ak, maxind+1, 1);
  igraph_matrix_null(ak);
  if (lsd) {
    igraph_matrix_resize(sd, maxind+1, 1);
    igraph_matrix_null(sd);
  }
  igraph_vector_init(&ntk, maxind+1);
  igraph_vector_init(&ch, maxind+1);
  igraph_matrix_init(&normfact, maxind+1, 1);
  igraph_vector_init(&notnull, maxind+1);

  for (node=0; node<no_of_nodes; node++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    /* estimate Ak */    
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      
      double xk=VECTOR(*st)[node]/VECTOR(ntk)[xidx];
      double oldm=MATRIX(*ak, xidx, 0);
      VECTOR(notnull)[xidx] += 1;
      MATRIX(*ak, xidx, 0) += (xk-oldm)/VECTOR(notnull)[xidx];
      if (lsd) {
	MATRIX(*sd, xidx, 0) += (xk-oldm)*(xk-MATRIX(*ak, xidx, 0));
      }
      if (debug && xidx==debugdeg) {
	igraph_vector_push_back(debug, xk);
      }
    }

    /* Update ntk, ch, normfact */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      
      indegree[to]++;
      VECTOR(ntk)[xidx] --;
      if (VECTOR(ntk)[xidx]==0) {
	MATRIX(normfact, xidx, 0) += (edges-VECTOR(ch)[xidx]);
	VECTOR(ch)[xidx]=edges;
      }
      VECTOR(ntk)[xidx+1]++;
      if (VECTOR(ntk)[xidx+1]==1) {
	VECTOR(ch)[xidx+1]=edges;
      }
      edges++;
    }
    
    VECTOR(ntk)[0]++;
    if (VECTOR(ntk)[0]==1) {
      VECTOR(ch)[0]=edges;
    }
  }      

  /* Ok, measurement done, update change */
  for (i=0; i<maxind+1; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntk)[i] != 0) {
      MATRIX(normfact, i, 0) += (edges-VECTOR(ch)[i]);
    }
    oldmean=MATRIX(*ak, i, 0);
    MATRIX(*ak, i, 0) *= VECTOR(notnull)[i] / MATRIX(normfact, i, 0);
    if (lsd) {
      MATRIX(*sd, i, 0) +=
	oldmean * oldmean * VECTOR(notnull)[i] *
	(1-VECTOR(notnull)[i]/MATRIX(normfact, i, 0));
      if (MATRIX(normfact, i, 0) > 0) {
	MATRIX(*sd, i, 0) =
	  sqrt(MATRIX(*sd, i, 0)/(MATRIX(normfact, i, 0)-1));
      }
    }
  }

  if (no) {
    igraph_matrix_destroy(no);
    *no=normfact;
  } else {
    igraph_matrix_destroy(&normfact);
  }
  if (cites) {
    igraph_vector_destroy(cites);
    *cites=notnull;
  } else {
    igraph_vector_destroy(&notnull);
  }
  
  Free(indegree);
  igraph_vector_destroy(&ntk);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&neis);
  
  return 0;
}

int igraph_measure_dynamics_id_expected(const igraph_t *graph,
					igraph_vector_t *res,
					const igraph_vector_t *ak,
					const igraph_vector_t *st,
					igraph_integer_t pmaxind) {
  long int maxind=pmaxind;
  
  igraph_vector_t ntk;
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int no_of_nodes=igraph_vcount(graph);
  long int node, i, j;

  IGRAPH_VECTOR_INIT_FINALLY(&ntk, maxind+1);
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  IGRAPH_CHECK(igraph_vector_resize(res, maxind+1));
  igraph_vector_null(res);

  for (node=0; node<no_of_nodes; node++) {    
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* measure expected number of citations */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      for (j=0; j<maxind+1; j++) {
	VECTOR(*res)[j] +=
	  VECTOR(*ak)[j]*VECTOR(ntk)[j]/VECTOR(*st)[node]; 
      }      
    }

    /* update degree & ntk */
    VECTOR(ntk)[0]++;
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to]++;
      VECTOR(ntk)[xidx]--;
      VECTOR(ntk)[xidx+1]++;
    }
  }

  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  igraph_vector_destroy(&ntk);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

int igraph_measure_dynamics_id_expected2(const igraph_t *graph,
					 igraph_vector_t *res,
					 const igraph_vector_t *ak,
					 const igraph_vector_t *st,
					 igraph_integer_t pmaxind) {
  long int maxind=pmaxind;
  
  igraph_vector_t ntk;
  igraph_vector_t cumst;
  igraph_vector_t ch;
  igraph_vector_t indegree;
  igraph_vector_t outdegree;
  igraph_vector_t neis;

  long int no_of_nodes=igraph_vcount(graph);
  long int node, i;
  
  IGRAPH_VECTOR_INIT_FINALLY(&ntk, maxind+1);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, maxind+1);
  IGRAPH_VECTOR_INIT_FINALLY(&cumst, no_of_nodes+1);
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&outdegree, no_of_nodes);

  IGRAPH_CHECK(igraph_degree(graph, &outdegree, igraph_vss_all(),
			     IGRAPH_OUT, IGRAPH_LOOPS));

  /* create the cumulative sum of dt/S(t) */
  VECTOR(cumst)[0]=0;
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(cumst)[i+1] = VECTOR(cumst)[i] + 
      VECTOR(outdegree)[i]/VECTOR(*st)[i];
  }

  igraph_vector_destroy(&outdegree);
  IGRAPH_FINALLY_CLEAN(1);

  IGRAPH_CHECK(igraph_vector_resize(res, maxind+1));
  igraph_vector_null(res);
  
  for (node=0; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    
    /* update degree and ntk */
    /* update result if needed */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to]++;
      
      VECTOR(ntk)[xidx]--;
      VECTOR(*res)[xidx] += (VECTOR(ntk)[xidx]+1)*
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)VECTOR(ch)[xidx]]);
      VECTOR(ch)[xidx]=node;

      VECTOR(ntk)[xidx+1]++;
      VECTOR(*res)[xidx+1] += (VECTOR(ntk)[xidx+1]-1)*
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)VECTOR(ch)[xidx+1]]);
      VECTOR(ch)[xidx+1]=node;
    }
    
    VECTOR(ntk)[0]++;
    VECTOR(*res)[0] += (VECTOR(ntk)[0]-1)*
      (VECTOR(cumst)[node]-VECTOR(cumst)[(long int)VECTOR(ch)[0]]);
    VECTOR(ch)[0]=node;
  }
  
  /* complete res */
  for (i=0; i<maxind+1; i++) {
    VECTOR(*res)[i] += VECTOR(ntk)[i]*
      (VECTOR(cumst)[node]-VECTOR(cumst)[(long int)VECTOR(ch)[i]]);
    VECTOR(*res)[i] *= VECTOR(*ak)[i];
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  igraph_vector_destroy(&cumst);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&ntk);
  IGRAPH_FINALLY_CLEAN(5);
  
  return 0;
}

int igraph_measure_dynamics_id_st(const igraph_t *graph, 
				  igraph_vector_t *res, 
				  const igraph_matrix_t *ak) {

  long int no_of_nodes=igraph_vcount(graph);
  int *indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i;
  
  igraph_vector_init(&neis, 0);
  
  indegree=Calloc(no_of_nodes, int);
  
  igraph_vector_resize(res, no_of_nodes);
  igraph_vector_null(res);
  VECTOR(*res)[0]=MATRIX(*ak, 0, 0);
  
  for (node=1; node<no_of_nodes; node++) {
    
    /* new node */
    VECTOR(*res)[node] = VECTOR(*res)[node-1] + MATRIX(*ak, 0, 0);
    
    /* outgoing edges */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      
      indegree[to]++;
      
      VECTOR(*res)[node] += -MATRIX(*ak, xidx, 0)+MATRIX(*ak, xidx+1, 0);
    }
  }
  
  igraph_vector_destroy(&neis);
  Free(indegree);

  return 0;
}

int igraph_measure_dynamics_idwindow(const igraph_t *graph, 
				     igraph_matrix_t *ak, 
				     igraph_matrix_t *sd,
				     const igraph_vector_t *st,
				     igraph_integer_t pmaxind,
				     igraph_integer_t time_window) {
  long int maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);
  
  igraph_vector_t indegree;
  igraph_matrix_t normfact;
  igraph_dqueue_t history;
  igraph_vector_t ntk, ch, notnull;
  igraph_vector_t neis;
  
  long int node;
  long int i, j;
  long int edges=0;
  
  igraph_bool_t lsd=(sd != 0);
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ntk, maxind+1);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, maxind+1);
  IGRAPH_MATRIX_INIT_FINALLY(&normfact, maxind+1, 1);
  IGRAPH_VECTOR_INIT_FINALLY(&notnull, maxind+1);
  IGRAPH_DQUEUE_INIT_FINALLY(&history, time_window);
  
  igraph_matrix_resize(ak, maxind+1, 1);
  igraph_matrix_null(ak);
  if (lsd) {
    igraph_matrix_resize(sd, maxind+1, 1);
    igraph_matrix_null(sd);
  } 
  
  for (node=0; node<no_of_nodes; node++) {

    IGRAPH_ALLOW_INTERRUPTION();

    /* estimate Ak */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      double xk=VECTOR(*st)[node]/VECTOR(ntk)[xidx];
      double oldm=MATRIX(*ak, xidx, 0);
      VECTOR(notnull)[xidx]+=1;
      MATRIX(*ak, xidx, 0) += (xk-oldm)/VECTOR(notnull)[xidx];
      if (lsd) {
	MATRIX(*sd, xidx, 0) += (xk-oldm)*(xk-MATRIX(*ak, xidx, 0));
      }
    }

    /* Update ntk, ch, normfact */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      VECTOR(indegree)[to]++;
      VECTOR(ntk)[xidx] --;
      if (VECTOR(ntk)[xidx]==0) {
	MATRIX(normfact, xidx, 0) += (edges-VECTOR(ch)[xidx]);
	VECTOR(ch)[xidx]=edges;
      }
      VECTOR(ntk)[xidx+1]++;
      if (VECTOR(ntk)[xidx+1]==1) {
	VECTOR(ch)[xidx+1]=edges;
      }
      igraph_dqueue_push(&history, to);      
    }
    igraph_dqueue_push(&history, -1);
    
    /* time window */
    if (node > time_window) {
      while ( (j=igraph_dqueue_pop(&history)) != -1) {
	long int xidx=VECTOR(indegree)[j];
	VECTOR(indegree)[j] --; 
	VECTOR(ntk)[xidx]--;
	if (VECTOR(ntk)[xidx]==0) {
	  MATRIX(normfact, xidx, 0) += (edges-VECTOR(ch)[xidx]);
	  VECTOR(ch)[xidx]=edges;
	}
	VECTOR(ntk)[xidx-1]++;
	if (VECTOR(ntk)[xidx-1]==1) {
	  VECTOR(ch)[xidx-1]=edges;
	}
      }
    }

    /* isolate node */
    VECTOR(ntk)[0]++;
    if (VECTOR(ntk)[0]==1) {
      VECTOR(ch)[0]=edges;
    }        
    
  }      

  /* Ok, measurement done, update change */
  for (i=0; i<maxind+1; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntk)[i] != 0) {
      MATRIX(normfact, i, 0) += (edges-VECTOR(ch)[i]);
    }
    oldmean=MATRIX(*ak, i, 0);
    MATRIX(*ak, i, 0) *= VECTOR(notnull)[i] / MATRIX(normfact, i, 0);
    if (lsd) {
      /* TODO: confidence interval estimation */
      MATRIX(*sd, i, 0) +=
	oldmean * oldmean * VECTOR(notnull)[i] *
	(1-VECTOR(notnull)[i]/MATRIX(normfact, i, 0));
      if (MATRIX(normfact, i, 0) > 0) {
	MATRIX(*sd, i, 0) =
	  sqrt(MATRIX(*sd, i, 0)/(MATRIX(normfact, i, 0)-1));
      }
    }
  }
  
  igraph_dqueue_destroy(&history);
  igraph_vector_destroy(&notnull);
  igraph_matrix_destroy(&normfact);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&ntk);
  igraph_vector_destroy(&indegree);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(7);
  
  return 0;
}	   

int igraph_measure_dynamics_idwindow_st(const igraph_t *graph,
					igraph_vector_t *res,
					const igraph_matrix_t *ak,
					igraph_integer_t time_window) {
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t indegree;
  igraph_vector_t neis;
  igraph_dqueue_t history;
  
  long int node;
  long int i, k;
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_DQUEUE_INIT_FINALLY(&history, time_window);
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  
  IGRAPH_CHECK(igraph_vector_resize(res, no_of_nodes));
  igraph_vector_null(res);
  VECTOR(*res)[0]=MATRIX(*ak, 0, 0);
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* new node */
    VECTOR(*res)[node] = VECTOR(*res)[node-1] + MATRIX(*ak, 0, 0);
	
    if(node > time_window) {
      while( (k = igraph_dqueue_pop(&history)) != -1) {
	long int xidx=VECTOR(indegree)[k];
	VECTOR(*res)[node] -= MATRIX(*ak, xidx, 0);
	VECTOR(*res)[node] += MATRIX(*ak, xidx-1, 0);
	VECTOR(indegree)[k]--;
      }
    }
    
    /* outgoing edges */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      VECTOR(indegree)[to]++;
      igraph_dqueue_push(&history, to);
      
      VECTOR(*res)[node] += -MATRIX(*ak, xidx, 0)+MATRIX(*ak, xidx+1, 0);
    }
    igraph_dqueue_push(&history, -1);
  }
  
  igraph_vector_destroy(&neis);
  igraph_dqueue_destroy(&history);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}
    
int igraph_measure_dynamics_idage(const igraph_t *graph,
				  igraph_matrix_t *akl, 
				  igraph_matrix_t *sd,
				  igraph_matrix_t *no,
				  igraph_matrix_t *cites,
				  const igraph_vector_t *st, igraph_integer_t pagebins,
				  igraph_integer_t pmaxind) {

  long int agebins=pagebins;
  long int maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth;
  
  int *indegree;
  igraph_matrix_t ntkl, ch, normfact, notnull;
  igraph_vector_t neis;
  
  long int node;
  long int i, j, k;
  long int edges=0;

  igraph_bool_t lsd=(sd != 0);

  binwidth = no_of_nodes/agebins+1;

  igraph_vector_init(&neis, 0);
  indegree=Calloc(no_of_nodes, int);
  igraph_matrix_resize(akl, maxind+1, agebins);
  igraph_matrix_null(akl);
  if (lsd) {
    igraph_matrix_resize(sd, maxind+1, agebins);
    igraph_matrix_null(sd);
  }
  igraph_matrix_init(&ntkl, maxind+1, agebins+1);
  igraph_matrix_init(&ch, maxind+1, agebins+1);
  igraph_matrix_init(&normfact, maxind+1, agebins);
  igraph_matrix_init(&notnull, maxind+1, agebins);
  
  for (node=0; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* inspect the edges, update A(k,l) */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      double xk=VECTOR(*st)[node]/MATRIX(ntkl, xidx, yidx);
      double oldm=MATRIX(*akl, xidx, yidx);
      MATRIX(notnull, xidx, yidx) += 1;
      MATRIX(*akl, xidx, yidx) += (xk-oldm)/MATRIX(notnull, xidx, yidx);
      if (lsd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldm)*(xk-MATRIX(*akl, xidx, yidx));
      }
    }

    /* add the new edges */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      indegree[to] ++;
      MATRIX(ntkl, xidx, yidx)--;
      if (MATRIX(ntkl,xidx, yidx)==0) {
	MATRIX(normfact, xidx, yidx) += (edges-MATRIX(ch, xidx, yidx)+1);
	MATRIX(ch, xidx, yidx)=edges;
      }
      MATRIX(ntkl, xidx+1, yidx)++;
      if (MATRIX(ntkl, xidx+1, yidx)==1) {
	MATRIX(ch, xidx+1, yidx)=edges;
      }
      edges++;
    }      

    /* new node, aging */
    MATRIX(ntkl, 0, 0)++;
    if (MATRIX(ntkl, 0, 0)==1) {
      MATRIX(ch, 0, 0)=edges;
    }
    for (k=1; node-binwidth*k+1 >=1; k++) {
      long int shnode=node-binwidth*k;
      long int deg=indegree[shnode];
      MATRIX(ntkl, deg, k-1)--;
      if (MATRIX(ntkl, deg, k-1)==0) {
	MATRIX(normfact, deg, k-1) += (edges-MATRIX(ch, deg, k-1)+1);
	MATRIX(ch, deg, k-1)=edges;
      }
      MATRIX(ntkl, deg, k)++;
      if (MATRIX(ntkl, deg, k)==1) {
	MATRIX(ch, deg, k)=edges;
      }
    }
  }

  /* Ok, measurement done, update change */
  for (i=0; i<maxind+1; i++) {
    for (j=0; j<agebins; j++) {
      igraph_real_t oldmean;
      if (MATRIX(ntkl, i, j) != 0) {
	MATRIX(normfact, i, j) += (edges-MATRIX(ch, i, j)+1);
      }
      oldmean=MATRIX(*akl, i, j);
      MATRIX(*akl, i, j) *= MATRIX(notnull, i, j) / MATRIX(normfact, i, j);
      if (lsd) {
	MATRIX(*sd, i, j) +=
	  oldmean * oldmean * MATRIX(notnull, i, j) * 
	  (1-MATRIX(notnull,i,j)/MATRIX(normfact,i,j));
	if (MATRIX(normfact,i,j) > 0) {
	  MATRIX(*sd, i, j) =
	    sqrt(MATRIX(*sd, i, j)/(MATRIX(normfact,i,j)-1));
	}
      }
    }
  }

  if (no) {
    igraph_matrix_destroy(no);
    *no=normfact;
  } else {
    igraph_matrix_destroy(&normfact);
  }
  if (cites) {
    igraph_matrix_destroy(cites);
    *cites=notnull;
  } else {
    igraph_matrix_destroy(&notnull);
  }

  Free(indegree);
  igraph_matrix_destroy(&ntkl);
  igraph_matrix_destroy(&ch);
  igraph_vector_destroy(&neis);

  return 0;
}

int igraph_measure_dynamics_idage_expected(const igraph_t *graph,
					   igraph_matrix_t *res,
					   const igraph_matrix_t *akl,
					   const igraph_vector_t *st,
					   igraph_integer_t pmaxind) {
  long int agebins=igraph_matrix_ncol(akl);
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  long int maxind=pmaxind;
  
  igraph_vector_t indegree;
  igraph_vector_t neis;
  igraph_matrix_t ntkl;

  long int node, i, j, k;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkl, maxind+1, agebins+1);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  IGRAPH_CHECK(igraph_matrix_resize(res, maxind+1, agebins));
  igraph_matrix_null(res);
  
  for (node=0; node<no_of_nodes; node++) {
    long int n;
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* expected number of citations */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    n=igraph_vector_size(&neis);
    for (j=0; j<maxind+1; j++) {
      for (k=0; k<agebins; k++) {
	MATRIX(*res, j, k) += 
	  n * MATRIX(*akl, j, k)*MATRIX(ntkl, j, k)/VECTOR(*st)[node];
      }
    }
    
    /* update degree & ntkl */
    MATRIX(ntkl, 0, 0) += 1;
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node-to)/binwidth;
      MATRIX(ntkl, xidx, yidx) -= 1;
      MATRIX(ntkl, xidx+1, yidx) += 1;
      VECTOR(indegree)[to] += 1;
    }
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      long int deg=VECTOR(indegree)[shnode];
      MATRIX(ntkl, deg, k-1) -= 1;
      MATRIX(ntkl, deg, k) += 1;
    }
  }
  
  igraph_vector_destroy(&neis);
  igraph_matrix_destroy(&ntkl);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

int igraph_measure_dynamics_idage_st(const igraph_t *graph, igraph_vector_t *res,
				     const igraph_matrix_t *akl) {

  long int agebins=igraph_matrix_ncol(akl);
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth;
  
  int *indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i, k;

  igraph_vector_init(&neis, 0);
  
  indegree=Calloc(no_of_nodes, int);
  binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_resize(res, no_of_nodes);
  igraph_vector_null(res);
  VECTOR(*res)[0]=MATRIX(*akl, 0, 0);

  for (node=1; node<no_of_nodes; node++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node, aging */
    VECTOR(*res)[node] = VECTOR(*res)[node-1] + MATRIX(*akl, 0, 0);
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      long int deg=indegree[shnode];
      VECTOR(*res)[node] += -MATRIX(*akl, deg, k-1)+MATRIX(*akl, deg, k);
    }
    
    /* inspect the outgoing edges */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      indegree[to] ++;
      
      VECTOR(*res)[node] +=
	-MATRIX(*akl, xidx, yidx) + MATRIX(*akl, xidx+1, yidx);
    }
  }
  
  igraph_vector_destroy(&neis);
  Free(indegree);
  
  return 0;
}

int igraph_measure_dynamics_idwindowage(const igraph_t *graph, 
					igraph_matrix_t *akl, 
					igraph_matrix_t *sd, 
					const igraph_vector_t *st, 
					igraph_integer_t pagebins,
					igraph_integer_t pmaxind, 
					igraph_integer_t time_window) {

  long int agebins=pagebins;
  long int maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth;
  
  int *indegree;
  igraph_matrix_t ntkl, ch, normfact, notnull;
  igraph_vector_t neis;
  
  long int node;
  long int i, j, k;
  long int edges=0;

  igraph_bool_t lsd=(sd != 0);

  igraph_dqueue_t history;

  binwidth = no_of_nodes/agebins+1;

  igraph_vector_init(&neis, 0);
  indegree=Calloc(no_of_nodes, int);
  igraph_matrix_resize(akl, maxind+1, agebins);
  igraph_matrix_null(akl);
  if (lsd) {
    igraph_matrix_resize(sd, maxind+1, agebins);
    igraph_matrix_null(sd);
  }
  igraph_matrix_init(&ntkl, maxind+1, agebins+1);
  igraph_matrix_init(&ch, maxind+1, agebins+1);
  igraph_matrix_init(&normfact, maxind+1, agebins);
  igraph_matrix_init(&notnull, maxind+1, agebins);
  igraph_dqueue_init(&history, time_window);
  
  igraph_dqueue_push(&history, -1);

  for (node=0; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* inspect the edges */
   
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      double xk=VECTOR(*st)[node]/MATRIX(ntkl, xidx, yidx);
      double oldm=MATRIX(*akl, xidx, yidx);
      MATRIX(notnull, xidx, yidx) += 1;
      MATRIX(*akl, xidx, yidx) += (xk-oldm)/MATRIX(notnull, xidx, yidx);
      if (lsd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldm)*(xk-MATRIX(*akl, xidx, yidx));
      }

      indegree[to] ++;
      MATRIX(ntkl, xidx, yidx)--;
      if (MATRIX(ntkl,xidx, yidx)==0) {
	MATRIX(normfact, xidx, yidx) += (edges-MATRIX(ch, xidx, yidx)+1);
	MATRIX(ch, xidx, yidx)=edges;
      }
      MATRIX(ntkl, xidx+1, yidx)++;
      if (MATRIX(ntkl, xidx+1, yidx)==1) {
	MATRIX(ch, xidx+1, yidx)=edges;
      }
      edges++;
      igraph_dqueue_push(&history, to);
    }
    igraph_dqueue_push(&history, -1);

    /* new node, aging */
    MATRIX(ntkl, 0, 0)++;
    if (MATRIX(ntkl, 0, 0)==1) {
      MATRIX(ch, 0, 0)=edges;
    }
    for (k=1; node-binwidth*k+1 >=1; k++) {
      long int shnode=node-binwidth*k;
      long int deg=indegree[shnode];
      MATRIX(ntkl, deg, k-1)--;
      if (MATRIX(ntkl, deg, k-1)==0) {
	MATRIX(normfact, deg, k-1) += (edges-MATRIX(ch, deg, k-1)+1);
	MATRIX(ch, deg, k-1)=edges;
      }
      MATRIX(ntkl, deg, k)++;
      if (MATRIX(ntkl, deg, k)==1) {
	MATRIX(ch, deg, k)=edges;
      }
    }
    
    /* time window */
    if (node > time_window) {
      while ( (j=igraph_dqueue_pop(&history)) != -1) {
	long int xidx=indegree[j];
	long int yidx=(node-j)/binwidth;
	indegree[j]--;
	MATRIX(ntkl, xidx, yidx)--;
	if (MATRIX(ntkl, xidx, yidx)==0) {
	  MATRIX(normfact, xidx, yidx) += (edges-MATRIX(ch, xidx, yidx)+1);
	  MATRIX(ch, xidx, yidx)=edges;
	}
	MATRIX(ntkl, xidx-1, yidx)++;
	if (MATRIX(ntkl, xidx-1, yidx)==1) {
	  MATRIX(ch, xidx-1, yidx)=edges;
	}
      }
    }
  }

  /* Ok, measurement done, update change */
  for (i=0; i<maxind+1; i++) {
    for (j=0; j<agebins; j++) {
      igraph_real_t oldmean;
      if (MATRIX(ntkl, i, j) != 0) {
	MATRIX(normfact, i, j) += (edges-MATRIX(ch, i, j)+1);
      }
      oldmean=MATRIX(*akl, i, j);
      MATRIX(*akl, i, j) *= MATRIX(notnull, i, j) / MATRIX(normfact, i, j);
      if (lsd) {
	MATRIX(*sd, i, j) +=
	  oldmean * oldmean * MATRIX(notnull, i, j) * 
	  (1-MATRIX(notnull,i,j)/MATRIX(normfact,i,j));
	if (MATRIX(normfact,i,j) > 0) {
	  MATRIX(*sd, i, j) =
	    sqrt(MATRIX(*sd, i, j)/(MATRIX(normfact,i,j)-1));
	}
      }
    }
  }
  
  igraph_matrix_destroy(&normfact);

  igraph_dqueue_destroy(&history);
  Free(indegree);
  igraph_matrix_destroy(&ntkl);
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&notnull);
  igraph_vector_destroy(&neis);

  return 0;
}

int igraph_measure_dynamics_idwindowage_st(const igraph_t *graph, 
					   igraph_vector_t *res,
					   const igraph_matrix_t *akl,
					   igraph_integer_t time_window) {

  long int agebins=igraph_matrix_ncol(akl);
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth;
  
  int *indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i, k;

  igraph_dqueue_t history;

  igraph_vector_init(&neis, 0);
  igraph_dqueue_init(&history, time_window);
  
  indegree=Calloc(no_of_nodes, int);
  binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_resize(res, no_of_nodes);
  igraph_vector_null(res);
  VECTOR(*res)[0]=MATRIX(*akl, 0, 0);

  for (node=1; node<no_of_nodes; node++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node, aging */
    VECTOR(*res)[node] = VECTOR(*res)[node-1] + MATRIX(*akl, 0, 0);
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      long int deg=indegree[shnode];
      VECTOR(*res)[node] += -MATRIX(*akl, deg, k-1)+MATRIX(*akl, deg, k);
    }

    if (node > time_window) {
      while ( (k=igraph_dqueue_pop(&history)) != -1) {
	long int xidx=indegree[k];
	long int yidx=(node-k)/binwidth;
	VECTOR(*res)[node] -= MATRIX(*akl, xidx, yidx);
	VECTOR(*res)[node] += MATRIX(*akl, xidx-1, yidx);
	indegree[k]--;
      }
    }
    
    /* inspect the outgoing edges */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      indegree[to] ++;
      igraph_dqueue_push(&history, to);
      
      VECTOR(*res)[node] +=
	-MATRIX(*akl, xidx, yidx) + MATRIX(*akl, xidx+1, yidx);
    }
    igraph_dqueue_push(&history, -1);
  }
  
  igraph_vector_destroy(&neis);
  Free(indegree);
  
  return 0;
}

int igraph_measure_dynamics_citedcat_id_age(const igraph_t *graph,
					    igraph_array3_t *adkl,
					    igraph_array3_t *sd,
					    const igraph_vector_t *st,
					    const igraph_vector_t *cats,
					    igraph_integer_t pno_cats,
					    igraph_integer_t pagebins,
					    igraph_integer_t pmaxind) {
  
  long int agebins=pagebins;
  long int maxind=pmaxind;
  long int no_cats=pno_cats;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth;
  
  int *indegree;
  igraph_array3_t ntkl, ch, normfact, notnull;
  igraph_vector_t neis;
  
  long int node;
  long int i,j,k;
  long int edges=0;
  
  igraph_bool_t lsd=(sd != 0);

  binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_init(&neis, 0);
  indegree=Calloc(no_of_nodes, int);
  igraph_array3_resize(adkl, no_cats, maxind+1, agebins);
  igraph_array3_null(adkl);
  if (lsd) {
    igraph_array3_resize(sd, no_cats, maxind+1, agebins);
    igraph_array3_null(sd);
  }
  igraph_array3_init(&ntkl,     no_cats, maxind+1, agebins);
  igraph_array3_init(&ch,       no_cats, maxind+1, agebins);
  igraph_array3_init(&normfact, no_cats, maxind+1, agebins);
  igraph_array3_init(&notnull,  no_cats, maxind+1, agebins);
  
  for (node=0; node < no_of_nodes; node++) {
    long int cidx;
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* update A(d,k,l) */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      double xk=VECTOR(*st)[node] / ARRAY3(ntkl, cidx, xidx, yidx);
      double oldm=ARRAY3(*adkl, cidx, xidx, yidx);
      ARRAY3(notnull, cidx, xidx, yidx) += 1;
      ARRAY3(*adkl, cidx, xidx, yidx) += 
	(xk-oldm)/ARRAY3(notnull, cidx, xidx, yidx);
      if (lsd) {
	ARRAY3(*sd, cidx, xidx, yidx) += 
	  (xk-oldm)*(xk-ARRAY3(*adkl, cidx, xidx, yidx));
      }
    }
    
    /* add the new edges */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      indegree[to] ++;
      ARRAY3(ntkl, cidx, xidx, yidx)--;
      if (ARRAY3(ntkl, cidx, xidx, yidx)==0) {
	ARRAY3(normfact, cidx, xidx, yidx) += 
	  (edges-ARRAY3(ch, cidx, xidx, yidx)+1);
	ARRAY3(ch, cidx, xidx, yidx)=edges;
      }
      ARRAY3(ntkl, cidx, xidx+1, yidx)++;
      if (ARRAY3(ntkl, cidx, xidx+1, yidx)==1) {
	ARRAY3(ch, cidx, xidx+1, yidx)=edges;
      }
      edges++;
    }
    
    /* aging */
    cidx=VECTOR(*cats)[node];
    ARRAY3(ntkl, cidx, 0, 0)++;
    if (ARRAY3(ntkl, cidx, 0, 0)==1) {
      ARRAY3(ch, cidx, 0, 0)=edges;
    }
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      long int cat=VECTOR(*cats)[shnode];
      long int deg=indegree[shnode];
      ARRAY3(ntkl, cat, deg, k-1)--;
      if (ARRAY3(ntkl, cat, deg, k-1)==0) {
	ARRAY3(normfact, cat, deg, k-1)+=(edges-ARRAY3(ch, cat, deg, k-1)+1);
	ARRAY3(ch, cat, deg, k-1)=edges;
      }
      ARRAY3(ntkl, cat, deg, k)++;
      if (ARRAY3(ntkl, cat, deg, k)==1) {
	ARRAY3(ch, cat, deg, k)=edges;
      }
    }
  }
  
  /* measurement done, update change */
  for (k=0; k<no_cats; k++) {
    for (i=0; i<maxind+1; i++) {
      for (j=0; j<agebins; j++) {
	igraph_real_t oldmean;
	if (ARRAY3(ntkl, k, i, j) !=0) {
	  ARRAY3(normfact, k, i, j) += (edges-ARRAY3(ch, k, i, j)+1);
	}
	oldmean=ARRAY3(*adkl, k, i, j);
	ARRAY3(*adkl, k, i, j) *=
	  ARRAY3(notnull, k, i, j)/ARRAY3(normfact, k, i, j);
	if (lsd) {
	  ARRAY3(*sd, k, i, j) += 
	    oldmean * oldmean * ARRAY3(notnull, k, i, j)*
	    (1-ARRAY3(notnull, k, i, j)/ARRAY3(normfact, k, i, j));
	  if (ARRAY3(normfact, k, i, j) > 0) {
	    ARRAY3(*sd, k, i, j)=
	      sqrt(ARRAY3(*sd, k, i, j)/(ARRAY3(normfact, k, i, j)-1));
	  }
	}
      }
    }
  }
  
  igraph_array3_destroy(&normfact);
  
  Free(indegree);
  igraph_array3_destroy(&ntkl);
  igraph_array3_destroy(&ch);
  igraph_array3_destroy(&notnull);
  igraph_vector_destroy(&neis);

  return 0;
}

int igraph_measure_dynamics_citedcat_id_age_st(const igraph_t *graph,
					       igraph_vector_t *res,
					       const igraph_array3_t *adkl,
					       const igraph_vector_t *cats, 
					       igraph_integer_t pno_cats) {
  long int agebins=igraph_array3_n(adkl, 3);
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth;
  
  int *indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i, k;

  igraph_vector_init(&neis, 0);
  indegree=Calloc(no_of_nodes, int);
  binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_resize(res, no_of_nodes);
  igraph_vector_null(res);
  VECTOR(*res)[0]=ARRAY3(*adkl, (long int)VECTOR(*cats)[0], 0, 0);
  
  for (node=1; node<no_of_nodes; node++) {
    long int cidx;
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node, aging */
    cidx=VECTOR(*cats)[node];
    VECTOR(*res)[node] = VECTOR(*res)[node-1] + ARRAY3(*adkl, cidx, 0, 0);
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      long int cat=VECTOR(*cats)[shnode];
      long int deg=indegree[shnode];
      VECTOR(*res)[node] += 
	-ARRAY3(*adkl, cat, deg, k-1)+ARRAY3(*adkl, cat, deg, k);
    }

    /* inspect the outgoing edges */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];      
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      indegree[to]++;
      VECTOR(*res)[node] += 
	-ARRAY3(*adkl, cidx, xidx, yidx) + ARRAY3(*adkl, cidx, xidx+1, yidx);
    }
  }

  igraph_vector_destroy(&neis);
  Free(indegree);
  
  return 0;
}

int igraph_measure_dynamics_citingcat_id_age(const igraph_t *graph,
					     igraph_array3_t *adkl,
					     igraph_array3_t *sd,
					     const igraph_vector_t *st,
					     const igraph_vector_t *cats,
					     igraph_integer_t pno_cats,
					     igraph_integer_t pagebins,
					     igraph_integer_t pmaxind) {
  
  long int agebins=pagebins;
  long int maxind=pmaxind;
  long int no_cats=pno_cats;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth;
  
  int *indegree;
  igraph_matrix_t ntkl;
  igraph_array3_t ch, normfact, notnull;
  igraph_vector_t edges;
  igraph_vector_t neis;
  
  long int node;
  long int i,j,k;
  
  igraph_bool_t lsd=(sd != 0);
  
  binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_init(&neis, 0);
  indegree=Calloc(no_of_nodes, int);
  igraph_vector_init(&edges, no_cats);

  igraph_array3_resize(adkl, no_cats, maxind+1, agebins);
  igraph_array3_null(adkl);
  if (lsd) {
    igraph_array3_resize(sd, no_cats, maxind+1, agebins);
    igraph_array3_null(sd);
  }
  igraph_matrix_init(&ntkl, maxind+1, agebins);
  igraph_array3_init(&ch,       no_cats, maxind+1, agebins);
  igraph_array3_init(&normfact, no_cats, maxind+1, agebins);
  igraph_array3_init(&notnull,  no_cats, maxind+1, agebins);
  
  for (node=0; node < no_of_nodes; node++) {
    long int cidx=VECTOR(*cats)[node];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* update A(g,k,l) */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      double xk=VECTOR(*st)[node] / MATRIX(ntkl, xidx, yidx);
      double oldm=ARRAY3(*adkl, cidx, xidx, yidx);
      ARRAY3(notnull, cidx, xidx, yidx) += 1;
      ARRAY3(*adkl, cidx, xidx, yidx) += 
	(xk-oldm)/ARRAY3(notnull, cidx, xidx, yidx);
      if (lsd) {
	ARRAY3(*sd, cidx, xidx, yidx) += 
	  (xk-oldm)*(xk-ARRAY3(*adkl, cidx, xidx, yidx));
      }
    }
    
    /* add the new edges */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      indegree[to]++;
      MATRIX(ntkl, xidx, yidx)--;
      if (MATRIX(ntkl, xidx, yidx)==0) {
	for (j=0; j<no_cats; j++) {
	  ARRAY3(normfact, j, xidx, yidx) += 
	    (VECTOR(edges)[j]-ARRAY3(ch, j, xidx, yidx)+1);
	  ARRAY3(ch, j, xidx, yidx)=VECTOR(edges)[j];
	}
      }
      MATRIX(ntkl, xidx+1, yidx)++;
      if (MATRIX(ntkl, xidx+1, yidx)==1) {
	for (j=0; j<no_cats; j++) {
	  ARRAY3(ch, j, xidx+1, yidx)=VECTOR(edges)[j];
	}
      }
      VECTOR(edges)[cidx]++;
    }
    
    /* aging */
    MATRIX(ntkl, 0, 0)++;
    if (MATRIX(ntkl, 0, 0)==1) {
      for (j=0; j<no_cats; j++) {
	ARRAY3(ch, j, 0, 0)=VECTOR(edges)[j];
      }
    }
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      long int deg=indegree[shnode];
      MATRIX(ntkl, deg, k-1)--;
      if (MATRIX(ntkl, deg, k-1)==0) {
	for (j=0; j<no_cats; j++) {
	  ARRAY3(normfact, j, deg, k-1) += 
	    (VECTOR(edges)[j]-ARRAY3(ch, j, deg, k-1)+1);
	  ARRAY3(ch, j, deg, k-1)=VECTOR(edges)[j];
	}
      }
      MATRIX(ntkl, deg, k)++;
      if (MATRIX(ntkl, deg, k)==1) {
	for (j=0; j<no_cats; j++) {
	  ARRAY3(ch, j, deg, k)=VECTOR(edges)[j];
	}
      }
    }
  }
  
  /* measurement done, update change */
  for (k=0; k<no_cats; k++) {
    for (i=0; i<maxind+1; i++) {
      for (j=0; j<agebins; j++) {
	igraph_real_t oldmean;
	if (MATRIX(ntkl, i, j) != 0) {
	  ARRAY3(normfact, k, i, j) +=
	    (VECTOR(edges)[k]-ARRAY3(ch, k, i, j)+1);
	}
	oldmean=ARRAY3(*adkl, k, i, j);
	ARRAY3(*adkl, k, i, j) *= 
	  ARRAY3(notnull, k, i, j)/ARRAY3(normfact, k, i, j);
	if (lsd) {
	  ARRAY3(*sd, k, i, j) += 
	    oldmean * oldmean * ARRAY3(notnull, k, i, j)*
	    (1-ARRAY3(notnull, k, i, j)/ARRAY3(normfact, k, i, j));
	  if (ARRAY3(normfact, k, i, j) > 0) {
	    ARRAY3(*sd, k, i, j)=
	      sqrt(ARRAY3(*sd, k, i, j)/(ARRAY3(normfact, k, i, j)-1));
	  }
	}
      }
    }
  }
  
  igraph_array3_destroy(&normfact);
  Free(indegree);
  igraph_matrix_destroy(&ntkl);
  igraph_array3_destroy(&ch);
  igraph_array3_destroy(&notnull);
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&edges);
      
  return 0;
}

int igraph_measure_dynamics_citingcat_id_age_st(const igraph_t *graph,
						igraph_vector_t *res,
						const igraph_array3_t *adkl,
						const igraph_vector_t *cats,
						igraph_integer_t pno_cats) {
  
  long int agebins=igraph_array3_n(adkl, 3);
  long int no_of_nodes=igraph_vcount(graph);
  long int no_cats=pno_cats;
  long int binwidth;
  
  int *indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i, j, k;
  
  igraph_matrix_t allst;
  
  igraph_matrix_init(&allst, no_cats, no_of_nodes+1);
  igraph_vector_init(&neis, 0);
  indegree=Calloc(no_of_nodes, int);
  binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_resize(res, no_of_nodes);
  igraph_vector_null(res);
  for (j=0; j<no_cats; j++) {
    MATRIX(allst, j, 0)=ARRAY3(*adkl, j, 0, 0);
  }
  VECTOR(*res)[0]=MATRIX(allst, (long int)VECTOR(*cats)[0], 0);
  
  for (node=1; node<no_of_nodes; node++) {
    long int cidx=VECTOR(*cats)[node];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node, aging */
    for (j=0; j<no_cats; j++) {
      MATRIX(allst, j, node) = MATRIX(allst, j, node-1) + 
	ARRAY3(*adkl, j, 0, 0);
    }
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      long int deg=indegree[shnode];
      for (j=0; j<no_cats; j++) {
	MATRIX(allst, j, node) += 
	  -ARRAY3(*adkl, j, deg, k-1) + ARRAY3(*adkl, j, deg, k);
      }
    }

    /* inspect the outgoing edges */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=indegree[to];
      long int yidx=(node-to)/binwidth;
      
      indegree[to]++;
      for (j=0; j<no_cats; j++) {
	MATRIX(allst, j, node) +=
	  -ARRAY3(*adkl, j, xidx, yidx) + ARRAY3(*adkl, j, xidx+1, yidx);
      }
    }

    /* update the result */
    VECTOR(*res)[node]=MATRIX(allst, cidx, node);
  }

  igraph_vector_destroy(&neis);
  igraph_matrix_destroy(&allst);
  Free(indegree);
  
  return 0;
}

#define NTKK(xidx, yidx) \
   ((xidx)==(yidx)) ? (VECTOR(ntk)[(xidx)]*(VECTOR(ntk)[(xidx)]-1)/2-MATRIX(ntkk,(xidx),(yidx))) : (VECTOR(ntk)[(xidx)]*VECTOR(ntk)[(yidx)]-MATRIX(ntkk,(xidx),(yidx)))

/* int print_ntkk(igraph_matrix_t *ntkk, igraph_vector_t *ntk) { */
/*   long int i, j, r=igraph_matrix_nrow(ntkk), c=igraph_matrix_ncol(ntkk); */
/*   for (i=0; i<r; i++) { */
/*     for (j=0; j<c; j++) { */
/*       long int val=(i==j) ?  */
/* 	(VECTOR(*ntk)[i]*(VECTOR(*ntk)[i]-1)/2-MATRIX(*ntkk,i,j)) :  */
/* 	(VECTOR(*ntk)[i]*VECTOR(*ntk)[j]-MATRIX(*ntkk,i,j)); */
/*       fprintf(stderr, "%li ", val); */
/*     } */
/*     fprintf(stderr, "\n"); */
/*   } */
/*   return 0; */
/* } */

int igraph_measure_dynamics_d_d(const igraph_t *graph,
				const igraph_vector_t *ntime,
				const igraph_vector_t *etime,
				igraph_integer_t events,
				igraph_matrix_t *akk,
				igraph_matrix_t *sd,
				const igraph_vector_t *st,
				igraph_integer_t pmaxdeg) {
  
  long int maxdeg=pmaxdeg;
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);

  igraph_vector_t adjedges;
  
  igraph_vector_t degree;	/* the actual degrees of the nodes */
  igraph_vector_t ntk;		/* the actual number of k-nodes */
  igraph_matrix_t ntkk;         /* the number of (k1-k2) edges */
  igraph_matrix_t normfact;	/* number of experiments */
  igraph_matrix_t ch;		/* the time of the last switch */
  igraph_matrix_t notnull;	/* the number of non-zero experiments */
  igraph_vector_t added;	/* whether the edge is added already */

  igraph_vector_t ntimeidx;	/* lookup vector for nodes */
  igraph_vector_t etimeidx;     /* lookup vector for edges */

  long int timestep=0;
  long int nptr=0;
  long int eptr=0;
  long int eptr_save, nptr_save, i, j;

  /* Init everything */
  IGRAPH_VECTOR_INIT_FINALLY(&adjedges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ntk, maxdeg+1);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkk, maxdeg+1, maxdeg+1);
  IGRAPH_MATRIX_INIT_FINALLY(&normfact, maxdeg+1, maxdeg+1);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, maxdeg+1, maxdeg+1);
  IGRAPH_MATRIX_INIT_FINALLY(&notnull, maxdeg+1, maxdeg+1);
  IGRAPH_VECTOR_INIT_FINALLY(&added, no_of_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&ntimeidx, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&etimeidx, 0);

  /* Resize and init the output */
  IGRAPH_CHECK(igraph_matrix_resize(akk, maxdeg+1, maxdeg+1));
  igraph_matrix_null(akk);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, maxdeg+1, maxdeg+1));
    igraph_matrix_null(sd);
  }
  
  /* Create lookup vectors for nodes and edges */
  IGRAPH_CHECK(igraph_vector_order1(ntime, &ntimeidx, events));
  IGRAPH_CHECK(igraph_vector_order1(etime, &etimeidx, events));

  for (timestep=0; timestep<events; timestep++) {

    IGRAPH_ALLOW_INTERRUPTION();

/*     fprintf(stderr, "-----------time step %li\n", timestep); */

    /* Add the nodes */

    nptr_save=nptr;
    while (nptr < no_of_nodes &&
	   VECTOR(*ntime)[ (long int) VECTOR(ntimeidx)[nptr] ] == timestep) {
      nptr++;
    }
    VECTOR(ntk)[0] += (nptr-nptr_save);
    if (VECTOR(ntk)[0] == nptr-nptr_save && nptr-nptr_save > 0) {
      /* just introduced zero degree nodes to the net, update ch */
      for (i=0; i<maxdeg+1; i++) {
	MATRIX(ch, 0, i) = MATRIX(ch, i, 0) = eptr;
      }
    }
    
/*     print_ntkk(&ntkk, &ntk); */
    for (i=0; i<maxdeg+1; i++) {
      for (j=0; j<=i; j++) {
	if (NTKK(i,j) > 0) {
	  MATRIX(normfact, i, j) += 1;
	  MATRIX(normfact, j, i) = MATRIX(normfact, i, j);
	}
      }
    }
    
    /* Estimage Akk */

    eptr_save=eptr;
    while (eptr < no_of_edges &&
	   VECTOR(*etime)[ (long int) VECTOR(etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(etimeidx)[eptr];
      long int xidx, yidx;
      igraph_integer_t from, to;
      double xk, oldakk, ntkkval;

      igraph_edge(graph, edge, &from, &to);
      xidx=VECTOR(degree)[ (long int)from ];
      yidx=VECTOR(degree)[ (long int)to ];
      MATRIX(notnull, xidx, yidx) += 1;
      MATRIX(notnull, yidx, xidx) += 1;	/* bug */

      ntkkval=NTKK(xidx, yidx);
      xk=VECTOR(*st)[timestep]/ntkkval;
      oldakk=MATRIX(*akk, xidx, yidx);
      MATRIX(*akk, xidx, yidx) = oldakk +
	(xk-oldakk)/(MATRIX(notnull, xidx, yidx));
      MATRIX(*akk, yidx, xidx) = MATRIX(*akk, xidx, yidx);
      if (sd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldakk)*(xk-MATRIX(*akk, xidx, yidx));
	MATRIX(*sd, yidx, xidx) = MATRIX(*sd, xidx, yidx);
      }
      eptr++;
    }

    /* Add the edges */
    
    eptr=eptr_save;
    while (eptr < no_of_edges &&
	   VECTOR(*etime)[ (long int) VECTOR(etimeidx)[eptr] ] == timestep) {
      long int edge=VECTOR(etimeidx)[eptr];
      long int xidx, yidx;
      igraph_integer_t from, to;
      
      igraph_edge(graph, edge, &from, &to);
      xidx=VECTOR(degree)[ (long int)from ];
      yidx=VECTOR(degree)[ (long int)to ];

      igraph_adjacent(graph, &adjedges, from, IGRAPH_ALL);
      for (i=0; i<igraph_vector_size(&adjedges); i++) {
	igraph_integer_t e_from, e_to;
	long int deg;
	long int edge=VECTOR(adjedges)[i];
	igraph_edge(graph, edge, &e_from, &e_to);
	if (VECTOR(added)[edge]) {
	  if (e_to==from) { e_to=e_from; }
	  deg=VECTOR(degree)[(long int)e_to];
	  MATRIX(ntkk, xidx, deg) =MATRIX(ntkk, xidx, deg)-1;
	  MATRIX(ntkk, deg, xidx) =MATRIX(ntkk, xidx, deg);
	  MATRIX(ntkk, xidx+1, deg) =MATRIX(ntkk, xidx+1, deg)+1;
	  MATRIX(ntkk, deg, xidx+1) =MATRIX(ntkk, xidx+1, deg);
	}
      }
      igraph_adjacent(graph, &adjedges, to, IGRAPH_ALL);
      for (i=0; i<igraph_vector_size(&adjedges); i++) {
	igraph_integer_t e_from, e_to;
	long int deg;
	long int edge=VECTOR(adjedges)[i];
	igraph_edge(graph, edge, &e_from, &e_to);
	if (VECTOR(added)[edge]) {
	  if (e_to==to) { e_to=e_from; }
	  deg=VECTOR(degree)[(long int)e_to];
	  MATRIX(ntkk, yidx, deg) = MATRIX(ntkk, yidx, deg) - 1;
	  MATRIX(ntkk, deg, yidx) = MATRIX(ntkk, yidx, deg);
	  MATRIX(ntkk, yidx+1, deg) =MATRIX(ntkk, yidx+1, deg)+1;
	  MATRIX(ntkk, deg, yidx+1) = MATRIX(ntkk, yidx+1, deg);
	}
      }
      MATRIX(ntkk, xidx+1, yidx+1) += 1;
      MATRIX(ntkk, yidx+1, xidx+1) =MATRIX(ntkk, xidx+1, yidx+1);
      VECTOR(added)[edge]=1;
      
      VECTOR(ntk)[xidx] --;
      VECTOR(ntk)[yidx] --;
      VECTOR(ntk)[xidx+1] ++;
      VECTOR(ntk)[yidx+1] ++;
      
      VECTOR(degree)[ (long int)from ] ++;
      VECTOR(degree)[ (long int)to ] ++;
      
      eptr++;
    }

/*     fprintf(stderr, "--------\n"); */
/*     print_ntkk(&ntkk, &ntk); */

  }

/*   for (i=0; i<maxdeg+1; i++) { */
/*     if (VECTOR(ntk)[i] != 0) { */
/*       for (j=0; j<=i; j++) { */
/* 	if (NTKK(i, j) > 0) { */
/* 	  MATRIX(normfact, i, j) += eptr-MATRIX(ch, i, j); */
/* 	  MATRIX(normfact, j, i) = MATRIX(normfact, i, j); */
/* 	} */
/*       } */
/*     } */
/*   } */
  
/*   fprintf(stderr, "---------\n"); */
/*   print_matrix(&normfact); */

  /* Update akk, sd */
  for (i=0; i<maxdeg+1; i++) {
    igraph_real_t oldakk;
    for (j=0; j<=i; j++) {
      oldakk=MATRIX(*akk, i, j);
      MATRIX(*akk, i, j) *= MATRIX(notnull, i, j) / MATRIX(normfact, i, j);
      MATRIX(*akk, j, i) = MATRIX(*akk, i, j);
      if (sd) {
	MATRIX(*sd, i, j) += oldakk * oldakk * MATRIX(notnull, i, j) *
	  (1-MATRIX(notnull, i, j)/MATRIX(normfact, i, j));
	if (MATRIX(normfact, i, j) > 0) {
	  MATRIX(*sd, i, j)=sqrt(MATRIX(*sd, i, j)/(MATRIX(normfact, i, j)-1));
	  MATRIX(*sd, j, i) = MATRIX(*sd, i, j);
	}
      }
    }
  }

  igraph_vector_destroy(&etimeidx);
  igraph_vector_destroy(&ntimeidx);
  igraph_vector_destroy(&added);
  igraph_matrix_destroy(&notnull);
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&normfact);
  igraph_matrix_destroy(&ntkk);
  igraph_vector_destroy(&ntk);
  igraph_vector_destroy(&degree);
  igraph_vector_destroy(&adjedges);

  IGRAPH_FINALLY_CLEAN(10);
  return 0;
}  
				  
int igraph_measure_dynamics_d_d_st(const igraph_t *graph,        /* input */
				   const igraph_vector_t *ntime, /* input */
				   const igraph_vector_t *etime, /* input */
				   const igraph_matrix_t *akk,   /* input */
				   igraph_integer_t events,
				   igraph_integer_t maxtotaldeg,
				   igraph_vector_t *st) {        /* output */
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  long int timestep=0;
  long int nptr=0;
  long int eptr=0;
  long int maxdeg=0;

  igraph_vector_t degree;
  igraph_vector_t ntk;		/* number of nodes of different types */
  igraph_vector_t added;
  igraph_vector_t adjedges;
  igraph_vector_t ntimeidx;	/* lookup vector for nodes */
  igraph_vector_t etimeidx;	/* lookup vector for edges */

  long int i;

  /* Init everything */
  IGRAPH_VECTOR_INIT_FINALLY(&ntk, maxtotaldeg+1);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&added, no_of_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&adjedges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&ntimeidx, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&etimeidx, 0);
  
  /* Resize result */
  IGRAPH_CHECK(igraph_vector_resize(st, events+1));
  VECTOR(*st)[0]=0;
  
  /* Create lookup vectors */
  IGRAPH_CHECK(igraph_vector_order1(ntime, &ntimeidx, events));
  IGRAPH_CHECK(igraph_vector_order1(etime, &etimeidx, events));

  for (timestep=0; timestep<events; timestep++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    /* add the new nodes, if any */
    while (nptr < no_of_nodes &&
	   VECTOR(*ntime)[ (long int) VECTOR(ntimeidx)[nptr] ] == timestep) {
      igraph_real_t akk_inc;
      akk_inc=0;
      for (i=0; i<=maxdeg; i++) {
	akk_inc += VECTOR(ntk)[i]*MATRIX(*akk, i, 0);
	akk_inc += VECTOR(ntk)[i]*MATRIX(*akk, i, 0); /* why this? */
      }
      VECTOR(*st)[timestep] += akk_inc;
      VECTOR(ntk)[0]++;

      nptr++;
    }

    /* add the new edges if any */
    while (eptr < no_of_edges &&
	   VECTOR(*etime)[ (long int) VECTOR(etimeidx)[eptr] ] == timestep) {
      igraph_real_t akk_inc;
      long int edge=VECTOR(etimeidx)[eptr];
      igraph_integer_t from, to;
      long int xidx, yidx;
      igraph_edge(graph, edge, &from, &to);
      xidx=VECTOR(degree)[ (long int)from];
      yidx=VECTOR(degree)[ (long int)to];

      VECTOR(degree)[(long int)from]++;
      VECTOR(degree)[(long int)to]++;

      akk_inc=0;

      for (i=0; i<=maxdeg+1; i++) {
	akk_inc -= VECTOR(ntk)[i] * MATRIX(*akk, i, xidx);
	akk_inc -= VECTOR(ntk)[i] * MATRIX(*akk, i, yidx);
	akk_inc += VECTOR(ntk)[i] * MATRIX(*akk, i, xidx+1);
	akk_inc += VECTOR(ntk)[i] * MATRIX(*akk, i, yidx+1);
      }
      akk_inc += MATRIX(*akk, xidx, xidx);
      akk_inc += MATRIX(*akk, yidx, yidx); /* why twice???? */
      akk_inc -= MATRIX(*akk, xidx+1, xidx+1);
      akk_inc -= MATRIX(*akk, yidx+1, yidx+1);

      VECTOR(ntk)[xidx]--;
      VECTOR(ntk)[yidx]--;
      VECTOR(ntk)[xidx+1]++;
      VECTOR(ntk)[yidx+1]++;
      for (i=0; i<=maxdeg; i++) {
	akk_inc += VECTOR(ntk)[i]*
	  (MATRIX(*akk, i, xidx+1)-MATRIX(*akk, i, xidx)+
	   MATRIX(*akk, i, yidx+1)-MATRIX(*akk, i, yidx));
      }

      if (xidx+1 > maxdeg) {
	maxdeg=xidx+1;
      }
      if (yidx+1 > maxdeg) {
	maxdeg=yidx+1;
      }

      /* Now update the edges */
      igraph_adjacent(graph, &adjedges, from, IGRAPH_ALL);
      for (i=0; i<igraph_vector_size(&adjedges); i++) {
	igraph_integer_t e_from, e_to;
	long int deg;
	long int edge=VECTOR(adjedges)[i];
	igraph_edge(graph, edge, &e_from, &e_to);
	if (VECTOR(added)[edge]) {
	  if (e_to==from) { e_to=e_from; }
	  deg=VECTOR(degree)[(long int)e_to];
	  akk_inc += MATRIX(*akk, xidx, deg);
	  akk_inc -= MATRIX(*akk, xidx+1, deg);
	}
      }
      igraph_adjacent(graph, &adjedges, to, IGRAPH_ALL);
      for (i=0; i<igraph_vector_size(&adjedges); i++) {
	igraph_integer_t e_from, e_to;
	long int deg;
	long int edge=VECTOR(adjedges)[i];
	igraph_edge(graph, edge, &e_from, &e_to);
	if (VECTOR(added)[edge]) {
	  if (e_to==to) { e_to=e_from; }
	  deg=VECTOR(degree)[(long int)e_to];
	  akk_inc += MATRIX(*akk, yidx, deg);
	  akk_inc -= MATRIX(*akk, yidx+1, deg);
	}
      }
      VECTOR(added)[edge]=1;

      VECTOR(*st)[timestep] += akk_inc;
      eptr++;
    }
    
    VECTOR(*st)[timestep+1]=VECTOR(*st)[timestep];       
  }

  igraph_vector_pop_back(st);
  
  igraph_vector_destroy(&etimeidx);
  igraph_vector_destroy(&ntimeidx);
  igraph_vector_destroy(&adjedges);
  igraph_vector_destroy(&added);
  igraph_vector_destroy(&degree);
  igraph_vector_destroy(&ntk);
  IGRAPH_FINALLY_CLEAN(6);
  
  return 0;
}

/* int print_vector(const igraph_vector_t *v) { */
/*   long int i, n=igraph_vector_size(v); */
/*   for (i=0; i<n; i++) { */
/*     fprintf(stderr, "%li ", (long int) VECTOR(*v)[i]); */
/*   } */
/*   fprintf(stderr, "\n"); */
/*   return 0; */
/* } */

/* int print_matrix(const igraph_matrix_t *m) { */
/*   long int i, j, r=igraph_matrix_nrow(m), c=igraph_matrix_ncol(m); */
/*   for (i=0; i<r; i++) { */
/*     for (j=0; j<c; j++) { */
/*       fprintf(stderr, "%li ", (long int) MATRIX(*m, i, j)); */
/*     } */
/*     fprintf(stderr, "\n"); */
/*   } */
/*   return 0; */
/* } */

int igraph_measure_dynamics_lastcit(const igraph_t *graph, igraph_vector_t *al,
				    igraph_vector_t *sd, 
				    igraph_vector_t *no,
				    const igraph_vector_t *st,
				    igraph_integer_t pagebins) {

  long int no_of_nodes=igraph_vcount(graph);

  /* there will be 'agebins' categories, plus one for vertices without a 
     citation.
  */
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;

  igraph_vector_t ntl, ch, notnull, normfact;

  /* lastcit[n] is the time step+1 in which n was cited, if not 0;
     if 0, that means that n was never cited
   */
  long int *lastcit;

  long int node, i, k;

  igraph_vector_t neis;
  
  long int edges=0;
  
  lastcit=Calloc(no_of_nodes, long int);
  if (!lastcit) {
    IGRAPH_ERROR("Cannot measure dynamics (lastcit)", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, lastcit);

  IGRAPH_VECTOR_INIT_FINALLY(&ntl, agebins+1);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, agebins+1);
  IGRAPH_VECTOR_INIT_FINALLY(&notnull, agebins+1);
  IGRAPH_VECTOR_INIT_FINALLY(&normfact, agebins+1);

  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  IGRAPH_CHECK(igraph_vector_resize(al, agebins+1));
  igraph_vector_null(al);
  if (sd) {
    IGRAPH_CHECK(igraph_vector_resize(sd, agebins+1));
    igraph_vector_null(sd);
  }
  
  for (node=0; node<no_of_nodes; node++) {

    IGRAPH_ALLOW_INTERRUPTION();

    /* update A(.) */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=lastcit[to]!=0 ? (node-lastcit[to]+1)/binwidth : agebins;
      
      double xk=VECTOR(*st)[node]/VECTOR(ntl)[xidx];
      double oldm=VECTOR(*al)[xidx];

      VECTOR(notnull)[xidx] += 1;
      VECTOR(*al)[xidx] += (xk-oldm)/VECTOR(notnull)[xidx];
      if (sd) {
	VECTOR(*sd)[xidx] += (xk-oldm)*(xk-VECTOR(*al)[xidx]);
      }
    }

    /* Update ntk, ch, normfact */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=lastcit[to]!=0 ? (node-lastcit[to]+1)/binwidth : agebins;

      lastcit[to]=node+1;
      VECTOR(ntl)[xidx]--;
      if (VECTOR(ntl)[xidx]==0) {
	VECTOR(normfact)[xidx] += (edges-VECTOR(ch)[xidx]+1);
	VECTOR(ch)[xidx]=edges;
      }
      VECTOR(ntl)[0]++;
      if (VECTOR(ntl)[0]==1) {
	VECTOR(ch)[0]=edges;
      }
      edges++;
    }    

    /* the new node */
    VECTOR(ntl)[agebins]++;
    if (VECTOR(ntl)[agebins]==1) {
      VECTOR(ch)[agebins]=edges;
    }
    
    /* should we move some citations to an older bin? */
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT);
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	if (lastcit[cnode]==shnode+1) {
	  /* the last citation to cnode was made by shnode, move to other bin*/
	  VECTOR(ntl)[k-1]--;
	  if (VECTOR(ntl)[k-1]==0) {
	    VECTOR(normfact)[k-1] += (edges-VECTOR(ch)[k-1]+1);
	    VECTOR(ch)[k-1] = edges;
	  }
	  VECTOR(ntl)[k]++;
	  if (VECTOR(ntl)[k]==1) {
	    VECTOR(ch)[k]=edges;
	  }
	}
      }
    }
    
  }

  /* measurement done, update change */
  for (i=0; i<agebins+1; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntl)[i] != 0) {
      VECTOR(normfact)[i] += (edges-VECTOR(ch)[i]+1);
    }
    oldmean=VECTOR(*al)[i];
    VECTOR(*al)[i] *= VECTOR(notnull)[i]/VECTOR(normfact)[i];
    if (sd) {
      VECTOR(*sd)[i] += oldmean * oldmean * VECTOR(notnull)[i] *
	(1-VECTOR(notnull)[i]/VECTOR(normfact)[i]);
      if (VECTOR(normfact)[i] > 0) {
	VECTOR(*sd)[i] = sqrt(VECTOR(*sd)[i]/(VECTOR(normfact)[i]-1));
      }
    }
  }  

  if (no) {
    igraph_vector_destroy(no);
    *no=normfact;
  } else {
    igraph_vector_destroy(&normfact);
  }
 
  igraph_free(lastcit);
  igraph_vector_destroy(&ntl);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&notnull);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(6);
  return 0;
}

int igraph_measure_dynamics_lastcit_st(const igraph_t *graph, 
				       igraph_vector_t *res,
				       const igraph_vector_t *al) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int agebins=igraph_vector_size(al)-1;
  long int binwidth=no_of_nodes/agebins+1;
  long int *lastcit;

  igraph_vector_t neis;

  long int node, i, k;

  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  lastcit=Calloc(no_of_nodes, long int);
  if (!lastcit) {
    IGRAPH_ERROR("Cannot measure dynamics (lastcit st)", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, lastcit);
  
  igraph_vector_resize(res, no_of_nodes);
  igraph_vector_null(res);
  VECTOR(*res)[0]=VECTOR(*al)[agebins];	/* node without citation */
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node, updates */
    VECTOR(*res)[node]=VECTOR(*res)[node-1]+VECTOR(*al)[agebins];
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      long int shnode=node-binwidth*k;
      igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT);
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	if (lastcit[cnode]==shnode+1) {
	  VECTOR(*res)[node] += -VECTOR(*al)[k-1]+VECTOR(*al)[k];
	}
      }
    }
    
    /* inspect the outgoing edges */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=lastcit[to]!=0 ? (node-lastcit[to]+1)/binwidth : agebins;
      
      lastcit[to]=node+1;
      
      VECTOR(*res)[node] += -VECTOR(*al)[xidx]+VECTOR(*al)[0];
    }
  }
  
  igraph_free(lastcit);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_measure_dynamics_age(const igraph_t *graph, 
				igraph_vector_t *al,
				igraph_vector_t *sd,
				igraph_vector_t *no,
				const igraph_vector_t *st,
				igraph_integer_t pagebins) {

  long int no_of_nodes=igraph_vcount(graph);
  
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;

  igraph_vector_t ntl, ch, notnull, normfact;
  
  long int node, i, k;
  
  igraph_vector_t neis;
  
  long int edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&ntl, agebins);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, agebins);
  IGRAPH_VECTOR_INIT_FINALLY(&notnull, agebins);
  IGRAPH_VECTOR_INIT_FINALLY(&normfact, agebins);
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  IGRAPH_CHECK(igraph_vector_resize(al, agebins));
  igraph_vector_null(al);
  if (sd) {
    IGRAPH_CHECK(igraph_vector_resize(sd, agebins));
    igraph_vector_null(sd);
  }
  
  for (node=0; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* update A() */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=(node-to)/binwidth;
      
      double xk=VECTOR(*st)[node]/VECTOR(ntl)[xidx];
      double oldm=VECTOR(*al)[xidx];
      
      VECTOR(notnull)[xidx] += 1;
      VECTOR(*al)[xidx] += (xk-oldm)/VECTOR(notnull)[xidx];
      if (sd) {
	VECTOR(*sd)[xidx] += (xk-oldm)*(xk-VECTOR(*al)[xidx]);
      }
    }
    
    /* update ntl, ch, normfact */
    /* these is omitted, no change in ntl, except for aging */
    edges += igraph_vector_size(&neis);
    
    /* new node */
    VECTOR(ntl)[0]++;
    if (VECTOR(ntl)[0]==1) {
      VECTOR(ch)[0]=edges;
    }
    
    /* aging, this could be written much simpler */
    for (k=1; node-binwidth*k+1 >=1; k++) {
      VECTOR(ntl)[k-1]--;
      if (VECTOR(ntl)[k-1]==0) {
	VECTOR(normfact)[k-1] += (edges-VECTOR(ch)[k-1]+1);
	VECTOR(ch)[k-1] = edges;
      }
      VECTOR(ntl)[k]++;
      if (VECTOR(ntl)[k]==1) {
	VECTOR(ch)[k]=edges;
      }
    }
    
  } /* node<no_of_nodes */

  /* measurement done, update change */
  for (i=0; i<agebins; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntl)[i] != 0) {
      VECTOR(normfact)[i] += (edges-VECTOR(ch)[i]+1);
    }
    oldmean=VECTOR(*al)[i];
    VECTOR(*al)[i] *= VECTOR(notnull)[i]/VECTOR(normfact)[i];
    if (sd) {
      VECTOR(*sd)[i] += oldmean * oldmean * VECTOR(notnull)[i] *
	(1-VECTOR(notnull)[i]/VECTOR(normfact)[i]);
      if (VECTOR(normfact)[i] > 0) {
	VECTOR(*sd)[i] = sqrt(VECTOR(*sd)[i]/(VECTOR(normfact)[i]-1));
      }
    }
  }
  
  if (no) {
    igraph_vector_destroy(no);
    *no=normfact;
  } else {
    igraph_vector_destroy(&normfact);
  }

  igraph_vector_destroy(&ntl);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&notnull);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(5);
  return 0;
}

int igraph_measure_dynamics_age_st(const igraph_t *graph, 
				   igraph_vector_t *res,
				   const igraph_vector_t *al) {
  
  long int agebins=igraph_vector_size(al);
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  
  long int node, k;
  
  IGRAPH_CHECK(igraph_vector_resize(res, no_of_nodes));
  igraph_vector_null(res);
  VECTOR(*res)[0]=VECTOR(*al)[0];
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node, aging */
    VECTOR(*res)[node] = VECTOR(*res)[node-1] + VECTOR(*al)[0];
    for (k=1; node-binwidth*k+1 >= 1; k++) {
      VECTOR(*res)[node] += -VECTOR(*al)[k-1] + VECTOR(*al)[k];
    }
    
    /* inspecting outgoing edges is not needed at all */

  }
  
  return 0;
}

int igraph_measure_dynamics_citedcat(const igraph_t *graph, 
				     const igraph_vector_t *cats,
				     igraph_integer_t pnocats,
				     igraph_vector_t *ak, 
				     igraph_vector_t *sd,
				     igraph_vector_t *no,
				     const igraph_vector_t *st) {
  
  long int nocats=pnocats;
  long int no_of_nodes=igraph_vcount(graph);
  
  igraph_vector_t normfact, ntk, ch, notnull;
  igraph_vector_t neis;
  
  long int node, i;
  long int edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&normfact, nocats);
  IGRAPH_VECTOR_INIT_FINALLY(&ntk, nocats);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, nocats);
  IGRAPH_VECTOR_INIT_FINALLY(&notnull, nocats);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  IGRAPH_CHECK(igraph_vector_resize(ak, nocats));
  igraph_vector_null(ak);
  if (sd) {
    IGRAPH_CHECK(igraph_vector_resize(sd, nocats));
    igraph_vector_null(sd);
  }
  
  for (node=0; node<no_of_nodes; node++) {
    
    long int ccat=VECTOR(*cats)[node];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* estimake A */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(*cats)[to];
      
      double xk=VECTOR(*st)[node]/VECTOR(ntk)[xidx];
      double oldm=VECTOR(*ak)[xidx];
      VECTOR(notnull)[xidx] += 1;
      VECTOR(*ak)[xidx] += (xk-oldm)/VECTOR(notnull)[xidx];
      if (sd) {
	VECTOR(*sd)[xidx] += (xk-oldm)*(xk-VECTOR(*ak)[xidx]);
      }
    }

    /* update ntk, ch, normfact, only the new node is important */
    edges += igraph_vector_size(&neis);
        
    VECTOR(ntk)[ccat] += 1;
    if (VECTOR(ntk)[ccat] == 1) {
      VECTOR(ch)[ccat]=edges;
    }
    
  }

  /* measurement done, update ch, normfact and ak and sd */
  for (i=0; i<nocats; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntk)[i] != 0) {
      VECTOR(normfact)[i] += (edges-VECTOR(ch)[i]+1);
    }
    oldmean=VECTOR(*ak)[i];
    VECTOR(*ak)[i] *= VECTOR(notnull)[i] / VECTOR(normfact)[i];
    if (sd) {
      VECTOR(*sd)[i] += oldmean * oldmean * VECTOR(notnull)[i] *
	(1-VECTOR(notnull)[i]/VECTOR(normfact)[i]);
      if (VECTOR(normfact)[i]>0) {
	VECTOR(*sd)[i] = sqrt(VECTOR(*sd)[i] / (VECTOR(normfact)[i]-1));
      }
    }
  }
  
  if (no) {
    igraph_vector_destroy(no);
    *no=normfact;
  } else {
    igraph_vector_destroy(&normfact);
  }  

  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&ntk);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&notnull);
  IGRAPH_FINALLY_CLEAN(5);
  
  return 0;
}

int igraph_measure_dynamics_citedcat_st(const igraph_t *graph,
					igraph_vector_t *res,
					const igraph_vector_t *ak,
					const igraph_vector_t *cats,
					igraph_integer_t pnocats) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int node;

  IGRAPH_CHECK(igraph_vector_resize(res, no_of_nodes));
  VECTOR(*res)[0]=VECTOR(*ak)[ (long int) VECTOR(*cats)[0] ];
  
  for (node=1; node<no_of_nodes; node++) {
    long int cidx=VECTOR(*cats)[node];
    IGRAPH_ALLOW_INTERRUPTION();
    VECTOR(*res)[node]=VECTOR(*res)[node-1] + VECTOR(*ak)[cidx];
  }    
  
  return 0;
}

int igraph_measure_dynamics_citingcat_citedcat(const igraph_t *graph,
					       igraph_matrix_t *agd,
					       igraph_matrix_t *sd,
					       igraph_matrix_t *no,
					       const igraph_vector_t *st,
					       const igraph_vector_t *cats,
					       igraph_integer_t pnocats) {
  long int nocats=pnocats;
  long int no_of_nodes=igraph_vcount(graph);
  
  igraph_vector_t ntd;
  igraph_matrix_t ch, normfact, notnull;
  igraph_vector_t neis;
  
  long int node;
  long int i, j;
  igraph_vector_t edges;
  
  IGRAPH_VECTOR_INIT_FINALLY(&ntd, nocats);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, nocats, nocats);
  IGRAPH_MATRIX_INIT_FINALLY(&normfact, nocats, nocats);
  IGRAPH_MATRIX_INIT_FINALLY(&notnull, nocats, nocats);  
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, nocats);
  
  IGRAPH_CHECK(igraph_matrix_resize(agd, nocats, nocats));
  igraph_matrix_null(agd);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, nocats, nocats));
    igraph_matrix_null(sd);
  }
  
  for (node=0; node<no_of_nodes; node++) {
    long int citingcat=VECTOR(*cats)[node];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* update A() */
    igraph_neighbors(graph, &neis, node, IGRAPH_OUT);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(*cats)[to];
      
      double xk=VECTOR(*st)[node] / VECTOR(ntd)[xidx];
      double oldm=MATRIX(*agd, citingcat, xidx);
      MATRIX(notnull, citingcat, xidx) += 1;
      MATRIX(*agd, citingcat, xidx) += 
	(xk-oldm)/MATRIX(notnull, citingcat, xidx);
      if (sd) {
	MATRIX(*sd, citingcat, xidx) +=
	  (xk-oldm)*(xk-MATRIX(*agd, citingcat, xidx));
      }
    }

    VECTOR(edges)[citingcat]+=igraph_vector_size(&neis);

    /* only the new node needs to be added */
    VECTOR(ntd)[citingcat]++;
    if (VECTOR(ntd)[citingcat]==1) {
      for (j=0;j<nocats;j++) {
	MATRIX(ch, j, citingcat)=VECTOR(edges)[j];
      }
    }
    
  }

  /* done, updates */
  for (i=0; i<nocats; i++) {
    for (j=0; j<nocats; j++) {
      igraph_real_t oldmean;
      if (VECTOR(ntd)[j] != 0) {
	MATRIX(normfact, i, j) += (VECTOR(edges)[i]-MATRIX(ch, i,  j)+1);
      }
      oldmean=MATRIX(*agd, i, j);
      MATRIX(*agd, i, j) *= MATRIX(notnull, i, j)/MATRIX(normfact,i, j);
      if (sd) {
	MATRIX(*sd, i, j) += oldmean * oldmean * MATRIX(notnull, i, j) *
	  (1-MATRIX(notnull, i, j)/MATRIX(normfact, i, j));
	if (MATRIX(normfact, i, j)>0) {
	  MATRIX(*sd, i, j)=
	    sqrt(MATRIX(*sd, i, j)/(MATRIX(normfact, i, j)-1));
	}
      }
    }
  }

  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&neis);
  
  if (no) {
    igraph_matrix_destroy(no);
    *no=normfact;
  } else {
    igraph_matrix_destroy(&normfact);
  }
  
  igraph_matrix_destroy(&notnull);
  igraph_matrix_destroy(&ch);
  igraph_vector_destroy(&ntd);
  IGRAPH_FINALLY_CLEAN(6);
  return 0;
}
  
int igraph_measure_dynamics_citingcat_citedcat_st(const igraph_t *graph,
						  igraph_vector_t *res,
						  const igraph_matrix_t *agd,
						  const igraph_vector_t *cats,
						  igraph_integer_t pnocats) {
  long int no_of_nodes=igraph_vcount(graph);
  long int nocats=pnocats;
  
  igraph_matrix_t allst;
  long int j, node;

  IGRAPH_MATRIX_INIT_FINALLY(&allst, nocats, no_of_nodes);
  IGRAPH_CHECK(igraph_vector_resize(res, no_of_nodes));
  for (j=0; j<nocats; j++) {
    MATRIX(allst, j, 0)=MATRIX(*agd, j, (long int)VECTOR(*cats)[0]);
  }
  VECTOR(*res)[0]=MATRIX(allst, (long int) VECTOR(*cats)[0], 0);
  
  for (node=1; node<no_of_nodes; node++) {
    long int citingcat=VECTOR(*cats)[node];

    IGRAPH_ALLOW_INTERRUPTION();

    /* new node */
    for (j=0; j<nocats; j++) {
      MATRIX(allst, j, node)=MATRIX(allst, j, node-1) + 
	MATRIX(*agd, j, citingcat);
    }
    VECTOR(*res)[node]=MATRIX(allst, citingcat, node);
  }
  
  igraph_matrix_destroy(&allst);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}







igraph-0.4.2/igraph/foreign-pajek-parser.c

/* A Bison parser, made by GNU Bison 2.3.  */

/* Skeleton implementation for Bison's Yacc-like parsers in C

   Copyright (C) 1984, 1989, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 2006
   Free Software Foundation, Inc.

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2, or (at your option)
   any later version.

   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.

   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor,
   Boston, MA 02110-1301, USA.  */

/* As a special exception, you may create a larger work that contains
   part or all of the Bison parser skeleton and distribute that work
   under terms of your choice, so long as that work isn't itself a
   parser generator using the skeleton or a modified version thereof
   as a parser skeleton.  Alternatively, if you modify or redistribute
   the parser skeleton itself, you may (at your option) remove this
   special exception, which will cause the skeleton and the resulting
   Bison output files to be licensed under the GNU General Public
   License without this special exception.

   This special exception was added by the Free Software Foundation in
   version 2.2 of Bison.  */

/* C LALR(1) parser skeleton written by Richard Stallman, by
   simplifying the original so-called "semantic" parser.  */

/* All symbols defined below should begin with yy or YY, to avoid
   infringing on user name space.  This should be done even for local
   variables, as they might otherwise be expanded by user macros.
   There are some unavoidable exceptions within include files to
   define necessary library symbols; they are noted "INFRINGES ON
   USER NAME SPACE" below.  */

/* Identify Bison output.  */
#define YYBISON 1

/* Bison version.  */
#define YYBISON_VERSION "2.3"

/* Skeleton name.  */
#define YYSKELETON_NAME "yacc.c"

/* Pure parsers.  */
#define YYPURE 0

/* Using locations.  */
#define YYLSP_NEEDED 0

/* Substitute the variable and function names.  */
#define yyparse igraph_pajek_yyparse
#define yylex   igraph_pajek_yylex
#define yyerror igraph_pajek_yyerror
#define yylval  igraph_pajek_yylval
#define yychar  igraph_pajek_yychar
#define yydebug igraph_pajek_yydebug
#define yynerrs igraph_pajek_yynerrs


/* Tokens.  */
#ifndef YYTOKENTYPE
# define YYTOKENTYPE
   /* Put the tokens into the symbol table, so that GDB and other debuggers
      know about them.  */
   enum yytokentype {
     NEWLINE = 258,
     NUM = 259,
     ALNUM = 260,
     QSTR = 261,
     PSTR = 262,
     NETWORKLINE = 263,
     VERTICESLINE = 264,
     ARCSLINE = 265,
     EDGESLINE = 266,
     ARCSLISTLINE = 267,
     EDGESLISTLINE = 268,
     MATRIXLINE = 269,
     VP_X_FACT = 270,
     VP_Y_FACT = 271,
     VP_IC = 272,
     VP_BC = 273,
     VP_LC = 274,
     VP_LR = 275,
     VP_LPHI = 276,
     VP_BW = 277,
     VP_FOS = 278,
     VP_PHI = 279,
     VP_R = 280,
     VP_Q = 281,
     VP_LA = 282,
     VP_FONT = 283,
     VP_URL = 284,
     VP_SIZE = 285,
     EP_C = 286,
     EP_S = 287,
     EP_A = 288,
     EP_W = 289,
     EP_H1 = 290,
     EP_H2 = 291,
     EP_A1 = 292,
     EP_A2 = 293,
     EP_K1 = 294,
     EP_K2 = 295,
     EP_AP = 296,
     EP_P = 297,
     EP_L = 298,
     EP_LP = 299,
     EP_LR = 300,
     EP_LPHI = 301,
     EP_LC = 302,
     EP_LA = 303,
     EP_SIZE = 304,
     EP_FOS = 305
   };
#endif
/* Tokens.  */
#define NEWLINE 258
#define NUM 259
#define ALNUM 260
#define QSTR 261
#define PSTR 262
#define NETWORKLINE 263
#define VERTICESLINE 264
#define ARCSLINE 265
#define EDGESLINE 266
#define ARCSLISTLINE 267
#define EDGESLISTLINE 268
#define MATRIXLINE 269
#define VP_X_FACT 270
#define VP_Y_FACT 271
#define VP_IC 272
#define VP_BC 273
#define VP_LC 274
#define VP_LR 275
#define VP_LPHI 276
#define VP_BW 277
#define VP_FOS 278
#define VP_PHI 279
#define VP_R 280
#define VP_Q 281
#define VP_LA 282
#define VP_FONT 283
#define VP_URL 284
#define VP_SIZE 285
#define EP_C 286
#define EP_S 287
#define EP_A 288
#define EP_W 289
#define EP_H1 290
#define EP_H2 291
#define EP_A1 292
#define EP_A2 293
#define EP_K1 294
#define EP_K2 295
#define EP_AP 296
#define EP_P 297
#define EP_L 298
#define EP_LP 299
#define EP_LR 300
#define EP_LPHI 301
#define EP_LC 302
#define EP_LA 303
#define EP_SIZE 304
#define EP_FOS 305




/* Copy the first part of user declarations.  */
#line 23 "foreign-pajek-parser.y"


/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include <stdio.h>
#include <string.h>
#include "types.h"
#include "memory.h"
#include "error.h"
#include "attributes.h"
#include <math.h>
char * strndup (const char *S, size_t SIZE);
extern int igraph_pajek_yylex(void);
extern int igraph_pajek_mylineno;
extern char *igraph_pajek_yytext;
extern int igraph_pajek_yyleng;
int igraph_pajek_yyerror(char *s);
int igraph_i_pajek_add_string_vertex_attribute(const char *name, 
					       const char *value,
					       int len);
int igraph_i_pajek_add_string_edge_attribute(const char *name, 
					     const char *value,
					     int len);
int igraph_i_pajek_add_numeric_vertex_attribute(const char *name, 
						igraph_real_t value);
int igraph_i_pajek_add_numeric_edge_attribute(const char *name, 
					      igraph_real_t value);
int igraph_i_pajek_add_numeric_attribute(igraph_trie_t *names,
					 igraph_vector_ptr_t *attrs,
					 long int count,
					 const char *attrname,
					 igraph_integer_t vid,
					 igraph_real_t number);
int igraph_i_pajek_add_string_attribute(igraph_trie_t *names,
					igraph_vector_ptr_t *attrs,
					long int count,
					const char *attrname,
					igraph_integer_t vid,
					const char *str);
void igraph_i_pajek_reset_scanner(void);
extern igraph_vector_t *igraph_pajek_vector;
extern igraph_bool_t igraph_pajek_directed;
extern long int igraph_pajek_vcount;
extern int igraph_pajek_mode;
extern long int igraph_pajek_actfrom, igraph_pajek_actto;
extern igraph_trie_t *igraph_i_pajek_vertex_attribute_names;
extern igraph_vector_t *igraph_i_pajek_vertex_attribute_types;
extern igraph_vector_ptr_t *igraph_i_pajek_vertex_attributes;
extern igraph_trie_t *igraph_i_pajek_edge_attribute_names;
extern igraph_vector_t *igraph_i_pajek_edge_attribute_types;
extern igraph_vector_ptr_t *igraph_i_pajek_edge_attributes;
extern igraph_real_t igraph_pajek_get_number(const char *str, long int len);
extern long int igraph_i_pajek_actvertex;
extern long int igraph_i_pajek_actedge;


/* Enabling traces.  */
#ifndef YYDEBUG
# define YYDEBUG 0
#endif

/* Enabling verbose error messages.  */
#ifdef YYERROR_VERBOSE
# undef YYERROR_VERBOSE
# define YYERROR_VERBOSE 1
#else
# define YYERROR_VERBOSE 0
#endif

/* Enabling the token table.  */
#ifndef YYTOKEN_TABLE
# define YYTOKEN_TABLE 0
#endif

#if ! defined YYSTYPE && ! defined YYSTYPE_IS_DECLARED
typedef union YYSTYPE
#line 103 "foreign-pajek-parser.y"
{
  long int intnum;
  double   realnum;  
  struct {
    char *str;
    int len;
  } string;  
}
/* Line 187 of yacc.c.  */
#line 289 "foreign-pajek-parser.c"
	YYSTYPE;
# define yystype YYSTYPE /* obsolescent; will be withdrawn */
# define YYSTYPE_IS_DECLARED 1
# define YYSTYPE_IS_TRIVIAL 1
#endif



/* Copy the second part of user declarations.  */


/* Line 216 of yacc.c.  */
#line 302 "foreign-pajek-parser.c"

#ifdef short
# undef short
#endif

#ifdef YYTYPE_UINT8
typedef YYTYPE_UINT8 yytype_uint8;
#else
typedef unsigned char yytype_uint8;
#endif

#ifdef YYTYPE_INT8
typedef YYTYPE_INT8 yytype_int8;
#elif (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
typedef signed char yytype_int8;
#else
typedef short int yytype_int8;
#endif

#ifdef YYTYPE_UINT16
typedef YYTYPE_UINT16 yytype_uint16;
#else
typedef unsigned short int yytype_uint16;
#endif

#ifdef YYTYPE_INT16
typedef YYTYPE_INT16 yytype_int16;
#else
typedef short int yytype_int16;
#endif

#ifndef YYSIZE_T
# ifdef __SIZE_TYPE__
#  define YYSIZE_T __SIZE_TYPE__
# elif defined size_t
#  define YYSIZE_T size_t
# elif ! defined YYSIZE_T && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
#  include <stddef.h> /* INFRINGES ON USER NAME SPACE */
#  define YYSIZE_T size_t
# else
#  define YYSIZE_T unsigned int
# endif
#endif

#define YYSIZE_MAXIMUM ((YYSIZE_T) -1)

#ifndef YY_
# if YYENABLE_NLS
#  if ENABLE_NLS
#   include <libintl.h> /* INFRINGES ON USER NAME SPACE */
#   define YY_(msgid) dgettext ("bison-runtime", msgid)
#  endif
# endif
# ifndef YY_
#  define YY_(msgid) msgid
# endif
#endif

/* Suppress unused-variable warnings by "using" E.  */
#if ! defined lint || defined __GNUC__
# define YYUSE(e) ((void) (e))
#else
# define YYUSE(e) /* empty */
#endif

/* Identity function, used to suppress warnings about constant conditions.  */
#ifndef lint
# define YYID(n) (n)
#else
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static int
YYID (int i)
#else
static int
YYID (i)
    int i;
#endif
{
  return i;
}
#endif

#if ! defined yyoverflow || YYERROR_VERBOSE

/* The parser invokes alloca or malloc; define the necessary symbols.  */

# ifdef YYSTACK_USE_ALLOCA
#  if YYSTACK_USE_ALLOCA
#   ifdef __GNUC__
#    define YYSTACK_ALLOC __builtin_alloca
#   elif defined __BUILTIN_VA_ARG_INCR
#    include <alloca.h> /* INFRINGES ON USER NAME SPACE */
#   elif defined _AIX
#    define YYSTACK_ALLOC __alloca
#   elif defined _MSC_VER
#    include <malloc.h> /* INFRINGES ON USER NAME SPACE */
#    define alloca _alloca
#   else
#    define YYSTACK_ALLOC alloca
#    if ! defined _ALLOCA_H && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
#     include <stdlib.h> /* INFRINGES ON USER NAME SPACE */
#     ifndef _STDLIB_H
#      define _STDLIB_H 1
#     endif
#    endif
#   endif
#  endif
# endif

# ifdef YYSTACK_ALLOC
   /* Pacify GCC's `empty if-body' warning.  */
#  define YYSTACK_FREE(Ptr) do { /* empty */; } while (YYID (0))
#  ifndef YYSTACK_ALLOC_MAXIMUM
    /* The OS might guarantee only one guard page at the bottom of the stack,
       and a page size can be as small as 4096 bytes.  So we cannot safely
       invoke alloca (N) if N exceeds 4096.  Use a slightly smaller number
       to allow for a few compiler-allocated temporary stack slots.  */
#   define YYSTACK_ALLOC_MAXIMUM 4032 /* reasonable circa 2006 */
#  endif
# else
#  define YYSTACK_ALLOC YYMALLOC
#  define YYSTACK_FREE YYFREE
#  ifndef YYSTACK_ALLOC_MAXIMUM
#   define YYSTACK_ALLOC_MAXIMUM YYSIZE_MAXIMUM
#  endif
#  if (defined __cplusplus && ! defined _STDLIB_H \
       && ! ((defined YYMALLOC || defined malloc) \
	     && (defined YYFREE || defined free)))
#   include <stdlib.h> /* INFRINGES ON USER NAME SPACE */
#   ifndef _STDLIB_H
#    define _STDLIB_H 1
#   endif
#  endif
#  ifndef YYMALLOC
#   define YYMALLOC malloc
#   if ! defined malloc && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
void *malloc (YYSIZE_T); /* INFRINGES ON USER NAME SPACE */
#   endif
#  endif
#  ifndef YYFREE
#   define YYFREE free
#   if ! defined free && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
void free (void *); /* INFRINGES ON USER NAME SPACE */
#   endif
#  endif
# endif
#endif /* ! defined yyoverflow || YYERROR_VERBOSE */


#if (! defined yyoverflow \
     && (! defined __cplusplus \
	 || (defined YYSTYPE_IS_TRIVIAL && YYSTYPE_IS_TRIVIAL)))

/* A type that is properly aligned for any stack member.  */
union yyalloc
{
  yytype_int16 yyss;
  YYSTYPE yyvs;
  };

/* The size of the maximum gap between one aligned stack and the next.  */
# define YYSTACK_GAP_MAXIMUM (sizeof (union yyalloc) - 1)

/* The size of an array large to enough to hold all stacks, each with
   N elements.  */
# define YYSTACK_BYTES(N) \
     ((N) * (sizeof (yytype_int16) + sizeof (YYSTYPE)) \
      + YYSTACK_GAP_MAXIMUM)

/* Copy COUNT objects from FROM to TO.  The source and destination do
   not overlap.  */
# ifndef YYCOPY
#  if defined __GNUC__ && 1 < __GNUC__
#   define YYCOPY(To, From, Count) \
      __builtin_memcpy (To, From, (Count) * sizeof (*(From)))
#  else
#   define YYCOPY(To, From, Count)		\
      do					\
	{					\
	  YYSIZE_T yyi;				\
	  for (yyi = 0; yyi < (Count); yyi++)	\
	    (To)[yyi] = (From)[yyi];		\
	}					\
      while (YYID (0))
#  endif
# endif

/* Relocate STACK from its old location to the new one.  The
   local variables YYSIZE and YYSTACKSIZE give the old and new number of
   elements in the stack, and YYPTR gives the new location of the
   stack.  Advance YYPTR to a properly aligned location for the next
   stack.  */
# define YYSTACK_RELOCATE(Stack)					\
    do									\
      {									\
	YYSIZE_T yynewbytes;						\
	YYCOPY (&yyptr->Stack, Stack, yysize);				\
	Stack = &yyptr->Stack;						\
	yynewbytes = yystacksize * sizeof (*Stack) + YYSTACK_GAP_MAXIMUM; \
	yyptr += yynewbytes / sizeof (*yyptr);				\
      }									\
    while (YYID (0))

#endif

/* YYFINAL -- State number of the termination state.  */
#define YYFINAL  5
/* YYLAST -- Last index in YYTABLE.  */
#define YYLAST   240

/* YYNTOKENS -- Number of terminals.  */
#define YYNTOKENS  51
/* YYNNTS -- Number of nonterminals.  */
#define YYNNTS  66
/* YYNRULES -- Number of rules.  */
#define YYNRULES  134
/* YYNRULES -- Number of states.  */
#define YYNSTATES  200

/* YYTRANSLATE(YYLEX) -- Bison symbol number corresponding to YYLEX.  */
#define YYUNDEFTOK  2
#define YYMAXUTOK   305

#define YYTRANSLATE(YYX)						\
  ((unsigned int) (YYX) <= YYMAXUTOK ? yytranslate[YYX] : YYUNDEFTOK)

/* YYTRANSLATE[YYLEX] -- Bison symbol number corresponding to YYLEX.  */
static const yytype_uint8 yytranslate[] =
{
       0,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     1,     2,     3,     4,
       5,     6,     7,     8,     9,    10,    11,    12,    13,    14,
      15,    16,    17,    18,    19,    20,    21,    22,    23,    24,
      25,    26,    27,    28,    29,    30,    31,    32,    33,    34,
      35,    36,    37,    38,    39,    40,    41,    42,    43,    44,
      45,    46,    47,    48,    49,    50
};

#if YYDEBUG
/* YYPRHS[YYN] -- Index of the first RHS symbol of rule number YYN in
   YYRHS.  */
static const yytype_uint16 yyprhs[] =
{
       0,     0,     3,     7,     8,    12,    16,    19,    20,    23,
      25,    28,    29,    37,    39,    41,    42,    45,    49,    50,
      52,    53,    56,    58,    61,    64,    69,    74,    79,    82,
      85,    88,    91,    94,    97,   100,   103,   106,   107,   111,
     112,   116,   117,   121,   122,   126,   127,   131,   133,   134,
     137,   140,   143,   146,   149,   153,   154,   157,   159,   160,
     167,   169,   171,   175,   176,   179,   181,   182,   189,   191,
     193,   194,   196,   197,   200,   202,   207,   210,   213,   216,
     219,   222,   225,   228,   231,   234,   237,   240,   243,   246,
     249,   252,   253,   257,   258,   262,   263,   267,   268,   272,
     273,   277,   279,   283,   284,   287,   289,   293,   294,   297,
     299,   301,   305,   306,   309,   311,   315,   316,   319,   321,
     323,   327,   329,   330,   333,   336,   337,   340,   342,   344,
     346,   347,   350,   352,   354
};

/* YYRHS -- A `-1'-separated list of the rules' RHS.  */
static const yytype_int8 yyrhs[] =
{
      52,     0,    -1,    53,    54,    72,    -1,    -1,     8,   115,
       3,    -1,    55,     3,    56,    -1,     9,   113,    -1,    -1,
      56,    57,    -1,     3,    -1,    59,     3,    -1,    -1,    59,
      58,    60,    61,    62,    63,     3,    -1,   113,    -1,   116,
      -1,    -1,   114,   114,    -1,   114,   114,   114,    -1,    -1,
     116,    -1,    -1,    63,    64,    -1,    65,    -1,    15,   114,
      -1,    16,   114,    -1,    17,   114,   114,   114,    -1,    18,
     114,   114,   114,    -1,    19,   114,   114,   114,    -1,    20,
     114,    -1,    21,   114,    -1,    22,   114,    -1,    23,   114,
      -1,    24,   114,    -1,    25,   114,    -1,    26,   114,    -1,
      27,   114,    -1,    30,   114,    -1,    -1,    28,    66,    71,
      -1,    -1,    29,    67,    71,    -1,    -1,    17,    68,    71,
      -1,    -1,    18,    69,    71,    -1,    -1,    19,    70,    71,
      -1,   116,    -1,    -1,    72,    73,    -1,    72,    79,    -1,
      72,    95,    -1,    72,   101,    -1,    72,   107,    -1,    10,
       3,    74,    -1,    -1,    74,    75,    -1,     3,    -1,    -1,
      77,    78,    76,    85,    86,     3,    -1,   113,    -1,   113,
      -1,    11,     3,    80,    -1,    -1,    80,    81,    -1,     3,
      -1,    -1,    83,    84,    82,    85,    86,     3,    -1,   113,
      -1,   113,    -1,    -1,   114,    -1,    -1,    86,    87,    -1,
      88,    -1,    31,   114,   114,   114,    -1,    32,   114,    -1,
      34,   114,    -1,    35,   114,    -1,    36,   114,    -1,    37,
     114,    -1,    38,   114,    -1,    39,   114,    -1,    40,   114,
      -1,    41,   114,    -1,    44,   114,    -1,    45,   114,    -1,
      46,   114,    -1,    48,   114,    -1,    49,   114,    -1,    50,
     114,    -1,    -1,    33,    89,    94,    -1,    -1,    42,    90,
      94,    -1,    -1,    43,    91,    94,    -1,    -1,    47,    92,
      94,    -1,    -1,    31,    93,    94,    -1,   116,    -1,    12,
       3,    96,    -1,    -1,    96,    97,    -1,     3,    -1,    99,
      98,     3,    -1,    -1,    98,   100,    -1,   113,    -1,   113,
      -1,    13,     3,   102,    -1,    -1,   102,   103,    -1,     3,
      -1,   105,   104,     3,    -1,    -1,   104,   106,    -1,   113,
      -1,   113,    -1,   108,     3,   109,    -1,    14,    -1,    -1,
     109,   110,    -1,   111,     3,    -1,    -1,   112,   111,    -1,
     113,    -1,     4,    -1,     4,    -1,    -1,   115,   116,    -1,
       5,    -1,     4,    -1,     6,    -1
};

/* YYRLINE[YYN] -- source line where rule number YYN was defined.  */
static const yytype_uint16 yyrline[] =
{
       0,   177,   177,   179,   179,   181,   183,   187,   187,   189,
     190,   191,   191,   194,   196,   200,   201,   205,   211,   211,
     215,   215,   218,   219,   222,   225,   230,   235,   240,   243,
     246,   249,   252,   255,   258,   261,   264,   269,   269,   273,
     273,   277,   277,   281,   281,   286,   286,   293,   295,   295,
     295,   295,   295,   295,   297,   299,   299,   301,   302,   302,
     308,   310,   312,   314,   314,   316,   317,   317,   323,   325,
     327,   327,   331,   331,   334,   335,   340,   343,   346,   349,
     352,   355,   358,   361,   364,   367,   370,   373,   376,   379,
     382,   387,   387,   391,   391,   395,   395,   399,   399,   403,
     403,   409,   411,   413,   413,   415,   415,   417,   417,   419,
     421,   426,   428,   428,   430,   430,   432,   432,   434,   436,
     443,   445,   447,   447,   449,   451,   451,   453,   463,   466,
     469,   469,   471,   472,   473
};
#endif

#if YYDEBUG || YYERROR_VERBOSE || YYTOKEN_TABLE
/* YYTNAME[SYMBOL-NUM] -- String name of the symbol SYMBOL-NUM.
   First, the terminals, then, starting at YYNTOKENS, nonterminals.  */
static const char *const yytname[] =
{
  "$end", "error", "$undefined", "NEWLINE", "NUM", "ALNUM", "QSTR",
  "PSTR", "NETWORKLINE", "VERTICESLINE", "ARCSLINE", "EDGESLINE",
  "ARCSLISTLINE", "EDGESLISTLINE", "MATRIXLINE", "VP_X_FACT", "VP_Y_FACT",
  "VP_IC", "VP_BC", "VP_LC", "VP_LR", "VP_LPHI", "VP_BW", "VP_FOS",
  "VP_PHI", "VP_R", "VP_Q", "VP_LA", "VP_FONT", "VP_URL", "VP_SIZE",
  "EP_C", "EP_S", "EP_A", "EP_W", "EP_H1", "EP_H2", "EP_A1", "EP_A2",
  "EP_K1", "EP_K2", "EP_AP", "EP_P", "EP_L", "EP_LP", "EP_LR", "EP_LPHI",
  "EP_LC", "EP_LA", "EP_SIZE", "EP_FOS", "$accept", "input", "nethead",
  "vertices", "verticeshead", "vertdefs", "vertexline", "@1", "vertex",
  "vertexid", "vertexcoords", "shape", "params", "param", "vpword", "@2",
  "@3", "@4", "@5", "@6", "vpwordpar", "edgeblock", "arcs", "arcsdefs",
  "arcsline", "@7", "arcfrom", "arcto", "edges", "edgesdefs", "edgesline",
  "@8", "edgefrom", "edgeto", "weight", "edgeparams", "edgeparam",
  "epword", "@9", "@10", "@11", "@12", "@13", "epwordpar", "arcslist",
  "arcslistlines", "arclistline", "arctolist", "arclistfrom", "arclistto",
  "edgeslist", "edgelistlines", "edgelistline", "edgetolist",
  "edgelistfrom", "edgelistto", "adjmatrix", "matrixline",
  "adjmatrixlines", "adjmatrixline", "adjmatrixnumbers", "adjmatrixentry",
  "longint", "number", "words", "word", 0
};
#endif

# ifdef YYPRINT
/* YYTOKNUM[YYLEX-NUM] -- Internal token number corresponding to
   token YYLEX-NUM.  */
static const yytype_uint16 yytoknum[] =
{
       0,   256,   257,   258,   259,   260,   261,   262,   263,   264,
     265,   266,   267,   268,   269,   270,   271,   272,   273,   274,
     275,   276,   277,   278,   279,   280,   281,   282,   283,   284,
     285,   286,   287,   288,   289,   290,   291,   292,   293,   294,
     295,   296,   297,   298,   299,   300,   301,   302,   303,   304,
     305
};
# endif

/* YYR1[YYN] -- Symbol number of symbol that rule YYN derives.  */
static const yytype_uint8 yyr1[] =
{
       0,    51,    52,    53,    53,    54,    55,    56,    56,    57,
      57,    58,    57,    59,    60,    61,    61,    61,    62,    62,
      63,    63,    64,    64,    64,    64,    64,    64,    64,    64,
      64,    64,    64,    64,    64,    64,    64,    66,    65,    67,
      65,    68,    65,    69,    65,    70,    65,    71,    72,    72,
      72,    72,    72,    72,    73,    74,    74,    75,    76,    75,
      77,    78,    79,    80,    80,    81,    82,    81,    83,    84,
      85,    85,    86,    86,    87,    87,    87,    87,    87,    87,
      87,    87,    87,    87,    87,    87,    87,    87,    87,    87,
      87,    89,    88,    90,    88,    91,    88,    92,    88,    93,
      88,    94,    95,    96,    96,    97,    97,    98,    98,    99,
     100,   101,   102,   102,   103,   103,   104,   104,   105,   106,
     107,   108,   109,   109,   110,   111,   111,   112,   113,   114,
     115,   115,   116,   116,   116
};

/* YYR2[YYN] -- Number of symbols composing right hand side of rule YYN.  */
static const yytype_uint8 yyr2[] =
{
       0,     2,     3,     0,     3,     3,     2,     0,     2,     1,
       2,     0,     7,     1,     1,     0,     2,     3,     0,     1,
       0,     2,     1,     2,     2,     4,     4,     4,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     0,     3,     0,
       3,     0,     3,     0,     3,     0,     3,     1,     0,     2,
       2,     2,     2,     2,     3,     0,     2,     1,     0,     6,
       1,     1,     3,     0,     2,     1,     0,     6,     1,     1,
       0,     1,     0,     2,     1,     4,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     0,     3,     0,     3,     0,     3,     0,     3,     0,
       3,     1,     3,     0,     2,     1,     3,     0,     2,     1,
       1,     3,     0,     2,     1,     3,     0,     2,     1,     1,
       3,     1,     0,     2,     2,     0,     2,     1,     1,     1,
       0,     2,     1,     1,     1
};

/* YYDEFACT[STATE-NAME] -- Default rule to reduce with in state
   STATE-NUM when YYTABLE doesn't specify something else to do.  Zero
   means the default is an error.  */
static const yytype_uint8 yydefact[] =
{
       3,   130,     0,     0,     0,     1,     0,    48,     0,     4,
     133,   132,   134,   131,   128,     6,     2,     7,     0,     0,
       0,     0,   121,    49,    50,    51,    52,    53,     0,     5,
      55,    63,   103,   112,   122,     9,     8,    11,    13,    54,
      62,   102,   111,   120,    10,     0,    57,    56,     0,    60,
      65,    64,     0,    68,   105,   104,   107,   109,   114,   113,
     116,   118,   123,     0,   125,   127,    15,    14,    58,    61,
      66,    69,     0,     0,   124,   126,   129,    18,     0,    70,
      70,   106,   108,   110,   115,   117,   119,    20,    19,    16,
      72,    71,    72,     0,    17,     0,     0,    12,     0,     0,
      41,    43,    45,     0,     0,     0,     0,     0,     0,     0,
       0,    37,    39,     0,    21,    22,    59,    99,     0,    91,
       0,     0,     0,     0,     0,     0,     0,     0,    93,    95,
       0,     0,     0,    97,     0,     0,     0,    73,    74,    67,
      23,    24,     0,     0,     0,     0,     0,     0,    28,    29,
      30,    31,    32,    33,    34,    35,     0,     0,    36,     0,
       0,    76,     0,    77,    78,    79,    80,    81,    82,    83,
      84,     0,     0,    85,    86,    87,     0,    88,    89,    90,
      42,    47,     0,    44,     0,    46,     0,    38,    40,   100,
     101,     0,    92,    94,    96,    98,    25,    26,    27,    75
};

/* YYDEFGOTO[NTERM-NUM].  */
static const yytype_int16 yydefgoto[] =
{
      -1,     2,     3,     7,     8,    29,    36,    45,    37,    66,
      77,    87,    93,   114,   115,   156,   157,   142,   144,   146,
     180,    16,    23,    39,    47,    79,    48,    68,    24,    40,
      51,    80,    52,    70,    90,    95,   137,   138,   162,   171,
     172,   176,   159,   189,    25,    41,    55,    72,    56,    82,
      26,    42,    59,    73,    60,    85,    27,    28,    43,    62,
      63,    64,    65,    91,     4,   181
};

/* YYPACT[STATE-NUM] -- Index in YYTABLE of the portion describing
   STATE-NUM.  */
#define YYPACT_NINF -161
static const yytype_int16 yypact[] =
{
       1,  -161,    15,    12,    14,  -161,    28,  -161,    37,  -161,
    -161,  -161,  -161,  -161,  -161,  -161,    -6,  -161,    57,    60,
      74,    78,  -161,  -161,  -161,  -161,  -161,  -161,    79,    23,
    -161,  -161,  -161,  -161,  -161,  -161,  -161,    80,  -161,    25,
      27,    31,    33,    35,  -161,    19,  -161,  -161,    28,  -161,
    -161,  -161,    28,  -161,  -161,  -161,  -161,  -161,  -161,  -161,
    -161,  -161,  -161,    81,    28,  -161,    82,  -161,  -161,  -161,
    -161,  -161,    52,    55,  -161,  -161,  -161,    19,    82,    82,
      82,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,    82,
    -161,  -161,  -161,   210,  -161,   142,   162,  -161,    82,    82,
      82,    82,    82,    82,    82,    82,    82,    82,    82,    82,
      82,  -161,  -161,    82,  -161,  -161,  -161,    82,    82,  -161,
      82,    82,    82,    82,    82,    82,    82,    82,  -161,  -161,
      82,    82,    82,  -161,    82,    82,    82,  -161,  -161,  -161,
    -161,  -161,    19,    82,    19,    82,    19,    82,  -161,  -161,
    -161,  -161,  -161,  -161,  -161,  -161,    19,    19,  -161,    19,
      82,  -161,    19,  -161,  -161,  -161,  -161,  -161,  -161,  -161,
    -161,    19,    19,  -161,  -161,  -161,    19,  -161,  -161,  -161,
    -161,  -161,    82,  -161,    82,  -161,    82,  -161,  -161,  -161,
    -161,    82,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161
};

/* YYPGOTO[NTERM-NUM].  */
static const yytype_int16 yypgoto[] =
{
    -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,
    -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,
    -143,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,
    -161,  -161,  -161,  -161,     5,    -2,  -161,  -161,  -161,  -161,
    -161,  -161,  -161,  -160,  -161,  -161,  -161,  -161,  -161,  -161,
    -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,  -161,
      24,  -161,    66,   -56,  -161,    -4
};

/* YYTABLE[YYPACT[STATE-NUM]].  What to do in state STATE-NUM.  If
   positive, shift that token.  If negative, reduce the rule which
   number is the opposite.  If zero, do what YYDEFACT says.
   If YYTABLE_NINF, syntax error.  */
#define YYTABLE_NINF -126
static const yytype_int16 yytable[] =
{
      13,   183,   192,   185,    18,    19,    20,    21,    22,     1,
      78,   193,   194,   187,   188,     5,   195,     9,    10,    11,
      12,     6,    89,    10,    11,    12,    35,    14,    46,    14,
      50,    14,    14,    94,    54,    14,    58,    14,  -125,    14,
      17,    67,   140,   141,   143,   145,   147,   148,   149,   150,
     151,   152,   153,   154,   155,    81,    14,   158,    84,    14,
      30,   160,   161,    31,   163,   164,   165,   166,   167,   168,
     169,   170,    15,    88,   173,   174,   175,    32,   177,   178,
     179,    33,    34,    44,    74,    92,    76,   182,    75,   184,
      96,   186,     0,     0,     0,    38,     0,     0,     0,     0,
       0,     0,     0,     0,   191,    49,    53,    57,    61,     0,
       0,     0,     0,     0,    69,     0,     0,     0,    71,     0,
       0,     0,     0,     0,     0,     0,   196,     0,   197,     0,
     198,     0,     0,     0,     0,   199,     0,     0,    83,    86,
       0,     0,     0,     0,     0,   116,     0,     0,     0,     0,
       0,     0,     0,     0,     0,   190,     0,     0,   190,     0,
       0,     0,     0,     0,     0,   139,     0,   190,   190,     0,
       0,     0,   190,   117,   118,   119,   120,   121,   122,   123,
     124,   125,   126,   127,   128,   129,   130,   131,   132,   133,
     134,   135,   136,   117,   118,   119,   120,   121,   122,   123,
     124,   125,   126,   127,   128,   129,   130,   131,   132,   133,
     134,   135,   136,    97,     0,     0,     0,     0,     0,     0,
       0,     0,     0,     0,     0,    98,    99,   100,   101,   102,
     103,   104,   105,   106,   107,   108,   109,   110,   111,   112,
     113
};

static const yytype_int16 yycheck[] =
{
       4,   144,   162,   146,    10,    11,    12,    13,    14,     8,
      66,   171,   172,   156,   157,     0,   176,     3,     4,     5,
       6,     9,    78,     4,     5,     6,     3,     4,     3,     4,
       3,     4,     4,    89,     3,     4,     3,     4,     3,     4,
       3,    45,    98,    99,   100,   101,   102,   103,   104,   105,
     106,   107,   108,   109,   110,     3,     4,   113,     3,     4,
       3,   117,   118,     3,   120,   121,   122,   123,   124,   125,
     126,   127,     6,    77,   130,   131,   132,     3,   134,   135,
     136,     3,     3,     3,     3,    80,     4,   143,    64,   145,
      92,   147,    -1,    -1,    -1,    29,    -1,    -1,    -1,    -1,
      -1,    -1,    -1,    -1,   160,    39,    40,    41,    42,    -1,
      -1,    -1,    -1,    -1,    48,    -1,    -1,    -1,    52,    -1,
      -1,    -1,    -1,    -1,    -1,    -1,   182,    -1,   184,    -1,
     186,    -1,    -1,    -1,    -1,   191,    -1,    -1,    72,    73,
      -1,    -1,    -1,    -1,    -1,     3,    -1,    -1,    -1,    -1,
      -1,    -1,    -1,    -1,    -1,   159,    -1,    -1,   162,    -1,
      -1,    -1,    -1,    -1,    -1,     3,    -1,   171,   172,    -1,
      -1,    -1,   176,    31,    32,    33,    34,    35,    36,    37,
      38,    39,    40,    41,    42,    43,    44,    45,    46,    47,
      48,    49,    50,    31,    32,    33,    34,    35,    36,    37,
      38,    39,    40,    41,    42,    43,    44,    45,    46,    47,
      48,    49,    50,     3,    -1,    -1,    -1,    -1,    -1,    -1,
      -1,    -1,    -1,    -1,    -1,    15,    16,    17,    18,    19,
      20,    21,    22,    23,    24,    25,    26,    27,    28,    29,
      30
};

/* YYSTOS[STATE-NUM] -- The (internal number of the) accessing
   symbol of state STATE-NUM.  */
static const yytype_uint8 yystos[] =
{
       0,     8,    52,    53,   115,     0,     9,    54,    55,     3,
       4,     5,     6,   116,     4,   113,    72,     3,    10,    11,
      12,    13,    14,    73,    79,    95,   101,   107,   108,    56,
       3,     3,     3,     3,     3,     3,    57,    59,   113,    74,
      80,    96,   102,   109,     3,    58,     3,    75,    77,   113,
       3,    81,    83,   113,     3,    97,    99,   113,     3,   103,
     105,   113,   110,   111,   112,   113,    60,   116,    78,   113,
      84,   113,    98,   104,     3,   111,     4,    61,   114,    76,
      82,     3,   100,   113,     3,   106,   113,    62,   116,   114,
      85,   114,    85,    63,   114,    86,    86,     3,    15,    16,
      17,    18,    19,    20,    21,    22,    23,    24,    25,    26,
      27,    28,    29,    30,    64,    65,     3,    31,    32,    33,
      34,    35,    36,    37,    38,    39,    40,    41,    42,    43,
      44,    45,    46,    47,    48,    49,    50,    87,    88,     3,
     114,   114,    68,   114,    69,   114,    70,   114,   114,   114,
     114,   114,   114,   114,   114,   114,    66,    67,   114,    93,
     114,   114,    89,   114,   114,   114,   114,   114,   114,   114,
     114,    90,    91,   114,   114,   114,    92,   114,   114,   114,
      71,   116,   114,    71,   114,    71,   114,    71,    71,    94,
     116,   114,    94,    94,    94,    94,   114,   114,   114,   114
};

#define yyerrok		(yyerrstatus = 0)
#define yyclearin	(yychar = YYEMPTY)
#define YYEMPTY		(-2)
#define YYEOF		0

#define YYACCEPT	goto yyacceptlab
#define YYABORT		goto yyabortlab
#define YYERROR		goto yyerrorlab


/* Like YYERROR except do call yyerror.  This remains here temporarily
   to ease the transition to the new meaning of YYERROR, for GCC.
   Once GCC version 2 has supplanted version 1, this can go.  */

#define YYFAIL		goto yyerrlab

#define YYRECOVERING()  (!!yyerrstatus)

#define YYBACKUP(Token, Value)					\
do								\
  if (yychar == YYEMPTY && yylen == 1)				\
    {								\
      yychar = (Token);						\
      yylval = (Value);						\
      yytoken = YYTRANSLATE (yychar);				\
      YYPOPSTACK (1);						\
      goto yybackup;						\
    }								\
  else								\
    {								\
      yyerror (YY_("syntax error: cannot back up")); \
      YYERROR;							\
    }								\
while (YYID (0))


#define YYTERROR	1
#define YYERRCODE	256


/* YYLLOC_DEFAULT -- Set CURRENT to span from RHS[1] to RHS[N].
   If N is 0, then set CURRENT to the empty location which ends
   the previous symbol: RHS[0] (always defined).  */

#define YYRHSLOC(Rhs, K) ((Rhs)[K])
#ifndef YYLLOC_DEFAULT
# define YYLLOC_DEFAULT(Current, Rhs, N)				\
    do									\
      if (YYID (N))                                                    \
	{								\
	  (Current).first_line   = YYRHSLOC (Rhs, 1).first_line;	\
	  (Current).first_column = YYRHSLOC (Rhs, 1).first_column;	\
	  (Current).last_line    = YYRHSLOC (Rhs, N).last_line;		\
	  (Current).last_column  = YYRHSLOC (Rhs, N).last_column;	\
	}								\
      else								\
	{								\
	  (Current).first_line   = (Current).last_line   =		\
	    YYRHSLOC (Rhs, 0).last_line;				\
	  (Current).first_column = (Current).last_column =		\
	    YYRHSLOC (Rhs, 0).last_column;				\
	}								\
    while (YYID (0))
#endif


/* YY_LOCATION_PRINT -- Print the location on the stream.
   This macro was not mandated originally: define only if we know
   we won't break user code: when these are the locations we know.  */

#ifndef YY_LOCATION_PRINT
# if YYLTYPE_IS_TRIVIAL
#  define YY_LOCATION_PRINT(File, Loc)			\
     fprintf (File, "%d.%d-%d.%d",			\
	      (Loc).first_line, (Loc).first_column,	\
	      (Loc).last_line,  (Loc).last_column)
# else
#  define YY_LOCATION_PRINT(File, Loc) ((void) 0)
# endif
#endif


/* YYLEX -- calling `yylex' with the right arguments.  */

#ifdef YYLEX_PARAM
# define YYLEX yylex (YYLEX_PARAM)
#else
# define YYLEX yylex ()
#endif

/* Enable debugging if requested.  */
#if YYDEBUG

# ifndef YYFPRINTF
#  include <stdio.h> /* INFRINGES ON USER NAME SPACE */
#  define YYFPRINTF fprintf
# endif

# define YYDPRINTF(Args)			\
do {						\
  if (yydebug)					\
    YYFPRINTF Args;				\
} while (YYID (0))

# define YY_SYMBOL_PRINT(Title, Type, Value, Location)			  \
do {									  \
  if (yydebug)								  \
    {									  \
      YYFPRINTF (stderr, "%s ", Title);					  \
      yy_symbol_print (stderr,						  \
		  Type, Value); \
      YYFPRINTF (stderr, "\n");						  \
    }									  \
} while (YYID (0))


/*--------------------------------.
| Print this symbol on YYOUTPUT.  |
`--------------------------------*/

/*ARGSUSED*/
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_symbol_value_print (FILE *yyoutput, int yytype, YYSTYPE const * const yyvaluep)
#else
static void
yy_symbol_value_print (yyoutput, yytype, yyvaluep)
    FILE *yyoutput;
    int yytype;
    YYSTYPE const * const yyvaluep;
#endif
{
  if (!yyvaluep)
    return;
# ifdef YYPRINT
  if (yytype < YYNTOKENS)
    YYPRINT (yyoutput, yytoknum[yytype], *yyvaluep);
# else
  YYUSE (yyoutput);
# endif
  switch (yytype)
    {
      default:
	break;
    }
}


/*--------------------------------.
| Print this symbol on YYOUTPUT.  |
`--------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_symbol_print (FILE *yyoutput, int yytype, YYSTYPE const * const yyvaluep)
#else
static void
yy_symbol_print (yyoutput, yytype, yyvaluep)
    FILE *yyoutput;
    int yytype;
    YYSTYPE const * const yyvaluep;
#endif
{
  if (yytype < YYNTOKENS)
    YYFPRINTF (yyoutput, "token %s (", yytname[yytype]);
  else
    YYFPRINTF (yyoutput, "nterm %s (", yytname[yytype]);

  yy_symbol_value_print (yyoutput, yytype, yyvaluep);
  YYFPRINTF (yyoutput, ")");
}

/*------------------------------------------------------------------.
| yy_stack_print -- Print the state stack from its BOTTOM up to its |
| TOP (included).                                                   |
`------------------------------------------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_stack_print (yytype_int16 *bottom, yytype_int16 *top)
#else
static void
yy_stack_print (bottom, top)
    yytype_int16 *bottom;
    yytype_int16 *top;
#endif
{
  YYFPRINTF (stderr, "Stack now");
  for (; bottom <= top; ++bottom)
    YYFPRINTF (stderr, " %d", *bottom);
  YYFPRINTF (stderr, "\n");
}

# define YY_STACK_PRINT(Bottom, Top)				\
do {								\
  if (yydebug)							\
    yy_stack_print ((Bottom), (Top));				\
} while (YYID (0))


/*------------------------------------------------.
| Report that the YYRULE is going to be reduced.  |
`------------------------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_reduce_print (YYSTYPE *yyvsp, int yyrule)
#else
static void
yy_reduce_print (yyvsp, yyrule)
    YYSTYPE *yyvsp;
    int yyrule;
#endif
{
  int yynrhs = yyr2[yyrule];
  int yyi;
  unsigned long int yylno = yyrline[yyrule];
  YYFPRINTF (stderr, "Reducing stack by rule %d (line %lu):\n",
	     yyrule - 1, yylno);
  /* The symbols being reduced.  */
  for (yyi = 0; yyi < yynrhs; yyi++)
    {
      fprintf (stderr, "   $%d = ", yyi + 1);
      yy_symbol_print (stderr, yyrhs[yyprhs[yyrule] + yyi],
		       &(yyvsp[(yyi + 1) - (yynrhs)])
		       		       );
      fprintf (stderr, "\n");
    }
}

# define YY_REDUCE_PRINT(Rule)		\
do {					\
  if (yydebug)				\
    yy_reduce_print (yyvsp, Rule); \
} while (YYID (0))

/* Nonzero means print parse trace.  It is left uninitialized so that
   multiple parsers can coexist.  */
int yydebug;
#else /* !YYDEBUG */
# define YYDPRINTF(Args)
# define YY_SYMBOL_PRINT(Title, Type, Value, Location)
# define YY_STACK_PRINT(Bottom, Top)
# define YY_REDUCE_PRINT(Rule)
#endif /* !YYDEBUG */


/* YYINITDEPTH -- initial size of the parser's stacks.  */
#ifndef	YYINITDEPTH
# define YYINITDEPTH 200
#endif

/* YYMAXDEPTH -- maximum size the stacks can grow to (effective only
   if the built-in stack extension method is used).

   Do not make this value too large; the results are undefined if
   YYSTACK_ALLOC_MAXIMUM < YYSTACK_BYTES (YYMAXDEPTH)
   evaluated with infinite-precision integer arithmetic.  */

#ifndef YYMAXDEPTH
# define YYMAXDEPTH 10000
#endif

�

#if YYERROR_VERBOSE

# ifndef yystrlen
#  if defined __GLIBC__ && defined _STRING_H
#   define yystrlen strlen
#  else
/* Return the length of YYSTR.  */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static YYSIZE_T
yystrlen (const char *yystr)
#else
static YYSIZE_T
yystrlen (yystr)
    const char *yystr;
#endif
{
  YYSIZE_T yylen;
  for (yylen = 0; yystr[yylen]; yylen++)
    continue;
  return yylen;
}
#  endif
# endif

# ifndef yystpcpy
#  if defined __GLIBC__ && defined _STRING_H && defined _GNU_SOURCE
#   define yystpcpy stpcpy
#  else
/* Copy YYSRC to YYDEST, returning the address of the terminating '\0' in
   YYDEST.  */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static char *
yystpcpy (char *yydest, const char *yysrc)
#else
static char *
yystpcpy (yydest, yysrc)
    char *yydest;
    const char *yysrc;
#endif
{
  char *yyd = yydest;
  const char *yys = yysrc;

  while ((*yyd++ = *yys++) != '\0')
    continue;

  return yyd - 1;
}
#  endif
# endif

# ifndef yytnamerr
/* Copy to YYRES the contents of YYSTR after stripping away unnecessary
   quotes and backslashes, so that it's suitable for yyerror.  The
   heuristic is that double-quoting is unnecessary unless the string
   contains an apostrophe, a comma, or backslash (other than
   backslash-backslash).  YYSTR is taken from yytname.  If YYRES is
   null, do not copy; instead, return the length of what the result
   would have been.  */
static YYSIZE_T
yytnamerr (char *yyres, const char *yystr)
{
  if (*yystr == '"')
    {
      YYSIZE_T yyn = 0;
      char const *yyp = yystr;

      for (;;)
	switch (*++yyp)
	  {
	  case '\'':
	  case ',':
	    goto do_not_strip_quotes;

	  case '\\':
	    if (*++yyp != '\\')
	      goto do_not_strip_quotes;
	    /* Fall through.  */
	  default:
	    if (yyres)
	      yyres[yyn] = *yyp;
	    yyn++;
	    break;

	  case '"':
	    if (yyres)
	      yyres[yyn] = '\0';
	    return yyn;
	  }
    do_not_strip_quotes: ;
    }

  if (! yyres)
    return yystrlen (yystr);

  return yystpcpy (yyres, yystr) - yyres;
}
# endif

/* Copy into YYRESULT an error message about the unexpected token
   YYCHAR while in state YYSTATE.  Return the number of bytes copied,
   including the terminating null byte.  If YYRESULT is null, do not
   copy anything; just return the number of bytes that would be
   copied.  As a special case, return 0 if an ordinary "syntax error"
   message will do.  Return YYSIZE_MAXIMUM if overflow occurs during
   size calculation.  */
static YYSIZE_T
yysyntax_error (char *yyresult, int yystate, int yychar)
{
  int yyn = yypact[yystate];

  if (! (YYPACT_NINF < yyn && yyn <= YYLAST))
    return 0;
  else
    {
      int yytype = YYTRANSLATE (yychar);
      YYSIZE_T yysize0 = yytnamerr (0, yytname[yytype]);
      YYSIZE_T yysize = yysize0;
      YYSIZE_T yysize1;
      int yysize_overflow = 0;
      enum { YYERROR_VERBOSE_ARGS_MAXIMUM = 5 };
      char const *yyarg[YYERROR_VERBOSE_ARGS_MAXIMUM];
      int yyx;

# if 0
      /* This is so xgettext sees the translatable formats that are
	 constructed on the fly.  */
      YY_("syntax error, unexpected %s");
      YY_("syntax error, unexpected %s, expecting %s");
      YY_("syntax error, unexpected %s, expecting %s or %s");
      YY_("syntax error, unexpected %s, expecting %s or %s or %s");
      YY_("syntax error, unexpected %s, expecting %s or %s or %s or %s");
# endif
      char *yyfmt;
      char const *yyf;
      static char const yyunexpected[] = "syntax error, unexpected %s";
      static char const yyexpecting[] = ", expecting %s";
      static char const yyor[] = " or %s";
      char yyformat[sizeof yyunexpected
		    + sizeof yyexpecting - 1
		    + ((YYERROR_VERBOSE_ARGS_MAXIMUM - 2)
		       * (sizeof yyor - 1))];
      char const *yyprefix = yyexpecting;

      /* Start YYX at -YYN if negative to avoid negative indexes in
	 YYCHECK.  */
      int yyxbegin = yyn < 0 ? -yyn : 0;

      /* Stay within bounds of both yycheck and yytname.  */
      int yychecklim = YYLAST - yyn + 1;
      int yyxend = yychecklim < YYNTOKENS ? yychecklim : YYNTOKENS;
      int yycount = 1;

      yyarg[0] = yytname[yytype];
      yyfmt = yystpcpy (yyformat, yyunexpected);

      for (yyx = yyxbegin; yyx < yyxend; ++yyx)
	if (yycheck[yyx + yyn] == yyx && yyx != YYTERROR)
	  {
	    if (yycount == YYERROR_VERBOSE_ARGS_MAXIMUM)
	      {
		yycount = 1;
		yysize = yysize0;
		yyformat[sizeof yyunexpected - 1] = '\0';
		break;
	      }
	    yyarg[yycount++] = yytname[yyx];
	    yysize1 = yysize + yytnamerr (0, yytname[yyx]);
	    yysize_overflow |= (yysize1 < yysize);
	    yysize = yysize1;
	    yyfmt = yystpcpy (yyfmt, yyprefix);
	    yyprefix = yyor;
	  }

      yyf = YY_(yyformat);
      yysize1 = yysize + yystrlen (yyf);
      yysize_overflow |= (yysize1 < yysize);
      yysize = yysize1;

      if (yysize_overflow)
	return YYSIZE_MAXIMUM;

      if (yyresult)
	{
	  /* Avoid sprintf, as that infringes on the user's name space.
	     Don't have undefined behavior even if the translation
	     produced a string with the wrong number of "%s"s.  */
	  char *yyp = yyresult;
	  int yyi = 0;
	  while ((*yyp = *yyf) != '\0')
	    {
	      if (*yyp == '%' && yyf[1] == 's' && yyi < yycount)
		{
		  yyp += yytnamerr (yyp, yyarg[yyi++]);
		  yyf += 2;
		}
	      else
		{
		  yyp++;
		  yyf++;
		}
	    }
	}
      return yysize;
    }
}
#endif /* YYERROR_VERBOSE */
�

/*-----------------------------------------------.
| Release the memory associated to this symbol.  |
`-----------------------------------------------*/

/*ARGSUSED*/
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yydestruct (const char *yymsg, int yytype, YYSTYPE *yyvaluep)
#else
static void
yydestruct (yymsg, yytype, yyvaluep)
    const char *yymsg;
    int yytype;
    YYSTYPE *yyvaluep;
#endif
{
  YYUSE (yyvaluep);

  if (!yymsg)
    yymsg = "Deleting";
  YY_SYMBOL_PRINT (yymsg, yytype, yyvaluep, yylocationp);

  switch (yytype)
    {

      default:
	break;
    }
}
�

/* Prevent warnings from -Wmissing-prototypes.  */

#ifdef YYPARSE_PARAM
#if defined __STDC__ || defined __cplusplus
int yyparse (void *YYPARSE_PARAM);
#else
int yyparse ();
#endif
#else /* ! YYPARSE_PARAM */
#if defined __STDC__ || defined __cplusplus
int yyparse (void);
#else
int yyparse ();
#endif
#endif /* ! YYPARSE_PARAM */



/* The look-ahead symbol.  */
int yychar;

/* The semantic value of the look-ahead symbol.  */
YYSTYPE yylval;

/* Number of syntax errors so far.  */
int yynerrs;



/*----------.
| yyparse.  |
`----------*/

#ifdef YYPARSE_PARAM
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
int
yyparse (void *YYPARSE_PARAM)
#else
int
yyparse (YYPARSE_PARAM)
    void *YYPARSE_PARAM;
#endif
#else /* ! YYPARSE_PARAM */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
int
yyparse (void)
#else
int
yyparse ()

#endif
#endif
{
  
  int yystate;
  int yyn;
  int yyresult;
  /* Number of tokens to shift before error messages enabled.  */
  int yyerrstatus;
  /* Look-ahead token as an internal (translated) token number.  */
  int yytoken = 0;
#if YYERROR_VERBOSE
  /* Buffer for error messages, and its allocated size.  */
  char yymsgbuf[128];
  char *yymsg = yymsgbuf;
  YYSIZE_T yymsg_alloc = sizeof yymsgbuf;
#endif

  /* Three stacks and their tools:
     `yyss': related to states,
     `yyvs': related to semantic values,
     `yyls': related to locations.

     Refer to the stacks thru separate pointers, to allow yyoverflow
     to reallocate them elsewhere.  */

  /* The state stack.  */
  yytype_int16 yyssa[YYINITDEPTH];
  yytype_int16 *yyss = yyssa;
  yytype_int16 *yyssp;

  /* The semantic value stack.  */
  YYSTYPE yyvsa[YYINITDEPTH];
  YYSTYPE *yyvs = yyvsa;
  YYSTYPE *yyvsp;



#define YYPOPSTACK(N)   (yyvsp -= (N), yyssp -= (N))

  YYSIZE_T yystacksize = YYINITDEPTH;

  /* The variables used to return semantic value and location from the
     action routines.  */
  YYSTYPE yyval;


  /* The number of symbols on the RHS of the reduced rule.
     Keep to zero when no symbol should be popped.  */
  int yylen = 0;

  YYDPRINTF ((stderr, "Starting parse\n"));

  yystate = 0;
  yyerrstatus = 0;
  yynerrs = 0;
  yychar = YYEMPTY;		/* Cause a token to be read.  */

  /* Initialize stack pointers.
     Waste one element of value and location stack
     so that they stay on the same level as the state stack.
     The wasted elements are never initialized.  */

  yyssp = yyss;
  yyvsp = yyvs;

  goto yysetstate;

/*------------------------------------------------------------.
| yynewstate -- Push a new state, which is found in yystate.  |
`------------------------------------------------------------*/
 yynewstate:
  /* In all cases, when you get here, the value and location stacks
     have just been pushed.  So pushing a state here evens the stacks.  */
  yyssp++;

 yysetstate:
  *yyssp = yystate;

  if (yyss + yystacksize - 1 <= yyssp)
    {
      /* Get the current used size of the three stacks, in elements.  */
      YYSIZE_T yysize = yyssp - yyss + 1;

#ifdef yyoverflow
      {
	/* Give user a chance to reallocate the stack.  Use copies of
	   these so that the &'s don't force the real ones into
	   memory.  */
	YYSTYPE *yyvs1 = yyvs;
	yytype_int16 *yyss1 = yyss;


	/* Each stack pointer address is followed by the size of the
	   data in use in that stack, in bytes.  This used to be a
	   conditional around just the two extra args, but that might
	   be undefined if yyoverflow is a macro.  */
	yyoverflow (YY_("memory exhausted"),
		    &yyss1, yysize * sizeof (*yyssp),
		    &yyvs1, yysize * sizeof (*yyvsp),

		    &yystacksize);

	yyss = yyss1;
	yyvs = yyvs1;
      }
#else /* no yyoverflow */
# ifndef YYSTACK_RELOCATE
      goto yyexhaustedlab;
# else
      /* Extend the stack our own way.  */
      if (YYMAXDEPTH <= yystacksize)
	goto yyexhaustedlab;
      yystacksize *= 2;
      if (YYMAXDEPTH < yystacksize)
	yystacksize = YYMAXDEPTH;

      {
	yytype_int16 *yyss1 = yyss;
	union yyalloc *yyptr =
	  (union yyalloc *) YYSTACK_ALLOC (YYSTACK_BYTES (yystacksize));
	if (! yyptr)
	  goto yyexhaustedlab;
	YYSTACK_RELOCATE (yyss);
	YYSTACK_RELOCATE (yyvs);

#  undef YYSTACK_RELOCATE
	if (yyss1 != yyssa)
	  YYSTACK_FREE (yyss1);
      }
# endif
#endif /* no yyoverflow */

      yyssp = yyss + yysize - 1;
      yyvsp = yyvs + yysize - 1;


      YYDPRINTF ((stderr, "Stack size increased to %lu\n",
		  (unsigned long int) yystacksize));

      if (yyss + yystacksize - 1 <= yyssp)
	YYABORT;
    }

  YYDPRINTF ((stderr, "Entering state %d\n", yystate));

  goto yybackup;

/*-----------.
| yybackup.  |
`-----------*/
yybackup:

  /* Do appropriate processing given the current state.  Read a
     look-ahead token if we need one and don't already have one.  */

  /* First try to decide what to do without reference to look-ahead token.  */
  yyn = yypact[yystate];
  if (yyn == YYPACT_NINF)
    goto yydefault;

  /* Not known => get a look-ahead token if don't already have one.  */

  /* YYCHAR is either YYEMPTY or YYEOF or a valid look-ahead symbol.  */
  if (yychar == YYEMPTY)
    {
      YYDPRINTF ((stderr, "Reading a token: "));
      yychar = YYLEX;
    }

  if (yychar <= YYEOF)
    {
      yychar = yytoken = YYEOF;
      YYDPRINTF ((stderr, "Now at end of input.\n"));
    }
  else
    {
      yytoken = YYTRANSLATE (yychar);
      YY_SYMBOL_PRINT ("Next token is", yytoken, &yylval, &yylloc);
    }

  /* If the proper action on seeing token YYTOKEN is to reduce or to
     detect an error, take that action.  */
  yyn += yytoken;
  if (yyn < 0 || YYLAST < yyn || yycheck[yyn] != yytoken)
    goto yydefault;
  yyn = yytable[yyn];
  if (yyn <= 0)
    {
      if (yyn == 0 || yyn == YYTABLE_NINF)
	goto yyerrlab;
      yyn = -yyn;
      goto yyreduce;
    }

  if (yyn == YYFINAL)
    YYACCEPT;

  /* Count tokens shifted since error; after three, turn off error
     status.  */
  if (yyerrstatus)
    yyerrstatus--;

  /* Shift the look-ahead token.  */
  YY_SYMBOL_PRINT ("Shifting", yytoken, &yylval, &yylloc);

  /* Discard the shifted token unless it is eof.  */
  if (yychar != YYEOF)
    yychar = YYEMPTY;

  yystate = yyn;
  *++yyvsp = yylval;

  goto yynewstate;


/*-----------------------------------------------------------.
| yydefault -- do the default action for the current state.  |
`-----------------------------------------------------------*/
yydefault:
  yyn = yydefact[yystate];
  if (yyn == 0)
    goto yyerrlab;
  goto yyreduce;


/*-----------------------------.
| yyreduce -- Do a reduction.  |
`-----------------------------*/
yyreduce:
  /* yyn is the number of a rule to reduce with.  */
  yylen = yyr2[yyn];

  /* If YYLEN is nonzero, implement the default value of the action:
     `$$ = $1'.

     Otherwise, the following line sets YYVAL to garbage.
     This behavior is undocumented and Bison
     users should not rely upon it.  Assigning to YYVAL
     unconditionally makes the parser a bit smaller, and it avoids a
     GCC warning that YYVAL may be used uninitialized.  */
  yyval = yyvsp[1-yylen];


  YY_REDUCE_PRINT (yyn);
  switch (yyn)
    {
        case 6:
#line 183 "foreign-pajek-parser.y"
    {
  igraph_pajek_vcount=(yyvsp[(2) - (2)].intnum);
}
    break;

  case 11:
#line 191 "foreign-pajek-parser.y"
    { igraph_i_pajek_actvertex=(yyvsp[(1) - (1)].intnum); }
    break;

  case 12:
#line 191 "foreign-pajek-parser.y"
    { }
    break;

  case 13:
#line 194 "foreign-pajek-parser.y"
    { (yyval.intnum)=(yyvsp[(1) - (1)].intnum); igraph_pajek_mode=1; }
    break;

  case 14:
#line 196 "foreign-pajek-parser.y"
    {
  igraph_i_pajek_add_string_vertex_attribute("id", (yyvsp[(1) - (1)].string).str, (yyvsp[(1) - (1)].string).len);
}
    break;

  case 16:
#line 201 "foreign-pajek-parser.y"
    { 
  igraph_i_pajek_add_numeric_vertex_attribute("x", (yyvsp[(1) - (2)].realnum));
  igraph_i_pajek_add_numeric_vertex_attribute("y", (yyvsp[(2) - (2)].realnum));
	    }
    break;

  case 17:
#line 205 "foreign-pajek-parser.y"
    { 
  igraph_i_pajek_add_numeric_vertex_attribute("x", (yyvsp[(1) - (3)].realnum));
  igraph_i_pajek_add_numeric_vertex_attribute("y", (yyvsp[(2) - (3)].realnum));
  igraph_i_pajek_add_numeric_vertex_attribute("z", (yyvsp[(3) - (3)].realnum));
	    }
    break;

  case 19:
#line 211 "foreign-pajek-parser.y"
    { 
  igraph_i_pajek_add_string_vertex_attribute("shape", (yyvsp[(1) - (1)].string).str, (yyvsp[(1) - (1)].string).len);	      
}
    break;

  case 23:
#line 219 "foreign-pajek-parser.y"
    {
	 igraph_i_pajek_add_numeric_vertex_attribute("xfact", (yyvsp[(2) - (2)].realnum));
       }
    break;

  case 24:
#line 222 "foreign-pajek-parser.y"
    {
	 igraph_i_pajek_add_numeric_vertex_attribute("yfact", (yyvsp[(2) - (2)].realnum));
       }
    break;

  case 25:
#line 225 "foreign-pajek-parser.y"
    { /* RGB color */
         igraph_i_pajek_add_numeric_vertex_attribute("color-red", (yyvsp[(2) - (4)].realnum));
	 igraph_i_pajek_add_numeric_vertex_attribute("color-green", (yyvsp[(3) - (4)].realnum));
	 igraph_i_pajek_add_numeric_vertex_attribute("color-blue", (yyvsp[(4) - (4)].realnum));
       }
    break;

  case 26:
#line 230 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("framecolor-red", (yyvsp[(2) - (4)].realnum));
	 igraph_i_pajek_add_numeric_vertex_attribute("framecolor-green", (yyvsp[(3) - (4)].realnum));
	 igraph_i_pajek_add_numeric_vertex_attribute("framecolor-blue", (yyvsp[(4) - (4)].realnum));
       }
    break;

  case 27:
#line 235 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("labelcolor-red", (yyvsp[(2) - (4)].realnum));
	 igraph_i_pajek_add_numeric_vertex_attribute("labelcolor-green", (yyvsp[(3) - (4)].realnum));
	 igraph_i_pajek_add_numeric_vertex_attribute("labelcolor-blue", (yyvsp[(4) - (4)].realnum));
       }
    break;

  case 28:
#line 240 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("labeldist", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 29:
#line 243 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("labeldegree2", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 30:
#line 246 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("framewidth", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 31:
#line 249 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("fontsize", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 32:
#line 252 "foreign-pajek-parser.y"
    {       
         igraph_i_pajek_add_numeric_vertex_attribute("rotation", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 33:
#line 255 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("radius", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 34:
#line 258 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("diamondratio", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 35:
#line 261 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("labeldegree", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 36:
#line 264 "foreign-pajek-parser.y"
    {
         igraph_i_pajek_add_numeric_vertex_attribute("vertexsize", (yyvsp[(2) - (2)].realnum));
     }
    break;

  case 37:
#line 269 "foreign-pajek-parser.y"
    { igraph_pajek_mode=3; }
    break;

  case 38:
#line 269 "foreign-pajek-parser.y"
    { 
         igraph_pajek_mode=1;
	 igraph_i_pajek_add_string_vertex_attribute("font", (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
     }
    break;

  case 39:
#line 273 "foreign-pajek-parser.y"
    { igraph_pajek_mode=3; }
    break;

  case 40:
#line 273 "foreign-pajek-parser.y"
    {
         igraph_pajek_mode=1;
	 igraph_i_pajek_add_string_vertex_attribute("url", (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
     }
    break;

  case 41:
#line 277 "foreign-pajek-parser.y"
    { igraph_pajek_mode=3; }
    break;

  case 42:
#line 277 "foreign-pajek-parser.y"
    {
         igraph_pajek_mode=1;
	 igraph_i_pajek_add_string_vertex_attribute("color", (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
     }
    break;

  case 43:
#line 281 "foreign-pajek-parser.y"
    { igraph_pajek_mode=3; }
    break;

  case 44:
#line 281 "foreign-pajek-parser.y"
    {
         igraph_pajek_mode=1;
	 igraph_i_pajek_add_string_vertex_attribute("framecolor", 
						    (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
     }
    break;

  case 45:
#line 286 "foreign-pajek-parser.y"
    { igraph_pajek_mode=3; }
    break;

  case 46:
#line 286 "foreign-pajek-parser.y"
    {
         igraph_pajek_mode=1;
	 igraph_i_pajek_add_string_vertex_attribute("labelcolor", 
						    (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
     }
    break;

  case 47:
#line 293 "foreign-pajek-parser.y"
    { (yyval.string)=(yyvsp[(1) - (1)].string); }
    break;

  case 54:
#line 297 "foreign-pajek-parser.y"
    { igraph_pajek_directed=1; }
    break;

  case 58:
#line 302 "foreign-pajek-parser.y"
    { igraph_i_pajek_actedge++;
	                  igraph_pajek_mode=2; }
    break;

  case 59:
#line 303 "foreign-pajek-parser.y"
    { 
  igraph_vector_push_back(igraph_pajek_vector, (yyvsp[(1) - (6)].intnum)-1);
  igraph_vector_push_back(igraph_pajek_vector, (yyvsp[(2) - (6)].intnum)-1); }
    break;

  case 62:
#line 312 "foreign-pajek-parser.y"
    { igraph_pajek_directed=0; }
    break;

  case 66:
#line 317 "foreign-pajek-parser.y"
    { igraph_i_pajek_actedge++; 
	                    igraph_pajek_mode=2; }
    break;

  case 67:
#line 318 "foreign-pajek-parser.y"
    { 
  igraph_vector_push_back(igraph_pajek_vector, (yyvsp[(1) - (6)].intnum)-1);
  igraph_vector_push_back(igraph_pajek_vector, (yyvsp[(2) - (6)].intnum)-1); }
    break;

  case 71:
#line 327 "foreign-pajek-parser.y"
    {
  igraph_i_pajek_add_numeric_edge_attribute("weight", (yyvsp[(1) - (1)].realnum));
}
    break;

  case 75:
#line 335 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("color-red", (yyvsp[(2) - (4)].realnum));
       igraph_i_pajek_add_numeric_edge_attribute("color-green", (yyvsp[(3) - (4)].realnum));
       igraph_i_pajek_add_numeric_edge_attribute("color-blue", (yyvsp[(4) - (4)].realnum));
   }
    break;

  case 76:
#line 340 "foreign-pajek-parser.y"
    { 
       igraph_i_pajek_add_numeric_edge_attribute("arrowsize", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 77:
#line 343 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("edgewidth", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 78:
#line 346 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("hook1", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 79:
#line 349 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("hook2", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 80:
#line 352 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("angle1", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 81:
#line 355 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("angle2", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 82:
#line 358 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("velocity1", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 83:
#line 361 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("velocity2", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 84:
#line 364 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("arrowpos", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 85:
#line 367 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("labelpos", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 86:
#line 370 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("labelangle", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 87:
#line 373 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("labelangle2", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 88:
#line 376 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("labeldegree", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 89:
#line 379 "foreign-pajek-parser.y"
    {		/* what is this??? */
       igraph_i_pajek_add_numeric_edge_attribute("arrowsize", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 90:
#line 382 "foreign-pajek-parser.y"
    {
       igraph_i_pajek_add_numeric_edge_attribute("fontsize", (yyvsp[(2) - (2)].realnum));
   }
    break;

  case 91:
#line 387 "foreign-pajek-parser.y"
    { igraph_pajek_mode=4; }
    break;

  case 92:
#line 387 "foreign-pajek-parser.y"
    {
      igraph_pajek_mode=2;
      igraph_i_pajek_add_string_edge_attribute("arrowtype", (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
    }
    break;

  case 93:
#line 391 "foreign-pajek-parser.y"
    { igraph_pajek_mode=4; }
    break;

  case 94:
#line 391 "foreign-pajek-parser.y"
    {
      igraph_pajek_mode=2;
      igraph_i_pajek_add_string_edge_attribute("linepattern", (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
    }
    break;

  case 95:
#line 395 "foreign-pajek-parser.y"
    { igraph_pajek_mode=4; }
    break;

  case 96:
#line 395 "foreign-pajek-parser.y"
    {
      igraph_pajek_mode=2;
      igraph_i_pajek_add_string_edge_attribute("label", (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
    }
    break;

  case 97:
#line 399 "foreign-pajek-parser.y"
    { igraph_pajek_mode=4; }
    break;

  case 98:
#line 399 "foreign-pajek-parser.y"
    {
      igraph_pajek_mode=2;
      igraph_i_pajek_add_string_edge_attribute("labelcolor", (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
    }
    break;

  case 99:
#line 403 "foreign-pajek-parser.y"
    { igraph_pajek_mode=4; }
    break;

  case 100:
#line 403 "foreign-pajek-parser.y"
    {
      igraph_pajek_mode=2;
      igraph_i_pajek_add_string_edge_attribute("color", (yyvsp[(3) - (3)].string).str, (yyvsp[(3) - (3)].string).len);
    }
    break;

  case 101:
#line 409 "foreign-pajek-parser.y"
    { igraph_pajek_mode=2; (yyval.string)=(yyvsp[(1) - (1)].string); }
    break;

  case 102:
#line 411 "foreign-pajek-parser.y"
    { igraph_pajek_directed=1; }
    break;

  case 109:
#line 419 "foreign-pajek-parser.y"
    { igraph_pajek_mode=0; igraph_pajek_actfrom=fabs((yyvsp[(1) - (1)].intnum))-1; }
    break;

  case 110:
#line 421 "foreign-pajek-parser.y"
    { 
  igraph_vector_push_back(igraph_pajek_vector, igraph_pajek_actfrom); 
  igraph_vector_push_back(igraph_pajek_vector, fabs((yyvsp[(1) - (1)].intnum))-1); 
}
    break;

  case 111:
#line 426 "foreign-pajek-parser.y"
    { igraph_pajek_directed=0; }
    break;

  case 118:
#line 434 "foreign-pajek-parser.y"
    { igraph_pajek_mode=0; igraph_pajek_actfrom=fabs((yyvsp[(1) - (1)].intnum))-1; }
    break;

  case 119:
#line 436 "foreign-pajek-parser.y"
    { 
  igraph_vector_push_back(igraph_pajek_vector, igraph_pajek_actfrom); 
  igraph_vector_push_back(igraph_pajek_vector, fabs((yyvsp[(1) - (1)].intnum))-1); 
}
    break;

  case 121:
#line 445 "foreign-pajek-parser.y"
    { igraph_pajek_actfrom=0; igraph_pajek_actto=0; }
    break;

  case 124:
#line 449 "foreign-pajek-parser.y"
    { igraph_pajek_actfrom++; igraph_pajek_actto=0; }
    break;

  case 127:
#line 453 "foreign-pajek-parser.y"
    {
  if ((yyvsp[(1) - (1)].intnum)>0) { 
    igraph_vector_push_back(igraph_pajek_vector, igraph_pajek_actfrom);
    igraph_vector_push_back(igraph_pajek_vector, igraph_pajek_actto);
  }
  igraph_pajek_actto++;
}
    break;

  case 128:
#line 463 "foreign-pajek-parser.y"
    { (yyval.intnum)=igraph_pajek_get_number(igraph_pajek_yytext,
					  igraph_pajek_yyleng); }
    break;

  case 129:
#line 466 "foreign-pajek-parser.y"
    { (yyval.realnum)=igraph_pajek_get_number(igraph_pajek_yytext,
					  igraph_pajek_yyleng); }
    break;

  case 132:
#line 471 "foreign-pajek-parser.y"
    { (yyval.string).str=igraph_pajek_yytext; (yyval.string).len=igraph_pajek_yyleng; }
    break;

  case 133:
#line 472 "foreign-pajek-parser.y"
    { (yyval.string).str=igraph_pajek_yytext; (yyval.string).len=igraph_pajek_yyleng; }
    break;

  case 134:
#line 473 "foreign-pajek-parser.y"
    { (yyval.string).str=igraph_pajek_yytext+1; (yyval.string).len=igraph_pajek_yyleng-2; }
    break;


/* Line 1267 of yacc.c.  */
#line 2252 "foreign-pajek-parser.c"
      default: break;
    }
  YY_SYMBOL_PRINT ("-> $$ =", yyr1[yyn], &yyval, &yyloc);

  YYPOPSTACK (yylen);
  yylen = 0;
  YY_STACK_PRINT (yyss, yyssp);

  *++yyvsp = yyval;


  /* Now `shift' the result of the reduction.  Determine what state
     that goes to, based on the state we popped back to and the rule
     number reduced by.  */

  yyn = yyr1[yyn];

  yystate = yypgoto[yyn - YYNTOKENS] + *yyssp;
  if (0 <= yystate && yystate <= YYLAST && yycheck[yystate] == *yyssp)
    yystate = yytable[yystate];
  else
    yystate = yydefgoto[yyn - YYNTOKENS];

  goto yynewstate;


/*------------------------------------.
| yyerrlab -- here on detecting error |
`------------------------------------*/
yyerrlab:
  /* If not already recovering from an error, report this error.  */
  if (!yyerrstatus)
    {
      ++yynerrs;
#if ! YYERROR_VERBOSE
      yyerror (YY_("syntax error"));
#else
      {
	YYSIZE_T yysize = yysyntax_error (0, yystate, yychar);
	if (yymsg_alloc < yysize && yymsg_alloc < YYSTACK_ALLOC_MAXIMUM)
	  {
	    YYSIZE_T yyalloc = 2 * yysize;
	    if (! (yysize <= yyalloc && yyalloc <= YYSTACK_ALLOC_MAXIMUM))
	      yyalloc = YYSTACK_ALLOC_MAXIMUM;
	    if (yymsg != yymsgbuf)
	      YYSTACK_FREE (yymsg);
	    yymsg = (char *) YYSTACK_ALLOC (yyalloc);
	    if (yymsg)
	      yymsg_alloc = yyalloc;
	    else
	      {
		yymsg = yymsgbuf;
		yymsg_alloc = sizeof yymsgbuf;
	      }
	  }

	if (0 < yysize && yysize <= yymsg_alloc)
	  {
	    (void) yysyntax_error (yymsg, yystate, yychar);
	    yyerror (yymsg);
	  }
	else
	  {
	    yyerror (YY_("syntax error"));
	    if (yysize != 0)
	      goto yyexhaustedlab;
	  }
      }
#endif
    }



  if (yyerrstatus == 3)
    {
      /* If just tried and failed to reuse look-ahead token after an
	 error, discard it.  */

      if (yychar <= YYEOF)
	{
	  /* Return failure if at end of input.  */
	  if (yychar == YYEOF)
	    YYABORT;
	}
      else
	{
	  yydestruct ("Error: discarding",
		      yytoken, &yylval);
	  yychar = YYEMPTY;
	}
    }

  /* Else will try to reuse look-ahead token after shifting the error
     token.  */
  goto yyerrlab1;


/*---------------------------------------------------.
| yyerrorlab -- error raised explicitly by YYERROR.  |
`---------------------------------------------------*/
yyerrorlab:

  /* Pacify compilers like GCC when the user code never invokes
     YYERROR and the label yyerrorlab therefore never appears in user
     code.  */
  if (/*CONSTCOND*/ 0)
     goto yyerrorlab;

  /* Do not reclaim the symbols of the rule which action triggered
     this YYERROR.  */
  YYPOPSTACK (yylen);
  yylen = 0;
  YY_STACK_PRINT (yyss, yyssp);
  yystate = *yyssp;
  goto yyerrlab1;


/*-------------------------------------------------------------.
| yyerrlab1 -- common code for both syntax error and YYERROR.  |
`-------------------------------------------------------------*/
yyerrlab1:
  yyerrstatus = 3;	/* Each real token shifted decrements this.  */

  for (;;)
    {
      yyn = yypact[yystate];
      if (yyn != YYPACT_NINF)
	{
	  yyn += YYTERROR;
	  if (0 <= yyn && yyn <= YYLAST && yycheck[yyn] == YYTERROR)
	    {
	      yyn = yytable[yyn];
	      if (0 < yyn)
		break;
	    }
	}

      /* Pop the current state because it cannot handle the error token.  */
      if (yyssp == yyss)
	YYABORT;


      yydestruct ("Error: popping",
		  yystos[yystate], yyvsp);
      YYPOPSTACK (1);
      yystate = *yyssp;
      YY_STACK_PRINT (yyss, yyssp);
    }

  if (yyn == YYFINAL)
    YYACCEPT;

  *++yyvsp = yylval;


  /* Shift the error token.  */
  YY_SYMBOL_PRINT ("Shifting", yystos[yyn], yyvsp, yylsp);

  yystate = yyn;
  goto yynewstate;


/*-------------------------------------.
| yyacceptlab -- YYACCEPT comes here.  |
`-------------------------------------*/
yyacceptlab:
  yyresult = 0;
  goto yyreturn;

/*-----------------------------------.
| yyabortlab -- YYABORT comes here.  |
`-----------------------------------*/
yyabortlab:
  yyresult = 1;
  goto yyreturn;

#ifndef yyoverflow
/*-------------------------------------------------.
| yyexhaustedlab -- memory exhaustion comes here.  |
`-------------------------------------------------*/
yyexhaustedlab:
  yyerror (YY_("memory exhausted"));
  yyresult = 2;
  /* Fall through.  */
#endif

yyreturn:
  if (yychar != YYEOF && yychar != YYEMPTY)
     yydestruct ("Cleanup: discarding lookahead",
		 yytoken, &yylval);
  /* Do not reclaim the symbols of the rule which action triggered
     this YYABORT or YYACCEPT.  */
  YYPOPSTACK (yylen);
  YY_STACK_PRINT (yyss, yyssp);
  while (yyssp != yyss)
    {
      yydestruct ("Cleanup: popping",
		  yystos[*yyssp], yyvsp);
      YYPOPSTACK (1);
    }
#ifndef yyoverflow
  if (yyss != yyssa)
    YYSTACK_FREE (yyss);
#endif
#if YYERROR_VERBOSE
  if (yymsg != yymsgbuf)
    YYSTACK_FREE (yymsg);
#endif
  /* Make sure YYID is used.  */
  return YYID (yyresult);
}


#line 475 "foreign-pajek-parser.y"


int igraph_pajek_yyerror(char *s)
{
  char str[200];  
  igraph_i_pajek_reset_scanner();
  snprintf(str, sizeof(str), "Parse error in pajek file, line %li", 
	   (long)igraph_pajek_mylineno);
  IGRAPH_ERROR(str, IGRAPH_PARSEERROR);
}

igraph_real_t igraph_pajek_get_number(const char *str, long int length) {
  igraph_real_t num;
  char *tmp=Calloc(length+1, char);
  
  strncpy(tmp, str, length);
  tmp[length]='\0';
  sscanf(tmp, "%lf", &num);
  Free(tmp);
  return num;
} 

/* TODO: NA's */

int igraph_i_pajek_add_numeric_attribute(igraph_trie_t *names,
					 igraph_vector_ptr_t *attrs,
					 long int count,
					 const char *attrname,
					 igraph_integer_t vid,
					 igraph_real_t number) {
  long int attrsize=igraph_trie_size(names);
  long int id;
  igraph_vector_t *na;
  igraph_i_attribute_record_t *rec;

  igraph_trie_get(names, attrname, &id);
  if (id == attrsize) {
    /* add a new attribute */
    rec=Calloc(1, igraph_i_attribute_record_t);
    na=Calloc(1, igraph_vector_t);
    igraph_vector_init(na, count);
    rec->name=strdup(attrname);
    rec->type=IGRAPH_ATTRIBUTE_NUMERIC;
    rec->value=na;
    igraph_vector_ptr_push_back(attrs, rec);
  }
  rec=VECTOR(*attrs)[id];
  na=(igraph_vector_t*)rec->value;
  if (igraph_vector_size(na) == vid) {
    IGRAPH_CHECK(igraph_vector_push_back(na, number));
  } else if (igraph_vector_size(na) < vid) {
    long int origsize=igraph_vector_size(na);
    IGRAPH_CHECK(igraph_vector_resize(na, (long int)vid+1));
    for (;origsize<count; origsize++) {
      VECTOR(*na)[origsize] = IGRAPH_NAN;
    }
    VECTOR(*na)[(long int) vid] = number;
  } else { 
    VECTOR(*na)[(long int) vid] = number;
  }    

  return 0;
}

/* TODO: NA's */

int igraph_i_pajek_add_string_attribute(igraph_trie_t *names,
					igraph_vector_ptr_t *attrs,
					long int count,
					const char *attrname,
					igraph_integer_t vid,
					const char *str) {
  long int attrsize=igraph_trie_size(names);
  long int id;
  igraph_strvector_t *na;
  igraph_i_attribute_record_t *rec;
  long int i;

  igraph_trie_get(names, attrname, &id);
  if (id == attrsize) {
    /* add a new attribute */
    rec=Calloc(1, igraph_i_attribute_record_t);
    na=Calloc(1, igraph_strvector_t);
    igraph_strvector_init(na, count);
    for (i=0; i<count; i++) {
      igraph_strvector_set(na, i, "");
    }
    rec->name=strdup(attrname);
    rec->type=IGRAPH_ATTRIBUTE_STRING;
    rec->value=na;
    igraph_vector_ptr_push_back(attrs, rec);
  }
  rec=VECTOR(*attrs)[id];
  na=(igraph_strvector_t*)rec->value;
  if (igraph_strvector_size(na) <= vid) { 
    long int origsize=igraph_strvector_size(na);
    IGRAPH_CHECK(igraph_strvector_resize(na, vid+1));
    for (;origsize<count; origsize++) {
      igraph_strvector_set(na, origsize, "");
    }
  }
  igraph_strvector_set(na, vid, str);

  return 0;
}

int igraph_i_pajek_add_string_vertex_attribute(const char *name, 
					       const char *value,
					       int len) {
  char *tmp;
  int ret;

  tmp=Calloc(len+1, char);
  if (tmp==0) {
    IGRAPH_ERROR("cannot add element to hash table", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmp);
  strncpy(tmp, value, len);
  tmp[len]='\0';

  ret=igraph_i_pajek_add_string_attribute(igraph_i_pajek_vertex_attribute_names,
					  igraph_i_pajek_vertex_attributes,
					  igraph_pajek_vcount,
					  name, igraph_i_pajek_actvertex-1,
					  tmp);
  
  Free(tmp);
  IGRAPH_FINALLY_CLEAN(1);
  
  return ret;
}

int igraph_i_pajek_add_string_edge_attribute(const char *name, 
					     const char *value,
					     int len) {
  char *tmp;
  int ret;

  tmp=Calloc(len+1, char);
  if (tmp==0) {
    IGRAPH_ERROR("cannot add element to hash table", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmp);
  strncpy(tmp, value, len);
  tmp[len]='\0';
  
  ret=igraph_i_pajek_add_string_attribute(igraph_i_pajek_edge_attribute_names,
					  igraph_i_pajek_edge_attributes,
					  igraph_i_pajek_actedge,
					  name, igraph_i_pajek_actedge-1,
					  tmp);

  Free(tmp);
  IGRAPH_FINALLY_CLEAN(1);
  
  return ret;
}

int igraph_i_pajek_add_numeric_vertex_attribute(const char *name, 
						igraph_real_t value) {
  
  return
    igraph_i_pajek_add_numeric_attribute(igraph_i_pajek_vertex_attribute_names,
					 igraph_i_pajek_vertex_attributes,
					 igraph_pajek_vcount,
					 name, igraph_i_pajek_actvertex-1,
					 value);
}

int igraph_i_pajek_add_numeric_edge_attribute(const char *name, 
					      igraph_real_t value) {

  return
    igraph_i_pajek_add_numeric_attribute(igraph_i_pajek_edge_attribute_names,
					 igraph_i_pajek_edge_attributes,
					 igraph_i_pajek_actedge,
					 name, igraph_i_pajek_actedge-1,
					 value);
}








igraph-0.4.2/igraph/igraph_pmt.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#define CONCAT2x(a,b) a ## _ ## b 
#define CONCAT2(a,b) CONCAT2x(a,b)
#define CONCAT3x(a,b,c) a ## _ ## b ## _ ## c
#define CONCAT3(a,b,c) CONCAT3x(a,b,c)
#define CONCAT4x(a,b,c,d) a ## _ ## b ## _ ## c ## _ ## d
#define CONCAT4(a,b,c,d) CONCAT4x(a,b,c,d)

#if defined(BASE_IGRAPH_REAL)
#define BASE igraph_real_t
#define SHORT
#define ATOMIC
#define MULTIPLICITY 1
#define FP 1
#define IN_FORMAT "%lg"
#define OUT_FORMAT "%g"
#define ATOMIC_IO ATOMIC
#define ZERO 0.0
#define ONE 1.0
#define BASE_EPSILON GSL_DBL_EPSILON

#elif defined(BASE_LONG)
#define BASE long
#define SHORT long
#define ATOMIC long
#define MULTIPLICITY 1
#define IN_FORMAT "%ld"
#define OUT_FORMAT "%ld"
#define ATOMIC_IO ATOMIC
#define ZERO 0L
#define ONE 1L

#elif defined(BASE_CHAR)
#define BASE char
#define SHORT char
#define ATOMIC char
#define MULTIPLICITY 1
#define IN_FORMAT "%d"
#define OUT_FORMAT "%d"
#define ATOMIC_IO int
#define ZERO 0
#define ONE 1

#else
#error unknown BASE_ directive
#endif

#if defined(BASE_IGRAPH_REAL)
#define FUNCTION(dir,name) CONCAT2(dir,name)
#define TYPE(dir) CONCAT2(dir,t)
#else
#define FUNCTION(a,c) CONCAT3(a,SHORT,c)
#define TYPE(dir) CONCAT3(dir,SHORT,t)
#endif







igraph-0.4.2/igraph/igraph_psumtree.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006 Elliot Paquette <Elliot.Paquette05@kzoo.edu>
   Kalamazoo College, 1200 Academy st, Kalamazoo, MI

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "error.h"

#include <math.h>
#include <stdio.h>

double igraph_i_log2(double f) {
  return log(f) / log(2.0);
}

int igraph_psumtree_init(igraph_psumtree_t *t, long int size) {
  t->size=size;
  t->offset=pow(2, ceil(igraph_i_log2(size)))-1;
  IGRAPH_CHECK(igraph_vector_init((igraph_vector_t *)t, t->offset+t->size));
  return 0;
}

void igraph_psumtree_destroy(igraph_psumtree_t *t) {
  igraph_vector_destroy((igraph_vector_t *)t);
}

igraph_real_t igraph_psumtree_get(const igraph_psumtree_t *t, long int idx) {
  const igraph_vector_t *tree=&t->v;
  return VECTOR(*tree)[t->offset+idx];
}

int igraph_psumtree_search(const igraph_psumtree_t *t, long int *idx,
			   igraph_real_t search) {
  const igraph_vector_t *tree=&t->v;
  long int i = 1;
  long int size = igraph_vector_size(tree);
  
  while( 2*i+1 <= size) {
    if( search <= VECTOR(*tree)[i*2-1] ) {
      i <<= 1;	
    } else {
      search -= VECTOR(*tree)[i*2-1];
      i <<= 1;
      i += 1;
    }
  }
  if (2*i <= size) {
    i=2*i;
  }

  *idx = i-t->offset-1;
  return IGRAPH_SUCCESS;
}

int igraph_psumtree_update(igraph_psumtree_t *t, long int idx, 
			   igraph_real_t new_value) {
  const igraph_vector_t *tree=&t->v;
  igraph_real_t difference;
  
  idx = idx + t->offset+1;
  difference = new_value - VECTOR(*tree)[idx-1];
  
  while( idx >= 1 ) {
    VECTOR(*tree)[idx-1] += difference;
    idx >>= 1;
  }
  return IGRAPH_SUCCESS;	
}

long int igraph_psumtree_size(const igraph_psumtree_t *t) {
  return t->size;
}

igraph_real_t igraph_psumtree_sum(const igraph_psumtree_t *t) {
  return VECTOR(t->v)[0];
}







igraph-0.4.2/igraph/operators.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "error.h"
#include "memory.h"

/**
 * \function igraph_disjoint_union
 * \brief Creates the union of two disjoint graphs
 *
 * </para><para>
 * First the vertices of the second graph will be relabeled with new
 * vertex ids to have two disjoint sets of vertex ids, then the union
 * of the two graphs will be formed.
 * If the two graphs have |V1| and |V2| vertices and |E1| and |E2|
 * edges respectively then the new graph will have |V1|+|V2| vertices
 * and |E1|+|E2| edges. 
 *
 * </para><para>
 * Both graphs need to have the same directedness, ie. either both
 * directed or both undirected.
 * 
 * </para><para>
 * The current version of this function cannot handle graph, vertex
 * and edge attributes, they will be lost.
 *
 * \param res  Pointer to an uninitialized graph object, the result
 *        will stored here.
 * \param left The first graph.
 * \param right The second graph.
 * \return Error code.
 * \sa \ref igraph_disjoint_union_many() for creating the disjoint union
 * of more than two graphs, \ref igraph_union() for non-disjoint
 * union.
 * 
 * Time complexity: O(|V1|+|V2|+|E1|+|E2|).
 */

int igraph_disjoint_union(igraph_t *res, const igraph_t *left, 
			  const igraph_t *right) {

  long int no_of_nodes_left=igraph_vcount(left);
  long int no_of_nodes_right=igraph_vcount(right);
  long int no_of_edges_left=igraph_ecount(left);
  long int no_of_edges_right=igraph_ecount(right);
  igraph_vector_t edges;
  igraph_bool_t directed_left=igraph_is_directed(left);
  igraph_integer_t from, to;
  long int i;
  
  if (directed_left != igraph_is_directed(right)) {
    IGRAPH_ERROR("Cannot union directed and undirected graphs",
		 IGRAPH_EINVAL);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, 
				     2*(no_of_edges_left+no_of_edges_right)));
  for (i=0; i<no_of_edges_left; i++) {
    igraph_edge(left, i, &from, &to);
    igraph_vector_push_back(&edges, from);
    igraph_vector_push_back(&edges, to);
  }
  for (i=0; i<no_of_edges_right; i++) {
    igraph_edge(right, i, &from, &to);
    igraph_vector_push_back(&edges, from+no_of_nodes_left);
    igraph_vector_push_back(&edges, to+no_of_nodes_left);
  }
  
  IGRAPH_CHECK(igraph_create(res, &edges, no_of_nodes_left+no_of_nodes_right, 
			     directed_left));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_disjoint_union_many
 * The disjint union of many graphs.
 *
 * </para><para>
 * First the vertices in the graphs will be relabed with new vertex
 * ids to have pairwise disjoint vertex id sets and then the union of
 * the graphs is formed.
 * The number of vertices and edges in the result is the total number
 * of vertices and edges in the graphs.
 * 
 * </para><para>
 * Both graphs need to have the same directedness, ie. either both
 * directed or both undirected.
 * 
 * </para><para>
 * The current version of this function cannot handle graph, vertex
 * and edge attributes, they will be lost.
 *
 * \param res Pointer to an uninitialized graph object, the result of
 *        the operation will be stored here.
 * \param graphs Pointer vector, contains pointers to initialized
 *        graph objects.
 * \return Error code.
 * \sa \ref igraph_disjoint_union() for an easier syntax if you have
 * only two graphs, \ref igraph_union_many() for non-disjoint union.
 *
 * Time complexity: O(|V|+|E|), the number of vertices plus the number
 * of edges in the result.
 */

int igraph_disjoint_union_many(igraph_t *res, 
			       const igraph_vector_ptr_t *graphs) {
  long int no_of_graphs=igraph_vector_ptr_size(graphs);
  igraph_bool_t directed=1;
  igraph_vector_t edges;
  long int no_of_edges=0;
  long int shift=0;
  igraph_t *graph;
  long int i, j;
  igraph_integer_t from, to;
  
  if (no_of_graphs != 0) {
    graph=VECTOR(*graphs)[0];
    directed=igraph_is_directed(graph);
    for (i=0; i<no_of_graphs; i++) {      
      graph=VECTOR(*graphs)[i];
      no_of_edges += igraph_ecount(graph);
      if (directed != igraph_is_directed(graph)) {
	IGRAPH_ERROR("Cannot union directed and undirected graphs", 
		     IGRAPH_EINVAL);
      }
    }
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, 2*no_of_edges));
  
  for (i=0; i<no_of_graphs; i++) {
    long int ec;
    graph=VECTOR(*graphs)[i];    
    ec=igraph_ecount(graph);
    for (j=0; j<ec; j++) {
      igraph_edge(graph, j, &from, &to);
      igraph_vector_push_back(&edges, from+shift);
      igraph_vector_push_back(&edges, to+shift);
    }
    shift += igraph_vcount(graph);
  }
  
  IGRAPH_CHECK(igraph_create(res, &edges, shift, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_intersection
 * \brief Collect the common edges from two graphs.
 * 
 * </para><para>
 * The result graph contains only edges present both in the first and
 * the second graph. The number of vertices in the result graph is the
 * same as the larger from the two arguments.
 * 
 * \param res Pointer to an uninitialized graph object. This will
 * contain the result of the operation.
 * \param left The first operand, a graph object.
 * \param right The second operand, a graph object.
 * \return Error code.
 * \sa \ref igraph_intersection_many() to calculate the intersection
 * of many graphs at once, \ref igraph_union(), \ref
 * igraph_difference() for other operators.
 * 
 * Time complexity: O(|V|+|E|), |V| is the number of nodes, |E|
 * is the number of edges in the smaller graph of the two. (The one 
 * containing less vertices is considered smaller.)
 */

int igraph_intersection(igraph_t *res,
			const igraph_t *left, const igraph_t *right) {
  
  long int no_of_nodes_left=igraph_vcount(left);
  long int no_of_nodes_right=igraph_vcount(right);
  long int no_of_nodes;
  long int smaller_nodes;
  igraph_bool_t directed=igraph_is_directed(left);
  igraph_vector_t edges;
  igraph_vector_t nei1, nei2;
  long int i,j1,j2,n1,n2;
  igraph_integer_t v1, v2;

  if (directed != igraph_is_directed(right)) {
    IGRAPH_ERROR("Cannot intersect directed and undirected graph",
		 IGRAPH_EINVAL);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&nei1, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&nei2, 0);

  no_of_nodes= no_of_nodes_left > no_of_nodes_right ? 
    no_of_nodes_left : no_of_nodes_right;
  smaller_nodes= no_of_nodes_left < no_of_nodes_right ? 
    no_of_nodes_left : no_of_nodes_right;

  for (i=0; i<smaller_nodes; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_neighbors(left, &nei1, i, IGRAPH_OUT));
    IGRAPH_CHECK(igraph_neighbors(right, &nei2, i, IGRAPH_OUT));
    if (!directed) {
      igraph_vector_filter_smaller(&nei1, i);
      igraph_vector_filter_smaller(&nei2, i);
    }
    n1=igraph_vector_size(&nei1);
    n2=igraph_vector_size(&nei2);
    j1=j2=0;
    while (j1<n1 && j2<n2) {
      v1=VECTOR(nei1)[j1]; v2=VECTOR(nei2)[j2];
      if (v1 < v2) {
	j1++;
      } else if (v1 > v2) {
	j2++; 
      } else {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, v1));
	j1++; 
	j2++;
      }
    }
  }

  IGRAPH_CHECK(igraph_create(res, &edges, no_of_nodes, directed));
  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&nei1);
  igraph_vector_destroy(&nei2);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

void igraph_i_intersection_many_free(igraph_vector_ptr_t *v) {
  long int i, n=igraph_vector_ptr_size(v);
  for (i=0; i<n; i++) { 
    if (VECTOR(*v)[i] != 0) {
      igraph_vector_destroy(VECTOR(*v)[i]);
      Free(VECTOR(*v)[i]);
    }
  }
  igraph_vector_ptr_destroy(v);
}

/**
 * \function igraph_intersection_many
 * \brief The intersection of more than two graphs.
 * 
 * </para><para> 
 * This function calculates the intersection of the graphs stored in
 * the \c graphs argument. Only those edges will be included in the
 * result graph which are part of every graph in \c graphs.
 *
 * </para><para>
 * The number of vertices in the result graph will be the maximum
 * number of vertices in the argument graphs.
 *
 * \param res Pointer to an uninitialized graph object, the result of
 *        the operation will be stored here.
 * \param graphs Pointer vector, contains pointers to graphs objects,
 *        the operands of the intersection operator.
 * \return Error code.
 * \sa \ref igraph_intersection() for the intersection of two graphs, 
 * \ref igraph_union_many(), \ref igraph_union() and \ref
 * igraph_difference() for other operators.
 * 
 * Time complexity: O(|V|+|E|), |V| is the number of vertices,
 * |E| is the number of edges in the smallest graph (ie. the graph having
 * the less vertices).
 */

int igraph_intersection_many(igraph_t *res, 
			     const igraph_vector_ptr_t *graphs) {

  long int no_of_graphs=igraph_vector_ptr_size(graphs);
  long int no_of_nodes=0;
  long int smallest_nodes=0;
  igraph_bool_t directed=1;
  igraph_vector_t edges;
  igraph_vector_ptr_t neivects;
  igraph_vector_t neiptr;
  long int i, j;
  
  /* Check directedness */
  if (no_of_graphs != 0) {
    directed=igraph_is_directed(VECTOR(*graphs)[0]);
    no_of_nodes=smallest_nodes=igraph_vcount(VECTOR(*graphs)[0]);
  }
  for (i=1; i<no_of_graphs; i++) {
    if (directed != igraph_is_directed(VECTOR(*graphs)[i])) {
      IGRAPH_ERROR("Cannot intersect directed and undirected graphs",
		   IGRAPH_EINVAL);
    }
  }

  /* Calculate number of nodes */
  for (i=0; i<no_of_graphs; i++) {
    long int n=igraph_vcount(VECTOR(*graphs)[i]);
    if (n < smallest_nodes) {
      smallest_nodes=n;
    } else if (n > no_of_nodes) {
      no_of_nodes=n;
    }
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&neiptr, no_of_graphs);

  /* Init neighbor vectors */
  if (no_of_graphs != 0) {
    IGRAPH_CHECK(igraph_vector_ptr_init(&neivects, no_of_graphs));
    IGRAPH_FINALLY(igraph_i_intersection_many_free, &neivects);
  }
  for (i=0; i<no_of_graphs; i++) {
    VECTOR(neivects)[i]=Calloc(1, igraph_vector_t);
    if (VECTOR(neivects)[i]==0) { 
      IGRAPH_ERROR("Cannot intersect graphs", IGRAPH_ENOMEM);
    }
    IGRAPH_CHECK(igraph_vector_init(VECTOR(neivects)[i], 0));
  }

  /* Main part */
  for (i=0; i<smallest_nodes; i++) {
    igraph_bool_t l;
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* get neighbors */
    for (j=0; j<no_of_graphs; j++) {
      IGRAPH_CHECK(igraph_neighbors(VECTOR(*graphs)[j], VECTOR(neivects)[j], i,
				    IGRAPH_OUT));
      if (!directed) {
	igraph_vector_filter_smaller(VECTOR(neivects)[j], i);
      }
    }
    igraph_vector_null(&neiptr);

    /* check if there are more edges */
    l=1; j=0;
    while (l && j<no_of_graphs) {
      l = VECTOR(neiptr)[j] < igraph_vector_size(VECTOR(neivects)[j]);
      j++;
    }

    while (l) {
      
      /* get largest head element and decide whether all head elements
	 are the same */
      igraph_bool_t k=1;
      long int head=VECTOR(*(igraph_vector_t*)VECTOR(neivects)[0])
	[(long int)VECTOR(neiptr)[0]];
      long int maxhead=head;
      for (j=1; j<no_of_graphs; j++) {
	long int h=VECTOR(*(igraph_vector_t*)VECTOR(neivects)[j])
	  [(long int)VECTOR(neiptr)[j]];
	k= (k && head==h);
	if (h > maxhead) {
	  maxhead=h;
	}
      }
      
      /* add edge if common, remove head elements */
      if (k) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, head));
	for (j=0; j<no_of_graphs; j++) {
	  VECTOR(neiptr)[j] += 1;
	}
      } else {
	for (j=0; j<no_of_graphs; j++) {
	  while (VECTOR(neiptr)[j] < igraph_vector_size(VECTOR(neivects)[j]) &&
		 VECTOR(*(igraph_vector_t*)VECTOR(neivects)[j])
		 [ (long int) VECTOR(neiptr)[j]] < maxhead){
	    VECTOR(neiptr)[j] += 1;
	  }
	}
      }

      /* update l, check if there are more edges */
      l=1; j=0;
      while (l && j<no_of_graphs) {
	l = VECTOR(neiptr)[j] < igraph_vector_size(VECTOR(neivects)[j]);
	j++;
      }
      
    }
  }
      
  if (no_of_graphs != 0) {
    for (i=0; i<no_of_graphs; i++) {
      igraph_vector_destroy(VECTOR(neivects)[i]);
      Free(VECTOR(neivects)[i]);
    }
    igraph_vector_ptr_destroy(&neivects);
    IGRAPH_FINALLY_CLEAN(1);
  }

  IGRAPH_CHECK(igraph_create(res, &edges, no_of_nodes, directed));
  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&neiptr);
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

/**
 * \function igraph_union
 * \brief Calculates the union of two graphs.
 * 
 * </para><para>
 * The number of vertices in the result is that of the larger graph
 * from the two arguments. The result graph contains edges which are
 * present in at least one of the operand graphs.
 * 
 * \param res Pointer to an uninitialized graph object, the result
 *        will be stored here.
 * \param left The first graph.
 * \param right The second graph.
 * \return Error code.
 * \sa \ref igraph_union_many() for the union of many graphs, 
 * \ref igraph_intersection() and \ref igraph_difference() for other
 * operators. 
 * 
 * Time complexity: O(|V|+|E|), |V| is the number of
 * vertices, |E| the number of edges in the result graph.
 */

int igraph_union(igraph_t *res, 
		 const igraph_t *left, const igraph_t *right) {
  
  long int no_of_nodes_left=igraph_vcount(left);
  long int no_of_nodes_right=igraph_vcount(right);
  long int no_of_nodes;
  igraph_bool_t directed=igraph_is_directed(left);
  igraph_vector_t edges;
  igraph_vector_t nei1, nei2;
  long int i;

  if (directed != igraph_is_directed(right)) {
    IGRAPH_ERROR("Cannot make union of directed and undirected graph",
		 IGRAPH_EINVAL);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&nei1, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&nei2, 0);

  no_of_nodes=no_of_nodes_left > no_of_nodes_right ?
    no_of_nodes_left : no_of_nodes_right;
  
  for (i=0; i<no_of_nodes; i++) {
    long int n1=0, n2=0, p1=0, p2=0;
    IGRAPH_ALLOW_INTERRUPTION();
    if (i<no_of_nodes_left) {
      IGRAPH_CHECK(igraph_neighbors(left, &nei1, i, IGRAPH_OUT));
      if (!directed) {
	igraph_vector_filter_smaller(&nei1, i);
      }
      n1=igraph_vector_size(&nei1);
    }
    if (i<no_of_nodes_right) {
      IGRAPH_CHECK(igraph_neighbors(right, &nei2, i, IGRAPH_OUT));
      if (!directed) {
	igraph_vector_filter_smaller(&nei2, i);
      }
      n2=igraph_vector_size(&nei2);
    }
    
    while (p1<n1 || p2<n2) {
      if (p2>=n2 || (p1<n1 && VECTOR(nei1)[p1] < VECTOR(nei2)[p2])) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, VECTOR(nei1)[p1]));
	p1++;
      } else if (p1>=n1 || (p2<n2 && VECTOR(nei1)[p1] > VECTOR(nei2)[p2])) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, VECTOR(nei2)[p2]));
	p2++;
      } else {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, VECTOR(nei1)[p1]));
	p1++;
	p2++;
      }
    }
  }
  
  IGRAPH_CHECK(igraph_create(res, &edges, no_of_nodes, directed));
  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&nei1);
  igraph_vector_destroy(&nei2);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}
	
void igraph_i_union_many_free(igraph_vector_ptr_t *v) {
  long int i, n=igraph_vector_ptr_size(v);
  for (i=0; i<n; i++) { 
    if (VECTOR(*v)[i] != 0) {
      igraph_vector_destroy(VECTOR(*v)[i]);
      Free(VECTOR(*v)[i]);
    }
  }
  igraph_vector_ptr_destroy(v);
}

/**
 * \function igraph_union_many
 * \brief Creates the union of many graphs.
 * 
 * </para><para> 
 * The result graph will contain as many vertices as the largest graph
 * among the agruments does, and an edge will be included in it if it
 * is part of at least one operand graph.
 * 
 * </para><para>
 * The directedness of the operand graphs must be the same.
 * 
 * \param res Pointer to an uninitialized graph object, this will
 *        contain the result.
 * \param graphs Pointer vector, contains pointers to the operands of
 *        the union operator, graph objects of course.
 * \return Error code.
 * \sa \ref igraph_union() for the union of two graphs, \ref
 * igraph_intersection_many(), \ref igraph_intersection() and \ref
 * igraph_difference for other operators.
 * 
 * 
 * Time complexity: O(|V|+|E|), |V| is the number of vertices
 * in largest graph and |E| is the number of edges in the result graph.
 */

int igraph_union_many(igraph_t *res, const igraph_vector_ptr_t *graphs) {
  
  long int no_of_graphs=igraph_vector_ptr_size(graphs);
  long int no_of_nodes=0;
  igraph_bool_t directed=1;
  igraph_vector_t edges;
  igraph_vector_ptr_t neivects;
  long int i, j;
  
  /* Check directedness */
  if (no_of_graphs != 0) {
    directed=igraph_is_directed(VECTOR(*graphs)[0]);
    no_of_nodes=igraph_vcount(VECTOR(*graphs)[0]);
  }
  for (i=1; i<no_of_graphs; i++) {
    if (directed != igraph_is_directed(VECTOR(*graphs)[i])) {
      IGRAPH_ERROR("Cannot union directed and undirected graphs",
		   IGRAPH_EINVAL);
    }
  }

  /* Calculate number of nodes */
  for (i=0; i<no_of_graphs; i++) {
    long int n=igraph_vcount(VECTOR(*graphs)[i]);
    if (n > no_of_nodes) {
      no_of_nodes=n;
    }
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  /* Init neighbor vectors */
  if (no_of_graphs != 0) {
    IGRAPH_CHECK(igraph_vector_ptr_init(&neivects, no_of_graphs));
    IGRAPH_FINALLY(igraph_i_union_many_free, &neivects);
  }
  for (i=0; i<no_of_graphs; i++) {
    VECTOR(neivects)[i]=Calloc(1, igraph_vector_t);
    if (VECTOR(neivects)[i]==0) { 
      IGRAPH_ERROR("Cannot union graphs", IGRAPH_ENOMEM);
    }
    IGRAPH_CHECK(igraph_vector_init(VECTOR(neivects)[i], 0));
  }
  
  /* Main part */
  for (i=0; i<no_of_nodes; i++) {
    igraph_bool_t l=0;
    long int bigtail;
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* get neighbors */
    for (j=0; j<no_of_graphs; j++) {
      if (i<igraph_vcount(VECTOR(*graphs)[j])) {
	IGRAPH_CHECK(igraph_neighbors(VECTOR(*graphs)[j], VECTOR(neivects)[j], 
				      i, IGRAPH_OUT));
	if (!directed) {
	  igraph_vector_filter_smaller(VECTOR(neivects)[j], i);
	}
	if (!igraph_vector_empty(VECTOR(neivects)[j])) {
	  l=1;
	}
      }
    }

    while (l) {

      /* Get the largest tail element */
      l=0; bigtail=0;
      for (j=0; j<no_of_graphs; j++) {
	if (!l && !igraph_vector_empty(VECTOR(neivects)[j])) {
	  l=1; 
	  bigtail=igraph_vector_tail(VECTOR(neivects)[j]);
	} else if (l && !igraph_vector_empty(VECTOR(neivects)[j])) {
	  long int tail=igraph_vector_tail(VECTOR(neivects)[j]);
	  if (tail > bigtail) {
	    bigtail=tail;
	  }
	}
      }
      
      /* add the edge */
      IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
      IGRAPH_CHECK(igraph_vector_push_back(&edges, bigtail));
      
      /* update neighbors */
      for (j=0; j<no_of_graphs; j++) {
	if (!igraph_vector_empty(VECTOR(neivects)[j]) &&
	    igraph_vector_tail(VECTOR(neivects)[j])==bigtail) {
	  igraph_vector_pop_back(VECTOR(neivects)[j]);
	}
      }
      
      /* Check if there are more edges */
      l=0; j=0;
      while (!l && j<no_of_graphs) {
	l=!igraph_vector_empty(VECTOR(neivects)[j]);
	j++;
      }
    }
  }
  
  if (no_of_graphs != 0) {
    for (i=0; i<no_of_graphs; i++) {
      igraph_vector_destroy(VECTOR(neivects)[i]);
      Free(VECTOR(neivects)[i]);
    }
    igraph_vector_ptr_destroy(&neivects);
    IGRAPH_FINALLY_CLEAN(1);
  }

  IGRAPH_CHECK(igraph_create(res, &edges, no_of_nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_difference
 * \brief Calculate the difference of two graphs
 * 
 * </para><para>
 * The number of vertices in the result is the number of vertices in
 * the original graph, ie. the left, first operand. In the results
 * graph only edges will be included from \c orig which are not
 * present in \c sub.
 * 
 * \param res Pointer to an uninitialized graph object, the result
 * will be stored here.
 * \param orig The left operand of the operator, a graph object.
 * \param sub The right operand of the operator, a graph object.
 * \return Error code.
 * \sa \ref igraph_intersection() and \ref igraph_union() for other
 * operators.
 * 
 * Time complexity: O(|V|+|E|), |V| is the number vertices in
 * the smaller graph, |E| is the
 * number of edges in the result graph.
 */

int igraph_difference(igraph_t *res, 
		      const igraph_t *orig, const igraph_t *sub) {
  long int no_of_nodes_orig=igraph_vcount(orig);
  long int no_of_nodes_sub =igraph_vcount(sub);
  long int no_of_nodes=no_of_nodes_orig;
  long int smaller_nodes;
  igraph_bool_t directed=igraph_is_directed(orig);
  igraph_vector_t edges;
  igraph_vector_t nei1, nei2;
  long int i;
  igraph_integer_t v1, v2;

  if (directed != igraph_is_directed(sub)) {
    IGRAPH_ERROR("Cannot subtract directed and undirected graphs",
		 IGRAPH_EINVAL);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&nei1, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&nei2, 0);
  
  smaller_nodes=no_of_nodes_orig > no_of_nodes_sub ?
    no_of_nodes_sub : no_of_nodes_orig;
  
  for (i=0; i<smaller_nodes; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_neighbors(orig, &nei1, i, IGRAPH_OUT));
    IGRAPH_CHECK(igraph_neighbors(sub, &nei2, i, IGRAPH_OUT));
    if (!directed) {
      igraph_vector_filter_smaller(&nei1, i);
      igraph_vector_filter_smaller(&nei2, i);
    }
    while (!igraph_vector_empty(&nei1) && !igraph_vector_empty(&nei2)) {
      v1=igraph_vector_tail(&nei1);
      v2=igraph_vector_tail(&nei2);
      
      if (v1>v2) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, v1));
	igraph_vector_pop_back(&nei1);
      } else if (v2>v1) {
	igraph_vector_pop_back(&nei2);
      } else {
	igraph_vector_pop_back(&nei1);
	igraph_vector_pop_back(&nei2);
      }
    }

    /* Copy remaining edges */
    while (!igraph_vector_empty(&nei1)) {
      IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
      IGRAPH_CHECK(igraph_vector_push_back(&edges, 
					   igraph_vector_pop_back(&nei1)));
    }
  }

  /* copy remaining edges, use the previous value of 'i' */
  for (; i<no_of_nodes_orig; i++) {
    IGRAPH_CHECK(igraph_neighbors(orig, &nei1, i, IGRAPH_OUT));
    if (!directed) {
      igraph_vector_filter_smaller(&nei1, i);
    }
    while (!igraph_vector_empty(&nei1)) {
      IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
      IGRAPH_CHECK(igraph_vector_push_back(&edges, 
					   igraph_vector_pop_back(&nei1)));
    }
  }

  IGRAPH_CHECK(igraph_create(res, &edges, no_of_nodes, directed));
  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&nei1);
  igraph_vector_destroy(&nei2);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

/**
 * \function igraph_complementer
 * \brief Create the complementer of a graph
 * 
 * </para><para>The complementer graph means that all edges which are
 * not part of the original graph will be included in the result.
 * 
 * \param res Pointer to an uninitialized graph object.
 * \param graph The original graph.
 * \param loops Whether to add loop edges to the complementer graph. 
 * \return Error code.
 * \sa \ref igraph_union(), \ref igraph_intersection() and \ref
 * igraph_difference().
 * 
 * Time complexity: O(|V|+|E1|+|E2|), |V| is the number of
 * vertices in the graph, |E1| is the number of edges in the original
 * and |E2| in the complementer graph.
 */

int igraph_complementer(igraph_t *res, const igraph_t *graph, 
			igraph_bool_t loops) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t edges;
  igraph_vector_t neis;
  long int i, j;
  long int zero=0, *limit;

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (igraph_is_directed(graph)) {
    limit=&zero;
  } else {
    limit=&i;
  }
  
  for (i=0; i<no_of_nodes; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, i, IGRAPH_OUT));
    if (loops) {
      for (j=no_of_nodes-1; j>=*limit; j--) {
	if (igraph_vector_empty(&neis) || j>igraph_vector_tail(&neis)) {
	  IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	  IGRAPH_CHECK(igraph_vector_push_back(&edges, j));
	} else {
	  igraph_vector_pop_back(&neis);
	}
      }
    } else {
      for (j=no_of_nodes-1; j>=*limit; j--) {
	if (igraph_vector_empty(&neis) || j>igraph_vector_tail(&neis)) {
	  if (i!=j) {
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, j));
	  }
	} else {
	  igraph_vector_pop_back(&neis);
	}
      }
    }      
  }
  
  IGRAPH_CHECK(igraph_create(res, &edges, no_of_nodes, 
			     igraph_is_directed(graph)));
  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

/**
 * \function igraph_compose
 * \brief Calculates the composition of two graphs
 * 
 * The composition of graphs contains the same number of vertices as
 * the bigger graph of the two operands. It contains an (i,j) edge if
 * and only if there is a k vertex, such that the first graphs
 * contains an (i,k) edge and the second graph a (k,j) edge. 
 * 
 * </para><para>This is of course exactly the composition of two
 * binary relations.
 *
 * </para><para>Two two graphs must have the same directedness,
 * otherwise the function returns with an error message.
 * Note that for undirected graphs the two relations are by definition
 * symmetric. 
 * 
 * \param res Pointer to an uninitialized graph object, the result
 *        will be stored here.
 * \param g1 The firs operarand, a graph object.
 * \param g2 The second operand, another graph object.
 * \return Error code.
 * 
 * Time complexity: O(|V|*d1*d2), |V| is the number of vertices in the
 * first graph, d1 and d2 the average degree in the first and second
 * graphs. 
 */

int igraph_compose(igraph_t *res, const igraph_t *g1, const igraph_t *g2) {
  
  long int no_of_nodes_left=igraph_vcount(g1);
  long int no_of_nodes_right=igraph_vcount(g2);
  long int no_of_nodes;
  igraph_bool_t directed=igraph_is_directed(g1);
  igraph_vector_t edges;
  igraph_vector_t neis1, neis2;
  long int i;

  if (directed != igraph_is_directed(g2)) {
    IGRAPH_ERROR("Cannot compose directed and undirected graph",
		 IGRAPH_EINVAL);
  }

  no_of_nodes= no_of_nodes_left > no_of_nodes_right ? 
    no_of_nodes_left : no_of_nodes_right;

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&neis1, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&neis2, 0);
  
  for (i=0; i<no_of_nodes_left; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_neighbors(g1, &neis1, i, IGRAPH_OUT));
    while (!igraph_vector_empty(&neis1)) {
      long int con=igraph_vector_pop_back(&neis1);
      if (con<no_of_nodes_right) {
	IGRAPH_CHECK(igraph_neighbors(g2, &neis2, con, IGRAPH_OUT));
      }
      while (!igraph_vector_empty(&neis2)) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges,
					     igraph_vector_pop_back(&neis2)));
      }
    }
  }

  igraph_vector_destroy(&neis1);
  igraph_vector_destroy(&neis2);
  IGRAPH_FINALLY_CLEAN(2);

  IGRAPH_CHECK(igraph_create(res, &edges, no_of_nodes, directed));

  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}







igraph-0.4.2/igraph/error.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef IGRAPH_ERROR_H
#define IGRAPH_ERROR_H

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

/* This file contains the igraph error handling.
 * Most bits are taken literally from the GSL library (with the GSL_
 * prefix renamed to IGRAPH_), as I couldn't find a better way to do
 * them. */

/**
 * \section errorhandlers Error handlers
 *
 * <para>
 * If \a igraph runs into an error - an invalid argument was supplied
 * to a function, or we've ran out of memory - the control is
 * transferred to the \emb error handler \eme function.
 * </para><para>
 * The default error handler is \ref igraph_error_handler_abort which
 * prints an error message and aborts the program.
 * </para>
 * <para>
 * The \ref igraph_set_error_handler() function can be used to set a new
 * error handler function of type \ref igraph_error_handler_t, see the
 * documentation of this type for details.
 * </para>
 * <para>
 * There are two other predefined error handler functions,
 * \ref igraph_error_handler_ignore and \ref igraph_error_handler_printignore, 
 * these deallocate the temporarily allocated memory (more about this
 * later) and return with the error code. The latter also prints an
 * error message. If you use these error handlers you need to take
 * care about possible errors yourself by checking the return value of
 * every \a igraph function.
 * </para><para>
 * Independently of the error handler installed, all functions in the
 * library do their best to leave their arguments
 * \em semantically unchanged if an error
 * happens. By semantically we mean that the implementation of an
 * object supplied as an argument might change, but its
 * \quote meaning \endquote in most cases does not. The rare occasions
 * when this rule is violated are documented in this manual.
 * </para>
 */

/**
 * \section errorcodes Error codes
 * 
 * <para>Every \a igraph function which can fail return a
 * single integer error code. Some functions are very simple and
 * cannot run into any error, these may return other types, or
 * \type void as well. The error codes are defined by the
 * \ref igraph_i_error_type_t enumeration.
 * </para>
 */

/**
 * \section writing_error_handlers Writing error handlers
 *
 * <para>
 * You can write and install error handlers simply by defining a
 * function of type \ref igraph_error_handler_t and calling
 * \ref igraph_set_error_handler(). This feature is useful for interface
 * writers, as the \a igraph will have the chance to
 * signal errors the appropriate way, eg. the R interface defines an
 * error handler which calls the <function>error()</function>
 * function, as required by R, while the Python interface has an error
 * handler which raises an exception according to the Python way.
 * </para>
 * <para> 
 * If you want to write an error handler, your error handler should
 * call \ref IGRAPH_FINALLY_FREE() to deallocate all temporary memory to
 * prevent memory leaks.
 * </para>
 */

/**
 * \section error_handling_internals Error handling internals
 *
 * <para>
 * If an error happens, the functions in the library call the
 * \ref IGRAPH_ERROR macro with a textual description of the error and an
 * \a igraph error code. This macro calls (through the \ref
 * igraph_error() function) the installed error handler. Another useful
 * macro is \ref IGRAPH_CHECK(), this checks the return value of its
 * argument which is normally a function call, and calls \ref
 * IGRAPH_ERROR if it is not \c IGRAPH_SUCCESS. 
 * </para>
 */

/** 
 * \section deallocating_memory Deallocating memory
 *
 * <para>
 * If a function runs into an error (and the program is not aborted)
 * the error handler should deallocate all temporary memory. This is
 * done by storing the address and the destroy function of all temporary
 * objects in a stack. The \ref IGRAPH_FINALLY function declares an object as
 * temporary by placing its address in the stack. If a function returns
 * with success it calls \ref IGRAPH_FINALLY_CLEAN() with the
 * number of objects to remove from the stack. If an error happens
 * however, the error handler should call \ref IGRAPH_FINALLY_FREE() to
 * deallocate each object added to the stack. This means that the
 * temporary objects allocated in the calling function (and etc.) will
 * be freed as well.
 * </para>
 */

/**
 * \section writing_functions_error_handling Writing \a igraph functions with
 * proper error handling
 *
 * <para>
 * There are some simple rules to keep in order to have functions
 * behaving well in erroneous situations. First, check the arguments
 * of the functions and call \ref IGRAPH_ERROR if they are invalid. Second,
 * call \ref IGRAPH_FINALLY on each dynamically allocated object and call
 * \ref IGRAPH_FINALLY_CLEAN() with the proper argument. Third, use
 * IGRAPH_CHECK on all function calls which can generate errors.
 * </para>
 * <para>
 * The size of the stack used for this bookkeeping is fixed, and
 * small. If you want to allocate several objects, write a destroy
 * function which can deallocate all of these. See the
 * <filename>adjlist.c</filename> file in the
 * \a igraph source for an example.
 * </para>
 * <para> 
 * For some functions these mechanisms are simply not flexible
 * enough. These functions should define their own error handlers and
 * restore the error handler before they return.
 * </para>
 */

/**
 * \section error_handling_threads Error handling and threads
 *
 * <para>
 * It is likely that the \a igraph error handling
 * method is \em not thread-safe, mainly because of
 * the static global stack which is used to store the address of the
 * temporarily allocated objects. This issue might be addressed in a
 * later version of \a igraph.
 * </para>
 */

/**
 * \typedef igraph_error_handler_t
 * 
 * This is the type of the error handler functions.
 * \param reason Textual description of the error.
 * \param file The source file in which the error is noticed.
 * \param line The number of the line in the source file which triggered
 *   the error
 * \param igraph_errno The \a igraph error code.
 */

typedef void igraph_error_handler_t (const char * reason, const char * file,
				     int line, int igraph_errno);

/**
 * \var igraph_error_handler_abort
 *
 * The default error handler, prints an error message and aborts the
 * program. 
 */

extern igraph_error_handler_t igraph_error_handler_abort;

/**
 * \var igraph_error_handler_ignore
 *
 * This error handler frees the temporarily allocated memory and returns
 * with the error code. 
 */

extern igraph_error_handler_t igraph_error_handler_ignore;

/**
 * \var igraph_error_handler_printignore
 * 
 * Frees temporarily allocated memory, prints an error message to the
 * standard error and returns with the error code. 
 */

extern igraph_error_handler_t igraph_error_handler_printignore;

/**
 * \function igraph_set_error_handler
 *
 * Installs a new error handler. If called with 0, it installs the
 * default error handler (which is currently
 * \ref igraph_error_handler_abort). 
 * \param new_handler The error handler function to install.
 * \return the old error handler function. This should be saved and
 *   restored if \p new_handler is not needed any
 *   more.
 */

igraph_error_handler_t*
igraph_set_error_handler(igraph_error_handler_t* new_handler);

/**
 * \typedef igraph_i_error_type_t
 * \enumval IGRAPH_SUCCESS The function successfully completed its task.
 * \enumval IGRAPH_FAILURE Something went wrong. You'll almost never
 *    meet this error as normally more specific error codes are used.
 * \enumval IGRAPH_ENOMEM There wasn't enough memory to allocate memory
 *    on the heap. 
 * \enumval IGRAPH_PARSEERROR A parse error was found in a file.
 * \enumval IGRAPH_EINVAL A parameter's value is invalid. Eg. negative
 *    number was specified as the number of vertices.
 * \enumval IGRAPH_EXISTS A graph/vertex/edge attribute is already
 *    installed with the given name.
 * \enumval IGRAPH_EINVEVECTOR Invalid vector of vertex ids. A vertex id
 *    is either negative or bigger than the number of vertices minus one.
 * \enumval IGRAPH_EINVVID Invalid vertex id, negative or too big.
 * \enumval IGRAPH_NONSQUARE A non-square matrix was received while a
 *    square matrix was expected.
 * \enumval IGRAPH_EINVMODE Invalid mode parameter.
 * \enumval IGRAPH_EFILE A file operation failed. Eg. a file doesn't exist,
 *   or the user ha no rights to open it.
 * \enumval IGRAPH_EUNFOLDINF Attempted to unfold an infinite iterator.
 * \enumval IGRAPH_UNIMPLEMENTED Attempted to call an unimplemented or
 *   disabled (at compile-time) function.
 * \enumval IGRAPH_DIVERGED A numeric algorithm failed to converge.
 */

typedef enum {
  IGRAPH_SUCCESS       = 0,
  IGRAPH_FAILURE       = 1,
  IGRAPH_ENOMEM        = 2,
  IGRAPH_PARSEERROR    = 3,
  IGRAPH_EINVAL        = 4,
  IGRAPH_EXISTS        = 5,
  IGRAPH_EINVEVECTOR   = 6,
  IGRAPH_EINVVID       = 7,
  IGRAPH_NONSQUARE     = 8,
  IGRAPH_EINVMODE      = 9,
  IGRAPH_EFILE         = 10,
  IGRAPH_EUNFOLDINF    = 11,
  IGRAPH_UNIMPLEMENTED = 12,
  IGRAPH_INTERRUPTED   = 13,
  IGRAPH_DIVERGED      = 14,
} igraph_i_error_type_t;

/**
 * \define IGRAPH_ERROR
 * 
 * This macro is called if an error is noticed. It calls
 * \ref igraph_error() with the proper parameters and if that returns 
 * the macro returns the "calling" function as well, with the error
 * code. If for some (suspicious) reason you want to call the error
 * handler without returning from the current function, call
 * \ref igraph_error() directly.
 * \param reason Textual description of the error. This should be
 *   something more explaning than the text associated with the error
 *   code. Eg. if the error code is \c IGRAPH_EINVAL,
 *   its asssociated text (see  \ref igraph_strerror()) is "Invalid
 *   value" and this string should explain which parameter was invalid
 *   and maybe why. 
 * \param igraph_errno The \a igraph error code.
 */

#define IGRAPH_ERROR(reason, igraph_errno) \
       do { \
       igraph_error (reason, __FILE__, __LINE__, igraph_errno) ; \
       return igraph_errno ; \
       } while (0)

/**
 * \function igraph_error
 *
 * This is the function which is called (usually via the
 * \ref IGRAPH_ERROR macro) if an error is noticed. See the discussion of
 * this macro as well.
 *
 * \param reason Textual description of the error.
 * \param file The source file in which the error was noticed.
 * \param line The number of line in the source file which triggered the
 *   error.
 * \param igraph_errno The \a igraph error code.
 * \return the error code (if it returns)
 */

int igraph_error(const char *reason, const char *file, int line,
		 int igraph_errno);

/**
 * \function igraph_strerror
 * 
 * This is a simple utility function, it gives a short general textual
 * description for an \a igraph error code.
 * 
 * \param igraph_errno The \a igraph error code.
 * \return pointer to the textual description of the error code.
 */

const char* igraph_strerror(const int igraph_errno);

#define IGRAPH_ERROR_SELECT_2(a,b)       ((a) != IGRAPH_SUCCESS ? (a) : ((b) != IGRAPH_SUCCESS ? (b) : IGRAPH_SUCCESS))
#define IGRAPH_ERROR_SELECT_3(a,b,c)     ((a) != IGRAPH_SUCCESS ? (a) : IGRAPH_ERROR_SELECT_2(b,c))
#define IGRAPH_ERROR_SELECT_4(a,b,c,d)   ((a) != IGRAPH_SUCCESS ? (a) : IGRAPH_ERROR_SELECT_3(b,c,d))
#define IGRAPH_ERROR_SELECT_5(a,b,c,d,e) ((a) != IGRAPH_SUCCESS ? (a) : IGRAPH_ERROR_SELECT_4(b,c,d,e))

/* Now comes the more conveninent error handling macro arsenal.
 * Ideas taken from exception.{h,c} by Laurent Deniau see
 * http://cern.ch/Laurent.Deniau/html/oopc/oopc.html#Exceptions for more 
 * information. We don't use the exception handling code though.  */

struct igraph_i_protectedPtr {
  int all;
  void *ptr;
  void (*func)(void*);
};

typedef void igraph_finally_func_t (void*);

void IGRAPH_FINALLY_REAL(void (*func)(void*), void* ptr);

/**
 * \function IGRAPH_FINALLY_CLEAN
 * 
 * Removes the specified number of objects from the stack of
 * temporarily allocated objects. Most often this is called just
 * before returning from a function.
 * \param num The number of objects to remove from the bookkeeping
 *   stack. 
 */

void IGRAPH_FINALLY_CLEAN(int num); 

/**
 * \function IGRAPH_FINALLY_FREE
 *
 * Calls the destroy function for all objects in the stack of
 * temporarily allocated objects. This is usually called only from an
 * error handler. It is \em not appropriate to use it
 * instead of destroying each unneeded object of a function, as it
 * destroys the temporary objects of the caller function (and so on)
 * as well.
 */

void IGRAPH_FINALLY_FREE(void);

/**
 * \define IGRAPH_FINALLY
 * \param func The address of the function which is normally called to
 *   destroy the object.
 * \param ptr Pointer to the object itself.
 * 
 * This macro places the address of an object, together with the
 * address of its destructor in a stack. This stack is used if an
 * error happens to deallocate temporarily allocated objects to
 * prevent memory leaks.
 */

#define IGRAPH_FINALLY(func, ptr) \
  IGRAPH_FINALLY_REAL((igraph_finally_func_t*)(func), (ptr))

/**
 * \define IGRAPH_CHECK
 *
 * \param a An expression, usually a function call.
 * 
 * Executes the expression and checks its value. If this is not
 * \c IGRAPH_SUCCESS, it calls \ref IGRAPH_ERROR with
 * the value as the error code. Here is an example usage:
 * \verbatim IGRAPH_CHECK(vector_push_back(&amp;v, 100)); \endverbatim
 */

#define IGRAPH_CHECK(a) do { \
                 int igraph_i_ret=(a); \
                 if (igraph_i_ret != 0) { \
                    IGRAPH_ERROR("", igraph_i_ret); \
                 } } while(0)


typedef igraph_error_handler_t igraph_warning_handler_t;

igraph_warning_handler_t*
igraph_set_warning_handler(igraph_warning_handler_t* new_handler);

extern igraph_warning_handler_t igraph_warning_handler_print;

int igraph_warning(const char *reason, const char *file, int line,
		   int igraph_errno);

#define IGRAPH_WARNING(reason) \
       do { \
         igraph_warning(reason, __FILE__, __LINE__, -1); \
       } while (0)

__END_DECLS

#endif







igraph-0.4.2/igraph/interrupt.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"

#include <stdio.h>
#include <stdlib.h>
#include <assert.h>

igraph_interruption_handler_t *igraph_i_interruption_handler=0;

int igraph_allow_interruption(void* data) {
  if (igraph_i_interruption_handler) {
    return igraph_i_interruption_handler(data);
  }
  return IGRAPH_SUCCESS;
}

igraph_interruption_handler_t *
igraph_set_interruption_handler (igraph_interruption_handler_t * new_handler)
{
  igraph_interruption_handler_t * previous_handler = igraph_i_interruption_handler;
  igraph_i_interruption_handler = new_handler;
  return previous_handler;
}







igraph-0.4.2/igraph/vector.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"

#define BASE_IGRAPH_REAL
#include "igraph_pmt.h"
#include "vector_pmt.hc"
#include "igraph_pmt_off.h"
#undef BASE_IGRAPH_REAL

#define BASE_LONG
#include "igraph_pmt.h"
#include "vector_pmt.hc"
#include "igraph_pmt_off.h"
#undef BASE_LONG

#define BASE_CHAR
#include "igraph_pmt.h"
#include "vector_pmt.hc"
#include "igraph_pmt_off.h"
#undef BASE_CHAR

int igraph_vector_order2(igraph_vector_t *v) {

  igraph_indheap_t heap;
  
  igraph_indheap_init_array(&heap, VECTOR(*v), igraph_vector_size(v));
  IGRAPH_FINALLY(igraph_indheap_destroy, &heap);

  igraph_vector_clear(v);
  while (!igraph_indheap_empty(&heap)) {
    IGRAPH_CHECK(igraph_vector_push_back(v, igraph_indheap_max_index(&heap)-1));
    igraph_indheap_delete_max(&heap);
  }
  
  igraph_indheap_destroy(&heap);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}








igraph-0.4.2/igraph/foreign.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2005 Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "config.h"
#include "gml_tree.h"
#include "memory.h"

#include <ctype.h>		/* isspace */
#include <string.h>
#include <time.h>

/**
 * \section about_loadsave 
 * 
 * <para>These functions can write a graph to a file, or read a graph
 * from a file.</para>
 * 
 * <para>Note that as \a igraph uses the traditional C streams, it is
 * possible to read/write files from/to memory, at least on GNU
 * operating systems supporting \quote non-standard\endquote streams.</para>
 */

/**
 * \ingroup loadsave
 * \function igraph_read_graph_edgelist
 * \brief Reads an edge list from a file and creates a graph.
 * 
 * </para><para>
 * This format is simply a series of even number integers separated by
 * whitespace. The one edge (ie. two integers) per line format is thus
 * not required (but recommended for readability). Edges of directed
 * graphs are assumed to be in from, to order.
 * \param graph Pointer to an uninitialized graph object.
 * \param instream Pointer to a stream, it should be readable.
 * \param n The number of vertices in the graph. If smaller than the
 *        largest integer in the file it will be ignored. It is thus
 *        safe to supply zero here.
 * \param directed Logical, if true the graph is directed, if false it
 *        will be undirected.
 * \return Error code:
 *         \c IGRAPH_PARSEERROR: if there is a
 *         problem reading the file, or the file is syntactically
 *         incorrect. 
 * 
 * Time complexity: O(|V|+|E|), the
 * number of vertices plus the number of edges. It is assumed that
 * reading an integer requires O(1)
 * time. 
 */

int igraph_read_graph_edgelist(igraph_t *graph, FILE *instream, 
			       igraph_integer_t n, igraph_bool_t directed) {

  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  long int from, to;
  int c;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, 100));

  /* skip all whitespace */
  do {
    c = getc (instream);
  } while (isspace (c));
  ungetc (c, instream);
  
  while (!feof(instream)) {
    int read;

    IGRAPH_ALLOW_INTERRUPTION();
    
    read=fscanf(instream, "%li", &from);
    if (read != 1) { 
      IGRAPH_ERROR("parsing edgelist file failed", IGRAPH_PARSEERROR); 
    }
    read=fscanf(instream, "%li", &to);
    if (read != 1) { 
      IGRAPH_ERROR("parsing edgelist file failed", IGRAPH_PARSEERROR); 
    }
    IGRAPH_CHECK(igraph_vector_push_back(&edges, from));
    IGRAPH_CHECK(igraph_vector_push_back(&edges, to));
    
    /* skip all whitespace */
    do {
      c = getc (instream);
    } while (isspace (c));
    ungetc (c, instream);    
  }
  
  IGRAPH_CHECK(igraph_create(graph, &edges, n, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

extern int igraph_ncol_yyparse(void);
extern FILE *igraph_ncol_yyin;
extern int igraph_i_ncol_eof;
long int igraph_ncol_mylineno;
igraph_vector_t *igraph_ncol_vector=0;
igraph_vector_t *igraph_ncol_weights=0;
igraph_trie_t *igraph_ncol_trie=0;

/**
 * \ingroup loadsave
 * \function igraph_read_graph_ncol
 * \brief Reads a <code>.ncol</code> file used by LGL, also
 * useful for creating graphs from \quote named\endquote (and
 * optionally weighted) edge lists. 
 * 
 * </para><para>
 * This format is used by the Large Graph Layout program
 * (http://bioinformatics.icmb.utexas.edu/lgl/), and it is simply a
 * symbolic weighted edge list. It is a simple text file with one edge
 * per line. An edge is defined by two symbolic vertex names separated
 * by whitespace. (The symbolic vertex names themselves cannot contain 
 * whitespace. They might follow by an optional number, this will be
 * the weight of the edge; the number can be negative and can be in
 * scientific notation. If there is no weight specified to an edge it
 * is assumed to be zero.
 *
 * </para><para>
 * The resulting graph is always undirected.
 * LGL cannot deal with files which contain multiple or loop edges, 
 * this is however not checked here, as \a igraph is happy with
 * these.
 * \param graph Pointer to an uninitialized graph object.
 * \param instream Pointer to a stream, it should be readable.
 * \param predefnames Pointer to the symbolic names of the vertices in
 *        the file. If \c NULL is given here then vertex ids will be
 *        assigned to vertex names in the order of their appearence in
 *        the \c .ncol file. If it is not \c NULL and some unknown
 *        vertex names are found in the \c .ncol file then new vertex
 *        ids will be assigned to them. 
 * \param names Logical value, if TRUE the symbolic names of the
 *        vertices will be added to the graph as a vertex attribute
 *        called \quote name\endquote.
 * \param weights Logical value, if TRUE the weights of the
 *        edges is added to the graph as an edge attribute called
 *        \quote weight\endquote.
 * \param directed Whether to create a directed graph. As this format
 *        was originally used only for undirected graphs there is no
 *        information in the file about the directedness of the graph.
 *        Set this parameter to \c IGRAPH_DIRECTED or \c
 *        IGRAPH_UNDIRECTED to create a directed or undirected graph.
 * \return Error code:
 *         \c IGRAPH_PARSEERROR: if there is a
 *          problem reading 
 *         the file, or the file is syntactically incorrect.
 *
 * Time complexity:
 * O(|V|+|E|log(|V|)) if we neglect
 * the time required by the parsing. As usual
 * |V| is the number of vertices,
 * while |E| is the number of edges. 
 * 
 * \sa \ref igraph_read_graph_lgl(), \ref igraph_write_graph_ncol()
 */

int igraph_read_graph_ncol(igraph_t *graph, FILE *instream, 
			   igraph_strvector_t *predefnames,
			   igraph_bool_t names, igraph_bool_t weights, igraph_bool_t directed) {
  
  igraph_vector_t edges, ws;
  igraph_trie_t trie=IGRAPH_TRIE_NULL;
  long int no_predefined=0;
  igraph_vector_ptr_t name, weight;
  igraph_vector_ptr_t *pname=0, *pweight=0;
  igraph_i_attribute_record_t namerec, weightrec;
  const char *namestr="name", *weightstr="weight";

  IGRAPH_CHECK(igraph_empty(graph, 0, directed));
  IGRAPH_FINALLY(igraph_destroy, graph);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  IGRAPH_TRIE_INIT_FINALLY(&trie, names);
  IGRAPH_VECTOR_INIT_FINALLY(&ws, 0);

  /* Add the predefined names, if any */
  if (predefnames != 0) {
    long int i, id, n;
    char *key;
    n=no_predefined=igraph_strvector_size(predefnames);
    for (i=0; i<n; i++) {
      igraph_strvector_get(predefnames, i, &key);
      igraph_trie_get(&trie, key, &id);
      if (id != i) {
	IGRAPH_WARNING("reading NCOL file, duplicate entry in predefnames");
	no_predefined--;
      }
    }
  }
  
  igraph_ncol_vector=&edges;
  igraph_ncol_weights=&ws;
  igraph_ncol_trie=&trie;
  igraph_ncol_yyin=instream;
  igraph_ncol_mylineno=1;
  igraph_i_ncol_eof=0;

  igraph_ncol_yyparse();

  if (predefnames != 0 && 
      igraph_trie_size(&trie) != no_predefined) {
    IGRAPH_WARNING("unknown vertex/vertices found, predefnames extended");    
  }

  if (names) {
    const igraph_strvector_t *namevec;
    IGRAPH_CHECK(igraph_vector_ptr_init(&name, 1)); 
    pname=&name;
    igraph_trie_getkeys(&trie, &namevec); /* dirty */
    namerec.name=namestr;
    namerec.type=IGRAPH_ATTRIBUTE_STRING;
    namerec.value=namevec;
    VECTOR(name)[0]=&namerec;
  }

  if (weights) {
    IGRAPH_CHECK(igraph_vector_ptr_init(&weight, 1)); 
    pweight=&weight;
    weightrec.name=weightstr;
    weightrec.type=IGRAPH_ATTRIBUTE_NUMERIC;
    weightrec.value=&ws;
    VECTOR(weight)[0]=&weightrec;
  }

  IGRAPH_CHECK(igraph_add_vertices(graph, igraph_vector_max(&edges)+1, pname));
  IGRAPH_CHECK(igraph_add_edges(graph, &edges, pweight));

  if (pname) {
    igraph_vector_ptr_destroy(pname);
  }
  if (pweight) {
    igraph_vector_ptr_destroy(pweight);
  }
  igraph_vector_destroy(&ws); 
  igraph_trie_destroy(&trie);
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

extern int igraph_lgl_yyparse(void);
extern FILE *igraph_lgl_yyin;
extern int igraph_i_lgl_eof;
long int igraph_lgl_mylineno;
igraph_vector_t *igraph_lgl_vector=0;
igraph_vector_t *igraph_lgl_weights=0;
igraph_trie_t *igraph_lgl_trie=0;

/**
 * \ingroup loadsave
 * \function igraph_read_graph_lgl
 * \brief Reads a graph from an <code>.lgl</code> file
 * 
 * </para><para>
 * The <code>.lgl</code> format is used by the Large Graph
 * Layout visualization software
 * (http://bioinformatics.icmb.utexas.edu/lgl/), it can 
 * describe undirected optionally weighted graphs. From the LGL
 * manual: 
 * 
 * \blockquote <para>The second format is the LGL file format
 * (<code>.lgl</code> file 
 * suffix). This is yet another graph file format that tries to be as
 * stingy as possible with space, yet keeping the edge file in a human
 * readable (not binary) format. The format itself is like the
 * following:
 * \verbatim # vertex1name
vertex2name [optionalWeight]
vertex3name [optionalWeight] \endverbatim
 * Here, the first vertex of an edge is preceded with a pound sign
 * '#'.  Then each vertex that shares an edge with that vertex is
 * listed one per line on subsequent lines.</para> \endblockquote
 * 
 * </para><para>
 * LGL cannot handle loop and multiple edges or directed graphs, but
 * in \a igraph it is not an error to have multiple and loop edges.
 * \param graph Pointer to an uninitialized graph object.
 * \param instream A stream, it should be readable.
 * \param names Logical value, if TRUE the symbolic names of the
 *        vertices will be added to the graph as a vertex attribute
 *        called \quote name\endquote.
 * \param weights Logical value, if TRUE the weights of the
 *        edges is added to the graph as an edge attribute called
 *        \quote weight\endquote.
 * \return Error code:
 *         \c IGRAPH_PARSEERROR: if there is a
 *         problem reading the file, or the file is syntactically
 *         incorrect. 
 *
 * Time complexity:
 * O(|V|+|E|log(|V|)) if we neglect
 * the time required by the parsing. As usual
 * |V| is the number of vertices,
 * while |E| is the number of edges. 
 * 
 * \sa \ref igraph_read_graph_ncol(), \ref igraph_write_graph_lgl()
 */

int igraph_read_graph_lgl(igraph_t *graph, FILE *instream,
			  igraph_bool_t names, igraph_bool_t weights) {

  igraph_vector_t edges=IGRAPH_VECTOR_NULL, ws=IGRAPH_VECTOR_NULL;
  igraph_trie_t trie=IGRAPH_TRIE_NULL;
  igraph_vector_ptr_t name, weight;
  igraph_vector_ptr_t *pname=0, *pweight=0;
  igraph_i_attribute_record_t namerec, weightrec;
  const char *namestr="name", *weightstr="weight";
  
  IGRAPH_VECTOR_INIT_FINALLY(&ws, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_TRIE_INIT_FINALLY(&trie, names);
  
  igraph_lgl_vector=&edges;
  igraph_lgl_weights=&ws;
  igraph_lgl_trie=&trie;
  igraph_lgl_yyin=instream;
  igraph_lgl_mylineno=1;
  igraph_i_lgl_eof=0;

  igraph_lgl_yyparse();
  
  IGRAPH_CHECK(igraph_empty(graph, 0, IGRAPH_UNDIRECTED));
  IGRAPH_FINALLY(igraph_destroy, graph);

  if (names) {
    const igraph_strvector_t *namevec;
    IGRAPH_CHECK(igraph_vector_ptr_init(&name, 1)); 
    IGRAPH_FINALLY(igraph_vector_ptr_destroy, &name);
    pname=&name;
    igraph_trie_getkeys(&trie, &namevec); /* dirty */
    namerec.name=namestr;
    namerec.type=IGRAPH_ATTRIBUTE_STRING;
    namerec.value=namevec;
    VECTOR(name)[0]=&namerec;
  }

  if (weights) {
    IGRAPH_CHECK(igraph_vector_ptr_init(&weight, 1)); 
    IGRAPH_FINALLY(igraph_vector_ptr_destroy, &weight);
    pweight=&weight;
    weightrec.name=weightstr;
    weightrec.type=IGRAPH_ATTRIBUTE_NUMERIC;
    weightrec.value=&ws;
    VECTOR(weight)[0]=&weightrec;
  }

  IGRAPH_CHECK(igraph_add_vertices(graph, igraph_trie_size(&trie), pname));
  IGRAPH_CHECK(igraph_add_edges(graph, &edges, pweight));
  
  if (pweight) {
    igraph_vector_ptr_destroy(pweight);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (pname) {
    igraph_vector_ptr_destroy(pname);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_trie_destroy(&trie);
  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&ws);
  IGRAPH_FINALLY_CLEAN(4);
  
  return 0;
}

extern int igraph_pajek_yyparse(void);
extern FILE *igraph_pajek_yyin;
extern int igraph_i_pajek_eof;
long int igraph_pajek_mylineno;
igraph_vector_t *igraph_pajek_vector=0;
igraph_bool_t igraph_pajek_directed;
long int igraph_pajek_vcount=0;
long int igraph_pajek_actfrom, igraph_pajek_actto;
int igraph_pajek_mode=0;	/* 0 - general, 1 - vertex, 2 - edge */
igraph_trie_t *igraph_i_pajek_vertex_attribute_names;
igraph_vector_ptr_t *igraph_i_pajek_vertex_attributes;
igraph_trie_t *igraph_i_pajek_edge_attribute_names;
igraph_vector_ptr_t *igraph_i_pajek_edge_attributes;
long int igraph_i_pajek_vertexid=0;
long int igraph_i_pajek_actvertex=0;
long int igraph_i_pajek_actedge=0;

/* int vector_print(igraph_vector_t *v) { */
/*   long int i, size=igraph_vector_size(v); */
/*   for (i=0; i<size; i++) { */
/*     printf("%f|", VECTOR(*v)[i]); */
/*   } */
/*   printf("\n"); */
/*   return 0; */
/* } */

/* int strvector_print(igraph_strvector_t *sv) { */
/*   long int i, size=igraph_strvector_size(sv); */
/*   char *str; */
/*   for (i=0; i<size; i++) { */
/*     igraph_strvector_get(sv, i, &str); */
/*     printf("%s|", str); */
/*   } */
/*   printf("\n"); */
/*   return 0; */
/* } */

/**
 * \function igraph_read_graph_pajek
 * \brief Reads a file in Pajek format
 * 
 * \param graph Pointer to an uninitialized graph object.
 * \param file An already opened file handler.
 * \return Error code.
 * 
 * </para><para>
 * Only a subset of the Pajek format is implemented. This is partially
 * because this format is not very well documented, but also because
 * <command>igraph</command> does not support some Pajek features, like 
 * multigraphs.
 * 
 * </para><para> 
 * The list of the current limitations:
 * \olist
 * \oli Only <filename>.net</filename> files are supported, Pajek
 * project files (<filename>.paj</filename>) are not. These might be
 * supported in the future if there is need for it.
 * \oli Time events networks are not supported.
 * \oli Hypergraphs (ie. graphs with non-binary edges) are not
 * supported.
 * \oli Graphs with both directed and non-directed edges are not
 * supported, are they cannot be represented in
 * <command>igraph</command>.
 * \oli Bipartite or affiliation networks are not supported. They can
 * be imported but the vertex type information is omitted.
 * \oli Only Pajek networks are supported, permutations, hierarchies,
 * clusters and vectors are not.
 * \oli Graphs with multiple edge sets are not supported.
 * \endolist
 * 
 * </para><para>
 * If there are attribute handlers installed,
 * <command>igraph</command> also reads the vertex and edge attributes
 * from the file. Most attributes are renamed to be more informative: 
 * `\c color' instead of `\c c', `\c xfact' instead of `\c x_fact',
 * `\c yfact' instead of `y_fact', `\c labeldist' instead of `\c lr',
 * `\c labeldegree2' instead of `\c lphi', `\c framewidth' instead of `\c bw',
 * `\c fontsize'
 * instead of `\c fos', `\c rotation' instead of `\c phi', `\c radius' instead
 * of `\c r',
 * `\c diamondratio' instead of `\c q', `\c labeldegree' instead of `\c la',
 * `\c vertexsize'
 * instead of `\c size', `\c color' instead of `\c ic', `\c framecolor' instead of
 * `\c bc', `\c labelcolor' instead of `\c lc', these belong to vertices. 
 * 
 * </para><para>
 * Edge attributes are also renamed, `\c s' to `\c arrowsize', `\c w'
 * to `\c edgewidth', `\c h1' to `\c hook1', `\c h2' to `\c hook2',
 * `\c a1' to `\c angle1', `\c a2' to `\c angle2', `\c k1' to 
 * `\c velocity1', `\c k2' to `\c velocity2', `\c ap' to `\c
 * arrowpos', `\c lp' to `\c labelpos', `\c lr' to 
 * `\c labelangle', `\c lphi' to `\c labelangle2', `\c la' to `\c
 * labeldegree', `\c fos' to 
 * `\c fontsize', `\c a' to `\c arrowtype', `\c p' to `\c
 * linepattern', `\c l' to `\c label', `\c lc' to 
 * `\c labelcolor', `\c c' to `\c color'.
 * 
 * </para><para>
 * In addition the following vertex attributes might be added: `\c id'
 * if there are vertex ids in the file, `\c x' and `\c y' or `\c x'
 * and `\c y' and `\c z' if there are vertex coordinates in the file,
 * `\c color-red', `\c color-green' and `\c color-blue' if the vertex
 * color is given in RGB notation, `\c framecolor-red', `\c
 * framecolor-green' and `\c framecolor-blue` if the frame color is
 * given in RGB notation and finally `\c labelcolor-red', `\c
 * labelcolor-green' and `\c labelcolor-blue' if the label color is
 * given in RGB notation.
 * 
 * </para><para>The following additional edge attributes might be
 * added: `\c weight' if there are edge weights present, `\c
 * color-red', `\c color-green' and `\c color-blue' if the edge color
 * is given in RGB notation. 
 * 
 * </para><para>
 * See the pajek homepage:
 * http://vlado.fmf.uni-lj.si/pub/networks/pajek/ for more info on
 * Pajek and the Pajek manual:
 * http://vlado.fmf.uni-lj.si/pub/networks/pajek/doc/pajekman.pdf for
 * information on the Pajek file format.
 *
 * </para><para>
 * Time complexity: O(|V|+|E|+|A|), |V| is the number of vertices, |E|
 * the number of edges, |A| the number of attributes (vertex + edge)
 * in the graph if there are attribute handlers installed.
 * 
 * \sa \ref igraph_write_graph_pajek() for writing Pajek files, \ref
 * igraph_read_graph_graphml() for reading GraphML files.
 */

int igraph_read_graph_pajek(igraph_t *graph, FILE *instream) {

  igraph_vector_t edges;
  igraph_trie_t vattrnames;
  igraph_vector_ptr_t vattrs;
  igraph_trie_t eattrnames;
  igraph_vector_ptr_t eattrs;
  /* igraph_hashtable_t vattrhash; */
  /* igraph_hashtable_t eattrhash; */
  long int i, j;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  IGRAPH_TRIE_INIT_FINALLY(&vattrnames, 1);
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&vattrs, 0);
  IGRAPH_TRIE_INIT_FINALLY(&eattrnames, 1);
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&eattrs, 0);

  igraph_pajek_vector=&edges;
  igraph_pajek_yyin=instream;

  igraph_pajek_mode=0;
  igraph_pajek_vcount=0;
  igraph_i_pajek_vertexid=0;
  igraph_i_pajek_vertex_attribute_names=&vattrnames;
  igraph_i_pajek_vertex_attributes=&vattrs;
  igraph_i_pajek_edge_attribute_names=&eattrnames;
  igraph_i_pajek_edge_attributes=&eattrs;
  igraph_i_pajek_actedge=0;
  igraph_pajek_mylineno=1;
  igraph_i_pajek_eof=0;

  igraph_pajek_yyparse();

  for (i=0; i<igraph_vector_ptr_size(&eattrs); i++) {
    igraph_i_attribute_record_t *rec=VECTOR(eattrs)[i];
    if (rec->type==IGRAPH_ATTRIBUTE_NUMERIC) {
      igraph_vector_t *vec=(igraph_vector_t*)rec->value;
      long int origsize=igraph_vector_size(vec);
      igraph_vector_resize(vec, igraph_i_pajek_actedge);
      for (j=origsize; j<igraph_i_pajek_actedge; j++) {
	VECTOR(*vec)[j] = IGRAPH_NAN;
      }
    } else if (rec->type==IGRAPH_ATTRIBUTE_STRING) {
      igraph_strvector_t *strvec=(igraph_strvector_t*)rec->value;
      long int origsize=igraph_strvector_size(strvec);
      igraph_strvector_resize(strvec, igraph_i_pajek_actedge);
      for (j=origsize; j<igraph_i_pajek_actedge; j++) {
	igraph_strvector_set(strvec, j, "");
      }
    }
  }

  IGRAPH_CHECK(igraph_empty(graph, 0, igraph_pajek_directed));
  IGRAPH_FINALLY(igraph_destroy, graph);
  IGRAPH_CHECK(igraph_add_vertices(graph, igraph_pajek_vcount, &vattrs));
  IGRAPH_CHECK(igraph_add_edges(graph, &edges, &eattrs));

  for (i=0; i<igraph_vector_ptr_size(&vattrs); i++) {
    igraph_i_attribute_record_t *rec=VECTOR(vattrs)[i];
    if (rec->type == IGRAPH_ATTRIBUTE_NUMERIC) {
      igraph_vector_t *vec=(igraph_vector_t*) rec->value;
      igraph_vector_destroy(vec);
      Free(vec);
    } else if (rec->type==IGRAPH_ATTRIBUTE_STRING) {
      igraph_strvector_t *strvec=(igraph_strvector_t *)rec->value;
      igraph_strvector_destroy(strvec);
      Free(strvec);
    }
    Free(rec);
  }

  for (i=0; i<igraph_vector_ptr_size(&eattrs); i++) {
    igraph_i_attribute_record_t *rec=VECTOR(eattrs)[i];
    if (rec->type == IGRAPH_ATTRIBUTE_NUMERIC) {
      igraph_vector_t *vec=(igraph_vector_t*) rec->value;
      igraph_vector_destroy(vec);
      Free(vec);
    } else if (rec->type==IGRAPH_ATTRIBUTE_STRING) {
      igraph_strvector_t *strvec=(igraph_strvector_t *)rec->value;
      igraph_strvector_destroy(strvec);
      Free(strvec);
    }
    Free(rec);
  }

  igraph_vector_destroy(&edges);  
  igraph_vector_ptr_destroy(&eattrs);
  igraph_trie_destroy(&eattrnames);
  igraph_vector_ptr_destroy(&vattrs);
  igraph_trie_destroy(&vattrnames);

  IGRAPH_FINALLY_CLEAN(6);
  return 0;
}

/**
 * \function igraph_read_graph_dimacs
 * 
 * This function reads the DIMACS file format, more specifically the 
 * version for network flow problems, see the files at
 * ftp://dimacs.rutgers.edu/pub/netflow/general-info/
 * 
 * </para><para>
 * This is a line-oriented text file (ASCII) format. The first
 * character of each line defines the type of the line. If the first
 * character is <code>c</code> the line is a comment line and it is
 * ignored. There is one problem line (<code>p</code> in the file, it
 * must appear before any node and arc descriptor lines. The problem
 * line has three fields separated by spaces: the problem type
 * (<code>min</code>, <code>max</code> or <code>asn</code>), the
 * number of vertices and number of edges in the graph.
 * Exactly two node identification lines are expected
 * (<code>n</code>), one for the source, one for the target vertex.
 * These have two fields: the id of the vertex and the type of the
 * vertex, either <code>s</code> (=source) or <code>t</code>
 * (=target). Arc lines start with <code>a</code> and have three
 * fields: the source vertex, the target vertex and the edge capacity.
 * 
 * </para><para>
 * Vertex ids are numbered from 1.
 * \param graph Pointer to an uninitialized graph object.
 * \param instream The file to read from.
 * \param source Pointer to an integer, the id of the source node will
 *    be stored here. (The igraph vertex id, which is one less than
 *    the actual number in the file.) It is ignored if
 *    <code>NULL</code>.
 * \param target Pointer to an integer, the (igraph) id of the target
 *    node will be stored here. It is ignored if <code>NULL</code>.
 * \param capacity Pointer to an initialized vector, the capacity of
 *    the edges will be stored here if not <code>NULL</code>.
 * \param directed Boolean, whether to create a directed graph.
 * \return Error code.
 * 
 * Time complexity: O(|V|+|E|+c), the number of vertices plus the
 * number of edges, plus the size of the file in characters.
 * 
 * \sa \ref igraph_write_graph_dimacs()
 */

int igraph_read_graph_dimacs(igraph_t *graph, FILE *instream,
			     igraph_integer_t *source, 
			     igraph_integer_t *target, 
			     igraph_vector_t *capacity, 
			     igraph_bool_t directed) {
  
  igraph_vector_t edges;
  long int no_of_nodes=-1;
  long int no_of_edges=-1;
  long int tsource=-1;
  long int ttarget=-1;
  char problem[6];
  char c;      
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  if (capacity) {
    igraph_vector_clear(capacity);
  }
  
  while (!feof(instream)) {
    int read;
    char str[3];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    read=fscanf(instream, "%2c", str);
    if (feof(instream)) {
      break;
    }
    if (read != 1) {
      IGRAPH_ERROR("parsing dimacs file failed", IGRAPH_PARSEERROR);
    }
    switch (str[0]) {
      long int tmp;
      long int from, to;
      igraph_real_t cap;

    case 'c':
      /* comment */
      break;

    case 'p':
      if (no_of_nodes != -1) {
	IGRAPH_ERROR("reading dimacs file failed, double 'p' line", 
		     IGRAPH_PARSEERROR);
      }
      read=fscanf(instream, "%5s %li %li", problem, 
		  &no_of_nodes, &no_of_edges);
      if (read != 3) {
	IGRAPH_ERROR("reading dimacs file failed", IGRAPH_PARSEERROR);
      }
      IGRAPH_CHECK(igraph_vector_reserve(&edges, no_of_edges*2));
      if (capacity) {
	IGRAPH_CHECK(igraph_vector_reserve(capacity, no_of_edges));
      }
      break;

    case 'n':
      read=fscanf(instream, "%li %1c", &tmp, str);
      if (str[0]=='s') {
	if (tsource != -1) {
	  IGRAPH_ERROR("reading dimacsfile: multiple source vertex line", 
		       IGRAPH_PARSEERROR);
	} else {
	  tsource=tmp;
	}
      } else if (str[0]=='t') {
	if (ttarget != -1) {
	  IGRAPH_ERROR("reading dimacsfile: multiple source vertex line", 
		       IGRAPH_PARSEERROR);
	} else {
	  ttarget=tmp;
	}
      } else {
	IGRAPH_ERROR("invalid node descriptor line in dimacs file",
		     IGRAPH_PARSEERROR);
      }
      
      break;
      
    case 'a':
      read=fscanf(instream, "%li %li %lf", &from, &to, &cap);
      if (read != 3) {
	IGRAPH_ERROR("reading dimacs file", IGRAPH_PARSEERROR);
      }
      IGRAPH_CHECK(igraph_vector_push_back(&edges, from-1));
      IGRAPH_CHECK(igraph_vector_push_back(&edges, to-1));
      if (capacity) {
	IGRAPH_CHECK(igraph_vector_push_back(capacity, cap));
      }
      break;           

    default:
      IGRAPH_ERROR("unknown line type in dimacs file", IGRAPH_PARSEERROR);
    }

    /* Go to next line */
    while (!feof(instream) && (c=getc(instream)) != '\n') ;      
  }

  if (source) {
    *source=tsource-1;
  }
  if (target) {
    *target=ttarget-1;
  }
  
  IGRAPH_CHECK(igraph_create(graph, &edges, no_of_nodes, directed));
  igraph_vector_destroy(&edges);

  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

int igraph_i_read_graph_graphdb_getword(FILE *instream) {
  int b1, b2;
  unsigned char c1, c2;
  b1 = fgetc(instream);
  b2 = fgetc(instream);
  if (b1 != EOF) {
    c1=b1; c2=b2;
    return c1 | (c2<<8);
  } else {
    return -1;
  }
}

/**
 * \function igraph_read_graph_graphdb
 * Read a graph in the binary graph database format.
 * 
 * This is a binary format, used in the graph database
 * for isomorphism testing (http://amalfi.dis.unina.it/graph/)
 * From the graph database homepage
 * (http://amalfi.dis.unina.it/graph/db/doc/graphdbat-2.html):
 * </para>
 * 
 * \blockquote <para>
 * The graphs are stored in a compact binary format, one graph per
 * file. The file is composed of 16 bit words, which are represented
 * using the so-called little-endian convention, i.e. the least
 * significant byte of the word is stored first.</para>
 * 
 * <para>
 * Then, for each node, the file contains the list of edges coming
 * out of the node itself. The list is represented by a word encoding
 * its length, followed by a word for each edge, representing the
 * destination node of the edge. Node numeration is 0-based, so the
 * first node of the graph has index 0.</para> \endblockquote
 * 
 * <para>
 * Only unlabelled graphs are implemented.
 * \param graph Pointer to an uninitialized graph object.
 * \param instream The stream to read from.
 * \param directed Logical scalar, whether to create a directed graph.
 * \return Error code.
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the 
 * number of edges.
 */

int igraph_read_graph_graphdb(igraph_t *graph, FILE *instream, 
			      igraph_bool_t directed) {
  
  igraph_vector_t edges;
  long int nodes;
  long int i, j;
  igraph_bool_t end=0;

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  nodes=igraph_i_read_graph_graphdb_getword(instream);
  if (nodes<0) {
    IGRAPH_ERROR("Can't read from file", IGRAPH_EFILE);
  }
  for (i=0; !end && i<nodes; i++) {
    long int len=igraph_i_read_graph_graphdb_getword(instream);
    if (len<0) {
      end=1;
      break;
    }
    for (j=0; ! end && j<len; j++) {
      long int to=igraph_i_read_graph_graphdb_getword(instream);
      if (to<0) {
	end=1; 
	break;
      }
      IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
      IGRAPH_CHECK(igraph_vector_push_back(&edges, to));
    }
  }

  if (end) {
    IGRAPH_ERROR("Truncated graphdb file", IGRAPH_EFILE);
  }
  
  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

extern int igraph_gml_yyparse(void);
extern FILE *igraph_gml_yyin;
extern int igraph_gml_eof;
extern igraph_gml_tree_t *igraph_i_gml_parsed_tree;
long int igraph_gml_mylineno;
extern char *igraph_i_gml_errmsg;

void igraph_i_gml_destroy_attrs(igraph_vector_ptr_t **ptr) {  
  long int i;
  igraph_vector_ptr_t *vec;
  for (i=0; i<3; i++) {
    long int j;
    vec=ptr[i];
    for (j=0; j<igraph_vector_ptr_size(vec); j++) {
      igraph_i_attribute_record_t *atrec=VECTOR(*vec)[j];
      if (atrec->type == IGRAPH_ATTRIBUTE_NUMERIC) {
	igraph_vector_t *value=(igraph_vector_t*)atrec->value;
	igraph_vector_destroy(value);
	Free(value);
      } else {
	igraph_strvector_t *value=(igraph_strvector_t*)atrec->value;
	igraph_strvector_destroy(value);
	Free(value);
      }
      Free(atrec->name);
      Free(atrec);
    }
    igraph_vector_ptr_destroy(vec);
  }
}

igraph_real_t igraph_i_gml_toreal(igraph_gml_tree_t *node, long int pos) {

  igraph_real_t value=0.0;
  int type=igraph_gml_tree_type(node, pos);
  
  switch (type) {
  case IGRAPH_I_GML_TREE_INTEGER:
    value=igraph_gml_tree_get_integer(node, pos);
    break;
  case IGRAPH_I_GML_TREE_REAL:
    value=igraph_gml_tree_get_real(node, pos);
    break;
  default:
    IGRAPH_ERROR("Internal error while parsing GML file", IGRAPH_FAILURE);
    break;
  }
  
  return value;
}

const char *igraph_i_gml_tostring(igraph_gml_tree_t *node, long int pos) {
  
  int type=igraph_gml_tree_type(node, pos);
  static char tmp[256];
  const char *p=tmp;
  long int i;
  igraph_real_t d;

  switch (type) {
  case IGRAPH_I_GML_TREE_INTEGER:
    i=igraph_gml_tree_get_integer(node, pos);
    snprintf(tmp, sizeof(tmp)/sizeof(char), "%li", i);
    break;
  case IGRAPH_I_GML_TREE_REAL:
    d=igraph_gml_tree_get_real(node, pos);
    snprintf(tmp, sizeof(tmp)/sizeof(char), "%g", d);
    break;
  case IGRAPH_I_GML_TREE_STRING:
    p=igraph_gml_tree_get_string(node, pos);
    break;
  default:
    break;
  }

  return p;
}

/**
 * \function igraph_read_graph_gml
 * \brief Read a graph in GML format.
 * 
 * GML is a simple textual format, see
 * http://www.infosun.fim.uni-passau.de/Graphlet/GML/ for details.
 * 
 * </para><para>
 * Although all syntactically correct GML can be parsed, 
 * we implement only a subset of this format, some attributes might be
 * ignored. Here is a list of all the differences:
 * \olist
 * \oli Only <code>node</code> and <code>edge</code> attributes are 
 *      used, and only if they have a simple type: integer, real or
 *      string. So if an attribute is an array or a record, then it is 
 *      ignored. This is also true if only some values of the
 *      attribute are complex. 
 * \oli Top level attributes except for <code>Version</code> and the
 *      first <code>graph</code> attribute are completely ignored.
 * \oli Graph attributes except for <code>node</code> and
 *      <code>edge</code> are completely ignored.
 * \oli There is no maximum line length. 
 * \oli There is no maximum keyword length.
 * \oli Character entities in strings are not interpreted.
 * \oli We allow <code>inf</code> (infinity) and <code>nan</code>
 *      (not a number) as a real number. This is case insensitive, so
 *      <code>nan</code>, <code>NaN</code> and <code>NAN</code> are equal.
 * \endolist
 * 
 * </para><para> Please contact us if you cannot live with these
 * limitations of the GML parser.
 * \param graph Pointer to an uninitialized graph object.
 * \param instream The stream to read the GML file from. 
 * \return Error code.
 * 
 * Time complexity: should be proportional to the length of the file.
 * 
 * \sa \ref igraph_read_graph_graphml() for a more modern format, 
 * \ref igraph_write_graph_gml() for writing GML files.
 */

int igraph_read_graph_gml(igraph_t *graph, FILE *instream) {
  
  long int i, p;
  long int no_of_nodes=0, no_of_edges=0;
  igraph_trie_t trie;
  igraph_vector_t edges;
  igraph_bool_t directed=IGRAPH_UNDIRECTED;
  igraph_gml_tree_t *gtree;
  long int gidx;
  igraph_trie_t vattrnames;
  igraph_trie_t eattrnames;
  igraph_trie_t gattrnames;
  igraph_vector_ptr_t gattrs=IGRAPH_VECTOR_PTR_NULL, 
    vattrs=IGRAPH_VECTOR_PTR_NULL, eattrs=IGRAPH_VECTOR_PTR_NULL;
  igraph_vector_ptr_t *attrs[3];
  long int edgeptr=0;
  
  attrs[0]=&gattrs; attrs[1]=&vattrs; attrs[2]=&eattrs;
  
  igraph_gml_yyin=instream;
  igraph_gml_mylineno=1;
  igraph_gml_eof=0;
  
  i=igraph_gml_yyparse();
  if (i != 0) {
    if (igraph_i_gml_errmsg) {
      IGRAPH_ERROR(igraph_i_gml_errmsg, IGRAPH_PARSEERROR);
    } else {
      IGRAPH_ERROR("Cannot read GML file", IGRAPH_PARSEERROR);
    }
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  /* Check version, if present, integer and not '1' then ignored */
  i=igraph_gml_tree_find(igraph_i_gml_parsed_tree, "Version", 0);
  if (i>=0 &&
      igraph_gml_tree_type(igraph_i_gml_parsed_tree, i)==IGRAPH_I_GML_TREE_INTEGER &&
      igraph_gml_tree_get_integer(igraph_i_gml_parsed_tree, i) != 1) {
    igraph_gml_tree_destroy(igraph_i_gml_parsed_tree);
    IGRAPH_ERROR("Unknown GML version", IGRAPH_UNIMPLEMENTED);
    /* RETURN HERE!!!! */
  }
  
  /* get the graph */
  gidx=igraph_gml_tree_find(igraph_i_gml_parsed_tree, "graph", 0);
  if (gidx==-1) {
    IGRAPH_ERROR("No 'graph' object in GML file", IGRAPH_PARSEERROR);
  }
  if (igraph_gml_tree_type(igraph_i_gml_parsed_tree, gidx) !=
      IGRAPH_I_GML_TREE_TREE) {
    IGRAPH_ERROR("Invalid type for 'graph' object in GML file", IGRAPH_PARSEERROR);
  }
  gtree=igraph_gml_tree_get_tree(igraph_i_gml_parsed_tree, gidx);

  IGRAPH_FINALLY(igraph_i_gml_destroy_attrs, &attrs);
  igraph_vector_ptr_init(&gattrs, 0);
  igraph_vector_ptr_init(&vattrs, 0);
  igraph_vector_ptr_init(&eattrs, 0);

  IGRAPH_TRIE_INIT_FINALLY(&trie, 0);
  IGRAPH_TRIE_INIT_FINALLY(&vattrnames, 0);
  IGRAPH_TRIE_INIT_FINALLY(&eattrnames, 0);
  IGRAPH_TRIE_INIT_FINALLY(&gattrnames, 0);

  /* Is is directed? */
  i=igraph_gml_tree_find(gtree, "directed", 0);
  if (i>=0 && igraph_gml_tree_type(gtree, i)==IGRAPH_I_GML_TREE_INTEGER) {
    if (igraph_gml_tree_get_integer(gtree, i) == 0) {
      directed=IGRAPH_DIRECTED;
    }
  }

  /* Now we go over all objects in the graph and collect the attribute names and
     types. Plus we collect node ids. We also do some checks. */
  for (i=0; i<igraph_gml_tree_length(gtree); i++) {
    long int j;
    char cname[100];
    const char *name=igraph_gml_tree_name(gtree, i);
    if (!strcmp(name, "node")) {
      igraph_gml_tree_t *node;
      igraph_bool_t hasid;
      no_of_nodes++;
      if (igraph_gml_tree_type(gtree, i) != IGRAPH_I_GML_TREE_TREE) {
	IGRAPH_ERROR("'node' is not a list", IGRAPH_PARSEERROR);
      }
      node=igraph_gml_tree_get_tree(gtree, i);
      hasid=0;
      for (j=0; j<igraph_gml_tree_length(node); j++) {
	const char *name=igraph_gml_tree_name(node, j);
	long int trieid, triesize=igraph_trie_size(&vattrnames);
	IGRAPH_CHECK(igraph_trie_get(&vattrnames, name, &trieid));
	if (trieid==triesize) {
	  /* new attribute */
	  igraph_i_attribute_record_t *atrec=Calloc(1, igraph_i_attribute_record_t);
	  int type=igraph_gml_tree_type(node, j);
	  if (!atrec) {
	    IGRAPH_ERROR("Cannot read GML file", IGRAPH_ENOMEM);
	  }
	  IGRAPH_CHECK(igraph_vector_ptr_push_back(&vattrs, atrec));
	  atrec->name=strdup(name);
	  if (type==IGRAPH_I_GML_TREE_INTEGER || type==IGRAPH_I_GML_TREE_REAL) {
	    atrec->type=IGRAPH_ATTRIBUTE_NUMERIC;
	  } else {
	    atrec->type=IGRAPH_ATTRIBUTE_STRING;
	  }
	} else {
	  /* already seen, should we update type? */
	  igraph_i_attribute_record_t *atrec=VECTOR(vattrs)[trieid];
	  int type1=atrec->type;
	  int type2=igraph_gml_tree_type(node, j);
	  if (type1==IGRAPH_ATTRIBUTE_NUMERIC && type2==IGRAPH_I_GML_TREE_STRING) {
	    atrec->type=IGRAPH_ATTRIBUTE_STRING;
	  }
	}
	/* check id */
	if (!hasid && !strcmp(name, "id")) {
	  long int id;
	  if (igraph_gml_tree_type(node, j) != IGRAPH_I_GML_TREE_INTEGER) {
	    IGRAPH_ERROR("Non-integer node id in GML file", IGRAPH_PARSEERROR);
	  }
	  id=igraph_gml_tree_get_integer(node, j);
	  snprintf(cname, sizeof(cname)/sizeof(char)-1, "%li", id);
	  IGRAPH_CHECK(igraph_trie_get(&trie, cname, &id));
	  hasid=1;
	}
      }
      if (!hasid) {
	IGRAPH_ERROR("Node without 'id' while parsing GML file", IGRAPH_PARSEERROR);
      }
    } else if (!strcmp(name, "edge")) {
      igraph_gml_tree_t *edge;
      igraph_bool_t has_source=0, has_target=0;
      no_of_edges++;
      if (igraph_gml_tree_type(gtree, i) != IGRAPH_I_GML_TREE_TREE) {
	IGRAPH_ERROR("'edge' is not a list", IGRAPH_PARSEERROR);
      }
      edge=igraph_gml_tree_get_tree(gtree, i);
      has_source=has_target=0;
      for (j=0; j<igraph_gml_tree_length(edge); j++) {
	const char *name=igraph_gml_tree_name(edge, j);
	if (!strcmp(name, "source")) {
	  has_source=1;
	  if (igraph_gml_tree_type(edge, j) != IGRAPH_I_GML_TREE_INTEGER) {
	    IGRAPH_ERROR("Non-integer 'source' for an edge in GML file",
			 IGRAPH_PARSEERROR);
	  }
	} else if (!strcmp(name, "target")) {
	  has_target=1;
	  if (igraph_gml_tree_type(edge, j) != IGRAPH_I_GML_TREE_INTEGER) {
	    IGRAPH_ERROR("Non-integer 'source' for an edge in GML file",
			 IGRAPH_PARSEERROR);
	  }
	} else {
	  long int trieid, triesize=igraph_trie_size(&eattrnames);
	  IGRAPH_CHECK(igraph_trie_get(&eattrnames, name, &trieid));
	  if (trieid==triesize) {
	    /* new attribute */
	    igraph_i_attribute_record_t *atrec=Calloc(1, igraph_i_attribute_record_t);
	    int type=igraph_gml_tree_type(edge, j);
	    if (!atrec) {
	      IGRAPH_ERROR("Cannot read GML file", IGRAPH_ENOMEM);
	    }
	    IGRAPH_CHECK(igraph_vector_ptr_push_back(&eattrs, atrec));
	    atrec->name=strdup(name);
	    if (type==IGRAPH_I_GML_TREE_INTEGER || type==IGRAPH_I_GML_TREE_REAL) {
	      atrec->type=IGRAPH_ATTRIBUTE_NUMERIC;
	    } else {
	      atrec->type=IGRAPH_ATTRIBUTE_STRING;
	    }
	  } else {
	    /* already seen, should we update type? */
	    igraph_i_attribute_record_t *atrec=VECTOR(eattrs)[trieid];
	    int type1=atrec->type;
	    int type2=igraph_gml_tree_type(edge, j);
	    if (type1==IGRAPH_ATTRIBUTE_NUMERIC && type2==IGRAPH_I_GML_TREE_STRING) {
	      atrec->type=IGRAPH_ATTRIBUTE_STRING;
	    }
	  }
	}
      }	/* for */
      if (!has_source) {
	IGRAPH_ERROR("No 'source' for edge in GML file", IGRAPH_PARSEERROR);
      }
      if (!has_target) {
	IGRAPH_ERROR("No 'target' for edge in GML file", IGRAPH_PARSEERROR);
      }
    } else {
      /* anything to do? Maybe add as graph attribute.... */
    }
  }

  /* check vertex id uniqueness */
  if (igraph_trie_size(&trie) != no_of_nodes) {
    IGRAPH_ERROR("Node 'id' not unique", IGRAPH_PARSEERROR);
  }
  
  /* now we allocate the vectors and strvectors for the attributes */
  for (i=0; i<igraph_vector_ptr_size(&vattrs); i++) {
    igraph_i_attribute_record_t *atrec=VECTOR(vattrs)[i];
    int type=atrec->type;
    if (type == IGRAPH_ATTRIBUTE_NUMERIC) {
      igraph_vector_t *p=Calloc(1, igraph_vector_t);
      atrec->value=p;
      IGRAPH_CHECK(igraph_vector_init(p, no_of_nodes));
    } else if (type == IGRAPH_ATTRIBUTE_STRING) {
      igraph_strvector_t *p=Calloc(1, igraph_strvector_t);
      atrec->value=p;
      IGRAPH_CHECK(igraph_strvector_init(p, no_of_nodes));
    } else {
      IGRAPH_WARNING("A composite attribute ignored");
    }
  }

  for (i=0; i<igraph_vector_ptr_size(&eattrs); i++) {
    igraph_i_attribute_record_t *atrec=VECTOR(eattrs)[i];
    int type=atrec->type;
    if (type == IGRAPH_ATTRIBUTE_NUMERIC) {
      igraph_vector_t *p=Calloc(1, igraph_vector_t);
      atrec->value=p;
      IGRAPH_CHECK(igraph_vector_init(p, no_of_edges));
    } else if (type == IGRAPH_ATTRIBUTE_STRING) {
      igraph_strvector_t *p=Calloc(1, igraph_strvector_t);
      atrec->value=p;
      IGRAPH_CHECK(igraph_strvector_init(p, no_of_edges));
    } else {
      IGRAPH_WARNING("A composite attribute ignored");
    }
  }

  /* Ok, now the edges, attributes too */
  IGRAPH_CHECK(igraph_vector_resize(&edges, no_of_edges*2));
  p=-1;
  while ( (p=igraph_gml_tree_find(gtree, "edge", p+1)) != -1) {
    igraph_gml_tree_t *edge;
    long int from, to, fromidx=0, toidx=0;
    char name[100];
    long int j;
    edge=igraph_gml_tree_get_tree(gtree, p);
    for (j=0; j<igraph_gml_tree_length(edge); j++) {
      const char *n=igraph_gml_tree_name(edge, j);
      if (!strcmp(n, "source")) {
	fromidx=igraph_gml_tree_find(edge, "source", 0);
      } else if (!strcmp(n, "target")) {
	toidx=igraph_gml_tree_find(edge, "target", 0);
      } else {
	long int edgeid=edgeptr/2;
	long int trieidx;
	igraph_i_attribute_record_t *atrec;
	int type;
	igraph_trie_get(&eattrnames, n, &trieidx);
	atrec=VECTOR(eattrs)[trieidx];
	type=atrec->type;
	if (type==IGRAPH_ATTRIBUTE_NUMERIC) {
	  igraph_vector_t *v=(igraph_vector_t *)atrec->value;
	  VECTOR(*v)[edgeid]=igraph_i_gml_toreal(edge, j);
	} else if (type==IGRAPH_ATTRIBUTE_STRING) {
	  igraph_strvector_t *v=(igraph_strvector_t *)atrec->value;
	  const char *value=igraph_i_gml_tostring(edge, j);
	  IGRAPH_CHECK(igraph_strvector_set(v, edgeid, value));
	}
      }
    }
    from=igraph_gml_tree_get_integer(edge, fromidx);
    to=igraph_gml_tree_get_integer(edge, toidx);
    snprintf(name, sizeof(name)/sizeof(char)-1, "%li", from);
    IGRAPH_CHECK(igraph_trie_get(&trie, name, &from));
    snprintf(name, sizeof(name)/sizeof(char)-1, "%li", to);
    IGRAPH_CHECK(igraph_trie_get(&trie, name, &to));
    if (igraph_trie_size(&trie) != no_of_nodes) {
      IGRAPH_ERROR("Unkown node id found at an edge", IGRAPH_PARSEERROR);
    }
    VECTOR(edges)[edgeptr++]=from;
    VECTOR(edges)[edgeptr++]=to;
  }

  /* and add vertex attributes */
  for (i=0; i<igraph_gml_tree_length(gtree); i++) {
    const char *n;
    char name[100];
    long int j, k;
    n=igraph_gml_tree_name(gtree, i);
    if (!strcmp(n, "node")) {
      igraph_gml_tree_t *node=igraph_gml_tree_get_tree(gtree, i);
      long int iidx=igraph_gml_tree_find(node, "id", 0);
      long int id=igraph_gml_tree_get_integer(node, iidx);
      snprintf(name, sizeof(name)/sizeof(char)-1, "%li", id);
      igraph_trie_get(&trie, name, &id);
      for (j=0; j<igraph_gml_tree_length(node); j++) {
	const char *aname=igraph_gml_tree_name(node, j);
	igraph_i_attribute_record_t *atrec;
	int type;
	igraph_trie_get(&vattrnames, aname, &k);
	atrec=VECTOR(vattrs)[k];
	type=atrec->type;
	if (type==IGRAPH_ATTRIBUTE_NUMERIC) {
	  igraph_vector_t *v=(igraph_vector_t *)atrec->value;
	  VECTOR(*v)[id]=igraph_i_gml_toreal(node, j);
	} else if (type==IGRAPH_ATTRIBUTE_STRING) {
	  igraph_strvector_t *v=(igraph_strvector_t *)atrec->value;
	  const char *value=igraph_i_gml_tostring(node, j);
	  IGRAPH_CHECK(igraph_strvector_set(v, id, value));
	}
      }
    }
  }
  
  igraph_gml_tree_destroy(igraph_i_gml_parsed_tree);
  
  igraph_trie_destroy(&trie);
  igraph_trie_destroy(&gattrnames);
  igraph_trie_destroy(&vattrnames);
  igraph_trie_destroy(&eattrnames);
  IGRAPH_FINALLY_CLEAN(4);

  IGRAPH_CHECK(igraph_empty_attrs(graph, 0, directed, 0)); /* TODO */
  IGRAPH_CHECK(igraph_add_vertices(graph, no_of_nodes, &vattrs));
  IGRAPH_CHECK(igraph_add_edges(graph, &edges, &eattrs));

  igraph_i_gml_destroy_attrs(attrs);
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

/**
 * \ingroup loadsave
 * \function igraph_write_graph_edgelist
 * \brief Writes the edge list of a graph to a file.
 * 
 * </para><para>
 * One edge is written per line, separated by a single space.
 * For directed graphs edges are written in from, to order.
 * \param graph The graph object to write.
 * \param outstream Pointer to a stream, it should be writable.
 * \return Error code:
 *         \c IGRAPH_EFILE if there is an error writing the
 *         file. 
 * 
 * Time complexity: O(|E|), the
 * number of edges in the  graph. It is assumed that writing an
 * integer to the file requires O(1)
 * time. 
 */

int igraph_write_graph_edgelist(const igraph_t *graph, FILE *outstream) {

  igraph_eit_t it;
  
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(IGRAPH_EDGEORDER_FROM), 
				 &it));
  IGRAPH_FINALLY(igraph_eit_destroy, &it);

  while (!IGRAPH_EIT_END(it)) {
    igraph_integer_t from, to;
    int ret;
    igraph_edge(graph, IGRAPH_EIT_GET(it), &from, &to);
    ret=fprintf(outstream, "%li %li\n", 
		(long int) from,
		(long int) to);
    if (ret < 0) {
      IGRAPH_ERROR("Write error", IGRAPH_EFILE);
    }
    IGRAPH_EIT_NEXT(it);
  }
  
  igraph_eit_destroy(&it);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/** 
 * \ingroup loadsave
 * \function igraph_write_graph_ncol
 * \brief Writes the graph to a file in <code>.ncol</code> format
 * 
 * </para><para>
 * <code>.ncol</code> is a format used by LGL, see \ref
 * igraph_read_graph_ncol() for details. 
 * 
 * </para><para>
 * Note that having multiple or loop edges in an
 * <code>.ncol</code> file breaks the  LGL software but 
 * \a igraph does not check for this condition. 
 * \param graph The graph to write.
 * \param outstream The stream object to write to, it should be
 *        writable.
 * \param names The name of the vertex attribute, if symbolic names
 *        are written to the file. If not, supply 0 here.
 * \param weights The name of the edge attribute, if they are also
 *        written to the file. If you don't want weights, supply 0
 *        here.
 * \return Error code:
 *         \c IGRAPH_EFILE if there is an error writing the
 *         file. 
 * 
 * Time complexity: O(|E|), the
 * number of edges. All file operations are expected to have time
 * complexity O(1). 
 *
 * \sa \ref igraph_read_graph_ncol(), \ref igraph_write_graph_lgl()
 */

int igraph_write_graph_ncol(const igraph_t *graph, FILE *outstream, 
			    const char *names, const char *weights) {
  igraph_eit_t it;
  igraph_attribute_type_t nametype, weighttype;
  
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(IGRAPH_EDGEORDER_FROM), 
				 &it));
  IGRAPH_FINALLY(igraph_eit_destroy, &it);

  /* Check if we have the names attribute */
  if (names && !igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_VERTEX,
					    names)) {
    names=0;
    IGRAPH_WARNING("names attribute does not exists");
  } 
  if (names) {
    IGRAPH_CHECK(igraph_i_attribute_gettype(graph, &nametype,
					    IGRAPH_ATTRIBUTE_VERTEX, names));
  }
  if (names && nametype != IGRAPH_ATTRIBUTE_NUMERIC && 
      nametype != IGRAPH_ATTRIBUTE_STRING) {
    IGRAPH_WARNING("ignoring names attribute, unknown attribute type");
    names=0;
  }

  /* Check the weights as well */
  if (weights && !igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_EDGE,
					       weights)) {
    weights=0;
    IGRAPH_WARNING("weights attribute does not exists");
  }
  if (weights) {
    IGRAPH_CHECK(igraph_i_attribute_gettype(graph, &weighttype, 
					    IGRAPH_ATTRIBUTE_EDGE, weights));
  }
  if (weights && weighttype != IGRAPH_ATTRIBUTE_NUMERIC) {
    IGRAPH_WARNING("ignoring weights attribute, unknown attribute type");
    weights=0;
  }

  if (names==0 && weights ==0) {
    /* No names, no weights */
    while (!IGRAPH_EIT_END(it)) {
      igraph_integer_t from, to;
      int ret;
      igraph_edge(graph, IGRAPH_EIT_GET(it), &from, &to);
      ret=fprintf(outstream, "%li %li\n",
		  (long int) from,
		  (long int) to);
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      IGRAPH_EIT_NEXT(it);
    }
  } else if (weights==0) {
    /* No weights, but use names */
    igraph_strvector_t nvec;
    IGRAPH_CHECK(igraph_strvector_init(&nvec, igraph_vcount(graph)));
    IGRAPH_FINALLY(igraph_strvector_destroy, &nvec);
    IGRAPH_CHECK(igraph_i_attribute_get_string_vertex_attr(graph, names, 
							   igraph_vss_all(),
							   &nvec));
    while (!IGRAPH_EIT_END(it)) {
      igraph_integer_t edge=IGRAPH_EIT_GET(it);
      igraph_integer_t from, to;
      int ret=0;
      char *str1, *str2;
      igraph_edge(graph, edge, &from, &to);
      igraph_strvector_get(&nvec, from, &str1);
      igraph_strvector_get(&nvec, to, &str2);
      ret=fprintf(outstream, "%s %s\n", str1, str2);
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      IGRAPH_EIT_NEXT(it);
    }
    igraph_strvector_destroy(&nvec);
    IGRAPH_FINALLY_CLEAN(1);
  } else if (names==0) {
    /* No names but weights */
    igraph_strvector_t wvec;
    IGRAPH_CHECK(igraph_strvector_init(&wvec, igraph_ecount(graph)));
    IGRAPH_FINALLY(igraph_strvector_destroy, &wvec);
    IGRAPH_CHECK(igraph_i_attribute_get_string_edge_attr(graph, weights, 
							 igraph_ess_all(IGRAPH_EDGEORDER_FROM), 
							 &wvec));
    while (!IGRAPH_EIT_END(it)) {
      igraph_integer_t edge=IGRAPH_EIT_GET(it);
      igraph_integer_t from, to;
      int ret=0;
      char *str1;
      igraph_edge(graph, edge, &from, &to);
      igraph_strvector_get(&wvec, edge, &str1);
      ret=fprintf(outstream, "%li %li %s\n", 
		  (long int)from, (long int)to, str1);
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      IGRAPH_EIT_NEXT(it);      
    }
    igraph_strvector_destroy(&wvec);
    IGRAPH_FINALLY_CLEAN(1);
  } else {
    /* Both names and weights */
    igraph_strvector_t nvec, wvec;
    IGRAPH_CHECK(igraph_strvector_init(&wvec, igraph_ecount(graph)));
    IGRAPH_FINALLY(igraph_strvector_destroy, &wvec);
    IGRAPH_CHECK(igraph_strvector_init(&nvec, igraph_vcount(graph)));
    IGRAPH_FINALLY(igraph_strvector_destroy, &nvec);
    IGRAPH_CHECK(igraph_i_attribute_get_string_edge_attr(graph, weights, 
							 igraph_ess_all(IGRAPH_EDGEORDER_FROM), 
							 &wvec));
    IGRAPH_CHECK(igraph_i_attribute_get_string_vertex_attr(graph, names, 
							   igraph_vss_all(),
							   &nvec));
    while (!IGRAPH_EIT_END(it)) {
      igraph_integer_t edge=IGRAPH_EIT_GET(it);
      igraph_integer_t from, to;
      int ret=0;
      char *str1, *str2, *str3;
      igraph_edge(graph, edge, &from, &to);
      igraph_strvector_get(&nvec, from, &str1);
      igraph_strvector_get(&nvec, to, &str2);
      igraph_strvector_get(&wvec, edge, &str3);
      ret=fprintf(outstream, "%s %s ", str1, str2);
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      ret=fprintf(outstream, "%s\n", str3);
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      IGRAPH_EIT_NEXT(it);
    }
    igraph_strvector_destroy(&nvec);
    igraph_strvector_destroy(&wvec);
    IGRAPH_FINALLY_CLEAN(2);
  }
  
  igraph_eit_destroy(&it);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \ingroup loadsave
 * \function igraph_write_graph_lgl
 * \brief Writes the graph to a file in <code>.lgl</code> format
 *
 * </para><para>
 * <code>.lgl</code> is a format used by LGL, see \ref
 * igraph_read_graph_lgl() for details.
 *
 * </para><para>
 * Note that having multiple or loop edges in an
 * <code>.lgl</code> file breaks the  LGL software but \a igraph
 * does not check for this condition. 
 * \param graph The graph to write. 
 * \param outstream The stream object to write to, it should be
 *        writable.
 * \param names The name of the vertex attribute, if symbolic names
 *        are written to the file. If not supply 0 here.
 * \param weights The name of the edge attribute, if they are also
 *        written to the file. If you don't want weights supply 0
 *        here.
 * \param isolates Logical, if TRUE isolated vertices are also written
 *        to the file. If FALSE they will be omitted.
 * \return Error code:
 *         \c IGRAPH_EFILE if there is an error
 *         writing the file. 
 *
 * Time complexity: O(|E|), the
 * number of edges if \p isolates is
 * FALSE, O(|V|+|E|) otherwise. All
 * file operations are expected to have time complexity 
 * O(1). 
 *
 * \sa \ref igraph_read_graph_ncol(), \ref igraph_write_graph_lgl()
 */

int igraph_write_graph_lgl(const igraph_t *graph, FILE *outstream,
			   const char *names, const char *weights,
			   igraph_bool_t isolates) {
  igraph_eit_t it;
  long int actvertex=-1;
  igraph_attribute_type_t nametype, weighttype;
  
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(IGRAPH_EDGEORDER_FROM),
				 &it));
  IGRAPH_FINALLY(igraph_eit_destroy, &it);

  /* Check if we have the names attribute */
  if (names && !igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_VERTEX,
					    names)) {
    names=0;
    IGRAPH_WARNING("names attribute does not exists");
  }
  if (names) {
    IGRAPH_CHECK(igraph_i_attribute_gettype(graph, &nametype,
					    IGRAPH_ATTRIBUTE_VERTEX, names));
  }
  if (names && nametype != IGRAPH_ATTRIBUTE_NUMERIC && 
      nametype != IGRAPH_ATTRIBUTE_STRING) {
    IGRAPH_WARNING("ignoring names attribute, unknown attribute type");
    names=0;
  }

  /* Check the weights as well */
  if (weights && !igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_EDGE,
					      weights)) {
    weights=0;
    IGRAPH_WARNING("weights attribute does not exists");
  }
  if (weights) {
    IGRAPH_CHECK(igraph_i_attribute_gettype(graph, &weighttype,
					    IGRAPH_ATTRIBUTE_EDGE, weights));
  }
  if (weights && weighttype != IGRAPH_ATTRIBUTE_NUMERIC) {
    IGRAPH_WARNING("ignoring weights attribute, unknown attribute type");
    weights=0;
  }
  
  if (names==0 && weights==0) {
    /* No names, no weights */
    while (!IGRAPH_EIT_END(it)) {
      igraph_integer_t from, to;
      int ret;
      igraph_edge(graph, IGRAPH_EIT_GET(it), &from, &to);
      if (from==actvertex) {
	ret=fprintf(outstream, "%li\n", (long int)to);
      } else {
	actvertex=from;
	ret=fprintf(outstream, "# %li\n%li\n", (long int)from, (long int)to);
      }
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      IGRAPH_EIT_NEXT(it);
    }
  } else if (weights==0) {
    /* No weights but use names */
    igraph_strvector_t nvec;
    IGRAPH_CHECK(igraph_strvector_init(&nvec, igraph_vcount(graph)));
    IGRAPH_FINALLY(igraph_strvector_destroy, &nvec);
    IGRAPH_CHECK(igraph_i_attribute_get_string_vertex_attr(graph, names,
							   igraph_vss_all(),
							   &nvec));
    while (!IGRAPH_EIT_END(it)) {
      igraph_integer_t edge=IGRAPH_EIT_GET(it);
      igraph_integer_t from, to;
      int ret=0;
      char *str1, *str2;
      igraph_edge(graph, edge, &from, &to);
      igraph_strvector_get(&nvec, to, &str2);

      if (from==actvertex) {
	ret=fprintf(outstream, "%s\n", str2);
      } else {
	actvertex=from;
	igraph_strvector_get(&nvec, from, &str1);
	ret=fprintf(outstream, "# %s\n%s\n", str1, str2);
      }
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      IGRAPH_EIT_NEXT(it);
    }
    IGRAPH_FINALLY_CLEAN(1);
  } else if (names==0) {
    igraph_strvector_t wvec;
    IGRAPH_CHECK(igraph_strvector_init(&wvec, igraph_ecount(graph)));
    IGRAPH_FINALLY(igraph_strvector_destroy, &wvec);
    IGRAPH_CHECK(igraph_i_attribute_get_string_edge_attr(graph, weights,
							 igraph_ess_all(IGRAPH_EDGEORDER_FROM),
							 &wvec));
    /* No names but weights */
    while (!IGRAPH_EIT_END(it)) {
      igraph_integer_t edge=IGRAPH_EIT_GET(it);
      igraph_integer_t from, to;
      int ret=0;
      char *str1;
      igraph_edge(graph, edge, &from, &to);
      igraph_strvector_get(&wvec, edge, &str1);
      if (from==actvertex) {
	ret=fprintf(outstream, "%li %s\n", (long)to, str1);
      } else {
	actvertex=from;
	ret=fprintf(outstream, "# %li\n%li %s\n", (long)from, (long)to, str1);
      }
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      IGRAPH_EIT_NEXT(it);
    }
    igraph_strvector_destroy(&wvec);
    IGRAPH_FINALLY_CLEAN(1);
  } else {
    /* Both names and weights */
    igraph_strvector_t nvec, wvec;
    IGRAPH_CHECK(igraph_strvector_init(&wvec, igraph_ecount(graph)));
    IGRAPH_FINALLY(igraph_strvector_destroy, &wvec);
    IGRAPH_CHECK(igraph_strvector_init(&nvec, igraph_vcount(graph)));
    IGRAPH_FINALLY(igraph_strvector_destroy, &nvec);
    IGRAPH_CHECK(igraph_i_attribute_get_string_edge_attr(graph, weights,
							 igraph_ess_all(IGRAPH_EDGEORDER_FROM),
							 &wvec));
    IGRAPH_CHECK(igraph_i_attribute_get_string_vertex_attr(graph, names, 
							   igraph_vss_all(),
							   &nvec));
    while (!IGRAPH_EIT_END(it)) {
      igraph_integer_t edge=IGRAPH_EIT_GET(it);
      igraph_integer_t from, to;
      int ret=0;
      char *str1, *str2, *str3;
      igraph_edge(graph, edge, &from, &to);
      igraph_strvector_get(&nvec, to, &str2);
      igraph_strvector_get(&wvec, edge, &str3);
      if (from==actvertex) {
	ret=fprintf(outstream, "%s ", str2);
      } else {
	actvertex=from;
	igraph_strvector_get(&nvec, from, &str1);
	ret=fprintf(outstream, "# %s\n%s ", str1, str2);
      }
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      ret=fprintf(outstream, "%s\n", str3);
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
      IGRAPH_EIT_NEXT(it);
    }
    igraph_strvector_destroy(&nvec);
    igraph_strvector_destroy(&wvec);
    IGRAPH_FINALLY_CLEAN(2);
  }

  if (isolates) {
    long int nov=igraph_vcount(graph);
    long int i;
    int ret=0;
    igraph_vector_t deg;
    igraph_strvector_t nvec;
    char *str;

    IGRAPH_VECTOR_INIT_FINALLY(&deg, 1);
    IGRAPH_CHECK(igraph_strvector_init(&nvec, 1));
    IGRAPH_FINALLY(igraph_strvector_destroy, &nvec);
    for (i=0; i<nov; i++) {
      igraph_degree(graph, &deg, igraph_vss_1(i), IGRAPH_ALL, IGRAPH_LOOPS);
      if (VECTOR(deg)[0]==0) {
 	if (names==0) { 
	  ret=fprintf(outstream, "# %li\n", i);
	} else {
	  IGRAPH_CHECK(igraph_i_attribute_get_string_vertex_attr(graph, names,
								 igraph_vss_1(i),
								 &nvec));
	  igraph_strvector_get(&nvec, 0, &str);
	  ret=fprintf(outstream, "# %s\n", str);
	}
      }
      if (ret<0) {
	IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
    }
    igraph_strvector_destroy(&nvec);
    igraph_vector_destroy(&deg);
    IGRAPH_FINALLY_CLEAN(2);
  }  
  
  igraph_eit_destroy(&it);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/* Order matters here! */
#define V_ID                0
#define V_X                 1
#define V_Y                 2
#define V_Z                 3
#define V_SHAPE             4
#define V_XFACT             5
#define V_YFACT             6
#define V_COLOR_RED         7
#define V_COLOR_GREEN       8
#define V_COLOR_BLUE        9
#define V_FRAMECOLOR_RED   10
#define V_FRAMECOLOR_GREEN 11
#define V_FRAMECOLOR_BLUE  12
#define V_LABELCOLOR_RED   13
#define V_LABELCOLOR_GREEN 14
#define V_LABELCOLOR_BLUE  15
#define V_LABELDIST        16
#define V_LABELDEGREE2     17
#define V_FRAMEWIDTH       18
#define V_FONTSIZE         19
#define V_ROTATION         20
#define V_RADIUS           21
#define V_DIAMONDRATIO     22
#define V_LABELDEGREE      23
#define V_VERTEXSIZE       24
#define V_FONT             25
#define V_URL              26
#define V_COLOR            27
#define V_FRAMECOLOR       28
#define V_LABELCOLOR       29
#define V_LAST             30

#define E_WEIGHT            0
#define E_COLOR_RED         1
#define E_COLOR_GREEN       2
#define E_COLOR_BLUE        3
#define E_ARROWSIZE         4
#define E_EDGEWIDTH         5
#define E_HOOK1             6
#define E_HOOK2             7
#define E_ANGLE1            8
#define E_ANGLE2            9
#define E_VELOCITY1        10
#define E_VELOCITY2        11
#define E_ARROWPOS         12
#define E_LABELPOS         13
#define E_LABELANGLE       14
#define E_LABELANGLE2      15
#define E_LABELDEGREE      16
#define E_FONTSIZE         17
#define E_ARROWTYPE        18
#define E_LINEPATTERN      19
#define E_LABEL            20
#define E_LABELCOLOR       21
#define E_COLOR            22
#define E_LAST             23

/**
 * \function igraph_write_graph_pajek
 * \brief Writes a graph to a file in Pajek format.
 * 
 * </para><para>
 * The Pajek vertex and edge parameters (like color) are determined by
 * the attributes of the vertices and edges, of course this requires
 * an attribute handler to be installed. The names of the
 * corresponding vertex and edge attributes are listed at \ref
 * igraph_read_graph_pajek(), eg. the `\c color' vertex attributes
 * determines the color (`\c c' in Pajek) parameter.
 * \param graph The graph object to write.
 * \param outstream The file to write to. It should be opened and
 * writable. Make sure that you open the file in binary format if you use MS Windows,
 * otherwise end of line characters will be messed up. (igraph will be able
 * to read back these messed up files, but Pajek won't.)
 * \return Error code.
 *
 * Time complexity: O(|V|+|E|+|A|), |V| is the number of vertices, |E|
 * is the number of edges, |A| the number of attributes (vertex +
 * edge) in the graph if there are attribute handlers installed. 
 *
 * \sa \ref igraph_read_graph_pajek() for reading Pajek graphs, \ref
 * igraph_write_graph_graphml() for writing a graph in GraphML format,
 * this suites <command>igraph</command> graphs better.
 */

int igraph_write_graph_pajek(const igraph_t *graph, FILE *outstream) {
  long int no_of_nodes=igraph_vcount(graph);
  long int i, j;

  igraph_attribute_type_t vtypes[V_LAST], etypes[E_LAST];
  igraph_bool_t write_vertex_attrs=0;  

  /* Same order as the #define's */
  const char *vnames[] = { "id", "x", "y", "z", "shape", "xfact", "yfact",
			   "color-red", "color-green", "color-blue",
			   "framecolor-red", "framecolor-green", 
			   "framecolor-blue", "labelcolor-red", 
			   "labelcolor-green", "labelcolor-blue",
			   "labeldist", "labeldegree2", "framewidth",
			   "fontsize", "rotation", "radius", 
			   "diamondratio", "labeldegree", "vertexsize", 
			   "font", "url", "color", "framecolor",
			   "labelcolor" };

  const char *vnumnames[] = { "xfact", "yfact", "labeldist", 
			      "labeldegree2", "framewidth", "fontsize",
			      "rotation", "radius", "diamondratio",
			      "labeldegree", "vertexsize" };
  const char *vnumnames2[]= { "x_fact", "y_fact", "lr", "lphi", "bw",
			      "fos", "phi", "r", "q", "la", "size" };
  const char *vstrnames[] = { "font", "url", "color", "framecolor", 
			      "labelcolor" };
  const char *vstrnames2[]= { "font", "url", "ic", "bc", "lc" };  
  
  const char *enames[] = { "weight", "color-red", "color-green", "color-blue", 
			   "arrowsize", "edgewidth", "hook1", "hook2", 
			   "angle1", "angle2", "velocity1", "velocity2",
			   "arrowpos", "labelpos", "labelangle",
			   "labelangle2", "labeldegree", "fontsize",
			   "arrowtype", "linepattern", "label", "labelcolor",
			   "color" };
  const char *enumnames[] = { "arrowsize", "edgewidth", "hook1", "hook2",
			      "angle1", "angle2", "velocity1", "velocity2", 
			      "arrowpos", "labelpos", "labelangle",
			      "labelangle2", "labeldegree", "fontsize" };
  const char *enumnames2[]= { "s", "w", "h1", "h2", "a1", "a2", "k1", "k2", 
			      "ap", "lp", "lr", "lphi", "la", "fos" };
  const char *estrnames[] = { "arrowtype", "linepattern", "label",
			      "labelcolor", "color" };
  const char *estrnames2[]= { "a", "p", "l", "lc", "c" };

  const char *newline="\x0d\x0a";
  
  igraph_es_t es;
  igraph_eit_t eit;

  igraph_vector_t numv;
  igraph_strvector_t strv;

  igraph_vector_t ex_numa;
  igraph_vector_t ex_stra;
  igraph_vector_t vx_numa;
  igraph_vector_t vx_stra;

  IGRAPH_VECTOR_INIT_FINALLY(&numv, 1);
  IGRAPH_STRVECTOR_INIT_FINALLY(&strv, 1);

  IGRAPH_VECTOR_INIT_FINALLY(&ex_numa, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&ex_stra, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&vx_numa, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&vx_stra, 0);

  /* Write header */
  if (fprintf(outstream, "*Vertices %li%s", no_of_nodes, newline) < 0) {
    IGRAPH_ERROR("Cannot write pajek file", IGRAPH_EFILE);
  }

  /* Check the vertex attributes */
  memset(vtypes, 0, sizeof(vtypes[0])*V_LAST);
  for (i=0; i<V_LAST; i++) {
    if (igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_VERTEX, 
				    vnames[i])) { 
      igraph_i_attribute_gettype(graph, &vtypes[i], IGRAPH_ATTRIBUTE_VERTEX, 
				 vnames[i]);
      write_vertex_attrs=1;
    } else {
      vtypes[i]=-1;
    }
  }
  for (i=0; i<sizeof(vnumnames)/sizeof(const char*); i++) {
    igraph_attribute_type_t type;
    if (igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_VERTEX, 
				    vnumnames[i])) {
      igraph_i_attribute_gettype(graph, &type, IGRAPH_ATTRIBUTE_VERTEX, 
				 vnumnames[i]);
      if (type==IGRAPH_ATTRIBUTE_NUMERIC) {
	IGRAPH_CHECK(igraph_vector_push_back(&vx_numa, i));
      }
    }
  }
  for (i=0; i<sizeof(vstrnames)/sizeof(const char*); i++) {
    igraph_attribute_type_t type;
    if (igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_VERTEX, 
				    vstrnames[i])) {
      igraph_i_attribute_gettype(graph, &type, IGRAPH_ATTRIBUTE_VERTEX, 
				 vstrnames[i]);
      if (type==IGRAPH_ATTRIBUTE_STRING) {
	IGRAPH_CHECK(igraph_vector_push_back(&vx_stra, i));
      }
    }
  }

  /* Write vertices */
  if (write_vertex_attrs) {
    for (i=0; i<no_of_nodes; i++) {

      /* vertex id */
      fprintf(outstream, "%li", i+1);
      if (vtypes[V_ID] == IGRAPH_ATTRIBUTE_NUMERIC) {
	igraph_i_attribute_get_numeric_vertex_attr(graph, vnames[V_ID], 
						   igraph_vss_1(i), &numv);
	fprintf(outstream, " \"%g\"", VECTOR(numv)[0]);
      } else if (vtypes[V_ID] == IGRAPH_ATTRIBUTE_STRING) {
	char *s;
	igraph_i_attribute_get_string_vertex_attr(graph, vnames[V_ID],
						  igraph_vss_1(i), &strv);
	igraph_strvector_get(&strv, 0, &s);
	fprintf(outstream, " \"%s\"", s);
      }
      
      /* coordinates */
      if (vtypes[V_X] == IGRAPH_ATTRIBUTE_NUMERIC &&
	  vtypes[V_Y] == IGRAPH_ATTRIBUTE_NUMERIC) {
	igraph_i_attribute_get_numeric_vertex_attr(graph, vnames[V_X], 
						   igraph_vss_1(i), &numv);
	fprintf(outstream, " %g", VECTOR(numv)[0]);
	igraph_i_attribute_get_numeric_vertex_attr(graph, vnames[V_Y], 
						   igraph_vss_1(i), &numv);
	fprintf(outstream, " %g", VECTOR(numv)[0]);
	if (vtypes[V_Z] == IGRAPH_ATTRIBUTE_NUMERIC) {
	  igraph_i_attribute_get_numeric_vertex_attr(graph, vnames[V_Z], 
						     igraph_vss_1(i), &numv);
	  fprintf(outstream, " %g", VECTOR(numv)[0]);
	}
      }
      
      /* shape */
      if (vtypes[V_SHAPE] == IGRAPH_ATTRIBUTE_STRING) {
	char *s;
	igraph_i_attribute_get_string_vertex_attr(graph, vnames[V_SHAPE],
						  igraph_vss_1(i), &strv);
	igraph_strvector_get(&strv, 0, &s);
	fprintf(outstream, " %s", s);
      }
      
      /* numeric parameters */
      for (j=0; j<igraph_vector_size(&vx_numa); j++) {
	int idx=VECTOR(vx_numa)[j];
	igraph_i_attribute_get_numeric_vertex_attr(graph, vnumnames[idx],
						   igraph_vss_1(i), &numv);
	fprintf(outstream, " %s %g", vnumnames2[idx], VECTOR(numv)[0]);
      }

      /* string parameters */
      for (j=0; j<igraph_vector_size(&vx_stra); j++) {
	int idx=VECTOR(vx_numa)[j];
	char *s;
	igraph_i_attribute_get_string_vertex_attr(graph, vstrnames[idx],
						  igraph_vss_1(i), &strv);
	igraph_strvector_get(&strv, 0, &s);
	fprintf(outstream, " %s \"%s\"", vstrnames2[idx], s);
      }      
      
      /* trailing newline */
      fprintf(outstream, "%s", newline);
    }
  }

  /* edges header */
  if (igraph_is_directed(graph)) {
    fprintf(outstream, "*Arcs%s", newline);
  } else {
    fprintf(outstream, "*Edges%s", newline);
  }
  
  IGRAPH_CHECK(igraph_es_all(&es, IGRAPH_EDGEORDER_ID));
  IGRAPH_FINALLY(igraph_es_destroy, &es);
  IGRAPH_CHECK(igraph_eit_create(graph, es, &eit));
  IGRAPH_FINALLY(igraph_eit_destroy, &eit);

  /* Check edge attributes */
  for (i=0; i<E_LAST; i++) {
    if (igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_EDGE,
				    enames[i])) {
      igraph_i_attribute_gettype(graph, &etypes[i], IGRAPH_ATTRIBUTE_EDGE,
				 enames[i]);
    } else {
      etypes[i]=-1;
    }
  }
  for (i=0; i<sizeof(enumnames)/sizeof(const char*); i++) {
    igraph_attribute_type_t type;
    if (igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_EDGE, 
				    enumnames[i])) {
      igraph_i_attribute_gettype(graph, &type, IGRAPH_ATTRIBUTE_EDGE, 
				 enumnames[i]);
      if (type==IGRAPH_ATTRIBUTE_NUMERIC) {
	IGRAPH_CHECK(igraph_vector_push_back(&ex_numa, i));
      }
    }
  }
  for (i=0; i<sizeof(estrnames)/sizeof(const char*); i++) {
    igraph_attribute_type_t type;
    if (igraph_i_attribute_has_attr(graph, IGRAPH_ATTRIBUTE_EDGE, 
				    estrnames[i])) {
      igraph_i_attribute_gettype(graph, &type, IGRAPH_ATTRIBUTE_EDGE, 
				 estrnames[i]);
      if (type==IGRAPH_ATTRIBUTE_STRING) {
	IGRAPH_CHECK(igraph_vector_push_back(&ex_stra, i));
      }
    }
  }
  
  for (i=0; !IGRAPH_EIT_END(eit); IGRAPH_EIT_NEXT(eit), i++) {
    long int edge=IGRAPH_EIT_GET(eit);
    igraph_integer_t from, to;
    igraph_edge(graph, edge, &from,  &to);
    fprintf(outstream, "%li %li", (long int) from+1, (long int) to+1);
    
    /* Weights */
    if (etypes[E_WEIGHT] == IGRAPH_ATTRIBUTE_NUMERIC) {
      igraph_i_attribute_get_numeric_edge_attr(graph, enames[E_WEIGHT],
					       igraph_ess_1(edge), &numv);
      fprintf(outstream, " %g", VECTOR(numv)[0]);
    }
    
    /* numeric parameters */
    for (j=0; j<igraph_vector_size(&ex_numa); j++) {
      int idx=VECTOR(ex_numa)[j];
      igraph_i_attribute_get_numeric_edge_attr(graph, enumnames[idx],
					       igraph_ess_1(edge), &numv);
      fprintf(outstream, " %s %g", enumnames2[idx], VECTOR(numv)[0]);
    }
    
    /* string parameters */
    for (j=0; j<igraph_vector_size(&ex_stra); j++) {
      int idx=VECTOR(ex_stra)[j];
      char *s;
      igraph_i_attribute_get_string_edge_attr(graph, estrnames[idx],
					      igraph_ess_1(edge), &strv);
      igraph_strvector_get(&strv, 0, &s);
      fprintf(outstream, " %s \"%s\"", estrnames2[idx], s);
    }

    /* trailing newline */
    fprintf(outstream, "%s", newline);
  }

  igraph_eit_destroy(&eit);
  igraph_es_destroy(&es);
  igraph_vector_destroy(&ex_numa);
  igraph_vector_destroy(&ex_stra);
  igraph_vector_destroy(&vx_numa);
  igraph_vector_destroy(&vx_stra);
  igraph_strvector_destroy(&strv);
  igraph_vector_destroy(&numv);
  IGRAPH_FINALLY_CLEAN(8);
  return 0;
}

/**
 * \function igraph_write_graph_dimacs
 * 
 * This function writes a graph to an output stream in DIMACS format,
 * describing a maximum flow problem.
 * See ftp://dimacs.rutgers.edu/pub/netflow/general-info/
 * 
 * </para><para>
 * This file format is discussed in the documentation of \ref
 * igraph_read_graph_dimacs(), see that for more information.
 * 
 * \param graph The graph to write to the stream.
 * \param outstream The stream.
 * \param source Integer, the id of the source vertex for the maximum
 *     flow. 
 * \param target Integer, the id of the target vertex.
 * \param capacity Pointer to an initialized vector containing the
 *     edge capacity values.
 * \return Error code.
 * 
 * Time complexity: O(|E|), the number of edges in the graph.
 * 
 * \sa igraph_read_graph_dimacs()
 */

int igraph_write_graph_dimacs(const igraph_t *graph, FILE *outstream,
			      long int source, long int target,
			      const igraph_vector_t *capacity) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_eit_t it;
  long int i=0;
  int ret;

  if (igraph_vector_size(capacity) != no_of_edges) {
    IGRAPH_ERROR("invalid capacity vector length", IGRAPH_EINVAL);
  }
  
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(IGRAPH_EDGEORDER_ID),
				 &it));
  IGRAPH_FINALLY(igraph_eit_destroy, &it);
  
  ret=fprintf(outstream, 
	      "c created by igraph\np max %li %li\nn %li s\nn %li t\n",
	      no_of_nodes, no_of_edges, source+1, target+1);
  if (ret < 0) {
    IGRAPH_ERROR("Write error", IGRAPH_EFILE);
  }
  

  while (!IGRAPH_EIT_END(it)) {
    igraph_integer_t from, to, cap;
    igraph_edge(graph, IGRAPH_EIT_GET(it), &from, &to);
    cap=VECTOR(*capacity)[i++];
    ret=fprintf(outstream, "a %li %li %g\n",
		(long int) from+1, (long int) to+1, cap);
    if (ret < 0) {
      IGRAPH_ERROR("Write error", IGRAPH_EFILE);
    }
    IGRAPH_EIT_NEXT(it);
  }
  
  igraph_eit_destroy(&it);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;  
}

int igraph_i_gml_convert_to_key(const char *orig, char **key) {
  static int no=1;
  char strno[50];
  long int i, len=strlen(orig), newlen=0, plen=0;
  igraph_bool_t pref=0;  
  /* do we need a prefix? */
  if (len==0 || !isalpha(orig[0])) { 
    pref=1; no++;
    snprintf(strno, sizeof(strno)-1, "igraph");
    plen=newlen=strlen(strno);
  }
  for (i=0; i<len; i++) {
    if (isalnum(orig[i])) { newlen++; }
  }
  *key=Calloc(newlen+1, char);
  if (! *key) {
    IGRAPH_ERROR("Writing GML file failed", IGRAPH_ENOMEM);
  }
  memcpy(*key, strno, plen*sizeof(char));
  for (i=0; i<len; i++) {
    if (isalnum(orig[i])) { 
      (*key)[plen++] = orig[i];
    }
  }
  (*key)[newlen]='\0';
  
  return 0;
}

#define CHECK(cmd) do { ret=cmd; if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE); } while (0)

/** 
 * \function igraph_write_graph_gml
 * \brief Write the graph to a stream in GML format 
 * 
 * GML is a quite general textual format, see 
 * http://www.infosun.fim.uni-passau.de/Graphlet/GML/ for details.
 * 
 * </para><para> The graph, vertex and edges attributes are written to the
 * file as well, if they are numeric of string.
 * 
 * </para><para> As igraph is more forgiving about attribute names, it might 
 * be neccessary to simplify the them before writing to the GML file.
 * This way we'll have a syntactically correct GML file. The following 
 * simple procedure is performed on each attribute name: first the alphanumeric 
 * characters are extracted, the others are ignored. Then if the first character
 * is not a letter then the attribute name is prefixed with <quote>igraph</quote>.
 * Note that this might result identical names for two attributes, igraph 
 * does not check this. 
 * 
 * </para><para> The <quote>id</quote> vertex attribute is treated specially. 
 * If the <parameter>id</parameter> argument is not 0 then it should be a numeric 
 * vector with the vertex ids and the <quote>id</quote> vertex attribute is 
 * ignored (if there is one). If <parameter>id</parameter> is 0 and there is a 
 * numeric <quote>id</quote> vertex attribute that is used instead. If ids
 * are not specified in either way then the regular igraph vertex ids are used.
 * 
 * </para><para> Note that whichever way vertex ids are specified, their 
 * uniqueness is not checked.
 * 
 * </para><para> If the graph has edge attributes named <quote>source</quote> 
 * or <quote>target</quote> they're silently ignored. GML uses these attributes
 * to specify the edges, so we cannot write them to the file. Rename them 
 * before calling this function if you want to preserve them.
 * \param graph The graph to write to the stream.
 * \param outstream The stream to write the file to.
 * \param id Either <code>NULL</code> or a numeric vector with the vertex ids.
 *        See details above.
 * \param creator An optional string to write to the stream in the creator line.
 *        If this is 0 then the current date and time is added.
 * \return Error code.
 * 
 * Time complexity: should be proportional to the number of characters written
 * to the file.
 * 
 * \sa \ref igraph_read_graph_gml() for reading GML files, 
 * \ref igraph_read_graph_graphml() for a more modern format.
 */

int igraph_write_graph_gml(const igraph_t *graph, FILE *outstream, 
			   const igraph_vector_t *id, const char *creator) {
  int ret;
  igraph_strvector_t gnames, vnames, enames;
  igraph_vector_t gtypes, vtypes, etypes;
  igraph_vector_t numv;
  igraph_strvector_t strv;
  long int i;
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);

  igraph_vector_t v_myid;
  const igraph_vector_t *myid=id;

  time_t curtime=time(0);
  char *timestr=ctime(&curtime);
  timestr[strlen(timestr)-1]='\0'; /* nicely remove \n */
  
  CHECK(fprintf(outstream, 
		"Creator \"igraph version %s %s\"\nVersion 1\ngraph\n[\n", 
		IGRAPH_VERSION_STRING, creator ? creator : timestr));
  
  IGRAPH_STRVECTOR_INIT_FINALLY(&gnames, 0);
  IGRAPH_STRVECTOR_INIT_FINALLY(&vnames, 0);
  IGRAPH_STRVECTOR_INIT_FINALLY(&enames, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&gtypes, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&vtypes, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&etypes, 0);
  IGRAPH_CHECK(igraph_i_attribute_get_info(graph, 
					   &gnames, &gtypes,
					   &vnames, &vtypes,
					   &enames, &etypes));  

  IGRAPH_VECTOR_INIT_FINALLY(&numv, 1);
  IGRAPH_STRVECTOR_INIT_FINALLY(&strv, 1);

  /* Check whether there is an 'id' node attribute if the supplied is 0 */
  if (!id) {
    igraph_bool_t found=0; 
    for (i=0; i<igraph_vector_size(&vtypes); i++) {
      char *n;
      igraph_strvector_get(&vnames, i, &n);
      if (!strcmp(n, "id") && VECTOR(vtypes)[i]==IGRAPH_ATTRIBUTE_NUMERIC) { 
	found=1; break; 
      }
    }
    if (found) {
      IGRAPH_VECTOR_INIT_FINALLY(&v_myid, no_of_nodes);
      IGRAPH_CHECK(igraph_i_attribute_get_numeric_vertex_attr(graph, "id", 
							      igraph_vss_all(),
							      &v_myid));
      myid=&v_myid;
    }
  }      

  /* directedness */
  CHECK(fprintf(outstream, "  directed %i\n", igraph_is_directed(graph) ? 0 : 1));

  /* Graph attributes first */
  for (i=0; i<igraph_vector_size(&gtypes); i++) {
    char *name, *newname;
    igraph_strvector_get(&gnames, i, &name);
    IGRAPH_CHECK(igraph_i_gml_convert_to_key(name, &newname));
    if (VECTOR(gtypes)[i] == IGRAPH_ATTRIBUTE_NUMERIC) {
      IGRAPH_CHECK(igraph_i_attribute_get_numeric_graph_attr(graph, name, &numv));
      CHECK(fprintf(outstream, "  %s %g\n", newname, VECTOR(numv)[0]));
      Free(newname);
    } else if (VECTOR(gtypes)[i] == IGRAPH_ATTRIBUTE_STRING) {
      char *s;
      IGRAPH_CHECK(igraph_i_attribute_get_string_graph_attr(graph, name, &strv));
      igraph_strvector_get(&strv, 0, &s);
      CHECK(fprintf(outstream, "  %s \"%s\"\n", newname, s));
      Free(newname);
    } else { 
      IGRAPH_WARNING("A non-numeric, non-string graph attribute ignored");
    }
  } 
  
  /* Now come the vertices */
  for (i=0; i<no_of_nodes; i++) {
    long int j;
    CHECK(fprintf(outstream, "  node\n  [\n"));
    /* id */
    CHECK(fprintf(outstream, "    id %li\n", myid ? (long int)VECTOR(*myid)[i] : i));
    /* other attributes */
    for (j=0; j<igraph_vector_size(&vtypes); j++) {
      int type=VECTOR(vtypes)[j];
      char *name, *newname;
      igraph_strvector_get(&vnames, j, &name);
      if (!strcmp(name, "id")) { continue; }	
      IGRAPH_CHECK(igraph_i_gml_convert_to_key(name, &newname));
      if (type==IGRAPH_ATTRIBUTE_NUMERIC) {
	IGRAPH_CHECK(igraph_i_attribute_get_numeric_vertex_attr(graph, name, 
								igraph_vss_1(i),
								&numv));
	CHECK(fprintf(outstream, "    %s %g\n", newname, VECTOR(numv)[0]));
      } else if (type==IGRAPH_ATTRIBUTE_STRING) { 
	char *s;
	IGRAPH_CHECK(igraph_i_attribute_get_string_vertex_attr(graph, name,
							       igraph_vss_1(i),
							       &strv));
	igraph_strvector_get(&strv, 0, &s);
	CHECK(fprintf(outstream, "    %s \"%s\"\n", newname, s));
	Free(newname);
      }
    }
    CHECK(fprintf(outstream, "  ]\n"));
  }

  /* The edges too */
  for (i=0; i<no_of_edges; i++) {
    long int from=IGRAPH_FROM(graph, i);
    long int to=IGRAPH_TO(graph, i);
    long int j;
    CHECK(fprintf(outstream, "  edge\n  [\n"));
    /* source and target */
    CHECK(fprintf(outstream, "    source %li\n", 
		  myid ? (long int)VECTOR(*myid)[from] : from));
    CHECK(fprintf(outstream, "    target %li\n", 
		  myid ? (long int)VECTOR(*myid)[to] : to));

    /* other attributes */
    for (j=0; j<igraph_vector_size(&etypes); j++) {
      int type=VECTOR(etypes)[j];
      char *name, *newname;
      igraph_strvector_get(&enames, j, &name);
      if (!strcmp(name, "source") || !strcmp(name, "target")) { continue; }	
      IGRAPH_CHECK(igraph_i_gml_convert_to_key(name, &newname));
      if (type==IGRAPH_ATTRIBUTE_NUMERIC) {
	IGRAPH_CHECK(igraph_i_attribute_get_numeric_edge_attr(graph, name, 
							      igraph_ess_1(i),
							      &numv));
	CHECK(fprintf(outstream, "    %s %g\n", newname, VECTOR(numv)[0]));
      } else if (type==IGRAPH_ATTRIBUTE_STRING) { 
	char *s;
	IGRAPH_CHECK(igraph_i_attribute_get_string_edge_attr(graph, name,
							     igraph_ess_1(i),
							     &strv));
	igraph_strvector_get(&strv, 0, &s);
	CHECK(fprintf(outstream, "    %s \"%s\"\n", newname, s));
	Free(newname);
      }
    }
    CHECK(fprintf(outstream, "  ]\n"));
  }

  CHECK(fprintf(outstream, "]\n"));

  if (&v_myid == myid) { 
    igraph_vector_destroy(&v_myid);
    IGRAPH_FINALLY_CLEAN(1);
  }

  igraph_strvector_destroy(&strv);
  igraph_vector_destroy(&numv);
  igraph_vector_destroy(&etypes);
  igraph_vector_destroy(&vtypes);
  igraph_vector_destroy(&gtypes);
  igraph_strvector_destroy(&enames);
  igraph_strvector_destroy(&vnames);
  igraph_strvector_destroy(&gnames);
  IGRAPH_FINALLY_CLEAN(8);
  
  return 0;
}

#undef CHECK







igraph-0.4.2/igraph/interrupt.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef IGRAPH_INTERRUPT_H
#define IGRAPH_INTERRUPT_H

#include "error.h"

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

/* This file contains the igraph interruption handling. */

/**
 * \section interrupthandlers Interruption handlers
 *
 * <para>
 * \a igraph is designed to be embeddable into several higher level
 * languages (R and Python interfaces are included in the original
 * package). Since most higher level languages consider internal \a igraph
 * calls as atomic, interruption requests (like Ctrl-C in Python) must
 * be handled differently depending on the environment \a igraph embeds
 * into.</para>
 * <para>
 * An \emb interruption handler \eme is a function which is called regularly
 * by \a igraph during long calculations. A typical usage of the interruption
 * handler is to check whether the user tried to interrupt the calculation
 * and return an appropriate value to signal this condition. For example,
 * in R, one must call an internal R function regularly to check for
 * interruption requests, and the \a igraph interruption handler is the
 * perfect place to do that.</para>
 * <para>
 * If you are using the plain C interface of \a igraph or if you are
 * allowed to replace the operating system's interruption handler (like
 * SIGINT in Un*x systems), these calls are not of much use to you.</para>
 * <para>
 * The default interruption handler is empty.
 * The \ref igraph_set_interruption_handler() function can be used to set a
 * new interruption handler function of type
 * \ref igraph_interruption_handler_t, see the
 * documentation of this type for details.
 * </para>
 */

/**
 * \section writing_interruption_handlers Writing interruption handlers
 *
 * <para>
 * You can write and install interruption handlers simply by defining a
 * function of type \ref igraph_interruption_handler_t and calling
 * \ref igraph_set_interruption_handler(). This feature is useful for
 * interface writers, because usually this is the only way to allow handling
 * of Ctrl-C and similar keypresses properly.
 * </para>
 * <para> 
 * Your interruption handler will be called regularly during long operations
 * (so it is not guaranteed to be called during operations which tend to be
 * short, like adding single edges). An interruption handler accepts no
 * parameters and must return \c IGRAPH_SUCCESS if the calculation should go on. All
 * other return values are considered to be a request for interruption,
 * and the caller function would return a special error code, \c IGRAPH_INTERRUPTED.
 * It is up to your error handler function to handle this error properly.
 * </para>
 */

/**
 * \section writing_functions_interruption_handling Writing \a igraph functions with
 * proper interruption handling
 *
 * <para>
 * There is practically a simple rule that should be obeyed when writing
 * \a igraph functions. If the calculation is expected to take a long time
 * in large graphs (a simple rule of thumb is to assume this for every
 * function with a time complexity of at least O(n^2)), call
 * \ref IGRAPH_ALLOW_INTERRUPTION in regular intervals like every 10th
 * iteration or so.
 * </para>
 */

/**
 * \typedef igraph_interruption_handler_t
 * 
 * This is the type of the interruption handler functions.
 * 
 * \param data reserved for possible future use
 * \return \c IGRAPH_SUCCESS if the calculation should go on, anything else otherwise.
 */

typedef int igraph_interruption_handler_t (void* data);

extern igraph_interruption_handler_t *igraph_i_interruption_handler;

/**
 * \define IGRAPH_ALLOW_INTERRUPTION
 * 
 * This macro is called if an interruption request is noticed. It calls
 * \ref igraph_allow_interruption() with the proper parameters and if that returns
 * the macro returns the "calling" function as well, with the proper
 * error code (\c IGRAPH_INTERRUPTED).
 */

#define IGRAPH_ALLOW_INTERRUPTION() \
       do { \
       if (igraph_i_interruption_handler) { if (igraph_allow_interruption(NULL) != IGRAPH_SUCCESS) return IGRAPH_INTERRUPTED; \
       } } while (0)

/**
 * \function igraph_allow_interruption
 *
 * This is the function which is called (usually via the
 * \ref IGRAPH_INTERRUPTION macro) if \a igraph is checking for interruption
 * requests.
 *
 * \param data reserved for possible future use, now it is always \c NULL
 * \return \c IGRAPH_SUCCESS if the calculation should go on, anything else otherwise.
 */

int igraph_allow_interruption(void* data);

igraph_interruption_handler_t *
igraph_set_interruption_handler (igraph_interruption_handler_t * new_handler);

__END_DECLS

#endif







igraph-0.4.2/igraph/revolver_cit.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

#include <math.h>

/***********************************************/
/* in-degree                                   */
/***********************************************/

int igraph_revolver_d(const igraph_t *graph,
		     igraph_integer_t niter,
		     igraph_vector_t *kernel,
		     igraph_vector_t *sd,
		     igraph_vector_t *norm,
		     igraph_vector_t *cites,
		     igraph_vector_t *expected,
		     igraph_real_t *logprob,
		     igraph_real_t *lognull,
		     igraph_real_t *logmax,
		     const igraph_vector_t *debug,
		     igraph_vector_ptr_t *debugres) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_IN, IGRAPH_LOOPS));  
  
  igraph_progress("Revolver d", 0, NULL);
  for (i=0; i<niter; i++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1!=niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_d(graph, kernel, 0 /*sd*/, 0 /*norm*/, 
					 0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
					 0 /*logmax*/,
					 &st, maxdegree));
      
      /* normalize */
      igraph_vector_multiply(kernel, 1/igraph_vector_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_d(graph, &st, kernel));
    } else {			/* last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_d(graph, kernel, sd, norm, cites, debug,
					debugres, logmax, &st, maxdegree));
      
      /* normalize */
      igraph_vector_multiply(kernel, 1/igraph_vector_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_d(graph, &st, kernel));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_d(graph, expected, kernel,
					  &st, maxdegree));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_d(graph, kernel, &st, maxdegree,
					    logprob, lognull));
      }
    }
    
    igraph_progress("Revolver d", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

int igraph_revolver_mes_d(const igraph_t *graph,
			 igraph_vector_t *kernel,
			 igraph_vector_t *sd,
			 igraph_vector_t *norm,
			 igraph_vector_t *cites,
			 const igraph_vector_t *debug,
			 igraph_vector_ptr_t *debugres,
			 igraph_real_t *logmax,
			 const igraph_vector_t *st,
			 igraph_integer_t maxind) {
  
  long int classes=maxind+1;
  long int no_of_nodes=igraph_vcount(graph);
  
  igraph_vector_t indegree;
  igraph_vector_t v_normfact, *normfact;
  igraph_vector_t ntk, ch;
  igraph_vector_t v_notnull, *notnull;

  igraph_vector_t neis;
  
  long int node;
  long int i;
  long int edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ntk, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_vector_resize(normfact, classes));
    igraph_vector_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_VECTOR_INIT_FINALLY(normfact, classes);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_vector_resize(notnull, classes));
    igraph_vector_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_VECTOR_INIT_FINALLY(notnull, classes);
  }
  
  IGRAPH_CHECK(igraph_vector_resize(kernel, classes));
  igraph_vector_null(kernel);
  if (sd) { 
    IGRAPH_CHECK(igraph_vector_resize(sd, classes)); 
    igraph_vector_null(sd);
  }

  VECTOR(ntk)[0]=1;

  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      double xk=VECTOR(*st)[node]/VECTOR(ntk)[xidx];
      double oldm=VECTOR(*kernel)[xidx];
      VECTOR(*notnull)[xidx]+=1;
      VECTOR(*kernel)[xidx] += (xk-oldm)/VECTOR(*notnull)[xidx];
      if (sd) {
	VECTOR(*sd)[xidx] += (xk-oldm)*(xk-VECTOR(*kernel)[xidx]);
      }
      /* TODO: debug */
      if (logmax) {
	*logmax += log(1.0/VECTOR(ntk)[xidx]);
      }
    }
    
    /* Update ntk & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      VECTOR(indegree)[to] += 1;
      VECTOR(ntk)[xidx] -= 1;
      if (VECTOR(ntk)[xidx]==0) {
	VECTOR(*normfact)[xidx] += (edges-VECTOR(ch)[xidx]);
      }
      VECTOR(ntk)[xidx+1] += 1;
      if (VECTOR(ntk)[xidx+1]==1) {
	VECTOR(ch)[xidx+1]=edges;
      }
    }
    VECTOR(ntk)[0] += 1;
    if (VECTOR(ntk)[0]==1) {
      VECTOR(ch)[0]=edges;
    }
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (i=0; i<classes; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntk)[i] != 0) {
      VECTOR(*normfact)[i] += (edges-VECTOR(ch)[i]);
    }
    if (VECTOR(*normfact)[i]==0) {
      VECTOR(*kernel)[i]=0;
      VECTOR(*normfact)[i]=1;
    }
    oldmean=VECTOR(*kernel)[i];
    VECTOR(*kernel)[i] *= VECTOR(*notnull)[i] / VECTOR(*normfact)[i];
    if (sd) {
      VECTOR(*sd)[i] += oldmean * oldmean * VECTOR(*notnull)[i] *
	(1-VECTOR(*notnull)[i]/VECTOR(*normfact)[i]);
      VECTOR(*sd)[i] = sqrt(VECTOR(*sd)[i]/(VECTOR(*normfact)[i]-1));
    }
  }
  
  if (!cites) {
    igraph_vector_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_vector_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&ntk);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(4);
	
  return 0;
}

int igraph_revolver_st_d(const igraph_t *graph,
			igraph_vector_t *st,
			const igraph_vector_t *kernel) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  VECTOR(*st)[0]=VECTOR(*kernel)[0];
  
  for (node=1; node<no_of_nodes; node++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=VECTOR(*st)[node-1]+VECTOR(*kernel)[0];
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to]+=1;
      VECTOR(*st)[node] += -VECTOR(*kernel)[xidx]+VECTOR(*kernel)[xidx+1];
    }
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_exp_d(const igraph_t *graph,
			 igraph_vector_t *expected,
			 const igraph_vector_t *kernel,
			 const igraph_vector_t *st,
			 igraph_integer_t pmaxind) {

  long int classes=pmaxind+1;
  
  igraph_vector_t ntk;
  igraph_vector_t cumst;
  igraph_vector_t ch;
  igraph_vector_t indegree;
  igraph_vector_t outdegree;
  igraph_vector_t neis;
  
  long int no_of_nodes=igraph_vcount(graph);
  long int node, i;

  IGRAPH_VECTOR_INIT_FINALLY(&ntk, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&cumst, no_of_nodes+1);
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&outdegree, no_of_nodes);
  
  IGRAPH_CHECK(igraph_degree(graph, &outdegree, igraph_vss_all(),
			     IGRAPH_OUT, IGRAPH_LOOPS));
  
  /* create the cumulative sum of dt/S(t) */
  VECTOR(cumst)[0]=0;
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(cumst)[i+1]=VECTOR(cumst)[i] +
      VECTOR(outdegree)[i]/VECTOR(*st)[i];
  }
  
  igraph_vector_destroy(&outdegree);
  IGRAPH_FINALLY_CLEAN(1);
  
  IGRAPH_CHECK(igraph_vector_resize(expected, classes));
  igraph_vector_null(expected);
  
  for (node=0; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    
    /* update degree and ntk, and result when needed */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to]++;
      
      VECTOR(ntk)[xidx]--;
      VECTOR(*expected)[xidx] += (VECTOR(ntk)[xidx]+1)*
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)VECTOR(ch)[xidx]]);
      VECTOR(ch)[xidx]=node;

      VECTOR(ntk)[xidx+1]++;
      VECTOR(*expected)[xidx+1] += (VECTOR(ntk)[xidx+1]-1)*
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)VECTOR(ch)[xidx+1]]);
      VECTOR(ch)[xidx+1]=node;
    }
    
    VECTOR(ntk)[0]++;
    VECTOR(*expected)[0] += (VECTOR(ntk)[0]-1)*
      (VECTOR(cumst)[node]-VECTOR(cumst)[(long int)VECTOR(ch)[0]]);
    VECTOR(ch)[0]=node;
  }
  
  /* complete res */
  for (i=0; i<classes; i++) {
    VECTOR(*expected)[i] += VECTOR(ntk)[i]*
      (VECTOR(cumst)[node]-VECTOR(cumst)[(long int)VECTOR(ch)[i]]);
    VECTOR(*expected)[i] *= VECTOR(*kernel)[i];
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  igraph_vector_destroy(&cumst);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&ntk);
  IGRAPH_FINALLY_CLEAN(5);
    
  return 0;
}

int igraph_revolver_error_d(const igraph_t *graph,
			   const igraph_vector_t *kernel,
			   const igraph_vector_t *st,
			   igraph_integer_t maxind,
			   igraph_real_t *logprob,
			   igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!mylogprob) { mylogprob=&rlogprob; }
  if (!mylognull) { mylognull=&rlognull; }

  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      igraph_real_t prob=VECTOR(*kernel)[xidx]/VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1.0);

      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
} 

int igraph_revolver_error2_d(const igraph_t *graph,
			     const igraph_vector_t *kernel,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t maxdegree=igraph_vector_size(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_d(graph, &st, kernel));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_d(graph, kernel, &st, maxdegree,
					 logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}		

  
/***********************************************/
/* in-degree, age                              */
/***********************************************/

int igraph_revolver_ad(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t agebins,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }

  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_IN, IGRAPH_LOOPS));
  
  igraph_progress("Revolver ad", 0, NULL);
  for (i=0; i<niter; i++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_ad(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					 0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
					 0 /*logmax*/, &st, maxdegree, agebins));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_ad(graph, &st, kernel));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_ad(graph, kernel, sd, norm, cites, debug,
					  debugres, logmax, &st, 
					  maxdegree, agebins));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_ad(graph, &st, kernel));

      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_ad(graph, expected, kernel, &st,
					   maxdegree, agebins));
      }

      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_ad(graph, kernel, &st, maxdegree,
					     agebins, logprob, lognull));
      }
    }

    igraph_progress("Revolver ad", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_ad(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  igraph_integer_t pmaxind,
			  igraph_integer_t pagebins) {
  
  long int maxind=pmaxind, agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t indegree;
  igraph_matrix_t ntkl, ch, v_normfact, *normfact, v_notnull, *notnull;

  igraph_vector_t neis;

  long int node, i, j, k;
  long int edges=0;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkl, maxind+1, agebins+1);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, maxind+1, agebins+1);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, maxind+1, agebins));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, maxind+1, agebins);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(notnull, maxind+1, agebins));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, maxind+1, agebins);
  }
  
  IGRAPH_CHECK(igraph_matrix_resize(kernel, maxind+1, agebins));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, maxind+1, agebins));
    igraph_matrix_null(sd);
  }  

  if (binwidth>1) {
    MATRIX(ntkl, 0, 0)=1;
  } else {
    MATRIX(ntkl, 0, 1)=1;
  }

  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      double xk=VECTOR(*st)[node]/MATRIX(ntkl, xidx, yidx);
      double oldm=MATRIX(*kernel, xidx, yidx);      
      MATRIX(*notnull, xidx, yidx) += 1;
      MATRIX(*kernel, xidx, yidx) += (xk-oldm)/MATRIX(*notnull, xidx, yidx);
      if (sd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldm)*(xk-MATRIX(*kernel, xidx, yidx));
      }
      /* TODO: debug */
      if (logmax) {
	*logmax += log(1.0/MATRIX(ntkl, xidx, yidx));
      }
    }
    
    /* Update ntkl & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      VECTOR(indegree)[to] += 1;
      MATRIX(ntkl, xidx, yidx) -= 1;
      if (MATRIX(ntkl, xidx, yidx)==0) {
	MATRIX(*normfact, xidx, yidx) += (edges-MATRIX(ch, xidx, yidx));
      }
      MATRIX(ntkl, xidx+1, yidx) += 1;
      if (MATRIX(ntkl, xidx+1, yidx)==1) {
	MATRIX(ch, xidx+1, yidx)=edges;
      }
    }
    /* new node */
    MATRIX(ntkl, 0, 0) += 1;
    if (MATRIX(ntkl, 0, 0)==1) {
      MATRIX(ch, 0, 0)=edges;
    }
    /* aging */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      MATRIX(ntkl, deg, k-1)--;
      if (MATRIX(ntkl, deg, k-1)==0) {
	MATRIX(*normfact, deg, k-1) += (edges-MATRIX(ch, deg, k-1));
      }
      MATRIX(ntkl, deg, k) += 1;
      if (MATRIX(ntkl, deg, k)==1) {
	MATRIX(ch, deg, k)=edges;
      }
    }
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (i=0; i<maxind+1; i++) {
    for (j=0; j<agebins; j++) {
      igraph_real_t oldmean;
      if (MATRIX(ntkl, i, j) != 0) {
	MATRIX(*normfact, i, j) += (edges-MATRIX(ch, i, j));
      }
      if (MATRIX(*normfact, i, j)==0) {
	MATRIX(*kernel, i, j)=0;
	MATRIX(*normfact, i, j)=1;
      }
      oldmean=MATRIX(*kernel, i, j);
      MATRIX(*kernel, i, j) *= MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j);
      if (sd) {
	MATRIX(*sd, i, j) +=
	  oldmean * oldmean * MATRIX(*notnull, i, j) * 
	  (1-MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j));
	MATRIX(*sd, i, j) = sqrt(MATRIX(*sd, i, j)/(MATRIX(*normfact, i, j)-1));
      }
    }
  }
  
  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&ntkl);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

int igraph_revolver_st_ad(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel) {
  long int agebins=igraph_matrix_ncol(kernel);
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node, i, k;  
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  if (binwidth>1) {
    VECTOR(*st)[0]=MATRIX(*kernel, 0, 0);
  } else {
    VECTOR(*st)[0]=MATRIX(*kernel, 0, 1);
  }
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=VECTOR(*st)[node-1] + MATRIX(*kernel, 0, 0);
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node-to)/binwidth;
      VECTOR(indegree)[to] += 1;
      VECTOR(*st)[node] +=
	-MATRIX(*kernel, xidx, yidx)+MATRIX(*kernel, xidx+1, yidx);
    }

    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      VECTOR(*st)[node] += -MATRIX(*kernel, deg, k-1)+MATRIX(*kernel, deg, k);
    }    
    
  }  
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_exp_ad(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  igraph_integer_t pmaxind,
			  igraph_integer_t pagebins) {
  
  long int maxind=pmaxind, agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t indegree;
  igraph_vector_t outdegree;
  igraph_vector_t cumst;
  igraph_matrix_t ntkl;
  igraph_matrix_t ch;
  igraph_vector_t neis;

  long int node, i, j, k;
  
  IGRAPH_MATRIX_INIT_FINALLY(&ntkl, maxind+1, agebins);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, maxind+1, agebins);
  IGRAPH_VECTOR_INIT_FINALLY(&cumst, no_of_nodes+1);
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&outdegree, no_of_nodes);
  
  IGRAPH_CHECK(igraph_degree(graph, &outdegree, igraph_vss_all(), 
			     IGRAPH_OUT, IGRAPH_LOOPS));
  
  /* create cumulative sum of dt/S(t) */
  VECTOR(cumst)[0]=0;
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(cumst)[i+1]=VECTOR(cumst)[i] +
      VECTOR(outdegree)[i]/VECTOR(*st)[i];
  }

  igraph_vector_destroy(&outdegree);
  IGRAPH_FINALLY_CLEAN(1);
  
  IGRAPH_CHECK(igraph_matrix_resize(expected, maxind+1, agebins));
  igraph_matrix_null(expected);
  
  for (node=0; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* update degree and ntk, and result when needed */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node-to)/binwidth;
      
      VECTOR(indegree)[to] += 1;
      
      MATRIX(ntkl, xidx, yidx) -= 1;
      MATRIX(*expected, xidx, yidx) += (MATRIX(ntkl, xidx, yidx)+1) *
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)MATRIX(ch, xidx, yidx)]);
      MATRIX(ch, xidx, yidx)=node;
      
      MATRIX(ntkl, xidx+1, yidx) += 1;
      MATRIX(*expected, xidx+1, yidx) += (MATRIX(ntkl, xidx+1, yidx)-1) *
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)MATRIX(ch, xidx+1, yidx)]);
      MATRIX(ch, xidx+1, yidx)=node;
    }
    /* new node */
    MATRIX(ntkl, 0, 0) += 1;
    MATRIX(*expected, 0, 0) += (MATRIX(ntkl, 0, 0)-1)*
      (VECTOR(cumst)[node]-VECTOR(cumst)[(long int)MATRIX(ch, 0, 0)]);
    MATRIX(ch, 0, 0)=node;
    /* aging */
    for (k=1; node-binwidth*k+1>=0; k++) {
      long int shnode=node-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      MATRIX(ntkl, deg, k-1) -= 1;
      MATRIX(*expected, deg, k-1) += (MATRIX(ntkl, deg, k-1)+1) *
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)MATRIX(ch, deg, k-1)]);
      MATRIX(ch, deg, k-1)=node;
      MATRIX(ntkl, deg, k) += 1;
      MATRIX(*expected, deg, k) += (MATRIX(ntkl, deg, k)-1) *
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)MATRIX(ch, deg, k)]);
      MATRIX(ch, deg, k)=node;
    }
    
  }

  /* complete res */
  for (i=0; i<maxind+1; i++) {
    for (j=0; j<agebins; j++) {
      MATRIX(*expected, i, j) += MATRIX(ntkl, i, j) *
	(VECTOR(cumst)[node]-VECTOR(cumst)[(long int)MATRIX(ch, i, j)]);
      MATRIX(*expected, i, j) *= MATRIX(*kernel, i, j);
    }
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  igraph_vector_destroy(&cumst);
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&ntkl);
  IGRAPH_FINALLY_CLEAN(5);

  return 0;
}

int igraph_revolver_error_ad(const igraph_t *graph, 
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    igraph_integer_t pmaxind,
			    igraph_integer_t pagebins,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull) {
  
  long int agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t indegree;
  
  igraph_vector_t neis;
  
  long int node, i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
						    
  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }

  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      igraph_real_t prob=MATRIX(*kernel, xidx, yidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }

    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }
    
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_error2_ad(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t maxdegree=igraph_matrix_nrow(kernel)-1;
  igraph_integer_t agebins=igraph_matrix_ncol(kernel);
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_ad(graph, &st, kernel));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_ad(graph, kernel, &st, maxdegree, agebins,
					  logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}
  
/***********************************************/
/* in-degree, age, cited category              */
/***********************************************/


int igraph_revolver_ade(const igraph_t *graph,
		       igraph_integer_t niter,
		       igraph_integer_t agebins,
		       const igraph_vector_t *cats,
		       igraph_array3_t *kernel,
		       igraph_array3_t *sd,
		       igraph_array3_t *norm,
		       igraph_array3_t *cites,
		       igraph_array3_t *expected,
		       igraph_real_t *logprob,
		       igraph_real_t *lognull,
		       igraph_real_t *logmax,
		       const igraph_matrix_t *debug,
		       igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;
  igraph_integer_t nocats;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  nocats=igraph_vector_max(cats)+1;
  
  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_IN, IGRAPH_LOOPS));
  
  igraph_progress("Revolver ade", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_ade(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					   0/*cites*/, 0/*debug*/, 0 /*debugres*/,
					   0/*logmax*/,
					   &st, cats, nocats, maxdegree, agebins));
      
      /* normalize */
      igraph_array3_multiply(kernel, 1/igraph_array3_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_ade(graph, &st, kernel, cats));
    } else { 
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_ade(graph, kernel, sd, norm, cites, debug,
					  debugres, logmax, &st, cats, nocats, 
					  maxdegree, agebins));
      
      /* normalize */
      igraph_array3_multiply(kernel, 1/igraph_array3_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_ade(graph, &st, kernel, cats));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_ade(graph, expected, kernel,
					    &st, cats, nocats, 
					    maxdegree, agebins));
      }
      
      /* error calculattion */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_ade(graph, kernel, &st,
					      cats, nocats, maxdegree, 
					      agebins, logprob, lognull));
      }
    }

    igraph_progress("Revolver ade", 100*(i+1)/niter, NULL);
  }

  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

int igraph_revolver_mes_ade(const igraph_t *graph, 
			   igraph_array3_t *kernel, 
			   igraph_array3_t *sd,
			   igraph_array3_t *norm,
			   igraph_array3_t *cites,
			   const igraph_matrix_t *debug,
			   igraph_vector_ptr_t *debugres,
			   igraph_real_t *logmax,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins) {
  long int nocats=pnocats, maxind=pmaxind, agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t indegree;
  igraph_array3_t ntkl, ch, v_normfact, *normfact, v_notnull, *notnull;
  
  igraph_vector_t neis;
  
  long int node, j, i, k;
  long int edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_ARRAY3_INIT_FINALLY(&ntkl, nocats, maxind+1, agebins+1);
  IGRAPH_ARRAY3_INIT_FINALLY(&ch, nocats, maxind+1, agebins+1);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_array3_resize(normfact, nocats, maxind+1, agebins));
    igraph_array3_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_ARRAY3_INIT_FINALLY(normfact, nocats, maxind+1, agebins);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_array3_resize(normfact, nocats, maxind+1, agebins));
    igraph_array3_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_ARRAY3_INIT_FINALLY(notnull, nocats, maxind+1, agebins);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  IGRAPH_CHECK(igraph_array3_resize(kernel, nocats, maxind+1, agebins));
  igraph_array3_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_array3_resize(sd, nocats, maxind+1, agebins));
    igraph_array3_null(sd);
  }
  
  if (binwidth>1) {
    ARRAY3(ntkl, (long int)VECTOR(*cats)[0], 0, 0)=1;
  } else {
    ARRAY3(ntkl, (long int)VECTOR(*cats)[0], 0, 1)=1;
  }

  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx;
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      double xk=VECTOR(*st)[node]/ARRAY3(ntkl, cidx, xidx, yidx);
      double oldm=ARRAY3(*kernel, cidx, xidx, yidx);
      ARRAY3(*notnull, cidx, xidx, yidx) += 1;
      ARRAY3(*kernel, cidx, xidx, yidx) += 
	(xk-oldm)/ARRAY3(*notnull, cidx, xidx, yidx);
      if (sd) {
	ARRAY3(*sd, cidx, xidx, yidx) += 
	  (xk-oldm)*(xk-ARRAY3(*kernel, cidx, xidx, yidx));
      }
      /* TODO: debug */
      if (logmax) { 
	*logmax += log(1.0/ARRAY3(ntkl, cidx, xidx, yidx));
      }
    }
    
    /* Update ntkl & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      VECTOR(indegree)[to] += 1;
      ARRAY3(ntkl, cidx, xidx, yidx) -= 1;
      if (ARRAY3(ntkl, cidx, xidx, yidx)==0) {
	ARRAY3(*normfact, cidx, xidx, yidx) += (edges-ARRAY3(ch, cidx, xidx, yidx));
      }
      ARRAY3(ntkl, cidx, xidx+1, yidx) += 1;
      if (ARRAY3(ntkl, cidx, xidx+1, yidx)==1) {
	ARRAY3(ch, cidx, xidx+1, yidx)=edges;
      }
    }
    /* new node */
    cidx=VECTOR(*cats)[node+1];
    ARRAY3(ntkl, cidx, 0, 0) += 1;
    if (ARRAY3(ntkl, cidx, 0, 0)==1) {
      ARRAY3(ch, cidx, 0, 0)=edges;
    }
    /* aging */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      long int cidx=VECTOR(*cats)[shnode];
      long int deg=VECTOR(indegree)[shnode];
      ARRAY3(ntkl, cidx, deg, k-1) -= 1;
      if (ARRAY3(ntkl, cidx, deg, k-1)==0) {
	ARRAY3(*normfact, cidx, deg, k-1) += (edges-ARRAY3(ch, cidx, deg, k-1));
      }
      ARRAY3(ntkl, cidx, deg, k) += 1;
      if (ARRAY3(ntkl, cidx, deg, k)==1) {
	ARRAY3(ch, cidx, deg, k)=edges;
      }
    }
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (k=0; k<nocats; k++) {
    for (i=0; i<maxind+1; i++) {
      for (j=0; j<agebins; j++) {
	igraph_real_t oldmean;
	if (ARRAY3(ntkl, k, i, j) != 0) {
	  ARRAY3(*normfact, k, i, j) += (edges-ARRAY3(ch, k, i, j));
	}
	if (ARRAY3(*normfact, k, i, j)==0) {
	  ARRAY3(*kernel, k, i, j)=0;
	  ARRAY3(*normfact, k, i, j)=1;
	}
	oldmean=ARRAY3(*kernel, k, i, j);
	ARRAY3(*kernel, k, i, j) *= 
	  ARRAY3(*notnull, k, i, j)/ARRAY3(*normfact, k, i, j);	  
	if (sd) {
	  ARRAY3(*sd, k, i, j) +=
	    oldmean*oldmean*ARRAY3(*notnull, k, i, j)*
	    (1-ARRAY3(*notnull, k, i, j)/ARRAY3(*normfact, k, i, j));
	  ARRAY3(*sd, k, i, j)=
	    sqrt(ARRAY3(*sd, k, i, j)/(ARRAY3(*normfact, k, i, j)-1));
	}
      }
    }
  }
  
  if (!cites) {
    igraph_array3_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_array3_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_array3_destroy(&ch);
  igraph_array3_destroy(&ntkl);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}
 
int igraph_revolver_st_ade(const igraph_t *graph,
			  igraph_vector_t *st,
			  const igraph_array3_t *kernel,
			  const igraph_vector_t *cats) {

  long int agebins=igraph_array3_n(kernel, 3);
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node, i, k;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));

  VECTOR(*st)[0]=ARRAY3(*kernel, (long int) VECTOR(*cats)[0], 0, 
			binwidth > 1 ? 0 : 1);
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=
      VECTOR(*st)[node-1]+ARRAY3(*kernel, (long int)VECTOR(*cats)[node], 0, 0);
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node-to)/binwidth;
      VECTOR(indegree)[to] += 1;
      VECTOR(*st)[node] += 
	-ARRAY3(*kernel, cidx, xidx, yidx) + ARRAY3(*kernel, cidx, xidx+1, yidx);
    }
    
    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      long int cidx=VECTOR(*cats)[shnode];
      long int deg=VECTOR(indegree)[shnode];
      VECTOR(*st)[node] += 
	-ARRAY3(*kernel, cidx, deg, k-1) + ARRAY3(*kernel, cidx, deg, k);
    }

  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_exp_ade(const igraph_t *graph, 
			   igraph_array3_t *expected,
			   const igraph_array3_t *kernel,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins) {
  
  /* TODO */
  return 0;
}

int igraph_revolver_error_ade(const igraph_t *graph,
			     const igraph_array3_t *kernel,
			     const igraph_vector_t *st,
			     const igraph_vector_t *cats,
			     igraph_integer_t pnocats,
			     igraph_integer_t pmaxdegree,
			     igraph_integer_t pagebins,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull) {
  
  long int agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t indegree;
  igraph_vector_t neis;

  long int node, i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      igraph_real_t prob=ARRAY3(*kernel, cidx, xidx, yidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }
    
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_error2_ade(const igraph_t *graph,
			       const igraph_array3_t *kernel,
			       const igraph_vector_t *cats,
			       igraph_real_t *logprob,
			       igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_array3_n(kernel, 1);
  igraph_integer_t maxdegree=igraph_array3_n(kernel, 2)-1;
  igraph_integer_t agebins=igraph_array3_n(kernel, 3);
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_ade(graph, &st, kernel, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_ade(graph, kernel, &st, cats, 
					   nocats, maxdegree, agebins, 
					   logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}
			       

/***********************************************/
/* cited category                              */
/***********************************************/

int igraph_revolver_e(const igraph_t *graph,
		     igraph_integer_t niter,
		     const igraph_vector_t *cats,
		     igraph_vector_t *kernel,
		     igraph_vector_t *sd,
		     igraph_vector_t *norm,
		     igraph_vector_t *cites,
		     igraph_vector_t *expected,
		     igraph_real_t *logprob,
		     igraph_real_t *lognull,
		     igraph_real_t *logmax,
		     const igraph_vector_t *debug,
		     igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t nocats;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  nocats=igraph_vector_max(cats)+1;

  igraph_progress("Revolver e", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_e(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
				        0 /*logmax*/, &st, cats, nocats));
      
      /* normalize */
      igraph_vector_multiply(kernel, 1/igraph_vector_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_e(graph, &st, kernel, cats));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_e(graph, kernel, sd, norm, cites, debug,
					debugres, logmax, &st, cats, nocats));
      
      /* normalize */
      igraph_vector_multiply(kernel, 1/igraph_vector_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_e(graph, &st, kernel, cats));

      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_e(graph, expected, kernel,
					  &st, cats, nocats));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_e(graph, kernel, &st, cats, nocats,
					    logprob, lognull));
      }
    }

    igraph_progress("Revolver e", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_e(const igraph_t *graph,
			 igraph_vector_t *kernel,
			 igraph_vector_t *sd,
			 igraph_vector_t *norm,
			 igraph_vector_t *cites,
			 const igraph_vector_t *debug,
			 igraph_vector_ptr_t *debugres,
			 igraph_real_t *logmax,
			 const igraph_vector_t *st,
			 const igraph_vector_t *cats,
			 igraph_integer_t pnocats) {
  
  long int classes=pnocats;
  long int no_of_nodes=igraph_vcount(graph);
  
  igraph_vector_t v_normfact, *normfact;
  igraph_vector_t v_notnull, *notnull;
  igraph_vector_t ntk, ch;
  
  igraph_vector_t neis;
  
  long int node, i, edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&ntk, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  if (norm) { 
    normfact=norm;
    IGRAPH_CHECK(igraph_vector_resize(normfact, classes));
    igraph_vector_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_VECTOR_INIT_FINALLY(normfact, classes);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_vector_resize(notnull, classes));
    igraph_vector_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_VECTOR_INIT_FINALLY(notnull, classes);
  }
  
  IGRAPH_CHECK(igraph_vector_resize(kernel, classes));
  igraph_vector_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_vector_resize(sd, classes));
    igraph_vector_null(sd);
  }
  
  VECTOR(ntk)[ (long int) VECTOR(*cats)[0] ]=1;

  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx;
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int idx=VECTOR(*cats)[to];
      
      double xk=VECTOR(*st)[node]/VECTOR(ntk)[idx];
      double oldm=VECTOR(*kernel)[idx];
      VECTOR(*notnull)[idx] += 1;
      VECTOR(*kernel)[idx] += (xk-oldm)/VECTOR(*notnull)[idx];
      if (sd) {
	VECTOR(*sd)[idx] += (xk-oldm)*(xk-VECTOR(*kernel)[idx]);
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/VECTOR(ntk)[idx]); }
    }
    
    /* Update ntk & co */
    edges += igraph_vector_size(&neis);
    cidx=VECTOR(*cats)[node+1];
    VECTOR(ntk)[cidx] += 1;
    if (VECTOR(ntk)[cidx]==1) {
      VECTOR(ch)[cidx]=edges;
    }
    
  }

  /* Make normfact up to data, calculate mean, sd */
  for (i=0; i<classes; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntk)[i] != 0) {
      VECTOR(*normfact)[i] += (edges-VECTOR(ch)[i]);
    }
    if (VECTOR(*normfact)[i]==0) {
      VECTOR(*kernel)[i]=0;
      VECTOR(*normfact)[i]=1;
    }
    oldmean=VECTOR(*kernel)[i];
    VECTOR(*kernel)[i] *= VECTOR(*notnull)[i]/VECTOR(*normfact)[i];
    if (sd) {
      VECTOR(*sd)[i] += oldmean*oldmean*VECTOR(*notnull)[i] *
	(1-VECTOR(*notnull)[i]/VECTOR(*normfact)[i]);
      VECTOR(*sd)[i] = sqrt(VECTOR(*sd)[i]/(VECTOR(*normfact)[i]-1));
    }
  }
  
  if (!cites) {
    igraph_vector_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_vector_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&ntk);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

int igraph_revolver_st_e(const igraph_t *graph,
			igraph_vector_t *st,
			const igraph_vector_t *kernel,
			const igraph_vector_t *cats) {

  long int no_of_nodes=igraph_vcount(graph);
  
  long int node;
  
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  
  VECTOR(*st)[0]=VECTOR(*kernel)[ (long int) VECTOR(*cats)[0] ];
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=
      VECTOR(*st)[node-1]+VECTOR(*kernel)[ (long int) VECTOR(*cats)[node] ];
    
  }
  
  return 0;
}

int igraph_revolver_exp_e(const igraph_t *graph,
			 igraph_vector_t *expected,
			 const igraph_vector_t *kernel,
			 const igraph_vector_t *st,
			 const igraph_vector_t *cats,
			 igraph_integer_t pnocats) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_e(const igraph_t *graph,
			   const igraph_vector_t *kernel,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_real_t *logprob,
			   igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t neis;
  long int node, i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      
      igraph_real_t prob=VECTOR(*kernel)[cidx]/VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
  }
  
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

int igraph_revolver_error2_e(const igraph_t *graph,
			     const igraph_vector_t *kernel,
			     const igraph_vector_t *cats,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_vector_size(kernel);
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_e(graph, &st, kernel, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_e(graph, kernel, &st, cats, nocats,
					 logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/***********************************************/
/* in-degree, cited category                   */
/***********************************************/

int igraph_revolver_de(const igraph_t *graph,
		      igraph_integer_t niter,
		      const igraph_vector_t *cats,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;
  igraph_integer_t nocats;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  nocats=igraph_vector_max(cats)+1;
  
  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_IN, IGRAPH_LOOPS));
  
  igraph_progress("Revolver de", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION(); 
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_de(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					 0/*cites*/, 0/*debug*/, 0 /*debugres*/,
					 0/*logmax*/, &st, cats, nocats, maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_de(graph, &st, kernel, cats));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_de(graph, kernel, sd, norm, cites, debug,
					 debugres, logmax, &st, cats, nocats, 
					 maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_de(graph, &st, kernel, cats));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_de(graph, expected, kernel,
					   &st, cats, nocats, maxdegree)); 
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_de(graph, kernel, &st,
					     cats, nocats, maxdegree, 
					     logprob, lognull));
      }
    }

    igraph_progress("Revolver de", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_de(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind) {
  long int nocats=pnocats, maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);
  
  igraph_vector_t indegree;
  igraph_matrix_t ntkl, ch, v_normfact, *normfact, v_notnull, *notnull;
  
  igraph_vector_t neis;
  
  long int node, i, j;
  long int edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkl, nocats, maxind+1);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, nocats, maxind+1);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, nocats, maxind+1));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, nocats, maxind+1);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, nocats, maxind+1));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, nocats, maxind+1);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  IGRAPH_CHECK(igraph_matrix_resize(kernel, nocats, maxind+1));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, nocats, maxind+1));
    igraph_matrix_null(sd);
  }
  
  MATRIX(ntkl, (long int)VECTOR(*cats)[0], 0)=1;
  
  if (logmax) { *logmax=0.0; }
  
  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx;
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=VECTOR(indegree)[to];
      
      double xk=VECTOR(*st)[node]/MATRIX(ntkl, cidx, xidx);
      double oldm=MATRIX(*kernel, cidx, xidx);
      MATRIX(*notnull, cidx, xidx) += 1;
      MATRIX(*kernel, cidx, xidx) += 
	(xk-oldm)/MATRIX(*notnull, cidx, xidx);
      if (sd) {
	MATRIX(*sd, cidx, xidx) += 
	  (xk-oldm)*(xk-MATRIX(*kernel, cidx, xidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/MATRIX(ntkl, cidx, xidx)); }
    }
        
    /* Update ntkl & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=VECTOR(indegree)[to];
      
      VECTOR(indegree)[to] += 1;
      MATRIX(ntkl, cidx, xidx) -= 1;
      if (MATRIX(ntkl, cidx, xidx)==0) {
	MATRIX(*normfact, cidx, xidx) += (edges-MATRIX(ch, cidx, xidx));
      }
      MATRIX(ntkl, cidx, xidx+1) += 1;
      if (MATRIX(ntkl, cidx, xidx+1)==1) {
	MATRIX(ch, cidx, xidx+1)=edges;
      }
    }
    /* new node */
    cidx=VECTOR(*cats)[node+1];
    MATRIX(ntkl, cidx, 0) += 1;
    if (MATRIX(ntkl, cidx, 0)==1) {
      MATRIX(ch, cidx, 0)=edges;
    }
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (j=0; j<nocats; j++) {
    for (i=0; i<maxind+1; i++) {
      igraph_real_t oldmean;
      if (MATRIX(ntkl, j, i) != 0) {
	MATRIX(*normfact, j, i) += (edges-MATRIX(ch, j, i));
      }
      if (MATRIX(*normfact, j, i)==0) {
	MATRIX(*kernel, j, i)=0;
	MATRIX(*normfact, j, i)=1;
      }
      oldmean=MATRIX(*kernel, j, i);
      MATRIX(*kernel, j, i) *= 
	MATRIX(*notnull, j, i)/MATRIX(*normfact, j, i);	  
      if (sd) {
	MATRIX(*sd, j, i) +=
	  oldmean*oldmean*MATRIX(*notnull, j, i)*
	  (1-MATRIX(*notnull, j, i)/MATRIX(*normfact, j, i));
	MATRIX(*sd, j, i)=
	  sqrt(MATRIX(*sd, j, i)/(MATRIX(*normfact, j, i)-1));
      }
    }
  }
  
  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&ntkl);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(4);    
  
  return 0;
}

int igraph_revolver_st_de(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 const igraph_vector_t *cats) {

  long int no_of_nodes=igraph_vcount(graph);

  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node, i;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));

  VECTOR(*st)[0]=MATRIX(*kernel, (long int) VECTOR(*cats)[0], 0);
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=
      VECTOR(*st)[node-1]+MATRIX(*kernel, (long int)VECTOR(*cats)[node], 0);
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to] += 1;
      VECTOR(*st)[node] += 
	-MATRIX(*kernel, cidx, xidx) + MATRIX(*kernel, cidx, xidx+1);           
    }
    
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_exp_de(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_de(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pmaxind,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull) { 

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t indegree, neis;
  long int node, i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int cidx=VECTOR(*cats)[to];
      long int xidx=VECTOR(indegree)[to];
      
      igraph_real_t prob=MATRIX(*kernel, cidx, xidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }
    
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_error2_de(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_matrix_nrow(kernel);
  igraph_integer_t maxdegree=igraph_matrix_ncol(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_de(graph, &st, kernel, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_de(graph, kernel, &st, cats, nocats,
					  maxdegree, logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/***********************************************/
/* time since last citation                    */
/***********************************************/

int igraph_revolver_l(const igraph_t *graph,
		     igraph_integer_t niter,
		     igraph_integer_t agebins,
		     igraph_vector_t *kernel,
		     igraph_vector_t *sd,
		     igraph_vector_t *norm,
		     igraph_vector_t *cites,
		     igraph_vector_t *expected,
		     igraph_real_t *logprob,
		     igraph_real_t *lognull,
		     igraph_real_t *logmax,
		     const igraph_vector_t *debug,
		     igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  igraph_progress("Revolver l", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) { 	/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_l(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
					0 /*logmax*/, &st, agebins));
      
      /* normalize */
      igraph_vector_multiply(kernel, 1/igraph_vector_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_l(graph, &st, kernel));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_l(graph, kernel, sd, norm, cites, debug,
					debugres, logmax, &st, agebins));
      
      /* normalize */
      igraph_vector_multiply(kernel, 1/igraph_vector_sum(kernel));

      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_l(graph, &st, kernel));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_l(graph, expected, kernel, &st,
					  agebins));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_l(graph, kernel, &st,
					    agebins, logprob, lognull));
      }
    }

    igraph_progress("Revolver l", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_l(const igraph_t *graph,
			 igraph_vector_t *kernel,
			 igraph_vector_t *sd,
			 igraph_vector_t *norm,
			 igraph_vector_t *cites,
			 const igraph_vector_t *debug,
			 igraph_vector_ptr_t *debugres,
			 igraph_real_t *logmax,
			 const igraph_vector_t *st,
			 igraph_integer_t pagebins) {

  long int no_of_nodes=igraph_vcount(graph);
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t ntl, ch, v_normfact, v_notnull, *normfact, *notnull;
  
  igraph_vector_t lastcit;
  igraph_vector_t neis;
  
  long int node, i, k, edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ntl, agebins+2); 	/* +1 for the never cited */
  IGRAPH_VECTOR_INIT_FINALLY(&ch, agebins+2);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_vector_resize(normfact, agebins+1));
    igraph_vector_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_VECTOR_INIT_FINALLY(normfact, agebins+1);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_vector_resize(notnull, agebins+1));
    igraph_vector_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_VECTOR_INIT_FINALLY(notnull, agebins+1);
  }
  
  IGRAPH_CHECK(igraph_vector_resize(kernel, agebins+1));
  igraph_vector_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_vector_resize(sd, agebins+1));
    igraph_vector_null(sd);
  }  

  VECTOR(ntl)[agebins]=1;
  
  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(lastcit)[to]!=0 ? 
	(node+2-(long int)VECTOR(lastcit)[to])/binwidth :	agebins;      
      
      double xk=VECTOR(*st)[node]/VECTOR(ntl)[xidx];
      double oldm=VECTOR(*kernel)[xidx];
      VECTOR(*notnull)[xidx] += 1;
      VECTOR(*kernel)[xidx] += (xk-oldm)/VECTOR(*notnull)[xidx];
      if (sd) {
	VECTOR(*sd)[xidx] += (xk-oldm)*(xk-VECTOR(*kernel)[xidx]);
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/VECTOR(ntl)[xidx]); }
    }
    
    /* Update ntkl & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(lastcit)[to]!=0 ? 
	(node+2-VECTOR(lastcit)[to])/binwidth :	agebins;
      
      VECTOR(lastcit)[to]=node+2;
      VECTOR(ntl)[xidx] -= 1; 
      if (VECTOR(ntl)[xidx]==0) {
	VECTOR(*normfact)[xidx] += (edges-VECTOR(ch)[xidx]);
      }
      VECTOR(ntl)[0] += 1;
      if (VECTOR(ntl)[0]==1) {
	VECTOR(ch)[0]=edges;
      }
    }
    /* new node */
    VECTOR(ntl)[agebins] += 1;
    if (VECTOR(ntl)[agebins]==1) {
      VECTOR(ch)[agebins]=edges;
    }
    /* should we move some citations to an older bin? */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	if (VECTOR(lastcit)[cnode]==shnode+1) {
	  VECTOR(ntl)[k-1] -= 1;
	  if (VECTOR(ntl)[k-1]==0) {
	    VECTOR(*normfact)[k-1] += (edges-VECTOR(ch)[k-1]);
	  }
	  VECTOR(ntl)[k] += 1;
	  if (VECTOR(ntl)[k]==1) {
	    VECTOR(ch)[k]=edges;
	  }
	}
      }
    }

  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (i=0; i<agebins+1; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntl)[i] != 0) {
      VECTOR(*normfact)[i] += (edges-VECTOR(ch)[i]);
    }
    if (VECTOR(*normfact)[i]==0) {
      VECTOR(*kernel)[i]=0;
      VECTOR(*normfact)[i]=1;
    }
    oldmean=VECTOR(*kernel)[i];
    VECTOR(*kernel)[i] *= VECTOR(*notnull)[i]/VECTOR(*normfact)[i];
    if (sd) {
      VECTOR(*sd)[i] += oldmean * oldmean * VECTOR(*notnull)[i] *
	(1-VECTOR(*notnull)[i]/VECTOR(*normfact)[i]);
      VECTOR(*sd)[i] = sqrt(VECTOR(*sd)[i]/(VECTOR(*normfact)[i]-1));
    }
  }
  
  if (!cites) {
    igraph_vector_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_vector_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&ntl);
  igraph_vector_destroy(&lastcit);
  IGRAPH_FINALLY_CLEAN(4);  

  return 0;
}

int igraph_revolver_st_l(const igraph_t *graph,
			igraph_vector_t *st,
			const igraph_vector_t *kernel) {
  long int agebins=igraph_vector_size(kernel)-1;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t lastcit;

  igraph_vector_t neis;
  long int node, i, k;
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  
  VECTOR(*st)[0]=VECTOR(*kernel)[agebins];
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=VECTOR(*st)[node-1]+VECTOR(*kernel)[agebins];
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(lastcit)[to]!=0 ?
	(node+1-(long int)VECTOR(lastcit)[to])/binwidth : agebins;
      VECTOR(lastcit)[to]=node+1;
      VECTOR(*st)[node] += -VECTOR(*kernel)[xidx]+VECTOR(*kernel)[0];
    }
    
    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	if (VECTOR(lastcit)[cnode]==shnode+1) {
	  VECTOR(*st)[node] += -VECTOR(*kernel)[k-1]+VECTOR(*kernel)[k];
	}
      }
    }
    
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&lastcit);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_exp_l(const igraph_t *graph,
			 igraph_vector_t *expected,
			 const igraph_vector_t *kernel,
			 const igraph_vector_t *st,
			 igraph_integer_t pagebins) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_l(const igraph_t *graph,
			   const igraph_vector_t *kernel,
			   const igraph_vector_t *st,
			   igraph_integer_t pagebins,
			   igraph_real_t *logprob,
			   igraph_real_t *lognull) {
  
  long int agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t lastcit;
  igraph_vector_t neis;
  
  long int node, i;
  
  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(lastcit)[to]!=0 ?
	(node+2-(long int)VECTOR(lastcit)[to])/binwidth : agebins;
      
      igraph_real_t prob=VECTOR(*kernel)[xidx] / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(lastcit)[to]=node+2;
    }

  }

  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&lastcit);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_error2_l(const igraph_t *graph,
			     const igraph_vector_t *kernel,			     
			     igraph_real_t *logprob,
			     igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t agebins=igraph_vector_size(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);

  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_l(graph, &st, kernel));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_l(graph, kernel, &st, agebins, 
					 logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}
      
/***********************************************/
/* degree, time since last citation            */
/***********************************************/

int igraph_revolver_dl(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t agebins,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;

  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_IN, IGRAPH_LOOPS));  
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }

  igraph_progress("Revolver dl", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) { 	/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_dl(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					 0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
					 0 /*logmax */, &st, maxdegree, agebins));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_dl(graph, &st, kernel));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_dl(graph, kernel, sd, norm, cites, debug,
					debugres, logmax, &st, maxdegree, agebins));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));

      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_dl(graph, &st, kernel));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_dl(graph, expected, kernel, &st,
					   maxdegree, agebins));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_dl(graph, kernel, &st, maxdegree,
					     agebins, logprob, lognull));
      }
    }

    igraph_progress("Revolver dl", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}
  
int igraph_revolver_mes_dl(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  igraph_integer_t pmaxind,
			  igraph_integer_t pagebins) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int maxind=pmaxind;
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_matrix_t ntkl, ch, v_normfact, v_notnull, *normfact, *notnull;
  
  igraph_vector_t indegree, lastcit, neis;
  
  long int node, i, j, k, edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkl, maxind+2, agebins+2);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, maxind+2, agebins+2);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, maxind+1, agebins+1));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, maxind+1, agebins+1);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(notnull, maxind+1, agebins+1));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, maxind+1, agebins+1);
  }
  
  IGRAPH_CHECK(igraph_matrix_resize(kernel, maxind+1, agebins+1));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, maxind+1, agebins+1));
    igraph_matrix_null(sd);
  }  
  
  MATRIX(ntkl, 0, agebins)=1;
  
  if (logmax) { *logmax=0.0; }
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=VECTOR(lastcit)[to]!=0 ? 
	(node+2-VECTOR(lastcit)[to])/binwidth :	agebins;      
      
      double xk=VECTOR(*st)[node]/MATRIX(ntkl, xidx, yidx);
      double oldm=MATRIX(*kernel, xidx, yidx);
      MATRIX(*notnull, xidx, yidx) += 1;
      MATRIX(*kernel, xidx, yidx) += (xk-oldm)/MATRIX(*notnull, xidx, yidx);
      if (sd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldm)*(xk-MATRIX(*kernel, xidx, yidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/MATRIX(ntkl, xidx, yidx)); }
    }
    
    /* Update ntkl & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=VECTOR(lastcit)[to]!=0 ? 
	(node+2-(long int)VECTOR(lastcit)[to])/binwidth :	agebins;

      VECTOR(indegree)[to]+=1;
      VECTOR(lastcit)[to]=node+2;
      MATRIX(ntkl, xidx, yidx) -= 1; 
      if (MATRIX(ntkl, xidx, yidx)==0) {
	MATRIX(*normfact, xidx, yidx)+= (edges-MATRIX(ch, xidx, yidx));
      }
      MATRIX(ntkl, xidx+1, 0) += 1;
      if (MATRIX(ntkl, xidx+1, 0)==1) {
	MATRIX(ch, xidx+1, 0)=edges;
      }
    }
    /* new node */
    MATRIX(ntkl, 0, agebins) += 1;
    if (MATRIX(ntkl, 0, agebins)==1) {
      MATRIX(ch, 0, agebins)=edges;
    }
    
    /* should we move some citations to an older bin? */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	long int deg=VECTOR(indegree)[cnode];
	if (VECTOR(lastcit)[cnode]==shnode+1) {
	  MATRIX(ntkl, deg, k-1) -= 1;
	  if (MATRIX(ntkl, deg, k-1)==0) {
	    MATRIX(*normfact, deg, k-1) += (edges-MATRIX(ch, deg, k-1));
	  }
	  MATRIX(ntkl, deg, k) += 1;
	  if (MATRIX(ntkl, deg, k)==1) {
	    MATRIX(ch, deg, k)=edges;
	  }
	}
      }
    }
    
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (i=0; i<maxind+1; i++) {
    for (j=0; j<agebins+1; j++) {
      igraph_real_t oldmean;
      if (MATRIX(ntkl, i, j) != 0) {
	MATRIX(*normfact, i, j) += (edges-MATRIX(ch, i, j));
      }
      if (MATRIX(*normfact, i, j)==0) {
	MATRIX(*kernel, i, j)=0;
	MATRIX(*normfact, i, j)=1;
      }
      oldmean=MATRIX(*kernel, i, j);
      MATRIX(*kernel, i, j) *= MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j);
      if (sd) {
	MATRIX(*sd, i, j) += oldmean * oldmean * MATRIX(*notnull, i, j) *
	  (1-MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j));
	MATRIX(*sd, i, j) = sqrt(MATRIX(*sd, i, j)/(MATRIX(*normfact, i, j)-1));
      }
    }
  }

  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&ntkl);
  igraph_vector_destroy(&lastcit);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(5);
  
  return 0;
}

int igraph_revolver_st_dl(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel) {
  long int agebins=igraph_matrix_ncol(kernel)-1;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t lastcit, indegree;
  
  igraph_vector_t neis;
  long int node, i, k;

  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);  
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  
  VECTOR(*st)[0]=MATRIX(*kernel, 0, agebins);

  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=VECTOR(*st)[node-1]+MATRIX(*kernel, 0, agebins);
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=VECTOR(lastcit)[to]!=0 ?
	(node+1-(long int)VECTOR(lastcit)[to])/binwidth : agebins;
      VECTOR(indegree)[to] += 1;
      VECTOR(lastcit)[to]=node+1;
      VECTOR(*st)[node] += 
	-MATRIX(*kernel, xidx, yidx)+MATRIX(*kernel, xidx+1, 0);
    }
    
    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	long int deg=VECTOR(indegree)[cnode];
	if (VECTOR(lastcit)[cnode]==shnode+1) {
	  VECTOR(*st)[node] += 
	    -MATRIX(*kernel, deg, k-1)+MATRIX(*kernel, deg, k);
	}
      }
    }
  }

  igraph_vector_destroy(&lastcit);
  igraph_vector_destroy(&indegree);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

int igraph_revolver_exp_dl(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  igraph_integer_t pmaxind,
			  igraph_integer_t pagebins) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_dl(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    igraph_integer_t pmaxind,
			    igraph_integer_t pagebins,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull) {
  
  long int agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t lastcit, indegree;
  igraph_vector_t neis;
  
  long int node, i;
  
  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=VECTOR(lastcit)[to]!=0 ?
	(node+2-(long int)VECTOR(lastcit)[to])/binwidth : agebins;
      
      igraph_real_t prob=MATRIX(*kernel, xidx, yidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
      VECTOR(lastcit)[to]=node+2;
    }

  }

  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&lastcit);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

int igraph_revolver_error2_dl(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t maxdegree=igraph_matrix_nrow(kernel)-1;
  igraph_integer_t agebins=igraph_matrix_ncol(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_dl(graph, &st, kernel));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_dl(graph, kernel, &st, maxdegree, agebins,
					  logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/***********************************************/
/* cited category, time since last citation    */
/***********************************************/

int igraph_revolver_el(const igraph_t *graph,
		      igraph_integer_t niter,
		      const igraph_vector_t *cats,
		      igraph_integer_t agebins,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;
  igraph_integer_t nocats;

  nocats=igraph_vector_max(cats)+1;
  
  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_IN, IGRAPH_LOOPS));  
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }

  igraph_progress("Revolver el", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) { 	/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_el(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					 0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
					 0 /*logmax */, &st, cats, nocats, agebins));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_el(graph, &st, kernel, cats));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_el(graph, kernel, sd, norm, cites, debug,
					  debugres, logmax, 
					  &st, cats, nocats, agebins));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));

      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_el(graph, &st, kernel, cats));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_el(graph, expected, kernel, &st,
					   cats, nocats, agebins));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_el(graph, kernel, &st, cats, nocats,
					     agebins, logprob, lognull));
      }
    }

    igraph_progress("Revolver el", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);  
  
  return 0;
}

int igraph_revolver_mes_el(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pagebins) {

  long int no_of_nodes=igraph_vcount(graph);
  long int nocats=pnocats;
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_matrix_t ntkl, ch, v_normfact, v_notnull, *normfact, *notnull;
  
  igraph_vector_t lastcit, neis;
  
  long int node, i, j, k, edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkl, nocats, agebins+2);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, nocats, agebins+2);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, nocats, agebins+1));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, nocats, agebins+1);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(notnull, nocats, agebins+1));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, nocats, agebins+1);
  }
  
  IGRAPH_CHECK(igraph_matrix_resize(kernel, nocats, agebins+1));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, nocats, agebins+1));
    igraph_matrix_null(sd);
  }  
  
  MATRIX(ntkl, (long int)VECTOR(*cats)[0], agebins)=1;
  
  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx;
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(*cats)[to];
      long int yidx=VECTOR(lastcit)[to]!=0 ? 
	(node+2-VECTOR(lastcit)[to])/binwidth :	agebins;      
      
      double xk=VECTOR(*st)[node]/MATRIX(ntkl, xidx, yidx);
      double oldm=MATRIX(*kernel, xidx, yidx);
      MATRIX(*notnull, xidx, yidx) += 1;
      MATRIX(*kernel, xidx, yidx) += (xk-oldm)/MATRIX(*notnull, xidx, yidx);
      if (sd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldm)*(xk-MATRIX(*kernel, xidx, yidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/MATRIX(ntkl, xidx, yidx)); }
    }
    
    /* Update ntkl & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(*cats)[to];
      long int yidx=VECTOR(lastcit)[to]!=0 ? 
	(node+2-VECTOR(lastcit)[to])/binwidth :	agebins;

      VECTOR(lastcit)[to]=node+2;
      MATRIX(ntkl, xidx, yidx) -= 1; 
      if (MATRIX(ntkl, xidx, yidx)==0) {
	MATRIX(*normfact, xidx, yidx)+= (edges-MATRIX(ch, xidx, yidx));
      }
      MATRIX(ntkl, xidx, 0) += 1;
      if (MATRIX(ntkl, xidx, 0)==1) {
	MATRIX(ch, xidx, 0)=edges;
      }
    }
    /* new node */
    cidx=VECTOR(*cats)[node+1];
    MATRIX(ntkl, cidx, agebins) += 1;
    if (MATRIX(ntkl, cidx, agebins)==1) {
      MATRIX(ch, cidx, agebins)=edges;
    }
    
    /* should we move some citations to an older bin? */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	long int cat=VECTOR(*cats)[cnode];
	if (VECTOR(lastcit)[cnode]==shnode+1) {
	  MATRIX(ntkl, cat, k-1) -= 1;
	  if (MATRIX(ntkl, cat, k-1)==0) {
	    MATRIX(*normfact, cat, k-1) += (edges-MATRIX(ch, cat, k-1));
	  }
	  MATRIX(ntkl, cat, k) += 1;
	  if (MATRIX(ntkl, cat, k)==1) {
	    MATRIX(ch, cat, k)=edges;
	  }
	}
      }
    }
    
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (i=0; i<nocats; i++) {
    for (j=0; j<agebins+1; j++) {
      igraph_real_t oldmean;
      if (MATRIX(ntkl, i, j) != 0) {
	MATRIX(*normfact, i, j) += (edges-MATRIX(ch, i, j));
      }
      if (MATRIX(*normfact, i, j)==0) {
	MATRIX(*kernel, i, j)=0;
	MATRIX(*normfact, i, j)=1;
      }
      oldmean=MATRIX(*kernel, i, j);
      MATRIX(*kernel, i, j) *= MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j);
      if (sd) {
	MATRIX(*sd, i, j) += oldmean * oldmean * MATRIX(*notnull, i, j) *
	  (1-MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j));
	MATRIX(*sd, i, j) = sqrt(MATRIX(*sd, i, j)/(MATRIX(*normfact, i, j)-1));
      }
    }
  }

  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&ntkl);
  igraph_vector_destroy(&lastcit);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

int igraph_revolver_st_el(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 const igraph_vector_t *cats) {

  long int agebins=igraph_matrix_ncol(kernel)-1;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t lastcit;
  
  igraph_vector_t neis;
  long int node, i, k;

  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);  
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  
  VECTOR(*st)[0]=MATRIX(*kernel, (long int)VECTOR(*cats)[0], agebins);

  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=VECTOR(*st)[node-1]+MATRIX(*kernel, 0, agebins);
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(*cats)[to];
      long int yidx=VECTOR(lastcit)[to]!=0 ?
	(node+1-VECTOR(lastcit)[to])/binwidth : agebins;
      VECTOR(lastcit)[to]=node+1;
      VECTOR(*st)[node] += 
	-MATRIX(*kernel, xidx, yidx)+MATRIX(*kernel, xidx, 0);
    }
    
    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	long int cat=VECTOR(*cats)[cnode];
	if (VECTOR(lastcit)[cnode]==shnode+1) {
	  VECTOR(*st)[node] += 
	    -MATRIX(*kernel, cat, k-1)+MATRIX(*kernel, cat, k);
	}
      }
    }
  }

  igraph_vector_destroy(&lastcit);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_exp_el(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pagebins) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_el(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pagebins,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull) {

  long int agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t lastcit;
  igraph_vector_t neis;
  
  long int node, i;
  
  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(*cats)[to];
      long int yidx=VECTOR(lastcit)[to]!=0 ?
	(node+2-VECTOR(lastcit)[to])/binwidth : agebins;
      
      igraph_real_t prob=MATRIX(*kernel, xidx, yidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(lastcit)[to]=node+2;
    }

  }

  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&lastcit);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_error2_el(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_matrix_nrow(kernel);
  igraph_integer_t agebins=igraph_matrix_ncol(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_el(graph, &st, kernel, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_el(graph, kernel, &st, cats, nocats, agebins,
					  logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}


/***********************************************/
/* recent in-degree                            */
/***********************************************/

int igraph_revolver_r(const igraph_t *graph,
		     igraph_integer_t niter,
		     igraph_integer_t window,
		     igraph_vector_t *kernel,
		     igraph_vector_t *sd,
		     igraph_vector_t *norm,
		     igraph_vector_t *cites,
		     igraph_vector_t *expected,
		     igraph_real_t *logprob,
		     igraph_real_t *lognull,
		     igraph_real_t *logmax,
		     const igraph_vector_t *debug,
		     igraph_vector_ptr_t *debugres) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i, j;
  igraph_integer_t maxdegree=0;
  igraph_vector_t neis;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  /* determine maximum recent degree, we use st temporarily */
  for (i=0; i<no_of_nodes; i++) {
    if (i-window>=0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, i-window, IGRAPH_OUT));
      for (j=0; j<igraph_vector_size(&neis); j++) {
	long int to=VECTOR(neis)[j];
	VECTOR(st)[to] -= 1;
      }
    }
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, i, IGRAPH_OUT));
    for (j=0; j<igraph_vector_size(&neis); j++) {
      long int to=VECTOR(neis)[j];
      VECTOR(st)[to] += 1;
      if (VECTOR(st)[to] > maxdegree) {
	maxdegree=VECTOR(st)[to];
      }
    }
  }
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(1);
  
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  igraph_progress("Revolver r", 0, NULL);
  for (i=0; i<niter; i++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1!=niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_r(graph, kernel, 0 /*sd*/, 0 /*norm*/, 
					0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
					0 /*logmax*/, &st, window, maxdegree));
      
      /* normalize */
      igraph_vector_multiply(kernel, 1/igraph_vector_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_r(graph, &st, kernel, window));
    } else {			/* last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_r(graph, kernel, sd, norm, cites, debug,
					debugres, logmax, &st, window, maxdegree));
      
      /* normalize */
      igraph_vector_multiply(kernel, 1/igraph_vector_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_r(graph, &st, kernel, window));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_r(graph, expected, kernel,
					  &st, window, maxdegree));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_r(graph, kernel, &st, window, maxdegree,
					    logprob, lognull));
      }
    }
    
    igraph_progress("Revolver r", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_revolver_mes_r(const igraph_t *graph,
			 igraph_vector_t *kernel,
			 igraph_vector_t *sd,
			 igraph_vector_t *norm,
			 igraph_vector_t *cites,
			 const igraph_vector_t *debug,
			 igraph_vector_ptr_t *debugres,
			 igraph_real_t *logmax,
			 const igraph_vector_t *st,
			 igraph_integer_t pwindow,
			 igraph_integer_t maxind) {
  long int classes=maxind+1;
  long int window=pwindow;
  long int no_of_nodes=igraph_vcount(graph);
  
  igraph_vector_t indegree;
  igraph_vector_t v_normfact, *normfact;
  igraph_vector_t ntk, ch;
  igraph_vector_t v_notnull, *notnull;

  igraph_vector_t neis;
  
  long int node;
  long int i;
  long int edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ntk, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&ch, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_vector_resize(normfact, classes));
    igraph_vector_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_VECTOR_INIT_FINALLY(normfact, classes);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_vector_resize(notnull, classes));
    igraph_vector_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_VECTOR_INIT_FINALLY(notnull, classes);
  }
  
  IGRAPH_CHECK(igraph_vector_resize(kernel, classes));
  igraph_vector_null(kernel);
  if (sd) { 
    IGRAPH_CHECK(igraph_vector_resize(sd, classes)); 
    igraph_vector_null(sd);
  }

  VECTOR(ntk)[0]=1;
  
  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      double xk=VECTOR(*st)[node]/VECTOR(ntk)[xidx];
      double oldm=VECTOR(*kernel)[xidx];
      VECTOR(*notnull)[xidx]+=1;
      VECTOR(*kernel)[xidx] += (xk-oldm)/VECTOR(*notnull)[xidx];
      if (sd) {
	VECTOR(*sd)[xidx] += (xk-oldm)*(xk-VECTOR(*kernel)[xidx]);
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/VECTOR(ntk)[xidx]); }
    }
    
    /* Update ntk & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      VECTOR(indegree)[to] += 1;
      VECTOR(ntk)[xidx] -= 1;
      if (VECTOR(ntk)[xidx]==0) {
	VECTOR(*normfact)[xidx] += (edges-VECTOR(ch)[xidx]);
      }
      VECTOR(ntk)[xidx+1] += 1;
      if (VECTOR(ntk)[xidx+1]==1) {
	VECTOR(ch)[xidx+1]=edges;
      }
    }
    VECTOR(ntk)[0] += 1;
    if (VECTOR(ntk)[0]==1) {
      VECTOR(ch)[0]=edges;
    }

    /* Time window updates */
    if (node+1-window >= 0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1-window, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	long int xidx=VECTOR(indegree)[to];
	VECTOR(indegree)[to] -= 1;
	VECTOR(ntk)[xidx] -= 1;
	if (VECTOR(ntk)[xidx]==0) {
	  VECTOR(*normfact)[xidx] += (edges-VECTOR(ch)[xidx]);
	}
	VECTOR(ntk)[xidx-1] += 1;
	if (VECTOR(ntk)[xidx-1]==1) {
	  VECTOR(ch)[xidx-1]=edges;
	}
      }
    }
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (i=0; i<classes; i++) {
    igraph_real_t oldmean;
    if (VECTOR(ntk)[i] != 0) {
      VECTOR(*normfact)[i] += (edges-VECTOR(ch)[i]);
    }
    if (VECTOR(*normfact)[i]==0) {
      VECTOR(*kernel)[i]=0;
      VECTOR(*normfact)[i]=1;
    }
    oldmean=VECTOR(*kernel)[i];
    VECTOR(*kernel)[i] *= VECTOR(*notnull)[i] / VECTOR(*normfact)[i];
    if (sd) {
      VECTOR(*sd)[i] += oldmean * oldmean * VECTOR(*notnull)[i] *
	(1-VECTOR(*notnull)[i]/VECTOR(*normfact)[i]);
      VECTOR(*sd)[i] = sqrt(VECTOR(*sd)[i]/(VECTOR(*normfact)[i]-1));
    }
  }
  
  if (!cites) {
    igraph_vector_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_vector_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&ch);
  igraph_vector_destroy(&ntk);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

int igraph_revolver_st_r(const igraph_t *graph,
			igraph_vector_t *st,
			const igraph_vector_t *kernel,
			igraph_integer_t pwindow) {

  long int no_of_nodes=igraph_vcount(graph);
  long int window=pwindow;
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  VECTOR(*st)[0]=VECTOR(*kernel)[0];
  
  for (node=1; node<no_of_nodes; node++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=VECTOR(*st)[node-1]+VECTOR(*kernel)[0];
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to]+=1;
      VECTOR(*st)[node] += -VECTOR(*kernel)[xidx]+VECTOR(*kernel)[xidx+1];
    }
    
    /* time window update */
    if (node-window >=0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node-window, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	long int xidx=VECTOR(indegree)[to];
	VECTOR(indegree)[to] -= 1;
	VECTOR(*st)[node] += -VECTOR(*kernel)[xidx]+VECTOR(*kernel)[xidx-1];
      }
    }
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_exp_r(const igraph_t *graph,
			 igraph_vector_t *expected,
			 const igraph_vector_t *kernel,
			 const igraph_vector_t *st,
			 igraph_integer_t window,
			 igraph_integer_t pmaxind) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_r(const igraph_t *graph,
			   const igraph_vector_t *kernel,
			   const igraph_vector_t *st,
			   igraph_integer_t pwindow,
			   igraph_integer_t maxind,			   
			   igraph_real_t *logprob,
			   igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  long int window=pwindow;
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!mylogprob) { mylogprob=&rlogprob; }
  if (!mylognull) { mylognull=&rlognull; }

  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      igraph_real_t prob=VECTOR(*kernel)[xidx]/VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);

      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }

    /* time window updates */
    if (node-window+1 >= 0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node-window+1, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	VECTOR(indegree)[to] -= 1;
      }
    }
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_error2_r(const igraph_t *graph,
			     const igraph_vector_t *kernel,
			     igraph_integer_t window,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t maxdegree=igraph_vector_size(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_r(graph, &st, kernel, window));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_r(graph, kernel, &st, window, maxdegree,
					 logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}
  
  

/***********************************************/
/* age, recent in-degree                       */
/***********************************************/

int igraph_revolver_ar(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t agebins,
		      igraph_integer_t window,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i, j;
  igraph_integer_t maxdegree=0;
  igraph_vector_t neis;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  /* determine maximum recent degree, we use st temporarily */
  for (i=0; i<no_of_nodes; i++) {
    if (i-window>=0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, i-window, IGRAPH_OUT));
      for (j=0; j<igraph_vector_size(&neis); j++) {
	long int to=VECTOR(neis)[j];
	VECTOR(st)[to] -= 1;
      }
    }
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, i, IGRAPH_OUT));
    for (j=0; j<igraph_vector_size(&neis); j++) {
      long int to=VECTOR(neis)[j];
      VECTOR(st)[to] += 1;
      if (VECTOR(st)[to] > maxdegree) {
	maxdegree=VECTOR(st)[to];
      }
    }
  }
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(1);
  
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  igraph_progress("Revolver ar", 0, NULL);
  for (i=0; i<niter; i++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1!=niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_ar(graph, kernel, 0 /*sd*/, 0 /*norm*/, 
					 0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
					 0 /*logmax*/, &st, agebins,
					 window, maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_ar(graph, &st, kernel, window));
    } else {			/* last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_ar(graph, kernel, sd, norm, cites, debug,
					  debugres, logmax, 
					  &st, agebins, window, maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_ar(graph, &st, kernel, window));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_ar(graph, expected, kernel,
					  &st, agebins, window, maxdegree));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_ar(graph, kernel, &st, 
					     agebins, window, maxdegree,
					     logprob, lognull));
      }
    }
    
    igraph_progress("Revolver ar", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_revolver_mes_ar(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  igraph_integer_t pagebins,
			  igraph_integer_t pwindow,
			  igraph_integer_t maxind) {

  long int classes=maxind+1;
  long int agebins=pagebins;
  long int window=pwindow;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t indegree;
  igraph_matrix_t v_normfact, *normfact;
  igraph_matrix_t ntk, ch;
  igraph_matrix_t v_notnull, *notnull;

  igraph_vector_t neis;
  
  long int node;
  long int i, j, k;
  long int edges=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&ntk, agebins+1, classes);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, agebins+1, classes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, agebins, classes));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, agebins, classes);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(notnull, agebins, classes));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, agebins, classes);
  }
  
  IGRAPH_CHECK(igraph_matrix_resize(kernel, agebins, classes));
  igraph_matrix_null(kernel);
  if (sd) { 
    IGRAPH_CHECK(igraph_matrix_resize(sd, agebins, classes)); 
    igraph_matrix_null(sd);
  }

  MATRIX(ntk, binwidth>1 ? 0 : 1, 0)=1;
  
  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=(node+1-to)/binwidth;
      long int yidx=VECTOR(indegree)[to];
      
      double xk=VECTOR(*st)[node]/MATRIX(ntk, xidx, yidx);
      double oldm=MATRIX(*kernel, xidx, yidx);
      MATRIX(*notnull, xidx, yidx)+=1;
      MATRIX(*kernel, xidx, yidx) += (xk-oldm)/MATRIX(*notnull, xidx, yidx);
      if (sd) {
	MATRIX(*sd, xidx, yidx) += (xk-oldm)*(xk-MATRIX(*kernel, xidx, yidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/MATRIX(ntk, xidx, yidx)); }
    }
    
    /* Update ntk & co */
    edges += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=(node+1-to)/binwidth;
      long int yidx=VECTOR(indegree)[to];
      
      VECTOR(indegree)[to] += 1;
      MATRIX(ntk, xidx, yidx) -= 1;
      if (MATRIX(ntk, xidx, yidx)==0) {
	MATRIX(*normfact, xidx, yidx) += (edges-MATRIX(ch, xidx, yidx));
      }
      MATRIX(ntk, xidx, yidx+1) += 1;
      if (MATRIX(ntk, xidx, yidx+1)==1) {
	MATRIX(ch, xidx, yidx+1)=edges;
      }
    }
    MATRIX(ntk, 0, 0) += 1;
    if (MATRIX(ntk, 0, 0)==1) {
      MATRIX(ch, 0, 0)=edges;
    }
    
    /* Time window updates */
    if (node+1-window >= 0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1-window, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	long int xidx=(node+1-to)/binwidth;
	long int yidx=VECTOR(indegree)[to];
	VECTOR(indegree)[to] -= 1;
	MATRIX(ntk, xidx, yidx) -= 1;
	if (MATRIX(ntk, xidx, yidx)==0) {
	  MATRIX(*normfact, xidx, yidx) += (edges-MATRIX(ch, xidx, yidx));
	}
	MATRIX(ntk, xidx, yidx-1) += 1;
	if (MATRIX(ntk, xidx, yidx-1)==1) {
	  MATRIX(ch, xidx, yidx-1)=edges;
	}
      }
    }
    
    /* Aging */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      MATRIX(ntk, k-1, deg)--;
      if (MATRIX(ntk, k-1, deg)==0) {
	MATRIX(*normfact, k-1, deg) += (edges-MATRIX(ch, k-1, deg));
      }
      MATRIX(ntk, k, deg) += 1;
      if (MATRIX(ntk, k, deg)==1) {
	MATRIX(ch, k, deg)=edges;
      }
    }
    
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (i=0; i<agebins; i++) {
    for (j=0; j<classes; j++) {
      igraph_real_t oldmean;
      if (MATRIX(ntk, i, j) != 0) {
	MATRIX(*normfact, i, j) += (edges-MATRIX(ch, i, j));
      }
      if (MATRIX(*normfact, i, j)==0) {
	MATRIX(*kernel, i, j)=0;
	MATRIX(*normfact, i, j)=1;
      }
      oldmean=MATRIX(*kernel, i, j);
      MATRIX(*kernel, i, j) *= MATRIX(*notnull, i, j) / MATRIX(*normfact, i, j);
      if (sd) {
	MATRIX(*sd, i, j) += oldmean * oldmean * MATRIX(*notnull, i, j) *
	  (1-MATRIX(*notnull, i, j)/MATRIX(*normfact, i, j));
	MATRIX(*sd, i, j) = sqrt(MATRIX(*sd, i, j)/(MATRIX(*normfact, i, j)-1));
      }
    }
  }
  
  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_matrix_destroy(&ch);
  igraph_matrix_destroy(&ntk);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

int igraph_revolver_st_ar(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 igraph_integer_t pwindow) {
  
  long int agebins=igraph_matrix_nrow(kernel);
  long int no_of_nodes=igraph_vcount(graph);
  long int window=pwindow;
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i, k;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  VECTOR(*st)[0]=MATRIX(*kernel, binwidth>1 ? 0 : 1, 0);
  
  for (node=1; node<no_of_nodes; node++) {

    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    VECTOR(*st)[node]=VECTOR(*st)[node-1]+MATRIX(*kernel, 0, 0);
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=(node-to)/binwidth;
      long int yidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to]+=1;
      VECTOR(*st)[node] += 
	-MATRIX(*kernel, xidx, yidx)+MATRIX(*kernel, xidx, yidx+1);
    }
    
    /* time window update */
    if (node-window >=0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node-window, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	long int xidx=(node-to)/binwidth;
	long int yidx=VECTOR(indegree)[to];
	VECTOR(indegree)[to] -= 1;
	VECTOR(*st)[node] += 
	  -MATRIX(*kernel, xidx, yidx)+MATRIX(*kernel, xidx, yidx-1);
      }
    }

    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      VECTOR(*st)[node] += -MATRIX(*kernel, k-1, deg)+MATRIX(*kernel, k, deg);
    }    
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_exp_ar(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  igraph_integer_t agebins,
			  igraph_integer_t window,
			  igraph_integer_t pmaxind) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_ar(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    igraph_integer_t pagebins,
			    igraph_integer_t pwindow,
			    igraph_integer_t maxind,			   
			    igraph_real_t *logprob,
			    igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  long int agebins=pagebins;
  long int window=pwindow;
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t indegree;
  igraph_vector_t neis;
  
  long int node;
  long int i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!mylogprob) { mylogprob=&rlogprob; }
  if (!mylognull) { mylognull=&rlognull; }

  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=(node+1-to)/binwidth;
      long int yidx=VECTOR(indegree)[to];
      
      igraph_real_t prob=MATRIX(*kernel, xidx, yidx)/VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);

      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }

    /* time window updates */
    if (node-window+1 >= 0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node-window+1, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	VECTOR(indegree)[to] -= 1;
      }
    }
    
    /* Aging update not needed */
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_error2_ar(const igraph_t *graph, 
			      const igraph_matrix_t *kernel,
			      igraph_integer_t window, 
			      igraph_real_t *logprob, 
			      igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t agebins=igraph_matrix_nrow(kernel)-1;
  igraph_integer_t maxdegree=igraph_matrix_ncol(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_ar(graph, &st, kernel, window));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_ar(graph, kernel, &st, agebins, window,
					  maxdegree,
					  logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}
  

/***********************************************/
/* in-degree, citing category                  */
/***********************************************/

int igraph_revolver_di(const igraph_t *graph,
		      igraph_integer_t niter,
		      const igraph_vector_t *cats,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;
  igraph_integer_t nocats;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  nocats=igraph_vector_max(cats)+1;
  
  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_IN, IGRAPH_LOOPS));
  
  igraph_progress("Revolver di", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION(); 
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_di(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					 0/*cites*/, 0/*debug*/, 0 /*debugres*/,
					 0/*logmax*/, &st, cats, nocats, maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_di(graph, &st, kernel, cats));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_di(graph, kernel, sd, norm, cites, debug,
					 debugres, logmax, &st, cats, nocats, 
					 maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_di(graph, &st, kernel, cats));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_di(graph, expected, kernel,
					   &st, cats, nocats, maxdegree)); 
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_di(graph, kernel, &st,
					     cats, nocats, maxdegree, 
					     logprob, lognull));
      }
    }

    igraph_progress("Revolver di", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_di(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind) {
  long int nocats=pnocats, maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);
  
  igraph_vector_t indegree;
  igraph_vector_t ntkl;
  igraph_matrix_t ch, v_normfact, *normfact, v_notnull, *notnull;
  
  igraph_vector_t neis;
  
  long int node, i, j;
  igraph_vector_t edges;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ntkl, maxind+1);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, nocats, maxind+1);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, nocats);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, nocats, maxind+1));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, nocats, maxind+1);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, nocats, maxind+1));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, nocats, maxind+1);
  }  

  IGRAPH_CHECK(igraph_matrix_resize(kernel, nocats, maxind+1));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, nocats, maxind+1));
    igraph_matrix_null(sd);
  }
  
  VECTOR(ntkl)[0]=1;
  
  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      double xk=VECTOR(*st)[node]/VECTOR(ntkl)[xidx];
      double oldm=MATRIX(*kernel, cidx, xidx);
      MATRIX(*notnull, cidx, xidx) += 1;
      MATRIX(*kernel, cidx, xidx) += 
	(xk-oldm)/MATRIX(*notnull, cidx, xidx);
      if (sd) {
	MATRIX(*sd, cidx, xidx) += 
	  (xk-oldm)*(xk-MATRIX(*kernel, cidx, xidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/VECTOR(ntkl)[xidx]); }
    }
        
    /* Update ntkl & co */
    VECTOR(edges)[cidx] += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      VECTOR(indegree)[to] += 1;
      VECTOR(ntkl)[xidx] -= 1;
      if (VECTOR(ntkl)[xidx]==0) {
	for (j=0; j<nocats; j++) {
	  MATRIX(*normfact, j, xidx) += (VECTOR(edges)[j]-MATRIX(ch, j, xidx));
	}
      }
      VECTOR(ntkl)[xidx+1] += 1;
      if (VECTOR(ntkl)[xidx+1]==1) {
	for (j=0; j<nocats; j++) {
	  MATRIX(ch, j, xidx+1)=VECTOR(edges)[j];
	}
      }
    }
    /* new node */
    VECTOR(ntkl)[0] += 1;
    if (VECTOR(ntkl)[0]==1) {
      for (j=0; j<nocats; j++) {
	MATRIX(ch, j, 0)=VECTOR(edges)[j];
      }
    }
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (j=0; j<nocats; j++) {
    for (i=0; i<maxind+1; i++) {
      igraph_real_t oldmean;
      if (VECTOR(ntkl)[i] != 0) {
	MATRIX(*normfact, j, i) += (VECTOR(edges)[j]-MATRIX(ch, j, i));
      }
      if (MATRIX(*normfact, j, i)==0) {
	MATRIX(*kernel, j, i)=0;
	MATRIX(*normfact, j, i)=1;
      }
      oldmean=MATRIX(*kernel, j, i);
      MATRIX(*kernel, j, i) *= 
	MATRIX(*notnull, j, i)/MATRIX(*normfact, j, i);	  
      if (sd) {
	MATRIX(*sd, j, i) +=
	  oldmean*oldmean*MATRIX(*notnull, j, i)*
	  (1-MATRIX(*notnull, j, i)/MATRIX(*normfact, j, i));
	MATRIX(*sd, j, i)=
	  sqrt(MATRIX(*sd, j, i)/(MATRIX(*normfact, j, i)-1));
      }
    }
  }
  
  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&edges);
  igraph_matrix_destroy(&ch);
  igraph_vector_destroy(&ntkl);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(5);    
  
  return 0;
}

int igraph_revolver_st_di(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 const igraph_vector_t *cats) {

  long int no_of_nodes=igraph_vcount(graph);
  long int nocats=igraph_matrix_nrow(kernel);

  igraph_vector_t indegree;
  igraph_vector_t neis;
  igraph_matrix_t allst;
  
  long int node, i, j;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_MATRIX_INIT_FINALLY(&allst, nocats, no_of_nodes);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));

  for (j=0; j<nocats; j++) {
    MATRIX(allst, j, 0)=MATRIX(*kernel, j, 0);
  }
  VECTOR(*st)[0]=MATRIX(allst, (long int) VECTOR(*cats)[0], 0);
  
  for (node=1; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    for (j=0; j<nocats; j++) {
      MATRIX(allst, j, node)=MATRIX(allst, j, node-1)+MATRIX(*kernel, j, 0);
    }
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to] += 1;
      for (j=0; j<nocats; j++) {
	MATRIX(allst, j, node) += 
	  -MATRIX(*kernel, j, xidx)+MATRIX(*kernel, j, xidx+1);
      }
    }
    
    /* which one do we need in the next time step? */
    VECTOR(*st)[node]=MATRIX(allst, (long int)VECTOR(*cats)[node+1], node);
  }
  
  igraph_matrix_destroy(&allst);
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

int igraph_revolver_exp_di(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_di(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pmaxind,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull) { 

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t indegree, neis;
  long int node, i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      igraph_real_t prob=MATRIX(*kernel, cidx, xidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }
    
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_error2_di(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_matrix_nrow(kernel);
  igraph_integer_t maxdegree=igraph_matrix_ncol(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_di(graph, &st, kernel, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_di(graph, kernel, &st, cats, nocats,
					  maxdegree,
					  logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/***********************************************/
/* age, in-degree, citing category             */
/***********************************************/

int igraph_revolver_adi(const igraph_t *graph,
		       igraph_integer_t niter,
		       igraph_integer_t agebins,
		       const igraph_vector_t *cats,
		       igraph_array3_t *kernel,
		       igraph_array3_t *sd,
		       igraph_array3_t *norm,
		       igraph_array3_t *cites,
		       igraph_array3_t *expected,
		       igraph_real_t *logprob,
		       igraph_real_t *lognull,
		       igraph_real_t *logmax,
		       const igraph_matrix_t *debug,
		       igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t maxdegree;
  igraph_integer_t nocats;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  nocats=igraph_vector_max(cats)+1;
  
  IGRAPH_CHECK(igraph_maxdegree(graph, &maxdegree, igraph_vss_all(),
				IGRAPH_IN, IGRAPH_LOOPS));
  
  igraph_progress("Revolver adi", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION(); 
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_adi(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					  0/*cites*/, 0/*debug*/, 0 /*debugres*/,
					  0/*logmax*/, &st, cats,
					  nocats, maxdegree, agebins));
      
      /* normalize */
      igraph_array3_multiply(kernel, 1/igraph_array3_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_adi(graph, &st, kernel, cats));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_adi(graph, kernel, sd, norm, cites, debug,
					  debugres, logmax, &st, cats, nocats, 
					  maxdegree, agebins));
      
      /* normalize */
      igraph_array3_multiply(kernel, 1/igraph_array3_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_adi(graph, &st, kernel, cats));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_adi(graph, expected, kernel,
					    &st, cats, nocats, maxdegree, agebins)); 
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_adi(graph, kernel, &st,
					      cats, nocats, maxdegree, agebins,
					      logprob, lognull));
      }
    }

    igraph_progress("Revolver adi", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_adi(const igraph_t *graph,
			   igraph_array3_t *kernel,
			   igraph_array3_t *sd,
			   igraph_array3_t *norm,
			   igraph_array3_t *cites,
			   const igraph_matrix_t *debug,
			   igraph_vector_ptr_t *debugres,
			   igraph_real_t *logmax,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins) {
  long int nocats=pnocats, maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;
  
  igraph_vector_t indegree;
  igraph_matrix_t ntkl;
  igraph_array3_t ch, v_normfact, *normfact, v_notnull, *notnull;
  
  igraph_vector_t neis;
  
  long int node, i, j, k;
  igraph_vector_t edges;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkl, maxind+2, agebins+1);
  IGRAPH_ARRAY3_INIT_FINALLY(&ch, nocats, maxind+1, agebins);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, nocats);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_array3_resize(normfact, nocats, maxind+1, agebins));
    igraph_array3_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_ARRAY3_INIT_FINALLY(normfact, nocats, maxind+1, agebins);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_array3_resize(normfact, nocats, maxind+1, agebins));
    igraph_array3_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_ARRAY3_INIT_FINALLY(notnull, nocats, maxind+1, agebins);
  }  

  IGRAPH_CHECK(igraph_array3_resize(kernel, nocats, maxind+1, agebins));
  igraph_array3_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_array3_resize(sd, nocats, maxind+1, agebins));
    igraph_array3_null(sd);
  }
  
  MATRIX(ntkl, 0, binwidth>1 ? 0 : 1)=1;
  
  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      double xk=VECTOR(*st)[node]/MATRIX(ntkl, xidx, yidx);
      double oldm=ARRAY3(*kernel, cidx, xidx, yidx);
      ARRAY3(*notnull, cidx, xidx, yidx) += 1;
      ARRAY3(*kernel, cidx, xidx, yidx) += 
	(xk-oldm)/ARRAY3(*notnull, cidx, xidx, yidx);
      if (sd) {
	ARRAY3(*sd, cidx, xidx, yidx) += 
	  (xk-oldm)*(xk-ARRAY3(*kernel, cidx, xidx, yidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/MATRIX(ntkl, xidx, yidx)); }
    }
        
    /* Update ntkl & co */
    VECTOR(edges)[cidx] += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      VECTOR(indegree)[to] += 1;
      MATRIX(ntkl, xidx, yidx) -= 1;
      if (MATRIX(ntkl, xidx, yidx)==0) {
	for (j=0; j<nocats; j++) {
	  ARRAY3(*normfact, j, xidx, yidx) += 
	    (VECTOR(edges)[j]-ARRAY3(ch, j, xidx, yidx));
	}
      }
      MATRIX(ntkl, xidx+1, yidx) += 1;
      if (MATRIX(ntkl, xidx+1, yidx)==1) {
	for (j=0; j<nocats; j++) {
	  ARRAY3(ch, j, xidx+1, yidx)=VECTOR(edges)[j];
	}
      }
    }
    /* new node */
    MATRIX(ntkl, 0, 0) += 1;
    if (MATRIX(ntkl, 0, 0)==1) {
      for (j=0; j<nocats; j++) {
	ARRAY3(ch, j, 0, 0)=VECTOR(edges)[j];
      }
    }
    /* aging */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      MATRIX(ntkl, deg, k-1) -= 1;
      if (MATRIX(ntkl, deg, k-1)==0) {
	for (j=0; j<nocats; j++) {
	  ARRAY3(*normfact, j, deg, k-1) += 
	    (VECTOR(edges)[j]-ARRAY3(ch, j, deg, k-1));
	}
      }
      MATRIX(ntkl, deg, k) += 1;
      if (MATRIX(ntkl, deg, k)==1) {
	for (j=0; j<nocats; j++) {
	  ARRAY3(ch, j, deg, k)=VECTOR(edges)[j];
	}
      }
    }    
    
  } /* node */
  
  /* Make normfact up to date, calculate mean, sd */
  for (j=0; j<nocats; j++) {
    for (i=0; i<maxind+1; i++) {
      for (k=0; k<agebins; k++) {
	igraph_real_t oldmean;
	if (MATRIX(ntkl, i, k) != 0) {
	  ARRAY3(*normfact, j, i, k) += (VECTOR(edges)[j]-ARRAY3(ch, j, i, k));
	}
	if (ARRAY3(*normfact, j, i, k)==0) {
	  ARRAY3(*kernel, j, i, k)=0;
	  ARRAY3(*normfact, j, i, k)=1;
	}
	oldmean=ARRAY3(*kernel, j, i, k);
	ARRAY3(*kernel, j, i, k) *= 
	  ARRAY3(*notnull, j, i, k)/ARRAY3(*normfact, j, i, k);	  
	if (sd) {
	  ARRAY3(*sd, j, i, k) +=
	    oldmean*oldmean*ARRAY3(*notnull, j, i, k)*
	    (1-ARRAY3(*notnull, j, i, k)/ARRAY3(*normfact, j, i, k));
	  ARRAY3(*sd, j, i, k)=
	    sqrt(ARRAY3(*sd, j, i, k)/(ARRAY3(*normfact, j, i, k)-1));
	}
      }
    }
  }
  
  if (!cites) {
    igraph_array3_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_array3_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&edges);
  igraph_array3_destroy(&ch);
  igraph_matrix_destroy(&ntkl);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(5);    
  
  return 0;
}

int igraph_revolver_st_adi(const igraph_t *graph,
			  igraph_vector_t *st,
			  const igraph_array3_t *kernel,
			  const igraph_vector_t *cats) {

  long int no_of_nodes=igraph_vcount(graph);
  long int nocats=igraph_array3_n(kernel, 1);
  long int agebins=igraph_array3_n(kernel, 3);
  long int binwidth=no_of_nodes/agebins+1;

  igraph_vector_t indegree;
  igraph_vector_t neis;
  igraph_matrix_t allst;
  
  long int node, i, j, k;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_MATRIX_INIT_FINALLY(&allst, nocats, no_of_nodes);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));

  for (j=0; j<nocats; j++) {
    MATRIX(allst, j, 0)=ARRAY3(*kernel, j, 0, binwidth>1 ? 0 : 1);
  }
  VECTOR(*st)[0]=MATRIX(allst, (long int) VECTOR(*cats)[0], 0);
  
  for (node=1; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    for (j=0; j<nocats; j++) {
      MATRIX(allst, j, node)=MATRIX(allst, j, node-1)+ARRAY3(*kernel, j, 0, 0);
    }
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      VECTOR(indegree)[to] += 1;
      for (j=0; j<nocats; j++) {
	MATRIX(allst, j, node) += 
	  -ARRAY3(*kernel, j, xidx, yidx)+ARRAY3(*kernel, j, xidx+1, yidx);
      }
    }

    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      for (j=0; j<nocats; j++) {
	MATRIX(allst, j, node) += 
	  -ARRAY3(*kernel, j, deg, k-1) + ARRAY3(*kernel, j, deg, k);
      }
    }
    
    /* which one do we need in the next time step? */
    VECTOR(*st)[node]=MATRIX(allst, (long int)VECTOR(*cats)[node+1], node);
  }
  
  igraph_matrix_destroy(&allst);
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

int igraph_revolver_exp_adi(const igraph_t *graph,
			   igraph_array3_t *expected,
			   const igraph_array3_t *kernel,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_adi(const igraph_t *graph,
			     const igraph_array3_t *kernel,
			     const igraph_vector_t *st,
			     const igraph_vector_t *cats,
			     igraph_integer_t pnocats,
			     igraph_integer_t pmaxind,
			     igraph_integer_t pagebins,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull) { 
  
  long int no_of_nodes=igraph_vcount(graph);
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t indegree, neis;
  long int node, i;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      igraph_real_t prob=ARRAY3(*kernel, cidx, xidx, yidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);

      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }
    
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_revolver_error2_adi(const igraph_t *graph,
			       const igraph_array3_t *kernel,
			       const igraph_vector_t *cats,
			       igraph_real_t *logprob,
			       igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_array3_n(kernel, 1);
  igraph_integer_t maxdegree=igraph_array3_n(kernel, 2)-1;
  igraph_integer_t agebins=igraph_array3_n(kernel, 3);
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_adi(graph, &st, kernel, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_adi(graph, kernel, &st, cats, nocats, 
					   maxdegree, agebins,
					   logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}  

/***********************************************/
/* time since last citation, citing category   */
/***********************************************/

int igraph_revolver_il(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t agebins,
		      const igraph_vector_t *cats,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i;
  igraph_integer_t nocats;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  nocats=igraph_vector_max(cats)+1;

  igraph_progress("Revolver il", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    if (i+1 != niter) { 	/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_il(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					 0 /*cites*/, 0 /*debug*/, 0 /*debugres*/,
					 0 /*logmax*/, &st, cats, nocats, agebins));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_il(graph, &st, kernel, cats));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_il(graph, kernel, sd, norm, cites, debug,
					 debugres, logmax, &st, 
					 cats, nocats, agebins));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));

      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_il(graph, &st, kernel, cats));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_il(graph, expected, kernel, &st,
					   cats, nocats, agebins));
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_il(graph, kernel, &st, cats, nocats,
					     agebins, logprob, lognull));
      }
    }

    igraph_progress("Revolver il", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_il(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pagebins) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;
  long int nocats=pnocats;
  
  igraph_vector_t ntl;
  igraph_matrix_t ch, v_normfact, v_notnull, *normfact, *notnull;
  
  igraph_vector_t lastcit;
  igraph_vector_t neis;
  
  long int node, i, k, j;
  igraph_vector_t edges;
  
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ntl, agebins+2); 	/* +1 for the never cited */
  IGRAPH_MATRIX_INIT_FINALLY(&ch, nocats, agebins+2);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, nocats);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, nocats, agebins+1));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, nocats, agebins+1);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(notnull, nocats, agebins+1));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, nocats, agebins+1);
  }
  
  IGRAPH_CHECK(igraph_matrix_resize(kernel, nocats, agebins+1));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, nocats, agebins+1));
    igraph_matrix_null(sd);
  }  

  VECTOR(ntl)[agebins]=1;
  
  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(lastcit)[to]!=0 ? 
	(node+2-(long int)VECTOR(lastcit)[to])/binwidth :	agebins;      
      
      double xk=VECTOR(*st)[node]/VECTOR(ntl)[xidx];
      double oldm=MATRIX(*kernel, cidx, xidx);
      MATRIX(*notnull, cidx, xidx) += 1;
      MATRIX(*kernel, cidx, xidx) += (xk-oldm)/MATRIX(*notnull, cidx, xidx);
      if (sd) {
	MATRIX(*sd, cidx, xidx) += (xk-oldm)*(xk-MATRIX(*kernel, cidx, xidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/VECTOR(ntl)[xidx]); }
    }
  
    /* Update ntkl & co */
    VECTOR(edges)[cidx] += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(lastcit)[to]!=0 ? 
	(node+2-VECTOR(lastcit)[to])/binwidth :	agebins;
      
      VECTOR(lastcit)[to]=node+2;
      VECTOR(ntl)[xidx] -= 1; 
      if (VECTOR(ntl)[xidx]==0) {
	for (j=0; j<nocats; j++) {
	  MATRIX(*normfact, j, xidx) += 
	    (VECTOR(edges)[j]-MATRIX(ch, j, xidx));
	}
      }
      VECTOR(ntl)[0] += 1;
      if (VECTOR(ntl)[0]==1) {
	for (j=0; j<nocats; j++) {
	  MATRIX(ch, j, 0)=VECTOR(edges)[j];
	}
      }
    }
    /* new node */
    VECTOR(ntl)[agebins] += 1;
    if (VECTOR(ntl)[agebins]==1) {
      for (j=0; j<nocats; j++) {
	MATRIX(ch, j, agebins)=VECTOR(edges)[j];
      }
    }
    /* should we move some citations to an older bin? */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	if (VECTOR(lastcit)[cnode]==shnode+1) {
	  VECTOR(ntl)[k-1] -= 1;
	  if (VECTOR(ntl)[k-1]==0) {
	    for (j=0; j<nocats; j++) {	      
	      MATRIX(*normfact, j, k-1) += 
		(VECTOR(edges)[j]-MATRIX(ch, j, k-1));
	    }
	  }
	  VECTOR(ntl)[k] += 1;
	  if (VECTOR(ntl)[k]==1) {
	    for (j=0; j<nocats; j++) {
	      MATRIX(ch, j, k)=VECTOR(edges)[j];
	    }
	  }
	}
      }
    }

  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (j=0; j<nocats; j++) {
    for (i=0; i<agebins+1; i++) {
      igraph_real_t oldmean;
      if (VECTOR(ntl)[i] != 0) {
	MATRIX(*normfact, j, i) += 
	  (VECTOR(edges)[j]-MATRIX(ch, j, i));
      }
      if (MATRIX(*normfact, j, i)==0) {
	MATRIX(*kernel, j, i)=0;
	MATRIX(*normfact, j, i)=1;
      }
      oldmean=MATRIX(*kernel, j, i);
      MATRIX(*kernel, j, i) *= MATRIX(*notnull, j, i)/MATRIX(*normfact, j, i);
      if (sd) {
	MATRIX(*sd, j, i) += oldmean * oldmean * MATRIX(*notnull, j, i) *
	  (1-MATRIX(*notnull, j, i)/MATRIX(*normfact, j, i));
	MATRIX(*sd, j, i) = sqrt(MATRIX(*sd, j, i)/(MATRIX(*normfact, j, i)-1));
      }
    }
  }
  
  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&neis);
  igraph_matrix_destroy(&ch);
  igraph_vector_destroy(&ntl);
  igraph_vector_destroy(&lastcit);
  IGRAPH_FINALLY_CLEAN(5);  

  return 0;
}

int igraph_revolver_st_il(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 const igraph_vector_t *cats) {

  long int nocats=igraph_matrix_nrow(kernel);
  long int agebins=igraph_matrix_ncol(kernel)-1;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t lastcit;

  igraph_vector_t neis;
  igraph_matrix_t allst;
  long int node, i, k, j;
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&allst, nocats, no_of_nodes);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));
  
  for (j=0; j<nocats; j++) {
    MATRIX(allst, j, 0)=MATRIX(*kernel, j, agebins);
  }
  VECTOR(*st)[0]=MATRIX(allst, (long int) VECTOR(*cats)[0], 0);
  
  for (node=1; node<no_of_nodes; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    for (j=0; j<nocats; j++) {
      MATRIX(allst, j, node)=MATRIX(allst, j, node-1)+MATRIX(*kernel, j, agebins);
    }
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(lastcit)[to]!=0 ?
	(node+1-(long int)VECTOR(lastcit)[to])/binwidth : agebins;
      VECTOR(lastcit)[to]=node+1;
      for (j=0; j<nocats; j++) {
	MATRIX(allst, j, node) += 
	  -MATRIX(*kernel, j, xidx) + MATRIX(*kernel, j, 0);
      }
    }
    
    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, shnode, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int cnode=VECTOR(neis)[i];
	if (VECTOR(lastcit)[cnode]==shnode+1) {
	  for (j=0; j<nocats; j++) {
	    MATRIX(allst, j, node) +=
	      -MATRIX(*kernel, j, k-1) + MATRIX(*kernel, j, k);
	  }
	}
      }
    }
    
    VECTOR(*st)[node]=MATRIX(allst, (long int)VECTOR(*cats)[node+1], node);
  }
  
  igraph_matrix_destroy(&allst);
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&lastcit);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

int igraph_revolver_exp_il(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t nocats,
			  igraph_integer_t pagebins) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_il(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pagebins,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull) {

  long int agebins=pagebins;
  long int no_of_nodes=igraph_vcount(graph);
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t lastcit;
  igraph_vector_t neis;
  
  long int node, i;
  
  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;
  
  IGRAPH_VECTOR_INIT_FINALLY(&lastcit, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(lastcit)[to]!=0 ?
	(node+2-(long int)VECTOR(lastcit)[to])/binwidth : agebins;
      
      igraph_real_t prob=MATRIX(*kernel, cidx, xidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(lastcit)[to]=node+2;
    }

  }

  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&lastcit);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_error2_il(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_matrix_nrow(kernel);
  igraph_integer_t agebins=igraph_matrix_ncol(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_il(graph, &st, kernel, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_il(graph, kernel, &st, cats, nocats,
					  agebins, logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/***********************************************/
/* in-degree, citing category                  */
/***********************************************/

int igraph_revolver_ir(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t window,
		      const igraph_vector_t *cats,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i, j;
  igraph_integer_t maxdegree=0;
  igraph_integer_t nocats;
  igraph_vector_t neis;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  nocats=igraph_vector_max(cats)+1;

  /* determine maximum recent degree, we use st temporarily */
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  for (i=0; i<no_of_nodes; i++) {
    if (i-window>=0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, i-window, IGRAPH_OUT));
      for (j=0; j<igraph_vector_size(&neis); j++) {
	long int to=VECTOR(neis)[j];
	VECTOR(st)[to] -= 1;
      }
    }
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, i, IGRAPH_OUT));
    for (j=0; j<igraph_vector_size(&neis); j++) {
      long int to=VECTOR(neis)[j];
      VECTOR(st)[to] += 1;
      if (VECTOR(st)[to] > maxdegree) {
	maxdegree=VECTOR(st)[to];
      }
    }
  }
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(1);
  
  igraph_progress("Revolver di", 0, NULL);
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION(); 
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_ir(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					 0/*cites*/, 0/*debug*/, 0 /*debugres*/,
					 0/*logmax*/, &st, window, 
					 cats, nocats, maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_ir(graph, &st, kernel, window, cats));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_ir(graph, kernel, sd, norm, cites, debug,
					 debugres, logmax, &st, window, cats, nocats,
					 maxdegree));
      
      /* normalize */
      igraph_matrix_multiply(kernel, 1/igraph_matrix_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_ir(graph, &st, kernel, window, cats));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_ir(graph, expected, kernel,
					   &st, window, cats, nocats, maxdegree)); 
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_ir(graph, kernel, &st, window,
					     cats, nocats, maxdegree, 
					     logprob, lognull));
      }
    }

    igraph_progress("Revolver di", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_ir(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  igraph_integer_t pwindow,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind) {

  long int nocats=pnocats, maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);
  long int window=pwindow;
  
  igraph_vector_t indegree;
  igraph_vector_t ntkl;
  igraph_matrix_t ch, v_normfact, *normfact, v_notnull, *notnull;
  
  igraph_vector_t neis;
  
  long int node, i, j;
  igraph_vector_t edges;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ntkl, maxind+1);
  IGRAPH_MATRIX_INIT_FINALLY(&ch, nocats, maxind+1);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, nocats);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, nocats, maxind+1));
    igraph_matrix_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_MATRIX_INIT_FINALLY(normfact, nocats, maxind+1);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_matrix_resize(normfact, nocats, maxind+1));
    igraph_matrix_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_MATRIX_INIT_FINALLY(notnull, nocats, maxind+1);
  }  

  IGRAPH_CHECK(igraph_matrix_resize(kernel, nocats, maxind+1));
  igraph_matrix_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_matrix_resize(sd, nocats, maxind+1));
    igraph_matrix_null(sd);
  }
  
  VECTOR(ntkl)[0]=1;

  if (logmax) { *logmax=0.0; }

  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      double xk=VECTOR(*st)[node]/VECTOR(ntkl)[xidx];
      double oldm=MATRIX(*kernel, cidx, xidx);
      MATRIX(*notnull, cidx, xidx) += 1;
      MATRIX(*kernel, cidx, xidx) += 
	(xk-oldm)/MATRIX(*notnull, cidx, xidx);
      if (sd) {
	MATRIX(*sd, cidx, xidx) += 
	  (xk-oldm)*(xk-MATRIX(*kernel, cidx, xidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/VECTOR(ntkl)[xidx]); }
    }
        
    /* Update ntkl & co */
    VECTOR(edges)[cidx] += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      VECTOR(indegree)[to] += 1;
      VECTOR(ntkl)[xidx] -= 1;
      if (VECTOR(ntkl)[xidx]==0) {
	for (j=0; j<nocats; j++) {
	  MATRIX(*normfact, j, xidx) += (VECTOR(edges)[j]-MATRIX(ch, j, xidx));
	}
      }
      VECTOR(ntkl)[xidx+1] += 1;
      if (VECTOR(ntkl)[xidx+1]==1) {
	for (j=0; j<nocats; j++) {
	  MATRIX(ch, j, xidx+1)=VECTOR(edges)[j];
	}
      }
    }
    /* new node */
    VECTOR(ntkl)[0] += 1;
    if (VECTOR(ntkl)[0]==1) {
      for (j=0; j<nocats; j++) {
	MATRIX(ch, j, 0)=VECTOR(edges)[j];
      }
    }

    /* Time window updates */
    if (node+1-window >= 0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1-window, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	long int xidx=VECTOR(indegree)[to];
	VECTOR(indegree)[to] -= 1;
	VECTOR(ntkl)[xidx] -= 1;
	if (VECTOR(ntkl)[xidx]==0) {
	  for (j=0; j<nocats; j++) {
	    MATRIX(*normfact, j, xidx) += (VECTOR(edges)[j]-MATRIX(ch, j, xidx));
	  }
	}
	VECTOR(ntkl)[xidx-1] += 1;
	if (VECTOR(ntkl)[xidx-1]==1) {
	  for (j=0; j<nocats; j++) {
	    MATRIX(ch, j, xidx-1)=VECTOR(edges)[j];
	  }
	}
      }
    }    
  }
  
  /* Make normfact up to date, calculate mean, sd */
  for (j=0; j<nocats; j++) {
    for (i=0; i<maxind+1; i++) {
      igraph_real_t oldmean;
      if (VECTOR(ntkl)[i] != 0) {
	MATRIX(*normfact, j, i) += (VECTOR(edges)[j]-MATRIX(ch, j, i));
      }
      if (MATRIX(*normfact, j, i)==0) {
	MATRIX(*kernel, j, i)=0;
	MATRIX(*normfact, j, i)=1;
      }
      oldmean=MATRIX(*kernel, j, i);
      MATRIX(*kernel, j, i) *= 
	MATRIX(*notnull, j, i)/MATRIX(*normfact, j, i);	  
      if (sd) {
	MATRIX(*sd, j, i) +=
	  oldmean*oldmean*MATRIX(*notnull, j, i)*
	  (1-MATRIX(*notnull, j, i)/MATRIX(*normfact, j, i));
	MATRIX(*sd, j, i)=
	  sqrt(MATRIX(*sd, j, i)/(MATRIX(*normfact, j, i)-1));
      }
    }
  }
  
  if (!cites) {
    igraph_matrix_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_matrix_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&edges);
  igraph_matrix_destroy(&ch);
  igraph_vector_destroy(&ntkl);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(5);    

  return 0;
}

int igraph_revolver_st_ir(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 igraph_integer_t pwindow,
			 const igraph_vector_t *cats) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int nocats=igraph_matrix_nrow(kernel);
  long int window=pwindow;

  igraph_vector_t indegree;
  igraph_vector_t neis;
  igraph_matrix_t allst;
  
  long int node, i, j;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_MATRIX_INIT_FINALLY(&allst, nocats, no_of_nodes);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));

  for (j=0; j<nocats; j++) {
    MATRIX(allst, j, 0)=MATRIX(*kernel, j, 0);
  }
  VECTOR(*st)[0]=MATRIX(allst, (long int) VECTOR(*cats)[0], 0);
  
  for (node=1; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    for (j=0; j<nocats; j++) {
      MATRIX(allst, j, node)=MATRIX(allst, j, node-1)+MATRIX(*kernel, j, 0);
    }
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      VECTOR(indegree)[to] += 1;
      for (j=0; j<nocats; j++) {
	MATRIX(allst, j, node) += 
	  -MATRIX(*kernel, j, xidx)+MATRIX(*kernel, j, xidx+1);
      }
    }
    
    /* time window update */
    if (node-window >=0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node-window, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	long int xidx=VECTOR(indegree)[to];
	VECTOR(indegree)[to] -= 1;
	for (j=0; j<nocats; j++) {
	  MATRIX(allst, j, node) += 
	    -MATRIX(*kernel, j, xidx)+MATRIX(*kernel, j, xidx-1);
	}
      }
    }
    
    /* which one do we need in the next time step? */
    VECTOR(*st)[node]=MATRIX(allst, (long int)VECTOR(*cats)[node+1], node);
  }
  
  igraph_matrix_destroy(&allst);
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(3);  
  
  return 0;
}

int igraph_revolver_exp_ir(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  igraph_integer_t pwindow,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_ir(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    igraph_integer_t pwindow,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pmaxind,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull) { 

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t indegree, neis;
  long int node, i;
  long int window=pwindow;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      
      igraph_real_t prob=MATRIX(*kernel, cidx, xidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);
      
      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }
    
    /* time window updates */
    if (node-window+1 >= 0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node-window+1, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	VECTOR(indegree)[to] -= 1;
      }
    }

  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_error2_ir(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_integer_t window,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_matrix_nrow(kernel);
  igraph_integer_t maxdegree=igraph_matrix_ncol(kernel)-1;
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_ir(graph, &st, kernel, window, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_ir(graph, kernel, &st, window, cats, nocats,
					  maxdegree, logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/***********************************************/
/* age, recent in-degree, citing category      */
/***********************************************/

int igraph_revolver_air(const igraph_t *graph,
		       igraph_integer_t niter,
		       igraph_integer_t window,
		       igraph_integer_t agebins,
		       const igraph_vector_t *cats,
		       igraph_array3_t *kernel,
		       igraph_array3_t *sd,
		       igraph_array3_t *norm,
		       igraph_array3_t *cites,
		       igraph_array3_t *expected,
		       igraph_real_t *logprob,
		       igraph_real_t *lognull,
		       igraph_real_t *logmax,
		       const igraph_matrix_t *debug,
		       igraph_vector_ptr_t *debugres) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  long int i, j;
  igraph_integer_t maxdegree=0;
  igraph_integer_t nocats;
  igraph_vector_t neis;
    
  igraph_progress("Revolver air", 0, NULL);

  nocats=igraph_vector_max(cats)+1;

  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  /* determine maximum recent degree, we use st temporarily */
  for (i=0; i<no_of_nodes; i++) {
    if (i-window>=0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, i-window, IGRAPH_OUT));
      for (j=0; j<igraph_vector_size(&neis); j++) {
	long int to=VECTOR(neis)[j];
	VECTOR(st)[to] -= 1;
      }
    }
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, i, IGRAPH_OUT));
    for (j=0; j<igraph_vector_size(&neis); j++) {
      long int to=VECTOR(neis)[j];
      VECTOR(st)[to] += 1;
      if (VECTOR(st)[to] > maxdegree) {
	maxdegree=VECTOR(st)[to];
      }
    }
  }
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(1);
   
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(st)[i]=1;
  }
  
  for (i=0; i<niter; i++) {
    
    IGRAPH_ALLOW_INTERRUPTION(); 
    
    if (i+1 != niter) {		/* not the last iteration */
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_air(graph, kernel, 0 /*sd*/, 0 /*norm*/,
					  0/*cites*/, 0/*debug*/, 0 /*debugres*/,
					  0/*logmax*/, &st, window, 
					  cats, nocats, maxdegree, agebins));
      
      /* normalize */
      igraph_array3_multiply(kernel, 1/igraph_array3_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_air(graph, &st, kernel, window, cats));
    } else {
      /* measure */
      IGRAPH_CHECK(igraph_revolver_mes_air(graph, kernel, sd, norm, cites, debug,
					  debugres, logmax, &st, window, 
					  cats, nocats, 
					  maxdegree, agebins));
      
      /* normalize */
      igraph_array3_multiply(kernel, 1/igraph_array3_sum(kernel));
      
      /* update st */
      IGRAPH_CHECK(igraph_revolver_st_air(graph, &st, kernel, window, cats));
      
      /* expected number of citations */
      if (expected) {
	IGRAPH_CHECK(igraph_revolver_exp_air(graph, expected, kernel,
					    &st, window, 
					    cats, nocats, maxdegree, agebins)); 
      }
      
      /* error calculation */
      if (logprob || lognull) {
	IGRAPH_CHECK(igraph_revolver_error_air(graph, kernel, &st, window,
					      cats, nocats, maxdegree, agebins,
					      logprob, lognull));
      }
    }

    igraph_progress("Revolver air", 100*(i+1)/niter, NULL);
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

int igraph_revolver_mes_air(const igraph_t *graph,
			   igraph_array3_t *kernel,
			   igraph_array3_t *sd,
			   igraph_array3_t *norm,
			   igraph_array3_t *cites,
			   const igraph_matrix_t *debug,
			   igraph_vector_ptr_t *debugres,
			   igraph_real_t *logmax,
			   const igraph_vector_t *st,
			   igraph_integer_t pwindow,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins) {

  long int nocats=pnocats, maxind=pmaxind;
  long int no_of_nodes=igraph_vcount(graph);
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;
  long int window=pwindow;
  
  igraph_vector_t indegree;
  igraph_matrix_t ntkl;
  igraph_array3_t ch, v_normfact, *normfact, v_notnull, *notnull;
  
  igraph_vector_t neis;
  
  long int node, i, j, k;
  igraph_vector_t edges;
  
  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_MATRIX_INIT_FINALLY(&ntkl, maxind+2, agebins+1);
  IGRAPH_ARRAY3_INIT_FINALLY(&ch, nocats, maxind+1, agebins);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&edges, nocats);
  
  if (norm) {
    normfact=norm;
    IGRAPH_CHECK(igraph_array3_resize(normfact, nocats, maxind+1, agebins));
    igraph_array3_null(normfact);
  } else {
    normfact=&v_normfact;
    IGRAPH_ARRAY3_INIT_FINALLY(normfact, nocats, maxind+1, agebins);
  }
  if (cites) {
    notnull=cites;
    IGRAPH_CHECK(igraph_array3_resize(normfact, nocats, maxind+1, agebins));
    igraph_array3_null(notnull);
  } else {
    notnull=&v_notnull;
    IGRAPH_ARRAY3_INIT_FINALLY(notnull, nocats, maxind+1, agebins);
  }  

  IGRAPH_CHECK(igraph_array3_resize(kernel, nocats, maxind+1, agebins));
  igraph_array3_null(kernel);
  if (sd) {
    IGRAPH_CHECK(igraph_array3_resize(sd, nocats, maxind+1, agebins));
    igraph_array3_null(sd);
  }
  
  MATRIX(ntkl, 0, binwidth>1 ? 0 : 1)=1;

  if (logmax) { *logmax=0.0; }
  
  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();

    /* Estimate A() */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      double xk=VECTOR(*st)[node]/MATRIX(ntkl, xidx, yidx);
      double oldm=ARRAY3(*kernel, cidx, xidx, yidx);
      ARRAY3(*notnull, cidx, xidx, yidx) += 1;
      ARRAY3(*kernel, cidx, xidx, yidx) += 
	(xk-oldm)/ARRAY3(*notnull, cidx, xidx, yidx);
      if (sd) {
	ARRAY3(*sd, cidx, xidx, yidx) += 
	  (xk-oldm)*(xk-ARRAY3(*kernel, cidx, xidx, yidx));
      }
      /* TODO: debug */
      if (logmax) { *logmax += log(1.0/MATRIX(ntkl, xidx, yidx)); }
    }
        
    /* Update ntkl & co */
    VECTOR(edges)[cidx] += igraph_vector_size(&neis);
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      VECTOR(indegree)[to] += 1;
      MATRIX(ntkl, xidx, yidx) -= 1;
      if (MATRIX(ntkl, xidx, yidx)==0) {
	for (j=0; j<nocats; j++) {
	  ARRAY3(*normfact, j, xidx, yidx) += 
	    (VECTOR(edges)[j]-ARRAY3(ch, j, xidx, yidx));
	}
      }
      MATRIX(ntkl, xidx+1, yidx) += 1;
      if (MATRIX(ntkl, xidx+1, yidx)==1) {
	for (j=0; j<nocats; j++) {
	  ARRAY3(ch, j, xidx+1, yidx)=VECTOR(edges)[j];
	}
      }
    }
    /* new node */
    MATRIX(ntkl, 0, 0) += 1;
    if (MATRIX(ntkl, 0, 0)==1) {
      for (j=0; j<nocats; j++) {
	ARRAY3(ch, j, 0, 0)=VECTOR(edges)[j];
      }
    }
    /* Time window updates */
    if (node+1-window >= 0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1-window, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	long int xidx=VECTOR(indegree)[to];
	long int yidx=(node+1-to)/binwidth;
	VECTOR(indegree)[to] -= 1;
	MATRIX(ntkl, xidx, yidx) -= 1;
	if (MATRIX(ntkl, xidx, yidx)==0) {
	  for (j=0; j<nocats; j++) {
	    ARRAY3(*normfact, j, xidx, yidx) += 
	      (VECTOR(edges)[j]-ARRAY3(ch, j, xidx, yidx));
	  }
	}
	MATRIX(ntkl, xidx-1, yidx) += 1;
	if (MATRIX(ntkl, xidx-1, yidx)==1) {
	  for (j=0; j<nocats; j++) {
	    ARRAY3(ch, j, xidx-1, yidx)=VECTOR(edges)[j];
	  }
	}
      }
    }

    /* aging */
    for (k=1; node+1-binwidth*k+1>=0; k++) {
      long int shnode=node+1-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      MATRIX(ntkl, deg, k-1) -= 1;
      if (MATRIX(ntkl, deg, k-1)==0) {
	for (j=0; j<nocats; j++) {
	  ARRAY3(*normfact, j, deg, k-1) += 
	    (VECTOR(edges)[j]-ARRAY3(ch, j, deg, k-1));
	}
      }
      MATRIX(ntkl, deg, k) += 1;
      if (MATRIX(ntkl, deg, k)==1) {
	for (j=0; j<nocats; j++) {
	  ARRAY3(ch, j, deg, k)=VECTOR(edges)[j];
	}
      }
    }    
    
  } /* node */
  
  /* Make normfact up to date, calculate mean, sd */
  for (j=0; j<nocats; j++) {
    for (i=0; i<maxind+1; i++) {
      for (k=0; k<agebins; k++) {
	igraph_real_t oldmean;
	if (MATRIX(ntkl, i, k) != 0) {
	  ARRAY3(*normfact, j, i, k) += (VECTOR(edges)[j]-ARRAY3(ch, j, i, k));
	}
	if (ARRAY3(*normfact, j, i, k)==0) {
	  ARRAY3(*kernel, j, i, k)=0;
	  ARRAY3(*normfact, j, i, k)=1;
	}
	oldmean=ARRAY3(*kernel, j, i, k);
	ARRAY3(*kernel, j, i, k) *= 
	  ARRAY3(*notnull, j, i, k)/ARRAY3(*normfact, j, i, k);	  
	if (sd) {
	  ARRAY3(*sd, j, i, k) +=
	    oldmean*oldmean*ARRAY3(*notnull, j, i, k)*
	    (1-ARRAY3(*notnull, j, i, k)/ARRAY3(*normfact, j, i, k));
	  ARRAY3(*sd, j, i, k)=
	    sqrt(ARRAY3(*sd, j, i, k)/(ARRAY3(*normfact, j, i, k)-1));
	}
      }
    }
  }
  
  if (!cites) {
    igraph_array3_destroy(notnull);
    IGRAPH_FINALLY_CLEAN(1);
  }
  if (!norm) {
    igraph_array3_destroy(normfact);
    IGRAPH_FINALLY_CLEAN(1);
  }
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&edges);
  igraph_array3_destroy(&ch);
  igraph_matrix_destroy(&ntkl);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(5);    

  return 0;
}

int igraph_revolver_st_air(const igraph_t *graph,
			  igraph_vector_t *st,
			  const igraph_array3_t *kernel,
			  igraph_integer_t pwindow,
			  const igraph_vector_t *cats) {

  long int no_of_nodes=igraph_vcount(graph);
  long int nocats=igraph_array3_n(kernel, 1);
  long int agebins=igraph_array3_n(kernel, 3);
  long int binwidth=no_of_nodes/agebins+1;
  long int window=pwindow;

  igraph_vector_t indegree;
  igraph_vector_t neis;
  igraph_matrix_t allst;
  
  long int node, i, j, k;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_MATRIX_INIT_FINALLY(&allst, nocats, no_of_nodes);
  IGRAPH_CHECK(igraph_vector_resize(st, no_of_nodes));

  for (j=0; j<nocats; j++) {
    MATRIX(allst, j, 0)=ARRAY3(*kernel, j, 0, binwidth>1 ? 0 : 1);
  }
  VECTOR(*st)[0]=MATRIX(allst, (long int) VECTOR(*cats)[0], 0);
  
  for (node=1; node<no_of_nodes-1; node++) {
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* new node */
    for (j=0; j<nocats; j++) {
      MATRIX(allst, j, node)=MATRIX(allst, j, node-1)+ARRAY3(*kernel, j, 0, 0);
    }
    
    /* outgoing edges */
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      VECTOR(indegree)[to] += 1;
      for (j=0; j<nocats; j++) {
	MATRIX(allst, j, node) += 
	  -ARRAY3(*kernel, j, xidx, yidx)+ARRAY3(*kernel, j, xidx+1, yidx);
      }
    }

    /* time window update */
    if (node-window >=0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node-window, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	long int xidx=VECTOR(indegree)[to];
	long int yidx=(node-to)/binwidth;
	VECTOR(indegree)[to] -= 1;
	for (j=0; j<nocats; j++) {
	  MATRIX(allst, j, node) += 
	    -ARRAY3(*kernel, j, xidx, yidx)+ARRAY3(*kernel, j, xidx, yidx-1);
	}
      }
    }

    /* aging */
    for (k=1; node-binwidth*k+1 >= 0; k++) {
      long int shnode=node-binwidth*k+1;
      long int deg=VECTOR(indegree)[shnode];
      for (j=0; j<nocats; j++) {
	MATRIX(allst, j, node) += 
	  -ARRAY3(*kernel, j, deg, k-1) + ARRAY3(*kernel, j, deg, k);
      }
    }
    
    /* which one do we need in the next time step? */
    VECTOR(*st)[node]=MATRIX(allst, (long int)VECTOR(*cats)[node+1], node);
  }
  
  igraph_matrix_destroy(&allst);
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

int igraph_revolver_exp_air(const igraph_t *graph,
			   igraph_array3_t *expected,
			   const igraph_array3_t *kernel,
			   const igraph_vector_t *st,
			   igraph_integer_t pwindow,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins) {
  /* TODO */
  return 0;
}

int igraph_revolver_error_air(const igraph_t *graph,
			     const igraph_array3_t *kernel,
			     const igraph_vector_t *st,
			     igraph_integer_t pwindow,
			     const igraph_vector_t *cats,
			     igraph_integer_t pnocats,
			     igraph_integer_t pmaxind,
			     igraph_integer_t pagebins,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull) { 
  long int no_of_nodes=igraph_vcount(graph);
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;
  igraph_vector_t indegree, neis;
  long int node, i;
  long int window=pwindow;

  igraph_real_t rlogprob, rlognull, *mylogprob=logprob, *mylognull=lognull;

  IGRAPH_VECTOR_INIT_FINALLY(&indegree, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (!logprob) { mylogprob=&rlogprob; }
  if (!lognull) { mylognull=&rlognull; }
  
  *mylogprob=0;
  *mylognull=0;
  
  for (node=0; node<no_of_nodes-1; node++) {
    long int cidx=VECTOR(*cats)[node+1];
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, node+1, IGRAPH_OUT));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      long int xidx=VECTOR(indegree)[to];
      long int yidx=(node+1-to)/binwidth;
      
      igraph_real_t prob=ARRAY3(*kernel, cidx, xidx, yidx) / VECTOR(*st)[node];
      igraph_real_t nullprob=1.0/(node+1);

      *mylogprob += log(prob);
      *mylognull += log(nullprob);
    }
    
    /* update */
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int to=VECTOR(neis)[i];
      VECTOR(indegree)[to] += 1;
    }
    
    /* time window updates */
    if (node-window+1 >= 0) {
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, node-window+1, IGRAPH_OUT));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int to=VECTOR(neis)[i];
	VECTOR(indegree)[to] -= 1;
      }
    }
  }
  
  igraph_vector_destroy(&neis);
  igraph_vector_destroy(&indegree);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

int igraph_revolver_error2_air(const igraph_t *graph,
			       const igraph_array3_t *kernel,
			       const igraph_vector_t *cats,
			       igraph_integer_t window,
			       igraph_real_t *logprob,
			       igraph_real_t *lognull) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t st;
  igraph_integer_t nocats=igraph_array3_n(kernel, 1);
  igraph_integer_t maxdegree=igraph_array3_n(kernel, 2)-1;
  igraph_integer_t agebins=igraph_array3_n(kernel, 3);
  
  IGRAPH_VECTOR_INIT_FINALLY(&st, no_of_nodes);
  
  /* update st */
  IGRAPH_CHECK(igraph_revolver_st_air(graph, &st, kernel, window, cats));
  
  /* error calculation */
  if (logprob || lognull) {
    IGRAPH_CHECK(igraph_revolver_error_air(graph, kernel, &st, window, cats, nocats,
					   maxdegree, agebins,
					   logprob, lognull));
  }
  
  igraph_vector_destroy(&st);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}







igraph-0.4.2/igraph/community.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"
#include "random.h"

#include <string.h>
#include <math.h>

/**
 * \function igraph_community_eb_get_merges
 * \brief Calculating the merges, ie. the dendrogram for an edge betweenness
 * community structure
 * 
 * </para><para> 
 * This function is handy if you have a sequence of edge which are
 * gradually removed from the network and you would like to know how
 * the network falls apart into separate components. The edge sequence
 * may come from the \ref igraph_community_edge_betweenness()
 * function, but this is not neccessary. Note that \ref
 * igraph_community_edge_betweenness can also calculate the
 * dendrogram, via its \p merges argument.
 *
 * \param graph The input graph.
 * \param edges Vector containing the edges to be removed from the
 *    network, all edges are expected to appear exactly once in the
 *    vector.
 * \param res Pointer to an initialized matrix, if not NULL then the 
 *    dendrogram will be stored here, in the same form as for the \ref
 *    igraph_community_walktrap() function: the matrix has two columns
 *    and each line is a merge given by the ids of the merged
 *    components. The component ids are number from zero and
 *    component ids smaller than the number of vertices in the graph
 *    belong to individual vertices. The non-trivial components
 *    containing at least two vertices are numbered from \c n, \c n is
 *    the number of vertices in the graph. So if the first line
 *    contains \c a and \c b that means that components \c a and \c b
 *    are merged into component \c n, the second line creates
 *    component \c n+1, etc. The matrix will be resized as needed.
 * \param bridges Pointer to an initialized vector or NULL. If not
 *    null then the index of the edge removals which split the network
 *    will be stored here. The vector will be resized as needed.
 * \return Error code.
 * 
 * \sa \ref igraph_community_edge_betweenness().
 * 
 * Time complexity: O(|E|+|V|log|V|), |V| is the number of vertices,
 * |E| is the number of edges.
 */

int igraph_community_eb_get_merges(const igraph_t *graph, 
				   const igraph_vector_t *edges,
				   igraph_matrix_t *res,
				   igraph_vector_t *bridges) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t ptr;
  long int i, midx=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&ptr, no_of_nodes*2-1);
  if (res) { 
    IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes-1, 2));
  }
  if (bridges) {
    IGRAPH_CHECK(igraph_vector_resize(bridges, no_of_nodes-1));
  }
  
  for (i=igraph_vector_size(edges)-1; i>=0; i--) {
    long int edge=VECTOR(*edges)[i];
    igraph_integer_t from, to;
    long int c1, c2, idx;
    igraph_edge(graph, edge, &from, &to);
    idx=from+1;
    while (VECTOR(ptr)[idx-1] != 0) {
      idx=VECTOR(ptr)[idx-1];
    }
    c1=idx-1;
    idx=to+1;
    while (VECTOR(ptr)[idx-1] != 0) {
      idx=VECTOR(ptr)[idx-1];
    }
    c2=idx-1;
    if (c1 != c2) {		/* this is a merge */
      if (res) {
	MATRIX(*res, midx, 0)=c1;
	MATRIX(*res, midx, 1)=c2;
      }
      if (bridges) {
	VECTOR(*bridges)[midx]=i+1;
      }
      
      VECTOR(ptr)[c1]=no_of_nodes+midx+1;
      VECTOR(ptr)[c2]=no_of_nodes+midx+1;
      VECTOR(ptr)[(long int)from]=no_of_nodes+midx+1;
      VECTOR(ptr)[(long int)to]=no_of_nodes+midx+1;
      
      midx++;
    }
  }

  igraph_vector_destroy(&ptr);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/* Find the smallest active element in the vector */
long int igraph_i_vector_which_max_not_null(const igraph_vector_t *v, 
					    const char *passive) {
  long int which, i=0, size=igraph_vector_size(v);
  igraph_real_t max;
  while (passive[i]) {
    i++;
  }
  which=i;
  max=VECTOR(*v)[which];
  for (i++; i<size; i++) {
    igraph_real_t elem=VECTOR(*v)[i];
    if (!passive[i] && elem > max) {
      max=elem;
      which=i;
    }
  }
  
  return which;
}

/**
 * \function igraph_community_edge_betweenness
 * 
 * Community structure detection based on the betweenness of the edges
 * in the network. The algorithm was invented by M. Girvan and
 * M. Newman, see: M. Girvan and M. E. J. Newman: Community structure in
 * social and biological networks, Proc. Nat. Acad. Sci. USA 99, 7821-7826
 * (2002).
 * 
 * </para><para>
 * The idea is that the betweenness of the edges connecting two
 * communities is typically high, as many of the shortest paths
 * between nodes in separate communities go through them. So we
 * gradually remove the edge with highest betweenness from the
 * network, and recalculate edge betweenness after every removal. 
 * This way sooner or later the network falls off to two components,
 * then after a while one of these components falls off to two smaller 
 * components, etc. until all edges are removed. This is a divisive
 * hieararchical approach, the result is a dendrogram.
 * \param graph The input graph.
 * \param result Pointer to an initialized vector, the result will be
 *     stored here, the ids of the removed edges in the order of their 
 *     removal. It will be resized as needed.
 * \param edge_betweenness Pointer to an initialized vector or
 *     NULL. In the former case the edge betweenness of the removed
 *     edge is stored here. The vector will be resized as needed.
 * \param merges Pointer to an initialized matrix or NULL. If not NULL
 *     then merges performed by the algorithm are stored here. Even if
 *     this is a divisive algorithm, we can replay it backwards and
 *     note which two clusters were merged. Clusters are numbered from
 *     zero, see the \p merges argument of \ref
 *     igraph_community_walktrap() for details. The matrix will be
 *     resized as needed.
 * \param bridges Pointer to an initialized vector of NULL. If not
 *     NULL then all edge removals which separated the network into
 *     more components are marked here.
 * \param directed Logical constant, whether to calculate directed
 *    betweenness (ie. directed paths) for directed graphs. It is
 *    ignored for undirected graphs.
 * \return Error code.
 * 
 * \sa \ref igraph_community_eb_get_merges(), \ref
 * igraph_community_spinglass(), \ref igraph_community_walktrap().
 * 
 * Time complexity: O(|V|^3), as the betweenness calculation requires
 * O(|V|^2) and we do it |V|-1 times.
 */
  
int igraph_community_edge_betweenness(const igraph_t *graph, 
				      igraph_vector_t *result,
				      igraph_vector_t *edge_betweenness,
				      igraph_matrix_t *merges,
				      igraph_vector_t *bridges,
				      igraph_bool_t directed) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  long int *distance, *nrgeo;
  double *tmpscore;
  igraph_stack_t stack=IGRAPH_STACK_NULL;
  long int source, i, e;
  
  igraph_i_adjedgelist_t elist_out, elist_in;
  igraph_i_adjedgelist_t *elist_out_p, *elist_in_p;
  igraph_vector_t *neip;
  long int neino;
  igraph_integer_t modein, modeout;
  igraph_vector_t eb;
  long int maxedge, pos;
  igraph_integer_t from, to;

  char *passive;

  directed=directed && igraph_is_directed(graph);
  if (directed) {
    modeout=IGRAPH_OUT;
    modeout=IGRAPH_IN;
    IGRAPH_CHECK(igraph_i_adjedgelist_init(graph, &elist_out, IGRAPH_OUT));
    IGRAPH_FINALLY(igraph_i_adjedgelist_destroy, &elist_out);
    IGRAPH_CHECK(igraph_i_adjedgelist_init(graph, &elist_in, IGRAPH_IN));
    IGRAPH_FINALLY(igraph_i_adjedgelist_destroy, &elist_in);
    elist_out_p=&elist_out;
    elist_in_p=&elist_in;
  } else {
    modeout=modein=IGRAPH_ALL;
    IGRAPH_CHECK(igraph_i_adjedgelist_init(graph, &elist_out, IGRAPH_ALL));
    IGRAPH_FINALLY(igraph_i_adjedgelist_destroy, &elist_out);
    elist_out_p=elist_in_p=&elist_out;
  }
  
  distance=Calloc(no_of_nodes, long int);
  if (distance==0) {
    IGRAPH_ERROR("edge betweenness community structure failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, distance);
  nrgeo=Calloc(no_of_nodes, long int);
  if (nrgeo==0) {
    IGRAPH_ERROR("edge betweenness community structure failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, nrgeo);
  tmpscore=Calloc(no_of_nodes, double);
  if (tmpscore==0) {
    IGRAPH_ERROR("edge betweenness community structure failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, tmpscore);

  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  IGRAPH_CHECK(igraph_stack_init(&stack, no_of_nodes));
  IGRAPH_FINALLY(igraph_stack_destroy, &stack);
  
  IGRAPH_CHECK(igraph_vector_resize(result, no_of_edges));
  if (edge_betweenness) {
    IGRAPH_CHECK(igraph_vector_resize(edge_betweenness, no_of_edges));
    VECTOR(*edge_betweenness)[no_of_edges-1]=0;
  }

  IGRAPH_VECTOR_INIT_FINALLY(&eb, no_of_edges);
  
  passive=Calloc(no_of_edges, char);
  if (!passive) {
    IGRAPH_ERROR("edge betweenness community structure failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, passive);

  for (e=0; e<no_of_edges; e++) {
    
    igraph_vector_null(&eb);

    for (source=0; source<no_of_nodes; source++) {

      /* This will contain the edge betweenness in the current step */
      IGRAPH_ALLOW_INTERRUPTION();

      memset(distance, 0, no_of_nodes*sizeof(long int));
      memset(nrgeo, 0, no_of_nodes*sizeof(long int));
      memset(tmpscore, 0, no_of_nodes*sizeof(double));
      igraph_stack_clear(&stack); /* it should be empty anyway... */
      
      IGRAPH_CHECK(igraph_dqueue_push(&q, source));
      
      nrgeo[source]=1;
      distance[source]=0;
      
      while (!igraph_dqueue_empty(&q)) {
	long int actnode=igraph_dqueue_pop(&q);
	
	neip=igraph_i_adjedgelist_get(elist_out_p, actnode);
	neino=igraph_vector_size(neip);
	for (i=0; i<neino; i++) {
	  igraph_integer_t edge=VECTOR(*neip)[i], from, to;
	  long int neighbor;
	  igraph_edge(graph, edge, &from, &to);
	  neighbor = actnode!=from ? from : to;
	  if (nrgeo[neighbor] != 0) {
	    /* we've already seen this node, another shortest path? */
	    if (distance[neighbor]==distance[actnode]+1) {
	      nrgeo[neighbor]+=nrgeo[actnode];
	    }
	  } else {
	    /* we haven't seen this node yet */
	    nrgeo[neighbor]+=nrgeo[actnode];
	    distance[neighbor]=distance[actnode]+1;
	    IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	    IGRAPH_CHECK(igraph_stack_push(&stack, neighbor));
	  }
	}
      } /* while !igraph_dqueue_empty */
      
      /* Ok, we've the distance of each node and also the number of
	 shortest paths to them. Now we do an inverse search, starting
	 with the farthest nodes. */
      while (!igraph_stack_empty(&stack)) {
	long int actnode=igraph_stack_pop(&stack);
	if (distance[actnode]<1) { continue; } /* skip source node */
	
	/* set the temporary score of the friends */
	neip=igraph_i_adjedgelist_get(elist_in_p, actnode);
	neino=igraph_vector_size(neip);
	for (i=0; i<neino; i++) {
	  igraph_integer_t from, to;
	  long int neighbor;
	  long int edgeno=VECTOR(*neip)[i];
	  igraph_edge(graph, edgeno, &from, &to);
	  neighbor= actnode != from ? from : to;
	  if (distance[neighbor]==distance[actnode]-1 &&
	      nrgeo[neighbor] != 0) {
	    tmpscore[neighbor] +=
	      (tmpscore[actnode]+1)*nrgeo[neighbor]/nrgeo[actnode];
	    VECTOR(eb)[edgeno] +=
	      (tmpscore[actnode]+1)*nrgeo[neighbor]/nrgeo[actnode];
	  }
	}
      }
      /* Ok, we've the scores for this source */
    } /* for source <= no_of_nodes */
    
    /* Now look for the smallest edge betweenness */
    /* and eliminate that edge from the network */
    maxedge=igraph_i_vector_which_max_not_null(&eb, passive);
    VECTOR(*result)[e]=maxedge;
    if (edge_betweenness) {
      VECTOR(*edge_betweenness)[e]=VECTOR(eb)[maxedge];
      if (!directed) { 
	VECTOR(*edge_betweenness)[e] /= 2.0;
      }
    }
    passive[maxedge]=1;
    igraph_edge(graph, maxedge, &from, &to);

    neip=igraph_i_adjedgelist_get(elist_in_p, to);
    neino=igraph_vector_size(neip);
    igraph_vector_search(neip, 0, maxedge, &pos);
    VECTOR(*neip)[pos]=VECTOR(*neip)[neino-1];
    igraph_vector_pop_back(neip);
    
    neip=igraph_i_adjedgelist_get(elist_out_p, from);
    neino=igraph_vector_size(neip);
    igraph_vector_search(neip, 0, maxedge, &pos);
    VECTOR(*neip)[pos]=VECTOR(*neip)[neino-1];
    igraph_vector_pop_back(neip);
  }

  igraph_free(passive);
  igraph_vector_destroy(&eb);
  igraph_stack_destroy(&stack);
  igraph_dqueue_destroy(&q);
  igraph_free(tmpscore);
  igraph_free(nrgeo);
  igraph_free(distance);
  IGRAPH_FINALLY_CLEAN(6);
  
  if (directed) {
    igraph_i_adjedgelist_destroy(&elist_out);
    igraph_i_adjedgelist_destroy(&elist_in);
    IGRAPH_FINALLY_CLEAN(2);
  } else {
    igraph_i_adjedgelist_destroy(&elist_out);
    IGRAPH_FINALLY_CLEAN(1);
  }

  if (merges || bridges) {
    IGRAPH_CHECK(igraph_community_eb_get_merges(graph, result, merges, bridges));
  }
  
  return 0;
}


/**
 * \function igraph_community_to_membership 
 * Create membership vector from community structure dendrogram
 * 
 * This function creates a membership vector from a community
 * structure dendrogram. A membership vector contains for each vertex
 * the id of its graph component, the graph components are numbered
 * from zero, see the same argument of \ref igraph_clusters() for an
 * example of a membership vector.
 * 
 * </para><para>
 * Many community detection algorithms return with a \em merges
 * matrix, \ref igraph_community_walktrap() an \ref
 * igraph_community_edge_betweenness() are two examples. The matrix
 * contains the merge operations performed while mapping the
 * hierarchical structure of a network. If the matrix has \c n-1 rows,
 * where \c n is the number of vertices in the graph, then it contains
 * the hierarchical structure of the whole network and it is called a
 * dendrogram. 
 * 
 * </para><para>
 * This function performs \p steps merge operations as prescribed by
 * the \p merges matrix and returns the current state of the network.
 * 
 * </para><para>
 * If if \p merges is not a complete dendrogram, it is possible to
 * take \p steps steps if \p steps is not bigger than the number 
 * lines in \p merges.
 * \param graph The input graph.
 * \param merges The two-column matrix containing the merge
 *    operations. See \ref igraph_community_walktrap() for the
 *    detailed syntax.
 * \param steps Integer constant, the number of steps to take.
 * \param membership Pointer to an initialied vector, the membership
 *    results will be stored here, if not NULL. The vector will be
 *    resized as needed.
 * \param csize Pointer to an initialized vector, or NULL. If not NULL
 *    then the sizes of the components will be stored here, the vector
 *    will be resized as needed.
 * 
 * \sa \ref igraph_community_walktrap(), \ref
 * igraph_community_edge_betweenness(), \ref
 * igraph_community_fastgreedy() for community structure detection
 * algorithms.
 * 
 * Time complexity: O(|V|), the number of vertices in the graph.
 */

int igraph_community_to_membership(const igraph_t *graph,
				   const igraph_matrix_t *merges,
				   igraph_integer_t steps,
				   igraph_vector_t *membership,
				   igraph_vector_t *csize) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int components=no_of_nodes-steps;
  long int i, found=0;
  igraph_vector_t tmp;
  
  if (steps > igraph_matrix_nrow(merges)) {
    IGRAPH_ERROR("`steps' to big or `merges' matrix too short", IGRAPH_EINVAL);
  }

  if (membership) {
    IGRAPH_CHECK(igraph_vector_resize(membership, no_of_nodes));
    igraph_vector_null(membership);
  }
  if (csize) {
    IGRAPH_CHECK(igraph_vector_resize(csize, components));
    igraph_vector_null(csize);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, steps);
  
  for (i=steps-1; i>=0; i--) {
    long int c1=MATRIX(*merges, i, 0);
    long int c2=MATRIX(*merges, i, 1);

    /* new component? */
    if (VECTOR(tmp)[i]==0) {
      found++;
      VECTOR(tmp)[i]=found;
    }

    if (c1<no_of_nodes) {
      long int cid=VECTOR(tmp)[i]-1;
      if (membership) { VECTOR(*membership)[c1]=cid+1; }
      if (csize) { VECTOR(*csize)[cid] += 1; }
    } else {
      VECTOR(tmp)[c1-no_of_nodes]=VECTOR(tmp)[i];
    }
    
    if (c2<no_of_nodes) { 
      long int cid=VECTOR(tmp)[i]-1;
      if (membership) {	VECTOR(*membership)[c2]=cid+1; }
      if (csize) { VECTOR(*csize)[cid] += 1; }
    } else {
      VECTOR(tmp)[c2-no_of_nodes]=VECTOR(tmp)[i];
    }
    
  }
  
  if (membership || csize) {
    for (i=0; i<no_of_nodes; i++) {
      long int tmp=VECTOR(*membership)[i];
      if (tmp!=0) {
	if (membership) {
	  VECTOR(*membership)[i]=tmp-1;
	}
      } else {
	if (csize) {
	  VECTOR(*csize)[found]+=1;
	}
	if (membership) {
	  VECTOR(*membership)[i]=found;
	}
	found++;
      }
    }
  }
  
  igraph_vector_destroy(&tmp);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/**
 * \function igraph_modularity
 * \brief Calculate the modularity of a graph with respect to some
 * vertex types
 * 
 * The modularity of a graph with respect to some division (or vertex
 * types) measures how good the division is, or how separated are the 
 * different vertex types from each other. It defined as 
 * Q=1/(2m) * sum(Aij-ki*kj/(2m)delta(ci,cj),i,j), here `m' is the
 * number of edges, `Aij' is the element of the `A' adjacency matrix
 * in row `i' and column `j', `ki' is the degree of `'i', `kj' is the
 * degree of `j', `ci' is the type (or component) of `i', `cj' that of
 * `j', the sum goes over all `i' and `j' pairs of vertices, and
 * `delta(x,y)' is one if x=y and zero otherwise.
 * 
 * </para><para>
 * See also MEJ Newman and M Girvan: Finding and evaluating community
 * structure in networks. Physical Review E 69 026113, 2004.
 * \param graph The input graph.
 * \param membership Numeric vector which gives the type of each
 *     vertex, ie. the component to which it belongs.
 * \param modularity Pointer to a real number, the result will be
 *     stored here.
 * \return Error code.
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the number
 * of edges.
 */

int igraph_modularity(const igraph_t *graph, 
		      const igraph_vector_t *membership,
		      igraph_real_t *modularity) {
  
  igraph_vector_t e, a;
  long int types=igraph_vector_max(membership)+1;
  long int no_of_edges=igraph_ecount(graph);
  long int i;
  
  IGRAPH_VECTOR_INIT_FINALLY(&e, types);
  IGRAPH_VECTOR_INIT_FINALLY(&a, types);
  
  for (i=0; i<no_of_edges; i++) {
    igraph_integer_t from, to;
    long int c1, c2;
    igraph_edge(graph, i, &from, &to);
    c1=VECTOR(*membership)[(long int)from];
    c2=VECTOR(*membership)[(long int)to];
    if (c1==c2) {
      VECTOR(e)[c1] += 2;
    }
    VECTOR(a)[c1]+=1;
    VECTOR(a)[c2]+=1;
  }

  *modularity=0.0;
  for (i=0; i<types; i++) {
    igraph_real_t tmp=VECTOR(a)[i]/2/no_of_edges;
    *modularity += VECTOR(e)[i]/2/no_of_edges;
    *modularity -= tmp*tmp;
  }
  
  igraph_vector_destroy(&e);
  igraph_vector_destroy(&a);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

/**
 * \section about_leading_eigenvector_methods
 * 
 * <para>
 * The functions documented in these section implement the 
 * <quote>leading eigenvector</quote> method developed by Mark Newman and 
 * published in MEJ Newman: Finding community structure using the
 * eigenvectors of matrices, arXiv:physics/0605087. TODO: proper
 * citation.</para>
 * 
 * <para>
 * The heart of the method is the definition of the modularity matrix,
 * B, which is B=A-P, A being the adjacency matrix of the (undirected)
 * network, and P contains the probability that certain edges are
 * present according to the <quote>configuration model</quote> In
 * other words, a Pij element of P is the probability that there is an
 * edge between vertices i and j in a random network in which the
 * degrees of all vertices are the same as in the input graph.</para>
 * 
 * <para>
 * The leading eigenvector method works by calculating the eigenvector
 * of the modularity matrix for the largest positive eigenvalue and
 * then separating vertices into two community based on the sign of
 * the corresponding element in the eigenvector. If all elements in
 * the eigenvector are of the same sign that means that the network
 * has no underlying comuunity structure.
 * Check Newman's paper to understand why this is a good method for
 * detecting community structure. </para>
 * 
 * <para>
 * Three function are implemented, they all work accoding to the same
 * principles. The simplest is perhaps \ref
 * igraph_community_leading_eigenvector_naive(). This function splits
 * the network as described above and then recursively splits the 
 * two components after the split as individual networks, if possible.
 * This however is not a good way for maximizing moduilarity, again
 * see the paper for explanation and the proper definition of
 * modularity.</para>
 * 
 * <para>
 * The correct recursive community structure detection method is 
 * implemented in \ref igraph_community_leading_eigenvector(). 
 * Here, after the initial split, the following splits are done in a
 * way to optimize modularity regarding the original network. 
 * I can't say it enough, see the paper, particularly section VI.
 * </para>
 * 
 * <para>
 * The third function is \ref
 * igraph_community_leading_eigenvector_step(), this starts from a
 * division of the network and tries to split a given community into 
 * two subcommunities via the same (correct) method as \ref
 * igraph_community_leading_eigenvector().
 * </para>
 */

/**
 * \ingroup communities
 * \function igraph_community_leading_eigenvector_naive
 * 
 * A naive implementation of Newman's eigenvector community structure
 * detection. This function splits the network into two components 
 * according to the leading eigenvector of the modularity matrix and
 * then recursively takes \p steps steps by splitting the components
 * as individual network. This is not the correct way however, see
 * MEJ Newman: Finding community structure in networks using the
 * eigenvectors of matrices, arXiv:physics/0605087. Consider using the 
 * correct \ref igraph_community_leading_eigenvector() function instead.
 * \param graph The input graph, should be undirected to make sense.
 * \param merges The merge matrix. The splits done by the algorithm
 *    are stored here, its structure is the same ad for \ref
 *    igraph_community_leading_eigenvector(). This argument is ignored
 *    if it is \c NULL.
 * \param membership The membership vector, for each vertex it gives
 *    the id of its community after all the splits are performed.
 *    This argument is ignored if it is \c NULL.
 * \param steps The number of splits to do, if possible. Supply the
 *    number of vertices in the network here to perform as many steps 
 *    as possible.
 * \return Error code.
 * 
 * \sa \ref igraph_community_leading_eigenvector() for the proper way, 
 * \ref igraph_community_leading_eigenvector_step() to do just one split.
 * 
 * Time complexity: O(E|+|V|^2*steps), |V| is the number of vertices,
 * |E| is the number of edges.
 */ 

int igraph_community_leading_eigenvector_naive(const igraph_t *graph,
					       igraph_matrix_t *merges,
					       igraph_vector_t *membership,
					       long int steps) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_dqueue_t tosplit;
  igraph_vector_t x, x2, mymerges;
  igraph_vector_t idx;
  long int niter=no_of_nodes > 1000 ? no_of_nodes : 1000;
  long int staken=0;
  igraph_i_adjlist_t adjlist;
  long int i, j, k, l, m;
  long int communities=1;
  igraph_vector_t vmembership, *mymembership=membership;  

  if (igraph_is_directed(graph)) {
    IGRAPH_WARNING("This method was developed for undirected graphs");
  }

  if (steps > no_of_nodes-1) {
    steps=no_of_nodes-1;
  }
  
  if (!membership) {
    mymembership=&vmembership;
    IGRAPH_VECTOR_INIT_FINALLY(mymembership, 0);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&mymerges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&mymerges, steps*2));
  IGRAPH_VECTOR_INIT_FINALLY(&idx, no_of_nodes);
  IGRAPH_DQUEUE_INIT_FINALLY(&tosplit, 100);
  IGRAPH_VECTOR_INIT_FINALLY(&x, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&x2, no_of_nodes);
  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &adjlist, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &adjlist);
  
  IGRAPH_CHECK(igraph_vector_resize(mymembership, no_of_nodes));
  igraph_vector_null(mymembership);  

  RNG_BEGIN();

  igraph_dqueue_push(&tosplit, 0);
  
  while (!igraph_dqueue_empty(&tosplit) && staken < steps) {
    long int comm=igraph_dqueue_pop_back(&tosplit); /* depth first search */
    long int size=0;
    igraph_real_t sumsq=0.0;
    igraph_real_t ktx=0.0;
    long int sumdeg=0;
    igraph_bool_t bfound=0;
    long int bidx=0;
    igraph_real_t bval=0.0, bval2=0.0;
    igraph_real_t mneg=0.0;

    IGRAPH_ALLOW_INTERRUPTION();

    for (i=0; i<no_of_nodes; i++) {
      if (VECTOR(*mymembership)[i]==comm) {
	VECTOR(idx)[size++]=i;
      }
    }

    /* now 'size' is the size of the current community and 
       idx[0:(size-1)] contains the original ids of the vertices in 
       the current community. We need this to index the neighbor list.  */

    staken++;
    if (size==1) {
      continue;			/* nothing to do */
    }

    /* we might need to do the whole iteration twice if a 
       negative eigenvalue is found first, we break at the first 
       positive eigenvalue, which is either in the first or second turn  */
    mneg=0.0;
    while (1) {
    
      /* create a normalized random vector */
      IGRAPH_CHECK(igraph_vector_resize(&x, size));
      IGRAPH_CHECK(igraph_vector_resize(&x2, size));
      for (i=0; i<size; i++) {
	VECTOR(x)[i]=RNG_UNIF01(); 
	sumsq += VECTOR(x)[i] * VECTOR(x)[i];
      }
      sumsq=sqrt(sumsq);
      for (i=0; i<size; i++) {
	VECTOR(x)[i] /= sumsq;      
      }
      
      /* do some iterations */
      for (i=0; i<niter; i++) {
	
	IGRAPH_ALLOW_INTERRUPTION();

	/* Calculate Ax first */
	igraph_vector_null(&x2);
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_adjlist_get(&adjlist, oldid);
	  long int n=igraph_vector_size(neis);
	  for (k=0; k<n; k++) {
	    long int nei=VECTOR(*neis)[k];
	    VECTOR(x2)[j] += VECTOR(x)[nei];
	  }
	}
      
	/* Now calculate k^Tx/2m */
	ktx=0.0; sumdeg=0;
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_adjlist_get(&adjlist, oldid);
	  long int degree=igraph_vector_size(neis);
	  sumdeg += degree;
	  ktx += VECTOR(x)[j] * degree;
	}
	ktx = ktx / sumdeg;	/* every edge has been counted twice */

	/* We need to know whether the eigenvalue is positive */
	if (i==niter-1) {
	  bfound=0;
	  bidx=0;
	  while (bidx<size) {
	    if (VECTOR(x)[bidx] != 0) {
	      bfound=1;
	      bval=VECTOR(x)[bidx];
	      break;
	    }
	    bidx++;
	  }
	  if (!bfound) {
	    /* all zero eigenvector, what to do know?? */
	    IGRAPH_ERROR("Zero eigenvector found", IGRAPH_DIVERGED);
	  }
	}
      
	/* Now calculate Bx */
	sumsq=0.0;
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_adjlist_get(&adjlist, oldid);
	  long int degree=igraph_vector_size(neis);
	  /* the last term is the diagonal of B which should be zero */
	  VECTOR(x)[j] = VECTOR(x2)[j] - ktx*degree
	    + degree*degree*VECTOR(x)[j]/sumdeg-mneg*VECTOR(x)[j];
	  sumsq += VECTOR(x)[j] * VECTOR(x)[j];
	}

	bval2=VECTOR(x)[bidx];
      
	/* Normalization */
	sumsq=sqrt(sumsq);
	for (j=0; j<size; j++) {
	  VECTOR(x)[j] = VECTOR(x)[j] / sumsq;
	}
      
      } /* i<niter */
      
      /* Check if we found a positive eigenvalue */
      if (bval * bval2 < 0) {
	/* Negative, do the same iteration with a modified matrix */
	mneg=bval2 / bval;
      } else {
	/* No second turn */
	break;
      }
      
    } /* neg */

    /* just to have the always the same result, we multiply by -1
       if the first element is not positive  */
    for (i=0; i<size; i++) {
      if (VECTOR(x)[i] != 0) { break; }
    }
    if (VECTOR(x)[i]<0) {
      for (; i<size; i++) {
	VECTOR(x)[i] = -VECTOR(x)[i];
      }
    }

    /* Ok, we have the eigenvector */
    
    /* We create an index vector in x2 to renumber the vertices */
    l=0; m=0;
    for (j=0; j<size; j++) {
      if (VECTOR(x)[j] <= 0) {
	VECTOR(x2)[j]=l++;
      } else {
	VECTOR(x2)[j]=m++;
      }
    }    
    /* if l==0 or m==0 then there was no split */
    if (l==0 || m==0) {
      continue;
    }
    communities++;
    
    /* Rewrite the adjacency lists */
    for (j=0; j<size; j++) {
      long int oldid=VECTOR(idx)[j];
      igraph_vector_t *neis=igraph_i_adjlist_get(&adjlist, oldid);
      long int n=igraph_vector_size(neis);
      for (k=0; k<n; ) {
	long int nei=VECTOR(*neis)[k];
	if ((VECTOR(x)[j] <= 0 && VECTOR(x)[nei] <= 0) ||
	    (VECTOR(x)[j] > 0 && VECTOR(x)[nei] > 0)) {
	  /* they remain in the same community */
	  VECTOR(*neis)[k] = VECTOR(x2)[nei];
	  k++;
	} else {
	  /* nei in the other community, remove from neighbor list */
	  VECTOR(*neis)[k] = VECTOR(*neis)[n-1];
	  igraph_vector_pop_back(neis);
	  n--;
	}
      }
    }    

    /* Also rewrite the mymembership vector */
    for (j=0; j<size; j++) {
      if (VECTOR(x)[j] <= 0) {
	long int oldid=VECTOR(idx)[j];
	VECTOR(*mymembership)[oldid]=communities-1;
      }
    }

    /* Record merge */
    IGRAPH_CHECK(igraph_vector_push_back(&mymerges, comm));
    IGRAPH_CHECK(igraph_vector_push_back(&mymerges, communities-1));

    /* Store the resulting communities in the queue if needed */
    if (l > 1) {
      IGRAPH_CHECK(igraph_dqueue_push(&tosplit, communities-1));
    }
    if (m > 1) {
      IGRAPH_CHECK(igraph_dqueue_push(&tosplit, comm));
    }
  }
  
  RNG_END();

  igraph_i_adjlist_destroy(&adjlist);
  igraph_vector_destroy(&x2);
  igraph_vector_destroy(&x);
  igraph_dqueue_destroy(&tosplit);
  IGRAPH_FINALLY_CLEAN(4);

  /* reform the mymerges vector into merges matrix */
  if (merges) {
    igraph_vector_null(&idx);
    l=igraph_vector_size(&mymerges);
    k=communities;
    j=0;
    IGRAPH_CHECK(igraph_matrix_resize(merges, l/2, 2));
    for (i=l; i>0; i-=2) {
      long int from=VECTOR(mymerges)[i-1];
      long int to=VECTOR(mymerges)[i-2];
      MATRIX(*merges, j, 0)=VECTOR(mymerges)[i-2];
      MATRIX(*merges, j, 1)=VECTOR(mymerges)[i-1];    
      if (VECTOR(idx)[from]!=0) {
	MATRIX(*merges, j, 1)=VECTOR(idx)[from]-1;
      }
      if (VECTOR(idx)[to]!=0) {
	MATRIX(*merges, j, 0)=VECTOR(idx)[to]-1;
      }
      VECTOR(idx)[to]=++k;
      j++;
    }  
  }

  igraph_vector_destroy(&idx);
  igraph_vector_destroy(&mymerges);
  IGRAPH_FINALLY_CLEAN(2);

  if (!membership) {
    igraph_vector_destroy(mymembership);
    IGRAPH_FINALLY_CLEAN(1);
  }
 
  return 0;
}

/**
 * \ingroup communities
 * \function igraph_community_leading_eigenvector
 * 
 * Newman's leading eigenvector method for detecting community
 * structure. This is the proper implementation of the recursive,
 * divisive algorithm: each split is done by maximizing the modularity 
 * regarding the original network, see MEJ Newman: Finding community
 * structure in networks using the eigenvectors of matrices,
 * arXiv:physics/0605087.
 * 
 * \param graph The undirected input graph.
 * \param merges The result of the algorithm, a matrix containing the
 *    information about the splits performed. The matrix is built in
 *    the opposite way however, it is like the result of an
 *    agglomerative algorithm. If at the end of the algorithm (after
 *    \p steps steps was done) there are <quote>p</quote> communities,
 *    then these are numbered from zero to <quote>p-1</quote>. The
 *    first line of the matrix contains the first <quote>merge</quote>
 *    (which is in reality the last split) of two communities into
 *    community <quote>p</quote>, the merge in the second line forms 
 *    community <quote>p+1</quote>, etc. The matrix should be
 *    initialized before calling and will be resized as needed.
 *    This argument is ignored of it is \c NULL.
 * \param membership The membership of the vertices after all the
 *    splits were performed will be stored here. The vector must be
 *    initialized  before calling and will be resized as needed.
 *    This argument is ignored if it is \c NULL.
 * \param steps The maximum number of steps to perform. It might
 *    happen that some component (or the whole network) has no
 *    underlying community structure and no further steps can be
 *    done. If you wany as many steps as possible then supply the 
 *    number of vertices in the network here.
 * \return Error code.
 * 
 * \sa \ref igraph_community_walktrap() and \ref
 * igraph_community_spinglass() for other community structure
 * detection methods.
 * 
 * Time complexity: O(|E|+|V|^2*steps), |V| is the number of vertices,
 * |E| the number of edges, <quote>steps</quote> the number of splits
 * performed.
 */

int igraph_community_leading_eigenvector(const igraph_t *graph,
					 igraph_matrix_t *merges,
					 igraph_vector_t *membership,
					 long int steps) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_dqueue_t tosplit;
  igraph_vector_t x, x2;
  igraph_vector_t idx, idx2, mymerges;
  long int niter=no_of_nodes > 1000 ? no_of_nodes : 1000;
  long int staken=0;
  igraph_i_adjlist_t adjlist;
  long int i, j, k, l;
  long int communities=1;
  igraph_vector_t vmembership, *mymembership=membership;

  if (igraph_is_directed(graph)) {
    IGRAPH_WARNING("This method was developed for undirected graphs");
  }

  if (steps > no_of_nodes-1) {
    steps=no_of_nodes-1;
  }
  
  if (!membership) {
    mymembership=&vmembership;
    IGRAPH_VECTOR_INIT_FINALLY(mymembership, 0);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&mymerges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&mymerges, steps*2));
  IGRAPH_VECTOR_INIT_FINALLY(&idx, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&idx2, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&x, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&x2, no_of_nodes);
  IGRAPH_DQUEUE_INIT_FINALLY(&tosplit, 100);
  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &adjlist, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &adjlist);
  
  IGRAPH_CHECK(igraph_vector_resize(mymembership, no_of_nodes));
  igraph_vector_null(mymembership);  

  RNG_BEGIN();

  igraph_dqueue_push(&tosplit, 0);
  
  while (!igraph_dqueue_empty(&tosplit) && staken < steps) {
    long int comm=igraph_dqueue_pop_back(&tosplit); /* depth first search */
    igraph_real_t sumsq=0.0;
    igraph_real_t ktx=0.0;
    igraph_bool_t bfound=0;
    long int bidx=0;
    igraph_real_t bval=0.0, bval2=0.0;
    igraph_real_t mneg=0.0;
    igraph_real_t kig;
    igraph_real_t comm_edges;
    long int size=0;

    IGRAPH_ALLOW_INTERRUPTION();

    for (i=0; i<no_of_nodes; i++) {
      if (VECTOR(*mymembership)[i]==comm) {
	VECTOR(idx)[size]=i;
	VECTOR(idx2)[i]=size++;
      }
    }

    /* now 'size' is the size of the current community and 
       idx[0:(size-1)] contains the original ids of the vertices in 
       the current community. We need this to index the neighbor list.  */

    staken++;
    if (size==1) {
      continue;			/* nothing to do */
    }

    /* we might need to do the whole iteration twice if a 
       negative eigenvalue is found first, we break at the first 
       positive eigenvalue, which is either in the first or second turn  */
    mneg=0.0;
    while (1) {
    
      /* create a normalized random vector */
      IGRAPH_CHECK(igraph_vector_resize(&x, size));
      IGRAPH_CHECK(igraph_vector_resize(&x2, size));
      for (i=0; i<size; i++) {
  	VECTOR(x)[i]=RNG_UNIF01();
	sumsq += VECTOR(x)[i] * VECTOR(x)[i];
      }
      sumsq=sqrt(sumsq);
      for (i=0; i<size; i++) {
	VECTOR(x)[i] /= sumsq;      
      }
      
      /* do some iterations */
      for (i=0; i<niter; i++) {
	
	IGRAPH_ALLOW_INTERRUPTION();

	/* Calculate Ax first */
	comm_edges=0;
	igraph_vector_null(&x2);
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_adjlist_get(&adjlist, oldid);
	  long int n=igraph_vector_size(neis);
	  comm_edges += n;
	  kig=0;
	  for (k=0; k<n; k++) {
	    long int nei=VECTOR(*neis)[k];
	    if (VECTOR(*mymembership)[nei]==comm) {
	      kig+=1;
	      VECTOR(x2)[j] += VECTOR(x)[ (long int) VECTOR(idx2)[nei]];
	    }
	  }
 	  VECTOR(x2)[j] -= kig * VECTOR(x)[j];
	}
      
	/* Now calculate k^Tx/2m */
	ktx=0.0;
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_adjlist_get(&adjlist, oldid);
	  long int degree=igraph_vector_size(neis);	  
 	  VECTOR(x2)[j] += degree * comm_edges / no_of_edges * VECTOR(x)[j] / 2;
	  ktx += VECTOR(x)[j] * degree;
	}
	ktx = ktx / no_of_edges / 2;

	/* We need to know whether the eigenvalue is positive */
	/* x is not yet modified, contains the previous iteration */
	if (i==niter-1) {
	  bfound=0;
	  bidx=0;
	  while (bidx<size) {
	    if (VECTOR(x)[bidx] != 0) {
	      bfound=1;
	      bval=VECTOR(x)[bidx];
	      break;
	    }
	    bidx++;
	  }
	  if (!bfound) {
	    /* all zero eigenvector, what to do know?? */
	    IGRAPH_ERROR("Zero eigenvector found", IGRAPH_DIVERGED);
	  }
	}
	
	/* Now calculate Bx */
	sumsq=0.0;
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_adjlist_get(&adjlist, oldid);
	  long int degree=igraph_vector_size(neis);
	  /* the last term is the diagonal of B which should be zero */
	  VECTOR(x)[j] = VECTOR(x2)[j] - ktx*degree
	    + degree*degree*VECTOR(x)[j]/no_of_edges/2-mneg*VECTOR(x)[j];
	  sumsq += VECTOR(x)[j] * VECTOR(x)[j];
	}
	
	bval2=VECTOR(x)[bidx];
	
	/* Normalization */
	sumsq=sqrt(sumsq);
	for (j=0; j<size; j++) {
	  VECTOR(x)[j] = VECTOR(x)[j] / sumsq;
	}
	
      } /* i<niter */
      
      /* Check if we found a positive eigenvalue */
      if (bval * bval2 < 0) {
	/* Negative, do the same iteration with a modified matrix */
	mneg=bval2 / bval;
      } else {
	/* No second turn */
	break;
      }
      
    } /* neg */

    /* just to have the always the same result, we multiply by -1
       if the first element is not positive
    */
    for (i=0; i<size; i++) {
      if (VECTOR(x)[i] != 0) { break; }
    }
    if (VECTOR(x)[i]<0) {
      for (; i<size; i++) {
	VECTOR(x)[i] = -VECTOR(x)[i];
      }
    }

    /* Ok, we have the eigenvector */

    /* Count the number of vertices in each community after the split */
    l=0;
    for (j=0; j<size; j++) {
      if (VECTOR(x)[j] <= 0) {
	l++;
      }
    }
    if (l==0 || l==size) {
      continue;
    }
    communities++;
    
    /* Rewrite the mymembership vector */
    for (j=0; j<size; j++) {
      if (VECTOR(x)[j] <= 0) {
	long int oldid=VECTOR(idx)[j];
	VECTOR(*mymembership)[oldid]=communities-1;
      }
    }

    /* Record merge */
    IGRAPH_CHECK(igraph_vector_push_back(&mymerges, comm));
    IGRAPH_CHECK(igraph_vector_push_back(&mymerges, communities-1));

    /* Store the resulting communities in the queue if needed */
    if (l > 1) {
      IGRAPH_CHECK(igraph_dqueue_push(&tosplit, communities-1));
    }
    if (size-l > 1) {
      IGRAPH_CHECK(igraph_dqueue_push(&tosplit, comm));
    }
  }
  
  RNG_END();
  
  igraph_i_adjlist_destroy(&adjlist);
  igraph_dqueue_destroy(&tosplit);
  igraph_vector_destroy(&x2);
  igraph_vector_destroy(&x);
  igraph_vector_destroy(&idx2);
  IGRAPH_FINALLY_CLEAN(5);
  
  /* reform the mymerges vector */
  if (merges) {
    igraph_vector_null(&idx);
    l=igraph_vector_size(&mymerges);
    k=communities;
    j=0;
    IGRAPH_CHECK(igraph_matrix_resize(merges, l/2, 2));
    for (i=l; i>0; i-=2) {
      long int from=VECTOR(mymerges)[i-1];
      long int to=VECTOR(mymerges)[i-2];
      MATRIX(*merges, j, 0)=VECTOR(mymerges)[i-2];
      MATRIX(*merges, j, 1)=VECTOR(mymerges)[i-1];    
      if (VECTOR(idx)[from]!=0) {
	MATRIX(*merges, j, 1)=VECTOR(idx)[from]-1;
      }
      if (VECTOR(idx)[to]!=0) {
	MATRIX(*merges, j, 0)=VECTOR(idx)[to]-1;
      }
      VECTOR(idx)[to]=++k;
      j++;
    }  
  }

  igraph_vector_destroy(&idx);
  igraph_vector_destroy(&mymerges);
  IGRAPH_FINALLY_CLEAN(2);
  
  if (!membership) {
    igraph_vector_destroy(mymembership);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return 0;
}

/**
 * \ingroup communities
 * \function igraph_community_leading_eigenvector_step
 * 
 * Do one split according to Mark Newman's leading eigenvector
 * community detection method. See MEJ Newman: Finding community
 * structure in networks using the eigenvectors of matrices,
 * arXiv:phyisics/0605087 for the details.
 * 
 * </para><para>Use this function instead of \ref
 * igraph_community_leading_eigenvector() if you want to have full
 * control over and information about each split performed along
 * community structure detection. \ref
 * igraph_community_leading_eigenvector() can be simulated by
 * repeatedly calling this function.
 * 
 * \param graph The undirected input graph.
 * \param membership Numeric vector giving a division of \p graph.
 *    The result will be also stored here. The vector contains the
 *    community ids for each vertex, these are numbered from 0.
 * \param community The id of the community to split.
 * \param split Pointer to a logical variable, if it was possible to
 *    split community \p community then 1, otherwise 0 will be stored
 *    here. This argument is ignored if it is \c NULL.
 * \param eigenvector Pointer to an initialized vector, the
 *    eigenvector on which the split was done will be stored here. 
 *    It will be resised to have the same length as the number of
 *    vertices in community \p community. This argument is ignored 
 *    if it is \c NULL.
 * \param eigenvalue Pointer to a real variable, the eigenvalue
 *    associated with \p eigenvector will be stored here.
 *    This argument is ignored if it is \c NULL.
 * \return Error code.
 * 
 * \sa \ref igraph_community_leading_eigenvector().
 * 
 * Time complexity: O(|E|+|V|^2), |E| is the number of edges, |V| is
 * the number of vertices.
 */

int igraph_community_leading_eigenvector_step(const igraph_t *graph,
					      igraph_vector_t *membership,
					      igraph_integer_t community,
					      igraph_bool_t *split,
					      igraph_vector_t *eigenvector,
					      igraph_real_t *eigenvalue) {

  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_vector_t x2;
  igraph_vector_t idx, idx2;
  long int niter=no_of_nodes > 1000 ? no_of_nodes : 1000;
  long int i, j, k;
  long int communities=1;
  igraph_i_lazy_adjlist_t adjlist;
  long int size=0;
  igraph_vector_t veigenvector, *myeigenvector=eigenvector;
  
  if (igraph_vector_size(membership) != no_of_nodes) {
    IGRAPH_ERROR("Invalid membership vector length", IGRAPH_EINVAL);
  }
  
  if (igraph_is_directed(graph)) {
    IGRAPH_WARNING("This method was developed for undirected graphs");
  }

  if (!eigenvector) {
    myeigenvector=&veigenvector;
    IGRAPH_VECTOR_INIT_FINALLY(myeigenvector, 0);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&idx, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&idx2, no_of_nodes);
  IGRAPH_CHECK(igraph_i_lazy_adjlist_init(graph, &adjlist, IGRAPH_ALL, 
					  IGRAPH_I_DONT_SIMPLIFY));  
  IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &adjlist);

  RNG_BEGIN();
  
  {
    long int comm=community;
    igraph_real_t sumsq=0.0;
    igraph_real_t ktx=0.0;
    igraph_bool_t bfound=0;
    long int bidx=0;
    igraph_real_t bval=0.0, bval2=0.0;
    igraph_real_t mneg=0.0;
    igraph_real_t kig;
    igraph_real_t comm_edges;
    
    for (i=0; i<no_of_nodes; i++) {
      if (VECTOR(*membership)[i]==comm) {
	VECTOR(idx)[size]=i;
	VECTOR(idx2)[i]=size;
	size++;
      }
      if (VECTOR(*membership)[i] > communities-1) {
	communities=VECTOR(*membership)[i]+1;
      }
    }
    
    IGRAPH_VECTOR_INIT_FINALLY(&x2, size);
    IGRAPH_CHECK(igraph_vector_resize(myeigenvector, size));
    
    while (1) {
      
      /* create a normalized random vector */
      for (i=0; i<size; i++) {
	VECTOR(*myeigenvector)[i]=RNG_UNIF01();
	sumsq += VECTOR(*myeigenvector)[i] * VECTOR(*myeigenvector)[i];
      }
      sumsq=sqrt(sumsq);
      for (i=0; i<size; i++) {
	VECTOR(*myeigenvector)[i] /= sumsq;      
      }
      
      /* do some iterations */
      for (i=0; i<niter; i++) {
	
	IGRAPH_ALLOW_INTERRUPTION();
	
	/* Calculate Ax first */
	comm_edges=0.0;
	igraph_vector_null(&x2);
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_lazy_adjlist_get(&adjlist, oldid);
	  long int n=igraph_vector_size(neis);
	  comm_edges += n;
	  kig=0;
	  for (k=0; k<n; k++) {
	    long int nei=VECTOR(*neis)[k];
	    if (VECTOR(*membership)[nei]==comm) {
	      kig+=1;
	      VECTOR(x2)[j] += VECTOR(*myeigenvector)[ (long int) VECTOR(idx2)[nei]];
	    }
	  }
	  VECTOR(x2)[j] -= kig * VECTOR(*myeigenvector)[j];
	}
	
	/* Now calculate k^Tx/2m */
	ktx=0.0;
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_lazy_adjlist_get(&adjlist, oldid);
	  long int degree=igraph_vector_size(neis);
	  VECTOR(x2)[j] += degree * comm_edges / no_of_edges * 
	    VECTOR(*myeigenvector)[j] / 2;
	  ktx += VECTOR(*myeigenvector)[j] * degree;
	}
	ktx = ktx / no_of_edges / 2;
	
	/* We need to know whether the eigenvalue is positive */
	/* x is not yet modified, contains the previous iteration */
	if (i==niter-1) {
	  bfound=0;
	  bidx=0;
	  while (bidx<size) {
	    if (VECTOR(*myeigenvector)[bidx] != 0) {
	      bfound=1;
	      bval=VECTOR(*myeigenvector)[bidx];
	      break;
	    }
	    bidx++;
	  }
	  if (!bfound) {
	    /* all zero eigenvector, what to do know?? */
	    IGRAPH_ERROR("Zero eigenvector found", IGRAPH_DIVERGED);
	  }
	}
	
	/* Now calculate Bx */
	sumsq=0.0;
	for (j=0; j<size; j++) {
	  long int oldid=VECTOR(idx)[j];
	  igraph_vector_t *neis=igraph_i_lazy_adjlist_get(&adjlist, oldid);
	  long int degree=igraph_vector_size(neis);
	  VECTOR(*myeigenvector)[j] = VECTOR(x2)[j] - ktx*degree +
	    degree*degree*VECTOR(*myeigenvector)[j]/no_of_edges/2-
	    mneg*VECTOR(*myeigenvector)[j];
	  sumsq += VECTOR(*myeigenvector)[j] * VECTOR(*myeigenvector)[j];
	}
	
	bval2=VECTOR(*myeigenvector)[bidx];
	
	/* Normalization */
	sumsq=sqrt(sumsq);
	for (j=0; j<size; j++) {
	  VECTOR(*myeigenvector)[j] = VECTOR(*myeigenvector)[j] / sumsq;
	}

      } /* i < niter */
      
      /* Check if we found a positive eigenvalue */
      if (bval * bval2 < 0) {
	/* Negative, do the same iteration with a modified matrix */
	mneg=bval2 / bval;
      } else {
	/* No second turn */
	if (eigenvalue) {
	  *eigenvalue=bval2/bval;
	}
	break;
      }
      
    } /* neg */    
  }
  
  RNG_END();

  /* just to have the always the same result, we multiply by -1
     if the first element is not positive
  */
  for (i=0; i<size; i++) {
      if (VECTOR(*myeigenvector)[i] != 0) { break; }
  }
  if (VECTOR(*myeigenvector)[i]<0) {
    for (; i<size; i++) {
      VECTOR(*myeigenvector)[i] = -VECTOR(*myeigenvector)[i];
    }
  }
  
  /* Ok, we have the eigenvector */

  /* Rewrite the membership vector, check if there was a split */
  for (j=0, k=0; j<size; j++) {
    if (VECTOR(*myeigenvector)[j] <= 0) {
      long int oldid=VECTOR(idx)[j];
      VECTOR(*membership)[oldid]=communities;
      k++;
    }
  }
  
  if (split) {
    if (k>0) {
      *split=1;
    } else {
      *split=0;
    }
  }
  
  igraph_vector_destroy(&x2);
  igraph_i_lazy_adjlist_destroy(&adjlist);
  igraph_vector_destroy(&idx2);
  igraph_vector_destroy(&idx);
  IGRAPH_FINALLY_CLEAN(4);

  if (!eigenvector) {
    igraph_vector_destroy(myeigenvector);
    IGRAPH_FINALLY_CLEAN(1);
  }
  
  return 0;
}







igraph-0.4.2/igraph/igraph_set.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "error.h"

#include <assert.h>
#include <string.h>     /* memmove */

#define SET(s) ((s).stor_begin)

/**
 * \ingroup set
 * \function igraph_set_init
 * \brief Initializes a set.
 *
 * \param set pointer to the set to be initialized
 * \param size the expected number of elements in the set
 *
 * \return error code:
 *       \c IGRAPH_ENOMEM if there is not enough memory.
 *
 * Time complexity: operating system dependent, should be around
 * O(n), n is the expected size of the set.
 */
int igraph_set_init(igraph_set_t *set, int long size) {
  long int alloc_size = size > 0 ? size : 1;
  if (size < 0) { size = 0; }
  set->stor_begin=Calloc(alloc_size, igraph_integer_t);
  set->stor_end=set->stor_begin + alloc_size;
  set->end=set->stor_begin;

  return 0;
}

/**
 * \ingroup set
 * \function igraph_set_destroy
 * \brief Destroys a set object.
 *
 * \param set pointer to the set to be destroyed
 *
 * Time complexity: operating system dependent.
 */
void igraph_set_destroy(igraph_set_t* set) {
  assert(set != 0);
  if (set->stor_begin != 0) {
    Free(set->stor_begin);
    set->stor_begin = NULL;
  }
}

/**
 * \ingroup set
 * \function igraph_set_inited
 * \brief Determines whether a set is initialized or not.
 *
 * This function checks whether the internal storage for the members of the
 * set has been allocated or not, and it assumes that the pointer for the
 * internal storage area contains \c NULL if the area is not initialized yet.
 * This only applies if you have allocated an array of sets with \c Calloc or
 * if you used the \c IGRAPH_SET_NULL constant to initialize the set.
 *
 * \param set The set object.
 *
 * Time complexity: O(1)
 */
igraph_bool_t igraph_set_inited(igraph_set_t* set) {
  return (set->stor_begin != 0);
}

/**
 * \ingroup set
 * \function igraph_set_reserve
 * \brief Reserve memory for a set.
 *
 * \param set The set object.
 * \param size the new \em allocated size of the set.
 *
 * Time complexity: operating system dependent, should be around
 * O(n), n is the new allocated size of the set.
 */
int igraph_set_reserve(igraph_set_t* set, long int size) {
  long int actual_size = igraph_set_size(set);
  igraph_integer_t *tmp;
  assert(set != NULL);
  assert(set->stor_begin != NULL);
  if (size <= actual_size) return 0;

  tmp=Realloc(set->stor_begin, size, igraph_integer_t);
  if (tmp==0) {
    IGRAPH_ERROR("cannot reserve space for set", IGRAPH_ENOMEM);
  }
  set->stor_begin=tmp;
  set->stor_end=set->stor_begin+size;
  set->end=set->stor_begin+actual_size;

  return 0;
}

/**
 * \ingroup set
 * \function igraph_set_empty
 * \brief Decides whether the size of the set is zero.
 *
 * \param set The set object.
 * \return Non-zero number if the size of the set is not zero and
 *         zero otherwise.
 *
 * Time complexity: O(1).
 */
igraph_bool_t igraph_set_empty(const igraph_set_t* set) {
  assert(set != NULL);
  assert(set->stor_begin != NULL);
  return set->stor_begin == set->end;
}

/**
 * \ingroup set
 * \function igraph_set_clear
 * \brief Removes all elements from a set.
 * 
 * </para><para>
 * This function simply sets the size of the set to zero, it does
 * not free any allocated memory. For that you have to call
 * \ref igraph_set_destroy().
 * \param v The set object.
 * 
 * Time complexity: O(1).
 */
void igraph_set_clear(igraph_set_t* set) {
  assert(set != NULL);
  assert(set->stor_begin != NULL);
  set->end = set->stor_begin;
}


/**
 * \ingroup set
 * \function igraph_vector_set
 * \brief Gives the size (=length) of the set.
 * 
 * \param v The set object
 * \return The size of the set.
 *
 * Time complexity: O(1). 
 */

long int igraph_set_size(const igraph_set_t* set) {
  assert(set != NULL);
  assert(set->stor_begin != NULL);
  return set->end-set->stor_begin;
}


/**
 * \ingroup set
 * \function igraph_set_add
 * \brief Adds an element to the set.
 *
 * \param set The set object.
 * \param e The element to be added.
 * \return Error code:
 *         \c IGRAPH_ENOMEM: not enough memory.
 *
 * Time complexity: O(log(n)), n is the number of elements in \p set.
 */
int igraph_set_add(igraph_set_t* set, igraph_integer_t e) {
  long int left, right, middle;
  long int size;
  assert(set != NULL);
  assert(set->stor_begin != NULL);

  size = igraph_set_size(set);

  /* search where to insert the new element */
  left = 0;
  right = size-1;
  while (left < right-1) {
    middle = (left+right)/2;
    if (SET(*set)[middle] > e) {
      right = middle;
    } else if (SET(*set)[middle] < e) {
      left = middle;
    } else {
      left = middle;
      break;
    }
  }

  if (right >= 0 && SET(*set)[left] != e && SET(*set)[right] == e) {
    left = right;
  }

  while (left < size && set->stor_begin[left] < e) left++;
  if (left >= size || set->stor_begin[left] != e) {
    /* full, allocate more storage */
    if (set->stor_end == set->end) {
      long int new_size = size * 2;
      if (new_size == 0) new_size = 1;
      IGRAPH_CHECK(igraph_set_reserve(set, new_size));
    }

    /* Element should be inserted at position 'left' */
    if (left < size)
      memmove(set->stor_begin+left+1, set->stor_begin+left, (size-left)*sizeof(set->stor_begin[0]));

    set->stor_begin[left] = e;
    set->end += 1;
  }

  return 0;
}

/**
 * \ingroup set
 * \function igraph_set_contains
 * \brief Checks whether a given element is in the set or not.
 *
 * \param set The set object.
 * \param e The element being sought.
 * \return Positive integer (true) if \p e is found, zero (false) otherwise.
 *
 * Time complexity: O(log(n)), n is the number of elements in \p set.
 */
int igraph_set_contains(igraph_set_t* set, igraph_integer_t e) {
  long int left, right, middle;

  assert(set != NULL);
  assert(set->stor_begin != NULL);

  left = 0;
  right = igraph_set_size(set)-1;

  /* search for the new element */
  while (left < right-1) {
    middle = (left+right)/2;
    if (SET(*set)[middle] > e) {
      right = middle;
    } else if (SET(*set)[middle] < e) {
      left = middle;
    } else {
      left = middle;
      return 1;
    }
  }

  if (SET(*set)[left] != e && SET(*set)[right] == e) return 1;
  return (SET(*set)[left] == e);
}

/**
 * \ingroup set
 * \function igraph_set_iterate
 * \brief Iterates through the element to the set.
 *
 * Elements are returned in an arbitrary order.
 *
 * \param set The set object.
 * \param state Internal state of the iteration.
 *   This should be a pointer to a \c long variable
 *   which must be zero for the first invocation.
 *   The object should not be adjusted and its value should
 *   not be used for anything during the iteration.
 * \param element The next element or \c NULL (if the iteration
 *   has ended) is returned here.
 * 
 * \return Nonzero if there are more elements, zero otherwise.
 */
igraph_bool_t igraph_set_iterate(igraph_set_t* set, long int* state,
				 igraph_integer_t* element) {
  assert(set != 0);
  assert(set->stor_begin != 0);
  assert(state != 0);
  assert(element != 0);

  if (*state < igraph_set_size(set)) {
    *element = set->stor_begin[*state];
    *state = *state+1;
    return 1;
  } else {
    *element = 0;
    return 0;
  }
}








igraph-0.4.2/igraph/spectral_properties.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include <math.h>

/**
 * \function igraph_laplacian
 * \brief Returns the Laplacian matrix of a graph
 * 
 * </para><para>
 * The graph Laplacian matrix is similar to an adjacency matrix but
 * contains -1's instead of 1's and the vertex degrees are included in
 * the diagonal. So the result for edge i--j is -1 if i!=j and is equal
 * to the degree of vertex i if i==j. igraph_laplacian will work on a
 * directed graph (although this does not seem to make much sense) and
 * ignores loops.
 * 
 * </para><para>
 * The normalized version of the Laplacian matrix has 1 in the diagonal and 
 * -1/sqrt(d[i]d[j]) if there is an edge from i to j.
 * 
 * </para><para>
 * The first version of this function was written by Vincent Matossian.
 * \param graph Pointer to the graph to convert.
 * \param res Pointer to an initialized matrix object, it will be
 *        resized if needed.
 * \param normalized Whether to create a normalized Laplacian matrix.
 * \return Error code.
 *
 * Time complexity: O(|V||V|),
 * |V| is the 
 * number of vertices in the graph.
 */

int igraph_laplacian(const igraph_t *graph, igraph_matrix_t *res,
		     igraph_bool_t normalized) {
  
  igraph_eit_t edgeit;
  long int no_of_nodes=igraph_vcount(graph);
  igraph_bool_t directed=igraph_is_directed(graph);
  long int from, to;
  igraph_integer_t ffrom, fto;
  igraph_vector_t degree;  
  int i;

  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, no_of_nodes));
  igraph_matrix_null(res);
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(0), &edgeit));
  IGRAPH_FINALLY(igraph_eit_destroy, &edgeit);
  
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  
  IGRAPH_CHECK(igraph_degree(graph, &degree, igraph_vss_all(),
			     IGRAPH_OUT, IGRAPH_NO_LOOPS));
  
  if(directed){
    IGRAPH_WARNING("Computing Laplacian of a directed graph");
  
    if (!normalized) {
      for(i=0;i<no_of_nodes;i++)
	MATRIX(*res, i, i) = VECTOR(degree)[i];
      
      while (!IGRAPH_EIT_END(edgeit)) {
	igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
	from=ffrom;
	to=fto;
	if (from != to) {
	  MATRIX(*res, from, to) -= 1;
	}
	IGRAPH_EIT_NEXT(edgeit);
      }
    } else {
      for (i=0;i<no_of_nodes;i++) {
	MATRIX(*res, i, i) = VECTOR(degree)[i]>0 ? 1 : 0;
      }
      
      while (!IGRAPH_EIT_END(edgeit)) {
	igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
	from=ffrom; to=fto;
	if (from != to) {
	  MATRIX(*res, from, to) = 
	    -1.0 / sqrt(VECTOR(degree)[from] * VECTOR(degree)[to]);
	}
	IGRAPH_EIT_NEXT(edgeit);
      }
    }

  } else {

    if (!normalized) {
      for(i=0;i<no_of_nodes;i++) {
	MATRIX(*res, i, i) = VECTOR(degree)[i];
      }
      
      while (!IGRAPH_EIT_END(edgeit)) {
	igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
	from=ffrom;
	to=fto;	
	
	MATRIX(*res, to, from) -= 1;
	MATRIX(*res, from, to) -= 1;
	
	IGRAPH_EIT_NEXT(edgeit);
      }
    } else {
      for (i=0;i<no_of_nodes;i++) {
	MATRIX(*res, i, i) = VECTOR(degree)[i]>0 ? 1: 0;
      }
      
      while (!IGRAPH_EIT_END(edgeit)) {
	igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
	from=ffrom; to=fto;
	if (from != to) {
	  MATRIX(*res, from, to) = MATRIX(*res, to, from) =
	    -1.0 / sqrt(VECTOR(degree)[from] * VECTOR(degree)[to]);
	}
	IGRAPH_EIT_NEXT(edgeit);
      }
    }

  }

  igraph_vector_destroy(&degree);
  igraph_eit_destroy(&edgeit);
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}







igraph-0.4.2/igraph/foreign-gml-parser.c

/* A Bison parser, made by GNU Bison 2.3.  */

/* Skeleton implementation for Bison's Yacc-like parsers in C

   Copyright (C) 1984, 1989, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 2006
   Free Software Foundation, Inc.

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2, or (at your option)
   any later version.

   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.

   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor,
   Boston, MA 02110-1301, USA.  */

/* As a special exception, you may create a larger work that contains
   part or all of the Bison parser skeleton and distribute that work
   under terms of your choice, so long as that work isn't itself a
   parser generator using the skeleton or a modified version thereof
   as a parser skeleton.  Alternatively, if you modify or redistribute
   the parser skeleton itself, you may (at your option) remove this
   special exception, which will cause the skeleton and the resulting
   Bison output files to be licensed under the GNU General Public
   License without this special exception.

   This special exception was added by the Free Software Foundation in
   version 2.2 of Bison.  */

/* C LALR(1) parser skeleton written by Richard Stallman, by
   simplifying the original so-called "semantic" parser.  */

/* All symbols defined below should begin with yy or YY, to avoid
   infringing on user name space.  This should be done even for local
   variables, as they might otherwise be expanded by user macros.
   There are some unavoidable exceptions within include files to
   define necessary library symbols; they are noted "INFRINGES ON
   USER NAME SPACE" below.  */

/* Identify Bison output.  */
#define YYBISON 1

/* Bison version.  */
#define YYBISON_VERSION "2.3"

/* Skeleton name.  */
#define YYSKELETON_NAME "yacc.c"

/* Pure parsers.  */
#define YYPURE 0

/* Using locations.  */
#define YYLSP_NEEDED 0

/* Substitute the variable and function names.  */
#define yyparse igraph_gml_yyparse
#define yylex   igraph_gml_yylex
#define yyerror igraph_gml_yyerror
#define yylval  igraph_gml_yylval
#define yychar  igraph_gml_yychar
#define yydebug igraph_gml_yydebug
#define yynerrs igraph_gml_yynerrs


/* Tokens.  */
#ifndef YYTOKENTYPE
# define YYTOKENTYPE
   /* Put the tokens into the symbol table, so that GDB and other debuggers
      know about them.  */
   enum yytokentype {
     STRING = 258,
     NUM = 259,
     KEYWORD = 260,
     LISTOPEN = 261,
     LISTCLOSE = 262,
     EOFF = 263
   };
#endif
/* Tokens.  */
#define STRING 258
#define NUM 259
#define KEYWORD 260
#define LISTOPEN 261
#define LISTCLOSE 262
#define EOFF 263




/* Copy the first part of user declarations.  */
#line 23 "foreign-gml-parser.y"


/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include <stdio.h>
#include <math.h>
#include <string.h>

#include "error.h"
#include "memory.h"
#include "gml_tree.h"

extern int igraph_gml_yylex(void);
extern long int igraph_gml_mylineno;
extern char *igraph_gml_yytext;
extern int igraph_gml_yyleng;
igraph_gml_tree_t *igraph_i_gml_parsed_tree=0;
char *igraph_i_gml_errmsg=0;
int igraph_gml_yyerror(char *s);
void igraph_i_gml_reset_scanner(void);
void igraph_i_gml_get_keyword(char *s, int len, void *res);
void igraph_i_gml_get_string(char *s, int len, void *res);
double igraph_i_gml_get_real(char *s, int len);
igraph_gml_tree_t *igraph_i_gml_make_numeric(char* s, int len, double value);
igraph_gml_tree_t *igraph_i_gml_make_numeric2(char* s, int len, 
					      char *v, int vlen);
igraph_gml_tree_t *igraph_i_gml_make_string(char* s, int len, 
					    char *value, int valuelen);
igraph_gml_tree_t *igraph_i_gml_make_list(char* s, int len, 
					  igraph_gml_tree_t *list);
igraph_gml_tree_t *igraph_i_gml_merge(igraph_gml_tree_t *t1, igraph_gml_tree_t* t2);


/* Enabling traces.  */
#ifndef YYDEBUG
# define YYDEBUG 0
#endif

/* Enabling verbose error messages.  */
#ifdef YYERROR_VERBOSE
# undef YYERROR_VERBOSE
# define YYERROR_VERBOSE 1
#else
# define YYERROR_VERBOSE 0
#endif

/* Enabling the token table.  */
#ifndef YYTOKEN_TABLE
# define YYTOKEN_TABLE 0
#endif

#if ! defined YYSTYPE && ! defined YYSTYPE_IS_DECLARED
typedef union YYSTYPE
#line 80 "foreign-gml-parser.y"
{
   struct {
      char *s;
      int len;
   } str;
   void *tree;
   double real;
}
/* Line 187 of yacc.c.  */
#line 182 "foreign-gml-parser.c"
	YYSTYPE;
# define yystype YYSTYPE /* obsolescent; will be withdrawn */
# define YYSTYPE_IS_DECLARED 1
# define YYSTYPE_IS_TRIVIAL 1
#endif



/* Copy the second part of user declarations.  */


/* Line 216 of yacc.c.  */
#line 195 "foreign-gml-parser.c"

#ifdef short
# undef short
#endif

#ifdef YYTYPE_UINT8
typedef YYTYPE_UINT8 yytype_uint8;
#else
typedef unsigned char yytype_uint8;
#endif

#ifdef YYTYPE_INT8
typedef YYTYPE_INT8 yytype_int8;
#elif (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
typedef signed char yytype_int8;
#else
typedef short int yytype_int8;
#endif

#ifdef YYTYPE_UINT16
typedef YYTYPE_UINT16 yytype_uint16;
#else
typedef unsigned short int yytype_uint16;
#endif

#ifdef YYTYPE_INT16
typedef YYTYPE_INT16 yytype_int16;
#else
typedef short int yytype_int16;
#endif

#ifndef YYSIZE_T
# ifdef __SIZE_TYPE__
#  define YYSIZE_T __SIZE_TYPE__
# elif defined size_t
#  define YYSIZE_T size_t
# elif ! defined YYSIZE_T && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
#  include <stddef.h> /* INFRINGES ON USER NAME SPACE */
#  define YYSIZE_T size_t
# else
#  define YYSIZE_T unsigned int
# endif
#endif

#define YYSIZE_MAXIMUM ((YYSIZE_T) -1)

#ifndef YY_
# if YYENABLE_NLS
#  if ENABLE_NLS
#   include <libintl.h> /* INFRINGES ON USER NAME SPACE */
#   define YY_(msgid) dgettext ("bison-runtime", msgid)
#  endif
# endif
# ifndef YY_
#  define YY_(msgid) msgid
# endif
#endif

/* Suppress unused-variable warnings by "using" E.  */
#if ! defined lint || defined __GNUC__
# define YYUSE(e) ((void) (e))
#else
# define YYUSE(e) /* empty */
#endif

/* Identity function, used to suppress warnings about constant conditions.  */
#ifndef lint
# define YYID(n) (n)
#else
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static int
YYID (int i)
#else
static int
YYID (i)
    int i;
#endif
{
  return i;
}
#endif

#if ! defined yyoverflow || YYERROR_VERBOSE

/* The parser invokes alloca or malloc; define the necessary symbols.  */

# ifdef YYSTACK_USE_ALLOCA
#  if YYSTACK_USE_ALLOCA
#   ifdef __GNUC__
#    define YYSTACK_ALLOC __builtin_alloca
#   elif defined __BUILTIN_VA_ARG_INCR
#    include <alloca.h> /* INFRINGES ON USER NAME SPACE */
#   elif defined _AIX
#    define YYSTACK_ALLOC __alloca
#   elif defined _MSC_VER
#    include <malloc.h> /* INFRINGES ON USER NAME SPACE */
#    define alloca _alloca
#   else
#    define YYSTACK_ALLOC alloca
#    if ! defined _ALLOCA_H && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
#     include <stdlib.h> /* INFRINGES ON USER NAME SPACE */
#     ifndef _STDLIB_H
#      define _STDLIB_H 1
#     endif
#    endif
#   endif
#  endif
# endif

# ifdef YYSTACK_ALLOC
   /* Pacify GCC's `empty if-body' warning.  */
#  define YYSTACK_FREE(Ptr) do { /* empty */; } while (YYID (0))
#  ifndef YYSTACK_ALLOC_MAXIMUM
    /* The OS might guarantee only one guard page at the bottom of the stack,
       and a page size can be as small as 4096 bytes.  So we cannot safely
       invoke alloca (N) if N exceeds 4096.  Use a slightly smaller number
       to allow for a few compiler-allocated temporary stack slots.  */
#   define YYSTACK_ALLOC_MAXIMUM 4032 /* reasonable circa 2006 */
#  endif
# else
#  define YYSTACK_ALLOC YYMALLOC
#  define YYSTACK_FREE YYFREE
#  ifndef YYSTACK_ALLOC_MAXIMUM
#   define YYSTACK_ALLOC_MAXIMUM YYSIZE_MAXIMUM
#  endif
#  if (defined __cplusplus && ! defined _STDLIB_H \
       && ! ((defined YYMALLOC || defined malloc) \
	     && (defined YYFREE || defined free)))
#   include <stdlib.h> /* INFRINGES ON USER NAME SPACE */
#   ifndef _STDLIB_H
#    define _STDLIB_H 1
#   endif
#  endif
#  ifndef YYMALLOC
#   define YYMALLOC malloc
#   if ! defined malloc && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
void *malloc (YYSIZE_T); /* INFRINGES ON USER NAME SPACE */
#   endif
#  endif
#  ifndef YYFREE
#   define YYFREE free
#   if ! defined free && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
void free (void *); /* INFRINGES ON USER NAME SPACE */
#   endif
#  endif
# endif
#endif /* ! defined yyoverflow || YYERROR_VERBOSE */


#if (! defined yyoverflow \
     && (! defined __cplusplus \
	 || (defined YYSTYPE_IS_TRIVIAL && YYSTYPE_IS_TRIVIAL)))

/* A type that is properly aligned for any stack member.  */
union yyalloc
{
  yytype_int16 yyss;
  YYSTYPE yyvs;
  };

/* The size of the maximum gap between one aligned stack and the next.  */
# define YYSTACK_GAP_MAXIMUM (sizeof (union yyalloc) - 1)

/* The size of an array large to enough to hold all stacks, each with
   N elements.  */
# define YYSTACK_BYTES(N) \
     ((N) * (sizeof (yytype_int16) + sizeof (YYSTYPE)) \
      + YYSTACK_GAP_MAXIMUM)

/* Copy COUNT objects from FROM to TO.  The source and destination do
   not overlap.  */
# ifndef YYCOPY
#  if defined __GNUC__ && 1 < __GNUC__
#   define YYCOPY(To, From, Count) \
      __builtin_memcpy (To, From, (Count) * sizeof (*(From)))
#  else
#   define YYCOPY(To, From, Count)		\
      do					\
	{					\
	  YYSIZE_T yyi;				\
	  for (yyi = 0; yyi < (Count); yyi++)	\
	    (To)[yyi] = (From)[yyi];		\
	}					\
      while (YYID (0))
#  endif
# endif

/* Relocate STACK from its old location to the new one.  The
   local variables YYSIZE and YYSTACKSIZE give the old and new number of
   elements in the stack, and YYPTR gives the new location of the
   stack.  Advance YYPTR to a properly aligned location for the next
   stack.  */
# define YYSTACK_RELOCATE(Stack)					\
    do									\
      {									\
	YYSIZE_T yynewbytes;						\
	YYCOPY (&yyptr->Stack, Stack, yysize);				\
	Stack = &yyptr->Stack;						\
	yynewbytes = yystacksize * sizeof (*Stack) + YYSTACK_GAP_MAXIMUM; \
	yyptr += yynewbytes / sizeof (*yyptr);				\
      }									\
    while (YYID (0))

#endif

/* YYFINAL -- State number of the termination state.  */
#define YYFINAL  6
/* YYLAST -- Last index in YYTABLE.  */
#define YYLAST   14

/* YYNTOKENS -- Number of terminals.  */
#define YYNTOKENS  9
/* YYNNTS -- Number of nonterminals.  */
#define YYNNTS  7
/* YYNRULES -- Number of rules.  */
#define YYNRULES  12
/* YYNRULES -- Number of states.  */
#define YYNSTATES  17

/* YYTRANSLATE(YYLEX) -- Bison symbol number corresponding to YYLEX.  */
#define YYUNDEFTOK  2
#define YYMAXUTOK   263

#define YYTRANSLATE(YYX)						\
  ((unsigned int) (YYX) <= YYMAXUTOK ? yytranslate[YYX] : YYUNDEFTOK)

/* YYTRANSLATE[YYLEX] -- Bison symbol number corresponding to YYLEX.  */
static const yytype_uint8 yytranslate[] =
{
       0,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     1,     2,     3,     4,
       5,     6,     7,     8
};

#if YYDEBUG
/* YYPRHS[YYN] -- Index of the first RHS symbol of rule number YYN in
   YYRHS.  */
static const yytype_uint8 yyprhs[] =
{
       0,     0,     3,     5,     8,    10,    13,    16,    19,    24,
      27,    29,    31
};

/* YYRHS -- A `-1'-separated list of the rules' RHS.  */
static const yytype_int8 yyrhs[] =
{
      10,     0,    -1,    11,    -1,    11,     8,    -1,    12,    -1,
      11,    12,    -1,    13,    14,    -1,    13,    15,    -1,    13,
       6,    11,     7,    -1,    13,    13,    -1,     5,    -1,     4,
      -1,     3,    -1
};

/* YYRLINE[YYN] -- source line where rule number YYN was defined.  */
static const yytype_uint8 yyrline[] =
{
       0,   107,   107,   108,   111,   112,   114,   116,   118,   120,
     124,   126,   128
};
#endif

#if YYDEBUG || YYERROR_VERBOSE || YYTOKEN_TABLE
/* YYTNAME[SYMBOL-NUM] -- String name of the symbol SYMBOL-NUM.
   First, the terminals, then, starting at YYNTOKENS, nonterminals.  */
static const char *const yytname[] =
{
  "$end", "error", "$undefined", "STRING", "NUM", "KEYWORD", "LISTOPEN",
  "LISTCLOSE", "EOFF", "$accept", "input", "list", "keyvalue", "key",
  "num", "string", 0
};
#endif

# ifdef YYPRINT
/* YYTOKNUM[YYLEX-NUM] -- Internal token number corresponding to
   token YYLEX-NUM.  */
static const yytype_uint16 yytoknum[] =
{
       0,   256,   257,   258,   259,   260,   261,   262,   263
};
# endif

/* YYR1[YYN] -- Symbol number of symbol that rule YYN derives.  */
static const yytype_uint8 yyr1[] =
{
       0,     9,    10,    10,    11,    11,    12,    12,    12,    12,
      13,    14,    15
};

/* YYR2[YYN] -- Number of symbols composing right hand side of rule YYN.  */
static const yytype_uint8 yyr2[] =
{
       0,     2,     1,     2,     1,     2,     2,     2,     4,     2,
       1,     1,     1
};

/* YYDEFACT[STATE-NAME] -- Default rule to reduce with in state
   STATE-NUM when YYTABLE doesn't specify something else to do.  Zero
   means the default is an error.  */
static const yytype_uint8 yydefact[] =
{
       0,    10,     0,     2,     4,     0,     1,     3,     5,    12,
      11,     0,     9,     6,     7,     0,     8
};

/* YYDEFGOTO[NTERM-NUM].  */
static const yytype_int8 yydefgoto[] =
{
      -1,     2,     3,     4,     5,    13,    14
};

/* YYPACT[STATE-NUM] -- Index in YYTABLE of the portion describing
   STATE-NUM.  */
#define YYPACT_NINF -4
static const yytype_int8 yypact[] =
{
       1,    -4,    10,     0,    -4,    -2,    -4,    -4,    -4,    -4,
      -4,     1,    -4,    -4,    -4,     2,    -4
};

/* YYPGOTO[NTERM-NUM].  */
static const yytype_int8 yypgoto[] =
{
      -4,    -4,     3,    -3,     6,    -4,    -4
};

/* YYTABLE[YYPACT[STATE-NUM]].  What to do in state STATE-NUM.  If
   positive, shift that token.  If negative, reduce the rule which
   number is the opposite.  If zero, do what YYDEFACT says.
   If YYTABLE_NINF, syntax error.  */
#define YYTABLE_NINF -1
static const yytype_uint8 yytable[] =
{
       8,     9,    10,     1,    11,     1,     1,     1,     7,    16,
       6,    12,     8,     0,    15
};

static const yytype_int8 yycheck[] =
{
       3,     3,     4,     5,     6,     5,     5,     5,     8,     7,
       0,     5,    15,    -1,    11
};

/* YYSTOS[STATE-NUM] -- The (internal number of the) accessing
   symbol of state STATE-NUM.  */
static const yytype_uint8 yystos[] =
{
       0,     5,    10,    11,    12,    13,     0,     8,    12,     3,
       4,     6,    13,    14,    15,    11,     7
};

#define yyerrok		(yyerrstatus = 0)
#define yyclearin	(yychar = YYEMPTY)
#define YYEMPTY		(-2)
#define YYEOF		0

#define YYACCEPT	goto yyacceptlab
#define YYABORT		goto yyabortlab
#define YYERROR		goto yyerrorlab


/* Like YYERROR except do call yyerror.  This remains here temporarily
   to ease the transition to the new meaning of YYERROR, for GCC.
   Once GCC version 2 has supplanted version 1, this can go.  */

#define YYFAIL		goto yyerrlab

#define YYRECOVERING()  (!!yyerrstatus)

#define YYBACKUP(Token, Value)					\
do								\
  if (yychar == YYEMPTY && yylen == 1)				\
    {								\
      yychar = (Token);						\
      yylval = (Value);						\
      yytoken = YYTRANSLATE (yychar);				\
      YYPOPSTACK (1);						\
      goto yybackup;						\
    }								\
  else								\
    {								\
      yyerror (YY_("syntax error: cannot back up")); \
      YYERROR;							\
    }								\
while (YYID (0))


#define YYTERROR	1
#define YYERRCODE	256


/* YYLLOC_DEFAULT -- Set CURRENT to span from RHS[1] to RHS[N].
   If N is 0, then set CURRENT to the empty location which ends
   the previous symbol: RHS[0] (always defined).  */

#define YYRHSLOC(Rhs, K) ((Rhs)[K])
#ifndef YYLLOC_DEFAULT
# define YYLLOC_DEFAULT(Current, Rhs, N)				\
    do									\
      if (YYID (N))                                                    \
	{								\
	  (Current).first_line   = YYRHSLOC (Rhs, 1).first_line;	\
	  (Current).first_column = YYRHSLOC (Rhs, 1).first_column;	\
	  (Current).last_line    = YYRHSLOC (Rhs, N).last_line;		\
	  (Current).last_column  = YYRHSLOC (Rhs, N).last_column;	\
	}								\
      else								\
	{								\
	  (Current).first_line   = (Current).last_line   =		\
	    YYRHSLOC (Rhs, 0).last_line;				\
	  (Current).first_column = (Current).last_column =		\
	    YYRHSLOC (Rhs, 0).last_column;				\
	}								\
    while (YYID (0))
#endif


/* YY_LOCATION_PRINT -- Print the location on the stream.
   This macro was not mandated originally: define only if we know
   we won't break user code: when these are the locations we know.  */

#ifndef YY_LOCATION_PRINT
# if YYLTYPE_IS_TRIVIAL
#  define YY_LOCATION_PRINT(File, Loc)			\
     fprintf (File, "%d.%d-%d.%d",			\
	      (Loc).first_line, (Loc).first_column,	\
	      (Loc).last_line,  (Loc).last_column)
# else
#  define YY_LOCATION_PRINT(File, Loc) ((void) 0)
# endif
#endif


/* YYLEX -- calling `yylex' with the right arguments.  */

#ifdef YYLEX_PARAM
# define YYLEX yylex (YYLEX_PARAM)
#else
# define YYLEX yylex ()
#endif

/* Enable debugging if requested.  */
#if YYDEBUG

# ifndef YYFPRINTF
#  include <stdio.h> /* INFRINGES ON USER NAME SPACE */
#  define YYFPRINTF fprintf
# endif

# define YYDPRINTF(Args)			\
do {						\
  if (yydebug)					\
    YYFPRINTF Args;				\
} while (YYID (0))

# define YY_SYMBOL_PRINT(Title, Type, Value, Location)			  \
do {									  \
  if (yydebug)								  \
    {									  \
      YYFPRINTF (stderr, "%s ", Title);					  \
      yy_symbol_print (stderr,						  \
		  Type, Value); \
      YYFPRINTF (stderr, "\n");						  \
    }									  \
} while (YYID (0))


/*--------------------------------.
| Print this symbol on YYOUTPUT.  |
`--------------------------------*/

/*ARGSUSED*/
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_symbol_value_print (FILE *yyoutput, int yytype, YYSTYPE const * const yyvaluep)
#else
static void
yy_symbol_value_print (yyoutput, yytype, yyvaluep)
    FILE *yyoutput;
    int yytype;
    YYSTYPE const * const yyvaluep;
#endif
{
  if (!yyvaluep)
    return;
# ifdef YYPRINT
  if (yytype < YYNTOKENS)
    YYPRINT (yyoutput, yytoknum[yytype], *yyvaluep);
# else
  YYUSE (yyoutput);
# endif
  switch (yytype)
    {
      default:
	break;
    }
}


/*--------------------------------.
| Print this symbol on YYOUTPUT.  |
`--------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_symbol_print (FILE *yyoutput, int yytype, YYSTYPE const * const yyvaluep)
#else
static void
yy_symbol_print (yyoutput, yytype, yyvaluep)
    FILE *yyoutput;
    int yytype;
    YYSTYPE const * const yyvaluep;
#endif
{
  if (yytype < YYNTOKENS)
    YYFPRINTF (yyoutput, "token %s (", yytname[yytype]);
  else
    YYFPRINTF (yyoutput, "nterm %s (", yytname[yytype]);

  yy_symbol_value_print (yyoutput, yytype, yyvaluep);
  YYFPRINTF (yyoutput, ")");
}

/*------------------------------------------------------------------.
| yy_stack_print -- Print the state stack from its BOTTOM up to its |
| TOP (included).                                                   |
`------------------------------------------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_stack_print (yytype_int16 *bottom, yytype_int16 *top)
#else
static void
yy_stack_print (bottom, top)
    yytype_int16 *bottom;
    yytype_int16 *top;
#endif
{
  YYFPRINTF (stderr, "Stack now");
  for (; bottom <= top; ++bottom)
    YYFPRINTF (stderr, " %d", *bottom);
  YYFPRINTF (stderr, "\n");
}

# define YY_STACK_PRINT(Bottom, Top)				\
do {								\
  if (yydebug)							\
    yy_stack_print ((Bottom), (Top));				\
} while (YYID (0))


/*------------------------------------------------.
| Report that the YYRULE is going to be reduced.  |
`------------------------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_reduce_print (YYSTYPE *yyvsp, int yyrule)
#else
static void
yy_reduce_print (yyvsp, yyrule)
    YYSTYPE *yyvsp;
    int yyrule;
#endif
{
  int yynrhs = yyr2[yyrule];
  int yyi;
  unsigned long int yylno = yyrline[yyrule];
  YYFPRINTF (stderr, "Reducing stack by rule %d (line %lu):\n",
	     yyrule - 1, yylno);
  /* The symbols being reduced.  */
  for (yyi = 0; yyi < yynrhs; yyi++)
    {
      fprintf (stderr, "   $%d = ", yyi + 1);
      yy_symbol_print (stderr, yyrhs[yyprhs[yyrule] + yyi],
		       &(yyvsp[(yyi + 1) - (yynrhs)])
		       		       );
      fprintf (stderr, "\n");
    }
}

# define YY_REDUCE_PRINT(Rule)		\
do {					\
  if (yydebug)				\
    yy_reduce_print (yyvsp, Rule); \
} while (YYID (0))

/* Nonzero means print parse trace.  It is left uninitialized so that
   multiple parsers can coexist.  */
int yydebug;
#else /* !YYDEBUG */
# define YYDPRINTF(Args)
# define YY_SYMBOL_PRINT(Title, Type, Value, Location)
# define YY_STACK_PRINT(Bottom, Top)
# define YY_REDUCE_PRINT(Rule)
#endif /* !YYDEBUG */


/* YYINITDEPTH -- initial size of the parser's stacks.  */
#ifndef	YYINITDEPTH
# define YYINITDEPTH 200
#endif

/* YYMAXDEPTH -- maximum size the stacks can grow to (effective only
   if the built-in stack extension method is used).

   Do not make this value too large; the results are undefined if
   YYSTACK_ALLOC_MAXIMUM < YYSTACK_BYTES (YYMAXDEPTH)
   evaluated with infinite-precision integer arithmetic.  */

#ifndef YYMAXDEPTH
# define YYMAXDEPTH 10000
#endif

�

#if YYERROR_VERBOSE

# ifndef yystrlen
#  if defined __GLIBC__ && defined _STRING_H
#   define yystrlen strlen
#  else
/* Return the length of YYSTR.  */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static YYSIZE_T
yystrlen (const char *yystr)
#else
static YYSIZE_T
yystrlen (yystr)
    const char *yystr;
#endif
{
  YYSIZE_T yylen;
  for (yylen = 0; yystr[yylen]; yylen++)
    continue;
  return yylen;
}
#  endif
# endif

# ifndef yystpcpy
#  if defined __GLIBC__ && defined _STRING_H && defined _GNU_SOURCE
#   define yystpcpy stpcpy
#  else
/* Copy YYSRC to YYDEST, returning the address of the terminating '\0' in
   YYDEST.  */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static char *
yystpcpy (char *yydest, const char *yysrc)
#else
static char *
yystpcpy (yydest, yysrc)
    char *yydest;
    const char *yysrc;
#endif
{
  char *yyd = yydest;
  const char *yys = yysrc;

  while ((*yyd++ = *yys++) != '\0')
    continue;

  return yyd - 1;
}
#  endif
# endif

# ifndef yytnamerr
/* Copy to YYRES the contents of YYSTR after stripping away unnecessary
   quotes and backslashes, so that it's suitable for yyerror.  The
   heuristic is that double-quoting is unnecessary unless the string
   contains an apostrophe, a comma, or backslash (other than
   backslash-backslash).  YYSTR is taken from yytname.  If YYRES is
   null, do not copy; instead, return the length of what the result
   would have been.  */
static YYSIZE_T
yytnamerr (char *yyres, const char *yystr)
{
  if (*yystr == '"')
    {
      YYSIZE_T yyn = 0;
      char const *yyp = yystr;

      for (;;)
	switch (*++yyp)
	  {
	  case '\'':
	  case ',':
	    goto do_not_strip_quotes;

	  case '\\':
	    if (*++yyp != '\\')
	      goto do_not_strip_quotes;
	    /* Fall through.  */
	  default:
	    if (yyres)
	      yyres[yyn] = *yyp;
	    yyn++;
	    break;

	  case '"':
	    if (yyres)
	      yyres[yyn] = '\0';
	    return yyn;
	  }
    do_not_strip_quotes: ;
    }

  if (! yyres)
    return yystrlen (yystr);

  return yystpcpy (yyres, yystr) - yyres;
}
# endif

/* Copy into YYRESULT an error message about the unexpected token
   YYCHAR while in state YYSTATE.  Return the number of bytes copied,
   including the terminating null byte.  If YYRESULT is null, do not
   copy anything; just return the number of bytes that would be
   copied.  As a special case, return 0 if an ordinary "syntax error"
   message will do.  Return YYSIZE_MAXIMUM if overflow occurs during
   size calculation.  */
static YYSIZE_T
yysyntax_error (char *yyresult, int yystate, int yychar)
{
  int yyn = yypact[yystate];

  if (! (YYPACT_NINF < yyn && yyn <= YYLAST))
    return 0;
  else
    {
      int yytype = YYTRANSLATE (yychar);
      YYSIZE_T yysize0 = yytnamerr (0, yytname[yytype]);
      YYSIZE_T yysize = yysize0;
      YYSIZE_T yysize1;
      int yysize_overflow = 0;
      enum { YYERROR_VERBOSE_ARGS_MAXIMUM = 5 };
      char const *yyarg[YYERROR_VERBOSE_ARGS_MAXIMUM];
      int yyx;

# if 0
      /* This is so xgettext sees the translatable formats that are
	 constructed on the fly.  */
      YY_("syntax error, unexpected %s");
      YY_("syntax error, unexpected %s, expecting %s");
      YY_("syntax error, unexpected %s, expecting %s or %s");
      YY_("syntax error, unexpected %s, expecting %s or %s or %s");
      YY_("syntax error, unexpected %s, expecting %s or %s or %s or %s");
# endif
      char *yyfmt;
      char const *yyf;
      static char const yyunexpected[] = "syntax error, unexpected %s";
      static char const yyexpecting[] = ", expecting %s";
      static char const yyor[] = " or %s";
      char yyformat[sizeof yyunexpected
		    + sizeof yyexpecting - 1
		    + ((YYERROR_VERBOSE_ARGS_MAXIMUM - 2)
		       * (sizeof yyor - 1))];
      char const *yyprefix = yyexpecting;

      /* Start YYX at -YYN if negative to avoid negative indexes in
	 YYCHECK.  */
      int yyxbegin = yyn < 0 ? -yyn : 0;

      /* Stay within bounds of both yycheck and yytname.  */
      int yychecklim = YYLAST - yyn + 1;
      int yyxend = yychecklim < YYNTOKENS ? yychecklim : YYNTOKENS;
      int yycount = 1;

      yyarg[0] = yytname[yytype];
      yyfmt = yystpcpy (yyformat, yyunexpected);

      for (yyx = yyxbegin; yyx < yyxend; ++yyx)
	if (yycheck[yyx + yyn] == yyx && yyx != YYTERROR)
	  {
	    if (yycount == YYERROR_VERBOSE_ARGS_MAXIMUM)
	      {
		yycount = 1;
		yysize = yysize0;
		yyformat[sizeof yyunexpected - 1] = '\0';
		break;
	      }
	    yyarg[yycount++] = yytname[yyx];
	    yysize1 = yysize + yytnamerr (0, yytname[yyx]);
	    yysize_overflow |= (yysize1 < yysize);
	    yysize = yysize1;
	    yyfmt = yystpcpy (yyfmt, yyprefix);
	    yyprefix = yyor;
	  }

      yyf = YY_(yyformat);
      yysize1 = yysize + yystrlen (yyf);
      yysize_overflow |= (yysize1 < yysize);
      yysize = yysize1;

      if (yysize_overflow)
	return YYSIZE_MAXIMUM;

      if (yyresult)
	{
	  /* Avoid sprintf, as that infringes on the user's name space.
	     Don't have undefined behavior even if the translation
	     produced a string with the wrong number of "%s"s.  */
	  char *yyp = yyresult;
	  int yyi = 0;
	  while ((*yyp = *yyf) != '\0')
	    {
	      if (*yyp == '%' && yyf[1] == 's' && yyi < yycount)
		{
		  yyp += yytnamerr (yyp, yyarg[yyi++]);
		  yyf += 2;
		}
	      else
		{
		  yyp++;
		  yyf++;
		}
	    }
	}
      return yysize;
    }
}
#endif /* YYERROR_VERBOSE */
�

/*-----------------------------------------------.
| Release the memory associated to this symbol.  |
`-----------------------------------------------*/

/*ARGSUSED*/
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yydestruct (const char *yymsg, int yytype, YYSTYPE *yyvaluep)
#else
static void
yydestruct (yymsg, yytype, yyvaluep)
    const char *yymsg;
    int yytype;
    YYSTYPE *yyvaluep;
#endif
{
  YYUSE (yyvaluep);

  if (!yymsg)
    yymsg = "Deleting";
  YY_SYMBOL_PRINT (yymsg, yytype, yyvaluep, yylocationp);

  switch (yytype)
    {
      case 5: /* "KEYWORD" */
#line 102 "foreign-gml-parser.y"
	{ Free((yyvaluep->str).s); };
#line 1083 "foreign-gml-parser.c"
	break;
      case 11: /* "list" */
#line 103 "foreign-gml-parser.y"
	{ igraph_gml_tree_destroy((yyvaluep->tree)); };
#line 1088 "foreign-gml-parser.c"
	break;
      case 12: /* "keyvalue" */
#line 103 "foreign-gml-parser.y"
	{ igraph_gml_tree_destroy((yyvaluep->tree)); };
#line 1093 "foreign-gml-parser.c"
	break;
      case 13: /* "key" */
#line 102 "foreign-gml-parser.y"
	{ Free((yyvaluep->str).s); };
#line 1098 "foreign-gml-parser.c"
	break;
      case 15: /* "string" */
#line 102 "foreign-gml-parser.y"
	{ Free((yyvaluep->str).s); };
#line 1103 "foreign-gml-parser.c"
	break;

      default:
	break;
    }
}
�

/* Prevent warnings from -Wmissing-prototypes.  */

#ifdef YYPARSE_PARAM
#if defined __STDC__ || defined __cplusplus
int yyparse (void *YYPARSE_PARAM);
#else
int yyparse ();
#endif
#else /* ! YYPARSE_PARAM */
#if defined __STDC__ || defined __cplusplus
int yyparse (void);
#else
int yyparse ();
#endif
#endif /* ! YYPARSE_PARAM */



/* The look-ahead symbol.  */
int yychar;

/* The semantic value of the look-ahead symbol.  */
YYSTYPE yylval;

/* Number of syntax errors so far.  */
int yynerrs;



/*----------.
| yyparse.  |
`----------*/

#ifdef YYPARSE_PARAM
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
int
yyparse (void *YYPARSE_PARAM)
#else
int
yyparse (YYPARSE_PARAM)
    void *YYPARSE_PARAM;
#endif
#else /* ! YYPARSE_PARAM */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
int
yyparse (void)
#else
int
yyparse ()

#endif
#endif
{
  
  int yystate;
  int yyn;
  int yyresult;
  /* Number of tokens to shift before error messages enabled.  */
  int yyerrstatus;
  /* Look-ahead token as an internal (translated) token number.  */
  int yytoken = 0;
#if YYERROR_VERBOSE
  /* Buffer for error messages, and its allocated size.  */
  char yymsgbuf[128];
  char *yymsg = yymsgbuf;
  YYSIZE_T yymsg_alloc = sizeof yymsgbuf;
#endif

  /* Three stacks and their tools:
     `yyss': related to states,
     `yyvs': related to semantic values,
     `yyls': related to locations.

     Refer to the stacks thru separate pointers, to allow yyoverflow
     to reallocate them elsewhere.  */

  /* The state stack.  */
  yytype_int16 yyssa[YYINITDEPTH];
  yytype_int16 *yyss = yyssa;
  yytype_int16 *yyssp;

  /* The semantic value stack.  */
  YYSTYPE yyvsa[YYINITDEPTH];
  YYSTYPE *yyvs = yyvsa;
  YYSTYPE *yyvsp;



#define YYPOPSTACK(N)   (yyvsp -= (N), yyssp -= (N))

  YYSIZE_T yystacksize = YYINITDEPTH;

  /* The variables used to return semantic value and location from the
     action routines.  */
  YYSTYPE yyval;


  /* The number of symbols on the RHS of the reduced rule.
     Keep to zero when no symbol should be popped.  */
  int yylen = 0;

  YYDPRINTF ((stderr, "Starting parse\n"));

  yystate = 0;
  yyerrstatus = 0;
  yynerrs = 0;
  yychar = YYEMPTY;		/* Cause a token to be read.  */

  /* Initialize stack pointers.
     Waste one element of value and location stack
     so that they stay on the same level as the state stack.
     The wasted elements are never initialized.  */

  yyssp = yyss;
  yyvsp = yyvs;

  goto yysetstate;

/*------------------------------------------------------------.
| yynewstate -- Push a new state, which is found in yystate.  |
`------------------------------------------------------------*/
 yynewstate:
  /* In all cases, when you get here, the value and location stacks
     have just been pushed.  So pushing a state here evens the stacks.  */
  yyssp++;

 yysetstate:
  *yyssp = yystate;

  if (yyss + yystacksize - 1 <= yyssp)
    {
      /* Get the current used size of the three stacks, in elements.  */
      YYSIZE_T yysize = yyssp - yyss + 1;

#ifdef yyoverflow
      {
	/* Give user a chance to reallocate the stack.  Use copies of
	   these so that the &'s don't force the real ones into
	   memory.  */
	YYSTYPE *yyvs1 = yyvs;
	yytype_int16 *yyss1 = yyss;


	/* Each stack pointer address is followed by the size of the
	   data in use in that stack, in bytes.  This used to be a
	   conditional around just the two extra args, but that might
	   be undefined if yyoverflow is a macro.  */
	yyoverflow (YY_("memory exhausted"),
		    &yyss1, yysize * sizeof (*yyssp),
		    &yyvs1, yysize * sizeof (*yyvsp),

		    &yystacksize);

	yyss = yyss1;
	yyvs = yyvs1;
      }
#else /* no yyoverflow */
# ifndef YYSTACK_RELOCATE
      goto yyexhaustedlab;
# else
      /* Extend the stack our own way.  */
      if (YYMAXDEPTH <= yystacksize)
	goto yyexhaustedlab;
      yystacksize *= 2;
      if (YYMAXDEPTH < yystacksize)
	yystacksize = YYMAXDEPTH;

      {
	yytype_int16 *yyss1 = yyss;
	union yyalloc *yyptr =
	  (union yyalloc *) YYSTACK_ALLOC (YYSTACK_BYTES (yystacksize));
	if (! yyptr)
	  goto yyexhaustedlab;
	YYSTACK_RELOCATE (yyss);
	YYSTACK_RELOCATE (yyvs);

#  undef YYSTACK_RELOCATE
	if (yyss1 != yyssa)
	  YYSTACK_FREE (yyss1);
      }
# endif
#endif /* no yyoverflow */

      yyssp = yyss + yysize - 1;
      yyvsp = yyvs + yysize - 1;


      YYDPRINTF ((stderr, "Stack size increased to %lu\n",
		  (unsigned long int) yystacksize));

      if (yyss + yystacksize - 1 <= yyssp)
	YYABORT;
    }

  YYDPRINTF ((stderr, "Entering state %d\n", yystate));

  goto yybackup;

/*-----------.
| yybackup.  |
`-----------*/
yybackup:

  /* Do appropriate processing given the current state.  Read a
     look-ahead token if we need one and don't already have one.  */

  /* First try to decide what to do without reference to look-ahead token.  */
  yyn = yypact[yystate];
  if (yyn == YYPACT_NINF)
    goto yydefault;

  /* Not known => get a look-ahead token if don't already have one.  */

  /* YYCHAR is either YYEMPTY or YYEOF or a valid look-ahead symbol.  */
  if (yychar == YYEMPTY)
    {
      YYDPRINTF ((stderr, "Reading a token: "));
      yychar = YYLEX;
    }

  if (yychar <= YYEOF)
    {
      yychar = yytoken = YYEOF;
      YYDPRINTF ((stderr, "Now at end of input.\n"));
    }
  else
    {
      yytoken = YYTRANSLATE (yychar);
      YY_SYMBOL_PRINT ("Next token is", yytoken, &yylval, &yylloc);
    }

  /* If the proper action on seeing token YYTOKEN is to reduce or to
     detect an error, take that action.  */
  yyn += yytoken;
  if (yyn < 0 || YYLAST < yyn || yycheck[yyn] != yytoken)
    goto yydefault;
  yyn = yytable[yyn];
  if (yyn <= 0)
    {
      if (yyn == 0 || yyn == YYTABLE_NINF)
	goto yyerrlab;
      yyn = -yyn;
      goto yyreduce;
    }

  if (yyn == YYFINAL)
    YYACCEPT;

  /* Count tokens shifted since error; after three, turn off error
     status.  */
  if (yyerrstatus)
    yyerrstatus--;

  /* Shift the look-ahead token.  */
  YY_SYMBOL_PRINT ("Shifting", yytoken, &yylval, &yylloc);

  /* Discard the shifted token unless it is eof.  */
  if (yychar != YYEOF)
    yychar = YYEMPTY;

  yystate = yyn;
  *++yyvsp = yylval;

  goto yynewstate;


/*-----------------------------------------------------------.
| yydefault -- do the default action for the current state.  |
`-----------------------------------------------------------*/
yydefault:
  yyn = yydefact[yystate];
  if (yyn == 0)
    goto yyerrlab;
  goto yyreduce;


/*-----------------------------.
| yyreduce -- Do a reduction.  |
`-----------------------------*/
yyreduce:
  /* yyn is the number of a rule to reduce with.  */
  yylen = yyr2[yyn];

  /* If YYLEN is nonzero, implement the default value of the action:
     `$$ = $1'.

     Otherwise, the following line sets YYVAL to garbage.
     This behavior is undocumented and Bison
     users should not rely upon it.  Assigning to YYVAL
     unconditionally makes the parser a bit smaller, and it avoids a
     GCC warning that YYVAL may be used uninitialized.  */
  yyval = yyvsp[1-yylen];


  YY_REDUCE_PRINT (yyn);
  switch (yyn)
    {
        case 2:
#line 107 "foreign-gml-parser.y"
    { igraph_i_gml_parsed_tree=(yyvsp[(1) - (1)].tree); }
    break;

  case 3:
#line 108 "foreign-gml-parser.y"
    { igraph_i_gml_parsed_tree=(yyvsp[(1) - (2)].tree); }
    break;

  case 4:
#line 111 "foreign-gml-parser.y"
    { (yyval.tree)=(yyvsp[(1) - (1)].tree); }
    break;

  case 5:
#line 112 "foreign-gml-parser.y"
    { (yyval.tree)=igraph_i_gml_merge((yyvsp[(1) - (2)].tree), (yyvsp[(2) - (2)].tree)); }
    break;

  case 6:
#line 115 "foreign-gml-parser.y"
    { (yyval.tree)=igraph_i_gml_make_numeric((yyvsp[(1) - (2)].str).s, (yyvsp[(1) - (2)].str).len, (yyvsp[(2) - (2)].real)); }
    break;

  case 7:
#line 117 "foreign-gml-parser.y"
    { (yyval.tree)=igraph_i_gml_make_string((yyvsp[(1) - (2)].str).s, (yyvsp[(1) - (2)].str).len, (yyvsp[(2) - (2)].str).s, (yyvsp[(2) - (2)].str).len); }
    break;

  case 8:
#line 119 "foreign-gml-parser.y"
    { (yyval.tree)=igraph_i_gml_make_list((yyvsp[(1) - (4)].str).s, (yyvsp[(1) - (4)].str).len, (yyvsp[(3) - (4)].tree)); }
    break;

  case 9:
#line 121 "foreign-gml-parser.y"
    { (yyval.tree)=igraph_i_gml_make_numeric2((yyvsp[(1) - (2)].str).s, (yyvsp[(1) - (2)].str).len, (yyvsp[(2) - (2)].str).s, (yyvsp[(2) - (2)].str).len); }
    break;

  case 10:
#line 124 "foreign-gml-parser.y"
    { igraph_i_gml_get_keyword(igraph_gml_yytext, 
					igraph_gml_yyleng, &(yyval.str)); }
    break;

  case 11:
#line 126 "foreign-gml-parser.y"
    { (yyval.real)=igraph_i_gml_get_real(igraph_gml_yytext, igraph_gml_yyleng); }
    break;

  case 12:
#line 128 "foreign-gml-parser.y"
    { igraph_i_gml_get_string(igraph_gml_yytext, 
					 igraph_gml_yyleng, &(yyval.str)); }
    break;


/* Line 1267 of yacc.c.  */
#line 1470 "foreign-gml-parser.c"
      default: break;
    }
  YY_SYMBOL_PRINT ("-> $$ =", yyr1[yyn], &yyval, &yyloc);

  YYPOPSTACK (yylen);
  yylen = 0;
  YY_STACK_PRINT (yyss, yyssp);

  *++yyvsp = yyval;


  /* Now `shift' the result of the reduction.  Determine what state
     that goes to, based on the state we popped back to and the rule
     number reduced by.  */

  yyn = yyr1[yyn];

  yystate = yypgoto[yyn - YYNTOKENS] + *yyssp;
  if (0 <= yystate && yystate <= YYLAST && yycheck[yystate] == *yyssp)
    yystate = yytable[yystate];
  else
    yystate = yydefgoto[yyn - YYNTOKENS];

  goto yynewstate;


/*------------------------------------.
| yyerrlab -- here on detecting error |
`------------------------------------*/
yyerrlab:
  /* If not already recovering from an error, report this error.  */
  if (!yyerrstatus)
    {
      ++yynerrs;
#if ! YYERROR_VERBOSE
      yyerror (YY_("syntax error"));
#else
      {
	YYSIZE_T yysize = yysyntax_error (0, yystate, yychar);
	if (yymsg_alloc < yysize && yymsg_alloc < YYSTACK_ALLOC_MAXIMUM)
	  {
	    YYSIZE_T yyalloc = 2 * yysize;
	    if (! (yysize <= yyalloc && yyalloc <= YYSTACK_ALLOC_MAXIMUM))
	      yyalloc = YYSTACK_ALLOC_MAXIMUM;
	    if (yymsg != yymsgbuf)
	      YYSTACK_FREE (yymsg);
	    yymsg = (char *) YYSTACK_ALLOC (yyalloc);
	    if (yymsg)
	      yymsg_alloc = yyalloc;
	    else
	      {
		yymsg = yymsgbuf;
		yymsg_alloc = sizeof yymsgbuf;
	      }
	  }

	if (0 < yysize && yysize <= yymsg_alloc)
	  {
	    (void) yysyntax_error (yymsg, yystate, yychar);
	    yyerror (yymsg);
	  }
	else
	  {
	    yyerror (YY_("syntax error"));
	    if (yysize != 0)
	      goto yyexhaustedlab;
	  }
      }
#endif
    }



  if (yyerrstatus == 3)
    {
      /* If just tried and failed to reuse look-ahead token after an
	 error, discard it.  */

      if (yychar <= YYEOF)
	{
	  /* Return failure if at end of input.  */
	  if (yychar == YYEOF)
	    YYABORT;
	}
      else
	{
	  yydestruct ("Error: discarding",
		      yytoken, &yylval);
	  yychar = YYEMPTY;
	}
    }

  /* Else will try to reuse look-ahead token after shifting the error
     token.  */
  goto yyerrlab1;


/*---------------------------------------------------.
| yyerrorlab -- error raised explicitly by YYERROR.  |
`---------------------------------------------------*/
yyerrorlab:

  /* Pacify compilers like GCC when the user code never invokes
     YYERROR and the label yyerrorlab therefore never appears in user
     code.  */
  if (/*CONSTCOND*/ 0)
     goto yyerrorlab;

  /* Do not reclaim the symbols of the rule which action triggered
     this YYERROR.  */
  YYPOPSTACK (yylen);
  yylen = 0;
  YY_STACK_PRINT (yyss, yyssp);
  yystate = *yyssp;
  goto yyerrlab1;


/*-------------------------------------------------------------.
| yyerrlab1 -- common code for both syntax error and YYERROR.  |
`-------------------------------------------------------------*/
yyerrlab1:
  yyerrstatus = 3;	/* Each real token shifted decrements this.  */

  for (;;)
    {
      yyn = yypact[yystate];
      if (yyn != YYPACT_NINF)
	{
	  yyn += YYTERROR;
	  if (0 <= yyn && yyn <= YYLAST && yycheck[yyn] == YYTERROR)
	    {
	      yyn = yytable[yyn];
	      if (0 < yyn)
		break;
	    }
	}

      /* Pop the current state because it cannot handle the error token.  */
      if (yyssp == yyss)
	YYABORT;


      yydestruct ("Error: popping",
		  yystos[yystate], yyvsp);
      YYPOPSTACK (1);
      yystate = *yyssp;
      YY_STACK_PRINT (yyss, yyssp);
    }

  if (yyn == YYFINAL)
    YYACCEPT;

  *++yyvsp = yylval;


  /* Shift the error token.  */
  YY_SYMBOL_PRINT ("Shifting", yystos[yyn], yyvsp, yylsp);

  yystate = yyn;
  goto yynewstate;


/*-------------------------------------.
| yyacceptlab -- YYACCEPT comes here.  |
`-------------------------------------*/
yyacceptlab:
  yyresult = 0;
  goto yyreturn;

/*-----------------------------------.
| yyabortlab -- YYABORT comes here.  |
`-----------------------------------*/
yyabortlab:
  yyresult = 1;
  goto yyreturn;

#ifndef yyoverflow
/*-------------------------------------------------.
| yyexhaustedlab -- memory exhaustion comes here.  |
`-------------------------------------------------*/
yyexhaustedlab:
  yyerror (YY_("memory exhausted"));
  yyresult = 2;
  /* Fall through.  */
#endif

yyreturn:
  if (yychar != YYEOF && yychar != YYEMPTY)
     yydestruct ("Cleanup: discarding lookahead",
		 yytoken, &yylval);
  /* Do not reclaim the symbols of the rule which action triggered
     this YYABORT or YYACCEPT.  */
  YYPOPSTACK (yylen);
  YY_STACK_PRINT (yyss, yyssp);
  while (yyssp != yyss)
    {
      yydestruct ("Cleanup: popping",
		  yystos[*yyssp], yyvsp);
      YYPOPSTACK (1);
    }
#ifndef yyoverflow
  if (yyss != yyssa)
    YYSTACK_FREE (yyss);
#endif
#if YYERROR_VERBOSE
  if (yymsg != yymsgbuf)
    YYSTACK_FREE (yymsg);
#endif
  /* Make sure YYID is used.  */
  return YYID (yyresult);
}


#line 131 "foreign-gml-parser.y"


int igraph_gml_yyerror(char *s)
{
  static char str[300];
  igraph_i_gml_reset_scanner();

  snprintf(str, sizeof(str)-1, "Parse error in GML file, line %li (%s)", 
	   (long)igraph_gml_mylineno, s);
  igraph_i_gml_errmsg=str;
  return 0;
}

void igraph_i_gml_get_keyword(char *s, int len, void *res) {
  struct { char *s; int len; } *p=res;
  p->s=Calloc(len+1, char);
  if (!p->s) { 
    igraph_error("Cannot read GML file", __FILE__, __LINE__, IGRAPH_PARSEERROR);
  }
  memcpy(p->s, s, sizeof(char)*len);
  p->s[len]='\0';
  p->len=len;
}

void igraph_i_gml_get_string(char *s, int len, void *res) {
  struct { char *s; int len; } *p=res;
  p->s=Calloc(len-1, char);
  if (!p->s) { 
    igraph_error("Cannot read GML file", __FILE__, __LINE__, IGRAPH_PARSEERROR);
  }
  memcpy(p->s, s+1, sizeof(char)*(len-2));
  p->s[len-2]='\0';
  p->len=len-2;
}

double igraph_i_gml_get_real(char *s, int len) {
  igraph_real_t num;
  char tmp=s[len];
  s[len]='\0';
  sscanf(s, "%lf", &num);
  s[len]=tmp;
  return num;
} 

igraph_gml_tree_t *igraph_i_gml_make_numeric(char* s, int len, double value) {
  igraph_gml_tree_t *t=Calloc(1, igraph_gml_tree_t);
  if (!t) { 
    igraph_error("Cannot build GML tree", __FILE__, __LINE__, IGRAPH_ENOMEM);
    return 0;
  }
  if (floor(value)==value) {
    igraph_gml_tree_init_integer(t, s, len, value);
  } else {
    igraph_gml_tree_init_real(t, s, len, value);
  }
  
  return t;
}

igraph_gml_tree_t *igraph_i_gml_make_numeric2(char* s, int len, 
					      char *v, int vlen) {
  igraph_gml_tree_t *t=Calloc(1, igraph_gml_tree_t);
  char tmp=v[vlen];
  igraph_real_t value=0;
  if (!t) { 
    igraph_error("Cannot build GML tree", __FILE__, __LINE__, IGRAPH_ENOMEM);
    return 0;
  }
  v[vlen]='\0';
  if (strcasecmp(v, "inf")) {
    value=IGRAPH_INFINITY;
  } else if (strcasecmp(v, "nan")) {
    value=IGRAPH_NAN;
  } else {
    igraph_error("Parse error", __FILE__, __LINE__, IGRAPH_PARSEERROR);
  }
  v[vlen]=tmp;
  igraph_gml_tree_init_real(t, s, len, value);  

  return t;
}

igraph_gml_tree_t *igraph_i_gml_make_string(char* s, int len, 
					    char *value, int valuelen) {
  igraph_gml_tree_t *t=Calloc(1, igraph_gml_tree_t);
  if (!t) { 
    igraph_error("Cannot build GML tree", __FILE__, __LINE__, IGRAPH_ENOMEM);
    return 0;
  }
  igraph_gml_tree_init_string(t, s, len, value, valuelen);

  return t;
}

igraph_gml_tree_t *igraph_i_gml_make_list(char* s, int len, 
					  igraph_gml_tree_t *list) {
  
  igraph_gml_tree_t *t=Calloc(1, igraph_gml_tree_t);
  if (!t) { 
    igraph_error("Cannot build GML tree", __FILE__, __LINE__, IGRAPH_ENOMEM);
    return 0;
  }
  igraph_gml_tree_init_tree(t, s, len, list);

  return t;
}

igraph_gml_tree_t *igraph_i_gml_merge(igraph_gml_tree_t *t1, igraph_gml_tree_t* t2) {

  igraph_gml_tree_mergedest(t1, t2);
  Free(t2);

  return t1;
}








igraph-0.4.2/igraph/foreign-gml-lexer.c

#line 2 "foreign-gml-lexer.c"

#line 4 "foreign-gml-lexer.c"

#define  YY_INT_ALIGNED short int

/* A lexical scanner generated by flex */

#define yy_create_buffer igraph_gml_yy_create_buffer
#define yy_delete_buffer igraph_gml_yy_delete_buffer
#define yy_flex_debug igraph_gml_yy_flex_debug
#define yy_init_buffer igraph_gml_yy_init_buffer
#define yy_flush_buffer igraph_gml_yy_flush_buffer
#define yy_load_buffer_state igraph_gml_yy_load_buffer_state
#define yy_switch_to_buffer igraph_gml_yy_switch_to_buffer
#define yyin igraph_gml_yyin
#define yyleng igraph_gml_yyleng
#define yylex igraph_gml_yylex
#define yylineno igraph_gml_yylineno
#define yyout igraph_gml_yyout
#define yyrestart igraph_gml_yyrestart
#define yytext igraph_gml_yytext
#define yywrap igraph_gml_yywrap
#define yyalloc igraph_gml_yyalloc
#define yyrealloc igraph_gml_yyrealloc
#define yyfree igraph_gml_yyfree

#define FLEX_SCANNER
#define YY_FLEX_MAJOR_VERSION 2
#define YY_FLEX_MINOR_VERSION 5
#define YY_FLEX_SUBMINOR_VERSION 35
#if YY_FLEX_SUBMINOR_VERSION > 0
#define FLEX_BETA
#endif

/* First, we deal with  platform-specific or compiler-specific issues. */

/* begin standard C headers. */
#include <stdio.h>
#include <string.h>
#include <errno.h>
#include <stdlib.h>

/* end standard C headers. */

/* flex integer type definitions */

#ifndef FLEXINT_H
#define FLEXINT_H

/* C99 systems have <inttypes.h>. Non-C99 systems may or may not. */

#if defined (__STDC_VERSION__) && __STDC_VERSION__ >= 199901L

/* C99 says to define __STDC_LIMIT_MACROS before including stdint.h,
 * if you want the limit (max/min) macros for int types. 
 */
#ifndef __STDC_LIMIT_MACROS
#define __STDC_LIMIT_MACROS 1
#endif

#include <inttypes.h>
typedef int8_t flex_int8_t;
typedef uint8_t flex_uint8_t;
typedef int16_t flex_int16_t;
typedef uint16_t flex_uint16_t;
typedef int32_t flex_int32_t;
typedef uint32_t flex_uint32_t;
#else
typedef signed char flex_int8_t;
typedef short int flex_int16_t;
typedef int flex_int32_t;
typedef unsigned char flex_uint8_t; 
typedef unsigned short int flex_uint16_t;
typedef unsigned int flex_uint32_t;
#endif /* ! C99 */

/* Limits of integral types. */
#ifndef INT8_MIN
#define INT8_MIN               (-128)
#endif
#ifndef INT16_MIN
#define INT16_MIN              (-32767-1)
#endif
#ifndef INT32_MIN
#define INT32_MIN              (-2147483647-1)
#endif
#ifndef INT8_MAX
#define INT8_MAX               (127)
#endif
#ifndef INT16_MAX
#define INT16_MAX              (32767)
#endif
#ifndef INT32_MAX
#define INT32_MAX              (2147483647)
#endif
#ifndef UINT8_MAX
#define UINT8_MAX              (255U)
#endif
#ifndef UINT16_MAX
#define UINT16_MAX             (65535U)
#endif
#ifndef UINT32_MAX
#define UINT32_MAX             (4294967295U)
#endif

#endif /* ! FLEXINT_H */

#ifdef __cplusplus

/* The "const" storage-class-modifier is valid. */
#define YY_USE_CONST

#else	/* ! __cplusplus */

/* C99 requires __STDC__ to be defined as 1. */
#if defined (__STDC__)

#define YY_USE_CONST

#endif	/* defined (__STDC__) */
#endif	/* ! __cplusplus */

#ifdef YY_USE_CONST
#define yyconst const
#else
#define yyconst
#endif

/* Returned upon end-of-file. */
#define YY_NULL 0

/* Promotes a possibly negative, possibly signed char to an unsigned
 * integer for use as an array index.  If the signed char is negative,
 * we want to instead treat it as an 8-bit unsigned char, hence the
 * double cast.
 */
#define YY_SC_TO_UI(c) ((unsigned int) (unsigned char) c)

/* Enter a start condition.  This macro really ought to take a parameter,
 * but we do it the disgusting crufty way forced on us by the ()-less
 * definition of BEGIN.
 */
#define BEGIN (yy_start) = 1 + 2 *

/* Translate the current start state into a value that can be later handed
 * to BEGIN to return to the state.  The YYSTATE alias is for lex
 * compatibility.
 */
#define YY_START (((yy_start) - 1) / 2)
#define YYSTATE YY_START

/* Action number for EOF rule of a given start state. */
#define YY_STATE_EOF(state) (YY_END_OF_BUFFER + state + 1)

/* Special action meaning "start processing a new file". */
#define YY_NEW_FILE igraph_gml_yyrestart(igraph_gml_yyin  )

#define YY_END_OF_BUFFER_CHAR 0

/* Size of default input buffer. */
#ifndef YY_BUF_SIZE
#define YY_BUF_SIZE 16384
#endif

/* The state buf must be large enough to hold one state per character in the main buffer.
 */
#define YY_STATE_BUF_SIZE   ((YY_BUF_SIZE + 2) * sizeof(yy_state_type))

#ifndef YY_TYPEDEF_YY_BUFFER_STATE
#define YY_TYPEDEF_YY_BUFFER_STATE
typedef struct yy_buffer_state *YY_BUFFER_STATE;
#endif

extern int igraph_gml_yyleng;

extern FILE *igraph_gml_yyin, *igraph_gml_yyout;

#define EOB_ACT_CONTINUE_SCAN 0
#define EOB_ACT_END_OF_FILE 1
#define EOB_ACT_LAST_MATCH 2

    #define YY_LESS_LINENO(n)
    
/* Return all but the first "n" matched characters back to the input stream. */
#define yyless(n) \
	do \
		{ \
		/* Undo effects of setting up igraph_gml_yytext. */ \
        int yyless_macro_arg = (n); \
        YY_LESS_LINENO(yyless_macro_arg);\
		*yy_cp = (yy_hold_char); \
		YY_RESTORE_YY_MORE_OFFSET \
		(yy_c_buf_p) = yy_cp = yy_bp + yyless_macro_arg - YY_MORE_ADJ; \
		YY_DO_BEFORE_ACTION; /* set up igraph_gml_yytext again */ \
		} \
	while ( 0 )

#define unput(c) yyunput( c, (yytext_ptr)  )

#ifndef YY_TYPEDEF_YY_SIZE_T
#define YY_TYPEDEF_YY_SIZE_T
typedef size_t yy_size_t;
#endif

#ifndef YY_STRUCT_YY_BUFFER_STATE
#define YY_STRUCT_YY_BUFFER_STATE
struct yy_buffer_state
	{
	FILE *yy_input_file;

	char *yy_ch_buf;		/* input buffer */
	char *yy_buf_pos;		/* current position in input buffer */

	/* Size of input buffer in bytes, not including room for EOB
	 * characters.
	 */
	yy_size_t yy_buf_size;

	/* Number of characters read into yy_ch_buf, not including EOB
	 * characters.
	 */
	int yy_n_chars;

	/* Whether we "own" the buffer - i.e., we know we created it,
	 * and can realloc() it to grow it, and should free() it to
	 * delete it.
	 */
	int yy_is_our_buffer;

	/* Whether this is an "interactive" input source; if so, and
	 * if we're using stdio for input, then we want to use getc()
	 * instead of fread(), to make sure we stop fetching input after
	 * each newline.
	 */
	int yy_is_interactive;

	/* Whether we're considered to be at the beginning of a line.
	 * If so, '^' rules will be active on the next match, otherwise
	 * not.
	 */
	int yy_at_bol;

    int yy_bs_lineno; /**< The line count. */
    int yy_bs_column; /**< The column count. */
    
	/* Whether to try to fill the input buffer when we reach the
	 * end of it.
	 */
	int yy_fill_buffer;

	int yy_buffer_status;

#define YY_BUFFER_NEW 0
#define YY_BUFFER_NORMAL 1
	/* When an EOF's been seen but there's still some text to process
	 * then we mark the buffer as YY_EOF_PENDING, to indicate that we
	 * shouldn't try reading from the input source any more.  We might
	 * still have a bunch of tokens to match, though, because of
	 * possible backing-up.
	 *
	 * When we actually see the EOF, we change the status to "new"
	 * (via igraph_gml_yyrestart()), so that the user can continue scanning by
	 * just pointing igraph_gml_yyin at a new input file.
	 */
#define YY_BUFFER_EOF_PENDING 2

	};
#endif /* !YY_STRUCT_YY_BUFFER_STATE */

/* Stack of input buffers. */
static size_t yy_buffer_stack_top = 0; /**< index of top of stack. */
static size_t yy_buffer_stack_max = 0; /**< capacity of stack. */
static YY_BUFFER_STATE * yy_buffer_stack = 0; /**< Stack as an array. */

/* We provide macros for accessing buffer states in case in the
 * future we want to put the buffer states in a more general
 * "scanner state".
 *
 * Returns the top of the stack, or NULL.
 */
#define YY_CURRENT_BUFFER ( (yy_buffer_stack) \
                          ? (yy_buffer_stack)[(yy_buffer_stack_top)] \
                          : NULL)

/* Same as previous macro, but useful when we know that the buffer stack is not
 * NULL or when we need an lvalue. For internal use only.
 */
#define YY_CURRENT_BUFFER_LVALUE (yy_buffer_stack)[(yy_buffer_stack_top)]

/* yy_hold_char holds the character lost when igraph_gml_yytext is formed. */
static char yy_hold_char;
static int yy_n_chars;		/* number of characters read into yy_ch_buf */
int igraph_gml_yyleng;

/* Points to current character in buffer. */
static char *yy_c_buf_p = (char *) 0;
static int yy_init = 0;		/* whether we need to initialize */
static int yy_start = 0;	/* start state number */

/* Flag which is used to allow igraph_gml_yywrap()'s to do buffer switches
 * instead of setting up a fresh igraph_gml_yyin.  A bit of a hack ...
 */
static int yy_did_buffer_switch_on_eof;

void igraph_gml_yyrestart (FILE *input_file  );
void igraph_gml_yy_switch_to_buffer (YY_BUFFER_STATE new_buffer  );
YY_BUFFER_STATE igraph_gml_yy_create_buffer (FILE *file,int size  );
void igraph_gml_yy_delete_buffer (YY_BUFFER_STATE b  );
void igraph_gml_yy_flush_buffer (YY_BUFFER_STATE b  );
void igraph_gml_yypush_buffer_state (YY_BUFFER_STATE new_buffer  );
void igraph_gml_yypop_buffer_state (void );

static void igraph_gml_yyensure_buffer_stack (void );
static void igraph_gml_yy_load_buffer_state (void );
static void igraph_gml_yy_init_buffer (YY_BUFFER_STATE b,FILE *file  );

#define YY_FLUSH_BUFFER igraph_gml_yy_flush_buffer(YY_CURRENT_BUFFER )

YY_BUFFER_STATE igraph_gml_yy_scan_buffer (char *base,yy_size_t size  );
YY_BUFFER_STATE igraph_gml_yy_scan_string (yyconst char *yy_str  );
YY_BUFFER_STATE igraph_gml_yy_scan_bytes (yyconst char *bytes,int len  );

void *igraph_gml_yyalloc (yy_size_t  );
void *igraph_gml_yyrealloc (void *,yy_size_t  );
void igraph_gml_yyfree (void *  );

#define yy_new_buffer igraph_gml_yy_create_buffer

#define yy_set_interactive(is_interactive) \
	{ \
	if ( ! YY_CURRENT_BUFFER ){ \
        igraph_gml_yyensure_buffer_stack (); \
		YY_CURRENT_BUFFER_LVALUE =    \
            igraph_gml_yy_create_buffer(igraph_gml_yyin,YY_BUF_SIZE ); \
	} \
	YY_CURRENT_BUFFER_LVALUE->yy_is_interactive = is_interactive; \
	}

#define yy_set_bol(at_bol) \
	{ \
	if ( ! YY_CURRENT_BUFFER ){\
        igraph_gml_yyensure_buffer_stack (); \
		YY_CURRENT_BUFFER_LVALUE =    \
            igraph_gml_yy_create_buffer(igraph_gml_yyin,YY_BUF_SIZE ); \
	} \
	YY_CURRENT_BUFFER_LVALUE->yy_at_bol = at_bol; \
	}

#define YY_AT_BOL() (YY_CURRENT_BUFFER_LVALUE->yy_at_bol)

/* Begin user sect3 */

#define igraph_gml_yywrap(n) 1
#define YY_SKIP_YYWRAP

typedef unsigned char YY_CHAR;

FILE *igraph_gml_yyin = (FILE *) 0, *igraph_gml_yyout = (FILE *) 0;

typedef int yy_state_type;

extern int igraph_gml_yylineno;

int igraph_gml_yylineno = 1;

extern char *igraph_gml_yytext;
#define yytext_ptr igraph_gml_yytext

static yy_state_type yy_get_previous_state (void );
static yy_state_type yy_try_NUL_trans (yy_state_type current_state  );
static int yy_get_next_buffer (void );
static void yy_fatal_error (yyconst char msg[]  );

/* Done after the current pattern has been matched and before the
 * corresponding action - sets up igraph_gml_yytext.
 */
#define YY_DO_BEFORE_ACTION \
	(yytext_ptr) = yy_bp; \
	igraph_gml_yyleng = (size_t) (yy_cp - yy_bp); \
	(yy_hold_char) = *yy_cp; \
	*yy_cp = '\0'; \
	(yy_c_buf_p) = yy_cp;

#define YY_NUM_RULES 9
#define YY_END_OF_BUFFER 10
/* This struct is not used in this scanner,
   but its presence is necessary. */
struct yy_trans_info
	{
	flex_int32_t yy_verify;
	flex_int32_t yy_nxt;
	};
static yyconst flex_int16_t yy_accept[28] =
    {   0,
        0,    0,   10,    9,    8,    7,    9,    9,    3,    4,
        5,    6,    7,    1,    9,    0,    2,    3,    0,    0,
        4,    0,    1,    3,    0,    3,    0
    } ;

static yyconst flex_int32_t yy_ec[256] =
    {   0,
        1,    1,    1,    1,    1,    1,    1,    1,    2,    3,
        1,    1,    4,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    2,    1,    5,    6,    1,    1,    1,    1,    1,
        1,    1,    7,    1,    8,    9,    1,   10,   10,   10,
       10,   10,   10,   10,   10,   10,   10,    1,    1,    1,
        1,    1,    1,    1,   11,   11,   11,   11,   12,   11,
       11,   11,   11,   11,   11,   11,   11,   11,   11,   11,
       11,   11,   11,   11,   11,   11,   11,   11,   11,   11,
       13,    1,   14,    1,    1,    1,   11,   11,   11,   11,

       12,   11,   11,   11,   11,   11,   11,   11,   11,   11,
       11,   11,   11,   11,   11,   11,   11,   11,   11,   11,
       11,   11,    1,   15,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,

        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1
    } ;

static yyconst flex_int32_t yy_meta[16] =
    {   0,
        1,    1,    1,    2,    1,    1,    1,    1,    1,    3,
        3,    3,    1,    1,    1
    } ;

static yyconst flex_int16_t yy_base[31] =
    {   0,
        0,   12,   40,   41,   41,   41,   34,   28,   10,    0,
       41,   41,   41,   41,   34,   31,   41,    0,   25,   16,
        0,   31,   41,   15,   22,   11,   41,   27,   14,   30
    } ;

static yyconst flex_int16_t yy_def[31] =
    {   0,
       27,    1,   27,   27,   27,   27,   28,   27,   27,   29,
       27,   27,   27,   27,   30,   28,   27,    9,   27,   27,
       29,   30,   27,   27,   27,   27,    0,   27,   27,   27
    } ;

static yyconst flex_int16_t yy_nxt[57] =
    {   0,
        4,    5,    6,    6,    7,    4,    4,    8,    4,    9,
       10,   10,   11,   12,   13,   14,   21,   15,   19,   18,
       26,   20,   25,   25,   24,   26,   20,   16,   16,   16,
       22,   26,   22,   23,   24,   17,   23,   18,   17,   27,
        3,   27,   27,   27,   27,   27,   27,   27,   27,   27,
       27,   27,   27,   27,   27,   27
    } ;

static yyconst flex_int16_t yy_chk[57] =
    {   0,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    2,   29,    2,    9,    9,
       26,    9,   20,   20,   24,   20,   24,   28,   28,   28,
       30,   25,   30,   22,   19,   16,   15,    8,    7,    3,
       27,   27,   27,   27,   27,   27,   27,   27,   27,   27,
       27,   27,   27,   27,   27,   27
    } ;

static yy_state_type yy_last_accepting_state;
static char *yy_last_accepting_cpos;

extern int igraph_gml_yy_flex_debug;
int igraph_gml_yy_flex_debug = 0;

/* The intent behind this definition is that it'll catch
 * any uses of REJECT which flex missed.
 */
#define REJECT reject_used_but_not_detected
#define yymore() yymore_used_but_not_detected
#define YY_MORE_ADJ 0
#define YY_RESTORE_YY_MORE_OFFSET
char *igraph_gml_yytext;
#line 1 "foreign-gml-lexer.l"
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/
#line 24 "foreign-gml-lexer.l"

/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "foreign-gml-parser.h"
extern long int igraph_gml_mylineno;
extern int igraph_gml_mode;
int igraph_gml_eof;
void igraph_i_gml_reset_scanner() {
  YY_FLUSH_BUFFER;
}
#line 541 "foreign-gml-lexer.c"

#define INITIAL 0

#ifndef YY_NO_UNISTD_H
/* Special case for "unistd.h", since it is non-ANSI. We include it way
 * down here because we want the user's section 1 to have been scanned first.
 * The user has a chance to override it with an option.
 */
#include <unistd.h>
#endif

#ifndef YY_EXTRA_TYPE
#define YY_EXTRA_TYPE void *
#endif

static int yy_init_globals (void );

/* Accessor methods to globals.
   These are made visible to non-reentrant scanners for convenience. */

int igraph_gml_yylex_destroy (void );

int igraph_gml_yyget_debug (void );

void igraph_gml_yyset_debug (int debug_flag  );

YY_EXTRA_TYPE igraph_gml_yyget_extra (void );

void igraph_gml_yyset_extra (YY_EXTRA_TYPE user_defined  );

FILE *igraph_gml_yyget_in (void );

void igraph_gml_yyset_in  (FILE * in_str  );

FILE *igraph_gml_yyget_out (void );

void igraph_gml_yyset_out  (FILE * out_str  );

int igraph_gml_yyget_leng (void );

char *igraph_gml_yyget_text (void );

int igraph_gml_yyget_lineno (void );

void igraph_gml_yyset_lineno (int line_number  );

/* Macros after this point can all be overridden by user definitions in
 * section 1.
 */

#ifndef YY_SKIP_YYWRAP
#ifdef __cplusplus
extern "C" int igraph_gml_yywrap (void );
#else
extern int igraph_gml_yywrap (void );
#endif
#endif

    static void yyunput (int c,char *buf_ptr  );
    
#ifndef yytext_ptr
static void yy_flex_strncpy (char *,yyconst char *,int );
#endif

#ifdef YY_NEED_STRLEN
static int yy_flex_strlen (yyconst char * );
#endif

#ifndef YY_NO_INPUT

#ifdef __cplusplus
static int yyinput (void );
#else
static int input (void );
#endif

#endif

/* Amount of stuff to slurp up with each read. */
#ifndef YY_READ_BUF_SIZE
#define YY_READ_BUF_SIZE 8192
#endif

/* Copy whatever the last rule matched to the standard output. */
#ifndef ECHO
/* This used to be an fputs(), but since the string might contain NUL's,
 * we now use fwrite().
 */
#define ECHO fwrite( igraph_gml_yytext, igraph_gml_yyleng, 1, igraph_gml_yyout )
#endif

/* Gets input and stuffs it into "buf".  number of characters read, or YY_NULL,
 * is returned in "result".
 */
#ifndef YY_INPUT
#define YY_INPUT(buf,result,max_size) \
	if ( YY_CURRENT_BUFFER_LVALUE->yy_is_interactive ) \
		{ \
		int c = '*'; \
		int n; \
		for ( n = 0; n < max_size && \
			     (c = getc( igraph_gml_yyin )) != EOF && c != '\n'; ++n ) \
			buf[n] = (char) c; \
		if ( c == '\n' ) \
			buf[n++] = (char) c; \
		if ( c == EOF && ferror( igraph_gml_yyin ) ) \
			YY_FATAL_ERROR( "input in flex scanner failed" ); \
		result = n; \
		} \
	else \
		{ \
		errno=0; \
		while ( (result = fread(buf, 1, max_size, igraph_gml_yyin))==0 && ferror(igraph_gml_yyin)) \
			{ \
			if( errno != EINTR) \
				{ \
				YY_FATAL_ERROR( "input in flex scanner failed" ); \
				break; \
				} \
			errno=0; \
			clearerr(igraph_gml_yyin); \
			} \
		}\
\

#endif

/* No semi-colon after return; correct usage is to write "yyterminate();" -
 * we don't want an extra ';' after the "return" because that will cause
 * some compilers to complain about unreachable statements.
 */
#ifndef yyterminate
#define yyterminate() return YY_NULL
#endif

/* Number of entries by which start-condition stack grows. */
#ifndef YY_START_STACK_INCR
#define YY_START_STACK_INCR 25
#endif

/* Report a fatal error. */
#ifndef YY_FATAL_ERROR
#define YY_FATAL_ERROR(msg) yy_fatal_error( msg )
#endif

/* end tables serialization structures and prototypes */

/* Default declaration of generated scanner - a define so the user can
 * easily add parameters.
 */
#ifndef YY_DECL
#define YY_DECL_IS_OURS 1

extern int igraph_gml_yylex (void);

#define YY_DECL int igraph_gml_yylex (void)
#endif /* !YY_DECL */

/* Code executed at the beginning of each rule, after igraph_gml_yytext and igraph_gml_yyleng
 * have been set up.
 */
#ifndef YY_USER_ACTION
#define YY_USER_ACTION
#endif

/* Code executed at the end of each rule. */
#ifndef YY_BREAK
#define YY_BREAK break;
#endif

#define YY_RULE_SETUP \
	if ( igraph_gml_yyleng > 0 ) \
		YY_CURRENT_BUFFER_LVALUE->yy_at_bol = \
				(igraph_gml_yytext[igraph_gml_yyleng - 1] == '\n'); \
	YY_USER_ACTION

/** The main scanner function which does all the work.
 */
YY_DECL
{
	register yy_state_type yy_current_state;
	register char *yy_cp, *yy_bp;
	register int yy_act;
    
#line 63 "foreign-gml-lexer.l"


#line 729 "foreign-gml-lexer.c"

	if ( !(yy_init) )
		{
		(yy_init) = 1;

#ifdef YY_USER_INIT
		YY_USER_INIT;
#endif

		if ( ! (yy_start) )
			(yy_start) = 1;	/* first start state */

		if ( ! igraph_gml_yyin )
			igraph_gml_yyin = stdin;

		if ( ! igraph_gml_yyout )
			igraph_gml_yyout = stdout;

		if ( ! YY_CURRENT_BUFFER ) {
			igraph_gml_yyensure_buffer_stack ();
			YY_CURRENT_BUFFER_LVALUE =
				igraph_gml_yy_create_buffer(igraph_gml_yyin,YY_BUF_SIZE );
		}

		igraph_gml_yy_load_buffer_state( );
		}

	while ( 1 )		/* loops until end-of-file is reached */
		{
		yy_cp = (yy_c_buf_p);

		/* Support of igraph_gml_yytext. */
		*yy_cp = (yy_hold_char);

		/* yy_bp points to the position in yy_ch_buf of the start of
		 * the current run.
		 */
		yy_bp = yy_cp;

		yy_current_state = (yy_start);
		yy_current_state += YY_AT_BOL();
yy_match:
		do
			{
			register YY_CHAR yy_c = yy_ec[YY_SC_TO_UI(*yy_cp)];
			if ( yy_accept[yy_current_state] )
				{
				(yy_last_accepting_state) = yy_current_state;
				(yy_last_accepting_cpos) = yy_cp;
				}
			while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
				{
				yy_current_state = (int) yy_def[yy_current_state];
				if ( yy_current_state >= 28 )
					yy_c = yy_meta[(unsigned int) yy_c];
				}
			yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
			++yy_cp;
			}
		while ( yy_base[yy_current_state] != 41 );

yy_find_action:
		yy_act = yy_accept[yy_current_state];
		if ( yy_act == 0 )
			{ /* have to back up */
			yy_cp = (yy_last_accepting_cpos);
			yy_current_state = (yy_last_accepting_state);
			yy_act = yy_accept[yy_current_state];
			}

		YY_DO_BEFORE_ACTION;

do_action:	/* This label is used only to access EOF actions. */

		switch ( yy_act )
	{ /* beginning of action switch */
			case 0: /* must back up */
			/* undo the effects of YY_DO_BEFORE_ACTION */
			*yy_cp = (yy_hold_char);
			yy_cp = (yy_last_accepting_cpos);
			yy_current_state = (yy_last_accepting_state);
			goto yy_find_action;

case 1:
/* rule 1 can match eol */
YY_RULE_SETUP
#line 65 "foreign-gml-lexer.l"
{ igraph_gml_mylineno++; /* comments ignored */ }
	YY_BREAK
case 2:
/* rule 2 can match eol */
YY_RULE_SETUP
#line 67 "foreign-gml-lexer.l"
{ return STRING; }
	YY_BREAK
case 3:
YY_RULE_SETUP
#line 68 "foreign-gml-lexer.l"
{ return NUM; }
	YY_BREAK
case 4:
YY_RULE_SETUP
#line 69 "foreign-gml-lexer.l"
{ return KEYWORD; }
	YY_BREAK
case 5:
YY_RULE_SETUP
#line 70 "foreign-gml-lexer.l"
{ return LISTOPEN; }
	YY_BREAK
case 6:
YY_RULE_SETUP
#line 71 "foreign-gml-lexer.l"
{ return LISTCLOSE; }
	YY_BREAK
case 7:
/* rule 7 can match eol */
YY_RULE_SETUP
#line 72 "foreign-gml-lexer.l"
{ igraph_gml_mylineno++; }
	YY_BREAK
case 8:
/* rule 8 can match eol */
YY_RULE_SETUP
#line 73 "foreign-gml-lexer.l"
{ /* other whitespace ignored */ }
	YY_BREAK
case YY_STATE_EOF(INITIAL):
#line 75 "foreign-gml-lexer.l"
{ 
                          if (igraph_gml_eof) {
			    yyterminate();
			  } else {
			    igraph_gml_eof=1;
			    return EOFF;
			  }			  
                        }
	YY_BREAK
case 9:
YY_RULE_SETUP
#line 84 "foreign-gml-lexer.l"
ECHO;
	YY_BREAK
#line 873 "foreign-gml-lexer.c"

	case YY_END_OF_BUFFER:
		{
		/* Amount of text matched not including the EOB char. */
		int yy_amount_of_matched_text = (int) (yy_cp - (yytext_ptr)) - 1;

		/* Undo the effects of YY_DO_BEFORE_ACTION. */
		*yy_cp = (yy_hold_char);
		YY_RESTORE_YY_MORE_OFFSET

		if ( YY_CURRENT_BUFFER_LVALUE->yy_buffer_status == YY_BUFFER_NEW )
			{
			/* We're scanning a new file or input source.  It's
			 * possible that this happened because the user
			 * just pointed igraph_gml_yyin at a new source and called
			 * igraph_gml_yylex().  If so, then we have to assure
			 * consistency between YY_CURRENT_BUFFER and our
			 * globals.  Here is the right place to do so, because
			 * this is the first action (other than possibly a
			 * back-up) that will match for the new input source.
			 */
			(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_n_chars;
			YY_CURRENT_BUFFER_LVALUE->yy_input_file = igraph_gml_yyin;
			YY_CURRENT_BUFFER_LVALUE->yy_buffer_status = YY_BUFFER_NORMAL;
			}

		/* Note that here we test for yy_c_buf_p "<=" to the position
		 * of the first EOB in the buffer, since yy_c_buf_p will
		 * already have been incremented past the NUL character
		 * (since all states make transitions on EOB to the
		 * end-of-buffer state).  Contrast this with the test
		 * in input().
		 */
		if ( (yy_c_buf_p) <= &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] )
			{ /* This was really a NUL. */
			yy_state_type yy_next_state;

			(yy_c_buf_p) = (yytext_ptr) + yy_amount_of_matched_text;

			yy_current_state = yy_get_previous_state(  );

			/* Okay, we're now positioned to make the NUL
			 * transition.  We couldn't have
			 * yy_get_previous_state() go ahead and do it
			 * for us because it doesn't know how to deal
			 * with the possibility of jamming (and we don't
			 * want to build jamming into it because then it
			 * will run more slowly).
			 */

			yy_next_state = yy_try_NUL_trans( yy_current_state );

			yy_bp = (yytext_ptr) + YY_MORE_ADJ;

			if ( yy_next_state )
				{
				/* Consume the NUL. */
				yy_cp = ++(yy_c_buf_p);
				yy_current_state = yy_next_state;
				goto yy_match;
				}

			else
				{
				yy_cp = (yy_c_buf_p);
				goto yy_find_action;
				}
			}

		else switch ( yy_get_next_buffer(  ) )
			{
			case EOB_ACT_END_OF_FILE:
				{
				(yy_did_buffer_switch_on_eof) = 0;

				if ( igraph_gml_yywrap( ) )
					{
					/* Note: because we've taken care in
					 * yy_get_next_buffer() to have set up
					 * igraph_gml_yytext, we can now set up
					 * yy_c_buf_p so that if some total
					 * hoser (like flex itself) wants to
					 * call the scanner after we return the
					 * YY_NULL, it'll still work - another
					 * YY_NULL will get returned.
					 */
					(yy_c_buf_p) = (yytext_ptr) + YY_MORE_ADJ;

					yy_act = YY_STATE_EOF(YY_START);
					goto do_action;
					}

				else
					{
					if ( ! (yy_did_buffer_switch_on_eof) )
						YY_NEW_FILE;
					}
				break;
				}

			case EOB_ACT_CONTINUE_SCAN:
				(yy_c_buf_p) =
					(yytext_ptr) + yy_amount_of_matched_text;

				yy_current_state = yy_get_previous_state(  );

				yy_cp = (yy_c_buf_p);
				yy_bp = (yytext_ptr) + YY_MORE_ADJ;
				goto yy_match;

			case EOB_ACT_LAST_MATCH:
				(yy_c_buf_p) =
				&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)];

				yy_current_state = yy_get_previous_state(  );

				yy_cp = (yy_c_buf_p);
				yy_bp = (yytext_ptr) + YY_MORE_ADJ;
				goto yy_find_action;
			}
		break;
		}

	default:
		YY_FATAL_ERROR(
			"fatal flex scanner internal error--no action found" );
	} /* end of action switch */
		} /* end of scanning one token */
} /* end of igraph_gml_yylex */

/* yy_get_next_buffer - try to read in a new buffer
 *
 * Returns a code representing an action:
 *	EOB_ACT_LAST_MATCH -
 *	EOB_ACT_CONTINUE_SCAN - continue scanning from current position
 *	EOB_ACT_END_OF_FILE - end of file
 */
static int yy_get_next_buffer (void)
{
    	register char *dest = YY_CURRENT_BUFFER_LVALUE->yy_ch_buf;
	register char *source = (yytext_ptr);
	register int number_to_move, i;
	int ret_val;

	if ( (yy_c_buf_p) > &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars) + 1] )
		YY_FATAL_ERROR(
		"fatal flex scanner internal error--end of buffer missed" );

	if ( YY_CURRENT_BUFFER_LVALUE->yy_fill_buffer == 0 )
		{ /* Don't try to fill the buffer, so this is an EOF. */
		if ( (yy_c_buf_p) - (yytext_ptr) - YY_MORE_ADJ == 1 )
			{
			/* We matched a single character, the EOB, so
			 * treat this as a final EOF.
			 */
			return EOB_ACT_END_OF_FILE;
			}

		else
			{
			/* We matched some text prior to the EOB, first
			 * process it.
			 */
			return EOB_ACT_LAST_MATCH;
			}
		}

	/* Try to read more data. */

	/* First move last chars to start of buffer. */
	number_to_move = (int) ((yy_c_buf_p) - (yytext_ptr)) - 1;

	for ( i = 0; i < number_to_move; ++i )
		*(dest++) = *(source++);

	if ( YY_CURRENT_BUFFER_LVALUE->yy_buffer_status == YY_BUFFER_EOF_PENDING )
		/* don't do the read, it's not guaranteed to return an EOF,
		 * just force an EOF
		 */
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars) = 0;

	else
		{
			int num_to_read =
			YY_CURRENT_BUFFER_LVALUE->yy_buf_size - number_to_move - 1;

		while ( num_to_read <= 0 )
			{ /* Not enough room in the buffer - grow it. */

			/* just a shorter name for the current buffer */
			YY_BUFFER_STATE b = YY_CURRENT_BUFFER;

			int yy_c_buf_p_offset =
				(int) ((yy_c_buf_p) - b->yy_ch_buf);

			if ( b->yy_is_our_buffer )
				{
				int new_size = b->yy_buf_size * 2;

				if ( new_size <= 0 )
					b->yy_buf_size += b->yy_buf_size / 8;
				else
					b->yy_buf_size *= 2;

				b->yy_ch_buf = (char *)
					/* Include room in for 2 EOB chars. */
					igraph_gml_yyrealloc((void *) b->yy_ch_buf,b->yy_buf_size + 2  );
				}
			else
				/* Can't grow it, we don't own it. */
				b->yy_ch_buf = 0;

			if ( ! b->yy_ch_buf )
				YY_FATAL_ERROR(
				"fatal error - scanner input buffer overflow" );

			(yy_c_buf_p) = &b->yy_ch_buf[yy_c_buf_p_offset];

			num_to_read = YY_CURRENT_BUFFER_LVALUE->yy_buf_size -
						number_to_move - 1;

			}

		if ( num_to_read > YY_READ_BUF_SIZE )
			num_to_read = YY_READ_BUF_SIZE;

		/* Read in more data. */
		YY_INPUT( (&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[number_to_move]),
			(yy_n_chars), (size_t) num_to_read );

		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	if ( (yy_n_chars) == 0 )
		{
		if ( number_to_move == YY_MORE_ADJ )
			{
			ret_val = EOB_ACT_END_OF_FILE;
			igraph_gml_yyrestart(igraph_gml_yyin  );
			}

		else
			{
			ret_val = EOB_ACT_LAST_MATCH;
			YY_CURRENT_BUFFER_LVALUE->yy_buffer_status =
				YY_BUFFER_EOF_PENDING;
			}
		}

	else
		ret_val = EOB_ACT_CONTINUE_SCAN;

	if ((yy_size_t) ((yy_n_chars) + number_to_move) > YY_CURRENT_BUFFER_LVALUE->yy_buf_size) {
		/* Extend the array by 50%, plus the number we really need. */
		yy_size_t new_size = (yy_n_chars) + number_to_move + ((yy_n_chars) >> 1);
		YY_CURRENT_BUFFER_LVALUE->yy_ch_buf = (char *) igraph_gml_yyrealloc((void *) YY_CURRENT_BUFFER_LVALUE->yy_ch_buf,new_size  );
		if ( ! YY_CURRENT_BUFFER_LVALUE->yy_ch_buf )
			YY_FATAL_ERROR( "out of dynamic memory in yy_get_next_buffer()" );
	}

	(yy_n_chars) += number_to_move;
	YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] = YY_END_OF_BUFFER_CHAR;
	YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars) + 1] = YY_END_OF_BUFFER_CHAR;

	(yytext_ptr) = &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[0];

	return ret_val;
}

/* yy_get_previous_state - get the state just before the EOB char was reached */

    static yy_state_type yy_get_previous_state (void)
{
	register yy_state_type yy_current_state;
	register char *yy_cp;
    
	yy_current_state = (yy_start);
	yy_current_state += YY_AT_BOL();

	for ( yy_cp = (yytext_ptr) + YY_MORE_ADJ; yy_cp < (yy_c_buf_p); ++yy_cp )
		{
		register YY_CHAR yy_c = (*yy_cp ? yy_ec[YY_SC_TO_UI(*yy_cp)] : 1);
		if ( yy_accept[yy_current_state] )
			{
			(yy_last_accepting_state) = yy_current_state;
			(yy_last_accepting_cpos) = yy_cp;
			}
		while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
			{
			yy_current_state = (int) yy_def[yy_current_state];
			if ( yy_current_state >= 28 )
				yy_c = yy_meta[(unsigned int) yy_c];
			}
		yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
		}

	return yy_current_state;
}

/* yy_try_NUL_trans - try to make a transition on the NUL character
 *
 * synopsis
 *	next_state = yy_try_NUL_trans( current_state );
 */
    static yy_state_type yy_try_NUL_trans  (yy_state_type yy_current_state )
{
	register int yy_is_jam;
    	register char *yy_cp = (yy_c_buf_p);

	register YY_CHAR yy_c = 1;
	if ( yy_accept[yy_current_state] )
		{
		(yy_last_accepting_state) = yy_current_state;
		(yy_last_accepting_cpos) = yy_cp;
		}
	while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
		{
		yy_current_state = (int) yy_def[yy_current_state];
		if ( yy_current_state >= 28 )
			yy_c = yy_meta[(unsigned int) yy_c];
		}
	yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
	yy_is_jam = (yy_current_state == 27);

	return yy_is_jam ? 0 : yy_current_state;
}

    static void yyunput (int c, register char * yy_bp )
{
	register char *yy_cp;
    
    yy_cp = (yy_c_buf_p);

	/* undo effects of setting up igraph_gml_yytext */
	*yy_cp = (yy_hold_char);

	if ( yy_cp < YY_CURRENT_BUFFER_LVALUE->yy_ch_buf + 2 )
		{ /* need to shift things up to make room */
		/* +2 for EOB chars. */
		register int number_to_move = (yy_n_chars) + 2;
		register char *dest = &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[
					YY_CURRENT_BUFFER_LVALUE->yy_buf_size + 2];
		register char *source =
				&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[number_to_move];

		while ( source > YY_CURRENT_BUFFER_LVALUE->yy_ch_buf )
			*--dest = *--source;

		yy_cp += (int) (dest - source);
		yy_bp += (int) (dest - source);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars =
			(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_buf_size;

		if ( yy_cp < YY_CURRENT_BUFFER_LVALUE->yy_ch_buf + 2 )
			YY_FATAL_ERROR( "flex scanner push-back overflow" );
		}

	*--yy_cp = (char) c;

	(yytext_ptr) = yy_bp;
	(yy_hold_char) = *yy_cp;
	(yy_c_buf_p) = yy_cp;
}

#ifndef YY_NO_INPUT
#ifdef __cplusplus
    static int yyinput (void)
#else
    static int input  (void)
#endif

{
	int c;
    
	*(yy_c_buf_p) = (yy_hold_char);

	if ( *(yy_c_buf_p) == YY_END_OF_BUFFER_CHAR )
		{
		/* yy_c_buf_p now points to the character we want to return.
		 * If this occurs *before* the EOB characters, then it's a
		 * valid NUL; if not, then we've hit the end of the buffer.
		 */
		if ( (yy_c_buf_p) < &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] )
			/* This was really a NUL. */
			*(yy_c_buf_p) = '\0';

		else
			{ /* need more input */
			int offset = (yy_c_buf_p) - (yytext_ptr);
			++(yy_c_buf_p);

			switch ( yy_get_next_buffer(  ) )
				{
				case EOB_ACT_LAST_MATCH:
					/* This happens because yy_g_n_b()
					 * sees that we've accumulated a
					 * token and flags that we need to
					 * try matching the token before
					 * proceeding.  But for input(),
					 * there's no matching to consider.
					 * So convert the EOB_ACT_LAST_MATCH
					 * to EOB_ACT_END_OF_FILE.
					 */

					/* Reset buffer status. */
					igraph_gml_yyrestart(igraph_gml_yyin );

					/*FALLTHROUGH*/

				case EOB_ACT_END_OF_FILE:
					{
					if ( igraph_gml_yywrap( ) )
						return EOF;

					if ( ! (yy_did_buffer_switch_on_eof) )
						YY_NEW_FILE;
#ifdef __cplusplus
					return yyinput();
#else
					return input();
#endif
					}

				case EOB_ACT_CONTINUE_SCAN:
					(yy_c_buf_p) = (yytext_ptr) + offset;
					break;
				}
			}
		}

	c = *(unsigned char *) (yy_c_buf_p);	/* cast for 8-bit char's */
	*(yy_c_buf_p) = '\0';	/* preserve igraph_gml_yytext */
	(yy_hold_char) = *++(yy_c_buf_p);

	YY_CURRENT_BUFFER_LVALUE->yy_at_bol = (c == '\n');

	return c;
}
#endif	/* ifndef YY_NO_INPUT */

/** Immediately switch to a different input stream.
 * @param input_file A readable stream.
 * 
 * @note This function does not reset the start condition to @c INITIAL .
 */
    void igraph_gml_yyrestart  (FILE * input_file )
{
    
	if ( ! YY_CURRENT_BUFFER ){
        igraph_gml_yyensure_buffer_stack ();
		YY_CURRENT_BUFFER_LVALUE =
            igraph_gml_yy_create_buffer(igraph_gml_yyin,YY_BUF_SIZE );
	}

	igraph_gml_yy_init_buffer(YY_CURRENT_BUFFER,input_file );
	igraph_gml_yy_load_buffer_state( );
}

/** Switch to a different input buffer.
 * @param new_buffer The new input buffer.
 * 
 */
    void igraph_gml_yy_switch_to_buffer  (YY_BUFFER_STATE  new_buffer )
{
    
	/* TODO. We should be able to replace this entire function body
	 * with
	 *		igraph_gml_yypop_buffer_state();
	 *		igraph_gml_yypush_buffer_state(new_buffer);
     */
	igraph_gml_yyensure_buffer_stack ();
	if ( YY_CURRENT_BUFFER == new_buffer )
		return;

	if ( YY_CURRENT_BUFFER )
		{
		/* Flush out information for old buffer. */
		*(yy_c_buf_p) = (yy_hold_char);
		YY_CURRENT_BUFFER_LVALUE->yy_buf_pos = (yy_c_buf_p);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	YY_CURRENT_BUFFER_LVALUE = new_buffer;
	igraph_gml_yy_load_buffer_state( );

	/* We don't actually know whether we did this switch during
	 * EOF (igraph_gml_yywrap()) processing, but the only time this flag
	 * is looked at is after igraph_gml_yywrap() is called, so it's safe
	 * to go ahead and always set it.
	 */
	(yy_did_buffer_switch_on_eof) = 1;
}

static void igraph_gml_yy_load_buffer_state  (void)
{
    	(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_n_chars;
	(yytext_ptr) = (yy_c_buf_p) = YY_CURRENT_BUFFER_LVALUE->yy_buf_pos;
	igraph_gml_yyin = YY_CURRENT_BUFFER_LVALUE->yy_input_file;
	(yy_hold_char) = *(yy_c_buf_p);
}

/** Allocate and initialize an input buffer state.
 * @param file A readable stream.
 * @param size The character buffer size in bytes. When in doubt, use @c YY_BUF_SIZE.
 * 
 * @return the allocated buffer state.
 */
    YY_BUFFER_STATE igraph_gml_yy_create_buffer  (FILE * file, int  size )
{
	YY_BUFFER_STATE b;
    
	b = (YY_BUFFER_STATE) igraph_gml_yyalloc(sizeof( struct yy_buffer_state )  );
	if ( ! b )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_gml_yy_create_buffer()" );

	b->yy_buf_size = size;

	/* yy_ch_buf has to be 2 characters longer than the size given because
	 * we need to put in 2 end-of-buffer characters.
	 */
	b->yy_ch_buf = (char *) igraph_gml_yyalloc(b->yy_buf_size + 2  );
	if ( ! b->yy_ch_buf )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_gml_yy_create_buffer()" );

	b->yy_is_our_buffer = 1;

	igraph_gml_yy_init_buffer(b,file );

	return b;
}

/** Destroy the buffer.
 * @param b a buffer created with igraph_gml_yy_create_buffer()
 * 
 */
    void igraph_gml_yy_delete_buffer (YY_BUFFER_STATE  b )
{
    
	if ( ! b )
		return;

	if ( b == YY_CURRENT_BUFFER ) /* Not sure if we should pop here. */
		YY_CURRENT_BUFFER_LVALUE = (YY_BUFFER_STATE) 0;

	if ( b->yy_is_our_buffer )
		igraph_gml_yyfree((void *) b->yy_ch_buf  );

	igraph_gml_yyfree((void *) b  );
}

#ifndef __cplusplus
extern int isatty (int );
#endif /* __cplusplus */
    
/* Initializes or reinitializes a buffer.
 * This function is sometimes called more than once on the same buffer,
 * such as during a igraph_gml_yyrestart() or at EOF.
 */
    static void igraph_gml_yy_init_buffer  (YY_BUFFER_STATE  b, FILE * file )

{
	int oerrno = errno;
    
	igraph_gml_yy_flush_buffer(b );

	b->yy_input_file = file;
	b->yy_fill_buffer = 1;

    /* If b is the current buffer, then igraph_gml_yy_init_buffer was _probably_
     * called from igraph_gml_yyrestart() or through yy_get_next_buffer.
     * In that case, we don't want to reset the lineno or column.
     */
    if (b != YY_CURRENT_BUFFER){
        b->yy_bs_lineno = 1;
        b->yy_bs_column = 0;
    }

        b->yy_is_interactive = file ? (isatty( fileno(file) ) > 0) : 0;
    
	errno = oerrno;
}

/** Discard all buffered characters. On the next scan, YY_INPUT will be called.
 * @param b the buffer state to be flushed, usually @c YY_CURRENT_BUFFER.
 * 
 */
    void igraph_gml_yy_flush_buffer (YY_BUFFER_STATE  b )
{
    	if ( ! b )
		return;

	b->yy_n_chars = 0;

	/* We always need two end-of-buffer characters.  The first causes
	 * a transition to the end-of-buffer state.  The second causes
	 * a jam in that state.
	 */
	b->yy_ch_buf[0] = YY_END_OF_BUFFER_CHAR;
	b->yy_ch_buf[1] = YY_END_OF_BUFFER_CHAR;

	b->yy_buf_pos = &b->yy_ch_buf[0];

	b->yy_at_bol = 1;
	b->yy_buffer_status = YY_BUFFER_NEW;

	if ( b == YY_CURRENT_BUFFER )
		igraph_gml_yy_load_buffer_state( );
}

/** Pushes the new state onto the stack. The new state becomes
 *  the current state. This function will allocate the stack
 *  if necessary.
 *  @param new_buffer The new state.
 *  
 */
void igraph_gml_yypush_buffer_state (YY_BUFFER_STATE new_buffer )
{
    	if (new_buffer == NULL)
		return;

	igraph_gml_yyensure_buffer_stack();

	/* This block is copied from igraph_gml_yy_switch_to_buffer. */
	if ( YY_CURRENT_BUFFER )
		{
		/* Flush out information for old buffer. */
		*(yy_c_buf_p) = (yy_hold_char);
		YY_CURRENT_BUFFER_LVALUE->yy_buf_pos = (yy_c_buf_p);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	/* Only push if top exists. Otherwise, replace top. */
	if (YY_CURRENT_BUFFER)
		(yy_buffer_stack_top)++;
	YY_CURRENT_BUFFER_LVALUE = new_buffer;

	/* copied from igraph_gml_yy_switch_to_buffer. */
	igraph_gml_yy_load_buffer_state( );
	(yy_did_buffer_switch_on_eof) = 1;
}

/** Removes and deletes the top of the stack, if present.
 *  The next element becomes the new top.
 *  
 */
void igraph_gml_yypop_buffer_state (void)
{
    	if (!YY_CURRENT_BUFFER)
		return;

	igraph_gml_yy_delete_buffer(YY_CURRENT_BUFFER );
	YY_CURRENT_BUFFER_LVALUE = NULL;
	if ((yy_buffer_stack_top) > 0)
		--(yy_buffer_stack_top);

	if (YY_CURRENT_BUFFER) {
		igraph_gml_yy_load_buffer_state( );
		(yy_did_buffer_switch_on_eof) = 1;
	}
}

/* Allocates the stack if it does not exist.
 *  Guarantees space for at least one push.
 */
static void igraph_gml_yyensure_buffer_stack (void)
{
	int num_to_alloc;
    
	if (!(yy_buffer_stack)) {

		/* First allocation is just for 2 elements, since we don't know if this
		 * scanner will even need a stack. We use 2 instead of 1 to avoid an
		 * immediate realloc on the next call.
         */
		num_to_alloc = 1;
		(yy_buffer_stack) = (struct yy_buffer_state**)igraph_gml_yyalloc
								(num_to_alloc * sizeof(struct yy_buffer_state*)
								);
		if ( ! (yy_buffer_stack) )
			YY_FATAL_ERROR( "out of dynamic memory in igraph_gml_yyensure_buffer_stack()" );
								  
		memset((yy_buffer_stack), 0, num_to_alloc * sizeof(struct yy_buffer_state*));
				
		(yy_buffer_stack_max) = num_to_alloc;
		(yy_buffer_stack_top) = 0;
		return;
	}

	if ((yy_buffer_stack_top) >= ((yy_buffer_stack_max)) - 1){

		/* Increase the buffer to prepare for a possible push. */
		int grow_size = 8 /* arbitrary grow size */;

		num_to_alloc = (yy_buffer_stack_max) + grow_size;
		(yy_buffer_stack) = (struct yy_buffer_state**)igraph_gml_yyrealloc
								((yy_buffer_stack),
								num_to_alloc * sizeof(struct yy_buffer_state*)
								);
		if ( ! (yy_buffer_stack) )
			YY_FATAL_ERROR( "out of dynamic memory in igraph_gml_yyensure_buffer_stack()" );

		/* zero only the new slots.*/
		memset((yy_buffer_stack) + (yy_buffer_stack_max), 0, grow_size * sizeof(struct yy_buffer_state*));
		(yy_buffer_stack_max) = num_to_alloc;
	}
}

/** Setup the input buffer state to scan directly from a user-specified character buffer.
 * @param base the character buffer
 * @param size the size in bytes of the character buffer
 * 
 * @return the newly allocated buffer state object. 
 */
YY_BUFFER_STATE igraph_gml_yy_scan_buffer  (char * base, yy_size_t  size )
{
	YY_BUFFER_STATE b;
    
	if ( size < 2 ||
	     base[size-2] != YY_END_OF_BUFFER_CHAR ||
	     base[size-1] != YY_END_OF_BUFFER_CHAR )
		/* They forgot to leave room for the EOB's. */
		return 0;

	b = (YY_BUFFER_STATE) igraph_gml_yyalloc(sizeof( struct yy_buffer_state )  );
	if ( ! b )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_gml_yy_scan_buffer()" );

	b->yy_buf_size = size - 2;	/* "- 2" to take care of EOB's */
	b->yy_buf_pos = b->yy_ch_buf = base;
	b->yy_is_our_buffer = 0;
	b->yy_input_file = 0;
	b->yy_n_chars = b->yy_buf_size;
	b->yy_is_interactive = 0;
	b->yy_at_bol = 1;
	b->yy_fill_buffer = 0;
	b->yy_buffer_status = YY_BUFFER_NEW;

	igraph_gml_yy_switch_to_buffer(b  );

	return b;
}

/** Setup the input buffer state to scan a string. The next call to igraph_gml_yylex() will
 * scan from a @e copy of @a str.
 * @param yystr a NUL-terminated string to scan
 * 
 * @return the newly allocated buffer state object.
 * @note If you want to scan bytes that may contain NUL values, then use
 *       igraph_gml_yy_scan_bytes() instead.
 */
YY_BUFFER_STATE igraph_gml_yy_scan_string (yyconst char * yystr )
{
    
	return igraph_gml_yy_scan_bytes(yystr,strlen(yystr) );
}

/** Setup the input buffer state to scan the given bytes. The next call to igraph_gml_yylex() will
 * scan from a @e copy of @a bytes.
 * @param bytes the byte buffer to scan
 * @param len the number of bytes in the buffer pointed to by @a bytes.
 * 
 * @return the newly allocated buffer state object.
 */
YY_BUFFER_STATE igraph_gml_yy_scan_bytes  (yyconst char * yybytes, int  _yybytes_len )
{
	YY_BUFFER_STATE b;
	char *buf;
	yy_size_t n;
	int i;
    
	/* Get memory for full buffer, including space for trailing EOB's. */
	n = _yybytes_len + 2;
	buf = (char *) igraph_gml_yyalloc(n  );
	if ( ! buf )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_gml_yy_scan_bytes()" );

	for ( i = 0; i < _yybytes_len; ++i )
		buf[i] = yybytes[i];

	buf[_yybytes_len] = buf[_yybytes_len+1] = YY_END_OF_BUFFER_CHAR;

	b = igraph_gml_yy_scan_buffer(buf,n );
	if ( ! b )
		YY_FATAL_ERROR( "bad buffer in igraph_gml_yy_scan_bytes()" );

	/* It's okay to grow etc. this buffer, and we should throw it
	 * away when we're done.
	 */
	b->yy_is_our_buffer = 1;

	return b;
}

#ifndef YY_EXIT_FAILURE
#define YY_EXIT_FAILURE 2
#endif

static void yy_fatal_error (yyconst char* msg )
{
    	(void) fprintf( stderr, "%s\n", msg );
	exit( YY_EXIT_FAILURE );
}

/* Redefine yyless() so it works in section 3 code. */

#undef yyless
#define yyless(n) \
	do \
		{ \
		/* Undo effects of setting up igraph_gml_yytext. */ \
        int yyless_macro_arg = (n); \
        YY_LESS_LINENO(yyless_macro_arg);\
		igraph_gml_yytext[igraph_gml_yyleng] = (yy_hold_char); \
		(yy_c_buf_p) = igraph_gml_yytext + yyless_macro_arg; \
		(yy_hold_char) = *(yy_c_buf_p); \
		*(yy_c_buf_p) = '\0'; \
		igraph_gml_yyleng = yyless_macro_arg; \
		} \
	while ( 0 )

/* Accessor  methods (get/set functions) to struct members. */

/** Get the current line number.
 * 
 */
int igraph_gml_yyget_lineno  (void)
{
        
    return igraph_gml_yylineno;
}

/** Get the input stream.
 * 
 */
FILE *igraph_gml_yyget_in  (void)
{
        return igraph_gml_yyin;
}

/** Get the output stream.
 * 
 */
FILE *igraph_gml_yyget_out  (void)
{
        return igraph_gml_yyout;
}

/** Get the length of the current token.
 * 
 */
int igraph_gml_yyget_leng  (void)
{
        return igraph_gml_yyleng;
}

/** Get the current token.
 * 
 */

char *igraph_gml_yyget_text  (void)
{
        return igraph_gml_yytext;
}

/** Set the current line number.
 * @param line_number
 * 
 */
void igraph_gml_yyset_lineno (int  line_number )
{
    
    igraph_gml_yylineno = line_number;
}

/** Set the input stream. This does not discard the current
 * input buffer.
 * @param in_str A readable stream.
 * 
 * @see igraph_gml_yy_switch_to_buffer
 */
void igraph_gml_yyset_in (FILE *  in_str )
{
        igraph_gml_yyin = in_str ;
}

void igraph_gml_yyset_out (FILE *  out_str )
{
        igraph_gml_yyout = out_str ;
}

int igraph_gml_yyget_debug  (void)
{
        return igraph_gml_yy_flex_debug;
}

void igraph_gml_yyset_debug (int  bdebug )
{
        igraph_gml_yy_flex_debug = bdebug ;
}

static int yy_init_globals (void)
{
        /* Initialization is the same as for the non-reentrant scanner.
     * This function is called from igraph_gml_yylex_destroy(), so don't allocate here.
     */

    (yy_buffer_stack) = 0;
    (yy_buffer_stack_top) = 0;
    (yy_buffer_stack_max) = 0;
    (yy_c_buf_p) = (char *) 0;
    (yy_init) = 0;
    (yy_start) = 0;

/* Defined in main.c */
#ifdef YY_STDINIT
    igraph_gml_yyin = stdin;
    igraph_gml_yyout = stdout;
#else
    igraph_gml_yyin = (FILE *) 0;
    igraph_gml_yyout = (FILE *) 0;
#endif

    /* For future reference: Set errno on error, since we are called by
     * igraph_gml_yylex_init()
     */
    return 0;
}

/* igraph_gml_yylex_destroy is for both reentrant and non-reentrant scanners. */
int igraph_gml_yylex_destroy  (void)
{
    
    /* Pop the buffer stack, destroying each element. */
	while(YY_CURRENT_BUFFER){
		igraph_gml_yy_delete_buffer(YY_CURRENT_BUFFER  );
		YY_CURRENT_BUFFER_LVALUE = NULL;
		igraph_gml_yypop_buffer_state();
	}

	/* Destroy the stack itself. */
	igraph_gml_yyfree((yy_buffer_stack) );
	(yy_buffer_stack) = NULL;

    /* Reset the globals. This is important in a non-reentrant scanner so the next time
     * igraph_gml_yylex() is called, initialization will occur. */
    yy_init_globals( );

    return 0;
}

/*
 * Internal utility routines.
 */

#ifndef yytext_ptr
static void yy_flex_strncpy (char* s1, yyconst char * s2, int n )
{
	register int i;
	for ( i = 0; i < n; ++i )
		s1[i] = s2[i];
}
#endif

#ifdef YY_NEED_STRLEN
static int yy_flex_strlen (yyconst char * s )
{
	register int n;
	for ( n = 0; s[n]; ++n )
		;

	return n;
}
#endif

void *igraph_gml_yyalloc (yy_size_t  size )
{
	return (void *) malloc( size );
}

void *igraph_gml_yyrealloc  (void * ptr, yy_size_t  size )
{
	/* The cast to (char *) in the following accommodates both
	 * implementations that use char* generic pointers, and those
	 * that use void* generic pointers.  It works with the latter
	 * because both ANSI C and C++ allow castless assignment from
	 * any pointer type to void*, and deal with argument conversions
	 * as though doing an assignment.
	 */
	return (void *) realloc( (char *) ptr, size );
}

void igraph_gml_yyfree (void * ptr )
{
	free( (char *) ptr );	/* see igraph_gml_yyrealloc() for (char *) cast */
}

#define YYTABLES_NAME "yytables"

#line 84 "foreign-gml-lexer.l"










igraph-0.4.2/igraph/type_indexededgelist.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"
#include "string.h"		/* memset & co. */

/* Internal functions */

int igraph_i_create_start(igraph_vector_t *res, igraph_vector_t *el, igraph_vector_t *index, 
			  igraph_integer_t nodes);

/**
 * \section about_basic_interface
 *
 * <para>This is the very minimal API in \a igraph. All the other
 * functions use this minimal set for creating and manipulating the
 * graphs.</para>
 * 
 * <para>This is a very important principle since it makes possible to
 * implement other data representations by implementing only this
 * minimal set.</para>
 */

/** 
 * \ingroup interface
 * \function igraph_empty
 * \brief Creates an empty graph with some vertices and no edges.
 *
 * </para><para>
 * The most basic constructor, all the other constructors should call
 * this to create a minimal graph object.
 * \param graph Pointer to a not-yet initialized graph object.
 * \param n The number of vertices in the graph, a non-negative
 *          integer number is expected.
 * \param directed Whether the graph is directed or not.
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid number of vertices.
 * 
 * Time complexity: O(|V|) for a graph with
 * |V| vertices (and no edges).
 */
int igraph_empty(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed) {
  return igraph_empty_attrs(graph, n, directed, 0);
}


/** 
 * \ingroup interface
 * \function igraph_empty_attrs
 * \brief Creates an empty graph with some vertices, no edges and some graph attributes.
 *
 * </para><para>
 * Use this instead of \ref igraph_empty() if you wish to add some graph
 * attributes right after initialization. This function is currently
 * not very interesting for the ordinary user, just supply 0 here or 
 * use \ref igraph_empty().
 * \param graph Pointer to a not-yet initialized graph object.
 * \param n The number of vertices in the graph, a non-negative
 *          integer number is expected.
 * \param directed Whether the graph is directed or not.
 * \param attr The attributes. 
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid number of vertices.
 * 
 * Time complexity: O(|V|) for a graph with
 * |V| vertices (and no edges).
 */
int igraph_empty_attrs(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed, void* attr) {

  if (n<0) {
    IGRAPH_ERROR("cannot create empty graph with negative number of vertices",
		  IGRAPH_EINVAL);
  }

  graph->n=0;
  graph->directed=directed;
  IGRAPH_VECTOR_INIT_FINALLY(&graph->from, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&graph->to, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&graph->oi, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&graph->ii, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&graph->os, 1);
  IGRAPH_VECTOR_INIT_FINALLY(&graph->is, 1);

  VECTOR(graph->os)[0]=0;
  VECTOR(graph->is)[0]=0;

  /* init attributes */
  graph->attr=0;
  IGRAPH_CHECK(igraph_i_attribute_init(graph, attr));

  /* add the vertices */
  IGRAPH_CHECK(igraph_add_vertices(graph, n, 0));
  
  IGRAPH_FINALLY_CLEAN(6);
  return 0;
}

/**
 * \ingroup interface
 * \function igraph_destroy
 * \brief Frees the memory allocated for a graph object. 
 * 
 * </para><para>
 * This function should be called for every graph object exactly once.
 *
 * </para><para>
 * This function invalidates all iterators (of course), but the
 * iterators of are graph should be destroyed before the graph itself
 * anyway. 
 * \param graph Pointer to the graph to free.
 * \return Error code.
 * 
 * Time complexity: operating system specific.
 */
int igraph_destroy(igraph_t *graph) {

  IGRAPH_I_ATTRIBUTE_DESTROY(graph);

  igraph_vector_destroy(&graph->from);
  igraph_vector_destroy(&graph->to);
  igraph_vector_destroy(&graph->oi);
  igraph_vector_destroy(&graph->ii);
  igraph_vector_destroy(&graph->os);
  igraph_vector_destroy(&graph->is);
  
  return 0;
}

/**
 * \ingroup interface
 * \function igraph_copy
 * \brief Creates an exact (deep) copy of a graph.
 * 
 * </para><para>
 * This function deeply copies a graph object to create an exact
 * replica of it. The new replica should be destroyed by calling
 * \ref igraph_destroy() on it when not needed any more.
 * 
 * </para><para>
 * You can also create a shallow copy of a graph by simply using the
 * standard assignment operator, but be careful and do \em not
 * destroy a shallow replica. To avoid this mistake creating shallow
 * copies is not recommended.
 * \param to Pointer to an uninitialized graph object.
 * \param from Pointer to the graph object to copy.
 * \return Error code.
 *
 * Time complexity:  O(|V|+|E|) for a
 * graph with |V| vertices and
 * |E| edges.
 */

int igraph_copy(igraph_t *to, const igraph_t *from) {
  to->n=from->n;
  to->directed=from->directed;
  IGRAPH_CHECK(igraph_vector_copy(&to->from, &from->from));
  IGRAPH_FINALLY(igraph_vector_destroy, &to->from);
  IGRAPH_CHECK(igraph_vector_copy(&to->to, &from->to));
  IGRAPH_FINALLY(igraph_vector_destroy, &to->to);
  IGRAPH_CHECK(igraph_vector_copy(&to->oi, &from->oi));
  IGRAPH_FINALLY(igraph_vector_destroy, &to->oi);
  IGRAPH_CHECK(igraph_vector_copy(&to->ii, &from->ii));
  IGRAPH_FINALLY(igraph_vector_destroy, &to->ii);
  IGRAPH_CHECK(igraph_vector_copy(&to->os, &from->os));
  IGRAPH_FINALLY(igraph_vector_destroy, &to->os);
  IGRAPH_CHECK(igraph_vector_copy(&to->is, &from->is));
  IGRAPH_FINALLY(igraph_vector_destroy, &to->is);

  IGRAPH_I_ATTRIBUTE_COPY(to, from); /* does IGRAPH_CHECK */

  IGRAPH_FINALLY_CLEAN(6);
  return 0;
}

/**
 * \ingroup interface
 * \function igraph_add_edges
 * \brief Adds edges to a graph object. 
 * 
 * </para><para>
 * The edges are given in a vector, the
 * first two elements define the first edge (the order is
 * <code>from</code>, <code>to</code> for directed
 * graphs). The vector 
 * should contain even number of integer numbers between zero and the
 * number of vertices in the graph minus one (inclusive). If you also
 * want to add new vertices, call igraph_add_vertices() first.
 * \param graph The graph to which the edges will be added.
 * \param edges The edges themselves.
 * \param attr The attributes of the new edges, only used by high level
 *        interfaces currently, you can supply 0 here.
 * \return Error code:
 *    \c IGRAPH_EINVEVECTOR: invalid (odd)
 *    edges vector length, \c IGRAPH_EINVVID:
 *    invalid vertex id in edges vector. 
 *
 * This function invalidates all iterators.
 *
 * </para><para>
 * Time complexity: O(|V|+|E|) where
 * |V| is the number of vertices and
 * |E| is the number of
 * edges in the \em new, extended graph.
 */
int igraph_add_edges(igraph_t *graph, const igraph_vector_t *edges,
		     void *attr) {
  long int no_of_edges=igraph_vector_size(&graph->from);
  long int edges_to_add=igraph_vector_size(edges)/2;
  long int i=0;
  igraph_error_handler_t *oldhandler;
  int ret1, ret2;
  igraph_vector_t newoi, newii;
  igraph_bool_t directed=igraph_is_directed(graph);

  if (igraph_vector_size(edges) % 2 != 0) {
    IGRAPH_ERROR("invalid (odd) length of edges vector", IGRAPH_EINVEVECTOR);
  }
  if (!igraph_vector_isininterval(edges, 0, igraph_vcount(graph)-1)) {
    IGRAPH_ERROR("cannot add edges", IGRAPH_EINVVID);
  }

  /* from & to */
  IGRAPH_CHECK(igraph_vector_reserve(&graph->from, no_of_edges+edges_to_add));
  IGRAPH_CHECK(igraph_vector_reserve(&graph->to  , no_of_edges+edges_to_add));

  while (i<edges_to_add*2) {
    if (directed || VECTOR(*edges)[i] > VECTOR(*edges)[i+1]) {
      igraph_vector_push_back(&graph->from, VECTOR(*edges)[i++]); /* reserved */
      igraph_vector_push_back(&graph->to,   VECTOR(*edges)[i++]); /* reserved */
    } else {
      igraph_vector_push_back(&graph->to,   VECTOR(*edges)[i++]); /* reserved */
      igraph_vector_push_back(&graph->from, VECTOR(*edges)[i++]); /* reserved */
    }      
  }

  /* disable the error handler temporarily */
  oldhandler=igraph_set_error_handler(igraph_error_handler_ignore);
    
  /* oi & ii */
  ret1=igraph_vector_init(&newoi, no_of_edges);
  ret2=igraph_vector_init(&newii, no_of_edges);
  if (ret1 != 0 || ret2 != 0) {
    igraph_vector_resize(&graph->from, no_of_edges); /* gets smaller */
    igraph_vector_resize(&graph->to, no_of_edges);   /* gets smaller */
    igraph_set_error_handler(oldhandler);
    IGRAPH_ERROR("cannot add edges", IGRAPH_ERROR_SELECT_2(ret1, ret2));
  }  
  ret1=igraph_vector_order(&graph->from, &graph->to, &newoi, graph->n);
  ret2=igraph_vector_order(&graph->to  , &graph->from, &newii, graph->n);
  if (ret1 != 0 || ret2 != 0) {
    igraph_vector_resize(&graph->from, no_of_edges);
    igraph_vector_resize(&graph->to, no_of_edges);
    igraph_vector_destroy(&newoi);
    igraph_vector_destroy(&newii);
    igraph_set_error_handler(oldhandler);
    IGRAPH_ERROR("cannot add edges", IGRAPH_ERROR_SELECT_2(ret1, ret2));
  }  

  /* Attributes */
  if (graph->attr) { 
    ret1=igraph_i_attribute_add_edges(graph, edges, attr);
    if (ret1 != 0) {
      igraph_vector_resize(&graph->from, no_of_edges);
      igraph_vector_resize(&graph->to, no_of_edges);
      igraph_vector_destroy(&newoi);
      igraph_vector_destroy(&newii);
      igraph_set_error_handler(oldhandler);
      IGRAPH_ERROR("cannot add edges", ret1);
    }  
  }
  
  /* os & is, its length does not change, error safe */
  igraph_i_create_start(&graph->os, &graph->from, &newoi, graph->n);
  igraph_i_create_start(&graph->is, &graph->to  , &newii, graph->n);

  /* everything went fine  */
  igraph_vector_destroy(&graph->oi);
  igraph_vector_destroy(&graph->ii);
  graph->oi=newoi;
  graph->ii=newii;
  igraph_set_error_handler(oldhandler);
  
  return 0;
}

/**
 * \ingroup interface
 * \function igraph_add_vertices
 * \brief Adds vertices to a graph. 
 *
 * </para><para>
 * This function invalidates all iterators.
 *
 * \param graph The graph object to extend.
 * \param nv Non-negative integer giving the number of 
 *           vertices to add.
 * \param attr The attributes of the new vertices, only used by 
 *           high level interfaces, you can supply 0 here.
 * \return Error code: 
 *         \c IGRAPH_EINVAL: invalid number of new
 *         vertices. 
 *
 * Time complexity: O(|V|) where
 * |V| is 
 * the number of vertices in the \em new, extended graph.
 */
int igraph_add_vertices(igraph_t *graph, igraph_integer_t nv, void *attr) {
  long int ec=igraph_ecount(graph);
  long int i;

  if (nv < 0) {
    IGRAPH_ERROR("cannot add negative number of vertices", IGRAPH_EINVAL);
  }

  IGRAPH_CHECK(igraph_vector_reserve(&graph->os, graph->n+nv+1));
  IGRAPH_CHECK(igraph_vector_reserve(&graph->is, graph->n+nv+1));
  
  igraph_vector_resize(&graph->os, graph->n+nv+1); /* reserved */
  igraph_vector_resize(&graph->is, graph->n+nv+1); /* reserved */
  for (i=graph->n+1; i<graph->n+nv+1; i++) {
    VECTOR(graph->os)[i]=ec;
    VECTOR(graph->is)[i]=ec;
  }
  
  graph->n += nv;   
  
  if (graph->attr) {
    IGRAPH_CHECK(igraph_i_attribute_add_vertices(graph, nv, attr));
  }

  return 0;
}

/**
 * \ingroup interface
 * \function igraph_delete_edges
 * \brief Removes edges from a graph.
 *
 * </para><para>
 * The edges to remove are given as an edge selector.
 *
 * </para><para>
 * This function cannot remove vertices, they will be kept, even if
 * they lose all their edges.
 *
 * </para><para>
 * This function invalidates all iterators.
 * \param graph The graph to work on.
 * \param edges The edges to remove.
 * \return Error code.
 *
 * Time complexity: O(|V|+|E|) where
 * |V| 
 * and |E| are the number of vertices
 * and edges in the \em original graph, respectively.
 */
int igraph_delete_edges(igraph_t *graph, igraph_es_t edges) {
  long int no_of_edges=igraph_ecount(graph);
  long int no_of_nodes=igraph_vcount(graph);
  long int edges_to_remove=0;
  long int remaining_edges;
  igraph_eit_t eit;
  
  igraph_vector_t newfrom, newto, newoi;

  int *mark;
  long int i, j;
  
  mark=Calloc(no_of_edges, int);
  if (mark==0) {
    IGRAPH_ERROR("Cannot delete edges", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, mark);

  IGRAPH_CHECK(igraph_eit_create(graph, edges, &eit));
  IGRAPH_FINALLY(igraph_eit_destroy, &eit);

  for (IGRAPH_EIT_RESET(eit); !IGRAPH_EIT_END(eit); IGRAPH_EIT_NEXT(eit)) {
    long int e=IGRAPH_EIT_GET(eit);
    if (mark[e]==0) {
      edges_to_remove++;
      mark[e]++;
    }
  }
  remaining_edges=no_of_edges-edges_to_remove;

  /* We don't need the iterator any more */
  igraph_eit_destroy(&eit);
  IGRAPH_FINALLY_CLEAN(1);

  IGRAPH_VECTOR_INIT_FINALLY(&newfrom, remaining_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&newto, remaining_edges);
  
  /* Actually remove the edges, move from pos i to pos j in newfrom/newto */
  for (i=0,j=0; j<remaining_edges; i++) {
    if (mark[i]==0) {
      VECTOR(newfrom)[j] = VECTOR(graph->from)[i];
      VECTOR(newto)[j] = VECTOR(graph->to)[i];
      j++;
    }
  }

  /* Create index, this might require additional memory */
  IGRAPH_VECTOR_INIT_FINALLY(&newoi, remaining_edges);
  IGRAPH_CHECK(igraph_vector_order(&newfrom, &newto, &newoi, no_of_nodes));
  IGRAPH_CHECK(igraph_vector_order(&newto, &newfrom, &graph->ii, no_of_nodes));
  
  /* Attributes, we use the original from vector to create an index,
     needed for the attribute handler. This index is the same as the
     one used for copying the edges of course The attribute handler is
     safe, never returns error. */
  if (graph->attr) {
    long int i, j=1;
    for (i=0; i<igraph_vector_size(&graph->from); i++) {
      if (mark[i] == 0) {
	VECTOR(graph->from)[i]=j++;
      } else {
	VECTOR(graph->from)[i]=0;
      }
    }
    igraph_i_attribute_delete_edges(graph, &graph->from);
  }

  /* Ok, we've all memory needed, free the old structure  */
  igraph_vector_destroy(&graph->from);
  igraph_vector_destroy(&graph->to);
  igraph_vector_destroy(&graph->oi);
  graph->from=newfrom;
  graph->to=newto;
  graph->oi=newoi;
  IGRAPH_FINALLY_CLEAN(3);

  Free(mark);
  IGRAPH_FINALLY_CLEAN(1);
  
  /* Create start vectors, no memory is needed for this */
  igraph_i_create_start(&graph->os, &graph->from, &graph->oi, no_of_nodes);
  igraph_i_create_start(&graph->is, &graph->to,   &graph->ii, no_of_nodes);
  
  /* Nothing to deallocate... */
  return 0;
}

/**
 * \ingroup interface
 * \function igraph_delete_vertices
 * \brief Removes vertices (with all their edges) from the graph.
 *
 * </para><para>
 * This function changes the ids of the vertices (except in some very
 * special cases, but these should not be relied on anyway).
 *
 * </para><para>
 * This function invalidates all iterators.
 * 
 * \param graph The graph to work on.
 * \param vertices The ids of the vertices to remove in a 
 *                 vector. The vector may contain the same id more
 *                 than once.
 * \return Error code:
 *         \c IGRAPH_EINVVID: invalid vertex id.
 *
 * Time complexity: O(|V|+|E|),
 * |V| and 
 * |E| are the number of vertices and
 * edges in the original graph.
 */
int igraph_delete_vertices(igraph_t *graph, const igraph_vs_t vertices) {

  long int no_of_edges=igraph_ecount(graph);
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t edge_recoding, vertex_recoding;
  igraph_vit_t vit;
  igraph_t newgraph;
  long int i, j;
  long int remaining_vertices, remaining_edges;
  
  IGRAPH_VECTOR_INIT_FINALLY(&vertex_recoding, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&edge_recoding, no_of_edges);
 
  IGRAPH_CHECK(igraph_vit_create(graph, vertices, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  
  /* mark the vertices to delete */
  for (; !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit) ) {
    long int vertex=IGRAPH_VIT_GET(vit);
    if (vertex < 0 || vertex >= no_of_nodes) {
      IGRAPH_ERROR("Cannot delete vertices", IGRAPH_EINVVID);
    }
    VECTOR(vertex_recoding)[vertex]=1;
  }
  /* create vertex recoding vector */
  for (remaining_vertices=0, i=0; i<no_of_nodes; i++) {
    if (VECTOR(vertex_recoding)[i]==0) {
      VECTOR(vertex_recoding)[i]=remaining_vertices+1;
      remaining_vertices++;
    } else {
      VECTOR(vertex_recoding)[i]=0;
    }
  }
  /* create edge recoding vector */
  for (remaining_edges=0, i=0; i<no_of_edges; i++) {
    long int from=VECTOR(graph->from)[i];
    long int to=VECTOR(graph->to)[i];
    if (VECTOR(vertex_recoding)[from] != 0 &&
	VECTOR(vertex_recoding)[to  ] != 0) {
      VECTOR(edge_recoding)[i]=remaining_edges+1;
      remaining_edges++;
    } 
  }

  /* start creating the graph */
  newgraph.n=remaining_vertices;
  newgraph.directed=graph->directed;  

  /* allocate vectors */
  IGRAPH_VECTOR_INIT_FINALLY(&newgraph.from, remaining_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&newgraph.to, remaining_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&newgraph.oi, remaining_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&newgraph.ii, remaining_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&newgraph.os, remaining_vertices+1);
  IGRAPH_VECTOR_INIT_FINALLY(&newgraph.is, remaining_vertices+1);
  
  /* Add the edges */
  for (i=0, j=0; j<remaining_edges; i++) {
    if (VECTOR(edge_recoding)[i]>0) {
      long int from=VECTOR(graph->from)[i];
      long int to=VECTOR(graph->to  )[i];
      VECTOR(newgraph.from)[j]=VECTOR(vertex_recoding)[from]-1;
      VECTOR(newgraph.to  )[j]=VECTOR(vertex_recoding)[to]-1;
      j++;
    }
  }
  /* update oi & ii */
  IGRAPH_CHECK(igraph_vector_order(&newgraph.from, &newgraph.to, &newgraph.oi, 
				   remaining_vertices));
  IGRAPH_CHECK(igraph_vector_order(&newgraph.to, &newgraph.from, &newgraph.ii, 
				   remaining_vertices));  

  IGRAPH_CHECK(igraph_i_create_start(&newgraph.os, &newgraph.from, 
				     &newgraph.oi, remaining_vertices));
  IGRAPH_CHECK(igraph_i_create_start(&newgraph.is, &newgraph.to,
				     &newgraph.ii, remaining_vertices));
  
  /* attributes */
  IGRAPH_I_ATTRIBUTE_COPY(&newgraph, graph);
  IGRAPH_FINALLY_CLEAN(6);
  IGRAPH_FINALLY(igraph_destroy, &newgraph);
  IGRAPH_I_ATTRIBUTE_DELETE_VERTICES(&newgraph, &edge_recoding, 
				     &vertex_recoding);
  
  igraph_vit_destroy(&vit);
  igraph_vector_destroy(&edge_recoding);
  igraph_vector_destroy(&vertex_recoding);
  igraph_destroy(graph);
  *graph=newgraph;

  IGRAPH_FINALLY_CLEAN(4);
  return 0;
}

/**
 * \ingroup interface
 * \function igraph_vcount
 * \brief The number of vertices in a graph
 * 
 * \param graph The graph.
 * \return Number of vertices.
 *
 * Time complexity: O(1)
 */
igraph_integer_t igraph_vcount(const igraph_t *graph) {
  return graph->n;
}

/**
 * \ingroup interface
 * \function igraph_ecount
 * \brief The number of edges in a graph
 * 
 * \param graph The graph.
 * \return Number of edges.
 *
 * Time complexity: O(1)
 */
igraph_integer_t igraph_ecount(const igraph_t *graph) {
  return igraph_vector_size(&graph->from);
}

/**
 * \ingroup interface
 * \function igraph_neighbors
 * \brief Adjacent vertices to a vertex.
 *
 * \param graph The graph to work on.
 * \param neis This vector will contain the result. The vector should
 *        be initialized before and will be resized. Starting from igraph 
 *        version 0.4 this vector is always sorted, the vertex ids are
 *        in increasing order.
 * \param pnode The id of the node of which the adjacent vertices are
 *        searched. 
 * \param mode Defines the way adjacent vertices are searched for
 *        directed graphs. It can have the following values:
 *        \c IGRAPH_OUT, vertices reachable by an
 *        edge from the specified vertex are searched,
 *        \c IGRAPH_IN, vertices from which the
 *        specified vertex is reachable are searched.
 *        \c IGRAPH_ALL, both kind of vertices are
 *        searched. 
 *        This parameter is ignored for undirected graphs.
 * \return Error code:
 *         \c IGRAPH_EINVVID: invalid vertex id.
 *         \c IGRAPH_EINVMODE: invalid mode argument.
 *         \c IGRAPH_ENOMEM: not enough memory.
 * 
 * Time complexity: O(d),
 * d is the number
 * of adjacent vertices to the queried vertex.
 */
int igraph_neighbors(const igraph_t *graph, igraph_vector_t *neis, igraph_integer_t pnode, 
		     igraph_neimode_t mode) {

  long int length=0, idx=0;   
  long int no_of_edges;
  long int i, j;

  long int node=pnode;

  if (node<0 || node>igraph_vcount(graph)-1) {
    IGRAPH_ERROR("cannot get neighbors", IGRAPH_EINVVID);
  }
  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && 
      mode != IGRAPH_ALL) {
    IGRAPH_ERROR("cannot get neighbors", IGRAPH_EINVMODE);
  }

  no_of_edges=igraph_vector_size(&graph->from);
  if (! graph->directed) {
    mode=IGRAPH_ALL;
  }

  /* Calculate needed space first & allocate it*/

  if (mode & IGRAPH_OUT) {
    length += (VECTOR(graph->os)[node+1] - VECTOR(graph->os)[node]);
  }
  if (mode & IGRAPH_IN) {
    length += (VECTOR(graph->is)[node+1] - VECTOR(graph->is)[node]);
  }
  
  IGRAPH_CHECK(igraph_vector_resize(neis, length));
  
  if (!igraph_is_directed(graph) || mode != IGRAPH_ALL) {

    if (mode & IGRAPH_OUT) {
      j=VECTOR(graph->os)[node+1];
      for (i=VECTOR(graph->os)[node]; i<j; i++) {
	VECTOR(*neis)[idx++] = 
	  VECTOR(graph->to)[ (long int)VECTOR(graph->oi)[i] ];
      }
    }
    if (mode & IGRAPH_IN) {
      j=VECTOR(graph->is)[node+1];
      for (i=VECTOR(graph->is)[node]; i<j; i++) {
	VECTOR(*neis)[idx++] =
	  VECTOR(graph->from)[ (long int)VECTOR(graph->ii)[i] ];
      }
    }
  } else {
    /* both in- and out- neighbors in a directed graph,
       we need to merge the two 'vectors' */
    long int j1=VECTOR(graph->os)[node+1];
    long int j2=VECTOR(graph->is)[node+1];
    long int i1=VECTOR(graph->os)[node];
    long int i2=VECTOR(graph->is)[node];
    while (i1 < j1 && i2 < j2) {
      long int n1=VECTOR(graph->to)[ (long int)VECTOR(graph->oi)[i1] ];
      long int n2=VECTOR(graph->from)[ (long int)VECTOR(graph->ii)[i2] ];
      if (n1<n2) {
	VECTOR(*neis)[idx++]=n1;
	i1++;
      } else if (n1>n2) {
	VECTOR(*neis)[idx++]=n2;
	i2++;
      } else {
	VECTOR(*neis)[idx++]=n1;
	VECTOR(*neis)[idx++]=n2;
	i1++;
	i2++;
      }
    }
    while (i1 < j1) {
      long int n1=VECTOR(graph->to)[ (long int)VECTOR(graph->oi)[i1] ];
      VECTOR(*neis)[idx++]=n1;
      i1++;
    }
    while (i2 < j2) {
      long int n2=VECTOR(graph->from)[ (long int)VECTOR(graph->ii)[i2] ];
      VECTOR(*neis)[idx++]=n2;
      i2++;
    }
  }

  return 0;
}

/**
 * \ingroup internal
 * 
 */

int igraph_i_create_start(igraph_vector_t *res, igraph_vector_t *el, igraph_vector_t *index, 
			  igraph_integer_t nodes) {
  
# define EDGE(i) (VECTOR(*el)[ (long int) VECTOR(*index)[(i)] ])
  
  long int no_of_nodes;
  long int no_of_edges;
  long int i, j, idx;
  
  no_of_nodes=nodes;
  no_of_edges=igraph_vector_size(el);
  
  /* result */
  
  IGRAPH_CHECK(igraph_vector_resize(res, nodes+1));
  
  /* create the index */

  if (igraph_vector_size(el)==0) {
    /* empty graph */
    igraph_vector_null(res);
  } else {
    idx=-1;
    for (i=0; i<=EDGE(0); i++) {
      idx++; VECTOR(*res)[idx]=0;
    }
    for (i=1; i<no_of_edges; i++) {
      long int n=EDGE(i) - EDGE((long int)VECTOR(*res)[idx]);
      for (j=0; j<n; j++) {
	idx++; VECTOR(*res)[idx]=i;
      }
    }
    j=EDGE((long int)VECTOR(*res)[idx]);
    for (i=0; i<no_of_nodes-j; i++) {
      idx++; VECTOR(*res)[idx]=no_of_edges;
    }
  }

  /* clean */

# undef EDGE
  return 0;
}

/**
 * \ingroup interface
 * \function igraph_is_directed
 * \brief Is this a directed graph?
 *
 * \param graph The graph.
 * \return Logical value, <code>TRUE</code> if the graph is directed,
 * <code>FALSE</code> otherwise.
 *
 * Time complexity: O(1)
 */

igraph_bool_t igraph_is_directed(const igraph_t *graph) {
  return graph->directed;
}

/**
 * \ingroup interface
 * \function igraph_degree
 * \brief The degree of some vertices in a graph.
 *
 * </para><para>
 * This function calculates the in-, out- or total degree of the
 * specified vertices. 
 * \param graph The graph.
 * \param res Vector, this will contain the result. It should be
 *        initialized and will be resized to be the appropriate size.
 * \param vids Vector, giving the vertex ids of which the degree will
 *        be calculated.
 * \param mode Defines the type of the degree.
 *        \c IGRAPH_OUT, out-degree,
 *        \c IGRAPH_IN, in-degree,
 *        \c IGRAPH_ALL, total degree (sum of the
 *        in- and out-degree). 
 *        This parameter is ignored for undirected graphs. 
 * \param loops Boolean, gives whether the self-loops should be
 *        counted.
 * \return Error code:
 *         \c IGRAPH_EINVVID: invalid vertex id.
 *         \c IGRAPH_EINVMODE: invalid mode argument.
 *
 * Time complexity: O(v) if
 * loops is 
 * TRUE, and
 * O(v*d)
 * otherwise. v is the number
 * vertices for which the degree will be calculated, and
 * d is their (average) degree. 
 */
int igraph_degree(const igraph_t *graph, igraph_vector_t *res, 
		  const igraph_vs_t vids, 
		  igraph_neimode_t mode, igraph_bool_t loops) {

  long int nodes_to_calc;
  long int i, j;
  igraph_vit_t vit;

  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);

  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && mode != IGRAPH_ALL) {
    IGRAPH_ERROR("degree calculation failed", IGRAPH_EINVMODE);
  }
  
  nodes_to_calc=IGRAPH_VIT_SIZE(vit);
  if (!igraph_is_directed(graph)) {
    mode=IGRAPH_ALL;
  }

  IGRAPH_CHECK(igraph_vector_resize(res, nodes_to_calc));
  igraph_vector_null(res);

  if (loops) {
    if (mode & IGRAPH_OUT) {
      for (IGRAPH_VIT_RESET(vit), i=0; 
	   !IGRAPH_VIT_END(vit); 
	   IGRAPH_VIT_NEXT(vit), i++) {
	long int vid=IGRAPH_VIT_GET(vit);
	VECTOR(*res)[i] += (VECTOR(graph->os)[vid+1]-VECTOR(graph->os)[vid]);
      }
    }
    if (mode & IGRAPH_IN) {
      for (IGRAPH_VIT_RESET(vit), i=0; 
	   !IGRAPH_VIT_END(vit); 
	   IGRAPH_VIT_NEXT(vit), i++) {
	long int vid=IGRAPH_VIT_GET(vit);
	VECTOR(*res)[i] += (VECTOR(graph->is)[vid+1]-VECTOR(graph->is)[vid]);
      }
    }
  } else { /* no loops */
    if (mode & IGRAPH_OUT) {
      for (IGRAPH_VIT_RESET(vit), i=0; 
	   !IGRAPH_VIT_END(vit); 
	   IGRAPH_VIT_NEXT(vit), i++) {
	long int vid=IGRAPH_VIT_GET(vit);
	VECTOR(*res)[i] += (VECTOR(graph->os)[vid+1]-VECTOR(graph->os)[vid]);
	for (j=VECTOR(graph->os)[vid]; j<VECTOR(graph->os)[vid+1]; j++) {
	  if (VECTOR(graph->to)[ (long int)VECTOR(graph->oi)[j] ]==vid) {
	    VECTOR(*res)[i] -= 1;
	  }
	}
      }
    }
    if (mode & IGRAPH_IN) {
      for (IGRAPH_VIT_RESET(vit), i=0; 
	   !IGRAPH_VIT_END(vit);
	   IGRAPH_VIT_NEXT(vit), i++) {
	long int vid=IGRAPH_VIT_GET(vit);
	VECTOR(*res)[i] += (VECTOR(graph->is)[vid+1]-VECTOR(graph->is)[vid]);
	for (j=VECTOR(graph->is)[vid]; j<VECTOR(graph->is)[vid+1]; j++) {
	  if (VECTOR(graph->from)[ (long int)VECTOR(graph->ii)[j] ]==vid) {
	    VECTOR(*res)[i] -= 1;
	  }
	}
      }
    }
  }  /* loops */

  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_edge
 * \brief Gives the head and tail vertices of an edge.
 * 
 * \param graph The graph object.
 * \param eid The edge id. 
 * \param from Pointer to an \type igraph_integer_t. The tail of the edge
 * will be placed here. 
 * \param to Pointer to an \type igraph_integer_t. The head of the edge 
 * will be placed here.
 * \return Error code. The current implementation always returns with
 * success. 
 * \sa \ref igraph_get_eid() for the opposite operation.
 * 
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(1).
 */

int igraph_edge(const igraph_t *graph, igraph_integer_t eid, 
		igraph_integer_t *from, igraph_integer_t *to) {
  
  *from = VECTOR(graph->from)[(long int)eid];
  *to   = VECTOR(graph->to  )[(long int)eid];
  
  if (! igraph_is_directed(graph) && *from > *to) {
    igraph_integer_t tmp=*from;
    *from=*to;
    *to=tmp;
  }

  return 0;
}

int igraph_edges(const igraph_t *graph, igraph_es_t eids,
		 igraph_vector_t *edges) {
  
  igraph_eit_t eit;
  long int n, ptr=0;

  IGRAPH_CHECK(igraph_eit_create(graph, eids, &eit));
  IGRAPH_FINALLY(igraph_eit_destroy, &eit);
  n=IGRAPH_EIT_SIZE(eit);
  IGRAPH_CHECK(igraph_vector_resize(edges, n*2));
  for (; !IGRAPH_EIT_END(eit); IGRAPH_EIT_NEXT(eit)) {
    long int e=IGRAPH_EIT_GET(eit);
    VECTOR(*edges)[ptr++]=IGRAPH_FROM(graph, e);
    VECTOR(*edges)[ptr++]=IGRAPH_TO(graph, e);
  }
  
  igraph_eit_destroy(&eit);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_get_eid
 * \brief Get the edge id from the end points of an edge
 * 
 * \param graph The graph object.
 * \param eid Pointer to an integer, the edge id will be stored here.
 * \param from The starting point of the edge.
 * \param to The end points of the edge.
 * \param directed Logical constant, whether to search for directed
 *        edges in a directed graph. Ignored for undirected graphs.
 * \return Error code. 
 * \sa \ref igraph_edge() for the opposite operation.
 * 
 * For undirected graphs \c from and \c to are exchangable.
 * 
 * Added in version 0.2.</para><para>
 */

int igraph_get_eid(const igraph_t *graph, igraph_integer_t *eid,
		   igraph_integer_t pfrom, igraph_integer_t pto,
		   igraph_bool_t directed) {

  long int from=pfrom, to=pto;
  long int nov=igraph_vcount(graph);
  long int start, end, i;

  if (from < 0 || to < 0 || from > nov-1 || to > nov-1) {
    IGRAPH_ERROR("cannot get edge id", IGRAPH_EINVVID);
  }

  *eid=-1;
  if (igraph_is_directed(graph) && directed) {
    start=VECTOR(graph->os)[from];
    end=VECTOR(graph->os)[from+1];
    for (i=start; i<end; i++) {
      long int e=VECTOR(graph->oi)[i];
      if (to==VECTOR(graph->to)[e]) {
	*eid=e; 
	break;
      }
    }
  } else {
    start=VECTOR(graph->os)[from];
    end=VECTOR(graph->os)[from+1];
    for (i=start; i<end; i++) {
      long int e=VECTOR(graph->oi)[i];
      if (to==VECTOR(graph->to)[e]) {
	*eid=e; 
	break;
      }
    }
    start=VECTOR(graph->is)[from];
    end=VECTOR(graph->is)[from+1];
    for (i=start; i<end; i++) {
      long int e=VECTOR(graph->ii)[i];
      if (to==VECTOR(graph->from)[e]) {
	*eid=e;
	break;
      }
    }
  }

  if (*eid < 0) { 
    IGRAPH_ERROR("Cannot get edge id, no such edge", IGRAPH_EINVAL);
  }
  
  return IGRAPH_SUCCESS;  
}


int igraph_get_eids(const igraph_t *graph, igraph_vector_t *eids,
		    const igraph_vector_t *pairs, igraph_bool_t directed) {
  long int n=igraph_vector_size(pairs);
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_bool_t *seen;
  long int i, j;
    
  if (n % 2 != 0) {
    IGRAPH_ERROR("Cannot get edge ids, invalid length of edge ids",
		 IGRAPH_EINVAL);
  }
  if (!igraph_vector_isininterval(pairs, 0, no_of_nodes-1)) {
    IGRAPH_ERROR("Cannot get edge ids, invalid vertex id", IGRAPH_EINVVID);
  }

  seen=Calloc(no_of_edges, igraph_bool_t);
  if (seen==0) {
    IGRAPH_ERROR("Cannot get edge ids", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, seen);
  IGRAPH_CHECK(igraph_vector_resize(eids, n));
  
  if (igraph_is_directed(graph) && directed) {
    for (i=0; i<n/2; i++) {
      long int from=VECTOR(*pairs)[2*i];
      long int to=VECTOR(*pairs)[2*i+1];
      long int start=VECTOR(graph->os)[from];
      long int end=VECTOR(graph->os)[from+1];
      for (j=start; j<end; j++) {
	long int e=VECTOR(graph->oi)[j];
	if (!seen[e] && to==VECTOR(graph->to)[e]) {
	  VECTOR(*eids)[i]=e;
	  seen[e]=1;
	  break;
	}
      }
      if (j==end) {
	IGRAPH_ERROR("Cannot get edge id, no such edge", IGRAPH_EINVAL);
      }
    }
  } else {
    for (i=0; i<n/2; i++) {
      long int from=VECTOR(*pairs)[2*i];
      long int to=VECTOR(*pairs)[2*i+1];
      long int start=VECTOR(graph->os)[from];
      long int end=VECTOR(graph->os)[from+1];
      for (j=start; j<end; j++) {
	long int e=VECTOR(graph->oi)[j];
	if (!seen[e] && to==VECTOR(graph->to)[e]) {
	  VECTOR(*eids)[i]=e;
	  seen[e]=1;
	  break;
	}
      }
      if (j!=end) { continue; } /* Already found it */
      start=VECTOR(graph->is)[from];
      end=VECTOR(graph->is)[from+1];
      for (j=start; j<end; j++) {
	long int e=VECTOR(graph->ii)[j];
	if (!seen[e] && to==VECTOR(graph->from)[e]) {
	  VECTOR(*eids)[i]=e;
	  seen[e]=1;
	  break;
	}
      }
      if (j==end) {
	IGRAPH_ERROR("Cannot get edge id, no such edge", IGRAPH_EINVAL);
      }
    }
  }
  
  Free(seen);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_adjacent
 * \brief Gives the adjacent edges of a vertex.
 * 
 * \param graph The graph object.
 * \param eids An initialized \type vector_t object. It will be resized
 * to hold the result.
 * \param pnode A vertex id.
 * \param mode Specifies what kind of edges to include for directed
 * graphs. \c IGRAPH_OUT means only outgoing edges, \c IGRAPH_IN only
 * incoming edges, \c IGRAPH_ALL both. This parameter is ignored for
 * undirected graphs.
 * \return Error code. \c IGRAPH_EINVVID: invalid \p pnode argument, 
 *   \c IGRAPH_EINVMODE: invalid \p mode argument.
 * 
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(d), the number of adjacent edges to \p pnode.
 */

int igraph_adjacent(const igraph_t *graph, igraph_vector_t *eids, 
		    igraph_integer_t pnode, igraph_neimode_t mode) {
  
  long int length=0, idx=0;   
  long int no_of_edges;
  long int i, j;

  long int node=pnode;

  if (node<0 || node>igraph_vcount(graph)-1) {
    IGRAPH_ERROR("cannot get neighbors", IGRAPH_EINVVID);
  }
  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && 
      mode != IGRAPH_ALL) {
    IGRAPH_ERROR("cannot get neighbors", IGRAPH_EINVMODE);
  }

  no_of_edges=igraph_vector_size(&graph->from);
  if (! graph->directed) {
    mode=IGRAPH_ALL;
  }

  /* Calculate needed space first & allocate it*/

  if (mode & IGRAPH_OUT) {
    length += (VECTOR(graph->os)[node+1] - VECTOR(graph->os)[node]);
  }
  if (mode & IGRAPH_IN) {
    length += (VECTOR(graph->is)[node+1] - VECTOR(graph->is)[node]);
  }
  
  IGRAPH_CHECK(igraph_vector_resize(eids, length));
  
  if (mode & IGRAPH_OUT) {
    j=VECTOR(graph->os)[node+1];
    for (i=VECTOR(graph->os)[node]; i<j; i++) {
      VECTOR(*eids)[idx++] = VECTOR(graph->oi)[i];
    }
  }
  if (mode & IGRAPH_IN) {
    j=VECTOR(graph->is)[node+1];
    for (i=VECTOR(graph->is)[node]; i<j; i++) {
      VECTOR(*eids)[idx++] = VECTOR(graph->ii)[i];
    }
  }

  return 0;
}







igraph-0.4.2/igraph/igraph_buckets.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"

#include <stdio.h>

int igraph_buckets_init(igraph_buckets_t *b, long int bsize, long int size) {
  IGRAPH_VECTOR_INIT_FINALLY(&b->bptr, bsize);
  IGRAPH_VECTOR_INIT_FINALLY(&b->buckets, size);
  b->max=-1; b->no=0;
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

void igraph_buckets_destroy(igraph_buckets_t *b) {
  igraph_vector_destroy(&b->bptr);
  igraph_vector_destroy(&b->buckets);
}

long int igraph_buckets_popmax(igraph_buckets_t *b) {
  /* Precondition: there is at least a non-empty bucket */
  /* Search for the highest bucket first */
  long int max;
  while ( (max=VECTOR(b->bptr)[(long int) b->max]) == 0) {
    b->max --;
  }
  VECTOR(b->bptr)[(long int) b->max] = VECTOR(b->buckets)[max-1];
  b->no--;
  
  return max-1;
}

igraph_bool_t igraph_buckets_empty(const igraph_buckets_t *b) {
  return (b->no == 0);
}

void igraph_buckets_add(igraph_buckets_t *b, long int bucket,
			igraph_real_t elem) {
  
  VECTOR(b->buckets)[(long int) elem] = VECTOR(b->bptr)[(long int) bucket];
  VECTOR(b->bptr)[(long int) bucket] = elem+1;
  if (bucket > b->max) {
    b->max = bucket;
  }
  b->no++;
}







igraph-0.4.2/igraph/igraph_strvector.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "random.h"
#include "error.h"

#include <assert.h>
#include <string.h> 		/* memcpy & co. */
#include <stdlib.h>

/**
 * \ingroup strvector
 * \brief Initializes a string vector (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_strvector_init(igraph_strvector_t *sv, long int len) {
  long int i;
  sv->data=Calloc(len, char*);
  if (sv->data==0) {
    IGRAPH_ERROR("strvector init failed", IGRAPH_ENOMEM);
  }
  for (i=0; i<len; i++) {
    sv->data[i]=Calloc(1, char);
    if (sv->data[i]==0) {
      igraph_strvector_destroy(sv);
      IGRAPH_ERROR("strvector init failed", IGRAPH_ENOMEM);
    }
    sv->data[i][0]='\0';
  }
  sv->len=len;

  return 0;
}

/**
 * \ingroup strvector
 * \brief Frees memory allocated for a string vector.
 */

void igraph_strvector_destroy(igraph_strvector_t *sv) {
  long int i;
  assert(sv != 0);
  if (sv->data != 0) {
    for (i=0; i<sv->len; i++) {
      if (sv->data[i] != 0) {
	Free(sv->data[i]);
      }
    }
    Free(sv->data);
  }
}

/**
 * \ingroup strvector
 * \brief Returns an element of a string vector.
 */

void igraph_strvector_get(const igraph_strvector_t *sv, long int idx, 
			  char **value) {
  assert(sv != 0);
  assert(sv->data != 0);
  assert(sv->data[idx] != 0);
  *value = sv->data[idx];
}

/**
 * \ingroup strvector
 * \brief Sets an element of a string vector.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_strvector_set(igraph_strvector_t *sv, long int idx, 
			 const char *value) {
  assert(sv != 0);
  assert(sv->data != 0);
  if (sv->data[idx] == 0) {
    sv->data[idx] = Calloc(strlen(value)+1, char);
    if (sv->data[idx]==0) {
      IGRAPH_ERROR("strvector set failed", IGRAPH_ENOMEM);
    }
  } else {
    char *tmp=Realloc(sv->data[idx], strlen(value)+1, char);
    if (tmp==0) { 
      IGRAPH_ERROR("strvector set failed", IGRAPH_ENOMEM);
    }
    sv->data[idx]=tmp;
  }
  strcpy(sv->data[idx], value);
  
  return 0;
}

int igraph_strvector_set2(igraph_strvector_t *sv, long int idx, 
			  const char *value, int len) {
  assert(sv != 0);
  assert(sv->data != 0);
  if (sv->data[idx] == 0) {
    sv->data[idx] = Calloc(len+1, char);
    if (sv->data[idx]==0) {
      IGRAPH_ERROR("strvector set failed", IGRAPH_ENOMEM);
    }
  } else {
    char *tmp=Realloc(sv->data[idx], len+1, char);
    if (tmp==0) { 
      IGRAPH_ERROR("strvector set failed", IGRAPH_ENOMEM);
    }
    sv->data[idx]=tmp;
  }
  memcpy(sv->data[idx], value, len*sizeof(char));
  sv->data[idx][len]='\0';
  
  return 0;
}

/**
 * \ingroup strvector
 * \brief Removes a section from a string vector.
 * \todo repair realloc
 */

void igraph_strvector_remove_section(igraph_strvector_t *v, long int from, 
				    long int to) {
  long int i;
/*   char **tmp; */
  
  assert(v != 0);
  assert(v->data != 0);

  for (i=from; i<to; i++) {
    if (v->data[i] != 0) {
      Free(v->data[i]);
    }
  }
  for (i=0; i<v->len-to; i++) {
    v->data[from+i]=v->data[to+i];
  }
  
  v->len -= (to-from);

  /* try to make it smaller */
/*   tmp=Realloc(v->data, v->len, char*); */
/*   if (tmp!=0) { */
/*     v->data=tmp; */
/*   } */
}

/**
 * \ingroup strvector
 * \brief Removes a single element from a string vector.
 */

void igraph_strvector_remove(igraph_strvector_t *v, long int elem) {
  assert(v != 0);
  assert(v->data != 0);
  igraph_strvector_remove_section(v, elem, elem+1);
}

/**
 * \ingroup strvector
 * \brief Copies an interval of a string vector.
 */

void igraph_strvector_move_interval(igraph_strvector_t *v, long int begin, 
				   long int end, long int to) {
  long int i;
  assert(v != 0);
  assert(v->data != 0);
  for (i=to; i<to+end-begin; i++) {
    if (v->data[i] != 0) {
      Free(v->data[i]);
    }
  }
  for (i=0; i<end-begin; i++) {
    if (v->data[begin+i] != 0) {
      long int len=strlen(v->data[begin+i])+1;
      v->data[to+i]=Calloc(len, char);
      memcpy(v->data[to+i], v->data[begin+i], sizeof(char)*len);
    }
  }
}

/**
 * \ingroup strvector
 * \brief Copies a string vector (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 * \todo why does the assert fail
 */

int igraph_strvector_copy(igraph_strvector_t *to, 
			  const igraph_strvector_t *from) {
  long int i;
  char *str;
  assert(from != 0);
/*   assert(from->data != 0); */
  to->data=Calloc(from->len, char*);
  if (to->data==0) { 
    IGRAPH_ERROR("Cannot copy string vector", IGRAPH_ENOMEM);
  }
  to->len=from->len;
  
  for (i=0; i<from->len; i++) {
    int ret;
    igraph_strvector_get(from, i, &str);
    ret=igraph_strvector_set(to, i, str);
    if (ret != 0) {
      igraph_strvector_destroy(to);
      IGRAPH_ERROR("cannot copy string vector", ret);
    }
  }
  
  return 0;
}

/**
 * \ingroup strvector
 * \brief Resizes a string vector.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_strvector_resize(igraph_strvector_t* v, long int newsize) {
  long int toadd=newsize-v->len, i, j;
  char **tmp;
  
  assert(v != 0);
  assert(v->data != 0);
/*   printf("resize %li to %li\n", v->len, newsize); */
  if (newsize < v->len) { 
    long int i, reallocsize=newsize;
    for (i=newsize; i<v->len; i++) {
      Free(v->data[i]);
    }
    /* try to give back some space */
    if (reallocsize==0) { reallocsize=1; }
    tmp=Realloc(v->data, reallocsize, char*);
/*     printf("resize %li to %li, %p\n", v->len, newsize, tmp); */
    if (tmp != 0) {
      v->data=tmp;
    }
  } else if (newsize > v->len) {
    igraph_bool_t error=0;
    tmp=Realloc(v->data, newsize, char*);
    if (tmp==0) {
      IGRAPH_ERROR("cannot resize string vector", IGRAPH_ENOMEM);
    }
    v->data = tmp;
    
    for (i=0; i<toadd; i++) {
      v->data[v->len+i] = Calloc(1, char);
      if (v->data[v->len+i] == 0) {
	error=1;
	break;
      }
      v->data[v->len+i][0]='\0';
    }
    if (error) {
      /* There was an error, free everything we've allocated so far */
      for (j=0; j<i; j++) {
	if (v->data[v->len+i] != 0) {
	  Free(v->data[v->len+i]);
	}
      }
      /* Try to give back space */
      tmp=Realloc(v->data, v->len, char*);
      if (tmp != 0) {
	v->data=tmp;
      }
      IGRAPH_ERROR("canot resize string vector", IGRAPH_ENOMEM);
    }
  }
  v->len = newsize;
  
  return 0;
}

/**
 * \ingroup strvector
 * \brief Gives the size of a string vector.
 * \todo repair assert
 */

long int igraph_strvector_size(const igraph_strvector_t *sv) {
  assert(sv != 0);
  assert(sv->data != 0);
  return sv->len;
}

/**
 * \ingroup strvector
 * \brief Adds an element to the back of a string vector.
 */

int igraph_strvector_add(igraph_strvector_t *v, const char *value) {
  long int s=igraph_strvector_size(v);
  char **tmp;
  assert(v != 0);
  assert(v->data != 0);
  tmp=Realloc(v->data, s+1, char*);
  if (tmp == 0) {
    IGRAPH_ERROR("cannot add string to string vector", IGRAPH_ENOMEM);
  }
  v->data=tmp;
  v->data[s]=Calloc(strlen(value)+1, char);
  if (v->data[s]==0) {
    IGRAPH_ERROR("cannot add string to string vector", IGRAPH_ENOMEM);
  }
  strcpy(v->data[s], value);
  v->len += 1;

  return 0;
}

/**
 * \ingroup strvector
 * \brief Removes elements from a string vector (for internal use)
 */

void igraph_strvector_permdelete(igraph_strvector_t *v, long int *index, 
				long int nremove) {
  long int i;
  char **tmp;
  assert(v != 0);
  assert(v->data != 0);

  for (i=0; i<igraph_strvector_size(v); i++) {
    if (index[i] != 0) {
      v->data[ index[i]-1 ] = v->data[i];
    } else {
      Free(v->data[i]);
    }
  }
  /* Try to make it shorter */
  tmp=Realloc(v->data, v->len-nremove, char*);
  if (tmp != 0) {
    v->data=tmp;
  }
  v->len -= nremove;
}

/**
 * \ingroup strvector
 * \brief Removes elements from a string vector (for internal use)
 */

void igraph_strvector_remove_negidx(igraph_strvector_t *v, const igraph_vector_t *neg,
				   long int nremove) {
  long int i, idx=0;
  char **tmp;
  assert(v != 0);
  assert(v->data != 0);
  for (i=0; i<igraph_strvector_size(v); i++) {
    if (VECTOR(*neg)[i] >= 0) {
      v->data[idx++] = v->data[i];
    } else {
      Free(v->data[i]);
    }
  }
  /* Try to give back some memory */
  tmp=Realloc(v->data, v->len-nremove, char*);
  if (tmp != 0) {
    v->data=tmp;
  }
  v->len -= nremove;
}








igraph-0.4.2/igraph/flow.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "error.h"
#include "memory.h"

#include <limits.h>
#include <stdio.h>

int igraph_i_maxflow_value_undirected(const igraph_t *graph, 
				      igraph_real_t *value,
				      igraph_integer_t source, 
				      igraph_integer_t target,
				      const igraph_vector_t *capacity) {
  long int no_of_edges=igraph_ecount(graph);
  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t edges;
  igraph_vector_t newcapacity;
  igraph_t newgraph;
  long int i;
  
  /* We need to convert this to directed by hand, since we need to be
     sure that the edge ids will be handled properly to build the new
     capacity vector. */

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&newcapacity, no_of_edges*2);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, no_of_edges*4));
  IGRAPH_CHECK(igraph_get_edgelist(graph, &edges, 0));
  IGRAPH_CHECK(igraph_vector_resize(&edges, no_of_edges*4));
  for (i=0; i<no_of_edges; i++) {
    VECTOR(edges)[no_of_edges*2+i*2] = VECTOR(edges)[i*2+1];
    VECTOR(edges)[no_of_edges*2+i*2+1] = VECTOR(edges)[i*2];
    VECTOR(newcapacity)[i] = VECTOR(newcapacity)[no_of_edges+i] = 
      VECTOR(*capacity)[i];
  }
  
  IGRAPH_CHECK(igraph_create(&newgraph, &edges, no_of_nodes, IGRAPH_DIRECTED));
  IGRAPH_FINALLY(igraph_destroy, &newgraph);
  
  IGRAPH_CHECK(igraph_maxflow_value(&newgraph, value, source,
				    target, &newcapacity));
  
  igraph_destroy(&newgraph);
  igraph_vector_destroy(&edges);
  igraph_vector_destroy(&newcapacity);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

/**
 * \function igraph_maxflow_value
 * \brief Maximum flow in a network with the push/relabel algorithm
 * 
 * </para><para>This function implements the Goldberg-Tarjan algorithm for
 * calculating value of the maximum flow in a directed or undirected
 * graph. The algorithm was given in Andrew V. Goldberg, Robert
 * E. Tarjan: A New Approach to the Maximum-Flow Problem, Journal of
 * the ACM, 35(4), 921-940, 1988. </para>
 * 
 * <para> The input of the function is a graph, a vector
 * of real numbers giving the capacity of the edges and two vertices
 * of the graph, the source and the target. A flow is a function 
 * assigning positive real numbers to the edges and satisfying two
 * requirements: (1) the flow value is less than the capacity of the
 * edge and (2) at each vertex except the source and the target, the
 * incoming flow (ie. the sum of the flow on the incoming edges) is
 * the same as the outgoing flow (ie. the sum of the flow on the
 * outgoing edges). The value of the flow is the incoming flow at the
 * target vertex. The maximum flow is the flow with the maximum
 * value. </para>
 * 
 * <para> This function can only calculate the value of the maximum
 * flow, but not the flow itself (may be added later). </para>
 * 
 * <para> According to a theorem by Ford and Furkelson 
 * (L. R. Ford Jr. and D. R. Fulkerson. Maximal flow through a
 * network. Canadian J. Math., 8:399-404, 1956.) the maximum flow
 * between two vertices is the same as the 
 * minimum between them (also called the minimum s-t cut). So the \ref
 * igraph_st_mincut_value() gives the same result in all cases as \c
 * igraph_maxflow_value().</para>
 * 
 * <para> Note that the value of the maximum flow is the same as the
 * minimum cut in the graph.
 * \param graph The input graph, either directed or undirected.
 * \param value Pointer to a real number, the result will be placed here.
 * \param source The id of the source vertex.
 * \param target The id of the target vertex.
 * \param capacity Vector containing the capacity of the edges.
 * \return Error code.
 * 
 * Time complexity: O(|V|^3). In practice it is much faster, but i
 * cannot prove a better lower bound for the data structure i've
 * used. In fact, this implementation runs much faster than the
 * \c hi_pr implementation discussed in
 * B. V. Cherkassky and A. V. Goldberg: On implementing the 
 * push-relabel method for the maximum flow problem, (Algorithmica, 
 * 19:390--410, 1997) on all the graph classes i've tried.
 * 
 * \sa \ref igraph_mincut_value(), \ref igraph_edge_connectivity(),
 * \ref igraph_vertex_connectivity() for 
 * properties based on the maximum flow.
 */

int igraph_maxflow_value(const igraph_t *graph, igraph_real_t *value,
			 igraph_integer_t source, igraph_integer_t target,
			 const igraph_vector_t *capacity) {

  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_orig_edges=igraph_ecount(graph);
  long int no_of_edges=2*no_of_orig_edges;

  igraph_vector_t from, to, rev, rescap, excess, distance;
  igraph_vector_t edges, rank;
  igraph_vector_t current, first;
  igraph_buckets_t buckets;

  long int i, j, k, l, idx;

  if (!igraph_is_directed(graph)) {
    IGRAPH_CHECK(igraph_i_maxflow_value_undirected(graph, value, source, 
						   target, capacity));
    return 0;
  }

  if (igraph_vector_size(capacity) != no_of_orig_edges) {
    IGRAPH_ERROR("Invalid capacity vector", IGRAPH_EINVAL);
  }
  if (source<0 || source>=no_of_nodes || target<0 || target>=no_of_nodes) {
    IGRAPH_ERROR("Invalid source or target vertex", IGRAPH_EINVAL);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&to,       no_of_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&rev,      no_of_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&rescap,   no_of_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&excess,   no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&distance, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&first,    no_of_nodes+1);

  IGRAPH_VECTOR_INIT_FINALLY(&from,     no_of_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&edges,    no_of_edges);
  IGRAPH_VECTOR_INIT_FINALLY(&rank,     no_of_edges);
  
  /* Create the basic data structure */
  IGRAPH_CHECK(igraph_get_edgelist(graph, &edges, 0));
  IGRAPH_CHECK(igraph_vector_rank(&edges, &rank, no_of_nodes));
  
  for (i=0; i<no_of_edges; i+=2) {
    long int pos=VECTOR(rank)[i];
    long int pos2=VECTOR(rank)[i+1];
    VECTOR(from)[pos] = VECTOR(edges)[i];
    VECTOR(to)[pos]   = VECTOR(edges)[i+1];
    VECTOR(from)[pos2] = VECTOR(edges)[i+1];
    VECTOR(to)[pos2]   = VECTOR(edges)[i];
    VECTOR(rev)[pos] = pos2;
    VECTOR(rev)[pos2] = pos;
    VECTOR(rescap)[pos] = VECTOR(*capacity)[i/2];
    VECTOR(rescap)[pos2] = 0.0;
  }  
 
  igraph_vector_destroy(&rank);
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(2);

  /* The first pointers */
  
  idx=-1;
  for (i=0; i<=VECTOR(from)[0]; i++) {
    idx++; VECTOR(first)[idx]=0;
  }
  for (i=1; i<no_of_edges; i++) {
    long int n=VECTOR(from)[i]-VECTOR(from)[ (long int) VECTOR(first)[idx] ];
    for (j=0; j<n; j++) {
      idx++; VECTOR(first)[idx]=i;
    }
  }
  idx++;
  while (idx < no_of_nodes+1) {
    VECTOR(first)[idx++] = no_of_edges;
  }

  igraph_vector_destroy(&from);
  IGRAPH_FINALLY_CLEAN(1);

  /* And the current pointers, initially the same as the first */
  IGRAPH_VECTOR_INIT_FINALLY(&current, no_of_nodes);
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(current)[i] = VECTOR(first)[i];
  }

  /* Some useful macros */
  
#define FIRST(i)       ((long int)VECTOR(first)[(long int)(i)])
#define LAST(i)        ((long int)VECTOR(first)[(long int)(i)+1])
#define CURRENT(i)     (VECTOR(current)[(i)])
#define RESCAP(i)      (VECTOR(rescap)[(i)])
#define REV(i)         ((long int)VECTOR(rev)[(i)])
#define HEAD(i)        ((long int)VECTOR(to)[(i)])
#define EXCESS(i)      (VECTOR(excess)[(long int)(i)])
#define DIST(i)        (VECTOR(distance)[(long int)(i)])

  /* OK, the graph is set up, initialization */

  IGRAPH_CHECK(igraph_buckets_init(&buckets, no_of_nodes+1, no_of_nodes));
  IGRAPH_FINALLY(igraph_buckets_destroy, &buckets);

  for (i=FIRST(source), j=LAST(source); i<j; i++) {
    if (HEAD(i) != source) {
      igraph_real_t delta=RESCAP(i);
      RESCAP(i) -= delta;
      RESCAP(REV(i)) += delta;
      EXCESS(HEAD(i)) += delta;
    }
  }

  for (i=0; i<no_of_nodes; i++) {
    DIST(i) = 1;
  }
  DIST(source)=no_of_nodes;
  DIST(target)=0;
    
  for (i=0; i<no_of_nodes; i++) {
    if (EXCESS(i) > 0.0 && i != target) {
      igraph_buckets_add(&buckets, DIST(i), i);
    }
  }

  /* The main part comes here */
  while (!igraph_buckets_empty(&buckets)) {
    long int vertex=igraph_buckets_popmax(&buckets);
    /* DISCHARGE(vertex) comes here */
    do {
      for (i=CURRENT(vertex), j=LAST(vertex); i<j; i++) {
	if (RESCAP(i) > 0) {
	  long int nei=HEAD(i);
	  
	  if (DIST(vertex) == DIST(nei)+1) {
	    igraph_real_t delta=
	      RESCAP(i) < EXCESS(vertex) ? RESCAP(i) : EXCESS(vertex);
	    RESCAP(i) -= delta;
	    RESCAP(REV(i)) += delta;
	    
	    if (nei != target && EXCESS(nei) == 0.0 &&
		DIST(nei) != no_of_nodes) {
	      igraph_buckets_add(&buckets, DIST(nei), nei);
	    }
	    
	    EXCESS(nei) += delta;
	    EXCESS(vertex) -= delta;
	    
	    if (EXCESS(vertex) == 0) break;
	    
	  }
	}
      }
      
      if (i==j) {
	
	/* RELABEL(vertex) comes here */	
	igraph_real_t min;
	long int min_edge=0;
	DIST(vertex)=min=no_of_nodes;
	for (k=FIRST(vertex), l=LAST(vertex); k<l; k++) {
	  if (RESCAP(k) > 0) {
	    if (DIST(HEAD(k)) < min) {
	      min=DIST(HEAD(k));
	      min_edge=k;
	    }
	  }
	}
	
	min++;

	if (min < no_of_nodes) {
	  DIST(vertex)=min;
	  CURRENT(vertex)=min_edge;
	  /* Vertex is still active */
	  igraph_buckets_add(&buckets, DIST(vertex), vertex);
	}
	
	/* TODO: gap heuristics here ??? */

      } else {
	CURRENT(vertex) = FIRST(vertex);
      }

      break;

    } while (1);
  }

  /* Store the result */
  if (value) {
    *value=EXCESS(target);
  }

  igraph_buckets_destroy(&buckets);
  igraph_vector_destroy(&current);
  igraph_vector_destroy(&first);
  igraph_vector_destroy(&distance);
  igraph_vector_destroy(&excess);
  igraph_vector_destroy(&rescap);
  igraph_vector_destroy(&rev);
  igraph_vector_destroy(&to);
  IGRAPH_FINALLY_CLEAN(8);

  return 0;
}

/**
 * \function igraph_st_mincut_value
 * \brief The minimum s-t cut in a graph
 * 
 * </para><para> The minimum s-t cut in a weighted (=valued) graph is the
 * total minimum edge weight needed to remove from the graph to
 * eliminate all paths from a given vertex (\c source) to
 * another vertex (\c target). Directed paths are considered in
 * directed graphs, and undirected paths in undirected graphs.  </para>
 * 
 * <para> The minimum s-t cut between two vertices is known to be same
 * as the maximum flow between these two vertices. So this function
 * calls \ref igraph_maxflow_value() to do the calculation.
 * \param graph The input graph.
 * \param value Pointer to a real variable, the result will be stored
 *        here. 
 * \param source The id of the source vertex.
 * \param target The id of the target vertex.
 * \param capacity Pointer to the capacity vector, it should contain
 *        non-negative numbers and its length should be the same the
 *        the number of edges in the graph.
 * \return Error code.
 * 
 * Time complexity: O(|V|^3), see also the discussion for \ref
 * igraph_maxflow_value(), |V| is the number of vertices. 
 */

int igraph_st_mincut_value(const igraph_t *graph, igraph_real_t *value,
			   igraph_integer_t source, igraph_integer_t target,
			   const igraph_vector_t *capacity) {
  
  if (source == target) {
    IGRAPH_ERROR("source and target vertices are the same", IGRAPH_EINVAL);
  }
  
  IGRAPH_CHECK(igraph_maxflow_value(graph, value, source, target, capacity));
  return 0;
}			    

/* This is a flow-based version, but there is a better one
   for undirected graphs */

/* int igraph_i_mincut_value_undirected(const igraph_t *graph, */
/* 				     igraph_real_t *res, */
/* 				     const igraph_vector_t *capacity) { */
  
/*   long int no_of_edges=igraph_ecount(graph); */
/*   long int no_of_nodes=igraph_vcount(graph); */
/*   igraph_vector_t edges; */
/*   igraph_vector_t newcapacity; */
/*   igraph_t newgraph; */
/*   long int i; */
  
/*   /\* We need to convert this to directed by hand, since we need to be */
/*      sure that the edge ids will be handled properly to build the new */
/*      capacity vector. *\/ */

/*   IGRAPH_VECTOR_INIT_FINALLY(&edges, 0); */
/*   IGRAPH_VECTOR_INIT_FINALLY(&newcapacity, no_of_edges*2); */
/*   IGRAPH_CHECK(igraph_vector_reserve(&edges, no_of_edges*4)); */
/*   IGRAPH_CHECK(igraph_get_edgelist(graph, &edges, 0)); */
/*   IGRAPH_CHECK(igraph_vector_resize(&edges, no_of_edges*4)); */
/*   for (i=0; i<no_of_edges; i++) { */
/*     VECTOR(edges)[no_of_edges*2+i*2] = VECTOR(edges)[i*2+1]; */
/*     VECTOR(edges)[no_of_edges*2+i*2+1] = VECTOR(edges)[i*2]; */
/*     VECTOR(newcapacity)[i] = VECTOR(newcapacity)[no_of_edges+i] =  */
/* l      VECTOR(*capacity)[i]; */
/*   } */
  
/*   IGRAPH_CHECK(igraph_create(&newgraph, &edges, no_of_nodes, IGRAPH_DIRECTED)); */
/*   IGRAPH_FINALLY(igraph_destroy, &newgraph); */
  
/*   IGRAPH_CHECK(igraph_mincut_value(&newgraph, res, &newcapacity)); */
  
/*   igraph_destroy(&newgraph); */
/*   igraph_vector_destroy(&edges); */
/*   igraph_vector_destroy(&newcapacity); */
/*   IGRAPH_FINALLY_CLEAN(3); */
  
/*   return 0; */
/* } */

int igraph_i_mincut_undirected(const igraph_t *graph, 
			       igraph_integer_t *res,
			       igraph_vector_t *partition,
			       igraph_vector_t *partition2,
			       igraph_vector_t *cut,
			       const igraph_vector_t *capacity) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);  

  igraph_i_cutheap_t heap;
  igraph_real_t mincut=IGRAPH_INFINITY;	/* infinity */
  long int i;
  
  igraph_i_adjlist_t adjlist;
  igraph_i_adjedgelist_t adjedgelist;

  igraph_vector_t mergehist;
  igraph_bool_t calc_cut=partition || partition2 || cut;
  long int act_step=0, mincut_step=0;
  
  if (igraph_vector_size(capacity) != no_of_edges) {
    IGRAPH_ERROR("Invalid capacity vector size", IGRAPH_EINVAL);
  }

  if (calc_cut) {
    IGRAPH_VECTOR_INIT_FINALLY(&mergehist, 0);
    IGRAPH_CHECK(igraph_vector_reserve(&mergehist, no_of_nodes*2));
  }

  IGRAPH_CHECK(igraph_i_cutheap_init(&heap, no_of_nodes));
  IGRAPH_FINALLY(igraph_i_cutheap_destroy, &heap);

  IGRAPH_CHECK(igraph_i_adjedgelist_init(graph, &adjedgelist, IGRAPH_OUT));
  IGRAPH_FINALLY(igraph_i_adjedgelist_destroy, &adjedgelist);

  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &adjlist, IGRAPH_OUT));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &adjlist);

  while (igraph_i_cutheap_size(&heap) >= 2) {

    long int last;
    igraph_real_t acut;
    long int a, n;

    igraph_vector_t *edges, *neis, *edges2, *neis2;
   
    do {
      a=igraph_i_cutheap_popmax(&heap);

      /* update the weights of the active vertices connected to a */
      edges=igraph_i_adjedgelist_get(&adjedgelist, a);
      neis=igraph_i_adjlist_get(&adjlist, a);
      n=igraph_vector_size(edges);
      for (i=0; i<n; i++) {
	igraph_integer_t edge=VECTOR(*edges)[i];
	igraph_integer_t to=VECTOR(*neis)[i];
	igraph_real_t weight=VECTOR(*capacity)[(long int)edge];
	igraph_i_cutheap_update(&heap, to, weight);
      }
            
    } while (igraph_i_cutheap_active_size(&heap) > 1);

    /* Now, there is only one active vertex left, 
       calculate the cut of the phase */
    acut=igraph_i_cutheap_maxvalue(&heap);
    last=igraph_i_cutheap_popmax(&heap);

    if (acut < mincut) {
      mincut=acut;
      mincut_step=act_step;
    }    

    if (mincut == 0) {
      break;
    }

    /* And contract the last and the remaining vertex (a and last) */
    /* Before actually doing that, make some notes */
    act_step++;
    if (calc_cut) {
      IGRAPH_CHECK(igraph_vector_push_back(&mergehist, a));
      IGRAPH_CHECK(igraph_vector_push_back(&mergehist, last));
    }
    /* First remove the a--last edge if there is one, a is still the
       last deactivated vertex */
    edges=igraph_i_adjedgelist_get(&adjedgelist, a);
    neis=igraph_i_adjlist_get(&adjlist, a);
    n=igraph_vector_size(edges);
    for (i=0; i<n; ) {
      if (VECTOR(*neis)[i]==last) {
	VECTOR(*neis)[i] = VECTOR(*neis)[n-1];
	VECTOR(*edges)[i] = VECTOR(*edges)[n-1];
	igraph_vector_pop_back(neis);
	igraph_vector_pop_back(edges);
	n--;
      } else {
	i++;
      }
    }
    
    edges=igraph_i_adjedgelist_get(&adjedgelist, last);
    neis=igraph_i_adjlist_get(&adjlist, last);
    n=igraph_vector_size(edges);
    for (i=0; i<n; ) {
      if (VECTOR(*neis)[i] == a) {
	VECTOR(*neis)[i] = VECTOR(*neis)[n-1];
	VECTOR(*edges)[i] = VECTOR(*edges)[n-1];
	igraph_vector_pop_back(neis);
	igraph_vector_pop_back(edges);
	n--;
      } else {
	i++;
      }
    }

    /* Now rewrite the edge lists of last's neighbors */
    neis=igraph_i_adjlist_get(&adjlist, last);
    n=igraph_vector_size(neis);    
    for (i=0; i<n; i++) {     
      igraph_integer_t nei=VECTOR(*neis)[i];
      long int n2, j;
      neis2=igraph_i_adjlist_get(&adjlist, nei);
      n2=igraph_vector_size(neis2);
      for (j=0; j<n2; j++) {
	if (VECTOR(*neis2)[j] == last) {
	  VECTOR(*neis2)[j] = a;
	}
      }
    }
    
    /* And append the lists of last to the lists of a */
    edges=igraph_i_adjedgelist_get(&adjedgelist, a);
    neis=igraph_i_adjlist_get(&adjlist, a);
    edges2=igraph_i_adjedgelist_get(&adjedgelist, last);
    neis2=igraph_i_adjlist_get(&adjlist, last);
    IGRAPH_CHECK(igraph_vector_append(edges, edges2));
    IGRAPH_CHECK(igraph_vector_append(neis, neis2));
    igraph_vector_clear(edges2); /* TODO: free it */
    igraph_vector_clear(neis2);	 /* TODO: free it */

    /* Remove the deleted vertex from the heap entirely */
    igraph_i_cutheap_reset_undefine(&heap, last);    
  }

  *res=mincut;

  igraph_i_adjedgelist_destroy(&adjedgelist);
  igraph_i_adjlist_destroy(&adjlist);
  igraph_i_cutheap_destroy(&heap);
  IGRAPH_FINALLY_CLEAN(3);

  if (calc_cut) {
    long int bignode=VECTOR(mergehist)[2*mincut_step+1];
    long int i, idx;
    long int size=1;
    char *mark;
    mark=Calloc(no_of_nodes, char);
    if (!mark) { 
      IGRAPH_ERROR("Not enough memory for minumum cut", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, mark);
    
    /* first count the vertices in the partition */
    mark[bignode]=1;
    for (i=mincut_step-1; i>=0; i--) {
      if ( mark[ (long int) VECTOR(mergehist)[2*i] ] ) {
	size++;
	mark [ (long int) VECTOR(mergehist)[2*i+1] ]=1;
      }
    }
	
    /* now store them, if requested */
    if (partition) {
      IGRAPH_CHECK(igraph_vector_resize(partition, size));
      idx=0;
      VECTOR(*partition)[idx++]=bignode;
      for (i=mincut_step-1; i>=0; i--) {
	if (mark[ (long int) VECTOR(mergehist)[2*i] ]) {
	  VECTOR(*partition)[idx++] = VECTOR(mergehist)[2*i+1];
	}
      }
    }

    /* The other partition too? */
    if (partition2) {
      IGRAPH_CHECK(igraph_vector_resize(partition2, no_of_nodes-size));
      idx=0;
      for (i=0; i<no_of_nodes; i++) {
	if (!mark[i]) {
	  VECTOR(*partition2)[idx++]=i;
	}
      }
    }
    
    /* The edges in the cut are also requested? */
    /* We want as few memory allocated for 'cut' as possible,
       so we first collect the edges in mergehist, we don't 
       need that anymore. Then we copy it to 'cut';  */
    if (cut) {
      igraph_integer_t from, to;
      igraph_vector_clear(&mergehist);
      for (i=0; i<no_of_edges; i++) {
	igraph_edge(graph, i, &from, &to);
	if ((mark[(long int)from] && !mark[(long int)to]) ||
	    (mark[(long int)to] && !mark[(long int)from])) {
	  IGRAPH_CHECK(igraph_vector_push_back(&mergehist, i));
	}
      }
      igraph_vector_clear(cut);
      IGRAPH_CHECK(igraph_vector_append(cut, &mergehist));
    }

    igraph_free(mark);
    igraph_vector_destroy(&mergehist);
    IGRAPH_FINALLY_CLEAN(2);
  }
  
  return 0;
}

/** 
 * \function igraph_mincut
 * Calculates the minimum cut in a graph.
 * 
 * This function calculates the minimum cut in a graph. Right now it
 * is implemented only for undirected graphs, in which case it uses
 * the Stoer-Wagner algorithm, as described in M. Stoer and F. Wagner: 
 * A simple min-cut algorithm, Journal of the ACM, 44 585-591, 1997. 
 * 
 * </para><para>
 * The minimum cut is the mimimum set of edges which needs to be
 * removed to disconnect the graph. The minimum is calculated using
 * the weigths (\p capacity) of the edges, so the cut with the minimum
 * total capacity is calculated. 
 * 
 * </para><para>
 * The first implementation of the actual cut calculation was made by 
 * Gregory Benison, thanks Greg.
 * \param graph The input graph.
 * \param value Pointer to an integer, the value of the cut will be
 *    stored here.
 * \param partition Pointer to an initialized vector, the ids
 *    of the vertices in the first partition after separating the
 *    graph will be stored here. The vector will be resized as
 *    needed. This argument is ignored if it is a NULL pointer. 
 * \param partition2 Pointer to an initialized vector the ids
 *    of the vertices in the second partition will be stored here. 
 *    The vector will be resized as needed. This argument is ignored
 *    if it is a NULL pointer.
 * \param cut Pointer to an initialized vector, the ids of the edges
 *    in the cut will be stored here. This argument is ignored if it
 *    is a NULL pointer.
 * \param capacity A numeric vector giving the capacities of the
 *    edges. 
 * \return Error code.
 * 
 * \sa \ref igraph_mincut_value(), a simpler interface for calculating
 * the value of the cut only.
 *
 * Time complexity: for undirected graphs it is O(|V|E|+|V|^2 log|V|),
 * |V| and |E| are the number of vertices and edges respectively.
 */

int igraph_mincut(const igraph_t *graph,
		  igraph_integer_t *value,
		  igraph_vector_t *partition,
		  igraph_vector_t *partition2,
		  igraph_vector_t *cut,
		  const igraph_vector_t *capacity) {
  
  if (igraph_is_directed(graph) && 
      (partition || partition2 || cut)) {
    IGRAPH_ERROR("Minimum cut for directed graph not yet implemented", 
		 IGRAPH_UNIMPLEMENTED);
  } else if (!partition && !partition2 && !cut) {
    return igraph_mincut_value(graph, value, capacity);
  } else {
    return igraph_i_mincut_undirected(graph, value, partition, 
				      partition2, cut, capacity);
  }
  
  return 0;
}
    

int igraph_i_mincut_value_undirected(const igraph_t *graph, 
				     igraph_integer_t *res,
				     const igraph_vector_t *capacity) {
  return igraph_i_mincut_undirected(graph, res, 0, 0, 0, capacity);
}

/** 
 * \function igraph_mincut_value
 * \brief The minimum edge cut in a graph
 * 
 * </para><para> The minimum edge cut in a graph is the total minimum
 * weight of the edges needed to remove from the graph to make the
 * graph \em not strongly connected. (If the original graph is not
 * strongly connected then this is zero.) Note that in undirected
 * graphs strong connectedness is the same as weak connectedness. </para>
 * 
 * <para> The minimum cut can be calculated with maximum flow
 * techniques, although the current implementation does this only for
 * directed graphs and a separate non-flow based implementation is
 * used for undirected graphs. See Mechthild Stoer and Frank Wagner: A
 * simple min-cut algorithm, Journal of the ACM 44 585--591, 1997.
 * For directed graphs
 * the maximum flow is calculated between a fixed vertex and all the
 * other vertices in the graph and this is done in both
 * directions. Then the minimum is taken to get the minimum cut.
 * 
 * \param graph The input graph. 
 * \param res Pointer to a real variable, the result will be stored
 *    here.
 * \param capacity Pointer to the capacity vector, it should contain
 *    the same number of non-negative numbers as the number of edges in
 *    the graph.
 * \return Error code.
 *
 * \sa \ref igraph_mincut(), \ref igraph_maxflow_value(), \ref
 * igraph_st_mincut_value(). 
 * 
 * Time complexity: O(log(|V|)*|V|^2) for undirected graphs and 
 * O(|V|^4) for directed graphs, but see also the discussion at the
 * documentation of \ref igraph_maxflow_value().
 */

int igraph_mincut_value(const igraph_t *graph, igraph_real_t *res, 
			const igraph_vector_t *capacity) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_real_t minmaxflow, flow;
  long int i;

  minmaxflow=IGRAPH_INFINITY;

  if (!igraph_is_directed(graph)) {
    IGRAPH_CHECK(igraph_i_mincut_value_undirected(graph, res, capacity));
    return 0;
  }    

  for (i=1; i<no_of_nodes; i++) {
    IGRAPH_CHECK(igraph_maxflow_value(graph, &flow, 0, i, capacity));
    if (flow < minmaxflow) {
      minmaxflow = flow;
      if (flow==0) break;
    }
    IGRAPH_CHECK(igraph_maxflow_value(graph, &flow, i, 0, capacity));
    if (flow < minmaxflow) {
      minmaxflow = flow;
      if (flow==0) break;
    }
  }

  if (res) {
    *res=minmaxflow;
  }
  
  return 0;
}

int igraph_i_st_vertex_connectivity_directed(const igraph_t *graph,
					     igraph_integer_t *res,
					     igraph_integer_t source, 
					     igraph_integer_t target,
					     igraph_vconn_nei_t neighbors) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_vector_t edges;
  igraph_vector_t capacity;
  igraph_t newgraph;
  long int i;
  igraph_bool_t conn1;
  
  if (source<0 || source>=no_of_nodes || target<0 || target>=no_of_nodes) {
    IGRAPH_ERROR("Invalid source or target vertex", IGRAPH_EINVAL);
  }

  switch (neighbors) {
  case IGRAPH_VCONN_NEI_ERROR:
    IGRAPH_CHECK(igraph_are_connected(graph, source, target, &conn1));
    if (conn1) {
      IGRAPH_ERROR("vertices connected", IGRAPH_EINVAL);
      return 0;
    }
    break;
  case IGRAPH_VCONN_NEI_INFINITY:
    IGRAPH_CHECK(igraph_are_connected(graph, source, target, &conn1));
    if (conn1) {
/*       fprintf(stderr, "%li -> %li connected\n", (long int)source, (long int) target); */
      *res=IGRAPH_INFINITY;
      return 0;
/*     } else { */
/*       fprintf(stderr, "not connected\n"); */
    }
    break;
  case IGRAPH_VCONN_NEI_IGNORE:
    break;
  default:
    IGRAPH_ERROR("Unknown `igraph_vconn_nei_t'", IGRAPH_EINVAL);
    break;
  }
  
  /* Create the new graph */
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, 2*(no_of_edges+no_of_nodes)));
  IGRAPH_CHECK(igraph_get_edgelist(graph, &edges, 0));
  IGRAPH_CHECK(igraph_vector_resize(&edges, 2*(no_of_edges+no_of_nodes)));
  
  for (i=0; i<2*no_of_edges; i+=2) {
    igraph_integer_t to=VECTOR(edges)[i+1];
    if (to != source && to != target) {
      VECTOR(edges)[i+1] = no_of_nodes + to;
      }
  }
  
  for (i=0; i<no_of_nodes; i++) {
    VECTOR(edges)[ 2*(no_of_edges+i)   ] = no_of_nodes+i;
    VECTOR(edges)[ 2*(no_of_edges+i)+1 ] = i;
  }
  
  IGRAPH_CHECK(igraph_create(&newgraph, &edges, 2*no_of_nodes, 
			     igraph_is_directed(graph)));
  
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  IGRAPH_FINALLY(igraph_destroy, &newgraph);
  
  /* Do the maximum flow */
  
  no_of_nodes=igraph_vcount(&newgraph);
  no_of_edges=igraph_ecount(&newgraph);
  
  IGRAPH_VECTOR_INIT_FINALLY(&capacity, no_of_edges);
  for (i=0; i<no_of_edges; i++) {
    VECTOR(capacity)[i] = 1.0;
  }
  
  IGRAPH_CHECK(igraph_maxflow_value(&newgraph, res, 
				    source, target, &capacity));
  
  igraph_vector_destroy(&capacity);
  igraph_destroy(&newgraph);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

int igraph_i_st_vertex_connectivity_undirected(const igraph_t *graph, 
					       igraph_integer_t *res,
					       igraph_integer_t source,
					       igraph_integer_t target,
					       igraph_vconn_nei_t neighbors){
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_t newgraph;
  igraph_bool_t conn;
  
  if (source<0 || source>=no_of_nodes || target<0 || target>=no_of_nodes) {
    IGRAPH_ERROR("Invalid source or target vertex", IGRAPH_EINVAL);
  }

  switch (neighbors) {
  case IGRAPH_VCONN_NEI_ERROR:
    IGRAPH_CHECK(igraph_are_connected(graph, source, target, &conn));
    if (conn) { 
      IGRAPH_ERROR("vertices connected", IGRAPH_EINVAL);      
      return 0;
    }
    break;
  case IGRAPH_VCONN_NEI_INFINITY:
    IGRAPH_CHECK(igraph_are_connected(graph, source, target, &conn));
    if (conn) {
      *res=IGRAPH_INFINITY;
      return 0;
    }
    break;
  case IGRAPH_VCONN_NEI_IGNORE:
    break;
  default:
    IGRAPH_ERROR("Unknown `igraph_vconn_nei_t'", IGRAPH_EINVAL);
    break;
  }

  IGRAPH_CHECK(igraph_copy(&newgraph, graph));
  IGRAPH_FINALLY(igraph_destroy, &newgraph);
  IGRAPH_CHECK(igraph_to_directed(&newgraph, IGRAPH_TO_DIRECTED_MUTUAL));
  
  IGRAPH_CHECK(igraph_i_st_vertex_connectivity_directed(&newgraph, res, 
							source, target, 
							IGRAPH_VCONN_NEI_IGNORE));
  
  igraph_destroy(&newgraph);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_st_vertex_connectivity
 * The vertex connectivity of a pair of vertices
 * 
 * </para><para>The vertex connectivity of two vertices (\c source and
 * \c target) is the minimum number of vertices that have to be
 * deleted to eliminate all paths from \c source to \c
 * target. Directed paths are considered in directed graphs.</para>
 * 
 * <para>The vertex connectivity of a pair is the same as the number
 * of different (ie. node-independent) paths from source to
 * target.</para> 
 *
 * <para>The current implementation uses maximum flow calculations to
 * obtain the result.
 * \param graph The input graph.
 * \param res Pointer to an integer, the result will be stored here.
 * \param source The id of the source vertex.
 * \param target The id of the target vertex.
 * \param neighbors A constant giving what to do if the two vertices
 *     are connected. Possible values: 
 *     \c IGRAPH_VCONN_NEI_ERROR, stop with an error message,
 *     \c IGRAPH_VCONN_INFINITY, return infinity (ie. 1.0/0.0).
 *     \c IGRAPH_VCONN_IGNORE, ignore the fact that the two vertices
 *        are connected and calculated the number of vertices needed
 *        to aliminate all paths except for the trivial (direct) paths
 *        between \c source and \c vertex. TOOD: what about neighbors?
 * \return Error code.
 * 
 * Time complexity: O(|V|^3), but see the discussion at \ref
 * igraph_maxflow_value(). 
 * 
 * \sa \ref igraph_vertex_connectivity(),
 * \ref igraph_edge_connectivity(),
 * \ref igraph_maxflow_value().
 */

int igraph_st_vertex_connectivity(const igraph_t *graph, 
				  igraph_integer_t *res,
				  igraph_integer_t source,
				  igraph_integer_t target,
				  igraph_vconn_nei_t neighbors) {

  if (source == target) { 
    IGRAPH_ERROR("source and target vertices are the same", IGRAPH_EINVAL);
  }
  
  if (igraph_is_directed(graph)) {
    IGRAPH_CHECK(igraph_i_st_vertex_connectivity_directed(graph, res,
							  source, target,
							  neighbors));
  } else {
    IGRAPH_CHECK(igraph_i_st_vertex_connectivity_undirected(graph, res,
							    source, target,
							    neighbors));
  }
  
  return 0;
}

int igraph_i_vertex_connectivity_directed(const igraph_t *graph, 
					igraph_integer_t *res) {

  long int no_of_nodes=igraph_vcount(graph);
  long int i, j;
  igraph_integer_t minconn=no_of_nodes-1, conn;

  for (i=0; i<no_of_nodes; i++) {
    for (j=0; j<no_of_nodes; j++) {
      if (i==j) { continue; }
      IGRAPH_CHECK(igraph_st_vertex_connectivity(graph, &conn, i, j, 
						 IGRAPH_VCONN_NEI_INFINITY));
      if (conn < minconn) {
	minconn = conn;
	if (conn == 0) { break; }
      }
    }
    if (conn == 0) { break; }
  }

  if (res) {
    *res = minconn;
  }

  return 0;
}

int igraph_i_vertex_connectivity_undirected(const igraph_t *graph, 
					    igraph_integer_t *res) {
  igraph_t newgraph;

  IGRAPH_CHECK(igraph_copy(&newgraph, graph));
  IGRAPH_FINALLY(igraph_destroy, &newgraph);
  IGRAPH_CHECK(igraph_to_directed(&newgraph, IGRAPH_TO_DIRECTED_MUTUAL));
  
  IGRAPH_CHECK(igraph_i_vertex_connectivity_directed(&newgraph, res));
  
  igraph_destroy(&newgraph);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;  
}

/* Use that vertex.connectivity(G) <= edge.connectivity(G) <= min(degree(G)) */
int igraph_i_connectivity_checks(const igraph_t *graph,
				 igraph_integer_t *res,
				 igraph_bool_t *found) {
  igraph_bool_t conn;
  *found=0;
  IGRAPH_CHECK(igraph_is_connected(graph, &conn, IGRAPH_STRONG));
  if (!conn) {
    *res=0;
    *found=1;
  } else {
    igraph_vector_t degree;
    IGRAPH_VECTOR_INIT_FINALLY(&degree, 0);
    if (!igraph_is_directed(graph)) {
      IGRAPH_CHECK(igraph_degree(graph, &degree, igraph_vss_all(),
				 IGRAPH_OUT, IGRAPH_LOOPS));
      if (igraph_vector_min(&degree)==1) {
	*res=1;
	*found=1;
      }
    } else {
      /* directed, check both in- & out-degree */
      IGRAPH_CHECK(igraph_degree(graph, &degree, igraph_vss_all(),
				 IGRAPH_OUT, IGRAPH_LOOPS));
      if (igraph_vector_min(&degree)==1) {
	*res=1;
	*found=1;
      } else {
	IGRAPH_CHECK(igraph_degree(graph, &degree, igraph_vss_all(),
				   IGRAPH_IN, IGRAPH_LOOPS));
	if (igraph_vector_min(&degree)==1) {
	  *res=1;
	  *found=1;
	}
      }
    }
    igraph_vector_destroy(&degree);
    IGRAPH_FINALLY_CLEAN(1);
  }
  return 0;
}

/**
 * \function igraph_vertex_connectivity
 * The vertex connectivity of a graph
 * 
 * </para><para> The vertex connectivity of a graph is the minimum
 * vertex connectivity along each pairs of vertices in the graph.
 * </para>
 * <para> The vertex connectivity of a graph is the same as group
 * cohesion as defined in Douglas R. White and Frank Harary: The
 * cohesiveness of blocks in social networks: node connectivity and
 * conditional density, Sociological Methodology 31:305--359, 2001.
 * \param graph The input graph.
 * \param res Pointer to an integer, the result will be stored here. 
 * \param checks Logical constant. Whether to check that the graph is
 *    connected and also the degree of the vertices. If the graph is
 *    not (strongly) connected then the connectivity is obviously zero. Otherwise
 *    if the minimum degree is one then the vertex connectivity is also
 *    one. It is a good idea to perform these checks, as they can be
 *    done quickly compared to the connectivity calculation itself. 
 *    They were suggested by Peter McMahan, thanks Peter.
 * \return Error code.
 * 
 * Time complecity: O(|V|^5).
 * 
 * \sa \ref igraph_st_vertex_connectivity(), \ref igraph_maxflow_value(),
 * and \ref igraph_edge_connectivity(). 
 */

int igraph_vertex_connectivity(const igraph_t *graph, igraph_integer_t *res, 
			       igraph_bool_t checks) {

  igraph_bool_t ret=0;

  if (checks) {
    IGRAPH_CHECK(igraph_i_connectivity_checks(graph, res, &ret));
  }
  
  /* Are we done yet? */
  if (!ret) {
    if (igraph_is_directed(graph)) {
      IGRAPH_CHECK(igraph_i_vertex_connectivity_directed(graph, res));
    } else {
      IGRAPH_CHECK(igraph_i_vertex_connectivity_undirected(graph, res));
    }
  }

  return 0;
}

/**
 * \function igraph_st_edge_connectivity
 * \brief Edge connectivity of a pair of vertices
 * 
 * </para><para> The edge connectivity of two vertices (\c source and
 * \c target) in a graph is the minimum number of edges that
 * have to be deleted from the graph to eliminate all paths from \c
 * source to \c target.</para>
 * 
 * <para>This function uses the maximum flow algorithm to calculate
 * the edge connectivity.
 * \param graph The input graph, it has to be directed.
 * \param res Pointer to an integer, the result will be stored here.
 * \param source The id of the source vertex.
 * \param target The id of the target vertex.
 * \return Error code.
 *
 * Time complexity: O(|V|^3). 
 * 
 * \sa \ref igraph_maxflow_value(), \ref igraph_edge_connectivity(),
 * \ref igraph_st_vertex_connectivity(), \ref
 * igraph_vertex_connectivity().
 */

int igraph_st_edge_connectivity(const igraph_t *graph, igraph_integer_t *res,
				igraph_integer_t source, 
				igraph_integer_t target) {
  
  long int no_of_edges=igraph_ecount(graph);
  igraph_vector_t capacity;
  igraph_real_t flow;
  long int i;

  if (source == target) {
    IGRAPH_ERROR("source and target vertices are the same", IGRAPH_EINVAL);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&capacity, no_of_edges);
  for (i=0; i<no_of_edges; i++) {
    VECTOR(capacity)[i]=1.0;
  }
  
  IGRAPH_CHECK(igraph_maxflow_value(graph, &flow, source, target, &capacity));
  *res = flow;

  igraph_vector_destroy(&capacity);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}


/**
 * \function igraph_edge_connectivity
 * \brief The minimum edge connectivity in a graph.
 * 
 * </para><para> This is the minimum of the edge connectivity over all
 * pairs of vertices in the graph. </para>
 * 
 * <para>
 * The edge connectivity of a graph is the same as group adhesion as
 * defined in Douglas R. White and Frank Harary: The cohesiveness of
 * blocks in social networks: node connectivity and conditional
 * density, Sociological Methodology 31:305--359, 2001.
 * \param graph The input graph.
 * \param res Pointer to an integer, the result will be stored here.
 * \param checks Logical constant. Whether to check that the graph is
 *    connected and also the degree of the vertices. If the graph is
 *    not (strongly) connected then the connectivity is obviously zero. Otherwise
 *    if the minimum degree is one then the edge connectivity is also
 *    one. It is a good idea to perform these checks, as they can be
 *    done quickly compared to the connectivity calculation itself. 
 *    They were suggested by Peter McMahan, thanks Peter.
 * \return Error code.
 * 
 * Time complexity: O(log(|V|)*|V|^2) for undirected graphs and 
 * O(|V|^4) for directed graphs, but see also the discussion at the
 * documentation of \ref igraph_maxflow_value().
 * 
 * \sa \ref igraph_st_edge_connectivity(), \ref igraph_maxflow_value(), 
 * \ref igraph_vertex_connectivity().
 */

int igraph_edge_connectivity(const igraph_t *graph, igraph_integer_t *res,
			     igraph_bool_t checks) {
  
  long int no_of_edges=igraph_ecount(graph);
  igraph_vector_t capacity;
  long int i;
  igraph_bool_t ret;
  
  /* Use that vertex.connectivity(G) <= edge.connectivity(G) <= min(degree(G)) */
  if (checks) {
    IGRAPH_CHECK(igraph_i_connectivity_checks(graph, res, &ret));
  }  

  if (!ret) {
    IGRAPH_VECTOR_INIT_FINALLY(&capacity, no_of_edges);
    for (i=0; i<no_of_edges; i++) {
      VECTOR(capacity)[i]=1.0;
    }
    
    IGRAPH_CHECK(igraph_mincut_value(graph, res, &capacity));
    
    igraph_vector_destroy(&capacity);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return 0;
}

/**
 * \function igraph_edge_disjoint_paths
 * \brief The maximum number of edge-disjoint paths between two
 * vertices. 
 * 
 * </para><para> A set of paths between two vertices is called
 * edge-disjoint if they do not share any edges. The maximum number of
 * edge-disjoint paths are calculated by this function using maximum
 * flow techniques. Directed paths are considered in directed
 * graphs. </para>
 * 
 * <para> Note that the number of disjoint paths is the same as the
 * edge connectivity of the two vertices using uniform edge weights.
 * \param graph The input graph, can be directed or undirected.
 * \param res Pointer to an integer variable, the result will be
 *        stored here. 
 * \param source The id of the source vertex.
 * \param target The id of the target vertex.
 * \return Error code.
 * 
 * Time complecity: O(|V|^3), but see the discussion at \ref
 * igraph_maxflow_value().
 * 
 * \sa \ref igraph_vertex_disjoint_paths(), \ref
 * igraph_st_edge_connectivity(), \ref igraph_maxflow_value().
 */

int igraph_edge_disjoint_paths(const igraph_t *graph, igraph_integer_t *res,
			       igraph_integer_t source, 
			       igraph_integer_t target) {

  long int no_of_edges=igraph_ecount(graph);
  igraph_vector_t capacity;
  igraph_real_t flow;
  long int i;

  if (source == target) {
    IGRAPH_ERROR("Not implemented for source=target", IGRAPH_UNIMPLEMENTED);
  }


  IGRAPH_VECTOR_INIT_FINALLY(&capacity, no_of_edges);
  for (i=0; i<no_of_edges; i++) {
    VECTOR(capacity)[i]=1.0;
  }
  
  IGRAPH_CHECK(igraph_maxflow_value(graph, &flow, source, target,
				    &capacity));
  *res = flow;
  
  igraph_vector_destroy(&capacity);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_vertex_disjoint_paths
 * \brief Maximum number of vertex-disjoint paths between two
 * vertices.
 * 
 * </para><para> A set of paths between two vertices is called
 * vertex-disjoint if they share no vertices. The calculation is
 * performed by using maximum flow techniques. </para>
 * 
 * <para> Note that the number of vertex-disjoint paths is the same as
 * the vertex connectivity of the two vertices in most cases (if the
 * two vertices are not connected by an edge).
 * \param graph The input graph.
 * \param res Pointer to an integer variable, the result will be
 *        stored here. 
 * \param source The id of the source vertex.
 * \param target The id of the target vertex.
 * \return Error code.
 * 
 * Time complexity: O(|V|^3).
 * 
 * \sa \ref igraph_edge_disjoint_paths(), \ref
 * igraph_vertex_connectivity(), \ref igraph_maxflow_value().
 */

int igraph_vertex_disjoint_paths(const igraph_t *graph, igraph_integer_t *res,
				 igraph_integer_t source,
				 igraph_integer_t target) {

  igraph_bool_t conn;

  if (source==target) {
    IGRAPH_ERROR("The source==target case is not implemented",
		 IGRAPH_UNIMPLEMENTED);
  }

  igraph_are_connected(graph, source, target, &conn);
  if (conn) { 
    /* We need to remove every (possibly directed) edge between source
       and target and calculate the disjoint paths on the new
       graph. Finally we add 1 for the removed connection(s).  */
    igraph_es_t es;
    igraph_vector_t v;
    igraph_t newgraph;
    IGRAPH_VECTOR_INIT_FINALLY(&v, 2);
    VECTOR(v)[0]=source;
    VECTOR(v)[1]=target;
    IGRAPH_CHECK(igraph_es_multipairs(&es, &v, IGRAPH_DIRECTED));
    IGRAPH_FINALLY(igraph_es_destroy, &es);
    
    IGRAPH_CHECK(igraph_copy(&newgraph, graph));    
    IGRAPH_FINALLY(igraph_destroy, &newgraph);
    IGRAPH_CHECK(igraph_delete_edges(&newgraph, es));

    if (igraph_is_directed(graph)) {
      IGRAPH_CHECK(igraph_i_st_vertex_connectivity_directed(&newgraph, res,
							    source, target,
							    IGRAPH_VCONN_NEI_IGNORE));
    } else {
      IGRAPH_CHECK(igraph_i_st_vertex_connectivity_undirected(&newgraph, res,
							      source, target, 
							      IGRAPH_VCONN_NEI_IGNORE));
    }

    if (res) {
      *res += 1;
    }
    
    IGRAPH_FINALLY_CLEAN(3);
    igraph_destroy(&newgraph);
    igraph_es_destroy(&es);
    igraph_vector_destroy(&v);
  }

  if (igraph_is_directed(graph)) {
    IGRAPH_CHECK(igraph_i_st_vertex_connectivity_directed(graph, res,
							  source, target,
							  IGRAPH_VCONN_NEI_IGNORE));
  } else {
    IGRAPH_CHECK(igraph_i_st_vertex_connectivity_undirected(graph, res,
							    source, target,
							    IGRAPH_VCONN_NEI_IGNORE));
  }    
  
  return 0;
}

/**
 * \function igraph_adhesion
 * \brief Graph adhesion, this is (almost) the same as edge
 * connectivity.
 * 
 * </para><para> This quantity is defined by White and Harary in
 * The cohesiveness of blocks in social networks: node connectivity and
 * conditional density, (Sociological Methodology 31:305--359, 2001)
 * and basically it is the edge connectivity of the graph
 * with uniform edge weights.
 * \param graph The input graph, either directed or undirected.
 * \param res Pointer to an integer, the result will be stored here.
 * \param checks Logical constant. Whether to check that the graph is
 *    connected and also the degree of the vertices. If the graph is
 *    not (strongly) connected then the adhesion is obviously zero. Otherwise
 *    if the minimum degree is one then the adhesion is also
 *    one. It is a good idea to perform these checks, as they can be
 *    done quickly compared to the edge connectivity calculation itself. 
 *    They were suggested by Peter McMahan, thanks Peter.
* \return Error code.
 * 
 * Time complexity: O(log(|V|)*|V|^2) for undirected graphs and 
 * O(|V|^4) for directed graphs, but see also the discussion at the
 * documentation of \ref igraph_maxflow_value().
 *
 * \sa \ref igraph_cohesion(), \ref igraph_maxflow_value(), \ref
 * igraph_edge_connectivity(), \ref igraph_mincut_value().
 */

int igraph_adhesion(const igraph_t *graph, igraph_integer_t *res,
		    igraph_bool_t checks) {
  return igraph_edge_connectivity(graph, res, checks);
}

/**
 * \function igraph_cohesion
 * \brief Graph cohesion, this is the same as vertex
 * connectivity. 
 * 
 * </para><para> This quantity was defined by White and Harary in <quote>The
 * cohesiveness of blocks in social networks: node connectivity and
 * conditional density</quote>, (Sociological Methodology 31:305--359, 2001)
 * and it is the same as the vertex connectivity of a 
 * graph. 
 * \param graph The input graph.
 * \param res Pointer to an integer variable, the result will be
 *        stored here.
 * \param checks Logical constant. Whether to check that the graph is
 *    connected and also the degree of the vertices. If the graph is
 *    not (strongly) connected then the cohesion is obviously zero. Otherwise
 *    if the minimum degree is one then the cohesion is also
 *    one. It is a good idea to perform these checks, as they can be
 *    done quickly compared to the vertex connectivity calculation itself. 
 *    They were suggested by Peter McMahan, thanks Peter.
 * \return Error code.
 * 
 * Time complexity: O(|V|^4), |V| is the number of vertices. In
 * practice it is more like O(|V|^2), see \ref igraph_maxflow_value().
 * 
 * \sa \ref igraph_vertex_connectivity(), \ref igraph_adhesion(), 
 * \ref igraph_maxflow_value().
 */

int igraph_cohesion(const igraph_t *graph, igraph_integer_t *res,
		    igraph_bool_t checks) {
  
  IGRAPH_CHECK(igraph_vertex_connectivity(graph, res, checks));
  return 0;
}
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/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

igraph_real_t igraph_i_atlas_edges[]={
	0,0,
	1,0,
	2,0,
	2,1,0,1,
	3,0,
	3,1,1,2,
	3,2,0,1,0,2,
	3,3,0,1,0,2,1,2,
	4,0,
	4,1,3,2,
	4,2,3,2,3,1,
	4,2,0,1,3,2,
	4,3,3,2,1,2,3,1,
	4,3,3,0,3,1,3,2,
	4,3,0,1,1,2,0,3,
	4,4,3,2,1,2,3,1,3,0,
	4,4,0,1,1,2,2,3,0,3,
	4,5,0,1,0,2,0,3,1,2,2,3,
	4,6,0,1,1,2,0,2,3,0,3,1,3,2,
	5,0,
	5,1,4,3,
	5,2,1,2,0,1,
	5,2,0,2,4,3,
	5,3,1,2,0,1,2,0,
	5,3,4,3,3,2,3,1,
	5,3,3,2,4,3,0,4,
	5,3,1,2,0,1,4,3,
	5,4,4,3,1,2,3,1,3,2,
	5,4,0,3,1,0,2,1,3,2,
	5,4,4,3,4,0,4,1,4,2,
	5,4,4,0,3,1,4,3,3,2,
	5,4,2,3,1,2,0,1,4,0,
	5,4,1,2,0,1,2,0,4,3,
	5,5,0,3,2,0,3,2,1,0,2,1,
	5,5,4,2,4,3,2,3,4,1,4,0,
	5,5,0,1,1,2,2,3,0,4,0,2,
	5,5,4,0,1,2,4,3,3,2,3,1,
	5,5,1,0,4,1,2,4,3,2,1,3,
	5,5,0,1,1,2,2,3,3,4,0,4,
	5,6,1,0,4,1,4,0,0,3,1,3,3,4,
	5,6,1,0,4,1,2,4,3,2,1,3,2,1,
	5,6,1,0,4,1,2,4,3,2,1,3,3,4,
	5,6,0,1,4,3,2,3,4,2,4,0,4,1,
	5,6,0,4,3,0,4,3,2,3,1,2,0,1,
	5,6,2,1,0,2,3,0,1,3,4,1,0,4,
	5,7,4,0,1,2,4,3,3,2,3,1,4,1,2,4,
	5,7,4,1,2,4,3,2,1,3,3,4,0,3,4,0,
	5,7,0,1,1,2,2,3,3,4,0,4,1,3,4,1,
	5,7,2,1,0,2,3,0,1,3,4,1,0,4,2,4,
	5,8,1,0,4,1,2,4,3,2,1,3,4,0,3,4,0,3,
	5,8,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,
	5,9,0,1,3,4,0,3,0,4,1,2,1,3,1,4,2,3,2,4,
	5,10,0,1,0,2,0,3,0,4,1,2,1,3,1,4,2,3,2,4,3,4,
	6,0,
	6,1,5,4,
	6,2,0,3,5,4,
	6,2,1,3,1,2,
	6,3,1,3,2,1,3,2,
	6,3,0,3,5,0,4,0,
	6,3,4,3,5,4,0,5,
	6,3,4,3,5,1,5,2,
	6,3,1,2,3,0,5,4,
	6,4,0,3,4,0,5,4,0,5,
	6,4,3,0,5,3,4,5,0,4,
	6,4,5,1,5,3,5,2,0,5,
	6,4,4,3,3,1,4,0,3,2,
	6,4,0,2,1,3,2,1,5,3,
	6,4,1,3,2,1,3,2,0,5,
	6,4,1,2,0,3,5,0,4,0,
	6,4,4,5,1,2,0,5,3,4,
	6,4,0,2,4,0,3,1,5,3,
	6,5,3,0,5,3,4,5,0,4,5,0,
	6,5,5,3,3,1,3,2,4,3,4,5,
	6,5,5,3,5,4,2,3,3,4,0,4,
	6,5,4,3,1,2,4,0,3,2,3,1,
	6,5,1,4,3,4,4,0,2,1,3,2,
	6,5,0,1,1,2,2,3,3,4,0,4,
	6,5,5,3,5,4,5,0,5,1,5,2,
	6,5,1,4,5,1,1,0,2,1,2,3,
	6,5,0,1,3,4,0,2,3,0,5,3,
	6,5,1,0,2,1,2,4,1,3,5,3,
	6,5,4,3,0,5,4,0,3,2,3,1,
	6,5,1,2,0,1,4,5,1,3,2,3,
	6,5,0,1,0,5,2,3,3,4,4,5,
	6,5,4,3,5,1,5,2,0,3,4,0,
	6,5,1,2,3,0,5,3,4,5,0,4,
	6,6,0,3,5,0,4,5,3,4,5,3,4,0,
	6,6,1,4,2,4,4,0,2,3,3,1,3,4,
	6,6,1,4,2,4,4,0,2,1,3,1,2,3,
	6,6,2,0,5,4,4,3,5,3,4,0,2,4,
	6,6,3,2,4,3,0,4,1,0,2,1,0,3,
	6,6,4,1,3,1,4,2,3,2,2,0,1,0,
	6,6,5,2,5,3,5,4,3,4,5,1,5,0,
	6,6,4,3,4,2,4,0,1,4,3,0,5,3,
	6,6,4,3,3,5,5,4,5,1,3,2,4,0,
	6,6,4,2,1,2,4,3,4,1,4,0,0,5,
	6,6,1,2,3,1,0,3,2,0,4,0,5,0,
	6,6,2,0,4,2,1,4,2,1,3,1,5,3,
	6,6,1,2,3,1,0,3,2,0,4,0,5,3,
	6,6,5,3,2,5,2,0,4,2,4,3,3,1,
	6,6,0,2,3,4,1,0,5,3,4,5,3,0,
	6,6,1,2,3,0,5,3,4,5,0,4,5,0,
	6,6,4,3,1,2,4,0,3,2,3,1,5,0,
	6,6,1,4,2,4,4,0,0,5,3,1,2,3,
	6,6,0,1,1,2,2,3,3,4,0,4,1,5,
	6,6,0,1,1,2,2,3,3,4,4,5,0,5,
	6,6,1,3,2,1,3,2,0,4,5,0,4,5,
	6,7,0,1,1,2,0,2,3,0,3,1,3,2,0,5,
	6,7,1,4,2,4,2,1,3,1,2,3,2,0,0,1,
	6,7,0,1,1,2,2,3,3,4,0,4,1,3,4,1,
	6,7,0,1,3,2,0,2,3,0,3,1,5,1,5,2,
	6,7,1,4,2,4,2,3,0,4,3,1,4,5,3,4,
	6,7,1,0,4,1,2,4,3,2,5,1,2,5,1,2,
	6,7,0,4,2,0,1,2,3,1,5,3,3,0,2,3,
	6,7,1,4,2,4,2,3,2,1,3,1,4,5,0,4,
	6,7,1,0,4,1,2,4,3,2,5,1,2,5,4,5,
	6,7,0,1,1,2,0,2,3,0,3,1,3,2,5,4,
	6,7,0,5,4,0,5,4,0,2,3,0,3,2,0,1,
	6,7,0,1,1,2,2,3,3,4,0,4,1,5,4,1,
	6,7,0,1,4,0,1,4,0,2,3,0,3,2,3,5,
	6,7,1,4,2,4,4,0,0,5,3,1,2,3,3,4,
	6,7,2,0,3,2,4,3,5,4,2,5,1,2,4,1,
	6,7,1,5,0,1,4,0,3,4,2,3,1,2,0,3,
	6,7,1,4,2,4,4,0,0,5,3,1,2,3,2,1,
	6,7,0,1,1,2,2,3,3,4,0,4,0,2,5,1,
	6,7,2,0,4,1,1,2,5,4,2,5,3,1,5,3,
	6,7,5,0,3,5,2,3,0,2,1,3,4,1,3,4,
	6,7,1,3,2,1,0,2,5,0,4,5,3,4,2,3,
	6,7,0,1,1,2,2,3,3,4,4,5,0,5,0,3,
	6,7,4,3,0,4,1,0,2,1,3,2,0,5,5,3,
	6,7,1,2,0,1,2,0,3,0,4,3,5,4,3,5,
	6,8,0,1,2,5,0,2,3,0,3,1,3,2,2,1,5,1,
	6,8,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,
	6,8,0,1,1,2,0,2,3,0,3,1,3,2,5,0,0,4,
	6,8,1,2,3,1,0,3,1,0,2,0,3,2,5,3,4,0,
	6,8,0,1,2,4,0,2,5,2,3,1,3,2,2,1,4,1,
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	7,12,0,1,1,2,2,3,4,5,0,4,1,3,4,1,2,4,0,3,5,3,0,2,1,6,
	7,12,0,1,1,2,2,3,4,5,0,4,1,3,4,1,2,4,0,3,5,3,0,2,4,6,
	7,12,0,1,1,2,2,3,3,4,0,4,1,3,4,1,2,4,0,3,0,2,6,1,6,5,
	7,12,1,3,2,1,0,2,5,0,4,5,3,4,5,1,5,3,2,5,1,0,4,1,1,6,
	7,12,0,1,1,2,2,3,3,4,4,5,0,5,2,4,5,2,1,5,3,5,0,3,5,6,
	7,12,3,6,1,3,2,1,0,2,5,0,6,5,2,6,5,1,0,3,1,6,0,1,1,4,
	7,12,0,1,1,2,2,3,3,4,4,5,0,5,2,4,5,2,1,5,3,5,0,3,3,6,
	7,12,0,1,2,4,0,2,2,1,3,1,3,2,4,1,5,1,5,2,5,3,0,3,4,6,
	7,12,1,3,2,1,0,2,5,0,4,5,3,4,5,1,5,3,2,5,1,0,4,1,2,6,
	7,12,3,6,1,3,2,1,0,2,5,0,6,5,2,6,5,1,0,3,1,6,0,1,0,4,
	7,12,1,3,4,1,3,4,2,3,0,2,4,0,5,4,2,5,4,2,0,5,1,5,3,6,
	7,12,1,3,4,1,3,4,2,3,0,2,4,0,5,4,2,5,4,2,0,5,1,5,0,6,
	7,12,0,1,1,2,2,3,3,4,0,4,1,3,4,1,2,4,0,3,5,0,4,5,5,6,
	7,12,0,1,1,2,2,3,3,4,4,5,0,5,2,4,5,2,1,5,1,4,0,3,5,6,
	7,12,1,5,4,1,0,4,5,0,2,5,4,2,3,4,5,3,0,1,2,0,3,2,4,6,
	7,12,1,5,4,1,0,4,5,0,2,5,4,2,3,4,5,3,0,1,2,0,3,2,0,6,
	7,12,3,6,1,3,2,1,0,2,5,0,6,5,2,6,5,1,0,3,1,6,0,1,4,5,
	7,12,1,5,4,1,0,4,5,0,2,5,4,2,3,4,5,3,0,1,2,0,3,2,3,6,
	7,12,0,1,1,2,2,3,3,4,4,5,0,5,2,4,5,2,1,5,1,4,0,3,0,6,
	7,12,0,1,1,2,2,3,4,5,0,4,1,3,4,1,2,4,0,3,5,3,0,2,5,6,
	7,12,0,3,6,0,5,6,3,5,1,3,6,1,4,6,3,4,2,3,6,2,3,6,5,4,
	7,12,0,1,4,0,5,4,1,5,4,1,2,4,1,2,6,1,4,6,2,6,3,2,4,3,
	7,12,4,1,3,2,3,0,4,2,5,1,5,0,3,5,4,3,5,4,6,5,3,6,4,6,
	7,12,0,1,1,2,0,2,3,0,3,1,3,2,4,2,3,4,5,3,0,5,6,3,1,6,
	7,12,0,1,1,2,0,2,3,0,3,1,3,2,6,3,0,6,5,0,1,5,4,1,2,4,
	7,12,6,2,5,6,3,5,2,3,1,2,4,1,5,4,2,5,4,2,0,4,1,0,5,1,
	7,12,5,4,6,5,3,6,4,3,0,4,3,0,1,3,0,1,4,1,3,5,2,3,4,2,
	7,12,0,4,3,0,2,3,4,2,1,4,3,1,1,0,2,1,5,0,1,5,6,1,0,6,
	7,12,1,2,0,1,2,0,3,2,0,3,1,3,4,2,0,4,5,4,2,5,6,2,1,6,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,5,2,4,5,6,4,3,6,
	7,12,0,4,3,0,2,3,4,2,1,4,3,1,1,0,2,1,5,0,1,5,6,1,2,6,
	7,12,1,2,0,1,2,0,3,2,0,3,1,3,4,2,0,4,6,4,2,6,5,2,4,5,
	7,12,1,0,2,1,0,2,3,0,4,3,0,4,5,0,3,5,4,5,6,4,3,6,6,0,
	7,12,0,1,1,2,0,2,3,0,3,1,3,2,4,1,0,4,5,0,2,5,6,5,2,6,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,6,4,0,6,5,0,3,5,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,1,5,6,1,0,6,5,0,4,5,
	7,12,0,4,3,0,2,3,4,2,1,4,3,1,1,0,2,1,6,1,0,6,5,0,2,5,
	7,12,5,4,3,5,4,3,6,4,3,6,2,3,4,2,0,4,3,0,1,0,2,1,6,2,
	7,12,4,1,3,2,3,0,4,2,5,1,5,0,3,5,4,3,5,4,6,5,0,6,3,6,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,6,1,0,6,5,0,1,5,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,3,1,5,1,6,5,4,6,
	7,12,0,4,3,0,2,3,4,2,1,4,3,1,1,0,2,1,5,4,3,5,6,3,4,6,
	7,12,1,0,2,1,3,2,0,3,4,3,1,4,4,0,5,4,0,5,3,5,6,0,1,6,
	7,12,0,4,3,0,2,3,4,2,1,4,3,1,1,0,2,1,6,2,4,6,5,0,1,5,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,5,4,2,5,1,5,6,1,5,6,
	7,12,0,2,1,0,2,1,0,3,3,1,4,2,5,3,6,1,6,4,4,0,3,4,1,5,
	7,12,0,1,1,2,0,2,3,0,3,2,4,3,4,1,0,4,5,2,5,4,6,0,3,6,
	7,12,5,0,2,5,6,2,3,6,2,3,1,2,0,1,4,0,1,4,5,1,6,5,0,2,
	7,12,0,4,3,0,2,3,4,2,1,4,3,1,1,0,2,1,6,4,2,6,5,2,3,5,
	7,12,0,2,1,0,5,1,3,5,6,3,2,6,4,2,3,4,5,4,2,5,1,2,4,1,
	7,12,0,2,1,0,2,1,0,3,3,1,4,0,1,4,4,2,3,4,5,4,6,5,3,6,
	7,12,0,1,1,2,0,2,3,0,3,1,3,2,6,1,2,6,4,6,3,4,5,3,6,5,
	7,12,0,4,3,0,2,3,4,2,1,4,3,1,1,0,2,1,5,0,6,5,0,6,3,4,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,5,1,2,5,6,0,3,6,
	7,12,0,1,1,2,2,3,3,4,0,4,5,3,5,1,5,4,6,3,4,6,1,6,6,5,
	7,12,0,5,0,6,1,3,1,4,2,3,2,4,2,5,2,6,3,5,3,6,4,5,4,6,
	7,12,0,1,1,2,2,3,3,4,0,4,5,2,6,5,0,6,6,2,0,5,1,5,6,1,
	7,12,0,1,6,5,2,3,3,4,4,5,0,5,6,0,6,1,6,2,6,3,6,4,5,1,
	7,12,0,1,1,2,2,3,3,4,0,4,5,0,5,1,5,2,5,3,5,4,6,1,5,6,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,5,1,4,5,6,4,5,6,
	7,12,2,1,0,2,5,0,4,5,3,4,5,1,5,3,2,5,1,0,4,1,6,3,6,1,
	7,12,0,4,0,6,1,3,1,5,1,6,2,3,2,5,2,6,3,5,4,5,4,6,5,6,
	7,12,0,5,0,6,1,4,1,5,1,6,2,3,2,5,2,6,3,4,3,6,4,5,5,6,
	7,12,0,1,2,4,0,2,2,1,4,6,4,1,5,1,5,2,5,3,0,3,6,1,2,6,
	7,12,0,1,1,2,2,3,5,4,0,4,5,3,5,1,6,3,6,4,4,2,0,3,4,3,
	7,12,1,3,2,1,0,2,5,0,4,5,3,4,5,3,2,5,1,0,4,1,6,1,6,5,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,5,1,6,5,0,6,1,6,
	7,12,0,3,4,0,2,4,3,2,1,3,4,1,1,0,5,1,5,2,6,1,2,6,4,6,
	7,12,0,1,1,2,2,3,0,3,4,2,5,0,5,4,4,1,1,6,5,3,1,5,6,2,
	7,12,0,1,1,2,2,3,0,3,4,2,5,0,5,4,4,1,1,5,5,3,6,1,4,6,
	7,12,0,1,1,2,2,3,0,3,4,2,5,0,5,4,4,1,1,5,5,3,6,1,0,6,
	7,12,4,3,1,2,0,1,0,3,4,0,6,4,4,2,5,4,6,2,6,3,3,2,5,1,
	7,12,2,3,4,2,0,4,6,0,6,5,4,5,1,3,5,1,0,5,6,1,3,6,5,3,
	7,12,0,3,0,5,1,2,1,5,1,6,2,4,2,6,3,4,3,6,4,5,4,6,5,6,
	7,12,0,3,0,6,1,4,1,5,1,6,2,3,2,4,2,5,3,6,4,5,4,6,5,6,
	7,12,0,1,1,2,2,3,4,5,0,4,4,3,5,3,6,1,3,6,6,2,0,6,4,6,
	7,12,0,1,2,4,0,2,6,1,3,1,3,2,4,1,5,1,5,2,5,3,0,3,4,6,
	7,12,1,3,2,1,0,2,5,0,4,5,3,4,5,3,2,5,1,0,4,1,6,3,1,6,
	7,12,4,3,1,2,5,0,0,3,4,0,4,1,4,2,5,1,6,2,6,3,3,2,6,4,
	7,12,2,3,4,2,5,4,0,5,6,0,1,6,3,1,6,3,5,3,1,5,4,0,3,0,
	7,12,0,3,0,5,1,4,1,5,1,6,2,4,2,5,2,6,3,4,3,6,4,6,5,6,
	7,12,3,2,1,2,5,0,0,3,4,0,4,1,6,4,5,1,6,2,6,3,6,1,0,6,
	7,12,0,5,0,6,1,3,1,4,1,6,2,3,2,4,2,6,3,5,4,5,4,6,5,6,
	7,12,0,3,0,5,1,2,1,4,1,6,2,4,2,6,3,5,3,6,4,5,4,6,5,6,
	7,12,0,3,0,6,1,4,1,5,1,6,2,4,2,5,2,6,3,4,3,5,4,6,5,6,
	7,12,0,5,0,6,1,4,1,5,1,6,2,4,2,5,2,6,3,4,3,5,3,6,4,6,
	7,12,0,1,1,2,2,3,0,3,4,2,5,0,5,4,4,1,3,4,5,3,2,6,6,1,
	7,12,0,1,1,2,2,3,0,3,4,2,5,0,5,4,4,1,3,4,5,3,6,1,6,5,
	7,12,0,2,0,6,1,4,1,5,1,6,2,3,2,5,3,4,3,5,3,6,4,5,4,6,
	7,12,0,5,0,6,1,3,1,4,1,6,2,3,2,4,2,5,3,4,3,6,4,5,5,6,
	7,12,0,1,1,2,2,3,0,3,4,1,2,4,5,2,0,5,4,3,6,5,6,4,3,5,
	7,12,0,2,0,6,1,2,1,4,1,5,2,3,3,4,3,5,3,6,4,5,4,6,5,6,
	7,12,0,2,0,6,1,3,1,4,1,5,2,4,2,5,3,4,3,5,3,6,4,6,5,6,
	7,12,0,2,0,6,1,3,1,4,1,5,2,5,2,6,3,4,3,5,3,6,4,5,4,6,
	7,12,0,5,0,6,1,3,1,4,1,6,2,3,2,4,2,6,3,4,3,5,4,5,5,6,
	7,12,0,5,0,6,1,2,1,5,1,6,2,3,2,4,3,4,3,5,3,6,4,5,4,6,
	7,12,3,0,2,3,4,2,0,4,5,1,5,2,6,1,6,0,3,6,5,3,4,5,6,4,
	7,12,0,5,0,6,1,2,1,3,1,4,2,3,2,4,3,5,3,6,4,5,4,6,5,6,
	7,12,0,1,0,2,1,5,1,6,2,3,2,4,3,4,3,5,3,6,4,5,4,6,5,6,
	7,12,3,0,2,3,4,2,0,4,5,1,5,2,6,1,6,0,3,6,5,3,6,4,1,3,
	7,12,0,4,0,5,0,6,1,3,1,5,1,6,2,3,2,4,2,5,3,6,4,6,5,6,
	7,12,2,3,4,2,5,2,4,1,6,0,3,0,3,1,6,3,5,6,1,5,4,0,3,4,
	7,12,2,3,4,2,4,1,2,5,6,0,6,4,3,1,6,3,0,3,1,5,4,0,5,3,
	7,12,0,4,0,5,0,6,1,2,1,3,1,6,2,3,2,6,3,5,4,5,4,6,5,6,
	7,12,3,0,2,3,4,2,0,4,5,1,5,2,6,1,6,0,3,6,1,3,6,4,5,4,
	7,12,6,3,1,2,2,3,0,3,4,2,5,0,0,6,4,1,3,4,6,5,5,1,0,4,
	7,12,0,3,0,5,0,6,1,2,1,5,1,6,2,4,2,6,3,4,3,5,4,5,4,6,
	7,12,0,3,0,5,0,6,1,2,1,4,1,6,2,3,2,5,3,4,4,5,4,6,5,6,
	7,12,0,3,0,5,0,6,1,2,1,5,1,6,2,3,2,4,3,4,4,5,4,6,5,6,
	7,12,0,4,3,0,1,3,4,1,1,0,4,5,2,4,6,2,5,6,2,5,3,2,6,3,
	7,12,0,1,1,2,2,3,0,3,4,0,4,1,5,2,5,4,6,4,6,3,6,2,5,3,
	7,12,0,4,0,5,0,6,1,3,1,5,1,6,2,3,2,5,2,6,3,4,4,5,4,6,
	7,12,3,0,4,2,3,1,4,0,5,2,5,1,4,3,5,4,3,5,6,1,0,6,2,6,
	7,12,1,0,4,1,0,4,5,0,6,5,1,6,3,4,5,3,2,3,5,2,6,3,2,6,
	7,12,0,1,2,0,2,3,3,4,0,4,0,5,6,1,4,6,6,5,2,6,3,1,5,3,
	7,12,0,1,1,2,2,3,3,4,4,5,0,5,6,0,6,1,6,2,6,3,6,4,6,5,
	7,12,3,6,1,2,0,6,0,3,4,0,4,1,4,2,4,3,5,1,2,5,4,5,6,4,
	7,13,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6,
	7,13,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,5,3,6,4,5,4,6,5,6,
	7,13,0,6,1,4,1,5,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6,
	7,13,0,1,1,2,2,3,4,5,0,4,1,3,4,1,2,4,0,3,5,3,4,3,0,2,6,4,
	7,13,3,4,1,3,2,1,0,2,5,0,4,5,2,4,5,1,0,3,1,4,0,1,0,4,1,6,
	7,13,0,1,0,2,0,3,0,4,0,5,0,6,2,3,2,4,2,5,2,6,3,6,4,5,5,6,
	7,13,0,6,1,4,1,5,1,6,2,3,2,4,2,5,3,4,3,5,3,6,4,5,4,6,5,6,
	7,13,0,3,1,4,1,5,1,6,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6,
	7,13,0,1,0,2,0,3,0,4,0,5,0,6,2,5,2,6,3,4,3,5,3,6,4,5,4,6,
	7,13,0,6,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,5,6,
	7,13,0,6,1,3,1,4,1,5,2,3,2,4,2,5,2,6,3,5,3,6,4,5,4,6,5,6,
	7,13,1,5,4,1,0,4,5,0,2,5,4,2,3,4,5,3,0,1,2,0,3,2,4,5,1,6,
	7,13,0,1,1,2,2,3,4,5,0,4,1,3,4,1,2,4,0,3,5,3,4,3,0,2,5,6,
	7,13,0,5,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,6,4,6,5,6,
	7,13,0,6,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,5,3,6,4,5,4,6,
	7,13,5,6,0,5,6,0,4,6,5,4,1,5,6,1,3,6,5,3,2,5,6,2,1,0,2,1,
	7,13,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,3,1,4,1,5,2,3,2,4,2,6,
	7,13,3,4,0,3,4,0,1,4,3,1,2,3,4,2,1,0,2,1,6,0,3,6,5,3,4,5,
	7,13,3,4,0,3,4,0,1,4,3,1,2,3,4,2,1,0,2,1,6,0,3,6,5,3,0,5,
	7,13,3,4,0,3,4,0,1,4,3,1,2,3,4,2,1,0,2,1,6,4,0,6,5,0,3,5,
	7,13,0,5,0,6,1,3,1,4,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6,
	7,13,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,3,1,4,2,3,2,4,3,5,4,6,
	7,13,0,1,0,2,0,3,0,4,1,2,1,3,1,4,2,3,2,4,3,4,5,1,6,5,1,6,
	7,13,0,4,0,6,1,3,1,5,2,3,2,4,2,5,2,6,3,5,3,6,4,5,4,6,5,6,
	7,13,0,5,0,6,1,4,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,5,6,
	7,13,0,5,0,6,1,3,1,4,2,3,2,4,2,5,2,6,3,5,3,6,4,5,4,6,5,6,
	7,13,0,1,0,2,0,3,0,4,1,2,1,3,1,4,2,3,2,4,3,4,5,3,6,5,4,6,
	7,13,0,5,0,6,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,
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	7,14,0,1,1,2,2,3,3,4,4,5,5,6,0,6,0,2,5,0,3,5,1,3,6,1,4,6,2,4,
	7,14,0,3,0,4,0,5,0,6,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,6,4,5,
	7,15,0,1,0,2,0,3,0,4,0,5,1,2,1,3,1,4,1,5,2,3,2,4,2,5,3,4,3,5,4,5,
	7,15,0,1,1,2,2,3,3,4,4,5,0,5,2,4,5,2,1,5,1,4,1,3,2,0,4,0,5,3,1,6,
	7,15,0,1,1,2,2,3,3,4,4,5,0,5,2,4,5,2,1,5,1,4,1,3,2,0,4,0,5,3,0,6,
	7,15,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,3,1,4,1,5,1,6,3,4,3,5,3,6,5,6,
	7,15,0,1,0,2,0,3,0,4,0,5,0,6,1,5,1,6,2,4,3,4,3,5,3,6,4,5,4,6,5,6,
	7,15,3,4,4,5,0,3,0,4,0,5,0,6,3,6,4,6,5,6,1,5,3,5,2,3,2,4,1,6,0,1,
	7,15,3,4,4,5,0,3,0,4,0,5,0,6,3,6,1,3,1,4,1,5,3,5,2,3,2,4,6,1,4,6,
	7,15,0,1,1,2,2,3,0,3,4,0,4,1,4,2,4,3,5,1,0,5,5,2,3,5,4,5,6,1,5,6,
	7,15,4,3,4,5,5,3,0,1,0,5,0,3,2,4,1,5,1,3,6,5,3,6,6,0,1,6,6,2,4,6,
	7,15,3,4,4,5,5,6,0,4,0,5,0,6,3,6,1,3,4,6,1,5,3,5,2,3,2,4,1,6,0,1,
	7,15,0,2,0,6,1,3,1,4,1,5,1,6,2,3,2,4,2,5,3,4,3,5,3,6,4,5,4,6,5,6,
	7,15,6,1,4,5,0,3,0,4,0,5,0,6,3,6,1,3,1,4,1,5,3,5,2,3,2,4,5,6,4,6,
	7,15,3,4,4,5,0,3,0,4,0,5,4,6,3,6,1,3,1,4,1,5,3,5,2,3,2,4,5,6,5,2,
	7,15,3,4,4,5,0,3,0,4,6,0,4,6,3,6,1,3,1,4,1,5,3,5,2,3,2,4,5,6,5,2,
	7,15,0,1,1,2,0,2,3,0,1,3,2,3,5,1,3,5,4,3,2,4,6,2,3,6,6,1,0,5,4,0,
	7,15,0,1,2,0,3,2,4,3,1,4,3,1,4,2,0,4,3,0,6,3,4,6,5,4,3,5,6,2,5,1,
	7,15,0,1,0,2,0,3,0,4,1,2,1,3,1,4,2,3,2,4,3,4,5,3,4,5,6,4,5,6,6,3,
	7,15,0,1,1,2,2,3,0,3,4,0,4,3,4,2,6,1,2,6,5,2,4,5,6,4,0,6,6,5,3,6,
	7,15,0,1,5,3,1,3,0,4,3,0,4,3,2,4,5,2,4,5,6,4,2,6,6,5,3,6,6,1,0,6,
	7,15,5,2,4,5,3,1,0,4,0,5,0,3,2,4,1,5,1,4,6,3,1,6,6,0,5,6,6,2,4,6,
	7,15,0,1,1,2,2,3,3,4,4,5,0,5,0,3,2,0,3,1,6,4,5,6,6,3,0,6,6,2,1,6,
	7,15,5,2,3,0,5,3,0,4,0,5,4,3,2,4,1,5,1,4,6,4,2,6,6,0,5,6,6,3,1,6,
	7,15,0,4,0,5,0,6,1,2,1,3,1,6,2,3,2,4,2,5,3,4,3,5,3,6,4,5,4,6,5,6,
	7,15,6,1,4,5,0,3,0,4,0,5,4,6,3,6,1,3,1,4,0,6,3,5,2,3,2,4,5,6,5,2,
	7,15,3,4,0,1,0,3,0,4,0,5,4,6,3,6,1,3,1,4,6,0,1,6,2,3,2,4,5,6,5,2,
	7,15,0,1,0,2,0,3,0,4,0,5,0,6,1,5,1,6,2,4,2,5,2,6,3,4,3,5,3,6,4,6,
	7,15,5,2,4,5,5,3,0,4,0,1,1,3,2,4,3,0,1,4,6,4,1,6,6,0,3,6,6,2,5,6,
	7,15,5,0,4,3,5,3,5,2,0,1,1,3,2,4,3,0,1,4,6,2,5,6,6,4,3,6,6,0,1,6,
	7,15,3,4,4,5,0,3,4,6,0,1,1,6,3,6,1,3,1,4,6,0,0,5,2,3,2,4,5,6,5,2,
	7,15,0,2,0,3,0,6,1,3,1,4,1,5,1,6,2,4,2,5,2,6,3,4,3,5,4,5,4,6,5,6,
	7,15,0,4,0,5,0,6,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,5,3,6,4,5,4,6,
	7,15,3,4,5,0,0,3,0,4,4,6,1,6,3,6,1,3,1,4,6,0,1,5,2,3,2,4,5,6,5,2,
	7,15,6,4,5,2,0,3,0,4,2,4,1,6,3,6,1,3,1,4,6,0,3,5,2,3,0,1,5,6,4,5,
	7,15,0,4,0,5,0,6,1,2,1,3,1,5,1,6,2,3,2,4,2,6,3,4,3,5,4,5,4,6,5,6,
	7,15,0,1,0,2,0,3,1,4,1,5,1,6,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6,
	7,15,2,3,0,2,3,0,4,3,1,4,5,1,4,5,1,0,5,2,6,2,5,6,6,1,0,6,6,4,3,6,
	7,15,3,0,3,5,3,4,2,0,2,5,2,4,1,4,1,5,1,0,6,0,1,6,6,5,3,6,6,4,2,6,
	7,15,0,3,0,4,0,5,0,6,1,2,1,4,1,5,1,6,2,3,2,5,2,6,3,4,3,6,4,5,5,6,
	7,15,3,4,6,2,0,3,0,4,5,0,1,6,3,6,1,3,1,4,6,0,4,5,2,3,2,4,5,1,5,2,
	7,15,3,4,6,2,0,3,0,4,5,0,5,6,3,6,1,3,1,4,0,1,4,6,2,3,2,4,5,1,5,2,
	7,15,0,1,1,2,2,3,3,4,0,4,6,2,1,6,6,0,4,6,5,4,0,5,3,5,6,3,5,2,1,5,
	7,16,0,1,0,2,0,3,0,4,0,5,1,2,1,3,1,4,1,5,2,3,2,4,2,5,3,4,3,5,4,5,2,6,
	7,16,3,0,4,1,4,3,1,3,4,0,2,5,6,2,5,6,1,5,4,5,3,5,0,5,0,6,3,6,4,6,6,1,
	7,16,0,1,0,2,0,3,0,4,0,5,0,6,1,6,2,3,2,4,2,5,3,4,3,5,3,6,4,5,4,6,5,6,
	7,16,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,
	7,16,3,4,5,1,0,3,0,4,5,0,4,6,3,6,1,3,1,4,6,0,3,5,2,3,2,4,5,6,4,5,2,5,
	7,16,2,4,3,1,3,0,4,3,4,0,5,2,4,5,5,0,3,5,5,1,6,5,1,6,3,6,6,0,4,6,6,2,
	7,16,0,1,0,2,0,3,0,4,0,5,0,6,1,5,1,6,2,3,2,4,3,4,3,5,3,6,4,5,4,6,5,6,
	7,16,2,4,4,1,3,0,3,1,4,0,5,2,4,5,5,0,3,5,6,5,1,5,6,1,3,6,4,6,6,2,6,0,
	7,16,0,1,0,3,0,5,0,6,1,3,1,5,1,6,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6,
	7,16,2,5,0,1,4,5,1,3,5,0,4,3,5,3,2,4,1,4,3,0,6,3,2,6,6,4,5,6,6,1,0,6,
	7,16,0,1,0,2,0,3,0,4,0,5,0,6,1,3,1,6,2,4,2,5,2,6,3,4,3,5,4,5,4,6,5,6,
	7,16,2,5,5,1,3,1,0,4,5,0,4,3,5,3,2,4,1,4,3,0,6,2,4,6,5,6,6,1,0,6,3,6,
	7,16,1,6,0,1,0,3,0,4,5,0,4,6,3,6,1,3,1,4,6,0,3,5,2,3,2,4,5,6,4,5,2,5,
	7,16,3,4,5,1,0,3,0,4,5,0,4,6,3,6,1,3,1,4,6,0,1,6,2,3,2,4,5,6,0,1,2,5,
	7,16,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,5,2,6,3,4,3,6,4,5,
	7,16,0,1,0,2,0,3,0,4,0,5,0,6,1,4,1,5,1,6,2,3,2,5,2,6,3,4,3,6,4,5,5,6,
	7,16,0,1,0,2,0,3,0,4,0,5,0,6,1,4,1,5,1,6,2,4,2,5,2,6,3,4,3,5,3,6,5,6,
	7,16,2,5,5,1,3,5,0,4,0,1,4,3,3,2,2,4,1,4,0,5,6,4,2,6,6,3,5,6,6,1,0,6,
	7,16,5,6,5,1,0,3,0,4,0,1,4,6,3,6,1,3,1,4,6,0,3,5,2,3,2,4,6,2,4,5,2,5,
	7,16,3,4,5,1,0,3,0,4,0,1,4,6,3,6,1,3,1,4,6,0,5,0,2,3,2,4,6,2,6,5,2,5,
	7,16,5,0,5,1,0,3,0,4,6,1,4,6,3,6,1,3,1,4,6,0,3,5,2,3,2,4,6,2,4,5,2,5,
	7,17,0,1,0,2,0,3,0,4,0,5,1,2,1,3,1,4,1,5,2,3,2,4,2,5,3,4,3,5,4,5,6,2,1,6,
	7,17,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,4,5,4,6,
	7,17,4,0,4,3,0,1,3,0,2,4,3,1,5,3,4,5,5,2,6,5,5,0,1,5,6,1,0,6,6,4,2,6,3,6,
	7,17,0,1,5,1,5,3,0,4,5,0,4,3,3,1,2,5,1,4,3,0,2,4,6,2,5,6,6,3,1,6,6,0,4,6,
	7,17,3,4,5,1,0,3,0,4,4,5,4,6,3,6,1,3,1,4,0,1,3,5,2,3,2,4,2,5,5,0,5,6,6,2,
	7,17,3,2,4,1,0,1,3,0,2,4,4,3,5,1,4,5,5,2,0,5,5,3,6,5,2,6,6,3,0,6,1,6,4,6,
	7,17,3,2,4,1,4,0,3,0,2,4,3,1,5,2,4,5,5,0,3,5,5,1,6,5,2,6,6,0,3,6,6,4,1,6,
	7,17,3,2,5,1,5,0,0,4,0,1,4,3,5,3,2,5,1,4,3,0,2,4,6,4,5,6,6,2,3,6,6,0,1,6,
	7,17,3,2,5,1,5,0,0,4,4,5,0,1,3,1,2,5,1,4,3,0,2,4,6,0,3,6,6,1,5,6,6,2,4,6,
	7,17,0,3,0,4,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,5,3,6,4,5,4,6,
	7,18,0,1,0,2,0,3,0,4,0,5,1,2,1,3,1,4,1,5,2,3,2,4,2,5,3,4,3,5,4,5,6,1,0,6,5,6,
	7,18,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,
	7,18,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,4,1,5,2,3,2,4,2,5,2,6,3,4,3,6,4,5,4,6,5,6,
	7,18,0,1,0,2,0,3,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,3,4,3,5,3,6,4,5,4,6,5,6,
	7,18,4,0,4,5,3,0,3,5,2,0,2,5,1,3,1,4,1,5,1,0,2,3,2,4,6,0,5,6,6,1,2,6,6,4,3,6,
	7,19,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,3,4,3,5,3,6,4,5,4,6,5,6,
	7,19,0,1,0,2,0,3,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,6,4,5,4,6,5,6,
	7,20,0,1,0,2,0,3,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6,
	7,21,0,1,0,2,0,3,0,4,0,5,0,6,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6,
};

long int igraph_i_atlas_edges_pos[]={0, 2, 4, 6, 10, 12, 16, 22, 30, 32, 36, 42, 48, 56, 64, 72, 82, 92, 104, 118, 120, 124, 130, 136, 144, 152, 160, 168, 178, 188, 198, 208, 218, 228, 240, 252, 264, 276, 288, 300, 314, 328, 342, 356, 370, 384, 400, 416, 432, 448, 466, 484, 504, 526, 528, 532, 538, 544, 552, 560, 568, 576, 584, 594, 604, 614, 624, 634, 644, 654, 664, 674, 686, 698, 710, 722, 734, 746, 758, 770, 782, 794, 806, 818, 830, 842, 854, 868, 882, 896, 910, 924, 938, 952, 966, 980, 994, 1008, 1022, 1036, 1050, 1064, 1078, 1092, 1106, 1120, 1134, 1148, 1164, 1180, 1196, 1212, 1228, 1244, 1260, 1276, 1292, 1308, 1324, 1340, 1356, 1372, 1388, 1404, 1420, 1436, 1452, 1468, 1484, 1500, 1516, 1532, 1550, 1568, 1586, 1604, 1622, 1640, 1658, 1676, 1694, 1712, 1730, 1748, 1766, 1784, 1802, 1820, 1838, 1856, 1874, 1892, 1910, 1928, 1946, 1964, 1984, 2004, 2024, 2044, 2064, 2084, 2104, 2124, 2144, 2164, 2184, 2204, 2224, 2244, 2264, 2284, 2304, 2324, 2344, 2364, 2384, 2406, 2428, 2450, 2472, 2494, 2516, 2538, 2560, 2582, 2604, 2626, 2648, 2670, 2692, 2714, 2738, 2762, 2786, 2810, 2834, 2858, 2882, 2906, 2930, 2956, 2982, 3008, 3034, 3060, 3088, 3116, 3146, 3178, 3180, 3184, 3190, 3196, 3204, 3212, 3220, 3228, 3236, 3246, 3256, 3266, 3276, 3286, 3296, 3306, 3316, 3326, 3336, 3348, 3360, 3372, 3384, 3396, 3408, 3420, 3432, 3444, 3456, 3468, 3480, 3492, 3504, 3516, 3528, 3540, 3552, 3564, 3576, 3588, 3602, 3616, 3630, 3644, 3658, 3672, 3686, 3700, 3714, 3728, 3742, 3756, 3770, 3784, 3798, 3812, 3826, 3840, 3854, 3868, 3882, 3896, 3910, 3924, 3938, 3952, 3966, 3980, 3994, 4008, 4022, 4036, 4050, 4064, 4078, 4092, 4106, 4120, 4134, 4148, 4162, 4178, 4194, 4210, 4226, 4242, 4258, 4274, 4290, 4306, 4322, 4338, 4354, 4370, 4386, 4402, 4418, 4434, 4450, 4466, 4482, 4498, 4514, 4530, 4546, 4562, 4578, 4594, 4610, 4626, 4642, 4658, 4674, 4690, 4706, 4722, 4738, 4754, 4770, 4786, 4802, 4818, 4834, 4850, 4866, 4882, 4898, 4914, 4930, 4946, 4962, 4978, 4994, 5010, 5026, 5042, 5058, 5074, 5090, 5106, 5122, 5138, 5154, 5170, 5186, 5202, 5220, 5238, 5256, 5274, 5292, 5310, 5328, 5346, 5364, 5382, 5400, 5418, 5436, 5454, 5472, 5490, 5508, 5526, 5544, 5562, 5580, 5598, 5616, 5634, 5652, 5670, 5688, 5706, 5724, 5742, 5760, 5778, 5796, 5814, 5832, 5850, 5868, 5886, 5904, 5922, 5940, 5958, 5976, 5994, 6012, 6030, 6048, 6066, 6084, 6102, 6120, 6138, 6156, 6174, 6192, 6210, 6228, 6246, 6264, 6282, 6300, 6318, 6336, 6354, 6372, 6390, 6408, 6426, 6444, 6462, 6480, 6498, 6516, 6534, 6552, 6570, 6588, 6606, 6624, 6642, 6660, 6678, 6696, 6714, 6732, 6750, 6768, 6786, 6804, 6822, 6840, 6858, 6876, 6894, 6912, 6930, 6948, 6968, 6988, 7008, 7028, 7048, 7068, 7088, 7108, 7128, 7148, 7168, 7188, 7208, 7228, 7248, 7268, 7288, 7308, 7328, 7348, 7368, 7388, 7408, 7428, 7448, 7468, 7488, 7508, 7528, 7548, 7568, 7588, 7608, 7628, 7648, 7668, 7688, 7708, 7728, 7748, 7768, 7788, 7808, 7828, 7848, 7868, 7888, 7908, 7928, 7948, 7968, 7988, 8008, 8028, 8048, 8068, 8088, 8108, 8128, 8148, 8168, 8188, 8208, 8228, 8248, 8268, 8288, 8308, 8328, 8348, 8368, 8388, 8408, 8428, 8448, 8468, 8488, 8508, 8528, 8548, 8568, 8588, 8608, 8628, 8648, 8668, 8688, 8708, 8728, 8748, 8768, 8788, 8808, 8828, 8848, 8868, 8888, 8908, 8928, 8948, 8968, 8988, 9008, 9028, 9048, 9068, 9088, 9108, 9128, 9148, 9168, 9188, 9208, 9228, 9248, 9268, 9288, 9308, 9328, 9348, 9368, 9388, 9408, 9428, 9448, 9468, 9488, 9508, 9528, 9548, 9568, 9590, 9612, 9634, 9656, 9678, 9700, 9722, 9744, 9766, 9788, 9810, 9832, 9854, 9876, 9898, 9920, 9942, 9964, 9986, 10008, 10030, 10052, 10074, 10096, 10118, 10140, 10162, 10184, 10206, 10228, 10250, 10272, 10294, 10316, 10338, 10360, 10382, 10404, 10426, 10448, 10470, 10492, 10514, 10536, 10558, 10580, 10602, 10624, 10646, 10668, 10690, 10712, 10734, 10756, 10778, 10800, 10822, 10844, 10866, 10888, 10910, 10932, 10954, 10976, 10998, 11020, 11042, 11064, 11086, 11108, 11130, 11152, 11174, 11196, 11218, 11240, 11262, 11284, 11306, 11328, 11350, 11372, 11394, 11416, 11438, 11460, 11482, 11504, 11526, 11548, 11570, 11592, 11614, 11636, 11658, 11680, 11702, 11724, 11746, 11768, 11790, 11812, 11834, 11856, 11878, 11900, 11922, 11944, 11966, 11988, 12010, 12032, 12054, 12076, 12098, 12120, 12142, 12164, 12186, 12208, 12230, 12252, 12274, 12296, 12318, 12340, 12362, 12384, 12406, 12428, 12450, 12472, 12494, 12516, 12538, 12560, 12582, 12604, 12626, 12648, 12670, 12692, 12714, 12736, 12758, 12780, 12802, 12824, 12848, 12872, 12896, 12920, 12944, 12968, 12992, 13016, 13040, 13064, 13088, 13112, 13136, 13160, 13184, 13208, 13232, 13256, 13280, 13304, 13328, 13352, 13376, 13400, 13424, 13448, 13472, 13496, 13520, 13544, 13568, 13592, 13616, 13640, 13664, 13688, 13712, 13736, 13760, 13784, 13808, 13832, 13856, 13880, 13904, 13928, 13952, 13976, 14000, 14024, 14048, 14072, 14096, 14120, 14144, 14168, 14192, 14216, 14240, 14264, 14288, 14312, 14336, 14360, 14384, 14408, 14432, 14456, 14480, 14504, 14528, 14552, 14576, 14600, 14624, 14648, 14672, 14696, 14720, 14744, 14768, 14792, 14816, 14840, 14864, 14888, 14912, 14936, 14960, 14984, 15008, 15032, 15056, 15080, 15104, 15128, 15152, 15176, 15200, 15224, 15248, 15272, 15296, 15320, 15344, 15368, 15392, 15416, 15440, 15464, 15488, 15512, 15536, 15560, 15584, 15608, 15632, 15656, 15680, 15704, 15728, 15752, 15776, 15800, 15824, 15848, 15872, 15896, 15920, 15944, 15968, 15992, 16016, 16040, 16064, 16088, 16112, 16136, 16160, 16184, 16208, 16232, 16256, 16280, 16304, 16328, 16352, 16376, 16402, 16428, 16454, 16480, 16506, 16532, 16558, 16584, 16610, 16636, 16662, 16688, 16714, 16740, 16766, 16792, 16818, 16844, 16870, 16896, 16922, 16948, 16974, 17000, 17026, 17052, 17078, 17104, 17130, 17156, 17182, 17208, 17234, 17260, 17286, 17312, 17338, 17364, 17390, 17416, 17442, 17468, 17494, 17520, 17546, 17572, 17598, 17624, 17650, 17676, 17702, 17728, 17754, 17780, 17806, 17832, 17858, 17884, 17910, 17936, 17962, 17988, 18014, 18040, 18066, 18092, 18118, 18144, 18170, 18196, 18222, 18248, 18274, 18300, 18326, 18352, 18378, 18404, 18430, 18456, 18482, 18508, 18534, 18560, 18586, 18612, 18638, 18664, 18690, 18716, 18742, 18768, 18794, 18820, 18846, 18872, 18898, 18924, 18950, 18976, 19002, 19028, 19054, 19080, 19106, 19132, 19158, 19184, 19210, 19236, 19262, 19288, 19314, 19340, 19366, 19392, 19418, 19444, 19470, 19496, 19522, 19548, 19574, 19600, 19626, 19652, 19678, 19704, 19730, 19756, 19782, 19810, 19838, 19866, 19894, 19922, 19950, 19978, 20006, 20034, 20062, 20090, 20118, 20146, 20174, 20202, 20230, 20258, 20286, 20314, 20342, 20370, 20398, 20426, 20454, 20482, 20510, 20538, 20566, 20594, 20622, 20650, 20678, 20706, 20734, 20762, 20790, 20818, 20846, 20874, 20902, 20930, 20958, 20986, 21014, 21042, 21070, 21098, 21126, 21154, 21182, 21210, 21238, 21266, 21294, 21322, 21350, 21378, 21406, 21434, 21462, 21490, 21518, 21546, 21574, 21602, 21630, 21658, 21686, 21714, 21742, 21770, 21798, 21826, 21854, 21882, 21910, 21938, 21966, 21994, 22022, 22050, 22078, 22106, 22134, 22162, 22190, 22218, 22246, 22274, 22302, 22330, 22358, 22386, 22414, 22442, 22470, 22498, 22528, 22558, 22588, 22618, 22648, 22678, 22708, 22738, 22768, 22798, 22828, 22858, 22888, 22918, 22948, 22978, 23008, 23038, 23068, 23098, 23128, 23158, 23188, 23218, 23248, 23278, 23308, 23338, 23368, 23398, 23428, 23458, 23488, 23518, 23548, 23578, 23608, 23638, 23668, 23698, 23728, 23758, 23788, 23818, 23848, 23878, 23908, 23938, 23968, 23998, 24028, 24058, 24088, 24118, 24148, 24178, 24208, 24238, 24268, 24298, 24328, 24358, 24388, 24418, 24448, 24480, 24512, 24544, 24576, 24608, 24640, 24672, 24704, 24736, 24768, 24800, 24832, 24864, 24896, 24928, 24960, 24992, 25024, 25056, 25088, 25120, 25152, 25184, 25216, 25248, 25280, 25312, 25344, 25376, 25408, 25440, 25472, 25504, 25536, 25568, 25600, 25632, 25664, 25696, 25728, 25760, 25794, 25828, 25862, 25896, 25930, 25964, 25998, 26032, 26066, 26100, 26134, 26168, 26202, 26236, 26270, 26304, 26338, 26372, 26406, 26440, 26474, 26510, 26546, 26582, 26618, 26654, 26690, 26726, 26762, 26798, 26834, 26872, 26910, 26948, 26986, 27024, 27064, 27104, 27146};

__END_DECLS







igraph-0.4.2/igraph/evolver_cit.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"
#include "random.h"

#include <math.h>

/* This file contains the method for creating citation networks */

int igraph_i_create_outseq(igraph_vector_t *real_outseq,
			   igraph_integer_t nodes,
			   const igraph_vector_t *outseq,
			   const igraph_vector_t *outdist,
			   igraph_integer_t m,
			   igraph_integer_t *edges) {
  
  long int no_of_edges=0;

  if (outseq && nodes != igraph_vector_size(outseq)) {
    IGRAPH_ERROR("Invalid out-degree sequence length", IGRAPH_EINVAL);
  }
  if (!outseq && outdist && igraph_vector_size(outdist)==0) {
    IGRAPH_ERROR("Invalid out-degree distribution length", IGRAPH_EINVAL);
  }
  if (!outseq && !outdist && m<0) {
    IGRAPH_ERROR("Invalid constant out-degree", IGRAPH_EINVAL);
  }

  if (outseq) {
    igraph_vector_clear(real_outseq);
    igraph_vector_append(real_outseq, outseq);    
    no_of_edges=igraph_vector_sum(real_outseq)-VECTOR(*real_outseq)[0];
  } else if (outdist) {    
    igraph_vector_t cumsum;
    long int i, n=igraph_vector_size(outdist);   
    IGRAPH_VECTOR_INIT_FINALLY(&cumsum, n+1);
    IGRAPH_CHECK(igraph_vector_resize(real_outseq, nodes));
    VECTOR(cumsum)[0]=0;
    for (i=0; i<n; i++) {
      VECTOR(cumsum)[i+1] = VECTOR(cumsum)[i] + VECTOR(*outdist)[i];
    }
    RNG_BEGIN();
    VECTOR(*real_outseq)[0]=0;
    for (i=1; i<nodes; i++) {
      long int deg;
      igraph_vector_binsearch(&cumsum, RNG_UNIF(0, VECTOR(cumsum)[n]), &deg);
      VECTOR(*real_outseq)[0]=deg;
      no_of_edges += deg;
    }
    RNG_END();
    igraph_vector_destroy(&cumsum);
    IGRAPH_FINALLY_CLEAN(1);
  } else {
    long int i;
    for (i=0; i<nodes; i++) {
      VECTOR(*real_outseq)[i]=m;
    }
    no_of_edges=(nodes-1)*m;
  }
  
  if (edges) {
    *edges=no_of_edges;
  }
  
  return 0;
}

int igraph_evolver_d(igraph_t *graph,
		     igraph_integer_t nodes,
		     igraph_vector_t *kernel,
		     const igraph_vector_t *outseq,
		     const igraph_vector_t *outdist,
		     igraph_integer_t m,
		     igraph_bool_t directed) {

  igraph_vector_t real_outseq;
  long int no_of_nodes=nodes;
  igraph_integer_t no_of_edges;
  igraph_vector_t edges;
  long int kernel_size=igraph_vector_size(kernel);
  long int edgeptr=0;
  igraph_psumtree_t sumtree;
  igraph_vector_t degree;
  long int i, j;
  
  if (no_of_nodes<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (kernel_size==0) {
    IGRAPH_ERROR("Zero length kernel", IGRAPH_EINVAL);
  }
  if (VECTOR(*kernel)[0]==0) {
    IGRAPH_ERROR("Zero attractivity for zero degree vertices no allowed", 
		 IGRAPH_EINVAL);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  IGRAPH_VECTOR_INIT_FINALLY(&real_outseq, no_of_nodes);
  IGRAPH_CHECK(igraph_i_create_outseq(&real_outseq, nodes, outseq, 
				      outdist, m, &no_of_edges));
  
  IGRAPH_CHECK(igraph_vector_resize(&edges, no_of_edges*2));
  IGRAPH_CHECK(igraph_psumtree_init(&sumtree, no_of_nodes));
  IGRAPH_FINALLY(igraph_psumtree_destroy, &sumtree);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  
  RNG_BEGIN();
  
  /* first node */
  igraph_psumtree_update(&sumtree, 0, VECTOR(*kernel)[0]);
  
  for (i=1; i<no_of_nodes; i++) {
    igraph_real_t sum=igraph_psumtree_sum(&sumtree);
    long int no_of_neighbors=VECTOR(real_outseq)[i];
    long int edgeptr_save;
    long int to;
    
    /* Add edges */
    edgeptr_save=edgeptr;
    for (j=0; j<no_of_neighbors; j++) {
      igraph_psumtree_search(&sumtree, &to, RNG_UNIF(0, sum));
      VECTOR(degree)[to] += 1;
      VECTOR(edges)[edgeptr++] = i;
      VECTOR(edges)[edgeptr++] = to;
    }     
 
    /* Update probabilities */
    for (j=0; j<no_of_neighbors; j++) {
      long int to=VECTOR(edges)[edgeptr_save+1];
      long int deg=VECTOR(degree)[to];
      long int a= deg < kernel_size ? VECTOR(*kernel)[deg] : 
	VECTOR(*kernel)[kernel_size-1];
      igraph_psumtree_update(&sumtree, to, a);
    }
			     
    /* New vertex */
    igraph_psumtree_update(&sumtree, i, VECTOR(*kernel)[0]);
  }
  
  RNG_END();
  
  igraph_vector_destroy(&degree);
  igraph_psumtree_destroy(&sumtree);
  igraph_vector_destroy(&real_outseq);
  IGRAPH_FINALLY_CLEAN(3);
  
  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}







igraph-0.4.2/igraph/pottsmodel_2.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/* The original version of this file was written by Jörg Reichardt 
   The original copyright notice follows here */

/***************************************************************************
                          pottsmodel.h  -  description
                             -------------------
    begin                : Fri May 28 2004
    copyright            : (C) 2004 by 
    email                : 
 ***************************************************************************/

/***************************************************************************
 *                                                                         *
 *   This program is free software; you can redistribute it and/or modify  *
 *   it under the terms of the GNU General Public License as published by  *
 *   the Free Software Foundation; either version 2 of the License, or     *
 *   (at your option) any later version.                                   *
 *                                                                         *
 ***************************************************************************/

#ifndef POTTSMODEL_H
#define POTTSMODEL_H

#include "NetDataTypes.h"

#include "igraph.h"

#define qmax 500

class PottsModel {
  private:
  //  HugeArray<double> neg_gammalookup;
  //  HugeArray<double> pos_gammalookup;
    DL_Indexed_List<unsigned int*> *new_spins;
    DL_Indexed_List<unsigned int*> *previous_spins;
    HugeArray<HugeArray<double>*> correlation;
    network *net;
    unsigned int q;
    unsigned int operation_mode;
    FILE *Qfile, *Magfile;
    double Qmatrix[qmax+1][qmax+1];
    double* Qa;
    double* weights;
    double total_degree_sum;
    unsigned long num_of_nodes;
    unsigned long num_of_links;
    unsigned long k_max;
    double energy;
    double acceptance;
    double *neighbours;
  public:
    PottsModel(network *net, unsigned int q, int norm_by_degree);
    ~PottsModel();
    double* color_field;
    unsigned long assign_initial_conf(int spin);
    unsigned long initialize_lookup(double kT, double gamma);
    double initialize_Qmatrix(void);
    double calculate_Q(void);
    double FindStartTemp(double gamma, double prob,  double ts);
    long   HeatBathParallelLookupZeroTemp(double gamma, double prob, unsigned int max_sweeps);
    double HeatBathLookupZeroTemp(double gamma, double prob, unsigned int max_sweeps);
    long   HeatBathParallelLookup(double gamma, double prob, double kT, unsigned int max_sweeps);
    double HeatBathLookup(double gamma, double prob, double kT, unsigned int max_sweeps);
    double GammaSweep(double gamma_start, double gamma_stop, double prob, unsigned int steps, bool non_parallel=true, int repetitions=1);
    double GammaSweepZeroTemp(double gamma_start, double gamma_stop, double prob, unsigned int steps, bool non_parallel=true, int repetitions=1);
    long   WriteCorrelationMatrix(char *filename);
    double calculate_energy(double gamma);
    long   WriteClusters(igraph_real_t *modularity,
			 igraph_real_t *temperature, 
			 igraph_vector_t *csize, igraph_vector_t *membership,
			 double kT);
    long   WriteSoftClusters(char *filename, double threshold);
    double Get_Energy(void) { return energy;}
    double FindCommunityFromStart(double gamma, double prob, char *nodename,
				  igraph_vector_t *result, 
				  igraph_real_t *cohesion,
				  igraph_real_t *adhesion,
				  igraph_integer_t *inner_links,
				  igraph_integer_t *outer_links);
};

#endif







igraph-0.4.2/igraph/heap.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "random.h"
#include "error.h"

#include <assert.h>
#include <string.h> 		/* memcpy & co. */
#include <stdlib.h>

#define PARENT(x)     (((x)+1)/2-1)
#define LEFTCHILD(x)  (((x)+1)*2-1)
#define RIGHTCHILD(x) (((x)+1)*2)
  
/**
 * \ingroup heap
 * \brief Initializes an empty heap object (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_heap_init           (igraph_heap_t* h, long int alloc_size) {
  if (alloc_size <= 0 ) { alloc_size=1; }
  h->stor_begin=Calloc(alloc_size, igraph_real_t);
  if (h->stor_begin==0) {
    IGRAPH_ERROR("heap init failed", IGRAPH_ENOMEM);
  }
  h->stor_end=h->stor_begin + alloc_size;
  h->end=h->stor_begin;
  h->destroy=1;
  
  return 0;  
}

/**
 * \ingroup heap
 * \brief Initializes a heap object from an array, the heap is also
 * built of course (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_heap_init_array     (igraph_heap_t *h, igraph_real_t* data, long int len) {
  h->stor_begin=Calloc(len, igraph_real_t);
  if (h->stor_begin==0) {
    IGRAPH_ERROR("heap init from array failed", IGRAPH_ENOMEM);
  }
  h->stor_end=h->stor_begin+len;
  h->end=h->stor_end;
  h->destroy=1;

  memcpy(h->stor_begin, data, len*sizeof(igraph_real_t));

  igraph_heap_i_build (h->stor_begin, h->end-h->stor_begin, 0);
  
  return 0;
}

/**
 * \ingroup heap
 * \brief Destroys an initialized heap object.
 */

void igraph_heap_destroy        (igraph_heap_t* h) {  
  if (h->destroy) {
    if (h->stor_begin != 0) {
      Free(h->stor_begin);
      h->stor_begin=0;
    }
  }
}

/**
 * \ingroup heap
 * \brief Decides whether a heap object is empty.
 */

igraph_bool_t igraph_heap_empty          (igraph_heap_t* h) {
  assert(h != NULL);
  assert(h->stor_begin != NULL);
  return h->stor_begin == h->end;
}

/**
 * \ingroup heap
 * \brief Adds an element to a heap object.
 */

int igraph_heap_push           (igraph_heap_t* h, igraph_real_t elem) {
  int ret;
  assert(h != NULL);
  assert(h->stor_begin != NULL);
	
  /* full, allocate more storage */
  if (h->stor_end == h->end) {
    long int new_size = igraph_heap_size(h) * 2;
    if (new_size == 0) { new_size = 1; }
    IGRAPH_CHECK(ret=igraph_heap_reserve(h, new_size));
  }
	
  *(h->end) = elem;
  h->end += 1;

  /* maintain heap */
  igraph_heap_i_shift_up(h->stor_begin, igraph_heap_size(h), igraph_heap_size(h)-1);
	
  return 0;
}

/**
 * \ingroup heap
 * \brief Returns the largest element in a heap.
 */

igraph_real_t igraph_heap_max       (igraph_heap_t* h) {
  assert(h != NULL);
  assert(h->stor_begin != NULL);
  assert(h->stor_begin != h->end);
  
  return h->stor_begin[0];
}

/**
 * \ingroup heap
 * \brief Returns and removes the largest element in a heap.
 */

igraph_real_t igraph_heap_delete_max(igraph_heap_t* h) {
  igraph_real_t tmp;

  assert(h != NULL);
  assert(h->stor_begin != NULL);

  tmp=h->stor_begin[0];
  igraph_heap_i_switch(h->stor_begin, 0, igraph_heap_size(h)-1);
  h->end -= 1;
  igraph_heap_i_sink(h->stor_begin, h->end-h->stor_begin, 0);
  
  return tmp;
}

/**
 * \ingroup heap
 * \brief Gives the number of elements in a heap.
 */

long int igraph_heap_size      (igraph_heap_t* h) {
  assert(h != NULL);
  assert(h->stor_begin != NULL);
  return h->end - h->stor_begin;
}

/**
 * \ingroup heap
 * \brief Allocates more memory for a heap if needed.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_heap_reserve        (igraph_heap_t* h, long int size) {
  long int actual_size=igraph_heap_size(h);
  igraph_real_t *tmp;
  assert(h != NULL);
  assert(h->stor_begin != NULL);
  
  if (size <= actual_size) { return 0; }
  
  tmp=Realloc(h->stor_begin, size, igraph_real_t);
  if (tmp==0) {
    IGRAPH_ERROR("heap reserve failed", IGRAPH_ENOMEM);
  }
  h->stor_begin=tmp;
  h->stor_end=h->stor_begin + size;
  h->end=h->stor_begin+actual_size;
  
  return 0;
}

/**
 * \ingroup heap
 * \brief Build a heap, this should not be called directly.
 */

void igraph_heap_i_build(igraph_real_t* arr, long int size, long int head) {

  if (RIGHTCHILD(head) < size) { 
    /* both subtrees */
    igraph_heap_i_build(arr, size, LEFTCHILD(head) );
    igraph_heap_i_build(arr, size, RIGHTCHILD(head));
    igraph_heap_i_sink(arr, size, head);
  } else if (LEFTCHILD(head) < size) {
    /* only left */
    igraph_heap_i_build(arr, size, LEFTCHILD(head));
    igraph_heap_i_sink(arr, size, head);
  } else {
    /* none */
  }
}

/**
 * \ingroup heap
 * \brief Shift an element upwards in a heap, this should not be
 * called directly.
 */

void igraph_heap_i_shift_up(igraph_real_t* arr, long int size, long int elem) {
  
  if (elem==0 || arr[elem] < arr[PARENT(elem)]) { 
    /* at the top */
  } else {
    igraph_heap_i_switch(arr, elem, PARENT(elem));
    igraph_heap_i_shift_up(arr, size, PARENT(elem));
  }
}

/**
 * \ingroup heap
 * \brief Moves an element down in a heap, this function should not be
 * called directly.
 */

void igraph_heap_i_sink(igraph_real_t* arr, long int size, long int head) {

  if (LEFTCHILD(head) >= size) { 
    /* no subtrees */
  } else if (RIGHTCHILD(head) == size ||
	     arr[LEFTCHILD(head)] >= arr[RIGHTCHILD(head)]) {
    /* sink to the left if needed */
    if (arr[head] < arr[LEFTCHILD(head)]) {
      igraph_heap_i_switch(arr, head, LEFTCHILD(head));
      igraph_heap_i_sink(arr, size, LEFTCHILD(head));
    }
  } else {
    /* sink to the right */
    if (arr[head] < arr[RIGHTCHILD(head)]) {
      igraph_heap_i_switch(arr, head, RIGHTCHILD(head));
      igraph_heap_i_sink(arr, size, RIGHTCHILD(head));
    }
  }
}

/**
 * \ingroup heap
 * \brief Switches two elements in a heap, this function should not be
 * called directly.
 */

void igraph_heap_i_switch(igraph_real_t* arr, long int e1, long int e2) {
  if (e1!=e2) {
    igraph_real_t tmp=arr[e1];
    arr[e1]=arr[e2];
    arr[e2]=tmp;
  }
}

/**
 * \ingroup indheap
 * \brief Initializes an indexed heap (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_indheap_init           (igraph_indheap_t* h, long int alloc_size) {
 if (alloc_size <= 0 ) { alloc_size=1; }
 h->stor_begin=Calloc(alloc_size, igraph_real_t);
 if (h->stor_begin==0) {
   h->index_begin=0;
   IGRAPH_ERROR("indheap init failed", IGRAPH_ENOMEM);
 }
 h->index_begin=Calloc(alloc_size, long int);
 if (h->index_begin==0) {
   Free(h->stor_begin);
   h->stor_begin=0;
   IGRAPH_ERROR("indheap init failed", IGRAPH_ENOMEM);
 }
 
 h->stor_end=h->stor_begin + alloc_size;
 h->end=h->stor_begin;
 h->destroy=1;
 
 return 0;  
}

/**
 * \ingroup indheap
 * \brief Initializes and build an indexed heap from a C array (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_indheap_init_array     (igraph_indheap_t *h, igraph_real_t* data, long int len) {
  long int i;

  h->stor_begin=Calloc(len, igraph_real_t);
  if (h->stor_begin==0) {
    h->index_begin=0;
    IGRAPH_ERROR("indheap init from array failed", IGRAPH_ENOMEM);
  }
  h->index_begin=Calloc(len, long int);
  if (h->index_begin==0) {
    Free(h->stor_begin);
    h->stor_begin=0;
    IGRAPH_ERROR("indheap init from array failed", IGRAPH_ENOMEM);
  }
  h->stor_end=h->stor_begin+len;
  h->end=h->stor_end;
  h->destroy=1;

  memcpy(h->stor_begin, data, len*sizeof(igraph_real_t));
  for (i=0; i<len; i++) {
    h->index_begin[i]=i+1;
  }

  igraph_indheap_i_build (h, 0);
  
  return 0;
}

/**
 * \ingroup indheap
 * \brief Destroys an initialized indexed heap. 
 */

void igraph_indheap_destroy        (igraph_indheap_t* h) {  
  assert(h != 0);
  if (h->destroy) {
    if (h->stor_begin != 0) {
      Free(h->stor_begin);
      h->stor_begin=0;
    }
    if (h->index_begin != 0) {
      Free(h->index_begin);
      h->index_begin=0;
    }
  }
}

/**
 * \ingroup indheap
 * \brief Checks whether a heap is empty.
 */

igraph_bool_t igraph_indheap_empty          (igraph_indheap_t* h) {
  assert(h != 0);
  assert(h->stor_begin != 0);
  return h->stor_begin == h->end;
}

/**
 * \ingroup indheap
 * \brief Adds an element to an indexed heap.
 */

int igraph_indheap_push           (igraph_indheap_t* h, igraph_real_t elem) {
  assert(h != 0);
  assert(h->stor_begin != 0);
	
  /* full, allocate more storage */
  if (h->stor_end == h->end) {
    long int new_size = igraph_indheap_size(h) * 2;
    if (new_size == 0) { new_size = 1; }
    IGRAPH_CHECK(igraph_indheap_reserve(h, new_size));
  }
	
  *(h->end) = elem;
  h->end += 1;
  *(h->index_begin+igraph_indheap_size(h)-1)=igraph_indheap_size(h)-1;

  /* maintain indheap */
  igraph_indheap_i_shift_up(h, igraph_indheap_size(h)-1);
	
  return 0;
}

/**
 * \ingroup indheap
 * \brief Adds an element to an indexed heap with a given index.
 */

int igraph_indheap_push_index(igraph_indheap_t* h, long int idx, igraph_real_t elem) {
  assert(h != 0);
  assert(h->stor_begin != 0);
	
  /* full, allocate more storage */
  if (h->stor_end == h->end) {
    long int new_size = igraph_indheap_size(h) * 2;
    if (new_size == 0) { new_size = 1; }
    IGRAPH_CHECK(igraph_indheap_reserve(h, new_size));
  }
	
  *(h->end) = elem;
  h->end += 1;
  *(h->index_begin+igraph_indheap_size(h)-1)=idx;

  /* maintain indheap */
  igraph_indheap_i_shift_up(h, igraph_indheap_size(h)-1);
	
  return 0;
}

/**
 * \ingroup indheap
 * \brief Modifies an element in an indexed heap.
 */

int igraph_indheap_modify(igraph_indheap_t* h, long int idx, igraph_real_t elem) {
  long int i, n;

  assert(h != 0);
  assert(h->stor_begin != 0);

  n = igraph_indheap_size(h);
  for (i=0; i<n; i++)
    if (h->index_begin[i] == idx) {
	  h->stor_begin[i] = elem;
	  break;
	}

  if (i == n) return 0;

  /* maintain indheap */
  igraph_indheap_i_build(h, 0);

  return 0;
}

/**
 * \ingroup indheap
 * \brief Returns the largest element in an indexed heap.
 */

igraph_real_t igraph_indheap_max       (igraph_indheap_t* h) {
  assert(h != NULL);
  assert(h->stor_begin != NULL);
  assert(h->stor_begin != h->end);
  
  return h->stor_begin[0];
}

/**
 * \ingroup indheap
 * \brief Removes the largest element from an indexed heap.
 */

igraph_real_t igraph_indheap_delete_max(igraph_indheap_t* h) {
  igraph_real_t tmp;

  assert(h != NULL);
  assert(h->stor_begin != NULL);

  tmp=h->stor_begin[0];
  igraph_indheap_i_switch(h, 0, igraph_indheap_size(h)-1);
  h->end -= 1;
  igraph_indheap_i_sink(h, 0);
  
  return tmp;
}

/**
 * \ingroup indheap
 * \brief Gives the number of elements in an indexed heap.
 */

long int igraph_indheap_size      (igraph_indheap_t* h) {
  assert(h != 0);
  assert(h->stor_begin != 0);
  return h->end - h->stor_begin;
}

/**
 * \ingroup indheap
 * \brief Reserves more memory for an indexed heap.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_indheap_reserve        (igraph_indheap_t* h, long int size) {
  long int actual_size=igraph_indheap_size(h);
  igraph_real_t *tmp1;
  long int *tmp2;
  assert(h != 0);
  assert(h->stor_begin != 0);
  
  if (size <= actual_size) { return 0; }

  tmp1=Calloc(size, igraph_real_t);  
  if (tmp1==0) {
    IGRAPH_ERROR("indheap reserve failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmp1); 	/* TODO: hack */
  tmp2=Calloc(size, long int);
  if (tmp2==0) {
    IGRAPH_ERROR("indheap reserve failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmp2);
  memcpy(tmp1, h->stor_begin, actual_size*sizeof(igraph_real_t));
  memcpy(tmp2, h->index_begin, actual_size*sizeof(long int));
  Free(h->stor_begin);
  Free(h->index_begin);
  
  h->stor_begin=tmp1;
  h->index_begin=tmp2;
  h->stor_end=h->stor_begin + size;
  h->end=h->stor_begin+actual_size;
  
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

/**
 * \ingroup indheap
 * \brief Returns the index of the largest element in an indexed heap.
 */

long int igraph_indheap_max_index(igraph_indheap_t *h) {
  assert(h != 0);
  assert(h->stor_begin != 0);
  return h->index_begin[0];  
}

/**
 * \ingroup indheap
 * \brief Builds an indexed heap, this function should not be called
 * directly. 
 */

void igraph_indheap_i_build(igraph_indheap_t* h, long int head) {

  long int size=igraph_indheap_size(h);
  if (RIGHTCHILD(head) < size) { 
    /* both subtrees */
    igraph_indheap_i_build(h, LEFTCHILD(head) );
    igraph_indheap_i_build(h, RIGHTCHILD(head));
    igraph_indheap_i_sink(h, head);
  } else if (LEFTCHILD(head) < size) {
    /* only left */
    igraph_indheap_i_build(h, LEFTCHILD(head));
    igraph_indheap_i_sink(h, head);
  } else {
    /* none */
  }
}

/**
 * \ingroup indheap
 * \brief Moves an element up in the heap, don't call this function
 * directly. 
 */

void igraph_indheap_i_shift_up(igraph_indheap_t *h, long int elem) {
  
  if (elem==0 || h->stor_begin[elem] < h->stor_begin[PARENT(elem)]) { 
    /* at the top */
  } else {
    igraph_indheap_i_switch(h, elem, PARENT(elem));
    igraph_indheap_i_shift_up(h, PARENT(elem));
  }
}

/**
 * \ingroup indheap
 * \brief Moves an element down in the heap, don't call this function
 * directly. 
 */

void igraph_indheap_i_sink(igraph_indheap_t* h, long int head) {

  long int size=igraph_indheap_size(h);
  if (LEFTCHILD(head) >= size) { 
    /* no subtrees */
  } else if (RIGHTCHILD(head) == size ||
	     h->stor_begin[LEFTCHILD(head)]>=h->stor_begin[RIGHTCHILD(head)]) {
    /* sink to the left if needed */
    if (h->stor_begin[head] < h->stor_begin[LEFTCHILD(head)]) {
      igraph_indheap_i_switch(h, head, LEFTCHILD(head));
      igraph_indheap_i_sink(h, LEFTCHILD(head));
    }
  } else {
    /* sink to the right */
    if (h->stor_begin[head] < h->stor_begin[RIGHTCHILD(head)]) {
      igraph_indheap_i_switch(h, head, RIGHTCHILD(head));
      igraph_indheap_i_sink(h, RIGHTCHILD(head));
    }
  }
}

/**
 * \ingroup indheap
 * \brief Switches two elements in a heap, don't call this function
 * directly. 
 */

void igraph_indheap_i_switch(igraph_indheap_t* h, long int e1, long int e2) {
  if (e1!=e2) {
    igraph_real_t tmp=h->stor_begin[e1];
    h->stor_begin[e1]=h->stor_begin[e2];
    h->stor_begin[e2]=tmp;
    
    tmp=h->index_begin[e1];
    h->index_begin[e1]=h->index_begin[e2];
    h->index_begin[e2]=tmp;
  }
}


/**
 * \ingroup doubleindheap
 * \brief Initializes an empty doubly indexed heap object (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_d_indheap_init           (igraph_d_indheap_t* h, long int alloc_size) {
 if (alloc_size <= 0 ) { alloc_size=1; }
  h->stor_begin=Calloc(alloc_size, igraph_real_t);
  if (h->stor_begin==0) {
    h->index_begin=0;
    h->index2_begin=0;
    IGRAPH_ERROR("d_indheap init failed", IGRAPH_ENOMEM);
  }
  h->stor_end=h->stor_begin + alloc_size;
  h->end=h->stor_begin;
  h->destroy=1;
  h->index_begin=Calloc(alloc_size, long int);
  if (h->index_begin==0) {
    Free(h->stor_begin);
    h->stor_begin=0;
    h->index2_begin=0;
    IGRAPH_ERROR("d_indheap init failed", IGRAPH_ENOMEM);
  }
  h->index2_begin=Calloc(alloc_size, long int);
  if (h->index2_begin==0) {
    Free(h->stor_begin);
    Free(h->index_begin);
    h->stor_begin=0;
    h->index_begin=0;
    IGRAPH_ERROR("d_indheap init failed", IGRAPH_ENOMEM);
  }
  
  return 0;  
}

/**
 * \ingroup doubleindheap
 * \brief Destroys an initialized doubly indexed heap object.
 */

void igraph_d_indheap_destroy        (igraph_d_indheap_t* h) {  
  assert(h != 0);
  if (h->destroy) {
    if (h->stor_begin != 0) {
      Free(h->stor_begin);
      h->stor_begin=0;
    }
    if (h->index_begin != 0) {
      Free(h->index_begin);
      h->index_begin=0;
    }
    if (h->index2_begin != 0) {
      Free(h->index2_begin);
      h->index2_begin=0;
    }
  }
}

/**
 * \ingroup doubleindheap
 * \brief Decides whether a heap is empty.
 */

igraph_bool_t igraph_d_indheap_empty          (igraph_d_indheap_t* h) {
  assert(h != 0);
  assert(h->stor_begin != 0);
  return h->stor_begin == h->end;
}

/**
 * \ingroup doubleindheap
 * \brief Adds an element to the heap.
 */

int igraph_d_indheap_push           (igraph_d_indheap_t* h, igraph_real_t elem, 
			      long int idx, long int idx2) {
  assert(h != 0);
  assert(h->stor_begin != 0);
	
  /* full, allocate more storage */
  if (h->stor_end == h->end) {
    long int new_size = igraph_d_indheap_size(h) * 2;
    if (new_size == 0) { new_size = 1; }
    IGRAPH_CHECK(igraph_d_indheap_reserve(h, new_size));
  }
	
  *(h->end) = elem;
  h->end += 1;
  *(h->index_begin+igraph_d_indheap_size(h)-1)=idx ;
  *(h->index2_begin+igraph_d_indheap_size(h)-1)=idx2 ;

  /* maintain d_indheap */
  igraph_d_indheap_i_shift_up(h, igraph_d_indheap_size(h)-1);
	
  return 0;
}

/**
 * \ingroup doubleindheap
 * \brief Returns the largest element in the heap.
 */

igraph_real_t igraph_d_indheap_max       (igraph_d_indheap_t* h) {
  assert(h != NULL);
  assert(h->stor_begin != NULL);
  assert(h->stor_begin != h->end);
  
  return h->stor_begin[0];
}

/**
 * \ingroup doubleindheap
 * \brief Removes the largest element from the heap.
 */

igraph_real_t igraph_d_indheap_delete_max(igraph_d_indheap_t* h) {
  igraph_real_t tmp;

  assert(h != NULL);
  assert(h->stor_begin != NULL);

  tmp=h->stor_begin[0];
  igraph_d_indheap_i_switch(h, 0, igraph_d_indheap_size(h)-1);
  h->end -= 1;
  igraph_d_indheap_i_sink(h, 0);
  
  return tmp;
}

/**
 * \ingroup doubleindheap
 * \brief Gives the number of elements in the heap.
 */

long int igraph_d_indheap_size      (igraph_d_indheap_t* h) {
  assert(h != 0);
  assert(h->stor_begin != 0);
  return h->end - h->stor_begin;
}

/**
 * \ingroup doubleindheap
 * \brief Allocates memory for a heap.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_d_indheap_reserve        (igraph_d_indheap_t* h, long int size) {
  long int actual_size=igraph_d_indheap_size(h);
  igraph_real_t *tmp1;
  long int *tmp2, *tmp3;
  assert(h != 0);
  assert(h->stor_begin != 0);
  
  if (size <= actual_size) { return 0; }

  tmp1=Calloc(size, igraph_real_t);
  if (tmp1==0) {
    IGRAPH_ERROR("d_indheap reserve failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmp1);	/* TODO: hack */
  tmp2=Calloc(size, long int);
  if (tmp2==0) {
    IGRAPH_ERROR("d_indheap reserve failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmp2);	/* TODO: hack */
  tmp3=Calloc(size, long int);
  if (tmp3==0) {
    IGRAPH_ERROR("d_indheap reserve failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmp3); 	/* TODO: hack */

  memcpy(tmp1, h->stor_begin, actual_size*sizeof(igraph_real_t));
  memcpy(tmp2, h->index_begin, actual_size*sizeof(long int));
  memcpy(tmp3, h->index2_begin, actual_size*sizeof(long int));
  Free(h->stor_begin);
  Free(h->index_begin);
  Free(h->index2_begin);

  h->stor_begin=tmp1;
  h->stor_end=h->stor_begin + size;
  h->end=h->stor_begin+actual_size;
  h->index_begin=tmp2; 
  h->index2_begin=tmp3;

  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

/**
 * \ingroup doubleindheap
 * \brief Gives the indices of the maximal element in the heap.
 */

void igraph_d_indheap_max_index(igraph_d_indheap_t *h, long int *idx, long int *idx2) {
  assert(h != 0);
  assert(h->stor_begin != 0);
  (*idx)=h->index_begin[0];
  (*idx2)=h->index2_begin[0];
}

/**
 * \ingroup doubleindheap
 * \brief Builds the heap, don't call it directly.
 */

void igraph_d_indheap_i_build(igraph_d_indheap_t* h, long int head) {

  long int size=igraph_d_indheap_size(h);
  if (RIGHTCHILD(head) < size) { 
    /* both subtrees */
    igraph_d_indheap_i_build(h, LEFTCHILD(head) );
    igraph_d_indheap_i_build(h, RIGHTCHILD(head));
    igraph_d_indheap_i_sink(h, head);
  } else if (LEFTCHILD(head) < size) {
    /* only left */
    igraph_d_indheap_i_build(h, LEFTCHILD(head));
    igraph_d_indheap_i_sink(h, head);
  } else {
    /* none */
  }
}

/**
 * \ingroup doubleindheap
 * \brief Moves an element up in the heap, don't call it directly.
 */

void igraph_d_indheap_i_shift_up(igraph_d_indheap_t *h, long int elem) {
  
  if (elem==0 || h->stor_begin[elem] < h->stor_begin[PARENT(elem)]) { 
    /* at the top */
  } else {
    igraph_d_indheap_i_switch(h, elem, PARENT(elem));
    igraph_d_indheap_i_shift_up(h, PARENT(elem));
  }
}

/**
 * \ingroup doubleindheap
 * \brief Moves an element down in the heap, don't call it directly.
 */

void igraph_d_indheap_i_sink(igraph_d_indheap_t* h, long int head) {

  long int size=igraph_d_indheap_size(h);
  if (LEFTCHILD(head) >= size) { 
    /* no subtrees */
  } else if (RIGHTCHILD(head) == size ||
	     h->stor_begin[LEFTCHILD(head)]>=h->stor_begin[RIGHTCHILD(head)]) {
    /* sink to the left if needed */
    if (h->stor_begin[head] < h->stor_begin[LEFTCHILD(head)]) {
      igraph_d_indheap_i_switch(h, head, LEFTCHILD(head));
      igraph_d_indheap_i_sink(h, LEFTCHILD(head));
    }
  } else {
    /* sink to the right */
    if (h->stor_begin[head] < h->stor_begin[RIGHTCHILD(head)]) {
      igraph_d_indheap_i_switch(h, head, RIGHTCHILD(head));
      igraph_d_indheap_i_sink(h, RIGHTCHILD(head));
    }
  }
}

/**
 * \ingroup doubleindheap
 * \brief Switches two elements in the heap, don't call it directly.
 */

void igraph_d_indheap_i_switch(igraph_d_indheap_t* h, long int e1, long int e2) {
  if (e1!=e2) {
    long int tmpi;
    igraph_real_t tmp=h->stor_begin[e1];
    h->stor_begin[e1]=h->stor_begin[e2];
    h->stor_begin[e2]=tmp;
    
    tmpi=h->index_begin[e1];
    h->index_begin[e1]=h->index_begin[e2];
    h->index_begin[e2]=tmpi;

    tmpi=h->index2_begin[e1];
    h->index2_begin[e1]=h->index2_begin[e2];
    h->index2_begin[e2]=tmpi;
  }
}

/*************************************************/

#undef PARENT
#undef LEFTCHILD
#undef RIGHTCHILD
#define PARENT(x)     ((x)/2)
#define LEFTCHILD(x)  ((x)*2+1)
#define RIGHTCHILD(x) ((x)*2)
#define INACTIVE      IGRAPH_INFINITY
#define UNDEFINED     0.0
#define INDEXINC      1

void igraph_i_cutheap_switch(igraph_i_cutheap_t *ch, 
			    long int hidx1, long int hidx2) {
  if (hidx1 != hidx2) {
    long int idx1=VECTOR(ch->index)[hidx1];
    long int idx2=VECTOR(ch->index)[hidx2];

    igraph_real_t tmp=VECTOR(ch->heap)[hidx1];
    VECTOR(ch->heap)[hidx1]=VECTOR(ch->heap)[hidx2];
    VECTOR(ch->heap)[hidx2]=tmp;
    
    VECTOR(ch->index)[hidx1]=idx2;
    VECTOR(ch->index)[hidx2]=idx1;
    
    VECTOR(ch->hptr)[idx1] = hidx2+INDEXINC;
    VECTOR(ch->hptr)[idx2] = hidx1+INDEXINC;
  }
}

void igraph_i_cutheap_sink(igraph_i_cutheap_t *ch, long int hidx) {
  long int size=igraph_vector_size(&ch->heap);
  if (LEFTCHILD(hidx) >= size) {
    /* leaf node */
  } else if (RIGHTCHILD(hidx) == size ||
	     VECTOR(ch->heap)[LEFTCHILD(hidx)] >= 
	     VECTOR(ch->heap)[RIGHTCHILD(hidx)]) {
    /* sink to the left if needed */
    if (VECTOR(ch->heap)[hidx] < VECTOR(ch->heap)[LEFTCHILD(hidx)]) {
      igraph_i_cutheap_switch(ch, hidx, LEFTCHILD(hidx));
      igraph_i_cutheap_sink(ch, LEFTCHILD(hidx));
    }
  } else {
    /* sink to the right */
    if (VECTOR(ch->heap)[hidx] < VECTOR(ch->heap)[RIGHTCHILD(hidx)]) {
      igraph_i_cutheap_switch(ch, hidx, RIGHTCHILD(hidx));
      igraph_i_cutheap_sink(ch, RIGHTCHILD(hidx));
    }
  }
}

void igraph_i_cutheap_shift_up(igraph_i_cutheap_t *ch, long int hidx) {
  if (hidx==0 || VECTOR(ch->heap)[hidx] < VECTOR(ch->heap)[PARENT(hidx)]) {
    /* at the top */
  } else {
    igraph_i_cutheap_switch(ch, hidx, PARENT(hidx));
    igraph_i_cutheap_shift_up(ch, PARENT(hidx));
  }
}

int igraph_i_cutheap_init(igraph_i_cutheap_t *ch, igraph_integer_t nodes) {
  ch->dnodes=nodes;
  IGRAPH_VECTOR_INIT_FINALLY(&ch->heap, nodes);	/* all zero */
  IGRAPH_CHECK(igraph_vector_init_seq(&ch->index, 0, nodes-1));
  IGRAPH_FINALLY(igraph_vector_destroy, &ch->index);
  IGRAPH_CHECK(igraph_vector_init_seq(&ch->hptr, INDEXINC, nodes+INDEXINC-1));  
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

void igraph_i_cutheap_destroy(igraph_i_cutheap_t *ch) {
  igraph_vector_destroy(&ch->hptr);
  igraph_vector_destroy(&ch->index);
  igraph_vector_destroy(&ch->heap);
}

igraph_bool_t igraph_i_cutheap_empty(igraph_i_cutheap_t *ch) {
  return igraph_vector_empty(&ch->heap);
}

/* Number of active vertices */

igraph_integer_t igraph_i_cutheap_active_size(igraph_i_cutheap_t *ch) {
  return igraph_vector_size(&ch->heap);
}

/* Number of all (defined) vertices */

igraph_integer_t igraph_i_cutheap_size(igraph_i_cutheap_t *ch) {
  return ch->dnodes;
}

igraph_real_t igraph_i_cutheap_maxvalue(igraph_i_cutheap_t *ch) {
  return VECTOR(ch->heap)[0];
}

igraph_integer_t igraph_i_cutheap_popmax(igraph_i_cutheap_t *ch) {
  long int size=igraph_vector_size(&ch->heap);
  igraph_integer_t maxindex=VECTOR(ch->index)[0];
  /* put the last element to the top */
  igraph_i_cutheap_switch(ch, 0, size-1);
  /* remove the last element */
  VECTOR(ch->hptr)[(long int) igraph_vector_tail(&ch->index)] = INACTIVE;
  igraph_vector_pop_back(&ch->heap);
  igraph_vector_pop_back(&ch->index);
  igraph_i_cutheap_sink(ch, 0);
  
  return maxindex;
}

/* Update the value of an active vertex, if not active it will be ignored */

int igraph_i_cutheap_update(igraph_i_cutheap_t *ch, igraph_integer_t index,
			    igraph_real_t add) {
  igraph_integer_t hidx=VECTOR(ch->hptr)[(long int)index];
  if (hidx != INACTIVE && hidx != UNDEFINED) {
    long int hidx2=hidx-INDEXINC;
/*     printf("updating vertex %li, heap index %li\n", (long int) index, hidx2); */
    VECTOR(ch->heap)[hidx2] += add;
    igraph_i_cutheap_sink(ch, hidx2);
    igraph_i_cutheap_shift_up(ch, hidx2);
  }
  return 0;
}

/* Reset the value of all vertices to zero and make them active */

int igraph_i_cutheap_reset_undefine(igraph_i_cutheap_t *ch, long int vertex) {
  long int i, j, n=igraph_vector_size(&ch->hptr);
  /* undefine */
  VECTOR(ch->hptr)[vertex] = UNDEFINED;
  ch->dnodes -= 1;

  IGRAPH_CHECK(igraph_vector_resize(&ch->heap, ch->dnodes));
  igraph_vector_null(&ch->heap);

  IGRAPH_CHECK(igraph_vector_resize(&ch->index, ch->dnodes));

  j=0;
  for (i=0; i<n; i++) {
    if (VECTOR(ch->hptr)[i] != UNDEFINED) {
      VECTOR(ch->index)[j]=i;
      VECTOR(ch->hptr)[i]=j+INDEXINC;
      j++;
    }
  }
	     
  return 0;
}







igraph-0.4.2/igraph/types.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef REST_TYPES_H
#define REST_TYPES_H

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

#ifndef _GNU_SOURCE
# define _GNU_SOURCE
#endif

#include "error.h"
#include <stddef.h>

typedef double igraph_integer_t;
typedef double igraph_real_t;
typedef int    igraph_bool_t;

/* -------------------------------------------------- */
/* double ended queue, very useful                    */
/* -------------------------------------------------- */

/**
 * Double ended queue data type.
 * \ingroup internal
 */

typedef struct s_dqueue {
  igraph_real_t *begin;
  igraph_real_t *end;
  igraph_real_t *stor_begin;
  igraph_real_t *stor_end;
} igraph_dqueue_t;

#define IGRAPH_DQUEUE_NULL { 0,0,0,0 }
#define IGRAPH_DQUEUE_INIT_FINALLY(v, size) \
  do { IGRAPH_CHECK(igraph_dqueue_init(v, size)); \
  IGRAPH_FINALLY(igraph_dqueue_destroy, v); } while (0)

int igraph_dqueue_init    (igraph_dqueue_t* q, long int size);
void igraph_dqueue_destroy (igraph_dqueue_t* q);
igraph_bool_t igraph_dqueue_empty   (igraph_dqueue_t* q);
void igraph_dqueue_clear   (igraph_dqueue_t* q);
igraph_bool_t igraph_dqueue_full    (igraph_dqueue_t* q);
long int igraph_dqueue_size    (igraph_dqueue_t* q);
igraph_real_t igraph_dqueue_pop     (igraph_dqueue_t* q);
igraph_real_t igraph_dqueue_pop_back(igraph_dqueue_t* q);
igraph_real_t igraph_dqueue_head    (igraph_dqueue_t* q);
igraph_real_t igraph_dqueue_back    (igraph_dqueue_t* q);
int igraph_dqueue_push    (igraph_dqueue_t* q, igraph_real_t elem);

/* -------------------------------------------------- */
/* Flexible vector                                    */
/* -------------------------------------------------- */

#define BASE_IGRAPH_REAL
#include "igraph_pmt.h"
#include "vector.h"
#include "igraph_pmt_off.h"
#undef BASE_IGRAPH_REAL

#define BASE_LONG
#include "igraph_pmt.h"
#include "vector.h"
#include "igraph_pmt_off.h"
#undef BASE_LONG

#define BASE_CHAR
#include "igraph_pmt.h"
#include "igraph_pmt.h"
#include "vector.h"
#include "igraph_pmt_off.h"
#undef BASE_CHAR

int igraph_vector_order2(igraph_vector_t *v);

/* -------------------------------------------------- */
/* Flexible vector, storing pointers                  */
/* -------------------------------------------------- */

/** 
 * Vector, storing pointers efficiently
 * \ingroup internal
 * 
 */
typedef struct s_vector_ptr {
  void** stor_begin;
  void** stor_end;
  void** end;
} igraph_vector_ptr_t;

#define IGRAPH_VECTOR_PTR_NULL { 0,0,0 }
#define IGRAPH_VECTOR_PTR_INIT_FINALLY(v, size) \
  do { IGRAPH_CHECK(igraph_vector_ptr_init(v, size)); \
  IGRAPH_FINALLY(igraph_vector_ptr_destroy, v); } while (0)

int igraph_vector_ptr_init      (igraph_vector_ptr_t* v, long int size);
int igraph_vector_ptr_init_copy (igraph_vector_ptr_t* v, void** data, long int length);
const igraph_vector_ptr_t *igraph_vector_ptr_view (const igraph_vector_ptr_t *v, 
				     void *const *data, long int length);
void igraph_vector_ptr_destroy   (igraph_vector_ptr_t* v);
void igraph_vector_ptr_free_all   (igraph_vector_ptr_t* v);
void igraph_vector_ptr_destroy_all   (igraph_vector_ptr_t* v);
int igraph_vector_ptr_reserve   (igraph_vector_ptr_t* v, long int size);
igraph_bool_t igraph_vector_ptr_empty     (const igraph_vector_ptr_t* v);
long int igraph_vector_ptr_size      (const igraph_vector_ptr_t* v);
void igraph_vector_ptr_clear     (igraph_vector_ptr_t* v);
void igraph_vector_ptr_null      (igraph_vector_ptr_t* v);
int igraph_vector_ptr_push_back (igraph_vector_ptr_t* v, void* e);
int igraph_vector_ptr_insert(igraph_vector_ptr_t *v, long int pos, void* e);
void* igraph_vector_ptr_e         (const igraph_vector_ptr_t* v, long int pos);
void igraph_vector_ptr_set       (igraph_vector_ptr_t* v, long int pos, void* value);
int igraph_vector_ptr_resize(igraph_vector_ptr_t* v, long int newsize);
void igraph_vector_ptr_copy_to(const igraph_vector_ptr_t *v, void** to);
int igraph_vector_ptr_copy(igraph_vector_ptr_t *to, const igraph_vector_ptr_t *from);
void igraph_vector_ptr_remove(igraph_vector_ptr_t *v, long int pos);
void igraph_vector_ptr_sort(igraph_vector_ptr_t *v, int(*compar)(const void*, const void*));

/* -------------------------------------------------- */
/* Matrix, very similar to vector                     */
/* -------------------------------------------------- */

/** 
 * \section about_igraph_matrix_t_objects About \type igraph_matrix_t objects
 * 
 * <para>This type is just an interface to \type igraph_vector_t.</para>
 *
 * <para>The \type igraph_matrix_t type usually stores n
 * elements in O(n) space, but not always, see the documentation of
 * the vector type.</para>
 */
typedef struct s_matrix {
  igraph_vector_t data;
  long int nrow, ncol;
} igraph_matrix_t;

#define IGRAPH_MATRIX_NULL { IGRAPH_VECTOR_NULL, 0, 0 }
#define IGRAPH_MATRIX_INIT_FINALLY(m, nr, nc) \
  do { IGRAPH_CHECK(igraph_matrix_init(m, nr, nc)); \
  IGRAPH_FINALLY(igraph_matrix_destroy, m); } while (0)

/**
 * \ingroup matrix
 * \define MATRIX
 * \brief Accessing an element of a matrix.
 *
 * Note that there are no range checks right now. 
 * This functionality might be redefines as a proper function later. 
 * \param m The matrix object.
 * \param i The index of the row, starting with zero.
 * \param j The index of the column, starting with zero.
 *
 * Time complexity: O(1).
 */
#define MATRIX(m,i,j) ((m).data.stor_begin[(m).nrow*(j)+(i)])
int igraph_matrix_init(igraph_matrix_t *m, long int nrow, long int ncol);
void igraph_matrix_destroy(igraph_matrix_t *m);
int igraph_matrix_resize(igraph_matrix_t *m, long int nrow, long int ncol);
long int igraph_matrix_size(const igraph_matrix_t *m);
long int igraph_matrix_nrow(const igraph_matrix_t *m);
long int igraph_matrix_ncol(const igraph_matrix_t *m);
int igraph_matrix_copy_to(const igraph_matrix_t *m, igraph_real_t *to);
int igraph_matrix_null(igraph_matrix_t *m);
int igraph_matrix_add_cols(igraph_matrix_t *m, long int n);
int igraph_matrix_add_rows(igraph_matrix_t *m, long int n);
int igraph_matrix_remove_col(igraph_matrix_t *m, long int col);
int igraph_matrix_permdelete_rows(igraph_matrix_t *m, long int *index, long int nremove);
int igraph_matrix_delete_rows_neg(igraph_matrix_t *m, igraph_vector_t *neg, long int nremove);
int igraph_matrix_copy(igraph_matrix_t *to, const igraph_matrix_t *from);
igraph_real_t igraph_matrix_max(const igraph_matrix_t *m);
void igraph_matrix_multiply(igraph_matrix_t *m, igraph_real_t by);
int igraph_matrix_select_rows(const igraph_matrix_t *m, igraph_matrix_t *res, 
			      const igraph_vector_t *rows);
int igraph_matrix_get_col(const igraph_matrix_t *m, igraph_vector_t *res,
			  long int index);
igraph_real_t igraph_matrix_sum(const igraph_matrix_t *m);
igraph_bool_t igraph_matrix_is_equal(const igraph_matrix_t *m1, 
				     const igraph_matrix_t *m2);
igraph_real_t igraph_matrix_maxdifference(const igraph_matrix_t *m1,
					  const igraph_matrix_t *m2);

/* -------------------------------------------------- */
/* Sparse matrix                                      */
/* -------------------------------------------------- */

/** 
 * \section about_igraph_spmatrix_t_objects About \type igraph_spmatrix_t objects
 * 
 * <para>The \type igraph_spmatrix_t type stores a sparse matrix with the
 * assumption that the number of nonzero elements in the matrix scales
 * linearly with the row or column count of the matrix (so most of the
 * elements are zero). Of course it can store an arbitrary real matrix,
 * but if most of the elements are nonzero, one should use \type igraph_matrix_t
 * instead.</para>
 *
 * <para>The elements are stored in column compressed format, so the elements
 * in the same column are stored adjacent in the computer's memory. The storage
 * requirement for a sparse matrix is O(n) where n is the number of nonzero
 * elements. Actually it can be a bit larger, see the documentation of
 * the vector type for an explanation.</para>
 */
typedef struct s_spmatrix {
  igraph_vector_t ridx, cidx, data;
  long int nrow, ncol;
} igraph_spmatrix_t;

#define IGRAPH_SPMATRIX_INIT_FINALLY(m, nr, nc) \
  do { IGRAPH_CHECK(igraph_spmatrix_init(m, nr, nc)); \
  IGRAPH_FINALLY(igraph_spmatrix_destroy, m); } while (0)

int igraph_spmatrix_init(igraph_spmatrix_t *m, long int nrow, long int ncol);
void igraph_spmatrix_destroy(igraph_spmatrix_t *m);
int igraph_spmatrix_resize(igraph_spmatrix_t *m, long int nrow, long int ncol);
igraph_real_t igraph_spmatrix_e(const igraph_spmatrix_t *m, long int row, long int col);
int igraph_spmatrix_set(igraph_spmatrix_t *m, long int row, long int col,
                        igraph_real_t value);
int igraph_spmatrix_add_e(igraph_spmatrix_t *m, long int row, long int col,
                        igraph_real_t value);
int igraph_spmatrix_add_col_values(igraph_spmatrix_t *m, long int to, long int from);
long int igraph_spmatrix_count_nonzero(const igraph_spmatrix_t *m);
long int igraph_spmatrix_size(const igraph_spmatrix_t *m);
long int igraph_spmatrix_nrow(const igraph_spmatrix_t *m);
long int igraph_spmatrix_ncol(const igraph_spmatrix_t *m);
int igraph_spmatrix_copy_to(const igraph_spmatrix_t *m, igraph_real_t *to);
int igraph_spmatrix_null(igraph_spmatrix_t *m);
int igraph_spmatrix_add_cols(igraph_spmatrix_t *m, long int n);
int igraph_spmatrix_add_rows(igraph_spmatrix_t *m, long int n);
int igraph_spmatrix_clear_col(igraph_spmatrix_t *m, long int col);
int igraph_spmatrix_clear_row(igraph_spmatrix_t *m, long int row);
int igraph_spmatrix_copy(igraph_spmatrix_t *to, const igraph_spmatrix_t *from);
igraph_real_t igraph_spmatrix_max_nonzero(const igraph_spmatrix_t *m,
    igraph_real_t *ridx, igraph_real_t *cidx);
igraph_real_t igraph_spmatrix_max(const igraph_spmatrix_t *m,
    igraph_real_t *ridx, igraph_real_t *cidx);
void igraph_spmatrix_multiply(igraph_spmatrix_t *m, igraph_real_t by);
int igraph_spmatrix_colsums(const igraph_spmatrix_t *m, igraph_vector_t *res);

int igraph_i_spmatrix_get_col_nonzero_indices(const igraph_spmatrix_t *m,
    igraph_vector_t *res, long int col);
int igraph_i_spmatrix_clear_row_fast(igraph_spmatrix_t *m, long int row);
int igraph_i_spmatrix_cleanup(igraph_spmatrix_t *m);

/* -------------------------------------------------- */
/* 3D array                                           */
/* -------------------------------------------------- */

typedef struct s_array3 {
  igraph_vector_t data;
  long int n1, n2, n3, n1n2;
} igraph_array3_t;

#define IGRAPH_ARRAY3_INIT_FINALLY(a, n1, n2, n3) \
  do { IGRAPH_CHECK(igraph_array3_init(a, n1, n2, n3)); \
  IGRAPH_FINALLY(igraph_array3_destroy, a); } while (0)

#define ARRAY3(m,i,j,k) ((m).data.stor_begin[(m).n1n2*(k)+(m).n1*(j)+(i)])
int igraph_array3_init(igraph_array3_t *a, long int n1, long int n2, 
		       long int n3);
void igraph_array3_destroy(igraph_array3_t *a);
long int igraph_array3_size(const igraph_array3_t *a);
long int igraph_array3_n(const igraph_array3_t *a, long int idx);
int igraph_array3_resize(igraph_array3_t *a, long int n1, long int n2, 
			 long int n3);
void igraph_array3_null(igraph_array3_t *a);
igraph_real_t igraph_array3_sum(const igraph_array3_t *a);
void igraph_array3_multiply(igraph_array3_t *a, igraph_real_t by);

/* -------------------------------------------------- */
/* Plain stack                                        */
/* -------------------------------------------------- */

/**
 * Stack data type.
 * \ingroup internal
 */

typedef struct s_stack {
  igraph_real_t* stor_begin;
  igraph_real_t* stor_end;
  igraph_real_t* end;
} igraph_stack_t;

#define IGRAPH_STACK_NULL { 0,0,0 }

int igraph_stack_init       (igraph_stack_t* s, long int size);
void igraph_stack_destroy    (igraph_stack_t* s);
int igraph_stack_reserve    (igraph_stack_t* s, long int size);
igraph_bool_t igraph_stack_empty      (igraph_stack_t* s);
long int igraph_stack_size       (igraph_stack_t* s);
void igraph_stack_clear      (igraph_stack_t* s);
int igraph_stack_push       (igraph_stack_t* s, igraph_real_t elem);
igraph_real_t igraph_stack_pop        (igraph_stack_t* s);
igraph_real_t igraph_stack_top        (const igraph_stack_t* s);

/* -------------------------------------------------- */
/* Heap                                               */
/* -------------------------------------------------- */

/**
 * Heap data type.
 * \ingroup internal
 */

typedef struct s_heap {
  igraph_real_t* stor_begin;
  igraph_real_t* stor_end;
  igraph_real_t* end;
  int destroy;
} igraph_heap_t;

#define IGRAPH_HEAP_NULL { 0,0,0 }

int igraph_heap_init           (igraph_heap_t* h, long int size);
int igraph_heap_init_array     (igraph_heap_t *t, igraph_real_t* data, long int len);
void igraph_heap_destroy        (igraph_heap_t* h);
igraph_bool_t igraph_heap_empty          (igraph_heap_t* h);
int igraph_heap_push           (igraph_heap_t* h, igraph_real_t elem);
igraph_real_t igraph_heap_max       (igraph_heap_t* h);
igraph_real_t igraph_heap_delete_max(igraph_heap_t* h);
long int igraph_heap_size      (igraph_heap_t* h);
int igraph_heap_reserve        (igraph_heap_t* h, long int size);

void igraph_heap_i_build(igraph_real_t* arr, long int size, long int head);
void igraph_heap_i_shift_up(igraph_real_t* arr, long int size, long int elem);
void igraph_heap_i_sink(igraph_real_t* arr, long int size, long int head);
void igraph_heap_i_switch(igraph_real_t* arr, long int e1, long int e2);

/* -------------------------------------------------- */
/* Indexed heap                                       */
/* -------------------------------------------------- */

/**
 * Indexed heap data type.
 * \ingroup internal
 */

typedef struct s_indheap {
  igraph_real_t* stor_begin;
  igraph_real_t* stor_end;
  igraph_real_t* end;
  int destroy;
  long int* index_begin;
} igraph_indheap_t;

#define IGRAPH_INDHEAP_NULL { 0,0,0,0,0 }

int igraph_indheap_init           (igraph_indheap_t* h, long int size);
int igraph_indheap_init_array     (igraph_indheap_t *t, igraph_real_t* data, long int len);
void igraph_indheap_destroy        (igraph_indheap_t* h);
igraph_bool_t igraph_indheap_empty          (igraph_indheap_t* h);
int igraph_indheap_push           (igraph_indheap_t* h, igraph_real_t elem);
int igraph_indheap_push_with_index(igraph_indheap_t* h, igraph_integer_t idx, igraph_real_t elem);
int igraph_indheap_modify(igraph_indheap_t* h, long int idx, igraph_real_t elem);
igraph_real_t igraph_indheap_max       (igraph_indheap_t* h);
igraph_real_t igraph_indheap_delete_max(igraph_indheap_t* h);
long int igraph_indheap_size      (igraph_indheap_t* h);
int igraph_indheap_reserve        (igraph_indheap_t* h, long int size);
long int igraph_indheap_max_index(igraph_indheap_t *h);

void igraph_indheap_i_build(igraph_indheap_t* h, long int head);
void igraph_indheap_i_shift_up(igraph_indheap_t* h, long int elem);
void igraph_indheap_i_sink(igraph_indheap_t* h, long int head);
void igraph_indheap_i_switch(igraph_indheap_t* h, long int e1, long int e2);

/* -------------------------------------------------- */
/* Doubly indexed heap                                */
/* -------------------------------------------------- */

/* This is a heap containing double elements and 
   two indices, its intended usage is the storage of
   weighted edges.
*/

/**
 * Doubly indexed heap data type.
 * \ingroup internal
 */

typedef struct s_indheap_d {
  igraph_real_t* stor_begin;
  igraph_real_t* stor_end;
  igraph_real_t* end;
  int destroy;
  long int* index_begin;
  long int* index2_begin;
} igraph_d_indheap_t;


#define IGRAPH_D_INDHEAP_NULL { 0,0,0,0,0,0 }

int igraph_d_indheap_init           (igraph_d_indheap_t* h, long int size);
void igraph_d_indheap_destroy        (igraph_d_indheap_t* h);
igraph_bool_t igraph_d_indheap_empty          (igraph_d_indheap_t* h);
int igraph_d_indheap_push           (igraph_d_indheap_t* h, igraph_real_t elem, 
			      long int idx, long int idx2);
igraph_real_t igraph_d_indheap_max       (igraph_d_indheap_t* h);
igraph_real_t igraph_d_indheap_delete_max(igraph_d_indheap_t* h);
long int igraph_d_indheap_size      (igraph_d_indheap_t* h);
int igraph_d_indheap_reserve        (igraph_d_indheap_t* h, long int size);
void igraph_d_indheap_max_index(igraph_d_indheap_t *h, long int *idx, long int *idx2);

void igraph_d_indheap_i_build(igraph_d_indheap_t* h, long int head);
void igraph_d_indheap_i_shift_up(igraph_d_indheap_t* h, long int elem);
void igraph_d_indheap_i_sink(igraph_d_indheap_t* h, long int head);
void igraph_d_indheap_i_switch(igraph_d_indheap_t* h, long int e1, long int e2);

/**
 * Vector of strings
 * \ingroup internal
 */

typedef struct s_igraph_strvector {
  char **data;
  long int len;
} igraph_strvector_t;

#define IGRAPH_STRVECTOR_NULL { 0,0 }
#define IGRAPH_STRVECTOR_INIT_FINALLY(v, size) \
  do { IGRAPH_CHECK(igraph_strvector_init(v, size)); \
  IGRAPH_FINALLY( (igraph_finally_func_t*) igraph_strvector_destroy, v); } while (0)

int igraph_strvector_init(igraph_strvector_t *sv, long int len);
void igraph_strvector_destroy(igraph_strvector_t *sv);
long int igraph_strvector_size(const igraph_strvector_t *sv);
void igraph_strvector_get(const igraph_strvector_t *sv, 
			  long int idx, char **value);
int igraph_strvector_set(igraph_strvector_t *sv, long int idx, 
			 const char *value);
int igraph_strvector_set2(igraph_strvector_t *sv, long int idx, 
			  const char *value, int len);
void igraph_strvector_remove_section(igraph_strvector_t *v, long int from, 
				     long int to);
void igraph_strvector_remove(igraph_strvector_t *v, long int elem);
void igraph_strvector_move_interval(igraph_strvector_t *v, long int begin, 
				   long int end, long int to);
int igraph_strvector_copy(igraph_strvector_t *to, 
			  const igraph_strvector_t *from);
int igraph_strvector_resize(igraph_strvector_t* v, long int newsize);
int igraph_strvector_add(igraph_strvector_t *v, const char *value);
void igraph_strvector_permdelete(igraph_strvector_t *v, long int *index, 
				 long int nremove);
void igraph_strvector_remove_negidx(igraph_strvector_t *v, const igraph_vector_t *neg,
				    long int nremove);
  
/**
 * Trie data type
 * \ingroup internal
 */

typedef struct s_igraph_trie_node {
  igraph_strvector_t strs;
  igraph_vector_ptr_t children;
  igraph_vector_t values;
} igraph_trie_node_t;

typedef struct s_igraph_trie {
  igraph_strvector_t strs;
  igraph_vector_ptr_t children;
  igraph_vector_t values;
  long int maxvalue;
  igraph_bool_t storekeys;
  igraph_strvector_t keys;
} igraph_trie_t;

#define IGRAPH_TRIE_NULL { IGRAPH_STRVECTOR_NULL, IGRAPH_VECTOR_PTR_NULL, \
                           IGRAPH_VECTOR_NULL, 0, 0, IGRAPH_STRVECTOR_NULL }
#define IGRAPH_TRIE_INIT_FINALLY(tr, sk) \
  do { IGRAPH_CHECK(igraph_trie_init(tr, sk)); \
  IGRAPH_FINALLY(igraph_trie_destroy, tr); } while (0)

int igraph_trie_init(igraph_trie_t *t, igraph_bool_t storekeys);
void igraph_trie_destroy(igraph_trie_t *t);
int igraph_trie_get(igraph_trie_t *t, const char *key, long int *id);
int igraph_trie_check(igraph_trie_t *t, const char *key, long int *id);
int igraph_trie_get2(igraph_trie_t *t, const char *key, long int length, 
		     long int *id);
void igraph_trie_idx(igraph_trie_t *t, long int idx, char **str);
int igraph_trie_getkeys(igraph_trie_t *t, const igraph_strvector_t **strv);
long int igraph_trie_size(igraph_trie_t *t);

typedef struct {
  igraph_vector_t v;
  long int size;
  long int offset;
} igraph_psumtree_t;
int igraph_psumtree_init(igraph_psumtree_t *t, long int size);
void igraph_psumtree_destroy(igraph_psumtree_t *t);
igraph_real_t igraph_psumtree_get(const igraph_psumtree_t *t, long int idx);
long int igraph_psumtree_size(const igraph_psumtree_t *t);
int igraph_psumtree_search(const igraph_psumtree_t *t, long int *idx,
			   igraph_real_t elem);
int igraph_psumtree_update(igraph_psumtree_t *t, long int idx, 
			   igraph_real_t new_value);
igraph_real_t igraph_psumtree_sum(const igraph_psumtree_t *t);

/**
 * 2d grid containing points
 */

typedef struct igraph_2dgrid_t {
  igraph_matrix_t *coords;
  igraph_real_t minx, maxx, deltax;
  igraph_real_t miny, maxy, deltay;
  long int stepsx, stepsy;
  igraph_matrix_t startidx;
  igraph_vector_t next;
  igraph_vector_t prev;
  igraph_real_t massx, massy;		/* The sum of the coordinates */
  long int vertices;		/* Number of active vertices  */
} igraph_2dgrid_t;

int igraph_2dgrid_init(igraph_2dgrid_t *grid, igraph_matrix_t *coords, 
		       igraph_real_t minx, igraph_real_t maxx, igraph_real_t deltax,
		       igraph_real_t miny, igraph_real_t maxy, igraph_real_t deltay);
void igraph_2dgrid_destroy(igraph_2dgrid_t *grid);
void igraph_2dgrid_add(igraph_2dgrid_t *grid, long int elem, 
		       igraph_real_t xc, igraph_real_t yc);
void igraph_2dgrid_add2(igraph_2dgrid_t *grid, long int elem);
void igraph_2dgrid_move(igraph_2dgrid_t *grid, long int elem, 
			igraph_real_t xc, igraph_real_t yc);
void igraph_2dgrid_getcenter(const igraph_2dgrid_t *grid, 
			     igraph_real_t *massx, igraph_real_t *massy);
igraph_bool_t igraph_2dgrid_in(const igraph_2dgrid_t *grid, long int elem);
igraph_real_t igraph_2dgrid_dist(const igraph_2dgrid_t *grid, 
			  long int e1, long int e2);
int igraph_2dgrid_neighbors(igraph_2dgrid_t *grid, igraph_vector_t *eids, 
			    igraph_integer_t vid, igraph_real_t r);

typedef struct igraph_2dgrid_iterator_t {
  long int vid, x, y;
  long int nei;
  long int nx[4], ny[4], ncells;
} igraph_2dgrid_iterator_t;

void igraph_2dgrid_reset(igraph_2dgrid_t *grid, igraph_2dgrid_iterator_t *it);
igraph_integer_t igraph_2dgrid_next(igraph_2dgrid_t *grid, 
			      igraph_2dgrid_iterator_t *it);
igraph_integer_t igraph_2dgrid_next_nei(igraph_2dgrid_t *grid,
				 igraph_2dgrid_iterator_t *it);

/* Another type of grid, each cell is owned by exactly one graph */

typedef struct igraph_i_layout_mergegrid_t {
  long int *data;
  long int stepsx, stepsy;
  igraph_real_t minx, maxx, deltax;
  igraph_real_t miny, maxy, deltay;
} igraph_i_layout_mergegrid_t;

int igraph_i_layout_mergegrid_init(igraph_i_layout_mergegrid_t *grid,
				   igraph_real_t minx, igraph_real_t maxx, long int stepsx,
				   igraph_real_t miny, igraph_real_t maxy, long int stepsy);
void igraph_i_layout_mergegrid_destroy(igraph_i_layout_mergegrid_t *grid);

int igraph_i_layout_merge_place_sphere(igraph_i_layout_mergegrid_t *grid,
				       igraph_real_t x, igraph_real_t y, igraph_real_t r,
				       long int id);

long int igraph_i_layout_mergegrid_get(igraph_i_layout_mergegrid_t *grid,
				       igraph_real_t x, igraph_real_t y);

long int igraph_i_layout_mergegrid_get_sphere(igraph_i_layout_mergegrid_t *g,
					      igraph_real_t x, igraph_real_t y, igraph_real_t r);

/* string -> string hash table */

typedef struct igraph_hashtable_t {
  igraph_trie_t keys;
  igraph_strvector_t elements;
  igraph_strvector_t defaults;
} igraph_hashtable_t;

int igraph_hashtable_init(igraph_hashtable_t *ht);
void igraph_hashtable_destroy(igraph_hashtable_t *ht);
int igraph_hashtable_addset(igraph_hashtable_t *ht,
			    const char *key, const char *def, 
			    const char *elem);
int igraph_hashtable_addset2(igraph_hashtable_t *ht,
			     const char *key, const char *def,
			     const char *elem, int elemlen);
int igraph_hashtable_get(igraph_hashtable_t *ht,
			 const char *key, char **elem);
int igraph_hashtable_getkeys(igraph_hashtable_t *ht, 
			     const igraph_strvector_t **sv);
int igraph_hashtable_reset(igraph_hashtable_t *ht);

/* Buckets, needed for the maximum flow algorithm */

typedef struct igraph_buckets_t {
  igraph_vector_t bptr;
  igraph_vector_t buckets;
  igraph_integer_t max, no;
} igraph_buckets_t;

int igraph_buckets_init(igraph_buckets_t *b, long int bsize, long int size);
void igraph_buckets_destroy(igraph_buckets_t *b);
long int igraph_buckets_popmax(igraph_buckets_t *b);
igraph_bool_t igraph_buckets_empty(const igraph_buckets_t *b);
void igraph_buckets_add(igraph_buckets_t *b, long int bucket,
		       igraph_real_t elem);

/* Special maximum heap, needed for the minimum cut algorithm */

typedef struct igraph_i_cutheap_t {
  igraph_vector_t heap;
  igraph_vector_t index;
  igraph_vector_t hptr;
  long int dnodes;
} igraph_i_cutheap_t;

int igraph_i_cutheap_init(igraph_i_cutheap_t *ch, igraph_integer_t nodes);
void igraph_i_cutheap_destroy(igraph_i_cutheap_t *ch);
igraph_bool_t igraph_i_cutheap_empty(igraph_i_cutheap_t *ch);
igraph_integer_t igraph_i_cutheap_active_size(igraph_i_cutheap_t *ch);
igraph_integer_t igraph_i_cutheap_size(igraph_i_cutheap_t *ch);
igraph_real_t igraph_i_cutheap_maxvalue(igraph_i_cutheap_t *ch);
igraph_integer_t igraph_i_cutheap_popmax(igraph_i_cutheap_t *ch);
int igraph_i_cutheap_update(igraph_i_cutheap_t *ch, igraph_integer_t index,
			    igraph_real_t add);
int igraph_i_cutheap_reset_undefine(igraph_i_cutheap_t *ch, long int vertex);

/* -------------------------------------------------- */
/* Flexible set                                       */
/* -------------------------------------------------- */

/** 
 * Set containing integer numbers regardless of the order
 * \ingroup types
 */

typedef struct s_set {
  igraph_real_t* stor_begin;
  igraph_real_t* stor_end;
  igraph_real_t* end;
} igraph_set_t;

#define IGRAPH_SET_NULL { 0,0,0 }
#define IGRAPH_SET_INIT_FINALLY(v, size) \
  do { IGRAPH_CHECK(igraph_set_init(v, size)); \
  IGRAPH_FINALLY(igraph_set_destroy, v); } while (0)

int igraph_set_init      (igraph_set_t* set, long int size);
void igraph_set_destroy   (igraph_set_t* set);
igraph_bool_t igraph_set_inited   (igraph_set_t* set);
int igraph_set_reserve   (igraph_set_t* set, long int size);
igraph_bool_t igraph_set_empty     (const igraph_set_t* set);
void igraph_set_clear      (igraph_set_t* set);
long int igraph_set_size      (const igraph_set_t* set);
int igraph_set_add (igraph_set_t* v, igraph_integer_t e);
igraph_bool_t igraph_set_contains (igraph_set_t* set, igraph_integer_t e);
igraph_bool_t igraph_set_iterate (igraph_set_t* set, long int* state,
				  igraph_integer_t* element);

/*
 * Compiler-related hacks, mostly because of Microsoft Visual C++
 */
double igraph_i_fdiv(const double a, const double b);
int igraph_i_snprintf(char *buffer, size_t count, const char *format, ...);

#ifdef _MSC_VER
#  pragma warning (disable:4244)

#  define vsnprintf(a, b, c, d) _vsnprintf((a), (b), (c), (d))
#  define isnan(x) _isnan(x)
#  define inline __inline
#  define strcasecmp strcmpi
#ifndef snprintf
#  define snprintf igraph_i_snprintf
#endif
#endif

#if defined(INFINITY)
#  define IGRAPH_INFINITY INFINITY
#else
#  define IGRAPH_INFINITY (igraph_i_fdiv(1.0, 0.0))
#endif

#if defined(NAN)
#  define IGRAPH_NAN NAN
#elif defined(INFINITY)
#  define IGRAPH_NAN (INFINITY/INFINITY)
#else
#  define IGRAPH_NAN (igraph_i_fdiv(0.0, 0.0))
#endif

#ifndef M_PI
#  define M_PI 3.14159265358979323846
#endif

__END_DECLS

#endif








igraph-0.4.2/igraph/vector_ptr.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "random.h"
#include "error.h"

#include <assert.h>
#include <string.h> 		/* memcpy & co. */
#include <stdlib.h>

/**
 * \section about_igraph_vector_ptr_objects Pointer vectors
 * (<type>igraph_vector_ptr_t</type>)
 * 
 * <para>The \type igraph_vector_ptr_t data type is very similar to
 * the \type igraph_vector_t type, but it stores generic pointers instead of
 * real numbers.</para>
 * 
 * <para>This type has the same space complexity as \type
 * igraph_vector_t, and most implemented operations work the same way
 * as for \type igraph_vector_t. </para>
 * 
 * <para>This type is mostly used to pass to or receive from a set of
 * graphs to some \a igraph functions, such as \ref
 * igraph_decompose(), which decomposes a graph to connected
 * components.</para>
 * 
 * <para>The same \ref VECTOR macro used for ordinary vectors can be
 * used for pointer vectors as well, please note that a typeless
 * generic pointer will be provided by this macro and you may need to
 * cast it to a specific pointer before starting to work with it.</para>
 */


/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_init
 * \brief Initialize a pointer vector (constructor).
 *
 * </para><para>
 * This is the constructor of the pointer vector data type. All
 * pointer vectors constructed this way should be destroyed via
 * calling \ref igraph_vector_ptr_destroy().
 * \param v Pointer to an uninitialized
 *        <type>igraph_vector_ptr_t</type> object, to be created.
 * \param size Integer, the size of the pointer vector.
 * \return Error code:
 *         \c IGRAPH_ENOMEM if out of memory
 * 
 * Time complexity: operating system dependent, the amount of \quote
 * time \endquote required to allocate \p size elements.
 */

int igraph_vector_ptr_init      (igraph_vector_ptr_t* v, int long size) {	
        long int alloc_size= size > 0 ? size : 1;
	assert(v != NULL);
	if (size < 0) { size=0; }
	v->stor_begin=Calloc(alloc_size, void*);
	if (v->stor_begin==0) {
	  IGRAPH_ERROR("vector ptr init failed", IGRAPH_ENOMEM);
	}
	v->stor_end=v->stor_begin + alloc_size;
	v->end=v->stor_begin+size;

	return 0;
}

/**
 */ 

const igraph_vector_ptr_t *igraph_vector_ptr_view (const igraph_vector_ptr_t *v, void *const *data, 
				     long int length) {
  igraph_vector_ptr_t *v2=(igraph_vector_ptr_t*) v;
  v2->stor_begin=(void **)data;
  v2->stor_end=(void**)data+length;
  v2->end=v2->stor_end;
  return v;
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_destroy
 * \brief Destroys a pointer vector.
 * 
 * </para><para>
 * The destructor for pointer vectors.
 * \param v Pointer to the pointer vector to destroy.
 * 
 * Time complexity: operating system dependend, the \quote time
 * \endquote required to deallocate O(n) bytes, n is the number of
 * elements allocated for the pointer vector (not neccessarily the
 * number of elements in the vector).
 */

void igraph_vector_ptr_destroy   (igraph_vector_ptr_t* v) {
  assert(v != 0);
  if (v->stor_begin != 0) {
    Free(v->stor_begin);
    v->stor_begin = NULL;
  }
}

/**
 * \ingroup vectorptr
 * \brief Calls free() on all elements of a pointer vector.
 */

void igraph_vector_ptr_free_all   (igraph_vector_ptr_t* v) {
  void **ptr;
  assert(v != 0);
  assert(v->stor_begin != 0);
  for (ptr=v->stor_begin; ptr<v->end; ptr++) {
    Free(*ptr);
  }
}

/**
 * \ingroup vectorptr
 * \brief Calls free() on all elements and destroys the pointer vector.
 */

void igraph_vector_ptr_destroy_all   (igraph_vector_ptr_t* v) { 
  assert(v != 0);
  assert(v->stor_begin != 0);
  igraph_vector_ptr_free_all(v);
  igraph_vector_ptr_destroy(v);
}

/**
 * \ingroup vectorptr
 * \brief Reserves memory for a pointer vector for later use.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_vector_ptr_reserve   (igraph_vector_ptr_t* v, long int size) {
	long int actual_size=igraph_vector_ptr_size(v);
	void **tmp;
	assert(v != NULL);
	assert(v->stor_begin != NULL);
	
	if (size <= igraph_vector_ptr_size(v)) { return 0; }

	tmp=Realloc(v->stor_begin, size, void*);
	if (tmp==0) {
	  IGRAPH_ERROR("vector ptr reserve failed", IGRAPH_ENOMEM);
	}
	v->stor_begin=tmp;
	v->stor_end=v->stor_begin + size;
	v->end=v->stor_begin+actual_size;
	
	return 0;
}

/**
 * \ingroup vectorptr
 * \brief Decides whether the pointer vector is empty.
 */

igraph_bool_t igraph_vector_ptr_empty     (const igraph_vector_ptr_t* v) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);	
	return v->stor_begin == v->end;
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_size
 * \brief Gives the number of elements in the pointer vector.
 * 
 * \param v The pointer vector object.
 * \return The size of the object, ie. the number of pointers stored.
 * 
 * Time complexity: O(1).
 */

long int igraph_vector_ptr_size      (const igraph_vector_ptr_t* v) {
	assert(v != NULL);
/* 	assert(v->stor_begin != NULL);		 */ /* TODO */
	return v->end - v->stor_begin;
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_clear
 * \brief Removes all elements from a pointer vector.
 * 
 * </para><para>
 * This function resizes a pointer to vector to zero length. Note that
 * the pointed objects are \em not deallocated, you should call
 * free() on them, or make sure that their allocated memory is freed
 * in some other way, you'll get memory leaks otherwise.
 * 
 * </para><para>
 * Note that the current implementation of this function does
 * \em not deallocate the memory required for storing the
 * pointers, so making a pointer vector smaller this way does not give
 * back any memory. This behavior might change in the future.
 * \param v The pointer vector to clear.
 * 
 * Time complexity: O(1).
 */

void igraph_vector_ptr_clear     (igraph_vector_ptr_t* v) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);		
	v->end = v->stor_begin;	
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_push_back
 * \brief Appends an elements to the back of a pointer vector.
 * 
 * \param v The pointer vector.
 * \param e The new element to include in the pointer vector.
 * \return Error code.
 * \sa igraph_vector_push_back() for the corresponding operation of
 * the ordinary vector type.
 * 
 * Time complexity: O(1) or O(n), n is the number of elements in the
 * vector. The pointer vector implementation ensures that n subsequent
 * push_back operations need O(n) time to complete.
 */

int igraph_vector_ptr_push_back (igraph_vector_ptr_t* v, void* e) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);	

	/* full, allocate more storage */
	if (v->stor_end == v->end) {
		long int new_size = igraph_vector_ptr_size(v) * 2;
		if (new_size == 0) { new_size = 1; }
		IGRAPH_CHECK(igraph_vector_ptr_reserve(v, new_size));
	}
	
	*(v->end) = e;
	v->end += 1;
	
	return 0;
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_insert
 * \brief Inserts a single element into a pointer vector.
 *
 * Note that this function does not do range checking. Insertion will shift the
 * elements from the position given to the end of the vector one position to the
 * right, and the new element will be inserted in the empty space created at
 * the given position. The size of the vector will increase by one.
 *
 * \param v The pointer vector object.
 * \param pos The position where the new element is inserted.
 * \param e The inserted element
 */
int igraph_vector_ptr_insert(igraph_vector_ptr_t* v, long int pos, void* e) {
  long int size = igraph_vector_ptr_size(v);
  IGRAPH_CHECK(igraph_vector_ptr_resize(v, size+1));
  if (pos<size) {
    memmove(v->stor_begin+pos+1, v->stor_begin+pos, 
	    sizeof(void*)*(size-pos));
  }
  v->stor_begin[pos] = e;
  return 0;
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_e
 * \brief Access an element of a pointer vector.
 * 
 * \param v Pointer to a pointer vector.
 * \param pos The index of the pointer to return.
 * \return The pointer at \p pos position.
 * 
 * Time complexity: O(1).
 */

void* igraph_vector_ptr_e         (const igraph_vector_ptr_t* v, long int pos) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);	
	return * (v->stor_begin + pos);
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_set
 * \brief Assign to an element of a pointer vector.
 * 
 * \param v Pointer to a pointer vector.
 * \param pos The index of the pointer to update.
 * \param value The new pointer to set in the vector.
 *
 * Time complexity: O(1).
 */

void igraph_vector_ptr_set       (igraph_vector_ptr_t* v, long int pos, void* value) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);		
	*(v->stor_begin + pos) = value;
}

/**
 * \ingroup vectorptr
 * \brief Set all elements of a pointer vector to the NULL pointer.
 */

void igraph_vector_ptr_null      (igraph_vector_ptr_t* v) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);		
	if (igraph_vector_ptr_size(v)>0) {
		memset(v->stor_begin, 0, sizeof(void*)*igraph_vector_ptr_size(v));
	}
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_resize
 * \brief Resizes a pointer vector.
 * 
 * </para><para>
 * Note that if a vector is made smaller the pointed object are not
 * deallocated by this function.
 * \param v A pointer vector.
 * \param newsize The new size of the pointer vector.
 * \return Error code.
 * 
 * Time complexity: O(1) if the vector if made smaller. Operating
 * system dependent otherwise, the amount of \quote time \endquote
 * needed to allocate the memory for the vector elements.
 */

int igraph_vector_ptr_resize(igraph_vector_ptr_t* v, long int newsize) {
  IGRAPH_CHECK(igraph_vector_ptr_reserve(v, newsize));
  v->end = v->stor_begin+newsize;
  return 0;
}

/**
 * \ingroup vectorptr
 * \brief Initializes a pointer vector from an array (constructor).
 *
 * \return Error code:
 *         \c IGRAPH_ENOMEM if out of memory
 */

int igraph_vector_ptr_init_copy(igraph_vector_ptr_t *v, void* *data, long int length) {
  v->stor_begin=Calloc(length, void*);
  if (v->stor_begin==0) {
    IGRAPH_ERROR("cannot init ptr vector from array", IGRAPH_ENOMEM);
  }
  v->stor_end=v->stor_begin+length;
  v->end=v->stor_end;
  memcpy(v->stor_begin, data, length*sizeof(void*));
  
  return 0;
}

/**
 * \ingroup vectorptr
 * \brief Copy the contents of a pointer vector to a regular C array.
 */

void igraph_vector_ptr_copy_to(const igraph_vector_ptr_t *v, void** to) {
  assert(v != NULL);
  assert(v->stor_begin != NULL);		
  if (v->end != v->stor_begin) {
    memcpy(to, v->stor_begin, sizeof(void*) * (v->end - v->stor_begin));
  }
}

/**
 * \ingroup vectorptr
 * \function igraph_vector_ptr_copy
 * \brief Copy a pointer vector (constructor).
 *
 * </para><para>
 * This function creates a pointer vector by copying another one. This
 * is shallow copy, only the pointers in the vector will be copyed.
 * \param to Pointer to an uninitialized pointer vector object.
 * \param from A pointer vector object.
 * \return Error code:
 *         \c IGRAPH_ENOMEM if out of memory
 * 
 * Time complexity: O(n) if allocating memory for n elements can be
 * done in O(n) time.
 */

int igraph_vector_ptr_copy(igraph_vector_ptr_t *to, const igraph_vector_ptr_t *from) {
  assert(from != NULL);
/*   assert(from->stor_begin != NULL); */ /* TODO */
  to->stor_begin=Calloc(igraph_vector_ptr_size(from), void*);
  if (to->stor_begin==0) {
    IGRAPH_ERROR("cannot copy ptr vector", IGRAPH_ENOMEM);
  }
  to->stor_end=to->stor_begin+igraph_vector_ptr_size(from);
  to->end=to->stor_end;
  memcpy(to->stor_begin, from->stor_begin, igraph_vector_ptr_size(from)*sizeof(void*));
  
  return 0;
}

/**
 * \ingroup vectorptr
 * \brief Remove an element from a pointer vector.
 */

void igraph_vector_ptr_remove(igraph_vector_ptr_t *v, long int pos) {
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  if (pos+1<igraph_vector_ptr_size(v)) { /* TOOD: why is this needed */
    memmove(v->stor_begin+pos, v->stor_begin+pos+1,
	    sizeof(void*)*(igraph_vector_ptr_size(v)-pos));
  }
  v->end--;
}

/**
 * \ingroup vectorptr
 * \brief Sort the pointer vector based on an external comparison function
 *
 * Sometimes it is necessary to sort the pointers in the vector based on
 * the property of the element being referenced by the pointer. This
 * function allows us to sort the vector based on an arbitrary external
 * comparison function which accepts two \c void* pointers \c p1 and \c p2
 * and returns an integer less than, equal to or greater than zero if the
 * first argument is considered to be respectively less than, equal to, or
 * greater than the second. \c p1 and \c p2 will point to the pointer in the
 * vector, so they have to be double-dereferenced if one wants to get access
 * to the underlying object the address of which is stored in \c v .
 */
void igraph_vector_ptr_sort(igraph_vector_ptr_t *v, int (*compar)(const void*, const void*)) {
  qsort(v->stor_begin, igraph_vector_ptr_size(v), sizeof(void*), compar);
}








igraph-0.4.2/igraph/progress.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"

static igraph_progress_handler_t *igraph_i_progress_handler=0;

int igraph_progress(const char *message, igraph_real_t percent, void *data) {
  if (igraph_i_progress_handler) {
    igraph_i_progress_handler(message, percent, data);
  }
  return 0;
}

int igraph_progress_handler_stderr(const char *message, igraph_real_t percent,
				  void* data) {
  fprintf(stderr, message);
  fprintf(stderr, "%.1f percent ready\n", (double)percent);
  return 0;
}

igraph_progress_handler_t *
igraph_set_progress_handler(igraph_progress_handler_t new_handler) {
  igraph_progress_handler_t *previous_handler=igraph_i_progress_handler;
  igraph_i_progress_handler = new_handler;
  return previous_handler;
}







igraph-0.4.2/igraph/spmatrix.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "random.h"
#include "error.h"

#include <assert.h>
#include <string.h>     /* memcpy & co. */
#include <stdlib.h>

/**
 * \section igraph_spmatrix_constructor_and_destructor Sparse matrix constructors
 * and destructors.
 */

/**
 * \ingroup matrix
 * \function igraph_spmatrix_init
 * \brief Initializes a sparse matrix.
 * 
 * </para><para>
 * Every sparse matrix needs to be initialized before using it, this is done
 * by calling this function. A matrix has to be destroyed if it is not
 * needed any more, see \ref igraph_spmatrix_destroy().
 * \param m Pointer to a not yet initialized sparse matrix object to be
 *        initialized. 
 * \param nrow The number of rows in the matrix.
 * \param ncol The number of columns in the matrix.
 * \return Error code.
 *
 * Time complexity: operating system dependent.
 */

int igraph_spmatrix_init(igraph_spmatrix_t *m, long int nrow, long int ncol) {
  assert(m != NULL);
  IGRAPH_VECTOR_INIT_FINALLY(&m->ridx, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&m->cidx, ncol+1);
  IGRAPH_VECTOR_INIT_FINALLY(&m->data, 0);
  IGRAPH_FINALLY_CLEAN(3);
  m->nrow=nrow;
  m->ncol=ncol;
  return 0;
}

/** 
 * \ingroup matrix
 * \function igraph_spmatrix_destroy
 * \brief Destroys a sparse matrix object.
 * 
 * </para><para>
 * This function frees all the memory allocated for a sparse matrix
 * object. The destroyed object needs to be reinitialized before using
 * it again.
 * \param m The matrix to destroy.
 * 
 * Time complexity: operating system dependent.
 */ 

void igraph_spmatrix_destroy(igraph_spmatrix_t *m) {
  assert(m != NULL);
  igraph_vector_destroy(&m->ridx);
  igraph_vector_destroy(&m->cidx);
  igraph_vector_destroy(&m->data);
}

/**
 * \ingroup matrix
 * \function igraph_spmatrix_copy
 * \brief Copies a sparse matrix.
 *
 * </para><para>
 * Creates a sparse matrix object by copying another one.
 * \param to Pointer to an uninitialized sparse matrix object.
 * \param from The initialized sparse matrix object to copy.
 * \return Error code, \c IGRAPH_ENOMEM if there
 *   isn't enough memory to allocate the new sparse matrix.
 * 
 * Time complexity: O(n), the number
 * of elements in the matrix.
 */

int igraph_spmatrix_copy(igraph_spmatrix_t *to, const igraph_spmatrix_t *from) {
  assert(from != NULL);
  assert(to != NULL);
  to->nrow = from->nrow;
  to->ncol = from->ncol;
  IGRAPH_CHECK(igraph_vector_copy(&to->ridx, &from->ridx));
  IGRAPH_CHECK(igraph_vector_copy(&to->cidx, &from->cidx));
  IGRAPH_CHECK(igraph_vector_copy(&to->data, &from->data));
  return 0;
}

/**
 * \section igraph_spmatrix_accessing_elements Accessing elements of a sparse matrix
 */

/**
 * \ingroup matrix
 * \function igraph_spmatrix_e
 * \brief Accessing an element of a sparse matrix.
 *
 * Note that there are no range checks right now. 
 * \param m The matrix object.
 * \param row The index of the row, starting with zero.
 * \param col The index of the column, starting with zero.
 *
 * Time complexity: O(log n), where n is the number of nonzero elements in
 * the requested column.
 */
igraph_real_t igraph_spmatrix_e(const igraph_spmatrix_t *m,
                                long int row, long int col) {
  long int start, end;
 
  assert(m != NULL);
  start=(long)igraph_vector_e(&m->cidx, col);
  end=(long)igraph_vector_e(&m->cidx, col+1)-1;

  if (end<start) return 0; 
  /* Elements residing in column col are between m->data[start] and
   * m->data[end], inclusive, ordered by row index */
  while (start < end-1) {
    long int mid=(start+end)/2;
    if (VECTOR(m->ridx)[mid] > row) {
      end=mid;
    } else if (VECTOR(m->ridx)[mid] < row) {
      start=mid;
    } else {
      start=mid;
      break;
    }
  }

  if (VECTOR(m->ridx)[start] == row)
    return VECTOR(m->data)[start];
  if (VECTOR(m->ridx)[start] != row && VECTOR(m->ridx)[end] == row)
    return VECTOR(m->data)[end];
  return 0;
}


/**
 * \ingroup matrix
 * \function igraph_spmatrix_set
 * \brief Setting an element of a sparse matrix.
 *
 * Note that there are no range checks right now. 
 * \param m The matrix object.
 * \param row The index of the row, starting with zero.
 * \param col The index of the column, starting with zero.
 * \param value The new value.
 *
 * Time complexity: O(log n), where n is the number of nonzero elements in
 * the requested column.
 */
int igraph_spmatrix_set(igraph_spmatrix_t *m, long int row, long int col,
            igraph_real_t value) {
  long int start, end;
 
  assert(m != NULL);
  start=(long)igraph_vector_e(&m->cidx, col);
  end=(long)igraph_vector_e(&m->cidx, col+1)-1;

  if (end<start) {
    /* First element in the column */
    if (value == 0.0) return 0;
    IGRAPH_CHECK(igraph_vector_insert(&m->ridx, start, row));
    IGRAPH_CHECK(igraph_vector_insert(&m->data, start, value));
    for (start=col+1; start < m->ncol+1; start++) VECTOR(m->cidx)[start]++;
    return 0;
  }

  /* Elements residing in column col are between m->data[start] and
   * m->data[end], inclusive, ordered by row index */
  while (start < end-1) {
    long int mid=(start+end)/2;
    if (VECTOR(m->ridx)[mid] > row) { 
      end=mid;
    } else if (VECTOR(m->ridx)[mid] < row) {
      start=mid;
    } else {
      start=mid;
      break;
    }
  }

  if (VECTOR(m->ridx)[start] == row) {
    /* Overwriting a value - or deleting it if it has been overwritten by zero */
    if (value == 0) {
      igraph_vector_remove(&m->ridx, start);
      igraph_vector_remove(&m->data, start);
      for (start=col+1; start < m->ncol+1; start++) VECTOR(m->cidx)[start]--;
    } else {
      VECTOR(m->data)[start] = value;
    }
    return 0;
  } else if (VECTOR(m->ridx)[end] == row) {
    /* Overwriting a value - or deleting it if it has been overwritten by zero */
    if (value == 0) {
      igraph_vector_remove(&m->ridx, end);
      igraph_vector_remove(&m->data, end);
      for (start=col+1; start < m->ncol+1; start++) VECTOR(m->cidx)[start]--;
    } else {
      VECTOR(m->data)[end] = value;
    }
    return 0;
  }
  
  /* New element has to be inserted, but only if not a zero is
   * being written into the matrix */
  if (value != 0.0) {
    if (VECTOR(m->ridx)[end] < row) {
      IGRAPH_CHECK(igraph_vector_insert(&m->ridx, end+1, row));
      IGRAPH_CHECK(igraph_vector_insert(&m->data, end+1, value));
    } else if (VECTOR(m->ridx)[start] < row) {
      IGRAPH_CHECK(igraph_vector_insert(&m->ridx, start+1, row));
      IGRAPH_CHECK(igraph_vector_insert(&m->data, start+1, value));
    } else {
      IGRAPH_CHECK(igraph_vector_insert(&m->ridx, start, row));
      IGRAPH_CHECK(igraph_vector_insert(&m->data, start, value));
    }
    for (start=col+1; start < m->ncol+1; start++) VECTOR(m->cidx)[start]++;
  }
  return 0;
}


/**
 * \ingroup matrix
 * \function igraph_spmatrix_add_e
 * \brief Adding a real value to an element of a sparse matrix.
 *
 * Note that there are no range checks right now. This is implemented to avoid
 * double lookup of a given element in the matrix by using \ref igraph_spmatrix_e()
 * and \ref igraph_spmatrix_set() consecutively.
 *
 * \param m The matrix object.
 * \param row The index of the row, starting with zero.
 * \param col The index of the column, starting with zero.
 * \param value The value to add.
 *
 * Time complexity: O(log n), where n is the number of nonzero elements in
 * the requested column.
 */
int igraph_spmatrix_add_e(igraph_spmatrix_t *m, long int row, long int col,
            igraph_real_t value) {
  long int start, end;
 
  assert(m != NULL);
  start=(long)igraph_vector_e(&m->cidx, col);
  end=(long)igraph_vector_e(&m->cidx, col+1)-1;

  if (end<start) {
    /* First element in the column */
    if (value == 0.0) return 0;
    IGRAPH_CHECK(igraph_vector_insert(&m->ridx, start, row));
    IGRAPH_CHECK(igraph_vector_insert(&m->data, start, value));
    for (start=col+1; start < m->ncol+1; start++) VECTOR(m->cidx)[start]++;
    return 0;
  }

  /* Elements residing in column col are between m->data[start] and
   * m->data[end], inclusive, ordered by row index */
  while (start < end-1) {
    long int mid=(start+end)/2;
    if (VECTOR(m->ridx)[mid] > row) { 
      end=mid;
    } else if (VECTOR(m->ridx)[mid] < row) {
      start=mid;
    } else {
      start=mid;
      break;
    }
  }

  if (VECTOR(m->ridx)[start] == row) {
    /* Overwriting a value */
    if (VECTOR(m->data)[start] == -1) {
      igraph_vector_remove(&m->ridx, start);
      igraph_vector_remove(&m->data, start);
      for (start=col+1; start < m->ncol+1; start++) VECTOR(m->cidx)[start]--;
    } else {
      VECTOR(m->data)[start] += value;
    }
    return 0;
  } else if (VECTOR(m->ridx)[end] == row) {
    /* Overwriting a value */
    if (VECTOR(m->data)[end] == -1) {
      igraph_vector_remove(&m->ridx, end);
      igraph_vector_remove(&m->data, end);
      for (start=col+1; start < m->ncol+1; start++) VECTOR(m->cidx)[start]--;
    } else {
      VECTOR(m->data)[end] += value;
    }
    return 0;
  }
  
  /* New element has to be inserted, but only if not a zero is
   * being added to a zero element of the matrix */
  if (value != 0.0) {
    if (VECTOR(m->ridx)[end] < row) {
      IGRAPH_CHECK(igraph_vector_insert(&m->ridx, end+1, row));
      IGRAPH_CHECK(igraph_vector_insert(&m->data, end+1, value));
    } else if (VECTOR(m->ridx)[start] < row) {
      IGRAPH_CHECK(igraph_vector_insert(&m->ridx, start+1, row));
      IGRAPH_CHECK(igraph_vector_insert(&m->data, start+1, value));
    } else {
      IGRAPH_CHECK(igraph_vector_insert(&m->ridx, start, row));
      IGRAPH_CHECK(igraph_vector_insert(&m->data, start, value));
    }
    for (start=col+1; start < m->ncol+1; start++) VECTOR(m->cidx)[start]++;
  }
  return 0;
}

/**
 * \function igraph_spmatrix_add_col_values
 *
 * Adds the values of a column to another column.
 *
 * \param to The index of the column to be added to
 * \param from The index of the column to be added
 * \return Error code.
 */
int igraph_spmatrix_add_col_values(igraph_spmatrix_t *m, long int to, long int from) {
  long int i;
  /* TODO: I think this implementation could be speeded up if I don't use
   * igraph_spmatrix_add_e directly -- but maybe it's not worth the fuss */
  for (i=VECTOR(m->cidx)[from]; i<VECTOR(m->cidx)[from+1]; i++) {
    IGRAPH_CHECK(igraph_spmatrix_add_e(m, VECTOR(m->ridx)[i], to, VECTOR(m->data)[i]));
  }

  return 0;
}


/**
 * \ingroup matrix
 * \function igraph_spmatrix_resize
 * \brief Resizes a sparse matrix.
 *
 * </para><para>
 * This function resizes a sparse matrix by adding more elements to it.
 * The matrix retains its data even after resizing it, except for the data
 * which lies outside the new boundaries (if the new size is smaller).
 * \param m Pointer to an already initialized sparse matrix object.
 * \param nrow The number of rows in the resized matrix.
 * \param ncol The number of columns in the resized matrix.
 * \return Error code.
 * 
 * Time complexity: O(n).
 * n is the number of elements in the old matrix.
 */

int igraph_spmatrix_resize(igraph_spmatrix_t *m, long int nrow, long int ncol) {
  long int i, j, ci, ei, mincol, nelem;
  assert(m != NULL);
  /* Iterating through the matrix data and deleting unnecessary data. */
  /* At the same time, we create the new indices as well */
  if (nrow < m->nrow) {
    nelem = igraph_vector_size(&m->data);
    ei = j = 0;
    mincol = (m->ncol < ncol) ? m->ncol : ncol;
    for (ci=0; ci < mincol; ci++) {
      for (; ei<VECTOR(m->cidx)[ci+1]; ei++) {
        if (VECTOR(m->ridx)[ei] < nrow) {
          VECTOR(m->ridx)[j]=VECTOR(m->ridx)[ei];
          VECTOR(m->data)[j]=VECTOR(m->data)[ei];
          j++;
        }
      }
      VECTOR(m->cidx)[ci]=j;
    }
    /* Contract the row index and the data vector */
    IGRAPH_CHECK(igraph_vector_resize(&m->ridx, j));
    IGRAPH_CHECK(igraph_vector_resize(&m->cidx, j));
  }
  /* Updating cidx */
  IGRAPH_CHECK(igraph_vector_resize(&m->cidx, ncol+1));
  for (i=m->ncol+1; i<ncol+1; i++) 
    VECTOR(m->cidx)[i] = VECTOR(m->cidx)[m->ncol];
  m->nrow=nrow;
  m->ncol=ncol;
  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_spmatrix_count_nonzero
 * \brief The number of non-zero elements in a sparse matrix.
 * 
 * \param m Pointer to an initialized sparse matrix object.
 * \return The size of the matrix.
 *
 * Time complexity: O(1).
 */

long int igraph_spmatrix_count_nonzero(const igraph_spmatrix_t *m) {
  assert(m != NULL);
  return igraph_vector_size(&m->data);
}


/**
 * \ingroup matrix
 * \function igraph_spmatrix_size
 * \brief The number of elements in a sparse matrix.
 * 
 * \param m Pointer to an initialized sparse matrix object.
 * \return The size of the matrix.
 *
 * Time complexity: O(1).
 */

long int igraph_spmatrix_size(const igraph_spmatrix_t *m) {
  assert(m != NULL);
  return (m->nrow) * (m->ncol);
}

/**
 * \ingroup matrix
 * \function igraph_spmatrix_nrow
 * \brief The number of rows in a sparse matrix.
 * 
 * \param m Pointer to an initialized sparse matrix object.
 * \return The number of rows in the matrix.
 * 
 * Time complexity: O(1).
 */

long int igraph_spmatrix_nrow(const igraph_spmatrix_t *m) {
  assert(m != NULL);
  return m->nrow;
}

/**
 * \ingroup matrix
 * \function igraph_spmatrix_ncol
 * \brief The number of columns in a sparse matrix.
 * 
 * \param m Pointer to an initialized sparse matrix object.
 * \return The number of columns in the sparse matrix.
 * 
 * Time complexity: O(1).
 */

long int igraph_spmatrix_ncol(const igraph_spmatrix_t *m) {
  assert(m != NULL);
  return m->ncol;
}

/** 
 * \ingroup matrix
 * \brief Copies a sparse matrix to a regular C array.
 *
 * </para><para>
 * The matrix is copied columnwise, as this is the format most
 * programs and languages use.
 * The C array should be of sufficient size, there are (of course) no
 * range checks done.
 * \param m Pointer to an initialized sparse matrix object.
 * \param to Pointer to a C array, the place to copy the data to.
 * \return Error code.
 *
 * Time complexity: O(n),
 * n is the number of 
 * elements in the matrix.
 */

int igraph_spmatrix_copy_to(const igraph_spmatrix_t *m, igraph_real_t *to) {
  long int c, dest_idx, idx, no_of_elements;

  no_of_elements=igraph_spmatrix_count_nonzero(m);
  memset(to, 0, sizeof(igraph_real_t)*igraph_spmatrix_size(m));
  for (c=0, dest_idx=0; c < m->ncol; c++, dest_idx+=m->nrow) {
    for (idx=VECTOR(m->cidx)[c]; idx<VECTOR(m->cidx)[c+1]; idx++) {
      to[dest_idx+(long)VECTOR(m->ridx)[idx]]=VECTOR(m->data)[idx];
    }
  }
  return 0;
}

/** 
 * \ingroup matrix
 * \brief Sets all element in a sparse matrix to zero.
 * 
 * \param m Pointer to an initialized matrix object.
 * \return Error code, always returns with success.
 * 
 * Time complexity: O(n),
 * n is the number of columns in the matrix
 */

int igraph_spmatrix_null(igraph_spmatrix_t *m) {
  assert(m != NULL);
  igraph_vector_clear(&m->data);
  igraph_vector_clear(&m->ridx);
  igraph_vector_null(&m->cidx);
  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_spmatrix_add_cols
 * \brief Adds columns to a sparse matrix.
 * \param m The sparse matrix object.
 * \param n The number of columns to add.
 * \return Error code.
 *
 * Time complexity: O(1).
 */

int igraph_spmatrix_add_cols(igraph_spmatrix_t *m, long int n) {
  igraph_spmatrix_resize(m, m->nrow, m->ncol+n);
  return 0;
}

/**
 * \ingroup matrix
 * \function igraph_spmatrix_add_rows
 * \brief Adds rows to a sparse matrix.
 * \param m The sparse matrix object.
 * \param n The number of rows to add.
 * \return Error code.
 * 
 * Time complexity: O(1).
 */

int igraph_spmatrix_add_rows(igraph_spmatrix_t *m, long int n) {
  igraph_spmatrix_resize(m, m->nrow+n, m->ncol);
  return 0;
}

/**
 * \function igraph_spmatrix_clear_row
 *
 * Clears a row in the matrix (sets all of its elements to zero)
 * \param m The matrix.
 * \param row The index of the row to be cleared.
 *
 * Time complexity: O(n), the number of nonzero elements in the matrix.
 */

int igraph_spmatrix_clear_row(igraph_spmatrix_t *m, long int row) {
  long int ci, ei, i, j, nremove=0, nremove_old=0, *permvec;

  assert(m != NULL);
  permvec=Calloc(igraph_vector_size(&m->data), long int);
  if (permvec == 0) {
    IGRAPH_ERROR("can't clear row in sparse matrix", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, permvec);
  for (ci=0, i=0, j=1; ci < m->ncol; ci++) {
    for (ei=VECTOR(m->cidx)[ci]; ei < VECTOR(m->cidx)[ci+1]; ei++) {
      if (VECTOR(m->ridx)[ei] == row) {
        /* this element will be deleted, so all elements in cidx from the
         * column index of this element will have to be decreased by one */
        nremove++;
      } else {
        /* this element will be kept */
        permvec[i] = j;
        j++;
      }
      i++;
    }
    if (ci > 0) {
      VECTOR(m->cidx)[ci] -= nremove_old;
    }
    nremove_old = nremove;
  }
  VECTOR(m->cidx)[m->ncol] -= nremove;
  igraph_vector_permdelete(&m->ridx, permvec, nremove);
  igraph_vector_permdelete(&m->data, permvec, nremove);
  free(permvec);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_i_spmatrix_clear_row_fast(igraph_spmatrix_t *m, long int row) {
  long int ei, n;

  assert(m != NULL);
  n = igraph_vector_size(&m->data);
  for (ei=0; ei<n; ei++) {
    if (VECTOR(m->ridx)[ei] == row) VECTOR(m->data)[ei]=0.0;
  }
  return 0;
}

int igraph_i_spmatrix_cleanup(igraph_spmatrix_t *m) {
  long int ci, ei, i, j, nremove=0, nremove_old=0, *permvec;

  assert(m != NULL);
  permvec=Calloc(igraph_vector_size(&m->data), long int);
  if (permvec == 0) {
    IGRAPH_ERROR("can't perform cleanup on sparse matrix", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, permvec);
  for (ci=0, i=0, j=1; ci < m->ncol; ci++) {
    for (ei=VECTOR(m->cidx)[ci]; ei < VECTOR(m->cidx)[ci+1]; ei++) {
      if (VECTOR(m->data)[ei] == 0.0) {
        /* this element will be deleted, so all elements in cidx from the
         * column index of this element will have to be decreased by one */
        nremove++;
      } else {
        /* this element will be kept */
        permvec[i] = j;
        j++;
      }
      i++;
    }
    if (ci > 0) {
      VECTOR(m->cidx)[ci] -= nremove_old;
    }
    nremove_old = nremove;
  }
  VECTOR(m->cidx)[m->ncol] -= nremove;
  igraph_vector_permdelete(&m->ridx, permvec, nremove);
  igraph_vector_permdelete(&m->data, permvec, nremove);
  free(permvec);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_spmatrix_clear_col
 *
 * Clears a column in the matrix (sets all of its elements to zero)
 * \param m The matrix.
 * \param col The index of the column to be cleared.
 * \return Error code. The current implementation always succeeds.
 *
 * Time complexity: TODO
 */

int igraph_spmatrix_clear_col(igraph_spmatrix_t *m, long int col) {
  long int i, n;
  assert(m != NULL);
  n = (long)VECTOR(m->cidx)[col+1] - (long)VECTOR(m->cidx)[col];
  if (n == 0) return 0;
  igraph_vector_remove_section(&m->ridx, VECTOR(m->cidx)[col], VECTOR(m->cidx)[col+1]);
  igraph_vector_remove_section(&m->data, VECTOR(m->cidx)[col], VECTOR(m->cidx)[col+1]);
  for (i=col+1; i <= m->ncol; i++) {
    VECTOR(m->cidx)[i] -= n;
  }
  return 0;
}

/**
 * \function igraph_spmatrix_multiply
 * 
 * Multiplies each element of the sparse matrix by a constant.
 * \param m The matrix.
 * \param by The constant.
 * 
 * Time complexity: O(n), the number of elements in the matrix.
 */

void igraph_spmatrix_multiply(igraph_spmatrix_t *m, igraph_real_t by) {
  assert(m != NULL);
  igraph_vector_multiply(&m->data, by);
}

/**
 * \function igraph_spmatrix_colsums
 *
 * Calculates the column sums of the matrix.
 * \param m The matrix.
 * \param res An initialized \c igraph_vector_t, the result will be stored here.
 *   The vector will be resized as needed.
 *
 * Time complexity: O(n), the number of nonzero elements in the matrix.
 */

int igraph_spmatrix_colsums(const igraph_spmatrix_t *m, igraph_vector_t *res) {
  long int i, c;
  assert(m != NULL);
  IGRAPH_CHECK(igraph_vector_resize(res, m->ncol));
  igraph_vector_null(res);
  for (c=0; c < m->ncol; c++) {
    for (i=VECTOR(m->cidx)[c]; i<VECTOR(m->cidx)[c+1]; i++) {
      VECTOR(*res)[c] += VECTOR(m->data)[i];
    }
  }
  return 0;
}

/**
 * \function igraph_spmatrix_max_nonzero
 *
 * Returns the maximum nonzero element of a matrix.
 * If the matrix is empty, zero is returned.
 *
 * \param m the matrix object.
 * \param ridx the row index of the maximum element if not \c NULL.
 * \param cidx the column index of the maximum element if not \c NULL.
 *
 * Time complexity: O(n), the number of nonzero elements in the matrix.
 */
igraph_real_t igraph_spmatrix_max_nonzero(const igraph_spmatrix_t *m,
    igraph_real_t *ridx, igraph_real_t *cidx) {
  igraph_real_t res;
  long int i, n, maxidx;

  assert(m != NULL);
  n=igraph_vector_size(&m->data);
  if (n == 0) return 0.0;
   
  maxidx = -1;
  for (i=0; i<n; i++)
    if (VECTOR(m->data)[i] != 0.0 &&
	(maxidx == -1 || VECTOR(m->data)[i] >= VECTOR(m->data)[maxidx]))
      maxidx = i;
	
  if (maxidx == -1) return 0.0;
	
  res=VECTOR(m->data)[maxidx];
  if (ridx != 0) *ridx = VECTOR(m->ridx)[maxidx];
  if (cidx != 0) {
    igraph_vector_binsearch(&m->cidx, maxidx, &i);
    while (VECTOR(m->cidx)[i+1] == VECTOR(m->cidx)[i]) i++;
    *cidx = (igraph_real_t)i;
  }
  return res;
}

/**
 * \function igraph_spmatrix_max
 *
 * Returns the maximum element of a matrix.
 * If the matrix is empty, zero is returned.
 *
 * \param m the matrix object.
 * \param ridx the row index of the maximum element if not \c NULL.
 * \param cidx the column index of the maximum element if not \c NULL.
 *
 * Time complexity: O(n), the number of nonzero elements in the matrix.
 */
igraph_real_t igraph_spmatrix_max(const igraph_spmatrix_t *m,
    igraph_real_t *ridx, igraph_real_t *cidx) {
  igraph_real_t res;
  long int i, j, k, maxidx;

  assert(m != NULL);
  i=igraph_vector_size(&m->data);
  if (i == 0) return 0.0;

  maxidx=(long)igraph_vector_which_max(&m->data);
  res=VECTOR(m->data)[maxidx];
  if (res>=0.0 || i == m->nrow * m->ncol) {
    if (ridx != 0) *ridx = VECTOR(m->ridx)[maxidx];
    if (cidx != 0) {
      igraph_vector_binsearch(&m->cidx, maxidx, &i);
      while (VECTOR(m->cidx)[i+1] == VECTOR(m->cidx)[i]) i++;
      *cidx = (igraph_real_t)i;
    }
    return res;
  }
  /* the maximal nonzero element is negative and there is at least a
   * single zero
   */
  res=0.0;
  if (cidx != 0 || ridx != 0) {
    for (i=0; i < m->ncol; i++) {
      if (VECTOR(m->cidx)[i+1] - VECTOR(m->cidx)[i] < m->nrow) {
        if (cidx != 0) *cidx = i;
        if (ridx != 0) {
          for (j=VECTOR(m->cidx)[i], k=0; j < VECTOR(m->cidx)[i+1]; j++, k++) {
            if (VECTOR(m->ridx)[j] != k) {
              *ridx = k;
              break;
            }
          }
        }
        break;
      }
    }
  }

  return res;
}

int igraph_i_spmatrix_get_col_nonzero_indices(const igraph_spmatrix_t *m,
  igraph_vector_t *res, long int col) {
  long int i, n;
  assert(m != NULL);
  n = VECTOR(m->cidx)[col+1]-VECTOR(m->cidx)[col];
  IGRAPH_CHECK(igraph_vector_resize(res, n));
  for (i=VECTOR(m->cidx)[col], n=0; i<VECTOR(m->cidx)[col+1]; i++, n++)
    if (VECTOR(m->data)[i] != 0.0) VECTOR(*res)[n] = VECTOR(m->ridx)[i];
  return 0;
}








igraph-0.4.2/igraph/iterators.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"
#include "random.h"

#include <string.h>
#include <stdarg.h>

/**
 * \section about_iterators About selectors, iterators
 *
 * <para>Everything about vertices and vertex selectors also applies
 * to edges and edge selectors unless explicitly noted otherwise.</para>
 *
 * <para>The vertex (and edge) selector notion was introduced in igraph 0.2,
 * and it is a way to reference to sequence of vertices or edges
 * independently of the graph.</para>
 *
 * <para>While this might sound quite mysterious, it is actually very
 * simple. For example all vertex of graph can be selected by
 * \ref igraph_vs_all(), and the graph indenpendence means that
 * \ref igraph_vs_all() is not parametrized by a graph object. Ie. 
 * \ref igraph_vs_all() is the \em concept of selecting all vertices
 * of a graph.</para>
 * 
 * <para>This means that for determining the actual vertex id's implied
 * by a vertex selector it needs to be instantiated with a graph
 * object, the instantiation results a vertex iterator.</para>
 * 
 * <para>Some vertex selectors have \em immediate versions, these have
 * prefix <code>igraph_vss</code> instead of <code>igraph_vs</code>, eg. 
 * \ref igraph_vss_all() instead of \ref igraph_vs_all(). 
 * These immediate versions are to be used in the parameter list of the igraph
 * functions, like \ref igraph_degree(). These functions are not
 * associated with any \type igraph_vs_t object, so they have no
 * separate constructors and destructors (destroy functions).</para> 
 */ 

/**
 * \section about_vertex_selectors
 * 
 * <para>Vertex selectors are created by vertex selector constructors,
 * can be instantiated with \ref igraph_vit_create(), and are
 * destroyed with \ref igraph_vs_destroy().</para>
 */

/**
 * \function igraph_vs_all
 * 
 * \param vs Pointer to an uninitialized \type igraph_vs_t object.
 * \return Error code.
 * \sa \ref igraph_vss_all().
 *
 * This selector includes all vertices of a given graph in
 * increasing vertex id order.
 * 
 * </para><para>
 * Time complexity: O(1).
 */

int igraph_vs_all(igraph_vs_t *vs) {
  vs->type=IGRAPH_VS_ALL;
  return 0;
}

/**
 * \function igraph_vss_all
 *
 * Immediate vertex selector for all vertices in a graph. It can
 * be used conveniently when some vertex property (eg. betweenness,
 * degree, etc.) should be calculated for all vertices.
 *
 * \return A vertex selector for all vertices in a graph.
 * \sa \ref igraph_vs_all()
 *
 * Time complexity: O(1).
 */

igraph_vs_t igraph_vss_all(void) {
  igraph_vs_t allvs;
  allvs.type=IGRAPH_VS_ALL;
  return allvs;  
}

/**
 * \function igraph_vs_adj
 * 
 * All neighboring vertices of a given vertex are selected by this
 * selector. The \c mode argument controls the type of the neighboring 
 * vertices to be selected. The vertices are visited in increasing vertex
 * id order, as of igraph version 0.4.
 * 
 * \param vs Pointer to an uninitialized vertex selector object.
 * \param vid Vertex id, the center of the neighborhood.
 * \param mode Decides the type of the neighborhood for directed
 *        graphs. Possible values:
 *        \c IGRAPH_OUT,  all vertices to which there is a directed edge
 *           from \c vid.
 *        \c IGRAPH_IN, all vertices from which there is a directed
 *           edge from \c vid.
 *        \c IGRAPH_ALL, all vertices to which or from which there is
 *           a directed edge from/to \c vid.
 *        This parameter is ignored for undirected graphs.
 * \return Error code.
 * 
 * Time complexity: O(1).
 */

int igraph_vs_adj(igraph_vs_t *vs, 
		  igraph_integer_t vid, igraph_neimode_t mode) {
  vs->type=IGRAPH_VS_ADJ;
  vs->data.adj.vid=vid;
  vs->data.adj.mode=mode;
  return 0;
}

/**
 * \function igraph_vs_nonadj
 * 
 * All non-neighboring vertices of a given vertex. The \p mode
 * argument controls the type of neighboring vertics \em not to
 * select.
 * \param vs Pointer to an uninitialized vertex selector object.
 * \param vid Vertex id, the \quote center \endquote of the
 *        non-neighborhood.
 * \param mode The type of neighborhood not to select in directed
 *        graphs. Possible values:
 *        \c IGRAPH_OUT, all vertices will be selected except those to
 *           which there is a directed edge from \p vid.
 *        \c IGRAPH_IN, all vertices will be selected except those
 *           from which there is a directed edge to \p vid.
 *        \c IGRAPH_ALL, all vertices will be selected exvept those 
 *           from or to which there is a directed edge to or from \p
 *           vid. 
 * \return Error code.
 *
 * Time complexity: O(1).
 */

int igraph_vs_nonadj(igraph_vs_t *vs, igraph_integer_t vid, 
		     igraph_neimode_t mode) {
  vs->type=IGRAPH_VS_NONADJ;
  vs->data.adj.vid=vid;
  vs->data.adj.mode=mode;
  return 0;
}

/** 
 * \function igraph_vs_none
 * 
 * Creates an empty vertex selector. 
 *
 * \param vs Pointer to an uninitialized vertex selector object.
 * \return Error code.
 * \sa \ref igraph_vss_none.
 * 
 * Time complexity: O(1).
 */

int igraph_vs_none(igraph_vs_t *vs) {
  vs->type=IGRAPH_VS_NONE;
  return 0;
}

/**
 * \function igraph_vss_none
 *
 * The immediate version of the empty vertex selector.
 * 
 * \return An empty vertex selector.
 * \sa \ref igraph_vs_none()
 * 
 * Time complexity: O(1).
 */

igraph_vs_t igraph_vss_none(void) {
  igraph_vs_t nonevs;
  nonevs.type=IGRAPH_VS_NONE;
  return nonevs;
}

/**
 * \function igraph_vs_1
 * 
 * This vertex selector selects a single vertex.
 *
 * \param vs Pointer to an uninitialized vertex selector object.
 * \param vid The vertex id to be selected.
 * \return Error Code.
 * \sa \ref igraph_vss_1()
 * 
 * Time complexity: O(1).
 */

int igraph_vs_1(igraph_vs_t *vs, igraph_integer_t vid) {
  vs->type=IGRAPH_VS_1;
  vs->data.vid=vid;
  return 0;
}

/**
 * \function igraph_vss_1
 * 
 * The immediate version of the single-vertex selector.
 * 
 * \param vid The vertex to be selected.
 * \return A vertex selector containing a single vertex.
 * \sa \ref igraph_vs_1()
 *
 * Time complexity: O(1).
 */

igraph_vs_t igraph_vss_1(igraph_integer_t vid) {
  igraph_vs_t onevs;
  onevs.type=IGRAPH_VS_1;
  onevs.data.vid=vid;
  return onevs;
}

/**
 * \function igraph_vs_vector
 * 
 * This function makes it possible to handle a \type vector_t
 * temporarily as a vertex selector. The vertex selector should be
 * thought of like a \em view to the vector. If you make changes to
 * the vector that also affects the vertex selector. Destroying the
 * vertex selector does not destroy the vector. (Of course.) Do not
 * destroy the vector before destroying the vertex selector, or you
 * might get strange behavior.
 * 
 * \param vs Pointer to an uninitialized vertex selector.
 * \param v Pointer to a \type igraph_vector_t object.
 * \return Error code.
 * \sa \ref igraph_vss_vector()
 * 
 * Time complexity: O(1).
 */

int igraph_vs_vector(igraph_vs_t *vs,
		     const igraph_vector_t *v) {
  vs->type=IGRAPH_VS_VECTORPTR;
  vs->data.vecptr=v;
  return 0;
}

/**
 * \function igraph_vss_vector
 * 
 * This is the immediate version of \ref igraph_vs_vector. 
 * 
 * \param v Pointer to a \type igraph_vector_t object.
 * \return A vertex selector object containing the vertices in the
 *         vector. 
 * \sa \ref igraph_vs_vector()
 * 
 * Time complexity: O(1).
 */

igraph_vs_t igraph_vss_vector(const igraph_vector_t *v) {
  igraph_vs_t vecvs;
  vecvs.type=IGRAPH_VS_VECTORPTR;
  vecvs.data.vecptr=v;
  return vecvs;
}

/**
 * \function igraph_vs_vector_small
 *
 * This function can be used to create a vertex selector with a couple
 * of vertices. Do not forget to include a <code>-1</code> after the
 * last vertex id, the behavior of the function is undefined if you
 * don't use a <code>-1</code> properly.
 * 
 * </para><para>
 * Note that the vertex ids supplied will be parsed as
 * <code>int</code>'s so you cannot supply arbitrarily large (too
 * large for int) vertex ids here. 
 * 
 * \param vs Pointer to an uninitialized vertex selector object.
 * \param ... Additional parameters, these will be the vertex ids to
 *        be included in the vertex selector. Supply a <code>-1</code>
 *        after the last vertex id.
 * \return Error code.
 *
 * Time complexity: O(n), the number of vertex ids supplied.
 */

int igraph_vs_vector_small(igraph_vs_t *vs, ...) {
  va_list ap;
  long int i, n=0;
  vs->type=IGRAPH_VS_VECTOR;
  vs->data.vecptr=Calloc(1, igraph_vector_t);
  if (vs->data.vecptr==0) {
    IGRAPH_ERROR("Cannot create vertex selector", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*)vs->data.vecptr);
  
  va_start(ap, vs);
  while (1) {
    int num = va_arg(ap, int);
    if (num == -1) {
      break;
    }
    n++;
  }
  va_end(ap);

  IGRAPH_VECTOR_INIT_FINALLY((igraph_vector_t*)vs->data.vecptr, n);
  
  va_start(ap, vs);
  for (i=0; i<n; i++) {
    VECTOR(*vs->data.vecptr)[i]=(igraph_real_t) va_arg(ap, int);
  }
  va_end(ap);  
  
  IGRAPH_FINALLY_CLEAN(2);
  return 0;  
}

/**
 * \function igraph_vs_vector_copy
 * 
 * This function makes it possible to handle a \type vector_t
 * permanently as a vertex selector. The vertex selector creates a
 * copy of the original vector, so the vector can safely be destroyed
 * after creating the vertex selector. Changing the original vector
 * will not affect the vertex selector. The vertex selector is
 * responsible for deleting the copy made by itself.
 * 
 * \param vs Pointer to an uninitialized vertex selector.
 * \param v Pointer to a \type igraph_vector_t object.
 * \return Error code.
 * 
 * Time complexity: O(1).
 */

int igraph_vs_vector_copy(igraph_vs_t *vs,
			  const igraph_vector_t *v) {
  vs->type=IGRAPH_VS_VECTOR;
  vs->data.vecptr=Calloc(1, igraph_vector_t);
  if (vs->data.vecptr==0) {
    IGRAPH_ERROR("Cannot create vertex selector", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*)vs->data.vecptr);
  IGRAPH_CHECK(igraph_vector_copy((igraph_vector_t*)vs->data.vecptr, v));
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_vs_seq
 * 
 * Creates a vertex selector containing all vertices with vertex id
 * equal to or bigger than \c from and equal to or smaller than \c
 * to.
 * 
 * \param vs Pointer to an uninitialized vertex selector object.
 * \param from The first vertex id to be included in the vertex
 *        selector. 
 * \param to The last vertex id to be included in the vertex
 *        selector. 
 * \return Error code.
 * \sa \ref igraph_vss_seq()
 * 
 * Time complexity: O(1).
 */

int igraph_vs_seq(igraph_vs_t *vs, 
		  igraph_integer_t from, igraph_integer_t to) {
  vs->type=IGRAPH_VS_SEQ;
  vs->data.seq.from=from;
  vs->data.seq.to=to+1;
  return 0;
}

/**
 * \function igraph_vss_seq
 * 
 * The immediate version of \ref igraph_vs_seq().
 * 
 * \param from The first vertex id to be included in the vertex
 *        selector. 
 * \param to The last vertex id to be included in the vertex
 *        selector. 
 * \return Error code.
 * \sa \ref igraph_vs_seq()
 *
 * Time complexity: O(1).
 */

igraph_vs_t igraph_vss_seq(igraph_integer_t from, igraph_integer_t to) {
  igraph_vs_t vs;
  vs.type=IGRAPH_VS_SEQ;
  vs.data.seq.from=from;
  vs.data.seq.to=to+1;
  return vs;
}

/**
 * \function igraph_vs_destroy
 * 
 * This function should be called for all vertex selectors when they
 * are not needed. The memory allocated for the vertex selector will
 * be deallocated. Do not call this function on vertex selectors
 * created with the immediate versions of the vertex selector
 * constructors (starting with <code>igraph_vss</code>).
 * 
 * \param vs Pointer to a vertex selector object.
 * 
 * Time complecity: operating system dependent, usually O(1).
 */

void igraph_vs_destroy(igraph_vs_t *vs) {
  switch (vs->type) {
  case IGRAPH_VS_ALL:
  case IGRAPH_VS_ADJ:
  case IGRAPH_VS_NONE:
  case IGRAPH_VS_1:
  case IGRAPH_VS_VECTORPTR:
  case IGRAPH_VS_SEQ:
  case IGRAPH_VS_NONADJ:
    break;
  case IGRAPH_VS_VECTOR:
    igraph_vector_destroy((igraph_vector_t*)vs->data.vecptr);
    Free(vs->data.vecptr);
    break;
  default:
    break;
  }
}

/**
 * \function igraph_vs_is_all
 * 
 * This function checks whether the vertex selector object was created
 * by \ref igraph_vs_all() of \ref igraph_vss_all(). Note that the
 * vertex selector might contain all vertices in a given graph but if
 * it wasn't created by the two constructors mentioned here the return
 * value will be FALSE.
 * 
 * \param vs Pointer to a vertex selector object.
 * \return TRUE (1) if the vertex selector contains all vertices and
 *         FALSE (1) otherwise.
 * 
 * Time complexity: O(1).
 */

igraph_bool_t igraph_vs_is_all(igraph_vs_t *vs) {
  return vs->type == IGRAPH_VS_ALL;
}

int igraph_vs_as_vector(const igraph_t *graph, igraph_vs_t vs, 
			igraph_vector_t *v) {
  igraph_vit_t vit;
  
  IGRAPH_CHECK(igraph_vit_create(graph, vs, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);
  IGRAPH_CHECK(igraph_vit_as_vector(&vit, v));
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
} 

/***************************************************/

/**
 * \function igraph_vit_create
 * \brief Creates a vertex iterator from a vertex selector.
 * 
 * This function instantiates a vertex selector object with a given
 * graph. This is the step when the actual vertex ids are created from
 * the \em logical notion of the vertex selector based on the graph. 
 * Eg. a vertex selector created with \ref igraph_vs_all() contains
 * knowledge that \em all vertices are included in a (yet indefinite)
 * graph. When instantiating it a vertex iterator object is created,
 * this contains the actual vertex ids in the graph supplied as a
 * parameter. 
 * 
 * </para><para>
 * The same vertex selector object can be used to instantiate any
 * number vertex iterators.
 *
 * \param graph An \type igraph_t object, a graph. 
 * \param vs A vertex selector object. 
 * \param vit Pointer to an uninitialized vertex iterator object.
 * \return Error code.
 * \sa \ref igraph_vit_destroy().
 * 
 * Time complexity: it depends on the vertex selector type. O(1) for
 * vertex selectors created with \ref igraph_vs_all(), \ref
 * igraph_vs_none(), \ref igraph_vs_1, \ref igraph_vs_vector, \ref
 * igraph_vs_seq(), \ref igraph_vs_vector(), \ref
 * igraph_vs_vector_small(). O(d) for \ref igraph_vs_adj(), d is the
 * number of vertex ids to be included in the iterator. O(|V|) for 
 * \ref igraph_vs_nonadj(), |V| is the number of vertices in the graph.
 */

int igraph_vit_create(const igraph_t *graph, 
		      igraph_vs_t vs, igraph_vit_t *vit) {
  igraph_vector_t vec;
  igraph_bool_t *seen;
  long int i, j, n;

  switch (vs.type) {
  case IGRAPH_VS_ALL:
    vit->type=IGRAPH_VIT_SEQ;
    vit->pos=0;
    vit->start=0;
    vit->end=igraph_vcount(graph);
    break;
  case IGRAPH_VS_ADJ:
    vit->type=IGRAPH_VIT_VECTOR;
    vit->pos=0;
    vit->start=0;
    vit->vec=Calloc(1, igraph_vector_t);
    if (vit->vec == 0) {
      IGRAPH_ERROR("Cannot create iterator", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, (igraph_vector_t*) vit->vec);
    IGRAPH_VECTOR_INIT_FINALLY((igraph_vector_t*)vit->vec, 0);
    IGRAPH_CHECK(igraph_neighbors(graph, (igraph_vector_t*)vit->vec, 
				  vs.data.adj.vid, vs.data.adj.mode));
    vit->end=igraph_vector_size(vit->vec);
    IGRAPH_FINALLY_CLEAN(2);
    break;
  case IGRAPH_VS_NONADJ:
    vit->type=IGRAPH_VIT_VECTOR;
    vit->pos=0;
    vit->start=0;
    vit->vec=Calloc(1, igraph_vector_t);
    if (vit->vec == 0) {
      IGRAPH_ERROR("Cannot create iterator", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, (igraph_vector_t*) vit->vec);
    IGRAPH_VECTOR_INIT_FINALLY((igraph_vector_t *) vit->vec, 0);
    IGRAPH_VECTOR_INIT_FINALLY(&vec, 0);
    IGRAPH_CHECK(igraph_neighbors(graph, &vec, 
				  vs.data.adj.vid, vs.data.adj.mode));
    n=igraph_vcount(graph);
    seen=Calloc(n, igraph_bool_t);
    if (seen==0) {
      IGRAPH_ERROR("Cannot create iterator", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, seen);
    for (i=0; i<igraph_vector_size(&vec); i++) {
      if (! seen [ (long int) VECTOR(vec)[i] ] ) {
	n--;
	seen[ (long int) VECTOR(vec)[i] ] = 1;
      }
    }
    IGRAPH_CHECK(igraph_vector_resize((igraph_vector_t*)vit->vec, n));
    for (i=0, j=0; j<n; i++) {
      if (!seen[i]) {
	VECTOR(*vit->vec)[j++] = i;
      }
    }
    
    Free(seen);
    igraph_vector_destroy(&vec);
    vit->end=n;
    IGRAPH_FINALLY_CLEAN(4);
    break;
  case IGRAPH_VS_NONE:
    vit->type=IGRAPH_VIT_SEQ;
    vit->pos=0;
    vit->start=0;
    vit->end=0;
    break;
  case IGRAPH_VS_1:
    vit->type=IGRAPH_VIT_SEQ;
    vit->pos=vs.data.vid;
    vit->start=vs.data.vid;
    vit->end=vs.data.vid+1;
    if (vit->pos >= igraph_vcount(graph)) {
      IGRAPH_ERROR("Cannot create iterator, invalid vertex id",IGRAPH_EINVVID);
    }
    break;
  case IGRAPH_VS_VECTORPTR:
  case IGRAPH_VS_VECTOR:
    vit->type=IGRAPH_VIT_VECTORPTR;
    vit->pos=0;
    vit->start=0;
    vit->vec=vs.data.vecptr;
    vit->end=igraph_vector_size(vit->vec);
    if (!igraph_vector_isininterval(vit->vec, 0, igraph_vcount(graph)-1)) {
      IGRAPH_ERROR("Cannot create iterator, invalid vertex id",IGRAPH_EINVVID);
    }
    break;
  case IGRAPH_VS_SEQ:
    vit->type=IGRAPH_VIT_SEQ;
    vit->pos=vs.data.seq.from;
    vit->start=vs.data.seq.from;
    vit->end=vs.data.seq.to;
    break;
  default:
    IGRAPH_ERROR("Cannot create iterator, invalid selector", IGRAPH_EINVAL);
    break;
  }
  return 0;
}

/**
 * \function igraph_vit_destroy
 * \brief Destroys a vertex iterator.
 * 
 * </para><para>
 * Deallocates memory allocated for a vertex iterator. 
 * 
 * \param vit Pointer to an initialized vertex iterator object.
 * \sa \ref igraph_vit_create()
 * 
 * Time complexity: operating system dependent, usually O(1).
 */

void igraph_vit_destroy(const igraph_vit_t *vit) {
  switch (vit->type) {
  case IGRAPH_VIT_SEQ:
  case IGRAPH_VIT_VECTORPTR:
    break;
  case IGRAPH_VIT_VECTOR:
    igraph_vector_destroy((igraph_vector_t*)vit->vec);
    igraph_free((igraph_vector_t*)vit->vec);
    break;
  default:
/*     IGRAPH_ERROR("Cannot destroy iterator, unknown type", IGRAPH_EINVAL); */
    break;
  }
}

int igraph_vit_as_vector(const igraph_vit_t *vit, igraph_vector_t *v) {

  long int i;

  IGRAPH_CHECK(igraph_vector_resize(v, IGRAPH_VIT_SIZE(*vit)));
  
  switch (vit->type) {
  case IGRAPH_VIT_SEQ: 
    for (i=0; i<IGRAPH_VIT_SIZE(*vit); i++) {
      VECTOR(*v)[i] = vit->start+i;
    }
    break;
  case IGRAPH_VIT_VECTOR:
  case IGRAPH_VIT_VECTORPTR:
    for (i=0; i<IGRAPH_VIT_SIZE(*vit); i++) {
      VECTOR(*v)[i] = VECTOR(*vit->vec)[i];
    }
    break;
  default:
    IGRAPH_ERROR("Cannot convert to vector, unknown iterator type", 
		 IGRAPH_EINVAL);
    break;
  }
  
  return 0;
}

/*******************************************************/

/**
 * \function igraph_es_all
 *
 * \param es Pointer to an uninitialized edge selector object.
 * \param order Constant giving the order in which the edges will be
 *        included in the selector. Possible values:
 *        \c IGRAPH_EDGEORDER_ID, edge id order.
 *        \c IGRAPH_EDGEORDER_FROM, vertex id order, the id of the
 *           \em source vertex counts for directed graphs. The order
 *           of the adjacent edges of a given vertex is arbitrary.
 *        \c IGRAPH_EDGEORDER_TO, vertex id order, the id of the \em
 *           target vertex counts for directed graphs. The order
 *           of the adjacent edges of a given vertex is arbitrary.
 *        For undirected graph the latter two is the same. 
 * \return Error code.
 * \sa \ref igraph_ess_all()
 * 
 * Time complexity: O(1).
 */

int igraph_es_all(igraph_es_t *es, 
		  igraph_edgeorder_type_t order) {
  switch (order) {
  case IGRAPH_EDGEORDER_ID:
    es->type=IGRAPH_ES_ALL;
    break;
  case IGRAPH_EDGEORDER_FROM:
    es->type=IGRAPH_ES_ALLFROM;
    break;
  case IGRAPH_EDGEORDER_TO:
    es->type=IGRAPH_ES_ALLTO;
    break;
  default:
    IGRAPH_ERROR("Invalid edge order, cannot create selector", IGRAPH_EINVAL);
    break;
  }
  return 0;
}

/**
 * \function igraph_ess_all
 * 
 * The immediate version of the all-vertices selector.
 * 
 * \param order Constant giving the order of the edges in the edge
 *        selector. See \ref igraph_es_all() for the possible values.
 * \return The edge selector. 
 * \sa \ref igraph_es_all()
 * 
 * Time complexity: O(1).
 */

igraph_es_t igraph_ess_all(igraph_edgeorder_type_t order) {
  igraph_es_t es;
  igraph_es_all(&es, order); /* cannot fail */
  return es;  
}

/**
 * \function igraph_es_adj
 * \brief Adjacent edges of a vertex.
 * 
 * \param es Pointer to an uninitialized edge selector object.
 * \param vid Vertex id, of which the adjacent edges will be
 *        selected.
 * \param mode Constant giving the type of the adjacent edges to
 *        select. This is ignored for undirected graphs. Possible values:
 *        \c IGRAPH_OUT, outgoing edges
 *        \c IGRAPH_IN, incoming edges
 *        \c IGRAPH_ALL, all edges
 * \return Error code.
 * 
 * Time complexity: O(1).
 */

int igraph_es_adj(igraph_es_t *es, 
		  igraph_integer_t vid, igraph_neimode_t mode) {
  es->type=IGRAPH_ES_ADJ;
  es->data.adj.vid=vid;
  es->data.adj.mode=mode;
  return 0;
}

/**
 * \function igraph_es_none
 * \brief Empty edge selector.
 * 
 * \param es Pointer to an uninitialized edge selector object to
 * initialize.
 * \return Error code.
 * \sa \ref igraph_ess_none()
 * 
 * Time complexity: O(1).
 */

int igraph_es_none(igraph_es_t *es) {
  es->type=IGRAPH_ES_NONE;
  return 0;
}

/**
 * \function igraph_ess_none
 * \brief Immediate empty edge selector.
 * 
 * </para><para>
 * Immediate version of the empty edge selector.
 * 
 * \return Initialized empty edge selector.
 * \sa \ref igraph_es_none()
 * 
 * Time complexity: O(1).
 */

igraph_es_t igraph_ess_none(void) {
  igraph_es_t es;
  es.type=IGRAPH_ES_NONE;
  return es;
}

/**
 * \function igraph_es_1
 * \brief Edge selector containing a single edge.
 * 
 * \param es Pointer to an uninitialized edge selector object.
 * \param eid Edge id of the edge to select.
 * \return Error code.
 * \sa \ref igraph_ess_1()
 * 
 * Time complexity: O(1).
 */

int igraph_es_1(igraph_es_t *es, igraph_integer_t eid) {
  es->type=IGRAPH_ES_1;
  es->data.eid=eid;
  return 0;
}

/**
 * \function igraph_ess_1
 * \brief Immediate version of the single edge edge selector.
 * 
 * \param eid The id of the edge.
 * \return The edge selector.
 * \sa \ref igraph_es_1()
 * 
 * Time complexity: O(1).
 */

igraph_es_t igraph_ess_1(igraph_integer_t eid) {
  igraph_es_t es;
  es.type=IGRAPH_ES_1;
  es.data.eid=eid;
  return es;
}

/**
 * \function igraph_es_vector
 * \brief Handle a vector as an edge selector.
 * 
 * </para><para>
 * Creates an edge selector which serves as a view to a vector
 * containing edge ids. Do not destroy the vector before destroying
 * the view. 
 * 
 * Many views can be created to the same vector.
 * 
 * \param es Pointer to an uninitialized edge selector.
 * \param v Vector containing edge ids.
 * \return Error code.
 * \sa \ref igraph_ess_vector()
 * 
 * Time complexity: O(1).
 */

int igraph_es_vector(igraph_es_t *es,
		     const igraph_vector_t *v) {
  es->type=IGRAPH_ES_VECTORPTR;
  es->data.vecptr=v;
  return 0;
}

/**
 * \function igraph_ess_vector
 * \brief Immediate vector view edge selector.
 * 
 * </para><para>
 * This is the immediate version of the vector of edge ids edge
 * selector. 
 * 
 * \param v The vector of edge ids.
 * \return Edge selector, initialized.
 * \sa \ref igraph_es_vector()
 * 
 * Time complexity: O(1).
 */

igraph_es_t igraph_ess_vector(const igraph_vector_t *v) {
  igraph_es_t es;
  es.type=IGRAPH_ES_VECTORPTR;
  es.data.vecptr=v;
  return es;
}

/**
 * \function igraph_es_fromto
 * \brief Edge selector, all edges between two vertex sets.
 * 
 * </para><para>
 * This function is not implemented yet.
 * 
 * \param es Pointer to an uninitialized edge selector.
 * \param from Vertex selector, their outgoing edges will be
 *        selected. 
 * \param to Vertex selector, their incoming edges will be selected
 *        from the previous selection.
 * \return Error code.
 * 
 * Time complexity: O(1).
 */

int igraph_es_fromto(igraph_es_t *es,
		     igraph_vs_t from, igraph_vs_t to) {
  /* TODO */
  return 0;
}

/**
 * \function igraph_es_seq
 * \brief Edge selector, a sequence of edge ids.
 * 
 * All edge ids between <code>from</code> and <code>to</code> will be
 * included in the edge selection.
 * 
 * \param es Pointer to an uninitialized edge selector object.
 * \param from The first edge id to be included.
 * \param to The last edge id to be included.
 * \return Error code.
 * \sa \ref igraph_ess_seq()
 * 
 * Time complexity: O(1).
 */

int igraph_es_seq(igraph_es_t *es, 
		  igraph_integer_t from, igraph_integer_t to) {
  es->type=IGRAPH_ES_SEQ;
  es->data.seq.from=from;
  es->data.seq.to=to;
  return 0;
}

/**
 * \function igraph_ess_seq
 * \brief Immediate version of the sequence edge selector.
 * 
 * \param from The first edge id to include.
 * \param to The last edge id to include.
 * \return The initialized edge selector.
 * \sa \ref igraph_es_seq()
 * 
 * Time complexity: O(1).
 */

igraph_es_t igraph_ess_seq(igraph_integer_t from, igraph_integer_t to) {
  igraph_es_t es;
  es.type=IGRAPH_ES_SEQ;
  es.data.seq.from=from;
  es.data.seq.to=to;
  return es;
}

int igraph_es_pairs(igraph_es_t *es, const igraph_vector_t *v, 
		    igraph_bool_t directed) {
  es->type=IGRAPH_ES_PAIRS;
  es->data.path.mode=directed;
  es->data.path.ptr=Calloc(1, igraph_vector_t);
  if (es->data.path.ptr==0) {
    IGRAPH_ERROR("Cannot create edge selector", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*) es->data.path.ptr);
  
  IGRAPH_CHECK(igraph_vector_copy((igraph_vector_t*) es->data.path.ptr, v));
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_es_pairs_small(igraph_es_t *es, igraph_bool_t directed, ...) {
  va_list ap;
  long int i, n=0;
  es->type=IGRAPH_ES_PAIRS;
  es->data.path.mode=directed;
  es->data.path.ptr=Calloc(1, igraph_vector_t);
  if (es->data.path.ptr==0) {
    IGRAPH_ERROR("Cannot create edge selector", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*)es->data.path.ptr);
  
  va_start(ap, directed);
  while (1) {
    int num = va_arg(ap, int);
    if (num == -1) {
      break;
    }
    n++;
  }
  va_end(ap);

  IGRAPH_VECTOR_INIT_FINALLY( (igraph_vector_t*) es->data.path.ptr, n);
  
  va_start(ap, directed);
  for (i=0; i<n; i++) {
    VECTOR(*es->data.path.ptr)[i]=(igraph_real_t) va_arg(ap, int);
  }
  va_end(ap);
  
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

int igraph_es_multipairs(igraph_es_t *es, const igraph_vector_t *v,
			 igraph_bool_t directed) {
  es->type=IGRAPH_ES_MULTIPAIRS;
  es->data.path.mode=directed;
  es->data.path.ptr=Calloc(1, igraph_vector_t);
  if (es->data.path.ptr==0) {
    IGRAPH_ERROR("Cannor create edge selector", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*) es->data.path.ptr);
  
  IGRAPH_CHECK(igraph_vector_copy((igraph_vector_t*) es->data.path.ptr, v));
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_es_path(igraph_es_t *es, const igraph_vector_t *v, 
		   igraph_bool_t directed) {
  es->type=IGRAPH_ES_PATH;
  es->data.path.mode=directed;
  es->data.path.ptr=Calloc(1, igraph_vector_t);
  if (es->data.path.ptr==0) {
    IGRAPH_ERROR("Cannot create edge selector", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*) es->data.path.ptr);
  
  IGRAPH_CHECK(igraph_vector_copy((igraph_vector_t*) es->data.path.ptr, v));
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_es_path_small(igraph_es_t *es, igraph_bool_t directed, ...) {
  va_list ap;
  long int i, n=0;
  es->type=IGRAPH_ES_PATH;
  es->data.path.mode=directed;
  es->data.path.ptr=Calloc(1, igraph_vector_t);
  if (es->data.path.ptr==0) {
    IGRAPH_ERROR("Cannot create edge selector", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*)es->data.path.ptr);
  
  va_start(ap, directed);
  while (1) {
    int num = va_arg(ap, int);
    if (num == -1) {
      break;
    }
    n++;
  }
  va_end(ap);

  IGRAPH_VECTOR_INIT_FINALLY( (igraph_vector_t*) es->data.path.ptr, n);
  
  va_start(ap, directed);
  for (i=0; i<n; i++) {
    VECTOR(*es->data.path.ptr)[i]=(igraph_real_t) va_arg(ap, int);
  }
  va_end(ap);
  
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

/**
 * \function igraph_es_destroy
 * \brief Destroys an edge selector object.
 * 
 * </para><para>
 * Call this function on an edge selector when it is not needed any
 * more. Do \em not call this function on edge selectors created by
 * immediate constructors, those don't need to be destroyed.
 * 
 * \param es Pointer to an edge selector object.
 * 
 * Time complexity: operating system dependent, usually O(1).
 */

void igraph_es_destroy(igraph_es_t *es) {
  switch (es->type) { 
  case IGRAPH_ES_ALL:
  case IGRAPH_ES_ALLFROM:
  case IGRAPH_ES_ALLTO:
  case IGRAPH_ES_ADJ:
  case IGRAPH_ES_NONE:
  case IGRAPH_ES_1:
  case IGRAPH_ES_VECTORPTR:
  case IGRAPH_ES_SEQ:
    break;
  case IGRAPH_ES_VECTOR:
    igraph_vector_destroy((igraph_vector_t*)es->data.vecptr);
    Free(es->data.vecptr);
    break;
  case IGRAPH_ES_PAIRS:
  case IGRAPH_ES_PATH:
  case IGRAPH_ES_MULTIPAIRS:
    igraph_vector_destroy((igraph_vector_t*)es->data.path.ptr);
    Free(es->data.path.ptr);
    break;
  default:
    break;
  }
}

/**
 * \function igraph_es_is_all
 * \brief Check whether an edge selector includes all edges.
 * 
 * \param es Pointer to an edge selector object.
 * \return TRUE (1) if <code>es</code> was created with \ref
 * igraph_es_all() or \ref igraph_ess_all(), and FALSE (0) otherwise.
 * 
 * Time complexity: O(1).
 */

igraph_bool_t igraph_es_is_all(igraph_es_t *es) {
  return es->type == IGRAPH_ES_ALL;
}

int igraph_es_as_vector(const igraph_t *graph, igraph_es_t es, 
			igraph_vector_t *v) {
  igraph_eit_t eit;
  
  IGRAPH_CHECK(igraph_eit_create(graph, es, &eit));
  IGRAPH_FINALLY(igraph_eit_destroy, &eit);
  IGRAPH_CHECK(igraph_eit_as_vector(&eit, v));
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
} 

/**************************************************/

int igraph_i_eit_create_allfromto(const igraph_t *graph,
				  igraph_es_t es, igraph_eit_t *eit, 
				  igraph_neimode_t mode) {
  igraph_vector_t *vec;
  long int no_of_nodes=igraph_vcount(graph);
  long int i;
  
  vec=Calloc(1, igraph_vector_t);
  if (vec==0) {
    IGRAPH_ERROR("Cannot create edge iterator", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, vec);
  IGRAPH_VECTOR_INIT_FINALLY(vec, 0);
  IGRAPH_CHECK(igraph_vector_reserve(vec, igraph_ecount(graph)));
  
  if (igraph_is_directed(graph)) {
    igraph_vector_t adj;
    IGRAPH_VECTOR_INIT_FINALLY(&adj, 0);
    for (i=0; i<no_of_nodes; i++) {
      igraph_adjacent(graph, &adj, i, mode);
      igraph_vector_append(vec, &adj);
    }
    igraph_vector_destroy(&adj);
    IGRAPH_FINALLY_CLEAN(1);

  } else {

    igraph_vector_t adj;
    igraph_bool_t *added;
    long int j;
    IGRAPH_VECTOR_INIT_FINALLY(&adj, 0);
    added=Calloc(igraph_ecount(graph), igraph_bool_t);
    if (added==0) {
      IGRAPH_ERROR("Cannot create edge iterator", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, added);      
    for (i=0; i<no_of_nodes; i++) {
      igraph_adjacent(graph, &adj, i, IGRAPH_ALL);
      for (j=0; j<igraph_vector_size(&adj); j++) {
	if (!added[ (long int)VECTOR(adj)[j] ]) {
	  igraph_vector_push_back(vec, VECTOR(adj)[j]);
	  added[ (long int)VECTOR(adj)[j] ]+=1;
	}
      }
    }
    igraph_vector_destroy(&adj);
    Free(added);
    IGRAPH_FINALLY_CLEAN(2);
  }

  eit->type=IGRAPH_EIT_VECTOR;
  eit->pos=0;
  eit->start=0;
  eit->vec=vec;
  eit->end=igraph_vector_size(eit->vec);

  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

int igraph_i_eit_pairs(const igraph_t *graph, 
		       igraph_es_t es, igraph_eit_t *eit) {
  long int n=igraph_vector_size(es.data.path.ptr);
  long int no_of_nodes=igraph_vcount(graph);
  long int i;

  if (n % 2 != 0) {
    IGRAPH_ERROR("Cannot create edge iterator from odd number of vertices",
		 IGRAPH_EINVAL);
  }
  if (!igraph_vector_isininterval(es.data.path.ptr, 0, no_of_nodes-1)) {
    IGRAPH_ERROR("Cannot create edge iterator", IGRAPH_EINVVID);
  }

  eit->type=IGRAPH_EIT_VECTOR;
  eit->pos=0;
  eit->start=0;
  eit->end=n/2;
  eit->vec=Calloc(1, igraph_vector_t);
  if (eit->vec==0) {
    IGRAPH_ERROR("Cannot create edge iterator", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*)eit->vec);
  IGRAPH_VECTOR_INIT_FINALLY((igraph_vector_t*)eit->vec, n/2);
  
  for (i=0; i<igraph_vector_size(eit->vec); i++) {
    long int from=VECTOR(*es.data.path.ptr)[2*i];
    long int to=VECTOR(*es.data.path.ptr)[2*i+1];
    igraph_integer_t eid;
    IGRAPH_CHECK(igraph_get_eid(graph, &eid, from, to, es.data.path.mode));
    VECTOR(*eit->vec)[i]=eid;
  }
  
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

int igraph_i_eit_multipairs(const igraph_t *graph,
			    igraph_es_t es, igraph_eit_t *eit) {
  long int n=igraph_vector_size(es.data.path.ptr);
  long int no_of_nodes=igraph_vcount(graph);
  
  if (n % 2 != 0) {
    IGRAPH_ERROR("Cannot create edge iterator from odd number of vertices",
		 IGRAPH_EINVAL);
  }
  if (!igraph_vector_isininterval(es.data.path.ptr, 0, no_of_nodes-1)) {
    IGRAPH_ERROR("Cannot create edge iterator", IGRAPH_EINVVID);
  }

  eit->type=IGRAPH_EIT_VECTOR;
  eit->pos=0;
  eit->start=0;
  eit->end=n/2;
  eit->vec=Calloc(1, igraph_vector_t);
  if (eit->vec==0) {
    IGRAPH_ERROR("Cannot create edge iterator", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*)eit->vec);
  IGRAPH_VECTOR_INIT_FINALLY((igraph_vector_t*)eit->vec, n/2);
  
  IGRAPH_CHECK(igraph_get_eids(graph, (igraph_vector_t *) eit->vec,
			       es.data.path.ptr, es.data.path.mode));
  
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

int igraph_i_eit_path(const igraph_t *graph, 
		      igraph_es_t es, igraph_eit_t *eit) {
  long int n=igraph_vector_size(es.data.path.ptr);
  long int no_of_nodes=igraph_vcount(graph);
  long int i, len;

  if (!igraph_vector_isininterval(es.data.path.ptr, 0, no_of_nodes-1)) {
    IGRAPH_ERROR("Cannot create edge iterator", IGRAPH_EINVVID);
  }
  
  if (n<=1) { 
    len=0;
  } else {
    len=n-1;
  }

  eit->type=IGRAPH_EIT_VECTOR;
  eit->pos=0;
  eit->start=0;
  eit->end=len;
  eit->vec=Calloc(1, igraph_vector_t);
  if (eit->vec==0) {
    IGRAPH_ERROR("Cannot create edge iterator", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, (igraph_vector_t*)eit->vec);

  IGRAPH_VECTOR_INIT_FINALLY((igraph_vector_t *)eit->vec, len);
  
  for (i=0; i<len; i++) {
    long int from=VECTOR(*es.data.path.ptr)[i];
    long int to=VECTOR(*es.data.path.ptr)[i+1];
    igraph_integer_t eid;
    IGRAPH_CHECK(igraph_get_eid(graph, &eid, from, to, es.data.path.mode));
    VECTOR(*eit->vec)[i]=eid;
  }

  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

/**
 * \function igraph_eit_create
 * \brief Creates an edge iterator from an edge selector.
 * 
 * </para><para>
 * This function creates an edge iterator based on an edge selector
 * and a graph. 
 * 
 * </para><para>
 * The same edge selector can be used to create many edge iterators,
 * also for different graphs.
 * 
 * \param graph An \type igraph_t object for which the edge selector
 *        will be instantiated.
 * \param es The edge selector to instantiate.
 * \param eit Pointer to an uninitialized edge iterator. 
 * \return Error code.
 * 
 * Time complexity: depends on the type of the edge selector. For edge
 * selectors created by \ref igraph_es_all(), \ref igraph_es_none(),
 * \ref igraph_es_1(), igraph_es_vector(), igraph_es_seq() it is
 * O(1). For \ref igraph_es_adj() it is O(d) where d is the number of
 * adjacent edges of the vertex.
 */

int igraph_eit_create(const igraph_t *graph, 
		      igraph_es_t es, igraph_eit_t *eit) {
  switch (es.type) {
  case IGRAPH_ES_ALL:
    eit->type=IGRAPH_EIT_SEQ;
    eit->pos=0;
    eit->start=0;
    eit->end=igraph_ecount(graph);
    break;
  case IGRAPH_ES_ALLFROM:
    IGRAPH_CHECK(igraph_i_eit_create_allfromto(graph, es, eit, IGRAPH_OUT));
    break;
  case IGRAPH_ES_ALLTO:
    IGRAPH_CHECK(igraph_i_eit_create_allfromto(graph, es, eit, IGRAPH_IN));
    break;
  case IGRAPH_ES_ADJ:
    eit->type=IGRAPH_EIT_VECTOR;
    eit->pos=0;
    eit->start=0;
    eit->vec=Calloc(1, igraph_vector_t);
    if (eit->vec != 0) {
      IGRAPH_ERROR("Cannot create iterator", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, (igraph_vector_t*) eit->vec);
    IGRAPH_VECTOR_INIT_FINALLY((igraph_vector_t*)eit->vec, 0);
    IGRAPH_CHECK(igraph_adjacent(graph, (igraph_vector_t*)eit->vec, 
				 es.data.adj.vid, es.data.adj.mode));
    eit->end=igraph_vector_size(eit->vec);
    IGRAPH_FINALLY_CLEAN(2);
    break;
  case IGRAPH_ES_NONE:
    eit->type=IGRAPH_EIT_SEQ;
    eit->pos=0;
    eit->start=0;
    eit->end=0;
    break;
  case IGRAPH_ES_1:
    eit->type=IGRAPH_EIT_SEQ;
    eit->pos=es.data.eid;
    eit->start=es.data.eid;
    eit->end=es.data.eid+1;
    if (eit->pos >= igraph_ecount(graph)) {
      IGRAPH_ERROR("Cannot create iterator, invalid edge id", IGRAPH_EINVVID);
    }
    break;
  case IGRAPH_ES_VECTORPTR:
    eit->type=IGRAPH_EIT_VECTORPTR;
    eit->pos=0;
    eit->start=0;
    eit->vec=es.data.vecptr;
    eit->end=igraph_vector_size(eit->vec);
    if (!igraph_vector_isininterval(eit->vec, 0, igraph_ecount(graph)-1)) {
      IGRAPH_ERROR("Cannot create iterator, invalid edge id",IGRAPH_EINVVID);
    }
    break;
  case IGRAPH_ES_SEQ:
    eit->type=IGRAPH_EIT_SEQ;
    eit->pos=es.data.seq.from;
    eit->start=es.data.seq.from;
    eit->end=es.data.seq.to;
    break;
  case IGRAPH_ES_PAIRS:
    IGRAPH_CHECK(igraph_i_eit_pairs(graph, es, eit));
    break;
  case IGRAPH_ES_MULTIPAIRS:
    IGRAPH_CHECK(igraph_i_eit_multipairs(graph, es, eit));
    break;
  case IGRAPH_ES_PATH:
    IGRAPH_CHECK(igraph_i_eit_path(graph, es, eit));
    break;
  default:
    IGRAPH_ERROR("Cannot create iterator, invalid selector", IGRAPH_EINVAL);
    break;
  }
  return 0;
}

/**
 * \function igraph_eit_destroy
 * \brief Destroys an edge iterator
 * 
 * \param eit Pointer to an edge iterator to destroy.
 * \sa \ref igraph_eit_create()
 * 
 * Time complexity: operating system dependent, usually O(1).
 */

void igraph_eit_destroy(const igraph_eit_t *eit) {
  switch (eit->type) {
  case IGRAPH_EIT_SEQ:
  case IGRAPH_EIT_VECTORPTR:
    break;
  case IGRAPH_EIT_VECTOR:
    igraph_vector_destroy((igraph_vector_t*)eit->vec);
    igraph_free((igraph_vector_t*)eit->vec);
    break;
  default:
/*     IGRAPH_ERROR("Cannot destroy iterator, unknown type", IGRAPH_EINVAL); */
    break;
  }
}

int igraph_eit_as_vector(const igraph_eit_t *eit, igraph_vector_t *v) {

  long int i;

  IGRAPH_CHECK(igraph_vector_resize(v, IGRAPH_EIT_SIZE(*eit)));
  
  switch (eit->type) {
  case IGRAPH_EIT_SEQ: 
    for (i=0; i<IGRAPH_EIT_SIZE(*eit); i++) {
      VECTOR(*v)[i] = eit->start+i;
    }
    break;
  case IGRAPH_EIT_VECTOR:
  case IGRAPH_EIT_VECTORPTR:
    for (i=0; i<IGRAPH_EIT_SIZE(*eit); i++) {
      VECTOR(*v)[i] = VECTOR(*eit->vec)[i];
    }
    break;
  default:
    IGRAPH_ERROR("Cannot convert to vector, unknown iterator type", 
		 IGRAPH_EINVAL);
    break;
  }
  
  return 0;
}







igraph-0.4.2/igraph/fast_community.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

/* #define IGRAPH_FASTCOMM_DEBUG */

#ifdef _MSC_VER
/* MSVC does not support variadic macros */
void debug(const char* fmt, ...) {
    va_list args;
    va_start(args, fmt);
#ifdef IGRAPH_FASTCOMM_DEBUG
    vfprintf(stderr, fmt, args);
#endif
    va_end(args);
}
#else
#  ifdef IGRAPH_FASTCOMM_DEBUG
#    define debug(...) fprintf(stderr, __VA_ARGS__)
#  else
#    define debug(...) 
#  endif
#endif

/*
 * Implementation of the community structure algorithm originally published
 * by Clauset et al in:
 *
 * A. Clauset, M.E.J. Newman and C. Moore, "Finding community structure in
 * very large networks.". Phys. Rev. E 70, 066111 (2004).
 *
 * The data structures being used are slightly different and they are described
 * most closely in:
 *
 * K. Wakita, T. Tsurumi, "Finding community structure in mega-scale social
 * networks.". arXiv:cs/0702048v1.
 *
 * We maintain a vector of communities, each of which containing a list of
 * pointers to their neighboring communities along with the increase in the
 * modularity score that could be achieved by joining the two communities.
 * Each community has a pointer to one of its neighbors - the one which would
 * result in the highest increase in modularity after a join. The local
 * (community-level) maximums are also stored in an indexed max-heap. The
 * max-heap itself stores its elements in an array which satisfies the heap
 * property, but to allow us to access any of the elements in the array based
 * on the community index (and not based on the array index - which depends on
 * the element's actual position in the heap), we also maintain an index
 * vector in the heap: the ith element of the index vector contains the
 * position of community i in the array of the max-heap. When we perform
 * sifting operations on the heap to restore the heap property, we also maintain
 * the index vector.
 */

/* Structure storing a pair of communities along with their dQ values */
typedef struct s_igraph_i_fastgreedy_commpair {
  long int first;       /* first member of the community pair */
  long int second;      /* second member of the community pair */
  igraph_real_t *dq;    /* pointer to a member of the dq vector storing the */
                        /* increase in modularity achieved when joining */
  struct s_igraph_i_fastgreedy_commpair *opposite;
} igraph_i_fastgreedy_commpair;

/* Structure storing a community */
typedef struct {
  igraph_integer_t id;      /* Identifier of the community (for merges matrix) */
  igraph_vector_ptr_t neis; /* references to neighboring communities */
  igraph_i_fastgreedy_commpair* maxdq; /* community pair with maximal dq */
} igraph_i_fastgreedy_community;

/* Global community list structure */
typedef struct {
  long int no_of_communities, n;  /* number of communities, number of vertices */
  igraph_i_fastgreedy_community* e;     /* list of communities */
  igraph_i_fastgreedy_community** heap; /* heap of communities */
  igraph_integer_t *heapindex; /* heap index to speed up lookup by community idx */
} igraph_i_fastgreedy_community_list;

/* Scans the community neighborhood list for the new maximal dq value.
 * Returns 1 if the maximum is different from the previous one,
 * 0 otherwise. */
int igraph_i_fastgreedy_community_rescan_max(
  igraph_i_fastgreedy_community* comm) {
  long int i, n;
  igraph_i_fastgreedy_commpair *p, *oldmax;

  n = igraph_vector_ptr_size(&comm->neis);
  if (n==0) { comm->maxdq = 0; return 1; }
  
  oldmax = comm->maxdq;
  comm->maxdq = (igraph_i_fastgreedy_commpair*)VECTOR(comm->neis)[0];
  for (i=1; i<n; i++) {
	p = (igraph_i_fastgreedy_commpair*)VECTOR(comm->neis)[i];
	if (*p->dq > *comm->maxdq->dq) comm->maxdq=p;
  }
  if (oldmax == comm->maxdq) return 0;
  return 1;
}

/* Destroys the global community list object */
void igraph_i_fastgreedy_community_list_destroy(
  igraph_i_fastgreedy_community_list* list) {
  long int i;
  for (i=0; i<list->n; i++) {
	igraph_vector_ptr_destroy(&list->e[i].neis);
  }
  free(list->e);
  if (list->heapindex != 0) free(list->heapindex);
  if (list->heap != 0) free(list->heap);
}

/* Community list heap maintenance: sift down */
void igraph_i_fastgreedy_community_list_sift_down(
  igraph_i_fastgreedy_community_list* list, long int idx) {
  long int root, child, c1, c2;
  igraph_i_fastgreedy_community* dummy;
  igraph_integer_t dummy2;

  root = idx;
  while (root*2+1 < list->no_of_communities) {
    child = root*2+1;
	if (child+1 < list->no_of_communities &&
		*list->heap[child]->maxdq->dq < *list->heap[child+1]->maxdq->dq)
	  child++;
	if (*list->heap[root]->maxdq->dq < *list->heap[child]->maxdq->dq) {
	  c1 = list->heap[root]->maxdq->first;
	  c2 = list->heap[child]->maxdq->first;

	  dummy = list->heap[root];
	  list->heap[root] = list->heap[child];
	  list->heap[child] = dummy;
	  
	  dummy2 = list->heapindex[c1];
	  list->heapindex[c1] = list->heapindex[c2];
	  list->heapindex[c2] = dummy2;

	  root = child;
	} else break;
  }
}

/* Community list heap maintenance: sift up */
void igraph_i_fastgreedy_community_list_sift_up(
  igraph_i_fastgreedy_community_list* list, long int idx) {
  long int root, parent, c1, c2;
  igraph_i_fastgreedy_community* dummy;
  igraph_integer_t dummy2;

  root = idx;
  while (root>0) {
    parent = (root-1)/2;
	if (*list->heap[parent]->maxdq->dq < *list->heap[root]->maxdq->dq) {
	  c1 = list->heap[root]->maxdq->first;
	  c2 = list->heap[parent]->maxdq->first;
	  
	  dummy = list->heap[parent];
	  list->heap[parent] = list->heap[root];
	  list->heap[root] = dummy;
	  
	  dummy2 = list->heapindex[c1];
	  list->heapindex[c1] = list->heapindex[c2];
	  list->heapindex[c2] = dummy2;

	  root = parent;
	} else break;
  }
}

/* Builds the community heap for the first time */
void igraph_i_fastgreedy_community_list_build_heap(
  igraph_i_fastgreedy_community_list* list) {
  long int i;
  for (i=0; i<list->no_of_communities; i++) 
	list->heapindex[i] = i;
  for (i=list->no_of_communities/2-1; i>=0; i--)
	igraph_i_fastgreedy_community_list_sift_down(list, i);
}

/* Finds the element belonging to a given community in the heap and return its
 * index in the heap array */
#define igraph_i_fastgreedy_community_list_find_in_heap(list, idx) (list)->heapindex[idx]

/* Dumps the heap - for debugging purposes */
void igraph_i_fastgreedy_community_list_dump_heap(
  igraph_i_fastgreedy_community_list* list) {
  long int i;
  debug("Heap:\n");
  for (i=0; i<list->no_of_communities; i++) {
	debug("(%ld, %p, %p)", i, list->heap[i],
	  list->heap[i]->maxdq);
    if (list->heap[i]->maxdq)
	  debug(" (%ld, %ld, %.7f)", list->heap[i]->maxdq->first,
	    list->heap[i]->maxdq->second, *list->heap[i]->maxdq->dq);
	debug("\n");
  }
  debug("Heap index:\n");
  for (i=0; i<list->no_of_communities; i++) debug("%ld ", (long)list->heapindex[i]);
  debug("\nEND\n");
}

/* Checks if the community heap satisfies the heap property.
 * Only useful for debugging. */
void igraph_i_fastgreedy_community_list_check_heap(
  igraph_i_fastgreedy_community_list* list) {
  long int i;
  for (i=0; i<list->no_of_communities/2; i++) {
	if ((2*i+1<list->no_of_communities && *list->heap[i]->maxdq->dq < *list->heap[2*i+1]->maxdq->dq) ||
		(2*i+2<list->no_of_communities && *list->heap[i]->maxdq->dq < *list->heap[2*i+2]->maxdq->dq)) {
	  IGRAPH_WARNING("Heap property violated");
	  debug("Position: %ld, %ld and %ld\n", i, 2*i+1, 2*i+2);
	  igraph_i_fastgreedy_community_list_dump_heap(list);
	}
  }
}

/* Removes a given element from the heap */
void igraph_i_fastgreedy_community_list_remove(
  igraph_i_fastgreedy_community_list* list, long int idx) {
  igraph_real_t old;
  long int commidx;
  
  /* First adjust the index */
  commidx=list->heap[list->no_of_communities-1]->maxdq->first;
  list->heapindex[commidx] = idx;
  commidx=list->heap[idx]->maxdq->first;
  list->heapindex[commidx] = -1;

  /* Now remove the element */
  old=*list->heap[idx]->maxdq->dq;
  list->heap[idx] = list->heap[list->no_of_communities-1];
  list->no_of_communities--;
  
  /* Recover heap property */
  if (old > *list->heap[idx]->maxdq->dq)
	igraph_i_fastgreedy_community_list_sift_down(list, idx);
  else
	igraph_i_fastgreedy_community_list_sift_up(list, idx);
}

/* Removes the pair belonging to community k from the neighborhood list
 * of community c (that is, clist[c]) and recalculates maxdq */
void igraph_i_fastgreedy_community_remove_nei(
  igraph_i_fastgreedy_community_list* list, long int c, long int k) {
  long int i, n;
  igraph_bool_t rescan=0;
  igraph_i_fastgreedy_commpair *p;
  igraph_i_fastgreedy_community *comm;
  igraph_real_t olddq;

  comm=&list->e[c];
  n=igraph_vector_ptr_size(&comm->neis);
  for (i=0; i<n; i++) {
	p=(igraph_i_fastgreedy_commpair*)VECTOR(comm->neis)[i];
    if (p->second == k) {
	  /* Check current maxdq */
	  if (comm->maxdq == p) rescan=1;
	  break;
	}
  }
  if (i<n) {
	olddq = *comm->maxdq->dq;
	igraph_vector_ptr_remove(&comm->neis, i);
	if (rescan) {
	  igraph_i_fastgreedy_community_rescan_max(comm);
      i=igraph_i_fastgreedy_community_list_find_in_heap(list, c);
	  if (*comm->maxdq->dq > olddq)
		igraph_i_fastgreedy_community_list_sift_up(list, i);
	  else
		igraph_i_fastgreedy_community_list_sift_down(list, i);
	}
  }
}

/* Updates the dq value of community pair p in the community with index p->first
 * of the community list clist to newdq and restores the heap property
 * in community c if necessary. Returns 1 if the maximum in the row had
 * to be updated, zero otherwise */
int igraph_i_fastgreedy_community_update_dq(
  igraph_i_fastgreedy_community_list* list,
  igraph_i_fastgreedy_commpair* p, igraph_real_t newdq) {
  long int i,j,n,to,from;
  igraph_real_t olddq;
  igraph_i_fastgreedy_community *comm_to, *comm_from;
  to=p->first; from=p->second;
  comm_to=&list->e[to];
  comm_from=&list->e[from];
  if (comm_to->maxdq == p && newdq >= *p->dq) {
	/* If we are adjusting the current maximum and it is increased, we don't
	 * have to re-scan for the new maximum */
	*p->dq = newdq;
	/* The maximum was increased, so perform a sift-up in the heap */
	i = igraph_i_fastgreedy_community_list_find_in_heap(list, to);
	igraph_i_fastgreedy_community_list_sift_up(list, i);
	/* Let's check the opposite side. If the pair was not the maximal in
	 * the opposite side (the other community list)... */
	if (comm_from->maxdq != p->opposite) {
	  if (*comm_from->maxdq->dq < newdq) {
	    /* ...and it will become the maximal, we need to adjust and sift up */
		comm_from->maxdq = p->opposite;
	    j = igraph_i_fastgreedy_community_list_find_in_heap(list, from);
	    igraph_i_fastgreedy_community_list_sift_up(list, j);
	  } else {
		/* The pair was not the maximal in the opposite side and it will
		 * NOT become the maximal, there's nothing to do there */
	  }
	} else {
	  /* The pair was maximal in the opposite side, so we need to sift it up
	   * with the new value */
	  j = igraph_i_fastgreedy_community_list_find_in_heap(list, from);
	  igraph_i_fastgreedy_community_list_sift_up(list, j);
	}
	return 1;
  } else if (comm_to->maxdq != p && (newdq <= *comm_to->maxdq->dq)) {
	/* If we are modifying an item which is not the current maximum, and the
	 * new value is less than the current maximum, we don't
	 * have to re-scan for the new maximum */
	olddq = *p->dq;
	*p->dq = newdq;
	/* However, if the item was the maximum on the opposite side, we'd better
	 * re-scan it */
	if (comm_from->maxdq == p->opposite) {
	  if (olddq>newdq) {
		/* Decreased the maximum on the other side, we have to re-scan for the
		 * new maximum */
		igraph_i_fastgreedy_community_rescan_max(comm_from);
  	    j = igraph_i_fastgreedy_community_list_find_in_heap(list, from);
	    igraph_i_fastgreedy_community_list_sift_down(list, j);
	  } else {
		/* Increased the maximum on the other side, we don't have to re-scan
		 * but we might have to sift up */
		j = igraph_i_fastgreedy_community_list_find_in_heap(list, from);
		igraph_i_fastgreedy_community_list_sift_up(list, j);
	  }
	}
	return 0;
  } else {
	/* We got here in two cases:
     (1) the pair we are modifying right now is the maximum in the given
	     community and we are decreasing it
	 (2) the pair we are modifying right now is NOT the maximum in the
	     given community, but we increase it so much that it will become
		 the new maximum
     */
    *p->dq = newdq;
    if (comm_to->maxdq != p) {
	  /* case (2) */
	  comm_to->maxdq = p;
	  /* The maximum was increased, so perform a sift-up in the heap */
	  i = igraph_i_fastgreedy_community_list_find_in_heap(list, to);
	  igraph_i_fastgreedy_community_list_sift_up(list, i);
	  /* Opposite side. Chances are that the new value became the maximum
	   * in the opposite side, but check it first */
	  if (comm_from->maxdq != p->opposite) {
		if (*comm_from->maxdq->dq < newdq) {
		  /* Yes, it will become the new maximum */
		  comm_from->maxdq = p->opposite;
  	      j = igraph_i_fastgreedy_community_list_find_in_heap(list, from);
	      igraph_i_fastgreedy_community_list_sift_up(list, j);
		} else {
		  /* No, nothing to do there */
		}
	  } else {
	    /* Already increased the maximum on the opposite side, so sift it up */
  	    j = igraph_i_fastgreedy_community_list_find_in_heap(list, from);
	    igraph_i_fastgreedy_community_list_sift_up(list, j);
	  }
    } else {
	  /* case (1) */
	  /* This is the worst, we have to re-scan the whole community to find
	   * the new maximum and update the global maximum as well if necessary */
      n = igraph_vector_ptr_size(&comm_to->neis);
      igraph_i_fastgreedy_community_rescan_max(comm_to);
	  /* The maximum was decreased, so perform a sift-down in the heap */
	  i = igraph_i_fastgreedy_community_list_find_in_heap(list, to);
	  igraph_i_fastgreedy_community_list_sift_down(list, i);
  	  if (comm_from->maxdq != p->opposite) {
		/* The one that we decreased on the opposite side is not the
		 * maximal one. Nothing to do. */
	  } else {
		/* We decreased the maximal on the opposite side as well. Re-scan
		 * and sift down */
		igraph_i_fastgreedy_community_rescan_max(comm_from);
	    j = igraph_i_fastgreedy_community_list_find_in_heap(list, from);
	    igraph_i_fastgreedy_community_list_sift_down(list, j);
      }
    }
  }
  return 1;
}

/* Auxiliary function to sort a community pair list with respect to the
 * `second` field */
int igraph_i_fastgreedy_commpair_cmp(const void* p1, const void* p2) {
  igraph_i_fastgreedy_commpair *cp1, *cp2;
  cp1=*(igraph_i_fastgreedy_commpair**)p1;
  cp2=*(igraph_i_fastgreedy_commpair**)p2;
  return cp1->second - cp2->second;
}

/**
 * \function igraph_community_fastgreedy
 * \brief Finding community structure by greedy optimization of modularity
 * 
 * This function implements the fast greedy modularity optimization
 * algorithm for finding community structure, see 
 * A Clauset, MEJ Newman, C Moore: Finding community structure in very
 * large networks, http://www.arxiv.org/abs/cond-mat/0408187 for the
 * details.
 *
 * </para><para>
 * Some improvements proposed in K Wakita, T Tsurumi: Finding community
 * structure in mega-scale social networks,
 * http://www.arxiv.org/abs/cs.CY/0702048v1 have also been implemented.
 *
 * \param graph The input graph.
 * \param merges Pointer to an initialized matrix or NULL, the result of the
 *    computation is stored here. The matrix has two columns and each
 *    merge corresponds to one merge, the ids of the two merged
 *    components are stored. The component ids are numbered from zero and 
 *    the first \c n components are the individual vertices, \c n is
 *    the number of vertices in the graph. Component \c n is created
 *    in the first merge, component \c n+1 in the second merge, etc.
 *    The matrix will be resized as needed. If this argument is NULL
 *    then it is ignored completely.
 * \param modularity Pointer to an initialized matrix or NULL pointer,
 *    in the former case the modularity scores along the stages of the
 *    computation are recorded here. The vector will be resized as
 *    needed.
 * \return Error code.
 *
 * \sa \ref igraph_community_walktrap(), \ref
 * igraph_community_edge_betweenness() for other community detection
 * algorithms, \ref igraph_community_to_membership() to convert the
 * dendrogram to a membership vector.
 *
 * Time complexity: O(|E||V|log|V|) in the worst case,
 * O(|E|+|V|log^2|V|) typically, |V| is the number of vertices, |E| is
 * the number of edges.
 */
int igraph_community_fastgreedy(const igraph_t *graph,
  igraph_matrix_t *merges, igraph_vector_t *modularity) {
  long int no_of_edges, no_of_nodes, no_of_joins, total_joins;
  long int i, j, k, n, m, from, to, dummy;
  igraph_integer_t ffrom, fto;
  igraph_eit_t edgeit;
  igraph_i_fastgreedy_commpair *pairs, *p1, *p2;
  igraph_i_fastgreedy_community_list communities;
  igraph_vector_t a;
  igraph_real_t q, maxq, *dq;

  /*long int join_order[] = { 16,5, 5,6, 6,0, 4,0, 10,0, 26,29, 29,33, 23,33, 27,33, 25,24, 24,31, 12,3, 21,1, 30,8, 8,32, 9,2, 17,1, 11,0, 7,3, 3,2, 13,2, 1,2, 28,31, 31,33, 22,32, 18,32, 20,32, 32,33, 15,33, 14,33, 0,19, 19,2, -1,-1 };*/
  /*long int join_order[] = { 43,42, 42,41, 44,41, 41,36, 35,36, 37,36, 36,29, 38,29, 34,29, 39,29, 33,29, 40,29, 32,29, 14,29, 30,29, 31,29, 6,18, 18,4, 23,4, 21,4, 19,4, 27,4, 20,4, 22,4, 26,4, 25,4, 24,4, 17,4, 0,13, 13,2, 1,2, 11,2, 8,2, 5,2, 3,2, 10,2, 9,2, 7,2, 2,28, 28,15, 12,15, 29,16, 4,15, -1,-1 };*/

  no_of_nodes = igraph_vcount(graph);
  no_of_edges = igraph_ecount(graph);
 
  if (igraph_is_directed(graph)) {
	IGRAPH_ERROR("fast greedy community detection works for undirected graphs only", IGRAPH_UNIMPLEMENTED);
  }
  
  total_joins=no_of_nodes-1;

  if (merges != 0) {
	IGRAPH_CHECK(igraph_matrix_resize(merges, total_joins, 2));
  }
  if (modularity != 0) {
	IGRAPH_CHECK(igraph_vector_resize(modularity, total_joins+1));
  }

  /* Create degree vector */
  debug("Calculating degrees\n");
  IGRAPH_VECTOR_INIT_FINALLY(&a, no_of_nodes);
  IGRAPH_CHECK(igraph_degree(graph, &a, igraph_vss_all(), IGRAPH_ALL, 0));

  /* Create list of communities */
  debug("Creating community list\n");
  communities.n = no_of_nodes;
  communities.no_of_communities = no_of_nodes;
  communities.e = (igraph_i_fastgreedy_community*)calloc(no_of_nodes, sizeof(igraph_i_fastgreedy_community));
  if (communities.e == 0) {
	IGRAPH_ERROR("can't run fast greedy community detection", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, communities.e);
  communities.heap = (igraph_i_fastgreedy_community**)calloc(no_of_nodes, sizeof(igraph_i_fastgreedy_community*));
  if (communities.heap == 0) {
	IGRAPH_ERROR("can't run fast greedy community detection", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, communities.heap);
  communities.heapindex = (igraph_integer_t*)calloc(no_of_nodes, sizeof(igraph_integer_t));
  if (communities.heapindex == 0) {
	IGRAPH_ERROR("can't run fast greedy community detection", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY_CLEAN(2);
  IGRAPH_FINALLY(igraph_i_fastgreedy_community_list_destroy, &communities);
  for (i=0; i<no_of_nodes; i++) {
    igraph_vector_ptr_init(&communities.e[i].neis, 0);
    communities.e[i].id = i;
  }

  /* Create list of community pairs from edges */
  debug("Allocating dq vector\n");
  dq = (igraph_real_t*)calloc(no_of_edges, sizeof(igraph_real_t));
  if (dq == 0) {
	IGRAPH_ERROR("can't run fast greedy community detection", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, dq);
  debug("Creating community pair list\n");
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(0), &edgeit));
  IGRAPH_FINALLY(igraph_eit_destroy, &edgeit);
  pairs = (igraph_i_fastgreedy_commpair*)calloc(2*no_of_edges, sizeof(igraph_i_fastgreedy_commpair));
  if (pairs == 0) {
	IGRAPH_ERROR("can't run fast greedy community detection", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, pairs);
  i=j=0;
  while (!IGRAPH_EIT_END(edgeit)) {
    igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
    
	/* Create the pairs themselves */
	from = (long int)ffrom; to = (long int)fto;
	if (from == to) {
	  IGRAPH_ERROR("loop edge detected, simplify the graph before starting community detection", IGRAPH_EINVAL);
	}

	if (from>to) {
	  dummy=from; from=to; to=dummy;
	}
	dq[j]=2*(1.0/(no_of_edges*2.0) - VECTOR(a)[from]*VECTOR(a)[to]/(4.0*no_of_edges*no_of_edges));
	pairs[i].first = from;
	pairs[i].second = to;
    pairs[i].dq = &dq[j];
	pairs[i].opposite = &pairs[i+1];
	pairs[i+1].first = to;
	pairs[i+1].second = from;
	pairs[i+1].dq = pairs[i].dq;
	pairs[i+1].opposite = &pairs[i];
	/* Link the pair to the communities */
	igraph_vector_ptr_push_back(&communities.e[from].neis, &pairs[i]);
	igraph_vector_ptr_push_back(&communities.e[to].neis, &pairs[i+1]);
	/* Update maximums */
	if (communities.e[from].maxdq==0 || *communities.e[from].maxdq->dq < *pairs[i].dq)
	  communities.e[from].maxdq = &pairs[i];
	if (communities.e[to].maxdq==0 || *communities.e[to].maxdq->dq < *pairs[i+1].dq)
	  communities.e[to].maxdq = &pairs[i+1];

    /* Iterate */
	i+=2; j++;
    IGRAPH_EIT_NEXT(edgeit);
  }
  igraph_eit_destroy(&edgeit);
  IGRAPH_FINALLY_CLEAN(1);

  /* Sorting community neighbor lists by community IDs */
  debug("Sorting community neighbor lists\n");
  for (i=0; i<no_of_nodes; i++) {
	igraph_vector_ptr_sort(&communities.e[i].neis, igraph_i_fastgreedy_commpair_cmp);
	communities.heap[i] = &communities.e[i];
  }

  /* Calculate proper vector a (see paper) and initial modularity */
  q=0;
  igraph_vector_multiply(&a, 1.0/(2.0*no_of_edges));
  for (i=0; i<no_of_nodes; i++)
	q -= VECTOR(a)[i]*VECTOR(a)[i];
  maxq=q;

  /* Initializing community heap */
  debug("Initializing community heap\n");
  igraph_i_fastgreedy_community_list_build_heap(&communities);

  debug("Initial modularity: %.4f\n", q);

  /* Let's rock ;) */
  no_of_joins=0;
  while (no_of_joins<total_joins) {
    IGRAPH_ALLOW_INTERRUPTION();
	igraph_progress("fast greedy community detection", no_of_joins*100.0/total_joins, 0);
    
	/* Store the modularity */
	if (modularity) VECTOR(*modularity)[no_of_joins] = q;
    
	/* Some debug info if needed */
	/* igraph_i_fastgreedy_community_list_check_heap(&communities); */
#ifdef DEBUG
	debug("===========================================\n");
	for (i=0; i<communities.n; i++) {
	  if (communities.e[i].maxdq == 0) {
	    debug("Community #%ld: PASSIVE\n", i);
	    continue;
	  }
      debug("Community #%ld\n ", i);
	  for (j=0; j<igraph_vector_ptr_size(&communities.e[i].neis); j++) {
	    p1=(igraph_i_fastgreedy_commpair*)VECTOR(communities.e[i].neis)[j];
	    debug(" (%ld,%ld,%.4f)", p1->first, p1->second, *p1->dq);
	  }
	  p1=communities.e[i].maxdq;
	  debug("\n  Maxdq: (%ld,%ld,%.4f)\n", p1->first, p1->second, *p1->dq);
    }
	debug("Global maxdq is: (%ld,%ld,%.4f)\n", communities.heap[0]->maxdq->first,
	    communities.heap[0]->maxdq->second, *communities.heap[0]->maxdq->dq);
    for (i=0; i<communities.no_of_communities; i++)
	  debug("(%ld,%ld,%.4f) ", communities.heap[i]->maxdq->first, communities.heap[i]->maxdq->second, *communities.heap[0]->maxdq->dq);
	debug("\n");
#endif
	if (communities.heap[0] == 0) break; /* no more communities */
	to=communities.heap[0]->maxdq->second;
	from=communities.heap[0]->maxdq->first;

	debug("Q[%ld] = %.7f\tdQ = %.7f\t |H| = %ld\n",
	  no_of_joins, q, *communities.heap[0]->maxdq->dq, no_of_nodes-no_of_joins-1);

	/* DEBUG */
	/* from=join_order[no_of_joins*2]; to=join_order[no_of_joins*2+1];
	if (to == -1) break;
    for (i=0; i<igraph_vector_ptr_size(&communities.e[to].neis); i++) {
      p1=(igraph_i_fastgreedy_commpair*)VECTOR(communities.e[to].neis)[i];
	  if (p1->second == from) communities.maxdq = p1;
	} */

	n = igraph_vector_ptr_size(&communities.e[to].neis);
	m = igraph_vector_ptr_size(&communities.e[from].neis);
	/*if (n>m) {
	  dummy=n; n=m; m=dummy;
	  dummy=to; to=from; from=dummy;
	}*/
	debug("  joining: %ld <- %ld\n", to, from);
    q += *communities.heap[0]->maxdq->dq; 
	
	/* Merge the second community into the first */
	i = j = 0;
	while (i<n && j<m) {
	  p1 = (igraph_i_fastgreedy_commpair*)VECTOR(communities.e[to].neis)[i];
	  p2 = (igraph_i_fastgreedy_commpair*)VECTOR(communities.e[from].neis)[j];
	  debug("Pairs: %ld-%ld and %ld-%ld\n", p1->first, p1->second,
		  p2->first, p2->second);
	  if (p1->second < p2->second) {
		/* Considering p1 from now on */
		debug("    Considering: %ld-%ld\n", p1->first, p1->second);
	    if (p1->second == from) {
		  debug("    WILL REMOVE: %ld-%ld\n", to, from);
	    } else {
		  /* chain, case 1 */
		  debug("    CHAIN(1): %ld-%ld %ld, now=%.7f, adding=%.7f, newdq(%ld,%ld)=%.7f\n",
		    to, p1->second, from, *p1->dq, -2*VECTOR(a)[from]*VECTOR(a)[p1->second], p1->first, p1->second, *p1->dq-2*VECTOR(a)[from]*VECTOR(a)[p1->second]);
		  igraph_i_fastgreedy_community_update_dq(&communities, p1, *p1->dq - 2*VECTOR(a)[from]*VECTOR(a)[p1->second]);
		}
		i++;
	  } else if (p1->second == p2->second) {
	    /* p1->first, p1->second and p2->first form a triangle */
		debug("    Considering: %ld-%ld and %ld-%ld\n", p1->first, p1->second,
		  p2->first, p2->second);
		/* Update dq value */
		debug("    TRIANGLE: %ld-%ld-%ld, now=%.7f, adding=%.7f, newdq(%ld,%ld)=%.7f\n",
		  to, p1->second, from, *p1->dq, *p2->dq, p1->first, p1->second, *p1->dq+*p2->dq);
		igraph_i_fastgreedy_community_update_dq(&communities, p1, *p1->dq + *p2->dq);
        igraph_i_fastgreedy_community_remove_nei(&communities, p1->second, from);
		i++;
		j++;
	  } else {
		debug("    Considering: %ld-%ld\n", p2->first, p2->second);
		if (p2->second == to) {
		  debug("    WILL REMOVE: %ld-%ld\n", p2->second, p2->first);
		} else {
		  /* chain, case 2 */
		  debug("    CHAIN(2): %ld %ld-%ld, newdq(%ld,%ld)=%.7f\n",
		    to, p2->second, from, to, p2->second, *p2->dq-2*VECTOR(a)[to]*VECTOR(a)[p2->second]);
		  p2->opposite->second=to;
	      /* need to re-sort community nei list `p2->second` */
	      /* TODO: quicksort is O(n*logn), although we could do a deletion and
	       * insertion which can be done in O(logn) if deletion is O(1) */
	      debug("    Re-sorting community %ld\n", p2->second);
	      igraph_vector_ptr_sort(&communities.e[p2->second].neis, igraph_i_fastgreedy_commpair_cmp);
		  /* link from.neis[j] to the current place in to.neis if
		   * from.neis[j] != to */
		  p2->first=to;
		  IGRAPH_CHECK(igraph_vector_ptr_insert(&communities.e[to].neis,i,p2));
		  n++; i++;
		  if (*p2->dq > *communities.e[to].maxdq->dq) {
		    communities.e[to].maxdq = p2;
            k=igraph_i_fastgreedy_community_list_find_in_heap(&communities, to);
		    igraph_i_fastgreedy_community_list_sift_up(&communities, k);
		  }
		  igraph_i_fastgreedy_community_update_dq(&communities, p2, *p2->dq - 2*VECTOR(a)[to]*VECTOR(a)[p2->second]);
		}
		j++;
	  }
	}

	while (i<n) {
	  p1 = (igraph_i_fastgreedy_commpair*)VECTOR(communities.e[to].neis)[i];
	  if (p1->second == from) {
	    debug("    WILL REMOVE: %ld-%ld\n", p1->first, from);
	  } else {
	    /* chain, case 1 */
	    debug("    CHAIN(1): %ld-%ld %ld, now=%.7f, adding=%.7f, newdq(%ld,%ld)=%.7f\n",
	      to, p1->second, from, *p1->dq, -2*VECTOR(a)[from]*VECTOR(a)[p1->second], p1->first, p1->second, *p1->dq-2*VECTOR(a)[from]*VECTOR(a)[p1->second]);
	    igraph_i_fastgreedy_community_update_dq(&communities, p1, *p1->dq - 2*VECTOR(a)[from]*VECTOR(a)[p1->second]);
	  }
	  i++;
	}
	while (j<m) {
	  p2 = (igraph_i_fastgreedy_commpair*)VECTOR(communities.e[from].neis)[j];
      if (to == p2->second) { j++; continue; }
	  /* chain, case 2 */
	  debug("    CHAIN(2): %ld %ld-%ld, newdq(%ld,%ld)=%.7f\n",
	    to, p2->second, from, p1->first, p2->second, *p2->dq-2*VECTOR(a)[to]*VECTOR(a)[p2->second]);
	  p2->opposite->second=to;
	  /* need to re-sort community nei list `p2->second` */
	  /* TODO: quicksort is O(n*logn), although we could do a deletion and
	   * insertion which can be done in O(logn) if deletion is O(1) */
	  debug("    Re-sorting community %ld\n", p2->second);
	  igraph_vector_ptr_sort(&communities.e[p2->second].neis, igraph_i_fastgreedy_commpair_cmp);
	  /* link from.neis[j] to the current place in to.neis if
	   * from.neis[j] != to */
	  p2->first=to;
	  IGRAPH_CHECK(igraph_vector_ptr_push_back(&communities.e[to].neis,p2));
	  if (*p2->dq > *communities.e[to].maxdq->dq) {
	    communities.e[to].maxdq = p2;
        k=igraph_i_fastgreedy_community_list_find_in_heap(&communities, to);
		igraph_i_fastgreedy_community_list_sift_up(&communities, k);
	  }
	  igraph_i_fastgreedy_community_update_dq(&communities, p2, *p2->dq-2*VECTOR(a)[to]*VECTOR(a)[p2->second]);
	  j++;
	}
	/* Now, remove community `from` from the neighbors of community `to` */
	if (communities.no_of_communities > 2) {
	  debug("    REMOVING: %ld-%ld\n", to, from);
	  igraph_i_fastgreedy_community_remove_nei(&communities, to, from);
	  i=igraph_i_fastgreedy_community_list_find_in_heap(&communities, from);
	  igraph_i_fastgreedy_community_list_remove(&communities, i);
    }
	communities.e[from].maxdq=0;

	/* record what has been merged */
	igraph_vector_ptr_clear(&communities.e[from].neis);
	if (merges) {
	  MATRIX(*merges, no_of_joins, 0) = communities.e[to].id;
	  MATRIX(*merges, no_of_joins, 1) = communities.e[from].id;
	  communities.e[to].id = no_of_nodes+no_of_joins;
    }

	/* Update vector a */
	VECTOR(a)[to] += VECTOR(a)[from];
	VECTOR(a)[from] = 0.0;
	
	no_of_joins++;
  }
  igraph_progress("fast greedy community detection", 100.0, 0);

  if (modularity) VECTOR(*modularity)[no_of_joins] = q;

  debug("Freeing memory\n");
  free(pairs);
  free(dq);
  igraph_i_fastgreedy_community_list_destroy(&communities);
  igraph_vector_destroy(&a);
  IGRAPH_FINALLY_CLEAN(4);
  return 0;
}

#ifdef IGRAPH_FASTCOMM_DEBUG
#undef IGRAPH_FASTCOMM_DEBUG
#endif









igraph-0.4.2/igraph/structure_generators.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

#include <stdarg.h>

/** 
 * \section about_generators
 *
 * <para>Graph generators create graphs.</para>
 * 
 * <para>Almost all functions which create graph objects are documented
 * here. The exceptions are \ref igraph_subgraph() and alike, these 
 * create graphs based on another graph.</para>
 */


/**
 * \ingroup generators
 * \function igraph_create
 * \brief Creates a graph with the specified edges.
 * 
 * \param graph An uninitialized graph object.
 * \param edges The edges to add, the first two elements are the first
 *        edge, etc.
 * \param n The number of vertices in the graph, if smaller or equal
 *        to the highest vertex id in the \p edges vector it
 *        will be increased automatically. So it is safe to give 0
 *        here.
 * \param directed Boolean, whether to create a directed graph or
 *        not. If yes, then the first edge points from the first
 *        vertex id in \p edges to the second, etc.
 * \return Error code:
 *         \c IGRAPH_EINVEVECTOR: invalid edges
 *         vector (odd number of vertices).
 *         \c IGRAPH_EINVVID: invalid (negative)
 *         vertex id. 
 *
 * Time complexity: O(|V|+|E|),
 * |V| is the number of vertices,
 * |E| the number of edges in the
 * graph. 
 */
int igraph_create(igraph_t *graph, const igraph_vector_t *edges, igraph_integer_t n, 
		  igraph_bool_t directed) {
  igraph_real_t max=igraph_vector_max(edges)+1;

  if (igraph_vector_size(edges) % 2 != 0) {
    IGRAPH_ERROR("Invalid (odd) edges vector", IGRAPH_EINVEVECTOR);
  }
  if (!igraph_vector_isininterval(edges, 0, max-1)) {
    IGRAPH_ERROR("Invalid (negative) vertex id", IGRAPH_EINVVID);
  }

  IGRAPH_CHECK(igraph_empty(graph, n, directed));
  IGRAPH_FINALLY(igraph_destroy, graph);
  if (igraph_vector_size(edges)>0) {
    igraph_integer_t vc=igraph_vcount(graph);
    if (vc < max) {
      IGRAPH_CHECK(igraph_add_vertices(graph, max-vc, 0));
    }
    IGRAPH_CHECK(igraph_add_edges(graph, edges, 0));
  }

  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_i_adjacency_directed(igraph_matrix_t *adjmatrix, igraph_vector_t *edges) {
  
  long int no_of_nodes=igraph_matrix_nrow(adjmatrix);
  long int i, j, k;
  
  for (i=0; i<no_of_nodes; i++) {
    for (j=0; j<no_of_nodes; j++) {
      long int M=MATRIX(*adjmatrix, i, j);
      for (k=0; k<M; k++) {
	IGRAPH_CHECK(igraph_vector_push_back(edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(edges, j));
      }
    }
  }
  
  return 0;
}

int igraph_i_adjacency_max(igraph_matrix_t *adjmatrix, igraph_vector_t *edges) {
  
  long int no_of_nodes=igraph_matrix_nrow(adjmatrix);
  long int i, j, k;
  
  for (i=0; i<no_of_nodes; i++) {
    for (j=i; j<no_of_nodes; j++) {
      long int M1=MATRIX(*adjmatrix, i, j);
      long int M2=MATRIX(*adjmatrix, j, i);
      if (M1<M2) { M1=M2; }
      for (k=0; k<M1; k++) {
	IGRAPH_CHECK(igraph_vector_push_back(edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(edges, j));
      }
    }
  }
  
  return 0;
}

int igraph_i_adjacency_upper(igraph_matrix_t *adjmatrix, igraph_vector_t *edges) {
  
  long int no_of_nodes=igraph_matrix_nrow(adjmatrix);
  long int i, j, k;
  
  for (i=0; i<no_of_nodes; i++) {
    for (j=i; j<no_of_nodes; j++) {
      long int M=MATRIX(*adjmatrix, i, j);
      for (k=0; k<M; k++) {
	IGRAPH_CHECK(igraph_vector_push_back(edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(edges, j));
      }
    }
  }
  return 0;
}

int igraph_i_adjacency_lower(igraph_matrix_t *adjmatrix, igraph_vector_t *edges) {

  long int no_of_nodes=igraph_matrix_nrow(adjmatrix);
  long int i, j, k;
  
  for (i=0; i<no_of_nodes; i++) {
    for (j=0; j<=i; j++) {
      long int M=MATRIX(*adjmatrix, i, j);
      for (k=0; k<M; k++) {
	IGRAPH_CHECK(igraph_vector_push_back(edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(edges, j));
      }
    }
  }
  return 0;
}

int igraph_i_adjacency_min(igraph_matrix_t *adjmatrix, igraph_vector_t *edges) {
  
  long int no_of_nodes=igraph_matrix_nrow(adjmatrix);
  long int i, j, k;
  
  for (i=0; i<no_of_nodes; i++) {
    for (j=i; j<no_of_nodes; j++) {
      long int M1=MATRIX(*adjmatrix, i, j);
      long int M2=MATRIX(*adjmatrix, j, i);
      if (M1>M2) { M1=M2; }
      for (k=0; k<M1; k++) {
	IGRAPH_CHECK(igraph_vector_push_back(edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(edges, j));
      }
    }
  }
  
  return 0;
}

/**
 * \ingroup generators
 * \function igraph_adjacency
 * \brief Creates a graph object from an adjacency matrix.
 * 
 * \param graph Pointer to an uninitialized graph object.
 * \param adjmatrix The adjacency matrix. How it is interpreted
 *        depends on the \p mode argument.
 * \param mode Constant to specify how the given matrix is interpreted
 *        as an adjacency matrix. Possible values
 *        (A(i,j) 
 *        is the element in row i and column
 *        j in the adjacency matrix
 *        (\p adjmatrix): 
 *        \clist
 *        \cli IGRAPH_ADJ_DIRECTED
 *          the graph will be directed and
 *          an element gives the number of edges between two vertex.
 *        \cli IGRAPH_ADJ_UNDIRECTED
 *          this is the same as \c IGRAPH_ADJ_MAX,
 *          for convenience. 
 *        \cli IGRAPH_ADJ_MAX
 *          undirected graph will be created
 *          and the number of edges between vertex
 *          i and 
 *          j is
 *          max(A(i,j), A(j,i)). 
 *        \cli IGRAPH_ADJ_MIN
 *          undirected graph will be created
 *          with min(A(i,j), A(j,i))
 *          edges between vertex 
 *          i and
 *          j. 
 *        \cli IGRAPH_ADJ_PLUS 
 *          undirected graph will be created 
 *          with A(i,j)+A(j,i) edges
 *          between vertex 
 *          i and
 *          j.  
 *        \cli IGRAPH_ADJ_UPPER 
 *          undirected graph will be created,
 *          only the upper right triangle (including the diagonal) is
 *          used for the number of edges.
 *        \cli IGRAPH_ADJ_LOWER 
 *          undirected graph will be created,
 *          only the lower left triangle (including the diagonal) is 
 *          used for creating the edges.
 *       \endclist
 * \return Error code,
 *         \c IGRAPH_NONSQUARE: non-square matrix.
 * 
 * Time complexity: O(|V||V|+|E|),
 * |V| and 
 * |E| are number of vertices and
 * edges in the graph. 
 */

int igraph_adjacency(igraph_t *graph, igraph_matrix_t *adjmatrix,
		     igraph_adjacency_t mode) {

  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  long int no_of_nodes;

  /* Some checks */
  if (igraph_matrix_nrow(adjmatrix) != igraph_matrix_ncol(adjmatrix)) {
    IGRAPH_ERROR("Non-square matrix", IGRAPH_NONSQUARE);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  
  /* Collect the edges */
  no_of_nodes=igraph_matrix_nrow(adjmatrix);
  switch (mode) {
  case IGRAPH_ADJ_DIRECTED:
    IGRAPH_CHECK(igraph_i_adjacency_directed(adjmatrix, &edges));
    break;
  case IGRAPH_ADJ_MAX:
    IGRAPH_CHECK(igraph_i_adjacency_max(adjmatrix, &edges));
    break;
  case IGRAPH_ADJ_UPPER:
    IGRAPH_CHECK(igraph_i_adjacency_upper(adjmatrix, &edges));
    break;
  case IGRAPH_ADJ_LOWER:
    IGRAPH_CHECK(igraph_i_adjacency_lower(adjmatrix, &edges));
    break;
  case IGRAPH_ADJ_MIN:
    IGRAPH_CHECK(igraph_i_adjacency_min(adjmatrix, &edges));
    break;
  case IGRAPH_ADJ_PLUS:
    IGRAPH_CHECK(igraph_i_adjacency_directed(adjmatrix, &edges));
    break;
  }

  IGRAPH_CHECK(igraph_create(graph, &edges, no_of_nodes, 
			     (mode == IGRAPH_ADJ_DIRECTED))); 
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/**
 * \ingroup generators
 * \function igraph_star
 * \brief Creates a \em star graph, every vertex connects only to
 * the center.
 *
 * \param graph Pointer to an uninitialized graph object, this will
 *        be the result.
 * \param n Integer constant, the number of vertices in the graph.
 * \param mode Constant, gives the type of the star graph to
 *        create. Possible values:
 *        \clist
 *        \cli IGRAPH_STAR_OUT
 *          directed star graph, edges point
 *          \em from the center to the other vertices.
 *        \cli IGRAPH_STAR_IN
 *          directed star graph, edges point
 *          \em to the center from the other vertices.
 *        \cli IGRAPH_STAR_UNDIRECTED 
 *          an undirected star graph is
 *          created. 
 *        \endclist
 * \param center Id of the vertex which will be the center of the
 *          graph. 
 * \return Error code:
 *         \clist
 *         \cli IGRAPH_EINVVID 
 *           invalid number of vertices.
 *         \cli IGRAPH_EINVAL 
 *           invalid center vertex.
 *         \cli IGRAPH_EINVMODE 
 *           invalid mode argument.
 *         \endclist
 * 
 * Time complexity: O(|V|), the
 * number of vertices in the graph.
 *
 * \sa \ref igraph_lattice(), \ref igraph_ring(), \ref igraph_tree()
 * for creating other regular structures.
 */

int igraph_star(igraph_t *graph, igraph_integer_t n, igraph_star_mode_t mode, 
		igraph_integer_t center) {

  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  long int i;

  if (n<0) { 
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVVID);
  }
  if (center<0 || center >n-1) {
    IGRAPH_ERROR("Invalid center vertex", IGRAPH_EINVAL);
  }
  if (mode != IGRAPH_STAR_OUT && mode != IGRAPH_STAR_IN && 
      mode != IGRAPH_STAR_UNDIRECTED) {
    IGRAPH_ERROR("invalid mode", IGRAPH_EINVMODE);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, (n-1)*2);
  
  if (mode == IGRAPH_STAR_OUT) {
    for (i=0; i<center; i++) {
      VECTOR(edges)[2*i]=center;
      VECTOR(edges)[2*i+1]=i;
    }
    for (i=center+1; i<n; i++) {
      VECTOR(edges)[2*(i-1)]=center;
      VECTOR(edges)[2*(i-1)+1]=i;
    }
  } else {
    for (i=0; i<center; i++) {
      VECTOR(edges)[2*i+1]=center;
      VECTOR(edges)[2*i]=i;
    }
    for (i=center+1; i<n; i++) {
      VECTOR(edges)[2*(i-1)+1]=center;
      VECTOR(edges)[2*(i-1)]=i;
    }
  }
  
  IGRAPH_CHECK(igraph_create(graph, &edges, 0, 
			     (mode != IGRAPH_STAR_UNDIRECTED)));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/**
 * \ingroup generators 
 * \function igraph_lattice
 * \brief Creates most kind of lattices.
 *
 * \param graph An uninitialized graph object.
 * \param dimvector Vector giving the sizes of the lattice in each of
 *        its dimensions. Ie. the dimension of the lattice will be the
 *        same as the length of this vector.
 * \param nei Integer value giving the distance (number of steps)
 *        within which two vertices will be connected. Not implemented
 *        yet. 
 * \param directed Boolean, whether to create a directed graph. The
 *        direction of the edges is determined by the generation
 *        algorithm and is unlikely to suit you, so this isn't a very
 *        useful option.
 * \param mutual Boolean, if the graph is directed this gives whether
 *        to create all connections as mutual.
 * \param circular Boolean, defines whether the generated lattice is
 *        periodic.
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid (negative)
 *         dimension vector. 
 *
 * Time complexity: if \p nei is less than two then it is O(|V|+|E|) (as
 * far as i remember), |V| and |E| are the number of vertices 
 * and edges in the generated graph. Otherwise it is O(|V|*d^o+|E|), d
 * is the average degree of the graph, o is the \p nei argument.
 */
int igraph_lattice(igraph_t *graph, const igraph_vector_t *dimvector, igraph_integer_t nei, 
		   igraph_bool_t directed, igraph_bool_t mutual, igraph_bool_t circular) {

  long int dims=igraph_vector_size(dimvector);
  long int no_of_nodes=igraph_vector_prod(dimvector);
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  long int *coords, *weights;
  long int i, j;
  int carry, pos;

  if (igraph_vector_any_smaller(dimvector, 0)) {
    IGRAPH_ERROR("Invalid dimension vector", IGRAPH_EINVAL);
  }

  /* init coords & weights */

  coords=Calloc(dims, long int);
  if (coords==0) {
    IGRAPH_ERROR("lattice failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, coords);	/* TODO: hack */
  weights=Calloc(dims, long int);
  if (weights == 0) {
    IGRAPH_ERROR("lattice failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, weights);
  weights[0]=1;
  for (i=1; i<dims; i++) {
    weights[i]=weights[i-1]*VECTOR(*dimvector)[i-1];
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, no_of_nodes*dims +
				     mutual*directed * no_of_nodes*dims));

  for (i=0; i<no_of_nodes; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    for (j=0; j<dims; j++) {
      if (circular || coords[j] != VECTOR(*dimvector)[j]-1) {
	long int new_nei;
	if (coords[j] != VECTOR(*dimvector)[j]-1) {
	  new_nei = i + weights[j] + 1;
	} else {
	  new_nei = i - (VECTOR(*dimvector)[j]-1) * weights[j] + 1;
	}
	if (new_nei != i+1 && (VECTOR(*dimvector)[j] != 2 || coords[j] != 1)) {
	  igraph_vector_push_back(&edges, i); /* reserved */
	  igraph_vector_push_back(&edges, new_nei-1); /* reserved */
	}
      } /* if circular || coords[j] */
      if (mutual && directed && (circular || coords[j] != 0)) {
	long int new_nei;
	if (coords[j]!=0) {
	  new_nei=i-weights[j]+1;
	} else {
	  new_nei=i+(VECTOR(*dimvector)[j]-1) * weights[j]+1;
	}
	if (VECTOR(*dimvector)[j] != 2 || coords[j] != 0) {
	  igraph_vector_push_back(&edges, i); /* reserved */
	  igraph_vector_push_back(&edges, new_nei-1); /* reserved */
	}
      } /* if circular || coords[0] */
    } /* for j<dims */
    
    /* increase coords */
    carry=1;
    pos=0;
    
    while (carry==1 && pos != dims) {
      if (coords[pos] != VECTOR(*dimvector)[pos]-1) {
	coords[pos]++;
	carry=0;
      } else {
	coords[pos]=0;
	pos++;
      }
    }
    
  } /* for i<no_of_nodes */

  IGRAPH_CHECK(igraph_create(graph, &edges, 0, directed));
  if (nei >= 2) {
    IGRAPH_CHECK(igraph_connect_neighborhood(graph, nei, IGRAPH_ALL));
  }

  /* clean up */
  Free(coords);
  Free(weights);
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

/**
 * \ingroup generators
 * \function igraph_ring
 * \brief Creates a \em ring graph, a one dimensional lattice.
 * 
 * \param graph Pointer to an uninitialized graph object.
 * \param n The number of vertices in the ring.
 * \param directed Logical, whether to create a directed ring.
 * \param mutual Logical, whether to create mutual edges in a directed
 *        ring. It is ignored for undirected graphs.
 * \param circular Logical, if false, the ring will be open (this is
 *        not a real \em ring actually).
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid number of vertices.
 * 
 * Time complexity: O(|V|), the
 * number of vertices in the graph.
 *
 * \sa \ref igraph_lattice() for generating more general lattices.
 */

int igraph_ring(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed, igraph_bool_t mutual,
		igraph_bool_t circular) {
  
  igraph_vector_t v=IGRAPH_VECTOR_NULL;

  if (n<0) {
    IGRAPH_ERROR("negative number of vertices", IGRAPH_EINVAL);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&v, 1);
  VECTOR(v)[0]=n;
  
  IGRAPH_CHECK(igraph_lattice(graph, &v, 1, directed, mutual, circular));
  igraph_vector_destroy(&v);		 
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \ingroup generators
 * \function igraph_tree
 * \brief Creates a tree in which almost all vertices have the same
 * number of children.
 *
 * \param graph Pointer to an uninitialized graph object.
 * \param n Integer, the number of vertices in the graph.
 * \param children Integer, the number of children of a vertex in the
 *        tree. 
 * \param type Constant, gives whether to create a directed tree, and
 *        if this is the case, also its orientation. Possible values:
 *        \clist
 *        \cli IGRAPH_TREE_OUT 
 *          directed tree, the edges point
 *          from the parents to their children,
 *        \cli IGRAPH_TREE_IN 
 *          directed tree, the edges point from
 *          the children to their parents.
 *        \cli IGRAPH_TREE_UNDIRECTED
 *          undirected tree.
 *        \endclist
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid number of vertices.
 *         \c IGRAPH_INVMODE: invalid mode argument.
 * 
 * Time complexity: O(|V|+|E|), the
 * number of vertices plus the number of edges in the graph.
 * 
 * \sa \ref igraph_lattice(), \ref igraph_star() for creating other regular
 * structures. 
 */

int igraph_tree(igraph_t *graph, igraph_integer_t n, igraph_integer_t children, 
		igraph_tree_mode_t type) {
  
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  long int i, j;
  long int idx=0;
  long int to=1;

  if (n<0 || children<=0) {
    IGRAPH_ERROR("Invalid number of vertices or children", IGRAPH_EINVAL);
  }
  if (type != IGRAPH_TREE_OUT && type != IGRAPH_TREE_IN &&
      type != IGRAPH_TREE_UNDIRECTED) {
    IGRAPH_ERROR("Invalid mode argument", IGRAPH_EINVMODE);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 2*(n-1));
  
  i=0;
  if (type == IGRAPH_TREE_OUT) {
    while (idx<2*(n-1)) {
      for (j=0; j<children && idx<2*(n-1); j++) {
	VECTOR(edges)[idx++]=i;
	VECTOR(edges)[idx++]=to++;
      }
      i++;
    }
  } else {
    while (idx<2*(n-1)) {
      for (j=0; j<children && idx<2*(n-1); j++) {
	VECTOR(edges)[idx++]=to++;
	VECTOR(edges)[idx++]=i;
      }
      i++;
    }
  }
      
  IGRAPH_CHECK(igraph_create(graph, &edges, 0, type!=IGRAPH_TREE_UNDIRECTED));
  
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \ingroup generators
 * \function igraph_full
 * \brief Creates a full graph (directed or undirected, with or
 * without loops). 
 * 
 * </para><para>
 * In a full graph every possible edge is present, every vertex is
 * connected to every other vertex. 
 * 
 * \param graph Pointer to an uninitialized graph object.
 * \param n Integer, the number of vertices in the graph.
 * \param directed Logical, whether to create a directed graph.
 * \param loops Logical, whether to include self-edges (loops).
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid number of vertices.
 * 
 * Time complexity: O(|V|+|E|),
 * |V| is the number of vertices,
 * |E| the number of edges in the
 * graph. Of course this is the same as
 * O(|E|)=O(|V||V|) 
 * here. 
 * 
 * \sa \ref igraph_lattice(), \ref igraph_star(), \ref igraph_tree()
 * for creating other regular structures.
 */

int igraph_full(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed, igraph_bool_t loops) {
  
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  long int i, j;

  if (n<0) {
    IGRAPH_ERROR("invalid number of vertices", IGRAPH_EINVAL);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  if (directed && loops) {
    IGRAPH_CHECK(igraph_vector_reserve(&edges, n*n));
    for (i=0; i<n; i++) {
      for (j=0; j<n; j++) {
	igraph_vector_push_back(&edges, i); /* reserved */
	igraph_vector_push_back(&edges, j); /* reserved */
      }
    }
  } else if (directed && !loops) {
    IGRAPH_CHECK(igraph_vector_reserve(&edges, n*(n-1)));
    for (i=0; i<n; i++) {
      for (j=0; j<i; j++) {
	igraph_vector_push_back(&edges, i); /* reserved */
	igraph_vector_push_back(&edges, j); /* reserved */
      }
      for (j=i+1; j<n; j++) {
	igraph_vector_push_back(&edges, i); /* reserved */
	igraph_vector_push_back(&edges, j); /* reserved */
      }
    }
  } else if (!directed && loops) {
    IGRAPH_CHECK(igraph_vector_reserve(&edges, n*(n+1)/2));
    for (i=0; i<n; i++) {
      for (j=i; j<n; j++) {
	igraph_vector_push_back(&edges, i); /* reserved */
	igraph_vector_push_back(&edges, j); /* reserved */
      }
    }
  } else {
    IGRAPH_CHECK(igraph_vector_reserve(&edges, n*(n-1)/2));
    for (i=0; i<n; i++) {
      for (j=i+1; j<n; j++) {
	igraph_vector_push_back(&edges, i); /* reserved */
	igraph_vector_push_back(&edges, j); /* resreved */
      }
    }
  }
  
  IGRAPH_CHECK(igraph_create(graph, &edges, n, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/**
 * \function igraph_small
 * \brief Shortand to create a short graph, giving the edges as agruments
 * 
 * </para><para>
 * This function is handy when a relatively small graph needs to be created. 
 * Instead giving the edges in vector, they are given simply as
 * arguments and a '-1' needs to be given after the last meaningful
 * edge argument. 
 * 
 * </para><para>Note that only graphs which have vertices less than
 * the highest value of the 'int' type can be created this way. If you
 * give larger values then the result is undefined.
 * 
 * \param graph Pointer to an uninitialized graph object, the result
 *        will be stored here.
 * \param n The number of vertices in the graph, an integer.
 * \param directed Logical constant, gives whether the graph should be
 *        directed. 
 * \param ... The additional arguments giving the edges of the
 *        graph. Don't forget to supply an additional '-1' after the last
 *        (meaningful) argument.
 * \return Error code.
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the number
 * of edges in the graph to create.
 */

int igraph_small(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed, 
		 ...) {
  igraph_vector_t edges;
  va_list ap;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  
  va_start(ap, directed);
  while (1) {
    int num = va_arg(ap, int);
    if (num == -1) {
      break;
    }
    igraph_vector_push_back(&edges, num);
  }

  IGRAPH_CHECK(igraph_create(graph, &edges, n, directed));
  
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_extended_chordal_ring
 * Create an extended chordal ring
 * 
 * An extended chordal ring is regular graph, each node has the same
 * degree. It can be obtained from a simple ring by adding some extra
 * edges specified by a matrix. Let p denote the number of columns in
 * the <parameter>W</parameter> matrix. The extra edges of vertex i
 * are added according to column (i mod p) in
 * <parameter>W</parameter>. The number of extra edges is the number
 * of rows in <parameter>W</parameter>: for each row j an edge
 * i->i+w[ij] is added if i+w[ij] is less than the number of total
 * nodes. 
 * 
 * </para><para>
 * See also Kotsis, G: Interconnection Topologies for Parallel Processing
 * Systems, PARS Mitteilungen 11, 1-6, 1993.
 * 
 * \param graph Pointer to an uninitialized graph object, the result
 *   will be stored here. The result is always an undirected graph.
 * \param nodes Integer constant, the number of vertices in the
 *   graph. It must be at least 3.
 * \param W The matrix specifying the extra edges. The number of
 *   columns should divide the number of total vertices.
 * \return Error code.
 * 
 * \sa \ref igraph_ring().
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the number
 * of edges.
 */

int igraph_extended_chordal_ring(igraph_t *graph, igraph_integer_t nodes, 
				 const igraph_matrix_t *W) {

  igraph_vector_t edges;
  long int period=igraph_matrix_ncol(W);
  long int degree=igraph_matrix_nrow(W)+2;
  long int i, j, mpos=0, epos=0;
  
  if (nodes<3) {
    IGRAPH_ERROR("An extended chordal ring has at least 3 nodes",
		 IGRAPH_EINVAL);
  }
  
  if ((long int)nodes % period != 0) {
    IGRAPH_ERROR("The period (number of columns in W) should divide the " 
		 "number of nodes", IGRAPH_EINVAL);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, nodes*degree);

  for (i=0; i<nodes-1; i++) {
    VECTOR(edges)[epos++] = i;
    VECTOR(edges)[epos++] = i+1;
  }
  VECTOR(edges)[epos++] = 0;
  VECTOR(edges)[epos++] = nodes-1;
  
  if (degree > 2) {
    for (i=0; i<nodes; i++) {
      for (j=0; j<degree-2; j++) {
	long int offset=MATRIX(*W, j, mpos);
	if (i+offset < nodes) {
	  VECTOR(edges)[epos++] = i;
	  VECTOR(edges)[epos++] = i+offset;
	}
      }
      mpos++; if (mpos==period) { mpos=0; }
    }
  }
  
  igraph_vector_resize(&edges, epos);
  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, IGRAPH_UNDIRECTED));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;  
}

/**
 * \function igraph_connect_neighborhood
 * \brief Connects every vertex to its neighborhood
 * 
 * This function adds new edges to graph. For each vertex 
 * vertices reachable by at most \p order steps and not yet connected
 * to the vertex a new edge is created.
 * 
 * </para><para> Note that the input graph is modified in place, no
 * new graph is created, call \ref igraph_copy() if you want to keep
 * the original graph as well.
 * 
 * </para><para> For undirected graphs reachability is always
 * symmetric, if vertex A can be reached from vertex B in at
 * most \p order steps, then the opposite is also true. Only one
 * undirected (A,B) edge will be added in this case.
 * \param graph The input graph, this is the output graph as well.
 * \param order Integer constant, it gives the distance within which
 *    the vertices will be connected to the source vertex.
 * \param mode Constant, it specifies how the neighborhood search is
 *    performed for directed graphs. If \c IGRAPH_OUT then vertices
 *    reachable from the source vertex will be connected, \c IGRAPH_IN
 *    is the opposite. If \c IGRAPH_ALL then the directed graph is
 *    considered as an undirected one.
 * \return Error code.
 * 
 * \sa \ref igraph_lattice() uses this function to connect the
 * neighborhood of the vertices.
 * 
 * Time complexity: O(|V|*d^o), |V| is the number of vertices in the
 * graph, d is the average degree and o is the \p order argument.
 */

int igraph_connect_neighborhood(igraph_t *graph, igraph_integer_t order,
				igraph_neimode_t mode) {
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_dqueue_t q;
  igraph_vector_t edges;
  long int i, j, in;
  long int *added;
  igraph_vector_t neis;
  
  if (order<0) {
    IGRAPH_ERROR("Negative order, cannot connect neighborhood", IGRAPH_EINVAL);
  }

  if (order<2) { 
    IGRAPH_WARNING("Order smaller than two, graph will be unchanged");
  }

  if (!igraph_is_directed(graph)) {
    mode=IGRAPH_ALL;
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  added=Calloc(no_of_nodes, long int);
  if (added==0) {
    IGRAPH_ERROR("Cannot connect neighborhood", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  for (i=0; i<no_of_nodes; i++) {
    added[i]=i+1;
    igraph_neighbors(graph, &neis, i, mode);
    in=igraph_vector_size(&neis);
    if (order > 1) {
      for (j=0; j<in; j++) {
	long int nei=VECTOR(neis)[j];
	added[nei]=i+1;
	igraph_dqueue_push(&q, nei);
	igraph_dqueue_push(&q, 1);
      }
    }
    
    while (!igraph_dqueue_empty(&q)) {
      long int actnode=igraph_dqueue_pop(&q);
      long int actdist=igraph_dqueue_pop(&q);
      long int n;
      igraph_neighbors(graph, &neis, actnode, mode);
      n=igraph_vector_size(&neis);
      
      if (actdist<order-1) {
	for (j=0; j<n; j++) {
	  long int nei=VECTOR(neis)[j];
	  if (added[nei] != i+1) {
	    added[nei]=i+1;
	    IGRAPH_CHECK(igraph_dqueue_push(&q, nei));
	    IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
	    if (mode != IGRAPH_ALL || i < nei) {
	      if (mode == IGRAPH_IN) {
		IGRAPH_CHECK(igraph_vector_push_back(&edges, nei));
		IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	      } else {
		IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
		IGRAPH_CHECK(igraph_vector_push_back(&edges, nei));
	      }
	    }
	  }
	}
      } else { 
	for (j=0; j<n; j++) {
	  long int nei=VECTOR(neis)[j];
	  if (added[nei] != i+1) {
	    added[nei]=i+1;
	    if (mode != IGRAPH_ALL || i < nei) {
	      if (mode == IGRAPH_IN) {
		IGRAPH_CHECK(igraph_vector_push_back(&edges, nei));
		IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	      } else {
		IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
		IGRAPH_CHECK(igraph_vector_push_back(&edges, nei));
	      }
	    }
	  }
	}
      }
      
    } /* while q not empty */
  } /* for i < no_of_nodes */
  
  igraph_vector_destroy(&neis);
  igraph_dqueue_destroy(&q);
  igraph_free(added);
  IGRAPH_FINALLY_CLEAN(3);
  
  IGRAPH_CHECK(igraph_add_edges(graph, &edges, 0));
  
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}







igraph-0.4.2/igraph/igraph_pmt_off.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifdef ATOMIC
#undef ATOMIC
#endif

#ifdef ATOMIC_IO
#undef ATOMIC_IO
#endif

#ifdef BASE
#undef BASE
#endif

#ifdef BASE_EPSILON
#undef BASE_EPSILON
#endif

#ifdef CONCAT2
#undef CONCAT2
#endif

#ifdef CONCAT2x
#undef CONCAT2x
#endif

#ifdef CONCAT3
#undef CONCAT3
#endif

#ifdef CONCAT3x
#undef CONCAT3x
#endif

#ifdef CONCAT4
#undef CONCAT4
#endif

#ifdef CONCAT4x
#undef CONCAT4x
#endif

#ifdef FP
#undef FP
#endif

#ifdef FUNCTION
#undef FUNCTION
#endif

#ifdef IN_FORMAT
#undef IN_FORMAT
#endif

#ifdef MULTIPLICITY
#undef MULTIPLICITY
#endif

#ifdef ONE
#undef ONE
#endif

#ifdef OUT_FORMAT
#undef OUT_FORMAT
#endif

#ifdef SHORT
#undef SHORT
#endif

#ifdef TYPE
#undef TYPE
#endif

#ifdef ZERO
#undef ZERO
#endif







igraph-0.4.2/igraph/cores.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

/**
 * \function igraph_coreness 
 * \brief Finding the coreness of the vertices in a network.
 *
 * The k-core of a graph is a maximal subgraph in which each vertex
 * has at least degree k. (Degree here means the degree in the
 * subgraph of course.). The coreness of a vertex is the highest order 
 * of a k-core containing the vertex.
 * 
 * </para><para>
 * This function implements the algorithm presented in Vladimir
 * Batagelj, Matjaz Zaversnik: An O(m) Algorithm for Cores
 * Decomposition of Networks. 
 * \param graph The input graph.
 * \param cores Pointer to an initialized vector, the result of the
 *        computation will be stored here. It will be resized as
 *        needed. For each vertex it contains the highest order of a
 *        core containing the vertex.
 * \param mode For directed graph it specifies whether to calculate
 *        in-cores, out-cores or the undirected version. It is ignored
 *        for undirected graphs. Possible values: \c IGRAPH_ALL
 *        undirected version, \c IGRAPH_IN in-cores, \c IGRAPH_OUT
 *        out-cores. 
 * \return Error code.
 *
 * Time complexity: O(|E|), the number of edges.
 */

int igraph_coreness(const igraph_t *graph, igraph_vector_t *cores, 
		    igraph_neimode_t mode) {

  long int no_of_nodes=igraph_vcount(graph);
  long int *bin, *vert, *pos;
  long int maxdeg;
  long int i, j=0;
  igraph_vector_t neis;
  igraph_neimode_t omode;
  
  if (mode != IGRAPH_ALL && mode != IGRAPH_OUT && mode != IGRAPH_IN) {
    IGRAPH_ERROR("Invalid mode in k-cores", IGRAPH_EINVAL);
  }
  if (!igraph_is_directed(graph) || mode==IGRAPH_ALL) {
    mode=omode=IGRAPH_ALL;
  } else if (mode==IGRAPH_IN) {
    omode=IGRAPH_OUT;
  } else {
    omode=IGRAPH_IN;
  }

  vert=Calloc(no_of_nodes, long int);
  if (vert==0) {
    IGRAPH_ERROR("Cannot calculate k-cores", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, vert);
  pos=Calloc(no_of_nodes, long int);
  if (pos==0) {
    IGRAPH_ERROR("Cannot calculate k-cores", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, pos);

  /* maximum degree + degree of vertices */
  IGRAPH_CHECK(igraph_degree(graph, cores, igraph_vss_all(), mode, 
			     IGRAPH_LOOPS));
  maxdeg = igraph_vector_max(cores);

  bin=Calloc(maxdeg+1, long int);
  if (bin==0) {
    IGRAPH_ERROR("Cannot calculate k-cores", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, bin);

  /* degree histogram */
  for (i=0; i<no_of_nodes; i++) {
    bin[ (long int)VECTOR(*cores)[i] ] += 1;
  }
  
  /* start pointers */
  j=0;
  for (i=0; i<=maxdeg; i++) {
    long int k=bin[i];
    bin[i] = j;
    j += k;
  }
  
  /* sort in vert (and corrupt bin) */
  for (i=0; i<no_of_nodes; i++) {
    pos[i] = bin[(long int)VECTOR(*cores)[i]];
    vert[pos[i]] = i;
    bin[(long int)VECTOR(*cores)[i]] += 1;
  }
  
  /* correct bin */
  for (i=maxdeg; i>0; i--) {
    bin[i] = bin[i-1];
  }
  bin[0]=0;

  /* this is the main algorithm */
  IGRAPH_VECTOR_INIT_FINALLY(&neis, maxdeg);
  for (i=0; i<no_of_nodes; i++) {
    long int v=vert[i];
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, v, omode));
    for (j=0; j<igraph_vector_size(&neis); j++) {
      long int u=VECTOR(neis)[j];
      if (VECTOR(*cores)[u] > VECTOR(*cores)[v]) {
	long int du=VECTOR(*cores)[u];
	long int pu=pos[u];
	long int pw=bin[du];
	long int w=vert[pw];
	if (u != w) {
	  pos[u]=pw;
	  pos[w]=pu;
	  vert[pu]=w;
	  vert[pw]=u;
	}
	bin[du] += 1;
	VECTOR(*cores)[u] -= 1;
      }
    }
  }
  
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(1);

  igraph_free(bin);
  igraph_free(pos);
  igraph_free(vert);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}







igraph-0.4.2/igraph/cocitation.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

int igraph_cocitation_real(const igraph_t *graph, igraph_matrix_t *res, 
			   igraph_vs_t vids, 
			   igraph_neimode_t mode);

/**
 * \ingroup structural
 * \function igraph_cocitation
 * \brief Cocitation coupling.
 * 
 * </para><para>
 * Two vertices are cocited if there is another vertex citing both of
 * them. \ref igraph_cocitation() simply counts how many types two vertices are
 * cocited.
 * The cocitation score for each given vertex and all other vertices
 * in the graph will be calculated.
 * \param graph The graph object to analyze.
 * \param res Pointer to a matrix, the result of the calculation will
 *        be stored here. The number of its rows is the same as the
 *        number of vertex ids in \p vids, the number of
 *        columns is the number of vertices in the graph.
 * \param vids The vertex ids of the vertices for which the
 *        calculation will be done.
 * \return Error code:
 *         \c IGRAPH_EINVVID: invalid vertex id.
 * 
 * Time complexity: O(|V|d^2), |V| is
 * the number of vertices in the graph,
 * d is the (maximum) degree of 
 * the vertices in the graph.
 *
 * \sa \ref igraph_bibcoupling()
 */

int igraph_cocitation(const igraph_t *graph, igraph_matrix_t *res, 
		      const igraph_vs_t vids) {
  return igraph_cocitation_real(graph, res, vids, IGRAPH_OUT);
}

/**
 * \ingroup structural
 * \function igraph_bibcoupling
 * \brief Bibliographic coupling.
 * 
 * </para><para>
 * The bibliographic coupling of two vertices is the number
 * of other vertices they both cite, \ref igraph_bibcoupling() calculates
 * this.
 * The bibliographic coupling  score for each given vertex and all
 * other vertices in the graph will be calculated.
 * \param graph The graph object to analyze.
 * \param res Pointer to a matrix, the result of the calculation will
 *        be stored here. The number of its rows is the same as the
 *        number of vertex ids in \p vids, the number of
 *        columns is the number of vertices in the graph.
 * \param vids The vertex ids of the vertices for which the
 *        calculation will be done.
 * \return Error code:
 *         \c IGRAPH_EINVVID: invalid vertex id.
 * 
 * Time complexity: O(|V|d^2),
 * |V| is the number of vertices in
 * the graph, d is the (maximum)
 * degree of the vertices in the graph.
 *
 * \sa \ref igraph_cocitation()
 */

int igraph_bibcoupling(const igraph_t *graph, igraph_matrix_t *res, 
		       const igraph_vs_t vids) {
  return igraph_cocitation_real(graph, res, vids, IGRAPH_IN);
}

int igraph_cocitation_real(const igraph_t *graph, igraph_matrix_t *res, 
			   igraph_vs_t vids,
			   igraph_neimode_t mode) {

  long int no_of_nodes=igraph_vcount(graph);
  long int from, i, j;
  igraph_bool_t *calc;
  igraph_matrix_t tmpres=IGRAPH_MATRIX_NULL;
  igraph_vector_t neis=IGRAPH_VECTOR_NULL;
  igraph_vit_t vit;
  
  IGRAPH_CHECK(igraph_vit_create(graph, vids, &vit));
  IGRAPH_FINALLY(igraph_vit_destroy, &vit);

  calc=Calloc(no_of_nodes, igraph_bool_t);
  if (calc==0) {
    IGRAPH_ERROR("cannot calculate cocitation/bibcoupling", IGRAPH_ENOMEM);
  }  
  IGRAPH_FINALLY(free, calc); 	/* TODO: hack */

  for (IGRAPH_VIT_RESET(vit); !IGRAPH_VIT_END(vit); IGRAPH_VIT_NEXT(vit)) {
    calc[ (long int) IGRAPH_VIT_GET(vit) ] = 1;
  }
  
  IGRAPH_MATRIX_INIT_FINALLY(&tmpres, no_of_nodes, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_matrix_resize(res, IGRAPH_VIT_SIZE(vit), no_of_nodes));

  /* The result */
  
  for (from=0; from<no_of_nodes; from++) {
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, from, mode));
    for (i=0; i < igraph_vector_size(&neis)-1; i++) {
      if (calc[ (long int)VECTOR(neis)[i] ]) {
	for (j=i+1; j<igraph_vector_size(&neis); j++) {
	  MATRIX(tmpres, (long int)VECTOR(neis)[i], 
		 (long int)VECTOR(neis)[j]) += 1;
	  MATRIX(tmpres, (long int)VECTOR(neis)[j], 
		 (long int)VECTOR(neis)[i]) += 1;
	}
      }
    }
  }

  /* Copy result */
  for (IGRAPH_VIT_RESET(vit), i=0; 
       !IGRAPH_VIT_END(vit); 
       IGRAPH_VIT_NEXT(vit), i++) {
    for (j=0; j<no_of_nodes; j++) {
      MATRIX(*res, i, j) = MATRIX(tmpres, (long int) IGRAPH_VIT_GET(vit), j);
    }
  }  
  
  /* Clean up */
  igraph_matrix_destroy(&tmpres);
  igraph_vector_destroy(&neis);
  Free(calc);
  igraph_vit_destroy(&vit);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}







igraph-0.4.2/igraph/NetDataTypes.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/* The original version of this file was written by Jörg Reichardt 
   The original copyright notice follows here */

/***************************************************************************
                          NetDataTypes.h  -  description
                             -------------------
    begin                : Mon Oct 6 2003
    copyright            : (C) 2003 by Joerg Reichardt
    email                : reichardt@mitte
 ***************************************************************************/

/***************************************************************************
 *                                                                         *
 *   This program is free software; you can redistribute it and/or modify  *
 *   it under the terms of the GNU General Public License as published by  *
 *   the Free Software Foundation; either version 2 of the License, or     *
 *   (at your option) any later version.                                   *
 *                                                                         *
 ***************************************************************************/
#ifndef NETDATATYPES_H
#define NETDATATYPES_H

#include <string.h>

//###########################################################################################

struct HUGE_INDEX
{
    unsigned int field_index;
    unsigned long in_field_index;
};

template <class DATA> class HugeArray
{
  private:
  unsigned long int size;
  unsigned int highest_field_index;
  unsigned long max_bit_left;
  unsigned long max_index;
  DATA *data;
  DATA *fields[32];
  public:
  HUGE_INDEX get_huge_index(unsigned long);
  DATA &Set(unsigned long);
  DATA Get(unsigned long);
  HugeArray(void);
  ~HugeArray(void);
  DATA &operator[](unsigned long);
  unsigned long Size(void) {return max_index;}
} ;
//###############################################################################################
template <class L_DATA > class DLList;
template <class L_DATA > class DL_Indexed_List;
template <class L_DATA > class ClusterList;
template <class L_DATA > class DLList_Iter;

template <class L_DATA>
class DLItem
{
      friend class DLList<L_DATA> ;
      friend class DL_Indexed_List<L_DATA>;
      friend class DLList_Iter<L_DATA>;
      private:
      L_DATA  item;
      unsigned long index;
      DLItem *previous;
      DLItem *next;
      DLItem(L_DATA i, unsigned long ind);
      DLItem(L_DATA i, unsigned long ind, DLItem<L_DATA> *p, DLItem<L_DATA> *n); 
      ~DLItem();
};

template <class L_DATA >
class DLList
{
  friend class DLList_Iter<L_DATA>;
  protected:
    DLItem<L_DATA>  *head;
    DLItem<L_DATA>  *tail;
    unsigned long number_of_items;
    DLItem<L_DATA> *pInsert(L_DATA, DLItem<L_DATA>*);
    L_DATA pDelete(DLItem<L_DATA>*);
  public:
    DLList(void);
    ~DLList();
    unsigned long Size(void) { return number_of_items; }
    int Insert(L_DATA, unsigned long);
    int Delete(unsigned long);
    int fDelete(L_DATA);
    L_DATA Push(L_DATA);
    L_DATA Pop(void);
    L_DATA Get(unsigned long);
    int Enqueue(L_DATA);
    L_DATA Dequeue(void);
    unsigned long Is_In_List(L_DATA);
};

template <class L_DATA>
class DL_Indexed_List : virtual public DLList<L_DATA>
{
  friend class DLList_Iter<L_DATA>;
  private:
   DLItem<L_DATA> *pInsert(L_DATA, DLItem<L_DATA>*);
   L_DATA pDelete(DLItem<L_DATA>*);
   HugeArray<DLItem<L_DATA>*> array;
   unsigned long last_index;
  public:
      DL_Indexed_List(void);
    ~DL_Indexed_List();
    L_DATA Push(L_DATA);
    L_DATA Pop(void);
    L_DATA Get(unsigned long);
};

//#####################################################################################################

template <class L_DATA> class DLList_Iter
{
    private:
     DLList<L_DATA>  *list;
     DLItem<L_DATA> *current;
     bool end_reached;
    public:
      DLList_Iter(void);
      ~DLList_Iter() {end_reached=true;};
      L_DATA Next(void);
      L_DATA Previous(void);
      L_DATA First(DLList<L_DATA> *l);
      L_DATA Last(DLList<L_DATA> *l);
      bool End(void) {return end_reached;}
      DLItem<L_DATA> *Get_Current(void) {return current;}
      L_DATA Get_Current_Item(void) {return current->item;}
      void Set_Current(DLItem<L_DATA> *c) {current=c;}
      void Set_Status(bool s) {end_reached=s;}
      bool Swap(DLList_Iter<L_DATA>);  //swapt die beiden Elemente, wenn sie in der gleichen Liste stehen!!
 
};

//#####################################################################################################
 struct RGBcolor {
    unsigned int red;
    unsigned int green;
    unsigned int blue;
    char pajek_c[20];
};
//-------------------------------------------------------------------------------

class NLink;

class NNode
{
  friend class NLink;
  private :
    unsigned long index;
    unsigned long cluster_index;
    unsigned long marker, affiliations;
    unsigned long *state_history;
    unsigned int max_states;
    long distance;
    double clustering;
    double weight;
    double affinity;
//    double old_weight;
    
    DLList<NNode*> *neighbours;    //list with pointers to neighbours
    DLList<NLink*> *n_links;
    DLList<NLink*> *global_link_list;
    char name[255];
    RGBcolor color;
  public :
    NNode(unsigned long, unsigned long, DLList<NLink*>*, char*, int);
    ~NNode();
    unsigned long Get_Index(void)  { return(index); }
    unsigned long Get_ClusterIndex(void) { return(cluster_index);}
    unsigned long Get_Marker(void) { return marker;}
    void Set_Marker(unsigned long m) {marker=m;}
    unsigned long Get_Affiliations(void) { return affiliations;}
    void Set_Affiliations(unsigned long m) {affiliations=m;}
    void Set_ClusterIndex(unsigned long ci) { cluster_index=ci; return;}
    void Set_Index(unsigned long i) {index=i; return;}
    unsigned long Get_Degree(void) { return(neighbours->Size());}
    char *Get_Name(void) {return name;}
    void Set_Name(char* n) {strcpy(name,n);}
    double Get_Links_Among_Neigbours(void);
    double Get_Clustering(void);
    double Get_Weight(void) {return weight;}
    double Get_Affinity(void) {return affinity;}
    unsigned long *Get_StateHistory(void) {return state_history;}
    void Add_StateHistory(unsigned int q);
  //  double Get_OldWeight(void) {return old_weight;}
    void Set_Weight(double w) {weight=w;}
    void Set_Affinity(double w) {affinity=w;}

  //  void Set_OldWeight(double w) {old_weight=w;}
    long Get_Distance(void) {return distance;}
    void Set_Distance(long d) {distance=d;}
    int  Connect_To(NNode*, double);
    DLList<NNode*> *Get_Neighbours(void) {return neighbours;}
    DLList<NLink*> *Get_Links(void) {return n_links;}
    int  Disconnect_From(NNode*);
    int  Disconnect_From_All(void);
    bool Is_Linked_To(NNode*);
    RGBcolor Get_Color(void) {return color;}
    void Set_Color(RGBcolor c);
    NLink *Get_LinkToNeighbour(NNode *neighbour);
};

//#####################################################################################################

class NLink
{
  friend class NNode;
  private :
    NNode *start;
    NNode *end;
    double weight;
    double old_weight;
    unsigned long index;
    unsigned long marker;
  public :
    NLink( NNode*, NNode*, double);
    ~NLink();
    unsigned long Get_Start_Index(void)  { return(start->Get_Index()); }
    unsigned long Get_End_Index(void)    { return(end->Get_Index()); }
    NNode *Get_Start(void) {return(start);}
    NNode *Get_End(void) {return(end);}
    double Get_Weight(void) {return weight;}
    void Set_Weight(double w) {weight=w;}
    double Get_OldWeight(void) {return old_weight;}
    void Set_OldWeight(double w) {old_weight=w;}
    unsigned long Get_Marker(void) {return marker;}
    void Set_Marker(unsigned long m) {marker=m;}
    unsigned long Get_Index() {return index;}
    void Set_Index(unsigned long i) {index=i;}
};

//#####################################################################################################

template <class L_DATA>  class ClusterList : public DLList<L_DATA>
{
  friend class DLList_Iter<L_DATA>;
  private:
  long links_out_of_cluster;
  unsigned long links_inside_cluster;
  unsigned long frequency;
  double cluster_energy;
  DLList<L_DATA> *candidates;
  long marker;
  public:
  ClusterList(void);
   ~ClusterList();
  long Get_Links_OOC(void) {return(links_out_of_cluster);}
  void Set_Links_OOC(long looc) {links_out_of_cluster=looc;}
  unsigned long Get_Links_IC(void) {return(links_inside_cluster);}
  unsigned long Get_Frequency(void) {return(frequency);}
  void IncreaseFrequency(void) {frequency++;}
  void Set_Links_IC(unsigned long lic) {links_inside_cluster=lic;}
  double Get_Energy(void) {return (cluster_energy);}
  void Set_Energy(double e) {cluster_energy=e;}
  DLList<L_DATA> *Get_Candidates(void) {return candidates;}
  bool operator<(ClusterList<L_DATA> &b);
  bool operator==(ClusterList <L_DATA> &b);
  long Get_Marker(void) {return marker;}
  void Set_Marker(long m) {marker=m;}  
};
//#####################################################################################################
template <class L_DATA>
class DL_Node_List : virtual public DL_Indexed_List<NNode*>
{
  friend class DLList_Iter<L_DATA>;
  private:
   DLItem<L_DATA> *pInsert(NNode*, DLItem<NNode*>*);
   NNode* pDelete(DLItem<NNode*>*);
   HugeArray<DLItem<NNode*>*> array;
   unsigned long last_index;
  public:
    DL_Node_List(void);
    ~DL_Node_List();
    NNode* Push(NNode*);
    NNode* Pop(void);
    NNode* Get(unsigned long);
    int Delete(unsigned long);

};
//#####################################################################################################



struct cluster_join_move
{
  ClusterList<NNode*> *c1;
  ClusterList<NNode*> *c2;
  double joint_energy;
  long joint_looc;
  unsigned long joint_lic;
} ;

struct network
{
  DL_Indexed_List<NNode*> *node_list;
  DL_Indexed_List<NLink*> *link_list;
  DL_Indexed_List<ClusterList<NNode*>*> *cluster_list;
  DL_Indexed_List<cluster_join_move*> *moveset;
  unsigned long max_k;
  unsigned long min_k;
  unsigned long diameter;
  double av_weight;
  double max_weight;
  double min_weight;
  double sum_weights;
  double av_k;
  double av_bids;
  unsigned long max_bids;
  unsigned long min_bids;
  unsigned long sum_bids;
} ;

/*
struct network
{
  DLList<NNode*> *node_list;
  DLList<NLink*> *link_list;
  DLList<ClusterList<NNode*>*> *cluster_list;
  DLList<cluster_join_move*> *moveset;
} ;
*/

template <class DATA>
HugeArray<DATA>::HugeArray(void)
{
 max_bit_left=1<<31;   //wir setzen das 31. Bit auf 1
 size=2;
 max_index=0;
 highest_field_index=0;
 data=new DATA[2]; //ein extra Platz fuer das Nullelement
 data[0]=0;
 data[1]=0; 
 for (int i=0; i<32; i++) fields[i]=NULL;
 fields[highest_field_index]=data;
}

template <class DATA> HugeArray<DATA>::~HugeArray(void)
{
 for (unsigned int i=0; i<=highest_field_index; i++)
 {
   data=fields[i];
   delete(data);
 }
}

template <class DATA>
HUGE_INDEX HugeArray<DATA>::get_huge_index(unsigned long index)
{
  HUGE_INDEX h_index;
  unsigned int shift_index=0;
  unsigned long help_index;
  help_index=index;
  if (index<2) {
    h_index.field_index=0;
    h_index.in_field_index=index;
    return h_index;
  }
  // wie oft muessen wir help_index nach links shiften, damit das 31. Bit gesetzt ist??
  while (!(max_bit_left & help_index))
  {
    help_index <<= 1;
    shift_index++;
  }
  h_index.field_index=31-shift_index;       // das hoechste  besetzte Bit im Index
  help_index=1 << h_index.field_index;    // in help_index wird das hoechste besetzte Bit von Index gesetzt
  h_index.in_field_index=(index ^ help_index);   // index XOR help_index, womit alle bits unter dem hoechsten erhalten bleiben
  return h_index;
}

template <class DATA>
DATA &HugeArray<DATA>::Set(unsigned long int index)
{
 HUGE_INDEX h_index;
 unsigned long data_size;
 while (size<index+1)
 {
    highest_field_index++;
    data_size=1<<highest_field_index;
    data=new DATA[data_size];
    for (unsigned long i=0; i<data_size; i++)
    {
      data[i]=0;
    }
    size=size+data_size;   //overflow noch abfangen
    //printf("Vergroesserung auf: %u bei index %u\n",size,index);
    fields[highest_field_index]=data;
 }
 h_index=get_huge_index(index);
 //printf("index %lu = %lu . %lu\n",index,h_index.field_index,h_index.in_field_index);
 data=fields[h_index.field_index];
 if (max_index<index) {max_index=index;}
 return(data[h_index.in_field_index]);
}

template <class DATA>
DATA HugeArray<DATA>::Get(unsigned long index)
{
  return(Set(index));
}


template <class DATA>
DATA &HugeArray<DATA>::operator[](unsigned long index)
{
  return(Set(index));
}

                                                                                                                                                                                                                                                                                                                                                                  
//###############################################################################
template <class L_DATA>
DLItem<L_DATA>::DLItem(L_DATA i, unsigned long ind) : item(i), index(ind), previous(0), next(0)
{
}

template <class L_DATA>
DLItem<L_DATA>::DLItem(L_DATA i, unsigned long ind, DLItem<L_DATA> *p, DLItem<L_DATA> *n) : item(i), index(ind), previous(p), next(n)
{
}

template <class L_DATA>
DLItem<L_DATA>::~DLItem()
{
//  delete item;      //eigentlich muessten wir pruefen, ob item ueberhaupt ein Pointer ist...
 //previous=NULL;
 //next=NULL;
}


//######################################################################################################################
template <class L_DATA>
DLList<L_DATA>::DLList(void)
{
   head=tail=NULL;
   number_of_items=0;
   head=new DLItem<L_DATA>(NULL,0);  //fuer head und Tail gibt es das gleiche Array-Element!! Vorsicht!!
   tail=new DLItem<L_DATA>(NULL,0);
   if ( !head || !tail )
     {
      if (head) delete(head);
      if (tail) delete(tail);
      return;
     }  else {
     head->next=tail;
     tail->previous=head;
   }
}

template <class L_DATA>
DLList<L_DATA>::~DLList()
{
  DLItem<L_DATA> *cur=head, *next;
  while (cur)
    {
      next=cur->next;
      delete(cur);
      cur=next;
    }
    number_of_items=0;
  //  printf("Liste Zerstoert!\n");
}
//privates Insert
template <class L_DATA>
DLItem<L_DATA> *DLList<L_DATA>::pInsert(L_DATA data, DLItem<L_DATA> *pos)
{
   DLItem<L_DATA> *i=new DLItem<L_DATA>(data, number_of_items+1, pos->previous, pos);
   if (i)
      {
      pos->previous->next=i;
      pos->previous=i;
      number_of_items++;
      return(i);
      }
   else return(0);
}
//privates delete
template <class L_DATA>
L_DATA DLList<L_DATA>::pDelete(DLItem<L_DATA> *i)
{
  L_DATA data=i->item;
  i->previous->next=i->next;
  i->next->previous=i->previous;
//  array[i->index]=0;
  delete(i);
  number_of_items--;
  return(data);
}
//oeffentliches Insert
template <class L_DATA>
int DLList<L_DATA>::Insert(L_DATA data, unsigned long pos)
{
  if ((pos<0)||(pos>(number_of_items))) return(0);
  DLItem<L_DATA> *cur=head;
  while(pos--) cur=cur->next;
  return(pInsert(data,cur)!=0);
}
//oeffentliche Delete
template <class L_DATA>
int DLList<L_DATA>::Delete(unsigned long pos)
{
  if ((pos<0)||(pos>(number_of_items))) return(0);
  DLItem<L_DATA> *cur=head;
  while(pos--) cur=cur->next;
  return(pDelete(cur)!=0);
}

//oeffentliche Delete
template <class L_DATA>
int DLList<L_DATA>::fDelete(L_DATA data)
{
  if ((number_of_items==0) || (!data)) return(0);
  DLItem<L_DATA> *cur;
  cur=head->next;
  while ((cur!=tail) && (cur->item!=data)) cur=cur->next;
  if (cur!=tail) return(pDelete(cur)!=0);
  return(0);
}

template <class L_DATA>
L_DATA DLList<L_DATA>::Push(L_DATA data)
{
  DLItem<L_DATA> *tmp;
  tmp=pInsert(data,tail);
  if (tmp) return (tmp->item);
  return(0);
}

template <class L_DATA>
L_DATA DLList<L_DATA>::Pop(void)
{
  return(pDelete(tail->previous));
}


template <class L_DATA>
L_DATA DLList<L_DATA>::Get(unsigned long pos)
{
  if ((pos<1)||(pos>(number_of_items+1))) return(0);
//  return(array[pos]->item);
  DLItem<L_DATA> *cur=head;
  while(pos--) cur=cur->next;
  return(cur->item);
}


template <class L_DATA>
int DLList<L_DATA>::Enqueue(L_DATA data)
{
  return(pInsert(data,tail)!=0);
}

template <class L_DATA>
L_DATA DLList<L_DATA>::Dequeue(void)
{
  return(pDelete(head->next));
}

//gibt Index des gesuchte Listenelement zurueck, besser waere eigentlich zeiger
template <class L_DATA>
unsigned long DLList<L_DATA>::Is_In_List(L_DATA data)
{
  DLItem<L_DATA> *cur=head, *next;
  unsigned long pos=0;
  while (cur)
    {
      next=cur->next;
      if (cur->item==data) return(pos) ;
      cur=next;
      pos++;
    }
  return(0);
}

//######################################################################################################################
template <class L_DATA>
DL_Indexed_List<L_DATA>::DL_Indexed_List(void) : DLList<L_DATA>()
{
  last_index=0;
}

template <class L_DATA>
DL_Indexed_List<L_DATA>::~DL_Indexed_List()
{
  DLItem<L_DATA> *cur, *next;
  cur=this->head;
  while (cur)
    {
      next=cur->next;
      delete(cur);
      cur=next;
    }
    this->number_of_items=0;
  //  printf("Liste Zerstoert!\n");
}

//privates Insert
template <class L_DATA>
DLItem<L_DATA> *DL_Indexed_List<L_DATA>::pInsert(L_DATA data, DLItem<L_DATA> *pos)
{
    DLItem<L_DATA> *i=new DLItem<L_DATA>(data, last_index, pos->previous, pos);
   if (i)
      {
      pos->previous->next=i;
      pos->previous=i;
      this->number_of_items++;
      array[last_index]=i;
      last_index++;
      return(i);
      }
   else return(0);
}
//privates delete
template <class L_DATA>
L_DATA DL_Indexed_List<L_DATA>::pDelete(DLItem<L_DATA> *i)
{
  L_DATA data=i->item;
  i->previous->next=i->next;
  i->next->previous=i->previous;
  array[i->index]=0;
  last_index=i->index;
  delete(i);
  this->number_of_items--;
  return(data);
}
template <class L_DATA>
L_DATA DL_Indexed_List<L_DATA>::Push(L_DATA data)
{
  DLItem<L_DATA> *tmp;
  tmp=pInsert(data,this->tail);
  if (tmp) return (tmp->item);
  return(0);
}

template <class L_DATA>
L_DATA DL_Indexed_List<L_DATA>::Pop(void)
{
  return(pDelete(this->tail->previous));
}

template <class L_DATA>
L_DATA DL_Indexed_List<L_DATA>::Get(unsigned long pos)
{
  if ((pos<0)||(pos>(this->number_of_items-1))) return(0);
  return(array[pos]->item);
}

//#######################################################################################

//************************************************************************************************************
template <class L_DATA>
ClusterList<L_DATA>::ClusterList(void) : DLList<L_DATA>()
{
  links_out_of_cluster=0;
  links_inside_cluster=0;
  frequency=1;
  cluster_energy=1e30;
  candidates=new DLList<L_DATA>();
  marker=0;
}

template <class L_DATA>
ClusterList<L_DATA>::~ClusterList() 
{
  while (candidates->Size()) {
    candidates->Pop();
  }
  delete candidates;
}


template <class L_DATA>
bool ClusterList<L_DATA>::operator==(ClusterList<L_DATA> &b)
{
bool found=false;
L_DATA n_cur, n_cur_b;
DLList_Iter<L_DATA> a_iter,b_iter;

if (this->Size()!=b.Size()) return false;

n_cur=a_iter.First(this);
while (!(a_iter.End()))
{
  found=false;
  n_cur_b=b_iter.First(&b);
  while (!(b_iter.End()) && !found)
  {
    if (n_cur==n_cur_b) found=true;
    n_cur_b=b_iter.Next();
  }
  if (!found) return false;
  n_cur=a_iter.Next();
}
return(found);
}
//A<B ist Wahr, wenn A echte Teilmenge von B ist
template <class L_DATA>
bool ClusterList<L_DATA>::operator<(ClusterList<L_DATA> &b)
{
bool found=false;
L_DATA n_cur, n_cur_b;
DLList_Iter<L_DATA> a_iter, b_iter;

if (this->Size()>=b.Size()) return false;
n_cur=a_iter.First(this);
while (!(a_iter.End()))
{
  found=false;
  n_cur_b=b_iter.First(&b);
  while (!(b_iter.End()) && !found)
  {
    if (n_cur==n_cur_b) found=true;
    n_cur_b=b_iter.Next();
  }
  if (!found) return false;
  n_cur=a_iter.Next();
}
return(found);
}

//#####################################################################################
template <class L_DATA>
DLList_Iter<L_DATA>::DLList_Iter()
{
  list=NULL;
  current=NULL;
  end_reached=true;
}

template <class L_DATA>
L_DATA DLList_Iter<L_DATA>::Next(void)
{
  current=current->next;
  if (current==(list->tail)) end_reached=true;
  return(current->item);
}

template <class L_DATA>
L_DATA DLList_Iter<L_DATA>::Previous(void)
{
  current=current->previous;
  if (current==(list->head)) end_reached=true;
  return(current->item);
}

template <class L_DATA>
L_DATA DLList_Iter<L_DATA>::First(DLList<L_DATA> *l)
{
    list=l;
    current=list->head->next;
    if (current==(list->tail)) end_reached=true;
    else end_reached=false;
    return(current->item);
}

template <class L_DATA>
L_DATA DLList_Iter<L_DATA>::Last(DLList<L_DATA> *l)
{
    list=l;
    current=list->tail->previous;
    if (current==(list->head)) end_reached=true;         // falls die List leer ist
    else end_reached=false;
    return(current->item);
}

template <class L_DATA>
bool DLList_Iter<L_DATA>::Swap(DLList_Iter<L_DATA> b)
{
  L_DATA h;
  if (list!=b.list) return false; //elemeten muessen aus der gleichen List stammen
  if (end_reached || b.end_reached) return false;
  h=current->item; current->item=b.current->item; b.current->item=h;
  return true;
} 

#endif








igraph-0.4.2/igraph/games.c


/* -*- mode: C -*-  */
/* 
   IGraph R library.
   Copyright (C) 2003, 2004  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "random.h"
#include "memory.h"

#include <math.h>

/**
 * \section about_games
 * 
 * <para>Games are randomized graph generators. Randomization means that
 * they generate a different graph every time you call them. </para>
 */

/**
 * \ingroup generators
 * \function igraph_barabasi_game
 * \brief Generates a graph based on the Barab&aacute;si-Albert model.
 *
 * \param graph An uninitialized graph object.
 * \param n The number of vertices in the graph.
 * \param m The number of outgoing edges generated for each 
 *        vertex. (Only if \p outseq is \c NULL.) 
 * \param outseq Gives the (out-)degrees of the vertices. If this is
 *        constant, this can be a NULL pointer or an empty (but
 *        initialized!) vector, in this case \p m contains
 *        the constant out-degree. The very first vertex has by definition 
 *        no outgoing edges, so the first number in this vector is 
 *        ignored.
 * \param outpref Boolean, if true not only the in- but also the out-degree
 *        of a vertex increases its citation probability. Ie. the
 *        citation probability is determined by the total degree of
 *        the vertices.
 * \param directed Boolean, whether to generate a directed graph.
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid \p n,
 *         \p m or \p outseq parameter.
 * 
 * Time complexity: O(|V|+|E|), the
 * number of vertices plus the number of edges.
 */

int igraph_barabasi_game(igraph_t *graph, igraph_integer_t n, igraph_integer_t m, 
			 const igraph_vector_t *outseq, igraph_bool_t outpref, 
			 igraph_bool_t directed) {

  long int no_of_nodes=n;
  long int no_of_neighbors=m;
  long int *bag;
  long int bagp;
  long int no_of_edges;
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  
  long int resp=0;

  long int i,j;

  if (n<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (outseq != 0 && igraph_vector_size(outseq) != 0 && igraph_vector_size(outseq) != n) {
    IGRAPH_ERROR("Invalid out degree sequence length", IGRAPH_EINVAL);
  }
  if ( (outseq == 0 || igraph_vector_size(outseq) == 0) && m<0) {
    IGRAPH_ERROR("Invalid out degree", IGRAPH_EINVAL);
  }

  if (outseq==0 || igraph_vector_size(outseq) == 0) {
    no_of_neighbors=m;
    bag=Calloc(no_of_nodes * no_of_neighbors + no_of_nodes +
	       outpref * no_of_nodes * no_of_neighbors,
	       long int);
    no_of_edges=(no_of_nodes-1)*no_of_neighbors;
  } else {
    no_of_edges=0;
    for (i=1; i<igraph_vector_size(outseq); i++) {
      no_of_edges+=VECTOR(*outseq)[i];
    }
    bag=Calloc(no_of_nodes + no_of_edges + outpref * no_of_edges,
	       long int);
  }
  
  if (bag==0) {
    IGRAPH_ERROR("barabasi_game failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, bag); 	/* TODO: hack */
  IGRAPH_VECTOR_INIT_FINALLY(&edges, no_of_edges*2);

  /* The first node */

  bagp=0;
  bag[bagp++]=0;
  
  RNG_BEGIN();

  /* and the others */
  
  for (i=1; i<no_of_nodes; i++) {
    /* draw edges */
    if (outseq != 0 && igraph_vector_size(outseq)!=0) { no_of_neighbors=VECTOR(*outseq)[i]; }
    for (j=0; j<no_of_neighbors; j++) {
      long int to=bag[RNG_INTEGER(0, bagp-1)];
      VECTOR(edges)[resp++] = i;
      VECTOR(edges)[resp++] = to;
    }
    /* update bag */
    bag[bagp++] = i;
    for (j=0; j<no_of_neighbors; j++) {
      bag[bagp++] = VECTOR(edges)[resp-2*j-1];
      if (outpref) {
	bag[bagp++] = i;
      }
    }
  }

  RNG_END();

  Free(bag);
  IGRAPH_CHECK(igraph_create(graph, &edges, n, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(2);

  return 0;
}

/**
 * \ingroup internal
 */

int igraph_erdos_renyi_game_gnp(igraph_t *graph, igraph_integer_t n, igraph_real_t p,
				igraph_bool_t directed, igraph_bool_t loops) {

  long int no_of_nodes=n;
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  igraph_vector_t s=IGRAPH_VECTOR_NULL;
  int retval=0;

  if (n<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (p<0.0 || p>1.0) {
    IGRAPH_ERROR("Invalid probability given", IGRAPH_EINVAL);
  }
  
  if (p==0.0 || no_of_nodes<=1) {
    IGRAPH_CHECK(retval=igraph_empty(graph, n, directed));
  } else if (p==1.0) { 
    IGRAPH_CHECK(retval=igraph_full(graph, n, directed, loops));
  } else {

    long int i;
    double maxedges;
    if (directed && loops) 
      { maxedges = n * n; }
    else if (directed && !loops)
      { maxedges = n * (n-1); }
    else if (!directed && loops) 
      { maxedges = n * (n+1)/2; }
    else 
      { maxedges = n * (n-1)/2; }
    
    IGRAPH_VECTOR_INIT_FINALLY(&s, 0);
    IGRAPH_CHECK(igraph_vector_reserve(&s, maxedges*p*1.1));

    RNG_BEGIN();

    IGRAPH_CHECK(igraph_vector_push_back(&s, RNG_GEOM(p)+1));
    while (igraph_vector_tail(&s) < maxedges) {
      IGRAPH_CHECK(igraph_vector_push_back(&s, igraph_vector_tail(&s)+RNG_GEOM(p)+1));
    }
    if (igraph_vector_tail(&s) > maxedges+1) {
      igraph_vector_pop_back(&s);
    }

    RNG_END();

    IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
    IGRAPH_CHECK(igraph_vector_reserve(&edges, igraph_vector_size(&s)*2));

    if (directed && loops) {
      for (i=0; i<igraph_vector_size(&s); i++) {
	igraph_real_t to=fmod(VECTOR(s)[i], no_of_nodes);
	igraph_real_t from=(VECTOR(s)[i]-to)/no_of_nodes;
	igraph_vector_push_back(&edges, from);
	igraph_vector_push_back(&edges, to);
      }
    } else if (directed && !loops) {
      for (i=0; i<igraph_vector_size(&s); i++) {
	igraph_real_t from=
	  (VECTOR(s)[i]-1 - fmod(VECTOR(s)[i]-1, no_of_nodes-1))/(no_of_nodes-1);
	igraph_real_t to=fmod(VECTOR(s)[i], no_of_nodes-1);
	if (from==to) {
	  to=no_of_nodes-1;
	}
	igraph_vector_push_back(&edges, from);
	igraph_vector_push_back(&edges, to);	
      }
    } else if (!directed && loops) {
      for (i=0; i<igraph_vector_size(&s); i++) {
	igraph_real_t from=ceil((sqrt(8*(VECTOR(s)[i])+1)-1)/2);
	igraph_vector_push_back(&edges, from-1);
	igraph_vector_push_back(&edges, VECTOR(s)[i]-from*(from-1)/2-1);
      }
    } else {
      for (i=0; i<igraph_vector_size(&s); i++) {
	igraph_real_t from=ceil((sqrt(8*VECTOR(s)[i]+1)-1)/2)+1;
	igraph_vector_push_back(&edges, from-1);
	igraph_vector_push_back(&edges, VECTOR(s)[i]-(from-1)*(from-2)/2-1);
      }
    }      

    igraph_vector_destroy(&s);
    IGRAPH_FINALLY_CLEAN(1);
    IGRAPH_CHECK(retval=igraph_create(graph, &edges, n, directed));
    igraph_vector_destroy(&edges);
    IGRAPH_FINALLY_CLEAN(1);
  }

  return retval;
}

int igraph_erdos_renyi_game_gnm(igraph_t *graph, igraph_integer_t n, igraph_real_t m,
				igraph_bool_t directed, igraph_bool_t loops) {

  long int no_of_nodes=n;
  long int no_of_edges=m;
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  igraph_vector_t s=IGRAPH_VECTOR_NULL;
  int retval=0;

  if (n<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (m<0) {
    IGRAPH_ERROR("Invalid number of edges", IGRAPH_EINVAL);
  }
  
  if (m==0.0 || no_of_nodes<=1) {
    IGRAPH_CHECK(retval=igraph_empty(graph, n, directed));
  } else {

    long int i;    
    double maxedges;
    if (directed && loops) 
      { maxedges = n * n; }
    else if (directed && !loops)
      { maxedges = n * (n-1); }
    else if (!directed && loops) 
      { maxedges = n * (n+1)/2; }
    else 
      { maxedges = n * (n-1)/2; }
    
    if (no_of_edges > maxedges) {
      IGRAPH_ERROR("Invalid number (too large) of edges", IGRAPH_EINVAL);
    }
    
    if (maxedges == no_of_edges) {
      retval=igraph_full(graph, n, directed, loops);
    } else {
    
      IGRAPH_VECTOR_INIT_FINALLY(&s, 0);
      IGRAPH_CHECK(igraph_random_sample(&s, 1, maxedges, no_of_edges));
      
      IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
      IGRAPH_CHECK(igraph_vector_reserve(&edges, igraph_vector_size(&s)*2));
      
      if (directed && loops) {
	for (i=0; i<igraph_vector_size(&s); i++) {
	  igraph_vector_push_back(&edges, ((long int)(VECTOR(s)[i]-1))/no_of_nodes);
	  igraph_vector_push_back(&edges, ((long int)(VECTOR(s)[i]-1))%no_of_nodes);
	}
      } else if (directed && !loops) {
	for (i=0; i<igraph_vector_size(&s); i++) {
	  long int from=((long int)(VECTOR(s)[i]-1))/(no_of_nodes-1);
	  long int to=((long int)VECTOR(s)[i])%(no_of_nodes-1);
	  if (from==to) {
	    to=no_of_nodes-1;
	  }
	  igraph_vector_push_back(&edges, from);
	  igraph_vector_push_back(&edges, to);
	}
      } else if (!directed && loops) {
	for (i=0; i<igraph_vector_size(&s); i++) {
	  igraph_real_t from=ceil((sqrt(8*(VECTOR(s)[i])+1)-1)/2);
	  igraph_vector_push_back(&edges, from-1);
	  igraph_vector_push_back(&edges, VECTOR(s)[i]-from*(from-1)/2-1);
	}
      } else {
	for (i=0; i<igraph_vector_size(&s); i++) {
	  igraph_real_t from=ceil((sqrt(8*VECTOR(s)[i]+1)-1)/2)+1;
	  igraph_vector_push_back(&edges, from-1);
	  igraph_vector_push_back(&edges, VECTOR(s)[i]-(from-1)*(from-2)/2-1);
	}
      }  

      igraph_vector_destroy(&s);
      retval=igraph_create(graph, &edges, n, directed);
      igraph_vector_destroy(&edges);
      IGRAPH_FINALLY_CLEAN(2);
    }
  }
  
  return retval;
}

/**
 * \ingroup generators
 * \function igraph_erdos_renyi_game
 * \brief Generates a random (Erdos-Renyi) graph.
 * 
 * \param graph Pointer to an uninitialized graph object.
 * \param type The type of the random graph, possible values:
 *        \clist
 *        \cli IGRAPH_ERDOS_RENYI_GNM
 *          G(n,m) graph,  
 *          m edges are
 *          selected uniformly randomly in a graph with
 *          n vertices.
 *        \cli IGRAPH_ERDOS_RENYI_GNP
 *          G(n,p) graph,
 *          every possible edge is included in the graph with
 *          probability p.
 *        \endclist
 * \param n The number of vertices in the graph.
 * \param p_or_m This is the p parameter for
 *        G(n,p) graphs and the
 *        m 
 *        parameter for G(n,m) graphs.
 * \param directed Logical, whether to generate a directed graph.
 * \param loops Logical, whether to generate loops (self) edges.
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid
 *         \p type, \p n,
 *         \p p or \p m
 *          parameter.
 *         \c IGRAPH_ENOMEM: there is not enought
 *         memory for the operation.
 * 
 * Time complexity: O(|V|+|E|), the
 * number of vertices plus the number of edges in the graph.
 * 
 * \sa \ref igraph_barabasi_game(), \ref igraph_growing_random_game()
 */

int igraph_erdos_renyi_game(igraph_t *graph, igraph_erdos_renyi_t type,
			    igraph_integer_t n, igraph_real_t p_or_m,
			    igraph_bool_t directed, igraph_bool_t loops) {
  int retval=0;
  if (type == IGRAPH_ERDOS_RENYI_GNP) {
    retval=igraph_erdos_renyi_game_gnp(graph, n, p_or_m, directed, loops);
  } else if (type == IGRAPH_ERDOS_RENYI_GNM) {
    retval=igraph_erdos_renyi_game_gnm(graph, n, p_or_m, directed, loops);
  } else {
    IGRAPH_ERROR("Invalid type", IGRAPH_EINVAL);
  }
  
  return retval;
}

int igraph_degree_sequence_game_simple(igraph_t *graph, 
				       const igraph_vector_t *out_seq, 
				       const igraph_vector_t *in_seq) {

  long int outsum=0, insum=0;
  igraph_bool_t directed=(in_seq != 0 && igraph_vector_size(in_seq)!=0);
  long int no_of_nodes, no_of_edges;
  long int *bag1=0, *bag2=0;
  long int bagp1=0, bagp2=0;
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  long int i,j;

  if (igraph_vector_any_smaller(out_seq, 0)) {
    IGRAPH_ERROR("Negative out degree", IGRAPH_EINVAL);
  }
  if (directed && igraph_vector_any_smaller(in_seq, 0)) {
    IGRAPH_ERROR("Negative in degree", IGRAPH_EINVAL);
  }
  if (directed && 
      igraph_vector_size(out_seq) != igraph_vector_size(in_seq)) { 
    IGRAPH_ERROR("Length of `out_seq' and `in_seq' differ for directed graph",
		 IGRAPH_EINVAL);
  }
  
  outsum=igraph_vector_sum(out_seq);
  insum=igraph_vector_sum(in_seq);
  
  if (!directed && outsum % 2 != 0) {
    IGRAPH_ERROR("Total degree not even for undirected graph", IGRAPH_EINVAL);
  }
  
  if (directed && outsum != insum) {
    IGRAPH_ERROR("Total in-degree and out-degree differ for directed graph",
		  IGRAPH_EINVAL);
  }

  no_of_nodes=igraph_vector_size(out_seq);
  if (directed) {
    no_of_edges=outsum;
  } else {
    no_of_edges=outsum/2;
  }

  bag1=Calloc(outsum, long int);
  if (bag1==0) {
    IGRAPH_ERROR("degree sequence game (simple)", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, bag1); 	/* TODO: hack */
    
  for (i=0; i<no_of_nodes; i++) {
    for (j=0; j<VECTOR(*out_seq)[i]; j++) {
      bag1[bagp1++]=i;
    }
  }
  if (directed) {
    bag2=Calloc(insum, long int);
    if (bag2==0) {
      IGRAPH_ERROR("degree sequence game (simple)", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(free, bag2);
    for (i=0; i<no_of_nodes; i++) {
      for (j=0; j<VECTOR(*in_seq)[i]; j++) {
	bag2[bagp2++]=i;
      }
    }
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, no_of_edges));

  RNG_BEGIN();

  if (directed) {
    for (i=0; i<no_of_edges; i++) {
      long int from=RNG_INTEGER(0, bagp1-1);
      long int to=RNG_INTEGER(0, bagp2-1);
      igraph_vector_push_back(&edges, bag1[from]); /* safe, already reserved */
      igraph_vector_push_back(&edges, bag2[to]);   /* detto */
      bag1[from]=bag1[bagp1-1];
      bag2[to]=bag2[bagp2-1];
      bagp1--; bagp2--;
    }
  } else {
    for (i=0; i<no_of_edges; i++) {
      long int from=RNG_INTEGER(0, bagp1-1);
      long int to;
      igraph_vector_push_back(&edges, bag1[from]); /* safe, already reserved */
      bag1[from]=bag1[bagp1-1];
      bagp1--;
      to=RNG_INTEGER(0, bagp1-1);
      igraph_vector_push_back(&edges, bag1[to]);   /* detto */
      bag1[to]=bag1[bagp1-1];
      bagp1--;
    }
  }
  
  RNG_END();

  Free(bag1);
  IGRAPH_FINALLY_CLEAN(1);
  if (directed) {
    Free(bag2);
    IGRAPH_FINALLY_CLEAN(1);
  }

  IGRAPH_CHECK(igraph_create(graph, &edges, no_of_nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/**
 * \ingroup generators
 * \function igraph_degree_sequence_game
 * \brief Generates a random graph with a given degree sequence 
 * 
 * \param graph Pointer to an uninitialized graph object.
 * \param out_deg The degree sequence for an undirected graph (if
 *        \p in_seq is of length zero), or the out-degree
 *        sequence of a directed graph (if \p in_deq is not
 *        of length zero.
 * \param in_deg It is either a zero-length vector or
 *        \c NULL (if an undirected 
 *        graph is generated), or the in-degree sequence.
 * \param method The method to generate the graph. Possible values: 
 *        \c IGRAPH_DEGSEQ_SIMPLE, for undirected graphs this
 *        method puts all vertex ids in a bag, the multiplicity of a
 *        vertex in the bag is the same as its degree. Then it 
 *        draws pairs from the bag, until it is empty. This method can 
 *        generate both loop (self) edges and multiple edges.
 *        For directed graphs, the algorithm is basically the same,
 *        but two separate bags are used for the in- and out-degrees. 
 * \return Error code: 
 *          \c IGRAPH_ENOMEM: there is not enough
 *           memory to perform the operation.
 *          \c IGRAPH_EINVAL: invalid method parameter, or
 *           invalid in- and/or out-degree vectors. The degree vectors
 *           should be non-negative, \p out_deg should sum
 *           up to an even integer for undirected graphs; the length
 *           and sum of \p out_deg and
 *           \p in_deg 
 *           should match for directed graphs.
 * 
 * Time complexity: O(|V|+|E|), the
 * number of vertices plus the number of edges.
 * 
 * \sa \ref igraph_barabasi_game(), \ref igraph_erdos_renyi_game()
 */

int igraph_degree_sequence_game(igraph_t *graph, const igraph_vector_t *out_deg,
				const igraph_vector_t *in_deg, 
				igraph_degseq_t method) {

  int retval;

  if (method==IGRAPH_DEGSEQ_SIMPLE) {
    retval=igraph_degree_sequence_game_simple(graph, out_deg, in_deg);
  } else {
    IGRAPH_ERROR("Invalid degree sequence game method", IGRAPH_EINVAL);
  }

  return retval;
}

/**
 * \ingroup generators
 * \function igraph_growing_random_game
 * \brief Generates a growing random graph.
 *
 * </para><para>
 * This function simulates a growing random graph. In each discrete
 * time step a new vertex is added and a number of new edges are also
 * added. These graphs are known to be different from standard (not
 * growing) random graphs.
 * \param graph Uninitialized graph object.
 * \param n The number of vertices in the graph.
 * \param m The number of edges to add in a time step (ie. after
 *        adding a vertex).
 * \param directed Boolean, whether to generate a directed graph.
 * \param citation Boolean, if \c TRUE, the edges always
 *        originate from the most recently added vertex.
 * \return Error code:
 *          \c IGRAPH_EINVAL: invalid
 *          \p n or \p m
 *          parameter. 
 *
 * Time complexity: O(|V|+|E|), the
 * number of vertices plus the number of edges.
 */
int igraph_growing_random_game(igraph_t *graph, igraph_integer_t n, 
			       igraph_integer_t m, igraph_bool_t directed,
			       igraph_bool_t citation) {

  long int no_of_nodes=n;
  long int no_of_neighbors=m;
  long int no_of_edges;
  igraph_vector_t edges=IGRAPH_VECTOR_NULL;
  
  long int resp=0;

  long int i,j;

  if (n<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (m<0) {
    IGRAPH_ERROR("Invalid number of edges per step (m)", IGRAPH_EINVAL);
  }

  no_of_edges=(no_of_nodes-1) * no_of_neighbors;

  IGRAPH_VECTOR_INIT_FINALLY(&edges, no_of_edges*2);  

  RNG_BEGIN();

  for (i=1; i<no_of_nodes; i++) {
    for (j=0; j<no_of_neighbors; j++) {
      if (citation) {
	long int to=RNG_INTEGER(0, i-1);
	VECTOR(edges)[resp++] = i;
	VECTOR(edges)[resp++] = to;
      } else {
	long int from=RNG_INTEGER(0, i);
	long int to=RNG_INTEGER(1,i);
	VECTOR(edges)[resp++] = from;
	VECTOR(edges)[resp++] = to;
      }
    }
  }

  RNG_END();

  IGRAPH_CHECK(igraph_create(graph, &edges, n, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_callaway_traits_game
 * 
 * </para><para>
 * This function simulates a growing network with vertex types.
 * The different types of vertices prefer to connect other types of
 * vertices with a given probability.</para><para>
 * 
 * </para><para>
 * The simulation goes like this: in each discrete time step a new
 * vertex is added to the graph. The type of this vertex is generated
 * based on \p type_dist. Then two vertices are selected uniformly
 * randomly from the graph. The probability that they will be
 * connected depends on the types of these vertices and is taken from
 * \p pref_matrix. Then another two vertices are selected and this is
 * repeated \p edges_per_step times in each time step.
 * \param graph Pointer to an uninitialized graph.
 * \param nodes The number of nodes in the graph.
 * \param types Number of node types.
 * \param edges_per_step The number of edges to be add per time step.
 * \param type_dist Vector giving the distribution of the vertex
 * types.
 * \param pref_matrix Matrix giving the connection probabilities for
 * the vertex types.
 * \param directed Logical, whether to generate a directed graph.
 * \return Error code. 
 * 
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(|V|e*log(|V|)), |V| is the number of vertices, e
 * is \p edges_per_step.
 */

int igraph_callaway_traits_game (igraph_t *graph, igraph_integer_t nodes, 
				igraph_integer_t types, igraph_integer_t edges_per_step, 
				igraph_vector_t *type_dist,
				igraph_matrix_t *pref_matrix,
				igraph_bool_t directed) {
  long int i, j;
  igraph_vector_t edges;
  igraph_vector_t cumdist;
  igraph_real_t maxcum;
  igraph_vector_t nodetypes;

  /* TODO: parameter checks */

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&cumdist, types+1);
  IGRAPH_VECTOR_INIT_FINALLY(&nodetypes, nodes);
  
  VECTOR(cumdist)[0]=0;
  for (i=0; i<types; i++) {
    VECTOR(cumdist)[i+1] = VECTOR(cumdist)[i]+VECTOR(*type_dist)[i];
  }
  maxcum=igraph_vector_tail(&cumdist);

  RNG_BEGIN();

  for (i=0; i<nodes; i++) {
    igraph_real_t uni=RNG_UNIF(0, maxcum);
    long int type;
    igraph_vector_binsearch(&cumdist, uni, &type);
    VECTOR(nodetypes)[i]=type;
  }    

  for (i=1; i<nodes; i++) {
    for (j=0; j<edges_per_step; j++) {
      long int node1=RNG_INTEGER(0, i);
      long int node2=RNG_INTEGER(0, i);
      long int type1=VECTOR(nodetypes)[node1];
      long int type2=VECTOR(nodetypes)[node2];
/*    printf("unif: %f, %f, types: %li, %li\n", uni1, uni2, type1, type2); */
      if (RNG_UNIF01() < MATRIX(*pref_matrix, type1, type2)) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, node1));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, node2));
      }
    }
  }

  RNG_END();

  igraph_vector_destroy(&nodetypes);
  igraph_vector_destroy(&cumdist);
  IGRAPH_FINALLY_CLEAN(2);
  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_establishment_game
 * \brief Generates a graph with a simple growing model with vertex
 * types 
 * 
 * </para><para>
 * The simulation goes like this: a single vertex is added at each
 * time step. This new vertex tries to connect to \p k vertices in the
 * graph. The probability that such a connection is realized depends
 * on the types of the vertices involved. 
 * 
 * \param graph Pointer to an uninitialized graph.
 * \param nodes The number of vertices in the graph.
 * \param types The number of vertex types.
 * \param k The number of connections tried in each time step.
 * \param type_dist Vector giving the distribution of vertex types.
 * \param pref_matrix Matrix giving the connection probabilities for
 * different vertex types.
 * \param directed Logical, whether to generate a directed graph.
 * \return Error code.
 *
 * Added in version 0.2.</para><para>
 *
 * Time complexity: O(|V|*k*log(|V|)), |V| is the number of vertices
 * and k is the \p k parameter.
 */

int igraph_establishment_game(igraph_t *graph, igraph_integer_t nodes,
			      igraph_integer_t types, igraph_integer_t k,
			      igraph_vector_t *type_dist,
			      igraph_matrix_t *pref_matrix,
			      igraph_bool_t directed) {
  
  long int i, j;
  igraph_vector_t edges;
  igraph_vector_t cumdist;
  igraph_vector_t potneis;
  igraph_real_t maxcum;
  igraph_vector_t nodetypes;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&cumdist, types+1);
  IGRAPH_VECTOR_INIT_FINALLY(&potneis, k);
  IGRAPH_VECTOR_INIT_FINALLY(&nodetypes, nodes);
  
  VECTOR(cumdist)[0]=0;
  for (i=0; i<types; i++) {
    VECTOR(cumdist)[i+1] = VECTOR(cumdist)[i]+VECTOR(*type_dist)[i];
  }
  maxcum=igraph_vector_tail(&cumdist);

  RNG_BEGIN();

  for (i=0; i<nodes; i++) {
    igraph_real_t uni=RNG_UNIF(0, maxcum);
    long int type;
    igraph_vector_binsearch(&cumdist, uni, &type);
    VECTOR(nodetypes)[i]=type;
  }

  for (i=k; i<nodes; i++) {    
    long int type1=VECTOR(nodetypes)[i];
    igraph_random_sample(&potneis, 0, i-1, k);
    for (j=0; j<k; j++) {
      long int type2=VECTOR(nodetypes)[ (long int)VECTOR(potneis)[j] ];
      if (RNG_UNIF01() < MATRIX(*pref_matrix, type1, type2)) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, VECTOR(potneis)[j]));
      }
    }
  }
  
  RNG_END();
  
  igraph_vector_destroy(&nodetypes);
  igraph_vector_destroy(&potneis);
  igraph_vector_destroy(&cumdist);
  IGRAPH_FINALLY_CLEAN(3);
  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_nonlinear_barabasi_game
 * \brief Generates graph with non-linear preferential attachment
 * 
 * </para><para>
 * This function is very similar to \ref igraph_barabasi_game(), only
 * in this game the probability that a new vertex attaches to a given
 * old vertex is not proportional to the degree of the old node, but
 * some power of the degree of the old node.
 * 
 * </para><para>
 * More precisely the attachment probability is the degree to the
 * power of \p power plus \p zeroappeal.
 * 
 * </para><para>
 * This function might generate graphs with multiple edges if the
 * value of \p m is at least two. You can call \ref igraph_simplify()
 * to get rid of the multiple edges. 
 * \param graph Pointer to an uninitialized graph object, the
 *        generated graph will be stored here.
 * \param n The number of vertices in the generated graph.
 * \param power The power of the preferential attachment.
 * \param m The number of edges to generate in each time step, if the
 *        \p outseq parameter is a null vector or a vector with length
 *        zero. It is ignored otherwise.
 * \param outseq The number of edges to generate in each time
 *        step. For directed graphs this is exactly the out-degree of
 *        the vertices. The first element of the vector is ignored. If
 *        this is a null vector or a vector of length zero then it is
 *        ignored and the value of the \p m argument is used.
 * \param outpref Logical constant, if TRUE then the preferential
 *        attachment is based on the total degree of the nodes instead
 *        of the in-degree.
 * \param zeroappeal Positive number, the attachment probability for
 *        vertices with degree zero. 
 * \param directed Logical constant, whether to generate a directed
 *        graph.
 * \return Error code.
 * 
 * Time complexity: O(|V|*m*log(|V|)+|E|), |V| is the number of
 * vertices, |E| is the number of edges and m is the average number of
 * edges added in a time step.
 * 
 * \sa \ref igraph_barabasi_game() for the slightly more efficient
 * implementation of the special case \p power=1.
 */

int igraph_nonlinear_barabasi_game(igraph_t *graph, igraph_integer_t n,
				   igraph_real_t power,
				   igraph_integer_t m,  
				   const igraph_vector_t *outseq,
				   igraph_bool_t outpref,
				   igraph_real_t zeroappeal,
				   igraph_bool_t directed) {
  long int no_of_nodes=n;
  long int no_of_neighbors=m;
  long int no_of_edges;
  igraph_vector_t edges;
  long int i, j;
  igraph_psumtree_t sumtree;
  long int edgeptr=0;
  igraph_vector_t degree;

  if (n<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (outseq != 0 && igraph_vector_size(outseq) != 0 && igraph_vector_size(outseq) != n) {
    IGRAPH_ERROR("Invalid out degree sequence length", IGRAPH_EINVAL);
  }
  if ( (outseq == 0 || igraph_vector_size(outseq) == 0) && m<0) {
    IGRAPH_ERROR("Invalid out degree", IGRAPH_EINVAL);
  }

  if (outseq==0 || igraph_vector_size(outseq) == 0) {
    no_of_neighbors=m;
    no_of_edges=(no_of_nodes-1)*no_of_neighbors;
  } else {
    no_of_edges=0;
    for (i=1; i<igraph_vector_size(outseq); i++) {
      no_of_edges+=VECTOR(*outseq)[i];
    }
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, no_of_edges*2);
  IGRAPH_CHECK(igraph_psumtree_init(&sumtree, no_of_nodes));
  IGRAPH_FINALLY(igraph_psumtree_destroy, &sumtree);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  
  RNG_BEGIN();
  
  /* first node */
  igraph_psumtree_update(&sumtree, 0, zeroappeal);

  /* and the rest */
  for (i=1; i<no_of_nodes; i++) {
    igraph_real_t sum=igraph_psumtree_sum(&sumtree);
    long int to;
    if (outseq != 0 && igraph_vector_size(outseq)!=0) {
      no_of_neighbors=VECTOR(*outseq)[i];
    }
    for (j=0; j<no_of_neighbors; j++) {
      igraph_psumtree_search(&sumtree, &to, RNG_UNIF(0, sum));
      VECTOR(degree)[to]++;
      VECTOR(edges)[edgeptr++] = i;
      VECTOR(edges)[edgeptr++] = to;
    }
    /* update probabilities */
    for (j=0; j<no_of_neighbors; j++) {
      long int n=VECTOR(edges)[edgeptr-2*j-1];
      igraph_psumtree_update(&sumtree, n, 
			     pow(VECTOR(degree)[n], power)+zeroappeal);
    }
    if (outpref) {
      VECTOR(degree)[i] += no_of_neighbors;
      igraph_psumtree_update(&sumtree, i, 
			     pow(VECTOR(degree)[i], power)+zeroappeal);
    } else {
      igraph_psumtree_update(&sumtree, i, zeroappeal);
    }
  }
  
  RNG_END();

  igraph_psumtree_destroy(&sumtree);
  igraph_vector_destroy(&degree);
  IGRAPH_FINALLY_CLEAN(2);

  IGRAPH_CHECK(igraph_create(graph, &edges, n, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_recent_degree_game
 * \brief Stochastic graph generator based on the number of adjacent
 * edges a node has gained recently
 * 
 * \param graph Pointer to an uninitialized graph object.
 * \param n The number of vertices in the graph, this is the same as
 *        the number of time steps. 
 * \param power The exponent, the probability that a node gains a
 *        new edge is proportional to the number of edges it has
 *        gained recently (in the last \p window time steps) to \p
 *        power.
 * \param window Integer constant, the size of the time window to use
 *        to count the number of recent edges.
 * \param m Integer constant, the number of edges to add per time
 *        step if the \p outseq parameter is a null pointer or a
 *        zero-length vector.
 * \param outseq The number of edges to add in each time step. This
 *        argument is ignored if it is a null pointer or a zero length
 *        vector, is this case the constant \p m parameter is used. 
 * \param outpref Logical constant, if true the edges originated by a
 *        vertex also count as recent adjacent edges. It is false in
 *        most cases.
 * \param zero_appeal Constant giving the attractiveness of the
 *        vertices which haven't gained any edge recently. 
 * \param directed Logical constant, whether to generate a directed
 *        graph. 
 * \return Error code.
 * 
 * Time complexity: O(|V|*log(|V|)+|E|), |V| is the number of
 * vertices, |E| is the number of edges in the graph.
 *
 */ 

int igraph_recent_degree_game(igraph_t *graph, igraph_integer_t n,
			      igraph_real_t power,
			      igraph_integer_t window,
			      igraph_integer_t m,  
			      const igraph_vector_t *outseq,
			      igraph_bool_t outpref,
			      igraph_real_t zero_appeal,
			      igraph_bool_t directed) {
  long int no_of_nodes=n;
  long int no_of_neighbors=m;
  long int no_of_edges;
  igraph_vector_t edges;
  long int i, j;
  igraph_psumtree_t sumtree;
  long int edgeptr=0;
  igraph_vector_t degree;
  long int time_window=window;
  igraph_dqueue_t history;

  if (n<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (outseq != 0 && igraph_vector_size(outseq) != 0 && igraph_vector_size(outseq) != n) {
    IGRAPH_ERROR("Invalid out degree sequence length", IGRAPH_EINVAL);
  }
  if ( (outseq == 0 || igraph_vector_size(outseq) == 0) && m<0) {
    IGRAPH_ERROR("Invalid out degree", IGRAPH_EINVAL);
  }

  if (outseq==0 || igraph_vector_size(outseq) == 0) {
    no_of_neighbors=m;
    no_of_edges=(no_of_nodes-1)*no_of_neighbors;
  } else {
    no_of_edges=0;
    for (i=1; i<igraph_vector_size(outseq); i++) {
      no_of_edges+=VECTOR(*outseq)[i];
    }
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, no_of_edges*2);
  IGRAPH_CHECK(igraph_psumtree_init(&sumtree, no_of_nodes));
  IGRAPH_FINALLY(igraph_psumtree_destroy, &sumtree);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  IGRAPH_CHECK(igraph_dqueue_init(&history, 
				  time_window*(no_of_neighbors+1)+10));
  IGRAPH_FINALLY(igraph_dqueue_destroy, &history);
  
  RNG_BEGIN();
  
  /* first node */
  igraph_psumtree_update(&sumtree, 0, zero_appeal);
  igraph_dqueue_push(&history, -1);

  /* and the rest */
  for (i=1; i<no_of_nodes; i++) {
    igraph_real_t sum;
    long int to;
    if (outseq != 0 && igraph_vector_size(outseq)!=0) {
      no_of_neighbors=VECTOR(*outseq)[i];
    }

    if (i>=time_window) {
      while ((j=igraph_dqueue_pop(&history)) != -1) {
	VECTOR(degree)[j] -= 1;
	igraph_psumtree_update(&sumtree, j, 
			       pow(VECTOR(degree)[j], power)+zero_appeal);
      }
    }
    
    sum=igraph_psumtree_sum(&sumtree);
    for (j=0; j<no_of_neighbors; j++) {
      igraph_psumtree_search(&sumtree, &to, RNG_UNIF(0, sum));
      VECTOR(degree)[to]++;
      VECTOR(edges)[edgeptr++] = i;
      VECTOR(edges)[edgeptr++] = to;
      igraph_dqueue_push(&history, to);
    }
    igraph_dqueue_push(&history, -1);

    /* update probabilities */
    for (j=0; j<no_of_neighbors; j++) {
      long int n=VECTOR(edges)[edgeptr-2*j-1];
      igraph_psumtree_update(&sumtree, n,
			     pow(VECTOR(degree)[n], power)+zero_appeal);
    }
    if (outpref) {
      VECTOR(degree)[i] += no_of_neighbors;
      igraph_psumtree_update(&sumtree, i, 
			     pow(VECTOR(degree)[i], power)+zero_appeal);
    } else {
      igraph_psumtree_update(&sumtree, i, zero_appeal);
    }
  }
  
  RNG_END();

  igraph_dqueue_destroy(&history);
  igraph_psumtree_destroy(&sumtree);
  igraph_vector_destroy(&degree);
  IGRAPH_FINALLY_CLEAN(3);

  IGRAPH_CHECK(igraph_create(graph, &edges, n, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_barabasi_aging_game
 * \brief Preferential attachment with aging of vertices
 * 
 * </para><para>
 * In this game, the probability that a node gains a new edge is
 * given by its (in-)degree (k) and age (l). This probability has a
 * degree dependent component multiplied by an age dependent
 * component. The degree dependent part is: \p deg_coef times k to the
 * power of \p pa_exp plus \p zero_deg_appeal; and the age dependent
 * part is \p age_coef times l to the power of \p aging_exp plus \p
 * zero_age_appeal. 
 * 
 * </para><para>
 * The age is based on the number of vertices in the
 * network and the \p aging_bin argument: vertices grew one unit older
 * after each \p aging_bin vertices added to the network.
 * \param graph Pointer to an uninitialized graph object.
 * \param nodes The number of vertices in the graph.
 * \param m The number of edges to add in each time step. If the \p
 *        outseq argument is not a null vector and not a zero-length
 *        vector. 
 * \param outseq The number of edges to add in each time step. If it
 *        is a null pointer or a zero-length vector then it is ignored
 *        and the \p m argument is used instead.
 * \param outpref Logical constant, whether the edges
 *        initiated by a vertex contribute to the probability to gain
 *        a new edge.
 * \param pa_exp The exponent of the preferential attachment, a small
 *        positive number usually, the value 1 yields the classic
 *        linear preferential attachment.
 * \param aging_exp The exponent of the aging, this is a negative
 *        number usually.
 * \param aging_bin Integer constant, the number of vertices to add
 *        before vertices in the network grew one unit older.
 * \param zero_deg_appeal The degree dependent part of the
 *        attractiveness of the zero degree vertices.
 * \param zero_age_appeal The age dependent part of the attractiveness
 *        of the vertices of age zero. This parameter is usually zero.
 * \param deg_coef The coefficient for the degree.
 * \param age_coef The coefficient for the age.
 * \param directed Logical constant, whether to generate a directed
 *        graph. 
 * \return Error code.
 * 
 * Time complexity: O((|V|+|V|/aging_bin)*log(|V|)+|E|). |V| is the number
 * of vertices, |E| the number of edges.
 */

int igraph_barabasi_aging_game(igraph_t *graph, 
			       igraph_integer_t nodes,
			       igraph_integer_t m,
			       const igraph_vector_t *outseq,
			       igraph_bool_t outpref,
			       igraph_real_t pa_exp,
			       igraph_real_t aging_exp,
			       igraph_integer_t aging_bin,
			       igraph_real_t zero_deg_appeal,
			       igraph_real_t zero_age_appeal,
			       igraph_real_t deg_coef,
			       igraph_real_t age_coef,
			       igraph_bool_t directed) {
  long int no_of_nodes=nodes;
  long int no_of_neighbors=m;
  long int binwidth=nodes/aging_bin+1;
  long int no_of_edges;
  igraph_vector_t edges;
  long int i, j, k;
  igraph_psumtree_t sumtree;
  long int edgeptr=0;
  igraph_vector_t degree;

  if (no_of_nodes<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (outseq != 0 && igraph_vector_size(outseq) != 0 && igraph_vector_size(outseq) != no_of_nodes) {
    IGRAPH_ERROR("Invalid out degree sequence length", IGRAPH_EINVAL);
  }
  if ( (outseq == 0 || igraph_vector_size(outseq) == 0) && m<0) {
    IGRAPH_ERROR("Invalid out degree", IGRAPH_EINVAL);
  }
  if (aging_bin <= 0) { 
    IGRAPH_ERROR("Invalid aging bin", IGRAPH_EINVAL);
  }

  if (outseq==0 || igraph_vector_size(outseq) == 0) {
    no_of_neighbors=m;
    no_of_edges=(no_of_nodes-1)*no_of_neighbors;
  } else {
    no_of_edges=0;
    for (i=1; i<igraph_vector_size(outseq); i++) {
      no_of_edges+=VECTOR(*outseq)[i];
    }
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, no_of_edges*2);
  IGRAPH_CHECK(igraph_psumtree_init(&sumtree, no_of_nodes));
  IGRAPH_FINALLY(igraph_psumtree_destroy, &sumtree);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  
  RNG_BEGIN();
  
  /* first node */
  igraph_psumtree_update(&sumtree, 0, zero_deg_appeal*(1+zero_age_appeal));
  
  /* and the rest */
  for (i=1; i<no_of_nodes; i++) {
    igraph_real_t sum;
    long int to;
    if (outseq != 0 && igraph_vector_size(outseq)!=0) {
      no_of_neighbors=VECTOR(*outseq)[i];
    }
    sum=igraph_psumtree_sum(&sumtree);
    for (j=0; j<no_of_neighbors; j++) {
      igraph_psumtree_search(&sumtree, &to, RNG_UNIF(0, sum));
      VECTOR(degree)[to]++;
      VECTOR(edges)[edgeptr++] = i;
      VECTOR(edges)[edgeptr++] = to;
    }
    /* update probabilites */
    for (j=0; j<no_of_neighbors; j++) {
      long int n=VECTOR(edges)[edgeptr-2*j-1];
      long int age=(i-n)/binwidth;
      igraph_psumtree_update(&sumtree, n, 
			     (deg_coef*pow(VECTOR(degree)[n], pa_exp)
			      +zero_deg_appeal)*
			     (age_coef*pow(age+1,aging_exp)+zero_age_appeal));
    }
    if (outpref) {
      VECTOR(degree)[i] += no_of_neighbors;
      igraph_psumtree_update(&sumtree, i, (zero_age_appeal+1)*
			     (deg_coef*pow(VECTOR(degree)[i], pa_exp)
			      +zero_deg_appeal));
    } else { 
      igraph_psumtree_update(&sumtree, i, (1+zero_age_appeal)*zero_deg_appeal);
    }

    /* aging */
    for (k=1; i-binwidth*k+1 >= 1; k++) {
      long int shnode=i-binwidth*k;
      long int deg=VECTOR(degree)[shnode];
      long int age=(i-shnode)/binwidth;
      /* igraph_real_t old=igraph_psumtree_get(&sumtree, shnode); */
      igraph_psumtree_update(&sumtree, shnode,
			     (deg_coef*pow(deg, pa_exp)+zero_deg_appeal) * 
			     (age_coef*pow(age+2, aging_exp)+zero_age_appeal));
    }
  }
  
  RNG_END();
  
  igraph_vector_destroy(&degree);
  igraph_psumtree_destroy(&sumtree);
  IGRAPH_FINALLY_CLEAN(2);

  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/** 
 * \function igraph_recent_degree_aging_game
 * \brief Preferential attachment based on the number of edges gained
 * recently, with aging of vertices
 * 
 * </para><para>
 * This game is very similar to \ref igraph_barabasi_aging_game(),
 * except that instead of the total number of adjacent edges the
 * number of edges gained in the last \p time_window time steps are
 * counted. 
 * 
 * </para><para>The degree dependent part of the attractiveness is
 * given by k to the power of \p pa_exp plus \p zero_appeal; the age
 * dependent part is l to the power to \p aging_exp. 
 * k is the number of edges gained in the last \p time_window time
 * steps, l is the age of the vertex.
 * \param graph Pointer to an uninitialized graph object.
 * \param nodes The number of vertices in the graph.
 * \param m The number of edges to add in each time step. If the \p
 *        outseq argument is not a null vector or a zero-length vector
 *        then it is ignored.
 * \param outseq Vector giving the number of edges to add in each time
 *        step. If it is a null pointer or a zero-length vector then
 *        it is ignored and the \p m argument is used.
 * \param outpref Logical constant, if true the edges initiated by a
 *        vertex are also counted. Normally it is false.
 * \param pa_exp The exponent for the preferential attachment. 
 * \param aging_exp The exponent for the aging, normally it is
 *        negative: old vertices gain edges with less probability.
 * \param aging_bin Integer constant, gives the scale of the aging. 
 *        The age of the vertices is incremented by one after every \p
 *        aging_bin vertex added.
 * \param time_window The time window to use to count the number of 
 *        adjacent edges for the vertices.
 * \param zero_appeal The degree dependent part of the attractiveness
 *        for zero degree vertices.
 * \param directed Logical constant, whether to create a directed
 *        graph. 
 * \return Error code.
 * 
 * Time complexity: O((|V|+|V|/aging_bin)*log(|V|)+|E|). |V| is the number
 * of vertices, |E| the number of edges.
 */

int igraph_recent_degree_aging_game(igraph_t *graph,
				    igraph_integer_t nodes,
				    igraph_integer_t m, 
				    const igraph_vector_t *outseq,
				    igraph_bool_t outpref,
				    igraph_real_t pa_exp,
				    igraph_real_t aging_exp,
				    igraph_integer_t aging_bin,
				    igraph_integer_t time_window,
				    igraph_real_t zero_appeal,
				    igraph_bool_t directed) {
  
  long int no_of_nodes=nodes;
  long int no_of_neighbors=m;
  long int binwidth=nodes/aging_bin+1;
  long int no_of_edges;
  igraph_vector_t edges;
  long int i, j, k;
  igraph_psumtree_t sumtree;
  long int edgeptr=0;
  igraph_vector_t degree;
  igraph_dqueue_t history;
  
  if (no_of_nodes<0) {
    IGRAPH_ERROR("Invalid number of vertices", IGRAPH_EINVAL);
  }
  if (outseq != 0 && igraph_vector_size(outseq) != 0 && igraph_vector_size(outseq) != no_of_nodes) {
    IGRAPH_ERROR("Invalid out degree sequence length", IGRAPH_EINVAL);
  }
  if ( (outseq == 0 || igraph_vector_size(outseq) == 0) && m<0) {
    IGRAPH_ERROR("Invalid out degree", IGRAPH_EINVAL);
  }
  if (aging_bin <= 0) { 
    IGRAPH_ERROR("Invalid aging bin", IGRAPH_EINVAL);
  }

  if (outseq==0 || igraph_vector_size(outseq) == 0) {
    no_of_neighbors=m;
    no_of_edges=(no_of_nodes-1)*no_of_neighbors;
  } else {
    no_of_edges=0;
    for (i=1; i<igraph_vector_size(outseq); i++) {
      no_of_edges+=VECTOR(*outseq)[i];
    }
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, no_of_edges*2);
  IGRAPH_CHECK(igraph_psumtree_init(&sumtree, no_of_nodes));
  IGRAPH_FINALLY(igraph_psumtree_destroy, &sumtree);
  IGRAPH_VECTOR_INIT_FINALLY(&degree, no_of_nodes);
  IGRAPH_CHECK(igraph_dqueue_init(&history, 
				  time_window*(no_of_neighbors+1)+10));
  IGRAPH_FINALLY(igraph_dqueue_destroy, &history);
  
  RNG_BEGIN();
  
  /* first node */
  igraph_psumtree_update(&sumtree, 0, zero_appeal);
  igraph_dqueue_push(&history, -1);
  
  /* and the rest */
  for (i=1; i<no_of_nodes; i++) {
    igraph_real_t sum;
    long int to;
    if (outseq != 0 && igraph_vector_size(outseq)!=0) {
      no_of_neighbors=VECTOR(*outseq)[i];
    }

    if (i>=time_window) {
      while ((j=igraph_dqueue_pop(&history)) != -1) {
	long int age=(i-j)/binwidth;
	VECTOR(degree)[j] -= 1;
	igraph_psumtree_update(&sumtree, j, 
			       (pow(VECTOR(degree)[j], pa_exp)+zero_appeal)*
			       pow(age+1, aging_exp));
      }
    }

    sum=igraph_psumtree_sum(&sumtree);
    for (j=0; j<no_of_neighbors; j++) {
      igraph_psumtree_search(&sumtree, &to, RNG_UNIF(0, sum));
      VECTOR(degree)[to]++;
      VECTOR(edges)[edgeptr++] = i;
      VECTOR(edges)[edgeptr++] = to;
      igraph_dqueue_push(&history, to);
    }
    igraph_dqueue_push(&history, -1);
    
    /* update probabilites */
    for (j=0; j<no_of_neighbors; j++) {
      long int n=VECTOR(edges)[edgeptr-2*j-1];
      long int age=(i-n)/binwidth;
      igraph_psumtree_update(&sumtree, n, 
			     (pow(VECTOR(degree)[n], pa_exp)+zero_appeal)*
			     pow(age+1,aging_exp));
    }
    if (outpref) {
      VECTOR(degree)[i] += no_of_neighbors;
      igraph_psumtree_update(&sumtree, i,
			     pow(VECTOR(degree)[i], pa_exp)+zero_appeal);
    } else { 
      igraph_psumtree_update(&sumtree, i, zero_appeal);
    }

    /* aging */
    for (k=1; i-binwidth*k+1 >= 1; k++) {
      long int shnode=i-binwidth*k;
      long int deg=VECTOR(degree)[shnode];
      long int age=(i-shnode)/binwidth;
      igraph_psumtree_update(&sumtree, shnode,
			     (pow(deg, pa_exp)+zero_appeal) *
			     pow(age+2, aging_exp));
    }
  }
  
  RNG_END();
  
  igraph_dqueue_destroy(&history);
  igraph_vector_destroy(&degree);
  igraph_psumtree_destroy(&sumtree);
  IGRAPH_FINALLY_CLEAN(3);

  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}

/**
 * \function igraph_grg_game
 * \brief Generating geometric random graphs.
 *
 * A geometric random graph is created by dropping points (=vertices)
 * randomly to the unit square and then connecting all those pairs
 * which are less than \c radius apart in Euclidean norm.
 * 
 * </para><para>
 * Original code contributed by Keith Briggs, thanks Keith.
 * \param graph Pointer to an uninitialized graph object,
 * \param nodes The number of vertices in the graph.
 * \param radius The radius within which the vertices will be connected.
 * \param torus Logical constant, if true periodic boundary conditions
 *        will be used, ie. the vertices are assumed to be on a torus 
 *        instead of a square.
 * \return Error code.
 * 
 * Time complexity: TODO, less than O(|V|^2+|E|).
 */
				    
int igraph_grg_game(igraph_t *graph, igraph_integer_t nodes,
		    igraph_real_t radius, igraph_bool_t torus) {
  
  long int i;
  igraph_vector_t x, y, edges;
  igraph_real_t r2=radius*radius;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, nodes));
  IGRAPH_VECTOR_INIT_FINALLY(&x, nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&y, nodes);
  
  RNG_BEGIN();
  
  for (i=0; i<nodes; i++) {
    VECTOR(x)[i]=RNG_UNIF01();
    VECTOR(y)[i]=RNG_UNIF01();
  }
  
  RNG_END();

  igraph_vector_sort(&x);

  if (!torus) {
    for (i=0; i<nodes; i++) {
      igraph_real_t x1=VECTOR(x)[i];
      igraph_real_t y1=VECTOR(y)[i];
      long int j=i+1;
      igraph_real_t dx, dy;
      while ( j<nodes && (dx=VECTOR(x)[j] - x1) < radius) {
	dy=VECTOR(y)[j]-y1;
	if (dx*dx+dy*dy < r2) {
	  IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	  IGRAPH_CHECK(igraph_vector_push_back(&edges, j));
	}
	j++;
      }
    }
  } else { 
    for (i=0; i<nodes; i++) {
      igraph_real_t x1=VECTOR(x)[i];
      igraph_real_t y1=VECTOR(y)[i];
      long int j=i+1;
      igraph_real_t dx, dy;
      while ( j<nodes && (dx=VECTOR(x)[j] - x1) < radius) {
	dy=fabs(VECTOR(y)[j]-y1);
	if (dx > 0.5) {
	  dx=1-dx;
	}
	if (dy > 0.5) {
	  dy=1-dy;
	}
	if (dx*dx+dy*dy < r2) {
	  IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	  IGRAPH_CHECK(igraph_vector_push_back(&edges, j));
	}
	j++;
      }
      if (j==nodes) {
	j=0;      
	while (j<i && (dx=1-x1+VECTOR(x)[j]) < radius && 
	       x1-VECTOR(x)[j]>=radius) {
	  dy=fabs(VECTOR(y)[j]-y1);
	  if (dy > 0.5) {
	    dy=1-dy;
	  }
	  if (dx*dx+dy*dy < r2) {
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	    IGRAPH_CHECK(igraph_vector_push_back(&edges, j));
	  }
	  j++;
	}
      }
    }
  }
  
  igraph_vector_destroy(&y);
  igraph_vector_destroy(&x);
  IGRAPH_FINALLY_CLEAN(2);

  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, IGRAPH_UNDIRECTED));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  
  return 0;
}
  
/**
 * \function igraph_preference_game
 * \brief Generates a graph with vertex types and connection preferences 
 * 
 * </para><para>
 * This is practically the nongrowing variant of \c igraph_establishment_game .
 * A given number of vertices are generated. Every vertex is assigned to a
 * vertex type according to the given type probabilities. Finally, every
 * vertex pair is evaluated and an edge is created between them with a
 * probability depending on the types of the vertices involved.
 * 
 * \param graph Pointer to an uninitialized graph.
 * \param nodes The number of vertices in the graph.
 * \param types The number of vertex types.
 * \param type_dist Vector giving the distribution of vertex types.
 * \param pref_matrix Matrix giving the connection probabilities for
 *   different vertex types.
 * \param node_type_vec A vector where the individual generated vertex types
 *   will be stored. If NULL, the vertex types won't be saved.
 * \param directed Logical, whether to generate a directed graph. If undirected
 *   graphs are requested, only the lower left triangle of the preference
 *   matrix is considered.
 * \param loops Logical, whether loop edges are allowed.
 * \return Error code.
 *
 * Added in version 0.3.</para><para>
 *
 * Time complexity: O(|V|^2), |V| is the number of vertices.
 *
 * \sa igraph_establishment_game()
 */

int igraph_preference_game(igraph_t *graph, igraph_integer_t nodes,
			   igraph_integer_t types,
			   igraph_vector_t *type_dist,
			   igraph_matrix_t *pref_matrix,
			   igraph_vector_t *node_type_vec,
			   igraph_bool_t directed,
			   igraph_bool_t loops) {
  
  long int i, j;
  igraph_vector_t edges;
  igraph_vector_t cumdist;
  igraph_vector_t* nodetypes;
  igraph_real_t maxcum;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&cumdist, types+1);

  if (node_type_vec) {
    IGRAPH_CHECK(igraph_vector_resize(node_type_vec, nodes));
    nodetypes = node_type_vec;
  } else {
    nodetypes = Calloc(1, igraph_vector_t);
    if (nodetypes == 0) {
      IGRAPH_ERROR("preference_game failed", IGRAPH_ENOMEM);
    }
    IGRAPH_VECTOR_INIT_FINALLY(nodetypes, nodes);
  }
  
  VECTOR(cumdist)[0]=0;
  for (i=0; i<types; i++) {
    VECTOR(cumdist)[i+1] = VECTOR(cumdist)[i]+VECTOR(*type_dist)[i];
  }
  maxcum=igraph_vector_tail(&cumdist);

  RNG_BEGIN();

  for (i=0; i<nodes; i++) {
    long int type1;
    igraph_real_t uni1=RNG_UNIF(0, maxcum);
    igraph_vector_binsearch(&cumdist, uni1, &type1);
    VECTOR(*nodetypes)[i] = type1;
  }

  igraph_vector_destroy(&cumdist);
  IGRAPH_FINALLY_CLEAN(1);

  for (i=0; i<nodes; i++) {
    for (j=(directed?0:i); j<nodes; j++) {
      long type1, type2;

      if (!loops && i == j) continue;

      type1=VECTOR(*nodetypes)[i];
      type2=VECTOR(*nodetypes)[j];

      if (RNG_UNIF01() < MATRIX(*pref_matrix, type1, type2)) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, j));
      }
    }
  }
  
  RNG_END();
  
  if (node_type_vec == 0) {
    igraph_vector_destroy(nodetypes);
    Free(nodetypes);
    IGRAPH_FINALLY_CLEAN(1);
  }

  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_asymmetric_preference_game
 * \brief Generates a graph with asymmetric vertex types and connection preferences 
 * 
 * </para><para>
 * This is the asymmetric variant of \ref igraph_preference_game() .
 * A given number of vertices are generated. Every vertex is assigned to an
 * "incoming" and an "outgoing" vertex type according to the given joint
 * type probabilities. Finally, every vertex pair is evaluated and a
 * directed edge is created between them with a probability depending on the
 * "outgoing" type of the source vertex and the "incoming" type of the target
 * vertex.
 * 
 * \param graph Pointer to an uninitialized graph.
 * \param nodes The number of vertices in the graph.
 * \param types The number of vertex types.
 * \param type_dist_matrix Matrix giving the joint distribution of vertex types.
 * \param pref_matrix Matrix giving the connection probabilities for
 * different vertex types.
 * \param node_type_in_vec A vector where the individual generated "incoming"
 *   vertex types will be stored. If NULL, the vertex types won't be saved.
 * \param node_type_out_vec A vector where the individual generated "outgoing"
 *   vertex types will be stored. If NULL, the vertex types won't be saved.
 * \param loops Logical, whether loop edges are allowed.
 * \return Error code.
 *
 * Added in version 0.3.</para><para>
 *
 * Time complexity: O(|V|^2), |V| is the number of vertices.
 *
 * \sa \ref igraph_preference_game()
 */

int igraph_asymmetric_preference_game(igraph_t *graph, igraph_integer_t nodes,
				      igraph_integer_t types,
				      igraph_matrix_t *type_dist_matrix,
				      igraph_matrix_t *pref_matrix,
				      igraph_vector_t *node_type_in_vec,
				      igraph_vector_t *node_type_out_vec,
				      igraph_bool_t loops) {
  
  long int i, j, k;
  igraph_vector_t edges;
  igraph_vector_t cumdist;
  igraph_vector_t *nodetypes_in;
  igraph_vector_t *nodetypes_out;
  igraph_real_t maxcum;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&cumdist, types*types+1);

  if (node_type_in_vec) {
    nodetypes_in=node_type_in_vec;
    IGRAPH_CHECK(igraph_vector_resize(nodetypes_in, nodes));
  } else {
    nodetypes_in = Calloc(1, igraph_vector_t);
    if (nodetypes_in == 0) {
      IGRAPH_ERROR("asymmetric_preference_game failed", IGRAPH_ENOMEM);
    }
    IGRAPH_VECTOR_INIT_FINALLY(nodetypes_in, nodes);
  }
   
  if (node_type_out_vec) {
    nodetypes_out=node_type_out_vec;
    IGRAPH_CHECK(igraph_vector_resize(nodetypes_out, nodes));
  } else {
    nodetypes_out = Calloc(1, igraph_vector_t);
    if (nodetypes_out == 0) {
      IGRAPH_ERROR("asymmetric_preference_game failed", IGRAPH_ENOMEM);
    }
    IGRAPH_VECTOR_INIT_FINALLY(nodetypes_out, nodes);
  }
   
  VECTOR(cumdist)[0]=0;
  for (i=0, k=0; i<types; i++) {
    for (j=0; j<types; j++, k++) {
      VECTOR(cumdist)[k+1] = VECTOR(cumdist)[k]+MATRIX(*type_dist_matrix, i, j);
    }
  }
  maxcum=igraph_vector_tail(&cumdist);

  RNG_BEGIN();

  for (i=0; i<nodes; i++) {
    long int type1;
    igraph_real_t uni1=RNG_UNIF(0, maxcum);
    igraph_vector_binsearch(&cumdist, uni1, &type1);
    VECTOR(*nodetypes_in)[i] = type1 / (int)types;
    VECTOR(*nodetypes_out)[i] = type1 % (int)types;
  }

  igraph_vector_destroy(&cumdist);
  IGRAPH_FINALLY_CLEAN(1);

  for (i=0; i<nodes; i++) {
    for (j=0; j<nodes; j++) {
      long type1, type2;

      if (!loops && i == j) continue;

      type1=VECTOR(*nodetypes_out)[i];
      type2=VECTOR(*nodetypes_in)[j];

      if (RNG_UNIF01() < MATRIX(*pref_matrix, type1, type2)) {
	IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	IGRAPH_CHECK(igraph_vector_push_back(&edges, j));
      }
    }
  }
  
  RNG_END();
  
  if (node_type_out_vec == 0) {
    igraph_vector_destroy(nodetypes_out);
    Free(nodetypes_out);
    IGRAPH_FINALLY_CLEAN(1);
  }
   
  if (node_type_in_vec == 0) {
    igraph_vector_destroy(nodetypes_in);
    Free(nodetypes_in);
    IGRAPH_FINALLY_CLEAN(1);
  }
  
  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, 1));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_rewire_edges
 * \brief Rewire the edges of a graph with constant probability
 * 
 * This function rewires the edges of a graph with a constant
 * probability. More precisely each end point of each edge is rewired
 * to an uniformly randomly chosen vertex with constant probability \p
 * prob.
 * 
 * </para><para> Note that this function modifies the input \p graph,
 * call \ref igraph_copy() if you want to keep it.
 * 
 * \param graph The input graph, this will be rewired, it can be
 *    directed or undirected.
 * \param prob The rewiring probability a constant between zero and
 *    one (inclusive).
 * \return Error code.
 * 
 * \sa \ref igraph_watts_strogatz_game() uses this function for the
 * rewiring.
 * 
 * Time complexity: O(|V|+|E|).
 */

int igraph_rewire_edges(igraph_t *graph, igraph_real_t prob) {

  igraph_t newgraph;
  igraph_vector_t edges;
  long int no_of_edges=igraph_ecount(graph);
  long int no_of_nodes=igraph_vcount(graph);
  long int endpoints=no_of_edges*2;
  long int to_rewire;

  if (prob < 0 || prob > 1) {
    IGRAPH_ERROR("Rewiring probability should be between zero and one",
		 IGRAPH_EINVAL);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, endpoints);
  IGRAPH_CHECK(igraph_get_edgelist(graph, &edges, 0));
  
  /* Now do the rewiring, fast method. 
     Each endpoint of an edge is rewired with probability p.
     So the "skips" between the really rewired endpoints follow a 
     geometric distribution.
  */

  RNG_BEGIN();

  if (prob != 0) {
    to_rewire=RNG_GEOM(prob)+1;
    while (to_rewire <= endpoints) {
      VECTOR(edges)[ to_rewire-1 ] = RNG_INTEGER(0, no_of_nodes-1);
      to_rewire += RNG_GEOM(prob)+1;
    }
  }
  
  RNG_END();
  
  IGRAPH_CHECK(igraph_create(&newgraph, &edges, no_of_nodes, 
			     igraph_is_directed(graph)));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1); 
  
  IGRAPH_FINALLY(igraph_destroy, &newgraph);
  IGRAPH_I_ATTRIBUTE_DESTROY(&newgraph);
  IGRAPH_I_ATTRIBUTE_COPY(&newgraph, graph);
  IGRAPH_FINALLY_CLEAN(1);
  igraph_destroy(graph);
  *graph=newgraph;
  
  return 0;
}

/**
 * \function igraph_watts_strogatz_game
 * \brief The Watts-Strogatz small-world model
 * 
 * This function generates a graph according to the Watts-Strogatz
 * model of small-world networks. The graph is obtained by creating a
 * circular undirected lattice and then rewire the edges randomly with
 * a constant probability.
 * 
 * </para><para>See also: Duncan J Watts and Steven H Strogatz:
 * Collective dynamics of <quote>small world</quote> networks, Nature
 * 393, 440-442, 1998.
 * \param graph The graph to initialize.
 * \param dim The dimension of the lattice.
 * \param size The size of the lattice along each dimension.
 * \param nei The size of the neighborhood for each vertex. This is
 *    the same as the \p nei argument of \ref
 *    igraph_connect_neighborhood(). 
 * \param p The rewiring probability. A real number between zero and
 *   one (inclusive). 
 * \return Error code.
 * 
 * \sa \ref igraph_lattice(), \ref igraph_connect_neighborhood() and
 * \ref igraph_rewire_edges() can be used if more flexibility is
 * needed, eg. a different type of lattice.
 * 
 * Time complexity: O(|V|*d^o+|E|), |V| ans |E| are the number of
 * vertices and edges, d is the average degree, o is the \p nei
 * argument.
 */

int igraph_watts_strogatz_game(igraph_t *graph, igraph_integer_t dim,
			       igraph_integer_t size, igraph_integer_t nei,
			       igraph_real_t p) {
  
  igraph_vector_t dimvector;
  long int i;

  if (dim < 1) {
    IGRAPH_ERROR("WS game: dimension should be at least one", IGRAPH_EINVAL);
  }
  if (size < 1) { 
    IGRAPH_ERROR("WS game: lattice size should be at least one", 
		 IGRAPH_EINVAL);
  }
  if (p < 0 || p > 1) {
    IGRAPH_ERROR("WS game: rewiring probability should be between 0 and 1",
		 IGRAPH_EINVAL);
  }

  /* Create the lattice first */

  IGRAPH_VECTOR_INIT_FINALLY(&dimvector, dim);
  for (i=0; i<dim; i++) {
    VECTOR(dimvector)[i] = size;
  }
  
  IGRAPH_CHECK(igraph_lattice(graph, &dimvector, nei, IGRAPH_UNDIRECTED,
			      0 /* mutual */, 1 /* circular */));
  igraph_vector_destroy(&dimvector);
  IGRAPH_FINALLY_CLEAN(1);
  IGRAPH_FINALLY(igraph_destroy, graph);
  
  /* Rewire the edges then */

  IGRAPH_CHECK(igraph_rewire_edges(graph, p));

  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_lastcit_game
 * 
 * This is a quite special stochastic graph generator, it models an
 * evolving graph. In each time step a single vertex is added to the 
 * network and it cites a number of other vertices (as specified by 
 * the \p edges_per_step argument). The cited vertices are selected
 * based on the last time they were cited. Time is mesaured by the 
 * addition of vertices and it is binned into \p pagebins bins. 
 * So if the current time step is \c t and the last citation to a 
 * given \c i vertex was made in time step \c t0, then \c
 * (t-t0)/binwidth is calculated where binwidth is \c nodes/pagebins+1,
 * in the last expression '/' denotes integer division, so the
 * fraction part is omitted. 
 * 
 * </para><para>
 * The \p preference argument specifies the preferences for the
 * citation lags, ie. its first elements contains the attractivity 
 * of the very recently cited vertices, etc. The last element is
 * special, it contains the attractivity of the vertices which were
 * never cited. This element should be bigger than zero.
 * 
 * </para><para>
 * Note that this function generates networks with multiple edges if 
 * \p edges_per_step is bigger than one, call \ref igraph_simplify()
 * on the result to get rid of these edges.
 * \param graph Pointer to an uninitialized graph object, the result
 *     will be stored here.
 * \param node The number of vertices in the network.
 * \param edges_per_node The number of edges to add in each time
 *     step. 
 * \param pagebins The number of age bins to use.
 * \param preference Pointer to an initialized vector of length
 *     \c pagebins+1. This contains the `attractivity' of the various
 *     age bins, the last element is the attractivity of the vertices 
 *     which were never cited, and it should be greater than zero.
 *     It is a good idea to have all positive values in this vector.
 * \param directed Logical constant, whether to create directed
 *      networks. 
 * \return Error code.
 * 
 * \sa \ref igraph_barabasi_aging_game().
 * 
 * Time complexity: O(|V|*a+|E|*log|V|), |V| is the number of vertices,
 * |E| is the total number of edges, a is the \p pagebins parameter.
 */
  
int igraph_lastcit_game(igraph_t *graph, 
			igraph_integer_t nodes, igraph_integer_t edges_per_node, 
			igraph_integer_t pagebins,
			const igraph_vector_t *preference,
			igraph_bool_t directed) {

  long int no_of_nodes=nodes;
  igraph_psumtree_t sumtree;
  igraph_vector_t edges;
  long int i, j, k;
  long int *lastcit;
  long int *index;
  long int agebins=pagebins;
  long int binwidth=no_of_nodes/agebins+1;

  if (agebins != igraph_vector_size(preference)-1) {
    IGRAPH_ERROR("`preference' vector should be of length `agebins' plus one",
		 IGRAPH_EINVAL);
  }
  if (agebins <=1 ) {
    IGRAPH_ERROR("at least two age bins are need for lastcit game",
		 IGRAPH_EINVAL);
  }
  if (VECTOR(*preference)[agebins] <= 0) {
    IGRAPH_ERROR("the last element of the `preference' vector needs to be positive",
		 IGRAPH_EINVAL);
  }
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  lastcit=Calloc(no_of_nodes, long int);
  if (!lastcit) {
    IGRAPH_ERROR("lastcit game failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, lastcit);

  index=Calloc(no_of_nodes+1, long int);
  if (!index) {
    IGRAPH_ERROR("lastcit game failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, index);

  IGRAPH_CHECK(igraph_psumtree_init(&sumtree, nodes));
  IGRAPH_FINALLY(igraph_psumtree_destroy, &sumtree);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, nodes*edges_per_node));  
  
  /* The first node */
  igraph_psumtree_update(&sumtree, 0, VECTOR(*preference)[agebins]);
  index[0]=0;
  index[1]=0;

  RNG_BEGIN();

  for (i=1; i<no_of_nodes; i++) {

    /* Add new edges */
    for (j=0; j<edges_per_node; j++) {
      long int to;
      igraph_real_t sum=igraph_psumtree_sum(&sumtree);
      igraph_psumtree_search(&sumtree, &to, RNG_UNIF(0, sum));
      igraph_vector_push_back(&edges, i);
      igraph_vector_push_back(&edges, to);
      lastcit[to]=i+1;
      igraph_psumtree_update(&sumtree, to, VECTOR(*preference)[0]);
    }

    /* Add the node itself */
    igraph_psumtree_update(&sumtree, i, VECTOR(*preference)[agebins]);
    index[i+1]=index[i]+edges_per_node;

    /* Update the preference of some vertices if they got to another bin.
       We need to know the citations of some older vertices, this is in the index. */
    for (k=1; i-binwidth*k >= 1; k++) {
      long int shnode=i-binwidth*k;
      long int m=index[shnode], n=index[shnode+1];
      for (j=2*m; j<2*n; j+=2) {
	long int cnode=VECTOR(edges)[j+1];
	if (lastcit[cnode]==shnode+1) {
	  igraph_psumtree_update(&sumtree, cnode, VECTOR(*preference)[k]);
	}
      }
    }
    
  }
  
  RNG_END();
  
  igraph_psumtree_destroy(&sumtree);
  igraph_free(index);
  igraph_free(lastcit);
  IGRAPH_FINALLY_CLEAN(3);
  
  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_cited_type_game
 * 
 * Function to create a network based on some vertex categories. This
 * function creates a citation network, in each step a single vertex
 * and \p edges_per_step citating edges are added, nodes with
 * different categories (may) have different probabilities to get
 * cited, as given by the \p pref vector.
 *
 * </para><para>
 * Note that this function might generate networks with multiple edges 
 * if \p edges_per_step is greater than one. You might want to call
 * \ref igraph_simplify() on the result to remove multiple edges.
 * \param graph Pointer to an uninitialized graph object.
 * \param nodes The number of vertices in the network.
 * \param types Numeric vector giving the categories of the vertices,
 *     so it should contain \p nodes non-negative integer
 *     numbers. Types are numbered from zero.
 * \param pref The attractivity of the different vertex categories in
 *     a vector. Its length should be the maximum element in \p types
 *     plus one (types are numbered from zero).
 * \param edges_per_step Integer constant, the number of edges to add
 *     in each time step.
 * \param directed Logical constant, whether to create a directed
 *     network. 
 * \return Error code.
 * 
 * \sa \ref igraph_citing_cited_type_game() for a bit more general
 * game. 
 * 
 * Time complexity: O((|V|+|E|)log|V|), |V| and |E| are number of
 * vertices and edges, respectively.
 */

int igraph_cited_type_game(igraph_t *graph, igraph_integer_t nodes,
			   const igraph_vector_t *types,
			   const igraph_vector_t *pref,
			   igraph_integer_t edges_per_step,
			   igraph_bool_t directed) {
  
  igraph_vector_t edges;
  igraph_vector_t cumsum;
  igraph_real_t sum;
  long int i,j;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&cumsum, 2);
  IGRAPH_CHECK(igraph_vector_reserve(&cumsum, nodes+1));
  IGRAPH_CHECK(igraph_vector_reserve(&edges, nodes*edges_per_step));
  
  /* first node */
  VECTOR(cumsum)[0]=0;
  sum=VECTOR(cumsum)[1]=VECTOR(*pref)[ (long int) VECTOR(*types)[0] ];
  
  RNG_BEGIN();

  for (i=1; i<nodes; i++) {
    for (j=0; j<edges_per_step; j++) {
      long int to;
      igraph_vector_binsearch(&cumsum, RNG_UNIF(0, sum), &to);
      igraph_vector_push_back(&edges, i);
      igraph_vector_push_back(&edges, to);
    }
    sum+=VECTOR(*pref)[(long int) VECTOR(*types)[i] ];
    igraph_vector_push_back(&cumsum, sum);
  }
  
  RNG_END();

  igraph_vector_destroy(&cumsum);
  IGRAPH_FINALLY_CLEAN(1);
  IGRAPH_CHECK(igraph_create(graph, &edges, nodes, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}


typedef struct {
  long int no;
  igraph_psumtree_t *sumtrees;
} igraph_i_citing_cited_type_game_struct_t;

void igraph_i_citing_cited_type_game_free(igraph_i_citing_cited_type_game_struct_t *s) {
  long int i;
  if (!s->sumtrees) { return; }
  for (i=0; i<s->no; i++) {
    igraph_psumtree_destroy(&s->sumtrees[i]);
  }
}

/**
 * \function igraph_citing_cited_type_game
 *
 * This game is similar to \ref igraph_cited_type_game() but here the
 * category of the citing vertex is also considered. 
 * 
 * </para><para>
 * An evolving citation network is modeled here, a single vertex and
 * its \p edges_per_step citation are added in each time step. The 
 * odds the a given vertex is cited by the new vertex depends on the 
 * category of both the citing and the cited vertex and is given in
 * the \p pref matrix. The categories of the citing vertex correspond
 * to the rows, the categories of the cited vertex to the columns of
 * this matrix. Ie. the element in row \c i and column \c j gives the
 * probability that a \c j vertex is cited, if the category of the
 * citing vertex is \c i.
 * 
 * </para><para>
 * Note that this function might generate networks with multiple edges 
 * if \p edges_per_step is greater than one. You might want to call
 * \ref igraph_simplify() on the result to remove multiple edges.
 * \param graph Pointer to an uninitialized graph object.
 * \param nodes The number of vertices in the network.
 * \param types A numeric matrix of length \p nodes, containing the
 *    categories of the vertices. The categories are numbered from
 *    zero.
 * \param pref The preference matrix, a square matrix is required, 
 *     both the number of rows and columns should be the maximum
 *     element in \p types plus one (types are numbered from zero).
 * \param directed Logical constant, whether to create a directed
 *     network.
 * \return Error code.
 * 
 * Time complexity: O((|V|+|E|)log|V|), |V| and |E| are number of
 * vertices and edges, respectively.
 */

int igraph_citing_cited_type_game(igraph_t *graph, igraph_integer_t nodes,
				  const igraph_vector_t *types,
				  const igraph_matrix_t *pref,
				  igraph_integer_t edges_per_step,
				  igraph_bool_t directed) {

  igraph_vector_t edges;
  igraph_i_citing_cited_type_game_struct_t str = { 0, 0 };
  igraph_psumtree_t *sumtrees;
  igraph_vector_t sums;
  long int nocats=igraph_matrix_ncol(pref);
  long int i, j;
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges,0);
  str.sumtrees=sumtrees=Calloc(nocats, igraph_psumtree_t);  
  if (!sumtrees) {
    IGRAPH_ERROR("Citing-cited type game failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_i_citing_cited_type_game_free, &str);
  
  for (i=0; i<nocats; i++) {
    IGRAPH_CHECK(igraph_psumtree_init(&sumtrees[i], nodes));
    str.no++;    
  }
  IGRAPH_VECTOR_INIT_FINALLY(&sums, nocats);
					       
  IGRAPH_CHECK(igraph_vector_reserve(&edges, nodes*edges_per_step));

  /* First node */
  for (i=0; i<nocats; i++) {
    long int type=VECTOR(*types)[0];
    igraph_psumtree_update(&sumtrees[i], 0, MATRIX(*pref, i, type));
    VECTOR(sums)[i]=MATRIX(*pref, i, type);
  }

  RNG_BEGIN();
    
  for (i=1; i<nodes; i++) {
    long int type=VECTOR(*types)[i];
    igraph_real_t sum=VECTOR(sums)[type];
    for (j=0; j<edges_per_step; j++) {
      long int to;
      igraph_psumtree_search(&sumtrees[type], &to, RNG_UNIF(0, sum));
      igraph_vector_push_back(&edges, i);
      igraph_vector_push_back(&edges, to);
    }
    
    /* add i */
    for (j=0; j<nocats; j++) {
      igraph_psumtree_update(&sumtrees[j], i, MATRIX(*pref, j,  type));
      VECTOR(sums)[j] += MATRIX(*pref, j, type);
    }
  }

  RNG_END();
  
  igraph_i_citing_cited_type_game_free(&str);
  IGRAPH_FINALLY_CLEAN(1);
  
  igraph_create(graph, &edges, nodes, directed);
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}







igraph-0.4.2/igraph/layout.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2003, 2004, 2005, 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "random.h"
#include "memory.h"
#include <math.h>

int igraph_i_layout_sphere_2d(igraph_matrix_t *coords, igraph_real_t *x, igraph_real_t *y,
			      igraph_real_t *r);
int igraph_i_layout_sphere_3d(igraph_matrix_t *coords, igraph_real_t *x, igraph_real_t *y,
			      igraph_real_t *z, igraph_real_t *r);

/**
 * \section about_layouts
 * 
 * <para>Layout generator functions (or at least most of them) try to place the
 * vertices and edges of a graph on a 2D plane or in 3D space in a way
 * which visually pleases the human eye.</para>
 *
 * <para>They take a graph object and a number of parameters as arguments
 * and return an \type igraph_matrix_t, in which each row gives the
 * coordinates of a vertex.</para>
 */

/**
 * \ingroup layout
 * \function igraph_layout_random
 * \brief Places the vertices uniform randomly on a plane.
 * 
 * \param graph Pointer to an initialized graph object.
 * \param res Pointer to an initialized graph object. This will
 *        contain the result and will be resized in needed.
 * \return Error code. The current implementation always returns with
 * success. 
 * 
 * Time complexity: O(|V|), the
 * number of vertices. 
 */

int igraph_layout_random(const igraph_t *graph, igraph_matrix_t *res) {

  long int no_of_nodes=igraph_vcount(graph);
  long int i;

  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 2));

  RNG_BEGIN();

  for (i=0; i<no_of_nodes; i++) {
    MATRIX(*res, i, 0)=RNG_UNIF(-1, 1);
    MATRIX(*res, i, 1)=RNG_UNIF(-1, 1);
  }

  RNG_END();
  
  return 0;
}

/**
 * \function igraph_layout_random_3d
 * \brief Random layout in 3D
 * 
 * \param graph The graph to place.
 * \param res Pointer to an initialized matrix object. It will be
 * resized to hold the result.
 * \return Error code. The current implementation always returns with
 * success. 
 *
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(|V|), the number of vertices.
 */

int igraph_layout_random_3d(const igraph_t *graph, igraph_matrix_t *res) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int i;
  
  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 3));
  
  RNG_BEGIN();
  
  for (i=0; i<no_of_nodes; i++) {
    MATRIX(*res, i, 0)=RNG_UNIF(-1, 1);
    MATRIX(*res, i, 1)=RNG_UNIF(-1, 1);
    MATRIX(*res, i, 2)=RNG_UNIF(-1, 1);
  }
  
  RNG_END();
  
  return 0;
}

/**
 * \ingroup layout
 * \function igraph_layout_circle
 * \brief Places the vertices uniformly on a circle, in the order of
 * vertex ids.
 * 
 * \param graph Pointer to an initialized graph object.
 * \param res Pointer to an initialized graph object. This will
 *        contain the result and will be resized in needed.
 * \return Error code.
 * 
 * Time complexity: O(|V|), the
 * number of vertices. 
 */

int igraph_layout_circle(const igraph_t *graph, igraph_matrix_t *res) {

  long int no_of_nodes=igraph_vcount(graph);
  long int i;

  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 2));  

  for (i=0; i<no_of_nodes; i++) {
    igraph_real_t phi=2*M_PI/no_of_nodes*i;
    MATRIX(*res, i, 0)=cos(phi);
    MATRIX(*res, i, 1)=sin(phi);
  }
  
  return 0;
}

/**
 * \function igraph_layout_sphere
 * \brief Places vertices (more or less) uniformly on a sphere.
 *
 * </para><para> 
 * The algorithm was described in the following paper:
 * Distributing many points on a sphere by E.B. Saff and
 * A.B.J. Kuijlaars, \emb Mathematical Intelligencer \eme 19.1 (1997)
 * 5--11.  
 * 
 * \param graph Pointer to an initialized graph object.
 * \param res Pointer to an initialized matrix object, the will be
 * stored here. It will be resized.
 * \return Error code. The current implementation always returns with
 * success. 
 * 
 * Added in version 0.2.</para><para>
 *
 * Time complexity: O(|V|), the number of vertices in the graph.
 */

int igraph_layout_sphere(const igraph_t *graph, igraph_matrix_t *res) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int i;
  igraph_real_t h;
  
  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 3));

  if (no_of_nodes != 0) {
    MATRIX(*res, 0, 0)=M_PI;
    MATRIX(*res, 0, 1)=0;
  }
  for (i=1; i<no_of_nodes-1; i++) {
    h = -1 + 2*i/(double)(no_of_nodes-1);
    MATRIX(*res, i, 0) = acos(h);
    MATRIX(*res, i, 1) = fmod((MATRIX(*res, i-1, 1) +
			       3.6/sqrt(no_of_nodes*(1-h*h))), 2*M_PI);
    IGRAPH_ALLOW_INTERRUPTION();
  }
  if (no_of_nodes >=2) {
    MATRIX(*res, no_of_nodes-1, 0)=0;
    MATRIX(*res, no_of_nodes-1, 1)=0;
  }

  for (i=0; i<no_of_nodes; i++) {
    igraph_real_t x=cos(MATRIX(*res, i, 1))*sin(MATRIX(*res, i, 0));
    igraph_real_t y=sin(MATRIX(*res, i, 1))*sin(MATRIX(*res, i, 0));
    igraph_real_t z=cos(MATRIX(*res, i, 0));
    MATRIX(*res, i, 0)=x;
    MATRIX(*res, i, 1)=y;
    MATRIX(*res, i, 2)=z;
    IGRAPH_ALLOW_INTERRUPTION();
  }
  
  return 0;
}

/**
 * \ingroup layout
 * \function igraph_layout_fruchterman_reingold
 * \brief Places the vertices on a plane according to the
 * Fruchterman-Reingold algorithm.
 *
 * </para><para>
 * This is a force-directed layout, see Fruchterman, T.M.J. and
 * Reingold, E.M.: Graph Drawing by Force-directed Placement.
 * Software -- Practice and Experience, 21/11, 1129--1164,
 * 1991. 
 * This function was ported from the SNA R package.
 * \param graph Pointer to an initialized graph object.
 * \param res Pointer to an initialized matrix object. This will
 *        contain the result and will be resized in needed.
 * \param niter The number of iterations to do.
 * \param maxdelta The maximum distance to move a vertex in an
 *        iteration.
 * \param area The area parameter of the algorithm.
 * \param coolexp The cooling exponent of the simulated annealing.
 * \param repulserad Determines the radius at which
 *        vertex-vertex repulsion cancels out attraction of
 *        adjacent vertices.
 * \param use_seed Logical, if true the supplied values in the
 *        \p res argument are used as an initial layout, if
 *        false a random initial layout is used.
 * \return Error code.
 * 
 * Time complexity: O(|V|^2) in each
 * iteration, |V| is the number of
 * vertices in the graph. 
 */

int igraph_layout_fruchterman_reingold(const igraph_t *graph, igraph_matrix_t *res,
				       igraph_integer_t niter, igraph_real_t maxdelta,
				       igraph_real_t area, igraph_real_t coolexp, 
				       igraph_real_t repulserad, igraph_bool_t use_seed) {
  igraph_real_t frk,t,ded,xd,yd;
  igraph_real_t rf,af;
  long int i,j,k;

  long int no_of_nodes=igraph_vcount(graph);
  igraph_matrix_t dxdy=IGRAPH_MATRIX_NULL;
  igraph_eit_t edgeit;
  igraph_integer_t from, to;
  
  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 2));
  if (!use_seed) {
    IGRAPH_CHECK(igraph_layout_random(graph, res));
  }
  IGRAPH_MATRIX_INIT_FINALLY(&dxdy, no_of_nodes, 2);

  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(0), &edgeit));
  IGRAPH_FINALLY(igraph_eit_destroy, &edgeit);
  
  frk=sqrt(area/no_of_nodes);

  for(i=niter;i>0;i--) {
    /* Report progress in approx. every 100th step */
    if (i%10 == 0)
      igraph_progress("Fruchterman-Reingold layout: ",
		      100.0-100.0*i/niter, NULL);
    
    /* Set the temperature (maximum move/iteration) */
    t=maxdelta*pow(i/(double)niter,coolexp);
    /* Clear the deltas */
    igraph_matrix_null(&dxdy);
    /* Increment deltas for each undirected pair */
    for(j=0;j<no_of_nodes;j++) {
      IGRAPH_ALLOW_INTERRUPTION();
      for(k=j+1;k<no_of_nodes;k++){
        /* Obtain difference vector */
        xd=MATRIX(*res, j, 0)-MATRIX(*res, k, 0);
        yd=MATRIX(*res, j, 1)-MATRIX(*res, k, 1);
        ded=sqrt(xd*xd+yd*yd);  /* Get dyadic euclidean distance */
        xd/=ded;                /* Rescale differences to length 1 */
        yd/=ded;
        /* Calculate repulsive "force" */
        rf=frk*frk*(1.0/ded-ded*ded/repulserad);
        MATRIX(dxdy, j, 0)+=xd*rf; /* Add to the position change vector */
        MATRIX(dxdy, k, 0)-=xd*rf;
        MATRIX(dxdy, j, 1)+=yd*rf;
        MATRIX(dxdy, k, 1)-=yd*rf;
      }
    }
    /* Calculate the attractive "force" */
    IGRAPH_EIT_RESET(edgeit);
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &from, &to);
      j=from; 
      k=to;
      xd=MATRIX(*res, j, 0)-MATRIX(*res, k, 0);
      yd=MATRIX(*res, j, 1)-MATRIX(*res, k, 1);
      ded=sqrt(xd*xd+yd*yd);  /* Get dyadic euclidean distance */
      if (ded != 0) {
	xd/=ded;                /* Rescale differences to length 1 */
	yd/=ded;
      }
      af=ded*ded/frk;
      MATRIX(dxdy, j, 0)-=xd*af; /* Add to the position change vector */
      MATRIX(dxdy, k, 0)+=xd*af;
      MATRIX(dxdy, j, 1)-=yd*af;
      MATRIX(dxdy, k, 1)+=yd*af;
      IGRAPH_EIT_NEXT(edgeit);
    }
    
    /* Dampen motion, if needed, and move the points */   
    for(j=0;j<no_of_nodes;j++){
      ded=sqrt(MATRIX(dxdy, j, 0)*MATRIX(dxdy, j, 0)+
	       MATRIX(dxdy, j, 1)*MATRIX(dxdy, j, 1));    
      if(ded>t){		/* Dampen to t */
        ded=t/ded;
        MATRIX(dxdy, j, 0)*=ded;
        MATRIX(dxdy, j, 1)*=ded;
      }
      MATRIX(*res, j, 0)+=MATRIX(dxdy, j, 0); /* Update positions */
      MATRIX(*res, j, 1)+=MATRIX(dxdy, j, 1);
    }
  }

  igraph_progress("Fruchterman-Reingold layout: ", 100.0, NULL);
  
  igraph_eit_destroy(&edgeit);
  igraph_matrix_destroy(&dxdy);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

/**
 * \function igraph_layout_fruchterman_reingold_3d
 * \brief This is the 3D version of the force based
 * Fruchterman-Reingold layout (see \ref
 * igraph_layout_fruchterman_reingold for the 2D version
 *
 * </para><para>
 * This function was ported from the SNA R package.
 * \param graph Pointer to an initialized graph object.
 * \param res Pointer to an initialized matrix object. This will
 *        contain the result and will be resized in needed.
 * \param niter The number of iterations to do.
 * \param maxdelta The maximum distance to move a vertex in an
 *        iteration.
 * \param volume The volume parameter of the algorithm.
 * \param coolexp The cooling exponent of the simulated annealing.
 * \param repulserad Determines the radius at which
 *        vertex-vertex repulsion cancels out attraction of
 *        adjacent vertices.
 * \param use_seed Logical, if true the supplied values in the
 *        \p res argument are used as an initial layout, if
 *        false a random initial layout is used.
 * \return Error code.
 *
 * Added in version 0.2.</para><para>
 *
 * Time complexity: O(|V|^2) in each
 * iteration, |V| is the number of
 * vertices in the graph. 
 * 
 */

int igraph_layout_fruchterman_reingold_3d(const igraph_t *graph, 
					  igraph_matrix_t *res,
					  igraph_integer_t niter, igraph_real_t maxdelta,
					  igraph_real_t volume, igraph_real_t coolexp,
					  igraph_real_t repulserad,
					  igraph_bool_t use_seed) {
  
  igraph_real_t frk, t, ded, xd, yd, zd;
  igraph_matrix_t dxdydz;
  igraph_real_t rf, af;
  long int i, j, k;
  
  long int no_of_nodes=igraph_vcount(graph);
  igraph_eit_t edgeit;
  igraph_integer_t from, to;
  
  IGRAPH_CHECK(igraph_matrix_init(&dxdydz, no_of_nodes, 3));
  IGRAPH_FINALLY(igraph_matrix_destroy, &dxdydz);
  
  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 3));
  if (!use_seed) {
    IGRAPH_CHECK(igraph_layout_random_3d(graph, res));
  }

  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(0), &edgeit));
  IGRAPH_FINALLY(igraph_eit_destroy, &edgeit);

  frk=pow(volume/(double)no_of_nodes,1.0/3.0); /*Define the F-R constant*/

  /*Run the annealing loop*/
  for(i=niter;i>=0;i--){
    if (i%10 == 0)
      igraph_progress("3D Fruchterman-Reingold layout: ",
		      100.0-100.0*i/niter, NULL);

    /*Set the temperature (maximum move/iteration)*/
    t=maxdelta*pow(i/(double)niter,coolexp);
    /*Clear the deltas*/
    igraph_matrix_null(&dxdydz);
    /*Increment deltas for each undirected pair*/
    for(j=0;j<no_of_nodes;j++) {
      IGRAPH_ALLOW_INTERRUPTION();
      for(k=j+1;k<no_of_nodes;k++){
        /*Obtain difference vector*/
        xd=MATRIX(*res, j, 0)-MATRIX(*res, k, 0);
        yd=MATRIX(*res, j, 1)-MATRIX(*res, k, 1);
        zd=MATRIX(*res, j, 2)-MATRIX(*res, k, 2);
        ded=sqrt(xd*xd+yd*yd+zd*zd);  /*Get dyadic euclidean distance*/
        if (ded != 0) {
	  xd/=ded;                      /*Rescale differences to length 1*/
	  yd/=ded;
	  zd/=ded;
	}
        /*Calculate repulsive "force"*/
        rf=frk*frk*(1.0/ded-ded*ded/repulserad);
        MATRIX(dxdydz, j, 0)+=xd*rf;     /*Add to the position change vector*/
        MATRIX(dxdydz, k, 0)-=xd*rf;
        MATRIX(dxdydz, j, 1)+=yd*rf;
        MATRIX(dxdydz, k, 1)-=yd*rf;
        MATRIX(dxdydz, j, 2)+=zd*rf;
        MATRIX(dxdydz, k, 2)-=zd*rf;
      }
    }

    /*Calculate the attractive "force"*/
    IGRAPH_EIT_RESET(edgeit);
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &from, &to);
      j=from;
      k=to;
      xd=MATRIX(*res, j, 0)-MATRIX(*res, k, 0);
      yd=MATRIX(*res, j, 1)-MATRIX(*res, k, 1);
      zd=MATRIX(*res, j, 2)-MATRIX(*res, k, 2);
      ded=sqrt(xd*xd+yd*yd+zd*zd);  /*Get dyadic euclidean distance*/
      if (ded != 0) {
	xd/=ded;                      /*Rescale differences to length 1*/
	yd/=ded;
	zd/=ded;
      }
      af=ded*ded/frk;
      MATRIX(dxdydz, j, 0)-=xd*af;   /*Add to the position change vector*/
      MATRIX(dxdydz, k, 0)+=xd*af;
      MATRIX(dxdydz, j, 1)-=yd*af;
      MATRIX(dxdydz, k, 1)+=yd*af;
      MATRIX(dxdydz, j, 2)-=zd*af;
      MATRIX(dxdydz, k, 2)+=zd*af;
      IGRAPH_EIT_NEXT(edgeit);
    }

    /*Dampen motion, if needed, and move the points*/
    for(j=0;j<no_of_nodes;j++){
      ded=sqrt(MATRIX(dxdydz, j, 0)*MATRIX(dxdydz, j, 0)+
	       MATRIX(dxdydz, j, 1)*MATRIX(dxdydz, j, 1)+
	       MATRIX(dxdydz, j, 2)*MATRIX(dxdydz, j, 2));
      if(ded>t){                 /*Dampen to t*/
        ded=t/ded;
        MATRIX(dxdydz, j, 0)*=ded;
        MATRIX(dxdydz, j, 1)*=ded;
        MATRIX(dxdydz, j, 2)*=ded;
      }
      MATRIX(*res, j, 0)+=MATRIX(dxdydz, j, 0);          /*Update positions*/
      MATRIX(*res, j, 1)+=MATRIX(dxdydz, j, 1);
      MATRIX(*res, j, 2)+=MATRIX(dxdydz, j, 2);
    }
  }

  igraph_progress("3D Fruchterman-Reingold layout: ", 100.0, NULL);
  
  igraph_matrix_destroy(&dxdydz);
  igraph_eit_destroy(&edgeit);
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

/**
 * \ingroup layout
 * \function igraph_layout_kamada_kawai
 * \brief Places the vertices on a plane according the Kamada-Kawai
 * algorithm. 
 *
 * </para><para>
 * This is a force directed layout, see  Kamada, T. and Kawai, S.: An
 * Algorithm for Drawing General Undirected Graphs. Information
 * Processing Letters, 31/1, 7--15, 1989.
 * This function was ported from the SNA R package.
 * \param graph A graph object.
 * \param res Pointer to an initialized matrix object. This will
 *        contain the result and will be resized if needed.
 * \param niter The number of iterations to perform.
 * \param sigma Sets the base standard deviation of position
 *        change proposals. 
 * \param initemp Sets the initial temperature for the annealing.
 * \param coolexp The cooling exponent of the annealing.
 * \param kkconst The Kamada-Kawai vertex attraction constant.
 * \return Error code.
 * 
 * Time complexity: O(|V|^2) for each
 * iteration, |V| is the number of
 * vertices in the graph. 
 */

int igraph_layout_kamada_kawai(const igraph_t *graph, igraph_matrix_t *res,
			       igraph_integer_t niter, igraph_real_t sigma, 
			       igraph_real_t initemp, igraph_real_t coolexp,
			       igraph_real_t kkconst) {

  igraph_real_t temp, candx, candy;
  igraph_real_t dpot, odis, ndis, osqd, nsqd;
  long int n,i,j,k;
  igraph_matrix_t elen;

  /* Define various things */
  n=igraph_vcount(graph);

  /* Calculate elen, initial x & y */

  RNG_BEGIN();

  IGRAPH_CHECK(igraph_matrix_resize(res, n, 2));
  IGRAPH_MATRIX_INIT_FINALLY(&elen, n, n);
  IGRAPH_CHECK(igraph_shortest_paths(graph, &elen, igraph_vss_all(), 
				     IGRAPH_ALL));
  for (i=0; i<n; i++) {
    MATRIX(elen, i, i) = sqrt(n);
    MATRIX(*res, i, 0) = RNG_NORMAL(0, n/4.0);
    MATRIX(*res, i, 1) = RNG_NORMAL(0, n/4.0);
  }
  
  /*Perform the annealing loop*/
  temp=initemp;
  for(i=0;i<niter;i++){
    /* Report progress in approx. every 100th step */
    if (i%10 == 0)
      igraph_progress("Kamada-Kawai layout: ",
		      100.0*i/niter, NULL);
    /*Update each vertex*/
    for(j=0;j<n;j++){
      IGRAPH_ALLOW_INTERRUPTION();
      /*Draw the candidate via a gaussian perturbation*/
      candx=RNG_NORMAL(MATRIX(*res, j, 0),sigma*temp/initemp);
      candy=RNG_NORMAL(MATRIX(*res, j, 1),sigma*temp/initemp);
      /*Calculate the potential difference for the new position*/
      dpot=0.0;
      for(k=0;k<n;k++)  /*Potential differences for pairwise effects*/
        if(j!=k){
          odis=sqrt((MATRIX(*res, j, 0)-MATRIX(*res, k, 0))*
		    (MATRIX(*res, j, 0)-MATRIX(*res, k, 0))+
		    (MATRIX(*res, j, 1)-MATRIX(*res, k, 1))*
		    (MATRIX(*res, j, 1)-MATRIX(*res, k, 1)));
          ndis=sqrt((candx-MATRIX(*res, k, 0))*(candx-MATRIX(*res, k, 0))+
		    (candy-MATRIX(*res, k, 1))*(candy-MATRIX(*res, k, 1)));
          osqd=(odis-MATRIX(elen, j, k))*(odis-MATRIX(elen, j, k));
          nsqd=(ndis-MATRIX(elen, j, k))*(ndis-MATRIX(elen, j, k));
          dpot+=kkconst*(osqd-nsqd)/(MATRIX(elen, j, k)*MATRIX(elen, j, k));
        }
      /*Make a keep/reject decision*/
      if(log(RNG_UNIF(0.0,1.0))<dpot/temp){
        MATRIX(*res, j, 0)=candx;
        MATRIX(*res, j, 1)=candy;
      }
    }
    /*Cool the system*/
    temp*=coolexp;
  }

  igraph_progress("Kamada-Kawai layout: ", 100.0, NULL);

  RNG_END();
  igraph_matrix_destroy(&elen);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

/**
 * \function igraph_layout_kamada_kawai_3d
 * \brief 3D version of the force based Kamada-Kawai layout, the pair
 * of the \ref igraph_layout_kamada_kawai 2D layout generator
 * 
 * </para><para>
 * This function was ported from the SNA R package.
 * \param graph A graph object.
 * \param res Pointer to an initialized matrix object. This will
 *        contain the result and will be resized if needed.
 * \param niter The number of iterations to perform.
 * \param sigma Sets the base standard deviation of position
 *        change proposals. 
 * \param initemp Sets the initial temperature for the annealing.
 * \param coolexp The cooling exponent of the annealing.
 * \param kkconst The Kamada-Kawai vertex attraction constant.
 * \return Error code.
 * 
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(|V|^2) for each
 * iteration, |V| is the number of
 * vertices in the graph. 
 */

int igraph_layout_kamada_kawai_3d(const igraph_t *graph, igraph_matrix_t *res,
				  igraph_integer_t niter, igraph_real_t sigma, 
				  igraph_real_t initemp, igraph_real_t coolexp, 
				  igraph_real_t kkconst) {
  igraph_real_t temp, candx, candy, candz;
  igraph_real_t dpot, odis, ndis, osqd, nsqd;
  long int i,j,k;
  long int no_of_nodes=igraph_vcount(graph);
  igraph_matrix_t elen;
  
  RNG_BEGIN();
  
  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 3));
  IGRAPH_MATRIX_INIT_FINALLY(&elen,  no_of_nodes, no_of_nodes);
  IGRAPH_CHECK(igraph_shortest_paths(graph, &elen, igraph_vss_all(), 
				     IGRAPH_ALL));
  
  temp=initemp;
  for(i=0;i<niter;i++){
    if (i%10 == 0)
      igraph_progress("3D Kamada-Kawai layout: ",
		      100.0*i/niter, NULL);

    /*Update each vertex*/
    for(j=0;j<no_of_nodes;j++){
      IGRAPH_ALLOW_INTERRUPTION();
      /*Draw the candidate via a gaussian perturbation*/
      candx=RNG_NORMAL(MATRIX(*res, j, 0) ,sigma*temp/initemp);
      candy=RNG_NORMAL(MATRIX(*res, j, 1) ,sigma*temp/initemp);
      candz=RNG_NORMAL(MATRIX(*res, j, 2) ,sigma*temp/initemp);
      /*Calculate the potential difference for the new position*/
      dpot=0.0;
      for(k=0;k<no_of_nodes;k++) /*Potential differences for pairwise effects*/
        if(j!=k){
          odis=sqrt((MATRIX(*res, j, 0)-MATRIX(*res, k, 0))*
		    (MATRIX(*res, j, 0)-MATRIX(*res, k, 0))+
		    (MATRIX(*res, j, 1)-MATRIX(*res, k, 1))*
		    (MATRIX(*res, j, 1)-MATRIX(*res, k, 1))+
		    (MATRIX(*res, j, 2)-MATRIX(*res, k, 2))*
		    (MATRIX(*res, j, 2)-MATRIX(*res, k, 2)));
          ndis=sqrt((candx-MATRIX(*res, k, 0))*(candx-MATRIX(*res, k, 0))+
		    (candy-MATRIX(*res, k, 1))*(candy-MATRIX(*res, k, 1))+
		    (candz-MATRIX(*res, k, 2))*(candz-MATRIX(*res, k, 2)));
          osqd=(odis-MATRIX(elen, j, k))*(odis-MATRIX(elen, j, k));
          nsqd=(ndis-MATRIX(elen, j, k))*(ndis-MATRIX(elen, j, k));
          dpot+=kkconst*(osqd-nsqd)/(MATRIX(elen, j, k)*MATRIX(elen, j, k));
        }
      /*Make a keep/reject decision*/
      if(log(RNG_UNIF(0.0,1.0))<dpot/temp){
        MATRIX(*res, j, 0)=candx;
        MATRIX(*res, j, 1)=candy;
        MATRIX(*res, j, 2)=candz;
      }
    }
    /*Cool the system*/
    temp*=coolexp;
  }

  igraph_progress("3D Kamada-Kawai layout: ", 100.0, NULL);

  RNG_END();
  igraph_matrix_destroy(&elen);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

int igraph_layout_springs(const igraph_t *graph, igraph_matrix_t *res,
			  igraph_real_t mass, igraph_real_t equil, igraph_real_t k,
			  igraph_real_t repeqdis, igraph_real_t kfr, igraph_bool_t repulse) {
  /* TODO */
  return 0;
}

void igraph_i_norm2d(igraph_real_t *x, igraph_real_t *y) {
  igraph_real_t len=sqrt((*x)*(*x) + (*y)*(*y));
  if (len != 0) {
    *x /= len;
    *y /= len;
  }
}

/**
 * \function igraph_layout_lgl
 * \brief Force based layout algorithm for large graphs.
 * 
 * </para><para>
 * This is a layout generator similar to the Large Graph Layout
 * algorithm and program
 * (http://bioinformatics.icmb.utexas.edu/lgl/). But unlike LGL, this
 * version uses a Fruchterman-Reingold style simulated annealing
 * algorithm for placing the vertices. The speedup is achived by
 * placing the vertices on a grid and calculating the repulsion only
 * for vertices which are closer to each other than a limit. 
 * 
 * \param graph The (initialized) graph object to place.
 * \param res Pointer to an initialized matrix object to hold the
 *   result. It will be resized if needed.
 * \param maxit The maximum number of cooling iterations to perform
 *   for each layout step.
 * \param maxdelta The maximum length of the move allowed for a vertex
 *   in a single iteration. 
 * \param area This parameter gives the area of the square on which
 *   the vertices will be placed.
 * \param coolexp The cooling exponent. 
 * \param repulserad Determines the radius at which vertex-vertex 
 *   repulsion cancels out attraction of adjacenct vertices.
 * \param cellsize The size of the grid cells, one side of the
 *   square. 
 * \param proot The root vertex, this is placed first, its neighbors
 *   in the first iteration, second neighbors in the second, etc. If
 *   negative then a random vertex is chosen.
 * \return Error code.
 * 
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: ideally O(dia*maxit*(|V|+|E|)), |V| is the number
 * of vertices, 
 * dia is the diameter of the graph, worst case complexity is still 
 * O(dia*maxit*(|V|^2+|E|)), this is the case when all vertices happen to be
 * in the same grid cell. 
 */

int igraph_layout_lgl(const igraph_t *graph, igraph_matrix_t *res,
		      igraph_integer_t maxit, igraph_real_t maxdelta, 
		      igraph_real_t area, igraph_real_t coolexp,
		      igraph_real_t repulserad, igraph_real_t cellsize, 
		      igraph_integer_t proot) {
  
  
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_t mst;
  long int root;
  long int no_of_layers, actlayer=0;
  igraph_vector_t vids;
  igraph_vector_t layers;
  igraph_vector_t parents;
  igraph_vector_t edges;
  igraph_2dgrid_t grid;  
  igraph_vector_t eids;
  igraph_vector_t forcex;
  igraph_vector_t forcey;

  igraph_real_t frk=sqrt(area/no_of_nodes);
  igraph_real_t H_n=0;

  IGRAPH_CHECK(igraph_minimum_spanning_tree_unweighted(graph, &mst));
  IGRAPH_FINALLY(igraph_destroy, &mst);
  
  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 2));
  
  /* Determine the root vertex, random pick right now */
  if (proot < 0) {
    root=RNG_INTEGER(0, no_of_nodes-1);
  } else {
    root=proot;
  }

  /* Assign the layers */
  IGRAPH_VECTOR_INIT_FINALLY(&vids, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&layers, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&parents, 0);
  IGRAPH_CHECK(igraph_bfs(&mst, root, IGRAPH_ALL, &vids, &layers, &parents));
  no_of_layers=igraph_vector_size(&layers)-1;
  
  /* We don't need the mst any more */
  igraph_destroy(&mst);
  igraph_empty(&mst, 0, IGRAPH_UNDIRECTED); /* to make finalization work */
  
  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  IGRAPH_CHECK(igraph_vector_reserve(&edges, no_of_edges));
  IGRAPH_VECTOR_INIT_FINALLY(&eids, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&forcex, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&forcey, no_of_nodes);

  /* Place the vertices randomly */
  IGRAPH_CHECK(igraph_layout_random(graph, res));
  igraph_matrix_multiply(res, 1e6);
  
  /* This is the grid for calculating the vertices near to a given vertex */  
  IGRAPH_CHECK(igraph_2dgrid_init(&grid, res, 
				  -sqrt(area/M_PI),sqrt(area/M_PI), cellsize,
				  -sqrt(area/M_PI),sqrt(area/M_PI), cellsize));
  IGRAPH_FINALLY(igraph_2dgrid_destroy, &grid);

  /* Place the root vertex */
  igraph_2dgrid_add(&grid, root, 0, 0);

  for (actlayer=1; actlayer<no_of_layers; actlayer++) {
    H_n += 1.0/actlayer;
  }

  for (actlayer=1; actlayer<no_of_layers; actlayer++) {

    igraph_real_t c=1;
    long int i, j;
    igraph_real_t massx, massy;
    igraph_real_t px, py;
    igraph_real_t sx, sy;

    long int it=0;
    igraph_real_t epsilon=10e-6;
    igraph_real_t maxchange=epsilon+1;
    long int pairs;
    igraph_real_t sconst=sqrt(area/M_PI) / H_n; 
    igraph_2dgrid_iterator_t vidit;

/*     printf("Layer %li:\n", actlayer); */
    
    /*-----------------------------------------*/
    /* Step 1: place the next layer on spheres */
    /*-----------------------------------------*/

    RNG_BEGIN();

    j=VECTOR(layers)[actlayer];
    for (i=VECTOR(layers)[actlayer-1]; i<VECTOR(layers)[actlayer]; i++) {

      long int vid=VECTOR(vids)[i];
      long int par=VECTOR(parents)[vid];
      IGRAPH_ALLOW_INTERRUPTION();
      igraph_2dgrid_getcenter(&grid, &massx, &massy);
      igraph_i_norm2d(&massx, &massy);
      px=MATRIX(*res, vid, 0)-MATRIX(*res, par, 0);
      py=MATRIX(*res, vid, 1)-MATRIX(*res, par, 1);
      igraph_i_norm2d(&px, &py);
      sx=c*(massx+px)+MATRIX(*res, vid, 0);
      sy=c*(massy+py)+MATRIX(*res, vid, 1);

      /* The neighbors of 'vid' */
      while (j < VECTOR(layers)[actlayer+1] && 
	     VECTOR(parents)[(long int)VECTOR(vids)[j]]==vid) {
	igraph_real_t rx, ry;
	if (actlayer==1) {
	  igraph_real_t phi=2*M_PI/(VECTOR(layers)[2]-1)*(j-1);
	  rx=cos(phi);
	  ry=sin(phi);
	} else {
	  rx=RNG_UNIF(-1,1);
	  ry=RNG_UNIF(-1,1);
	}
	igraph_i_norm2d(&rx, &ry);
	rx = rx / actlayer * sconst;
	ry = ry / actlayer * sconst;
	igraph_2dgrid_add(&grid, VECTOR(vids)[j], sx+rx, sy+ry);
	j++; 
      }
    }

    RNG_END();
    
    /*-----------------------------------------*/
    /* Step 2: add the edges of the next layer */
    /*-----------------------------------------*/

    for (j=VECTOR(layers)[actlayer]; j<VECTOR(layers)[actlayer+1]; j++) {
      long int vid=VECTOR(vids)[j];
      long int k;
      IGRAPH_ALLOW_INTERRUPTION();
      IGRAPH_CHECK(igraph_adjacent(graph, &eids, vid, IGRAPH_ALL));
      for (k=0;k<igraph_vector_size(&eids);k++) {
	long int eid=VECTOR(eids)[k];
	igraph_integer_t from, to;
	igraph_edge(graph, eid, &from, &to);
	if ((from != vid && igraph_2dgrid_in(&grid, from)) ||
	    (to   != vid && igraph_2dgrid_in(&grid, to))) {
	  igraph_vector_push_back(&edges, eid);
	}
      }
    }

    /*-----------------------------------------*/
    /* Step 3: let the springs spring          */
    /*-----------------------------------------*/
    
    maxchange=epsilon+1;
    while (it < maxit && maxchange > epsilon) {
      long int j;
      igraph_real_t t=maxdelta*pow((maxit-it)/(double)maxit, coolexp);
      long int vid, nei;

      /* init */
      igraph_vector_null(&forcex);
      igraph_vector_null(&forcey);
      maxchange=0;
      
      /* attractive "forces" along the edges */
      for (j=0; j<igraph_vector_size(&edges); j++) {
	igraph_integer_t from, to;
	igraph_real_t xd, yd, dist, force;
	IGRAPH_ALLOW_INTERRUPTION();
	igraph_edge(graph, VECTOR(edges)[j], &from, &to);
	xd=MATRIX(*res, (long int)from, 0)-MATRIX(*res, (long int)to, 0);
	yd=MATRIX(*res, (long int)from, 1)-MATRIX(*res, (long int)to, 1);
	dist=sqrt(xd*xd+yd*yd);
	if (dist != 0) { xd/=dist; yd/=dist; }
	force=dist*dist/frk;
	VECTOR(forcex)[(long int)from] -= xd*force;
	VECTOR(forcex)[(long int)to]   += xd*force;
	VECTOR(forcey)[(long int)from] -= yd*force;
	VECTOR(forcey)[(long int)to]   += yd*force;
      }
      
      /* repulsive "forces" of the vertices nearby */
      pairs=0;
      igraph_2dgrid_reset(&grid, &vidit);
      while ( (vid=igraph_2dgrid_next(&grid, &vidit)-1) != -1) {
	while ( (nei=igraph_2dgrid_next_nei(&grid, &vidit)-1) != -1) {
	  igraph_real_t xd=MATRIX(*res, (long int)vid, 0)-
	    MATRIX(*res, (long int)nei, 0);
	  igraph_real_t yd=MATRIX(*res, (long int)vid, 1)-
	    MATRIX(*res, (long int)nei, 1);
	  igraph_real_t dist=sqrt(xd*xd+yd*yd);
	  igraph_real_t force;
	  if (dist < cellsize) {
	    pairs++;
	    if (dist==0) { dist=epsilon; };
	    xd/=dist; yd/=dist;
	    force=frk*frk*(1.0/dist-dist*dist/repulserad);
	    VECTOR(forcex)[(long int)vid] += xd*force;
	    VECTOR(forcex)[(long int)nei] -= xd*force;
	    VECTOR(forcey)[(long int)vid] += yd*force;
	    VECTOR(forcey)[(long int)nei] -= yd*force;	    
	  }
	}
      }
      
/*       printf("verties: %li iterations: %li\n",  */
/* 	     (long int) VECTOR(layers)[actlayer+1], pairs); */
      
      /* apply the changes */
      for (j=0; j<VECTOR(layers)[actlayer+1]; j++) {
	long int vid=VECTOR(vids)[j];
	igraph_real_t fx=VECTOR(forcex)[vid];
	igraph_real_t fy=VECTOR(forcey)[vid];
	igraph_real_t ded=sqrt(fx*fx+fy*fy);
	if (ded > t) {
	  ded=t/ded;
	  fx*=ded; fy *=ded;
	}
	igraph_2dgrid_move(&grid, vid, fx, fy);
	if (fx > maxchange) { maxchange=fx; }
	if (fy > maxchange) { maxchange=fy; }
      }
      it++;
/*       printf("%li iterations, maxchange: %f\n", it, (double)maxchange); */
    }
  }

  igraph_destroy(&mst);
  igraph_vector_destroy(&vids);
  igraph_vector_destroy(&layers);
  igraph_vector_destroy(&parents);
  igraph_vector_destroy(&edges);
  igraph_2dgrid_destroy(&grid);
  igraph_vector_destroy(&eids);
  igraph_vector_destroy(&forcex);
  igraph_vector_destroy(&forcey);
  IGRAPH_FINALLY_CLEAN(9);
  return 0;

}

/**
 * \function igraph_layout_grid_fruchterman_reingold
 * \brief Force based layout generator for large graphs.
 * 
 * </para><para>
 * This algorithm is the same as the Fruchterman-Reingold layout
 * generator, but it partitions the 2d space to a grid and and vertex
 * repulsion is calculated only for vertices nearby.
 *
 * \param graph The graph object. 
 * \param res The result, the coordinates in a matrix. The parameter
 *   should point to an initialized matrix object and will be resized.
 * \param niter Number of iterations to perform.
 * \param maxdelta Maximum distance to move a vertex in an iteration.
 * \param area The area of the square on which the vertices will be
 *   placed.
 * \param coolexp The cooling exponent.
 * \param repulserad Determines the radius at which vertex-vertex 
 *   repulsion cancels out attraction of adjacenct vertices.
 * \param cellsize The size of the grid cells.
 * \param use_seed Logical, if true, the coordinates passed in \p res
 *   (should have the appropriate size) will be used for the first
 *   iteration.
 * \return Error code.
 *
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: ideally (constant number of vertices in each cell) 
 * O(niter*(|V|+|E|)), in the worst case O(niter*(|V|^2+|E|)).
 */

int igraph_layout_grid_fruchterman_reingold(const igraph_t *graph, 
					    igraph_matrix_t *res,
					    igraph_integer_t niter, igraph_real_t maxdelta, 
					    igraph_real_t area, igraph_real_t coolexp,
					    igraph_real_t repulserad, 
					    igraph_real_t cellsize,
					    igraph_bool_t use_seed) {

  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_2dgrid_t grid;  
  igraph_vector_t forcex;
  igraph_vector_t forcey;
  long int i, it=0;
  igraph_2dgrid_iterator_t vidit;  

  igraph_real_t frk=sqrt(area/no_of_nodes);

  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 2));
  IGRAPH_VECTOR_INIT_FINALLY(&forcex, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&forcey, no_of_nodes);
  
  /* initial layout */
  if (!use_seed) {
    IGRAPH_CHECK(igraph_layout_random(graph, res));
    igraph_matrix_multiply(res, sqrt(area/M_PI));
  }
  
  /* make grid */
  IGRAPH_CHECK(igraph_2dgrid_init(&grid, res, 
				  -sqrt(area/M_PI),sqrt(area/M_PI), cellsize,
				  -sqrt(area/M_PI),sqrt(area/M_PI), cellsize));
  IGRAPH_FINALLY(igraph_2dgrid_destroy, &grid);
  
  /* place vertices on grid */
  for (i=0; i<no_of_nodes; i++) {
    igraph_2dgrid_add2(&grid, i);
  }

  while (it<niter) {
    long int j;
    igraph_real_t t=maxdelta*pow((niter-it)/(double)niter, coolexp);
    long int vid, nei;

    /* Report progress */
    if (it%10 == 0) {
      igraph_progress("Grid based Fruchterman-Reingold layout: ", 
		      (100.0*it)/niter, NULL);
    }

    igraph_vector_null(&forcex);
    igraph_vector_null(&forcey);
    
    /* attraction */
    for (j=0; j<no_of_edges; j++) {
      igraph_integer_t from, to;
      igraph_real_t xd, yd, dist, force;
      igraph_edge(graph, j, &from, &to);
      xd=MATRIX(*res, (long int)from, 0)-MATRIX(*res, (long int)to, 0);
      yd=MATRIX(*res, (long int)from, 1)-MATRIX(*res, (long int)to, 1);
      dist=sqrt(xd*xd+yd*yd);
      if (dist != 0) { xd/=dist; yd/=dist; }
      force=dist*dist/frk;
      VECTOR(forcex)[(long int)from] -= xd*force;
      VECTOR(forcex)[(long int)to]   += xd*force;
      VECTOR(forcey)[(long int)from] -= yd*force;
      VECTOR(forcey)[(long int)to]   += yd*force;
    }

    /* repulsion */
    igraph_2dgrid_reset(&grid, &vidit);
    while ( (vid=igraph_2dgrid_next(&grid, &vidit)-1) != -1) {
      IGRAPH_ALLOW_INTERRUPTION();
      while ( (nei=igraph_2dgrid_next_nei(&grid, &vidit)-1) != -1) {
	igraph_real_t xd=MATRIX(*res, (long int)vid, 0)-
	  MATRIX(*res, (long int)nei, 0);
	igraph_real_t yd=MATRIX(*res, (long int)vid, 1)-
	  MATRIX(*res, (long int)nei, 1);
	igraph_real_t dist=sqrt(xd*xd+yd*yd);
	igraph_real_t force;
	if (dist < cellsize) {
	  if (dist==0) { dist=1e-6; };
	  xd/=dist; yd/=dist;
	  force=frk*frk*(1.0/dist-dist*dist/repulserad);
	  VECTOR(forcex)[(long int)vid] += xd*force;
	  VECTOR(forcex)[(long int)nei] -= xd*force;
	  VECTOR(forcey)[(long int)vid] += yd*force;
	  VECTOR(forcey)[(long int)nei] -= yd*force;	    
	}
      }
    }

    /* update */
    for (j=0; j<no_of_nodes; j++) {
      long int vid=j;
      igraph_real_t fx=VECTOR(forcex)[vid];
      igraph_real_t fy=VECTOR(forcey)[vid];
      igraph_real_t ded=sqrt(fx*fx+fy*fy);
      if (ded > t) {
	ded=t/ded;
	fx*=ded; fy *=ded;
      }
      igraph_2dgrid_move(&grid, vid, fx, fy);
    }
    it++;
    
  } /* it<niter */
  
  igraph_progress("Grid based Fruchterman-Reingold layout: ", 
		  100.0, NULL);

  igraph_vector_destroy(&forcex);
  igraph_vector_destroy(&forcey);
  igraph_2dgrid_destroy(&grid);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

/* Internal structure for Reingold-Tilford layout */
struct igraph_i_reingold_tilford_vertex {
  int parent;        /* Parent node index */
  int level;         /* Level of the node */
  igraph_real_t offset;     /* X offset from parent node */
  int left_contour;  /* Next left node of the contour
		      of the subtree rooted at this node */
  int right_contour; /* Next right node of the contour
		      of the subtree rooted at this node */
};

int igraph_i_layout_reingold_tilford_postorder(struct igraph_i_reingold_tilford_vertex *vdata,
                                               long int node, long int vcount);
int igraph_i_layout_reingold_tilford_calc_coords(struct igraph_i_reingold_tilford_vertex *vdata,
                                                 igraph_matrix_t *res, long int node,
												 long int vcount, igraph_real_t xpos);

/**
 * \function igraph_layout_reingold_tilford
 * \brief Reingold-Tilford layout for tree graphs
 * 
 * </para><para>
 * Arranges the nodes in a tree where the given node is used as the root.
 * The tree is directed downwards and the parents are centered above its
 * children. For the exact algorithm, see:
 * 
 * </para><para>
 * Reingold, E and Tilford, J: Tidier drawing of trees.
 * IEEE Trans. Softw. Eng., SE-7(2):223--228, 1981
 *
 * </para><para>
 * If the given graph is not a tree, a breadth-first search is executed
 * first to obtain a possible spanning tree.
 * 
 * \param graph The graph object. 
 * \param res The result, the coordinates in a matrix. The parameter
 *   should point to an initialized matrix object and will be resized.
 * \param root The index of the root vertex.
 * \return Error code.
 *
 * Added in version 0.2.
 * 
 * </para><para>
 * TODO: decompose and merge for not fully connected graphs
 * TODO: possible speedup could be achieved if we use a table for storing
 * the children of each node in the tree. (Now the implementation uses a
 * single array containing the parent of each node and a node's children
 * are determined by looking for other nodes that have this node as parent)
 * 
 * \sa \ref igraph_layout_reingold_tilford_circular().
 */
int igraph_layout_reingold_tilford(const igraph_t *graph, 
				   igraph_matrix_t *res, long int root) {
  long int no_of_nodes=igraph_vcount(graph);
  long int i, n, j;
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  igraph_i_adjlist_t allneis;
  igraph_vector_t *neis;
  struct igraph_i_reingold_tilford_vertex *vdata;
  
  if (root<0 || root>=no_of_nodes) {
    IGRAPH_ERROR("invalid vertex id", IGRAPH_EINVVID);
  }
  
  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, 2));
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  
  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &allneis, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);
  
  vdata=Calloc(no_of_nodes, struct igraph_i_reingold_tilford_vertex);
  if (vdata==0) {
    IGRAPH_ERROR("igraph_layout_reingold_tilford failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, vdata);

  for (i=0; i<no_of_nodes; i++) {
    vdata[i].parent=-1;
    vdata[i].level=-1;
    vdata[i].offset=0.0;
    vdata[i].left_contour=-1;
    vdata[i].right_contour=-1;
  }
  vdata[root].parent=root;
  vdata[root].level=0;
  MATRIX(*res, root, 1) = 0;
  
  /* Step 1: assign Y coordinates based on BFS and setup parents vector */
  IGRAPH_CHECK(igraph_dqueue_push(&q, root));
  IGRAPH_CHECK(igraph_dqueue_push(&q, 0));
  while (!igraph_dqueue_empty(&q)) {
    long int actnode=igraph_dqueue_pop(&q);
    long int actdist=igraph_dqueue_pop(&q);
    neis=igraph_i_adjlist_get(&allneis, actnode);
    n=igraph_vector_size(neis);
    for (j=0; j<n; j++) {
      long int neighbor=VECTOR(*neis)[j];
      if (vdata[neighbor].parent >= 0) { continue; }
      MATRIX(*res, neighbor, 1)=actdist+1;
      IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
      IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
      vdata[neighbor].parent = actnode;
      vdata[neighbor].level = actdist+1;
    }
  }
  
  /* Step 2: postorder tree traversal, determines the appropriate X
   * offsets for every node */
  igraph_i_layout_reingold_tilford_postorder(vdata, root, no_of_nodes);
  
  /* Step 3: calculate real coordinates based on X offsets */
  igraph_i_layout_reingold_tilford_calc_coords(vdata, res, root, no_of_nodes, vdata[root].offset);
  
  igraph_dqueue_destroy(&q);
  igraph_i_adjlist_destroy(&allneis);
  igraph_free(vdata);
  IGRAPH_FINALLY_CLEAN(3);
  
  igraph_progress("Reingold-Tilford tree layout", 100.0, NULL);
  
  return 0;
}

int igraph_i_layout_reingold_tilford_calc_coords(struct igraph_i_reingold_tilford_vertex *vdata,
                                                 igraph_matrix_t *res, long int node,
												 long int vcount, igraph_real_t xpos) {
  long int i, n;
  MATRIX(*res, node, 0) = xpos;
  for (i=0, n=0; i<vcount; i++) {
    if (i == node) continue;
    if (vdata[i].parent == node) {
      igraph_i_layout_reingold_tilford_calc_coords(vdata, res, i, vcount,
						   xpos+vdata[i].offset);
    }
  }
  return 0;
}

int igraph_i_layout_reingold_tilford_postorder(struct igraph_i_reingold_tilford_vertex *vdata,
                                               long int node, long int vcount) {
  long int i, j, childcount, leftroot, leftrootidx;
  igraph_real_t avg;
  
  /* printf("Starting visiting node %d\n", node); */
  
  /* Check whether this node is a leaf node */
  childcount=0;
  for (i=0; i<vcount; i++) {
    if (i == node) continue;
    if (vdata[i].parent == node) {
      /* Node i is a child, so visit it recursively */
      childcount++;
      igraph_i_layout_reingold_tilford_postorder(vdata, i, vcount);
    }
  }
  
  if (childcount == 0) return 0;
  
  /* Here we can assume that all of the subtrees have been placed and their
   * left and right contours are calculated. Let's place them next to each
   * other as close as we can.
   * We will take each subtree in an arbitrary order. The root of the
   * first one will be placed at offset 0, the next ones will be placed
   * as close to each other as possible. leftroot stores the root of the
   * rightmost subtree of the already placed subtrees - its right contour
   * will be checked against the left contour of the next subtree */
  leftroot=leftrootidx=-1;
  avg=0.0;
  /* printf("Visited node %d and arranged its subtrees\n", node); */
  for (i=0, j=0; i<vcount; i++) {
    if (i == node) continue;
    if (vdata[i].parent == node) {
      /* printf("  Placing child %d on level %d\n", i, vdata[i].level); */
      if (leftroot >= 0) {
	/* Now we will follow the right contour of leftroot and the
	 * left contour of the subtree rooted at i */
	long lnode, rnode;
	igraph_real_t loffset, roffset, minsep, rootsep;
	lnode = leftroot; rnode = i;
	minsep = 1;
	rootsep = vdata[leftroot].offset + minsep;
	loffset = 0; roffset = minsep;
	/* printf("    Contour: [%d, %d], offsets: [%lf, %lf], rootsep: %lf\n",
	 lnode, rnode, loffset, roffset, rootsep);*/
	while ((lnode >= 0) && (rnode >= 0)) {
	  /* Step to the next level on the left contour */
	  if (vdata[lnode].right_contour >= 0) {
	    lnode = vdata[lnode].right_contour;
	    loffset += vdata[lnode].offset;
	  } else {
	    lnode = vdata[lnode].left_contour;
	    if (lnode >= 0) loffset += vdata[lnode].offset;
	  }
	  /* Step to the next level on the right contour */
	  if (vdata[rnode].left_contour >= 0) {
	    rnode = vdata[rnode].left_contour;
	    roffset += vdata[rnode].offset;
	  } else if (vdata[rnode].right_contour >= 0) {
	    rnode = vdata[rnode].right_contour;
	    roffset += vdata[rnode].offset;
	  } else {
	    /* Right subtree ended. If the left subtree is deeper, the
	     * left contour will continue on the left subtree. We can
	     * use only lnode here, since it has already been advanced
	     * to the next level in the previous if statement */
	    vdata[rnode].left_contour = lnode;
	    vdata[rnode].right_contour = lnode;
	    rnode = -1;
	    /* printf("      Right subtree ended, continuing its contours to %d\n", vdata[rnode].left_contour); */
	  }
	  /* printf("    Contour: [%d, %d], offsets: [%lf, %lf], rootsep: %lf\n", 
	   lnode, rnode, loffset, roffset, rootsep);*/
	  
	  /* Push subtrees away if necessary */
	  if ((lnode >= 0) && (rnode >= 0) && (roffset - loffset < minsep)) {
	    /* printf("    Pushing right subtree away by %lf\n", minsep-roffset+loffset); */
	    rootsep += minsep-roffset+loffset;
	    roffset = loffset+minsep;
	  }
	}
	/* printf("  Offset of subtree with root node %d will be %lf\n", i, rootsep); */
	vdata[i].offset = rootsep;
	vdata[node].right_contour=i;
	avg = (avg*j)/(j+1) + rootsep/(j+1);
	leftrootidx=j;
	leftroot=i;
      } else {
	leftrootidx=j;
	leftroot=i;
	vdata[node].left_contour=i;
	avg = vdata[i].offset;
      }
      j++;
    }
  }
  /* printf("Shifting node to be centered above children. Shift amount: %lf\n", avg); */
  vdata[node].offset += avg;
  for (i=0, j=0; i<vcount; i++) {
    if (i == node) continue;
    if (vdata[i].parent == node) vdata[i].offset -= avg;
  }
  
  return 0;
}

/** 
 * \function igraph_layout_reingold_tilford_circular
 * \brief Circular Reingold-Tilford layout for trees
 * 
 * </para><para>
 * This layout is almost the same as \ref igraph_layout_reingold_tilford(), but 
 * the tree is drawn in a circular way, with the root vertex in the center.
 * 
 * \param graph The graph object.
 * \param res The result, the coordinates in a matrix. The parameter
 *   should point to an initialized matrix object and will be resized.
 * \param root The index of the root vertex.
 * \return Error code.
 *
 * \sa \ref igraph_layout_reingold_tilford().
 */

int igraph_layout_reingold_tilford_circular(const igraph_t *graph,
					    igraph_matrix_t *res, long int root) {
  
  long int no_of_nodes=igraph_vcount(graph);
  long int i;
  igraph_real_t pi2=2*M_PI*(no_of_nodes-1.0)/no_of_nodes;
  igraph_real_t mm=0;

  IGRAPH_CHECK(igraph_layout_reingold_tilford(graph, res, root));
  
  for (i=0; i<no_of_nodes; i++) {
    if (MATRIX(*res, i, 0) > mm) {
      mm=MATRIX(*res, i, 0);
    }
  }
  for (i=0; i<no_of_nodes; i++) {
    igraph_real_t phi=MATRIX(*res, i, 0)/mm*pi2;
    igraph_real_t r=MATRIX(*res, i, 1);
    MATRIX(*res, i, 0) = r*cos(phi);
    MATRIX(*res, i, 1) = r*sin(phi);
  }
  
  return 0;
}

int igraph_i_layout_merge_dla(igraph_i_layout_mergegrid_t *grid, 
			      long int actg, igraph_real_t *x, igraph_real_t *y, igraph_real_t r,
			      igraph_real_t cx, igraph_real_t cy, igraph_real_t startr, 
			      igraph_real_t killr);

/**
 * \function igraph_layout_merge_dla
 * \brief Merge multiple layouts by using a DLA algorithm
 * 
 * </para><para>
 * First each layout is covered by a circle. Then the layout of the
 * largest graph is placed at the origin. Then the other layouts are
 * placed by the DLA algorithm, larger ones first and smaller ones
 * last.
 * \param thegraphs Pointer vector containing the graph object of
 *        which the layouts will be merged.
 * \param coords Pointer vector containing matrix objects with the 2d
 *        layouts of the graphs in \p thegraphs.
 * \param res Pointer to an initialized matrix object, the result will
 *        be stored here. It will be resized if needed.
 * \return Error code.
 * 
 * Added in version 0.2. This function is experimental.
 * 
 * </para><para>
 * Time complexity: TODO.
 */

int igraph_layout_merge_dla(igraph_vector_ptr_t *thegraphs,
			    igraph_vector_ptr_t *coords, 
			    igraph_matrix_t *res) {
  long int graphs=igraph_vector_ptr_size(coords);
  igraph_vector_t sizes;
  igraph_vector_t x, y, r;
  igraph_vector_t nx, ny, nr;
  long int allnodes=0;
  long int i, j;
  long int actg;
  igraph_i_layout_mergegrid_t grid;
  long int jpos=0;
  igraph_real_t minx, maxx, miny, maxy;
  igraph_real_t area=0;
  igraph_real_t maxr=0;
  long int respos;
  
  IGRAPH_VECTOR_INIT_FINALLY(&sizes, graphs);
  IGRAPH_VECTOR_INIT_FINALLY(&x, graphs);
  IGRAPH_VECTOR_INIT_FINALLY(&y, graphs);
  IGRAPH_VECTOR_INIT_FINALLY(&r, graphs);
  IGRAPH_VECTOR_INIT_FINALLY(&nx, graphs);
  IGRAPH_VECTOR_INIT_FINALLY(&ny, graphs);
  IGRAPH_VECTOR_INIT_FINALLY(&nr, graphs);
  
  for (i=0; i<igraph_vector_ptr_size(coords); i++) {
    igraph_matrix_t *mat=VECTOR(*coords)[i];
    long int size=igraph_matrix_nrow(mat);
    IGRAPH_ALLOW_INTERRUPTION();
    allnodes += size;
    VECTOR(sizes)[i]=size;
    VECTOR(r)[i]=pow(size, .75);
    area+=VECTOR(r)[i] * VECTOR(r)[i];
    if (VECTOR(r)[i] > maxr) {
      maxr=VECTOR(r)[i];
    }

    igraph_i_layout_sphere_2d(mat,
			      igraph_vector_e_ptr(&nx, i),
			      igraph_vector_e_ptr(&ny, i),
			      igraph_vector_e_ptr(&nr, i));
    
  }
  igraph_vector_order2(&sizes);	/* largest first */

  /* 0. create grid */
  minx=miny=-sqrt(5*area);
  maxx=maxy=sqrt(5*area);
  igraph_i_layout_mergegrid_init(&grid, minx, maxx, 200,
				 miny, maxy, 200);
  IGRAPH_FINALLY(igraph_i_layout_mergegrid_destroy, &grid);

/*   fprintf(stderr, "Ok, starting DLA\n"); */
  
  /* 1. place the largest  */
  actg=VECTOR(sizes)[jpos++];
  igraph_i_layout_merge_place_sphere(&grid, 0, 0, VECTOR(r)[actg], actg);
  
  igraph_progress("Merging layouts via DLA", 0.0, NULL);
  while (jpos<graphs) {
    IGRAPH_ALLOW_INTERRUPTION();
/*     fprintf(stderr, "comp: %li", jpos); */
    igraph_progress("Merging layouts via DLA", (100.0*jpos)/graphs, NULL);
    
    actg=VECTOR(sizes)[jpos++];
    /* 2. random walk, TODO: tune parameters */
    igraph_i_layout_merge_dla(&grid, actg, 
			      igraph_vector_e_ptr(&x, actg),
			      igraph_vector_e_ptr(&y, actg), 
			      VECTOR(r)[actg], 0, 0,
			      maxx-maxr, maxx-maxr+5);
    
    /* 3. place sphere */
    igraph_i_layout_merge_place_sphere(&grid, VECTOR(x)[actg], VECTOR(y)[actg],
				       VECTOR(r)[actg], actg);
  }
  igraph_progress("Merging layouts via DLA", 100.0, NULL);

  /* Create the result */
  IGRAPH_CHECK(igraph_matrix_resize(res, allnodes, 2));
  respos=0;
  for (i=0; i<graphs; i++) {
    long int size=igraph_matrix_nrow(VECTOR(*coords)[i]);
    igraph_real_t xx=VECTOR(x)[i];
    igraph_real_t yy=VECTOR(y)[i];
    igraph_real_t rr=VECTOR(r)[i]/VECTOR(nr)[i];
    igraph_matrix_t *mat=VECTOR(*coords)[i];
    IGRAPH_ALLOW_INTERRUPTION();
    if (VECTOR(nr)[i]==0) { rr=1; }
    for (j=0; j<size; j++) {
      MATRIX(*res, respos, 0)=rr*(MATRIX(*mat, j, 0)-VECTOR(nx)[i]);
      MATRIX(*res, respos, 1)=rr*(MATRIX(*mat, j, 1)-VECTOR(ny)[i]);
      MATRIX(*res, respos, 0)+=xx;
      MATRIX(*res, respos, 1)+=yy;
      ++respos;
    }
  }
 
  igraph_i_layout_mergegrid_destroy(&grid);
  igraph_vector_destroy(&sizes);
  igraph_vector_destroy(&x);
  igraph_vector_destroy(&y);
  igraph_vector_destroy(&r);
  igraph_vector_destroy(&nx);
  igraph_vector_destroy(&ny);
  igraph_vector_destroy(&nr);
  IGRAPH_FINALLY_CLEAN(8);
  return 0;
}

int igraph_i_layout_sphere_2d(igraph_matrix_t *coords, igraph_real_t *x, igraph_real_t *y,
			      igraph_real_t *r) {
  long int nodes=igraph_matrix_nrow(coords);
  long int i;
  igraph_real_t xmin, xmax, ymin, ymax;
  
  xmin=xmax=MATRIX(*coords,0,0);
  ymin=ymax=MATRIX(*coords,0,1);
  for (i=1; i<nodes; i++) {

    if (MATRIX(*coords,i,0) < xmin) {
      xmin=MATRIX(*coords,i,0);
    } else if (MATRIX(*coords,i,0)>xmax) {
      xmax=MATRIX(*coords,i,0);
    }

    if (MATRIX(*coords,i,1) < ymin) {
      ymin=MATRIX(*coords,i,1);
    } else if (MATRIX(*coords,i,1)>ymax) {
      ymax=MATRIX(*coords,i,1);
    }
    
  }

  *x=(xmin+xmax)/2;
  *y=(ymin+ymax)/2;
  *r=sqrt( (xmax-xmin)*(xmax-xmin)+(ymax-ymin)*(ymax-ymin) ) / 2;

  return 0;
}

int igraph_i_layout_sphere_3d(igraph_matrix_t *coords, igraph_real_t *x, igraph_real_t *y,
			      igraph_real_t *z, igraph_real_t *r) {
  long int nodes=igraph_matrix_nrow(coords);
  long int i;
  igraph_real_t xmin, xmax, ymin, ymax, zmin, zmax;
  
  xmin=xmax=MATRIX(*coords,0,0);
  ymin=ymax=MATRIX(*coords,0,1);
  zmin=zmax=MATRIX(*coords,0,2);
  for (i=1; i<nodes; i++) {
    
    if (MATRIX(*coords,i,0) < xmin) {
      xmin=MATRIX(*coords,i,0);
    } else if (MATRIX(*coords,i,0)>xmax) {
      xmax=MATRIX(*coords,i,0);
    }

    if (MATRIX(*coords,i,1) < ymin) {
      ymin=MATRIX(*coords,i,1);
    } else if (MATRIX(*coords,i,1)>ymax) {
      ymax=MATRIX(*coords,i,1);
    }
    
    if (MATRIX(*coords,i,2) < zmin) {
      zmin=MATRIX(*coords,i,2);
    } else if (MATRIX(*coords,i,2)>zmax) {
      zmax=MATRIX(*coords,i,2);
    }

  }
  
  *x=(xmin+xmax)/2;
  *y=(ymin+ymax)/2;
  *z=(zmin+zmax)/2;
  *r=sqrt( (xmax-xmin)*(xmax-xmin)+(ymax-ymin)*(ymax-ymin)+
	   (zmax-zmin)*(zmax-zmin) ) / 2;
  
  return 0;
}

#define DIST(x,y) (sqrt(pow((x)-cx,2)+pow((y)-cy,2)))

int igraph_i_layout_merge_dla(igraph_i_layout_mergegrid_t *grid, 
			      long int actg, igraph_real_t *x, igraph_real_t *y, igraph_real_t r,
			      igraph_real_t cx, igraph_real_t cy, igraph_real_t startr, 
			      igraph_real_t killr) {
  long int sp=-1;
  igraph_real_t angle, len;
  long int steps=0;

  while (sp < 0) {
    /* start particle */
    do {
      steps++;
      angle=RNG_UNIF(0,2*M_PI);
      len=RNG_UNIF(.5*startr, startr);
      *x=cx+len*cos(angle);
      *y=cy+len*sin(angle);
      sp=igraph_i_layout_mergegrid_get_sphere(grid, *x, *y, r);
    } while (sp >= 0);

    while (sp < 0 && DIST(*x,*y)<killr) {
      igraph_real_t nx, ny;
      steps++;
      angle=RNG_UNIF(0,2*M_PI);
      len=RNG_UNIF(0, startr/100);
      nx= *x + len * cos(angle);
      ny= *y + len * sin(angle);      
      sp=igraph_i_layout_mergegrid_get_sphere(grid, nx, ny, r);
      if (sp < 0) {
	*x = nx; *y = ny;
      }
    }
  }

/*   fprintf(stderr, "%li ", steps); */
  return 0;
}







igraph-0.4.2/igraph/array.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"

int igraph_array3_init(igraph_array3_t *a, long int n1, long int n2, 
		       long int n3) {
  int ret;
  ret=igraph_vector_init(&a->data, n1*n2*n3);
  a->n1=n1;
  a->n2=n2;
  a->n3=n3;
  a->n1n2=n1*n2;
  
  return ret;
}

void igraph_array3_destroy(igraph_array3_t *a) {
  igraph_vector_destroy(&a->data);
}

long int igraph_array3_size(const igraph_array3_t *a) {
  return (a->n1n2) * (a->n3);
}

long int igraph_array3_n(const igraph_array3_t *a, long int idx) {
  switch (idx) {
  case 1: return a->n1;
    break;
  case 2: return a->n2;
    break;
  case 3: return a->n3;
    break;
  }
  return 0;
}

int igraph_array3_resize(igraph_array3_t *a, long int n1, long int n2, 
			 long int n3) {
  int ret=igraph_vector_resize(&a->data, n1*n2*n3);
  a->n1=n1;
  a->n2=n2;
  a->n3=n3;
  a->n1n2=n1*n2;
  
  return ret;
}

void igraph_array3_null(igraph_array3_t *a) {
  igraph_vector_null(&a->data);
}

igraph_real_t igraph_array3_sum(const igraph_array3_t *a) {
  return igraph_vector_sum(&a->data);
}

void igraph_array3_multiply(igraph_array3_t *a, igraph_real_t by) {
  igraph_vector_multiply(&a->data, by);
}







igraph-0.4.2/igraph/foreign-lgl-lexer.c

#line 2 "foreign-lgl-lexer.c"

#line 4 "foreign-lgl-lexer.c"

#define  YY_INT_ALIGNED short int

/* A lexical scanner generated by flex */

#define yy_create_buffer igraph_lgl_yy_create_buffer
#define yy_delete_buffer igraph_lgl_yy_delete_buffer
#define yy_flex_debug igraph_lgl_yy_flex_debug
#define yy_init_buffer igraph_lgl_yy_init_buffer
#define yy_flush_buffer igraph_lgl_yy_flush_buffer
#define yy_load_buffer_state igraph_lgl_yy_load_buffer_state
#define yy_switch_to_buffer igraph_lgl_yy_switch_to_buffer
#define yyin igraph_lgl_yyin
#define yyleng igraph_lgl_yyleng
#define yylex igraph_lgl_yylex
#define yylineno igraph_lgl_yylineno
#define yyout igraph_lgl_yyout
#define yyrestart igraph_lgl_yyrestart
#define yytext igraph_lgl_yytext
#define yywrap igraph_lgl_yywrap
#define yyalloc igraph_lgl_yyalloc
#define yyrealloc igraph_lgl_yyrealloc
#define yyfree igraph_lgl_yyfree

#define FLEX_SCANNER
#define YY_FLEX_MAJOR_VERSION 2
#define YY_FLEX_MINOR_VERSION 5
#define YY_FLEX_SUBMINOR_VERSION 35
#if YY_FLEX_SUBMINOR_VERSION > 0
#define FLEX_BETA
#endif

/* First, we deal with  platform-specific or compiler-specific issues. */

/* begin standard C headers. */
#include <stdio.h>
#include <string.h>
#include <errno.h>
#include <stdlib.h>

/* end standard C headers. */

/* flex integer type definitions */

#ifndef FLEXINT_H
#define FLEXINT_H

/* C99 systems have <inttypes.h>. Non-C99 systems may or may not. */

#if defined (__STDC_VERSION__) && __STDC_VERSION__ >= 199901L

/* C99 says to define __STDC_LIMIT_MACROS before including stdint.h,
 * if you want the limit (max/min) macros for int types. 
 */
#ifndef __STDC_LIMIT_MACROS
#define __STDC_LIMIT_MACROS 1
#endif

#include <inttypes.h>
typedef int8_t flex_int8_t;
typedef uint8_t flex_uint8_t;
typedef int16_t flex_int16_t;
typedef uint16_t flex_uint16_t;
typedef int32_t flex_int32_t;
typedef uint32_t flex_uint32_t;
#else
typedef signed char flex_int8_t;
typedef short int flex_int16_t;
typedef int flex_int32_t;
typedef unsigned char flex_uint8_t; 
typedef unsigned short int flex_uint16_t;
typedef unsigned int flex_uint32_t;
#endif /* ! C99 */

/* Limits of integral types. */
#ifndef INT8_MIN
#define INT8_MIN               (-128)
#endif
#ifndef INT16_MIN
#define INT16_MIN              (-32767-1)
#endif
#ifndef INT32_MIN
#define INT32_MIN              (-2147483647-1)
#endif
#ifndef INT8_MAX
#define INT8_MAX               (127)
#endif
#ifndef INT16_MAX
#define INT16_MAX              (32767)
#endif
#ifndef INT32_MAX
#define INT32_MAX              (2147483647)
#endif
#ifndef UINT8_MAX
#define UINT8_MAX              (255U)
#endif
#ifndef UINT16_MAX
#define UINT16_MAX             (65535U)
#endif
#ifndef UINT32_MAX
#define UINT32_MAX             (4294967295U)
#endif

#endif /* ! FLEXINT_H */

#ifdef __cplusplus

/* The "const" storage-class-modifier is valid. */
#define YY_USE_CONST

#else	/* ! __cplusplus */

/* C99 requires __STDC__ to be defined as 1. */
#if defined (__STDC__)

#define YY_USE_CONST

#endif	/* defined (__STDC__) */
#endif	/* ! __cplusplus */

#ifdef YY_USE_CONST
#define yyconst const
#else
#define yyconst
#endif

/* Returned upon end-of-file. */
#define YY_NULL 0

/* Promotes a possibly negative, possibly signed char to an unsigned
 * integer for use as an array index.  If the signed char is negative,
 * we want to instead treat it as an 8-bit unsigned char, hence the
 * double cast.
 */
#define YY_SC_TO_UI(c) ((unsigned int) (unsigned char) c)

/* Enter a start condition.  This macro really ought to take a parameter,
 * but we do it the disgusting crufty way forced on us by the ()-less
 * definition of BEGIN.
 */
#define BEGIN (yy_start) = 1 + 2 *

/* Translate the current start state into a value that can be later handed
 * to BEGIN to return to the state.  The YYSTATE alias is for lex
 * compatibility.
 */
#define YY_START (((yy_start) - 1) / 2)
#define YYSTATE YY_START

/* Action number for EOF rule of a given start state. */
#define YY_STATE_EOF(state) (YY_END_OF_BUFFER + state + 1)

/* Special action meaning "start processing a new file". */
#define YY_NEW_FILE igraph_lgl_yyrestart(igraph_lgl_yyin  )

#define YY_END_OF_BUFFER_CHAR 0

/* Size of default input buffer. */
#ifndef YY_BUF_SIZE
#define YY_BUF_SIZE 16384
#endif

/* The state buf must be large enough to hold one state per character in the main buffer.
 */
#define YY_STATE_BUF_SIZE   ((YY_BUF_SIZE + 2) * sizeof(yy_state_type))

#ifndef YY_TYPEDEF_YY_BUFFER_STATE
#define YY_TYPEDEF_YY_BUFFER_STATE
typedef struct yy_buffer_state *YY_BUFFER_STATE;
#endif

extern int igraph_lgl_yyleng;

extern FILE *igraph_lgl_yyin, *igraph_lgl_yyout;

#define EOB_ACT_CONTINUE_SCAN 0
#define EOB_ACT_END_OF_FILE 1
#define EOB_ACT_LAST_MATCH 2

    #define YY_LESS_LINENO(n)
    
/* Return all but the first "n" matched characters back to the input stream. */
#define yyless(n) \
	do \
		{ \
		/* Undo effects of setting up igraph_lgl_yytext. */ \
        int yyless_macro_arg = (n); \
        YY_LESS_LINENO(yyless_macro_arg);\
		*yy_cp = (yy_hold_char); \
		YY_RESTORE_YY_MORE_OFFSET \
		(yy_c_buf_p) = yy_cp = yy_bp + yyless_macro_arg - YY_MORE_ADJ; \
		YY_DO_BEFORE_ACTION; /* set up igraph_lgl_yytext again */ \
		} \
	while ( 0 )

#define unput(c) yyunput( c, (yytext_ptr)  )

#ifndef YY_TYPEDEF_YY_SIZE_T
#define YY_TYPEDEF_YY_SIZE_T
typedef size_t yy_size_t;
#endif

#ifndef YY_STRUCT_YY_BUFFER_STATE
#define YY_STRUCT_YY_BUFFER_STATE
struct yy_buffer_state
	{
	FILE *yy_input_file;

	char *yy_ch_buf;		/* input buffer */
	char *yy_buf_pos;		/* current position in input buffer */

	/* Size of input buffer in bytes, not including room for EOB
	 * characters.
	 */
	yy_size_t yy_buf_size;

	/* Number of characters read into yy_ch_buf, not including EOB
	 * characters.
	 */
	int yy_n_chars;

	/* Whether we "own" the buffer - i.e., we know we created it,
	 * and can realloc() it to grow it, and should free() it to
	 * delete it.
	 */
	int yy_is_our_buffer;

	/* Whether this is an "interactive" input source; if so, and
	 * if we're using stdio for input, then we want to use getc()
	 * instead of fread(), to make sure we stop fetching input after
	 * each newline.
	 */
	int yy_is_interactive;

	/* Whether we're considered to be at the beginning of a line.
	 * If so, '^' rules will be active on the next match, otherwise
	 * not.
	 */
	int yy_at_bol;

    int yy_bs_lineno; /**< The line count. */
    int yy_bs_column; /**< The column count. */
    
	/* Whether to try to fill the input buffer when we reach the
	 * end of it.
	 */
	int yy_fill_buffer;

	int yy_buffer_status;

#define YY_BUFFER_NEW 0
#define YY_BUFFER_NORMAL 1
	/* When an EOF's been seen but there's still some text to process
	 * then we mark the buffer as YY_EOF_PENDING, to indicate that we
	 * shouldn't try reading from the input source any more.  We might
	 * still have a bunch of tokens to match, though, because of
	 * possible backing-up.
	 *
	 * When we actually see the EOF, we change the status to "new"
	 * (via igraph_lgl_yyrestart()), so that the user can continue scanning by
	 * just pointing igraph_lgl_yyin at a new input file.
	 */
#define YY_BUFFER_EOF_PENDING 2

	};
#endif /* !YY_STRUCT_YY_BUFFER_STATE */

/* Stack of input buffers. */
static size_t yy_buffer_stack_top = 0; /**< index of top of stack. */
static size_t yy_buffer_stack_max = 0; /**< capacity of stack. */
static YY_BUFFER_STATE * yy_buffer_stack = 0; /**< Stack as an array. */

/* We provide macros for accessing buffer states in case in the
 * future we want to put the buffer states in a more general
 * "scanner state".
 *
 * Returns the top of the stack, or NULL.
 */
#define YY_CURRENT_BUFFER ( (yy_buffer_stack) \
                          ? (yy_buffer_stack)[(yy_buffer_stack_top)] \
                          : NULL)

/* Same as previous macro, but useful when we know that the buffer stack is not
 * NULL or when we need an lvalue. For internal use only.
 */
#define YY_CURRENT_BUFFER_LVALUE (yy_buffer_stack)[(yy_buffer_stack_top)]

/* yy_hold_char holds the character lost when igraph_lgl_yytext is formed. */
static char yy_hold_char;
static int yy_n_chars;		/* number of characters read into yy_ch_buf */
int igraph_lgl_yyleng;

/* Points to current character in buffer. */
static char *yy_c_buf_p = (char *) 0;
static int yy_init = 0;		/* whether we need to initialize */
static int yy_start = 0;	/* start state number */

/* Flag which is used to allow igraph_lgl_yywrap()'s to do buffer switches
 * instead of setting up a fresh igraph_lgl_yyin.  A bit of a hack ...
 */
static int yy_did_buffer_switch_on_eof;

void igraph_lgl_yyrestart (FILE *input_file  );
void igraph_lgl_yy_switch_to_buffer (YY_BUFFER_STATE new_buffer  );
YY_BUFFER_STATE igraph_lgl_yy_create_buffer (FILE *file,int size  );
void igraph_lgl_yy_delete_buffer (YY_BUFFER_STATE b  );
void igraph_lgl_yy_flush_buffer (YY_BUFFER_STATE b  );
void igraph_lgl_yypush_buffer_state (YY_BUFFER_STATE new_buffer  );
void igraph_lgl_yypop_buffer_state (void );

static void igraph_lgl_yyensure_buffer_stack (void );
static void igraph_lgl_yy_load_buffer_state (void );
static void igraph_lgl_yy_init_buffer (YY_BUFFER_STATE b,FILE *file  );

#define YY_FLUSH_BUFFER igraph_lgl_yy_flush_buffer(YY_CURRENT_BUFFER )

YY_BUFFER_STATE igraph_lgl_yy_scan_buffer (char *base,yy_size_t size  );
YY_BUFFER_STATE igraph_lgl_yy_scan_string (yyconst char *yy_str  );
YY_BUFFER_STATE igraph_lgl_yy_scan_bytes (yyconst char *bytes,int len  );

void *igraph_lgl_yyalloc (yy_size_t  );
void *igraph_lgl_yyrealloc (void *,yy_size_t  );
void igraph_lgl_yyfree (void *  );

#define yy_new_buffer igraph_lgl_yy_create_buffer

#define yy_set_interactive(is_interactive) \
	{ \
	if ( ! YY_CURRENT_BUFFER ){ \
        igraph_lgl_yyensure_buffer_stack (); \
		YY_CURRENT_BUFFER_LVALUE =    \
            igraph_lgl_yy_create_buffer(igraph_lgl_yyin,YY_BUF_SIZE ); \
	} \
	YY_CURRENT_BUFFER_LVALUE->yy_is_interactive = is_interactive; \
	}

#define yy_set_bol(at_bol) \
	{ \
	if ( ! YY_CURRENT_BUFFER ){\
        igraph_lgl_yyensure_buffer_stack (); \
		YY_CURRENT_BUFFER_LVALUE =    \
            igraph_lgl_yy_create_buffer(igraph_lgl_yyin,YY_BUF_SIZE ); \
	} \
	YY_CURRENT_BUFFER_LVALUE->yy_at_bol = at_bol; \
	}

#define YY_AT_BOL() (YY_CURRENT_BUFFER_LVALUE->yy_at_bol)

/* Begin user sect3 */

#define igraph_lgl_yywrap(n) 1
#define YY_SKIP_YYWRAP

typedef unsigned char YY_CHAR;

FILE *igraph_lgl_yyin = (FILE *) 0, *igraph_lgl_yyout = (FILE *) 0;

typedef int yy_state_type;

extern int igraph_lgl_yylineno;

int igraph_lgl_yylineno = 1;

extern char *igraph_lgl_yytext;
#define yytext_ptr igraph_lgl_yytext

static yy_state_type yy_get_previous_state (void );
static yy_state_type yy_try_NUL_trans (yy_state_type current_state  );
static int yy_get_next_buffer (void );
static void yy_fatal_error (yyconst char msg[]  );

/* Done after the current pattern has been matched and before the
 * corresponding action - sets up igraph_lgl_yytext.
 */
#define YY_DO_BEFORE_ACTION \
	(yytext_ptr) = yy_bp; \
	igraph_lgl_yyleng = (size_t) (yy_cp - yy_bp); \
	(yy_hold_char) = *yy_cp; \
	*yy_cp = '\0'; \
	(yy_c_buf_p) = yy_cp;

#define YY_NUM_RULES 5
#define YY_END_OF_BUFFER 6
/* This struct is not used in this scanner,
   but its presence is necessary. */
struct yy_trans_info
	{
	flex_int32_t yy_verify;
	flex_int32_t yy_nxt;
	};
static yyconst flex_int16_t yy_accept[11] =
    {   0,
        2,    2,    6,    4,    2,    3,    1,    4,    2,    0
    } ;

static yyconst flex_int32_t yy_ec[256] =
    {   0,
        1,    1,    1,    1,    1,    1,    1,    1,    2,    3,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    2,    1,    1,    4,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,

        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,

        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1
    } ;

static yyconst flex_int32_t yy_meta[5] =
    {   0,
        1,    2,    3,    3
    } ;

static yyconst flex_int16_t yy_base[13] =
    {   0,
        0,    0,    7,    0,    0,    8,    8,    0,    0,    8,
        5,    3
    } ;

static yyconst flex_int16_t yy_def[13] =
    {   0,
       10,    1,   10,   11,   12,   10,   10,   11,   12,    0,
       10,   10
    } ;

static yyconst flex_int16_t yy_nxt[13] =
    {   0,
        4,    5,    6,    7,    9,    8,   10,    3,   10,   10,
       10,   10
    } ;

static yyconst flex_int16_t yy_chk[13] =
    {   0,
        1,    1,    1,    1,   12,   11,    3,   10,   10,   10,
       10,   10
    } ;

static yy_state_type yy_last_accepting_state;
static char *yy_last_accepting_cpos;

extern int igraph_lgl_yy_flex_debug;
int igraph_lgl_yy_flex_debug = 0;

/* The intent behind this definition is that it'll catch
 * any uses of REJECT which flex missed.
 */
#define REJECT reject_used_but_not_detected
#define yymore() yymore_used_but_not_detected
#define YY_MORE_ADJ 0
#define YY_RESTORE_YY_MORE_OFFSET
char *igraph_lgl_yytext;
#line 1 "foreign-lgl-lexer.l"
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/
#line 24 "foreign-lgl-lexer.l"

/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "foreign-lgl-parser.h"
extern long int igraph_lgl_mylineno;
int igraph_i_lgl_eof;
void igraph_i_lgl_reset_scanner() {
  YY_FLUSH_BUFFER;
}
#line 527 "foreign-lgl-lexer.c"

#define INITIAL 0

#ifndef YY_NO_UNISTD_H
/* Special case for "unistd.h", since it is non-ANSI. We include it way
 * down here because we want the user's section 1 to have been scanned first.
 * The user has a chance to override it with an option.
 */
#include <unistd.h>
#endif

#ifndef YY_EXTRA_TYPE
#define YY_EXTRA_TYPE void *
#endif

static int yy_init_globals (void );

/* Accessor methods to globals.
   These are made visible to non-reentrant scanners for convenience. */

int igraph_lgl_yylex_destroy (void );

int igraph_lgl_yyget_debug (void );

void igraph_lgl_yyset_debug (int debug_flag  );

YY_EXTRA_TYPE igraph_lgl_yyget_extra (void );

void igraph_lgl_yyset_extra (YY_EXTRA_TYPE user_defined  );

FILE *igraph_lgl_yyget_in (void );

void igraph_lgl_yyset_in  (FILE * in_str  );

FILE *igraph_lgl_yyget_out (void );

void igraph_lgl_yyset_out  (FILE * out_str  );

int igraph_lgl_yyget_leng (void );

char *igraph_lgl_yyget_text (void );

int igraph_lgl_yyget_lineno (void );

void igraph_lgl_yyset_lineno (int line_number  );

/* Macros after this point can all be overridden by user definitions in
 * section 1.
 */

#ifndef YY_SKIP_YYWRAP
#ifdef __cplusplus
extern "C" int igraph_lgl_yywrap (void );
#else
extern int igraph_lgl_yywrap (void );
#endif
#endif

    static void yyunput (int c,char *buf_ptr  );
    
#ifndef yytext_ptr
static void yy_flex_strncpy (char *,yyconst char *,int );
#endif

#ifdef YY_NEED_STRLEN
static int yy_flex_strlen (yyconst char * );
#endif

#ifndef YY_NO_INPUT

#ifdef __cplusplus
static int yyinput (void );
#else
static int input (void );
#endif

#endif

/* Amount of stuff to slurp up with each read. */
#ifndef YY_READ_BUF_SIZE
#define YY_READ_BUF_SIZE 8192
#endif

/* Copy whatever the last rule matched to the standard output. */
#ifndef ECHO
/* This used to be an fputs(), but since the string might contain NUL's,
 * we now use fwrite().
 */
#define ECHO fwrite( igraph_lgl_yytext, igraph_lgl_yyleng, 1, igraph_lgl_yyout )
#endif

/* Gets input and stuffs it into "buf".  number of characters read, or YY_NULL,
 * is returned in "result".
 */
#ifndef YY_INPUT
#define YY_INPUT(buf,result,max_size) \
	if ( YY_CURRENT_BUFFER_LVALUE->yy_is_interactive ) \
		{ \
		int c = '*'; \
		int n; \
		for ( n = 0; n < max_size && \
			     (c = getc( igraph_lgl_yyin )) != EOF && c != '\n'; ++n ) \
			buf[n] = (char) c; \
		if ( c == '\n' ) \
			buf[n++] = (char) c; \
		if ( c == EOF && ferror( igraph_lgl_yyin ) ) \
			YY_FATAL_ERROR( "input in flex scanner failed" ); \
		result = n; \
		} \
	else \
		{ \
		errno=0; \
		while ( (result = fread(buf, 1, max_size, igraph_lgl_yyin))==0 && ferror(igraph_lgl_yyin)) \
			{ \
			if( errno != EINTR) \
				{ \
				YY_FATAL_ERROR( "input in flex scanner failed" ); \
				break; \
				} \
			errno=0; \
			clearerr(igraph_lgl_yyin); \
			} \
		}\
\

#endif

/* No semi-colon after return; correct usage is to write "yyterminate();" -
 * we don't want an extra ';' after the "return" because that will cause
 * some compilers to complain about unreachable statements.
 */
#ifndef yyterminate
#define yyterminate() return YY_NULL
#endif

/* Number of entries by which start-condition stack grows. */
#ifndef YY_START_STACK_INCR
#define YY_START_STACK_INCR 25
#endif

/* Report a fatal error. */
#ifndef YY_FATAL_ERROR
#define YY_FATAL_ERROR(msg) yy_fatal_error( msg )
#endif

/* end tables serialization structures and prototypes */

/* Default declaration of generated scanner - a define so the user can
 * easily add parameters.
 */
#ifndef YY_DECL
#define YY_DECL_IS_OURS 1

extern int igraph_lgl_yylex (void);

#define YY_DECL int igraph_lgl_yylex (void)
#endif /* !YY_DECL */

/* Code executed at the beginning of each rule, after igraph_lgl_yytext and igraph_lgl_yyleng
 * have been set up.
 */
#ifndef YY_USER_ACTION
#define YY_USER_ACTION
#endif

/* Code executed at the end of each rule. */
#ifndef YY_BREAK
#define YY_BREAK break;
#endif

#define YY_RULE_SETUP \
	YY_USER_ACTION

/** The main scanner function which does all the work.
 */
YY_DECL
{
	register yy_state_type yy_current_state;
	register char *yy_cp, *yy_bp;
	register int yy_act;
    
#line 61 "foreign-lgl-lexer.l"


 /* --------------------------------------------------hashmark------*/
#line 713 "foreign-lgl-lexer.c"

	if ( !(yy_init) )
		{
		(yy_init) = 1;

#ifdef YY_USER_INIT
		YY_USER_INIT;
#endif

		if ( ! (yy_start) )
			(yy_start) = 1;	/* first start state */

		if ( ! igraph_lgl_yyin )
			igraph_lgl_yyin = stdin;

		if ( ! igraph_lgl_yyout )
			igraph_lgl_yyout = stdout;

		if ( ! YY_CURRENT_BUFFER ) {
			igraph_lgl_yyensure_buffer_stack ();
			YY_CURRENT_BUFFER_LVALUE =
				igraph_lgl_yy_create_buffer(igraph_lgl_yyin,YY_BUF_SIZE );
		}

		igraph_lgl_yy_load_buffer_state( );
		}

	while ( 1 )		/* loops until end-of-file is reached */
		{
		yy_cp = (yy_c_buf_p);

		/* Support of igraph_lgl_yytext. */
		*yy_cp = (yy_hold_char);

		/* yy_bp points to the position in yy_ch_buf of the start of
		 * the current run.
		 */
		yy_bp = yy_cp;

		yy_current_state = (yy_start);
yy_match:
		do
			{
			register YY_CHAR yy_c = yy_ec[YY_SC_TO_UI(*yy_cp)];
			if ( yy_accept[yy_current_state] )
				{
				(yy_last_accepting_state) = yy_current_state;
				(yy_last_accepting_cpos) = yy_cp;
				}
			while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
				{
				yy_current_state = (int) yy_def[yy_current_state];
				if ( yy_current_state >= 11 )
					yy_c = yy_meta[(unsigned int) yy_c];
				}
			yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
			++yy_cp;
			}
		while ( yy_base[yy_current_state] != 8 );

yy_find_action:
		yy_act = yy_accept[yy_current_state];
		if ( yy_act == 0 )
			{ /* have to back up */
			yy_cp = (yy_last_accepting_cpos);
			yy_current_state = (yy_last_accepting_state);
			yy_act = yy_accept[yy_current_state];
			}

		YY_DO_BEFORE_ACTION;

do_action:	/* This label is used only to access EOF actions. */

		switch ( yy_act )
	{ /* beginning of action switch */
			case 0: /* must back up */
			/* undo the effects of YY_DO_BEFORE_ACTION */
			*yy_cp = (yy_hold_char);
			yy_cp = (yy_last_accepting_cpos);
			yy_current_state = (yy_last_accepting_state);
			goto yy_find_action;

case 1:
YY_RULE_SETUP
#line 64 "foreign-lgl-lexer.l"
{ return HASH; }
	YY_BREAK
/* ------------------------------------------------whitespace------*/
case 2:
YY_RULE_SETUP
#line 67 "foreign-lgl-lexer.l"
{ }
	YY_BREAK
/* ---------------------------------------------------newline------*/
case 3:
/* rule 3 can match eol */
YY_RULE_SETUP
#line 70 "foreign-lgl-lexer.l"
{ igraph_lgl_mylineno++; return NEWLINE; }
	YY_BREAK
/* ----------------------------------------------alphanumeric------*/
case 4:
YY_RULE_SETUP
#line 73 "foreign-lgl-lexer.l"
{ return ALNUM; }
	YY_BREAK
case YY_STATE_EOF(INITIAL):
#line 75 "foreign-lgl-lexer.l"
{ if (igraph_i_lgl_eof) {
                       yyterminate();
                    } else {
                       igraph_i_lgl_eof=1;
                       return NEWLINE; 
                    }
                  }
	YY_BREAK
case 5:
YY_RULE_SETUP
#line 83 "foreign-lgl-lexer.l"
ECHO;
	YY_BREAK
#line 835 "foreign-lgl-lexer.c"

	case YY_END_OF_BUFFER:
		{
		/* Amount of text matched not including the EOB char. */
		int yy_amount_of_matched_text = (int) (yy_cp - (yytext_ptr)) - 1;

		/* Undo the effects of YY_DO_BEFORE_ACTION. */
		*yy_cp = (yy_hold_char);
		YY_RESTORE_YY_MORE_OFFSET

		if ( YY_CURRENT_BUFFER_LVALUE->yy_buffer_status == YY_BUFFER_NEW )
			{
			/* We're scanning a new file or input source.  It's
			 * possible that this happened because the user
			 * just pointed igraph_lgl_yyin at a new source and called
			 * igraph_lgl_yylex().  If so, then we have to assure
			 * consistency between YY_CURRENT_BUFFER and our
			 * globals.  Here is the right place to do so, because
			 * this is the first action (other than possibly a
			 * back-up) that will match for the new input source.
			 */
			(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_n_chars;
			YY_CURRENT_BUFFER_LVALUE->yy_input_file = igraph_lgl_yyin;
			YY_CURRENT_BUFFER_LVALUE->yy_buffer_status = YY_BUFFER_NORMAL;
			}

		/* Note that here we test for yy_c_buf_p "<=" to the position
		 * of the first EOB in the buffer, since yy_c_buf_p will
		 * already have been incremented past the NUL character
		 * (since all states make transitions on EOB to the
		 * end-of-buffer state).  Contrast this with the test
		 * in input().
		 */
		if ( (yy_c_buf_p) <= &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] )
			{ /* This was really a NUL. */
			yy_state_type yy_next_state;

			(yy_c_buf_p) = (yytext_ptr) + yy_amount_of_matched_text;

			yy_current_state = yy_get_previous_state(  );

			/* Okay, we're now positioned to make the NUL
			 * transition.  We couldn't have
			 * yy_get_previous_state() go ahead and do it
			 * for us because it doesn't know how to deal
			 * with the possibility of jamming (and we don't
			 * want to build jamming into it because then it
			 * will run more slowly).
			 */

			yy_next_state = yy_try_NUL_trans( yy_current_state );

			yy_bp = (yytext_ptr) + YY_MORE_ADJ;

			if ( yy_next_state )
				{
				/* Consume the NUL. */
				yy_cp = ++(yy_c_buf_p);
				yy_current_state = yy_next_state;
				goto yy_match;
				}

			else
				{
				yy_cp = (yy_c_buf_p);
				goto yy_find_action;
				}
			}

		else switch ( yy_get_next_buffer(  ) )
			{
			case EOB_ACT_END_OF_FILE:
				{
				(yy_did_buffer_switch_on_eof) = 0;

				if ( igraph_lgl_yywrap( ) )
					{
					/* Note: because we've taken care in
					 * yy_get_next_buffer() to have set up
					 * igraph_lgl_yytext, we can now set up
					 * yy_c_buf_p so that if some total
					 * hoser (like flex itself) wants to
					 * call the scanner after we return the
					 * YY_NULL, it'll still work - another
					 * YY_NULL will get returned.
					 */
					(yy_c_buf_p) = (yytext_ptr) + YY_MORE_ADJ;

					yy_act = YY_STATE_EOF(YY_START);
					goto do_action;
					}

				else
					{
					if ( ! (yy_did_buffer_switch_on_eof) )
						YY_NEW_FILE;
					}
				break;
				}

			case EOB_ACT_CONTINUE_SCAN:
				(yy_c_buf_p) =
					(yytext_ptr) + yy_amount_of_matched_text;

				yy_current_state = yy_get_previous_state(  );

				yy_cp = (yy_c_buf_p);
				yy_bp = (yytext_ptr) + YY_MORE_ADJ;
				goto yy_match;

			case EOB_ACT_LAST_MATCH:
				(yy_c_buf_p) =
				&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)];

				yy_current_state = yy_get_previous_state(  );

				yy_cp = (yy_c_buf_p);
				yy_bp = (yytext_ptr) + YY_MORE_ADJ;
				goto yy_find_action;
			}
		break;
		}

	default:
		YY_FATAL_ERROR(
			"fatal flex scanner internal error--no action found" );
	} /* end of action switch */
		} /* end of scanning one token */
} /* end of igraph_lgl_yylex */

/* yy_get_next_buffer - try to read in a new buffer
 *
 * Returns a code representing an action:
 *	EOB_ACT_LAST_MATCH -
 *	EOB_ACT_CONTINUE_SCAN - continue scanning from current position
 *	EOB_ACT_END_OF_FILE - end of file
 */
static int yy_get_next_buffer (void)
{
    	register char *dest = YY_CURRENT_BUFFER_LVALUE->yy_ch_buf;
	register char *source = (yytext_ptr);
	register int number_to_move, i;
	int ret_val;

	if ( (yy_c_buf_p) > &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars) + 1] )
		YY_FATAL_ERROR(
		"fatal flex scanner internal error--end of buffer missed" );

	if ( YY_CURRENT_BUFFER_LVALUE->yy_fill_buffer == 0 )
		{ /* Don't try to fill the buffer, so this is an EOF. */
		if ( (yy_c_buf_p) - (yytext_ptr) - YY_MORE_ADJ == 1 )
			{
			/* We matched a single character, the EOB, so
			 * treat this as a final EOF.
			 */
			return EOB_ACT_END_OF_FILE;
			}

		else
			{
			/* We matched some text prior to the EOB, first
			 * process it.
			 */
			return EOB_ACT_LAST_MATCH;
			}
		}

	/* Try to read more data. */

	/* First move last chars to start of buffer. */
	number_to_move = (int) ((yy_c_buf_p) - (yytext_ptr)) - 1;

	for ( i = 0; i < number_to_move; ++i )
		*(dest++) = *(source++);

	if ( YY_CURRENT_BUFFER_LVALUE->yy_buffer_status == YY_BUFFER_EOF_PENDING )
		/* don't do the read, it's not guaranteed to return an EOF,
		 * just force an EOF
		 */
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars) = 0;

	else
		{
			int num_to_read =
			YY_CURRENT_BUFFER_LVALUE->yy_buf_size - number_to_move - 1;

		while ( num_to_read <= 0 )
			{ /* Not enough room in the buffer - grow it. */

			/* just a shorter name for the current buffer */
			YY_BUFFER_STATE b = YY_CURRENT_BUFFER;

			int yy_c_buf_p_offset =
				(int) ((yy_c_buf_p) - b->yy_ch_buf);

			if ( b->yy_is_our_buffer )
				{
				int new_size = b->yy_buf_size * 2;

				if ( new_size <= 0 )
					b->yy_buf_size += b->yy_buf_size / 8;
				else
					b->yy_buf_size *= 2;

				b->yy_ch_buf = (char *)
					/* Include room in for 2 EOB chars. */
					igraph_lgl_yyrealloc((void *) b->yy_ch_buf,b->yy_buf_size + 2  );
				}
			else
				/* Can't grow it, we don't own it. */
				b->yy_ch_buf = 0;

			if ( ! b->yy_ch_buf )
				YY_FATAL_ERROR(
				"fatal error - scanner input buffer overflow" );

			(yy_c_buf_p) = &b->yy_ch_buf[yy_c_buf_p_offset];

			num_to_read = YY_CURRENT_BUFFER_LVALUE->yy_buf_size -
						number_to_move - 1;

			}

		if ( num_to_read > YY_READ_BUF_SIZE )
			num_to_read = YY_READ_BUF_SIZE;

		/* Read in more data. */
		YY_INPUT( (&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[number_to_move]),
			(yy_n_chars), (size_t) num_to_read );

		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	if ( (yy_n_chars) == 0 )
		{
		if ( number_to_move == YY_MORE_ADJ )
			{
			ret_val = EOB_ACT_END_OF_FILE;
			igraph_lgl_yyrestart(igraph_lgl_yyin  );
			}

		else
			{
			ret_val = EOB_ACT_LAST_MATCH;
			YY_CURRENT_BUFFER_LVALUE->yy_buffer_status =
				YY_BUFFER_EOF_PENDING;
			}
		}

	else
		ret_val = EOB_ACT_CONTINUE_SCAN;

	if ((yy_size_t) ((yy_n_chars) + number_to_move) > YY_CURRENT_BUFFER_LVALUE->yy_buf_size) {
		/* Extend the array by 50%, plus the number we really need. */
		yy_size_t new_size = (yy_n_chars) + number_to_move + ((yy_n_chars) >> 1);
		YY_CURRENT_BUFFER_LVALUE->yy_ch_buf = (char *) igraph_lgl_yyrealloc((void *) YY_CURRENT_BUFFER_LVALUE->yy_ch_buf,new_size  );
		if ( ! YY_CURRENT_BUFFER_LVALUE->yy_ch_buf )
			YY_FATAL_ERROR( "out of dynamic memory in yy_get_next_buffer()" );
	}

	(yy_n_chars) += number_to_move;
	YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] = YY_END_OF_BUFFER_CHAR;
	YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars) + 1] = YY_END_OF_BUFFER_CHAR;

	(yytext_ptr) = &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[0];

	return ret_val;
}

/* yy_get_previous_state - get the state just before the EOB char was reached */

    static yy_state_type yy_get_previous_state (void)
{
	register yy_state_type yy_current_state;
	register char *yy_cp;
    
	yy_current_state = (yy_start);

	for ( yy_cp = (yytext_ptr) + YY_MORE_ADJ; yy_cp < (yy_c_buf_p); ++yy_cp )
		{
		register YY_CHAR yy_c = (*yy_cp ? yy_ec[YY_SC_TO_UI(*yy_cp)] : 1);
		if ( yy_accept[yy_current_state] )
			{
			(yy_last_accepting_state) = yy_current_state;
			(yy_last_accepting_cpos) = yy_cp;
			}
		while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
			{
			yy_current_state = (int) yy_def[yy_current_state];
			if ( yy_current_state >= 11 )
				yy_c = yy_meta[(unsigned int) yy_c];
			}
		yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
		}

	return yy_current_state;
}

/* yy_try_NUL_trans - try to make a transition on the NUL character
 *
 * synopsis
 *	next_state = yy_try_NUL_trans( current_state );
 */
    static yy_state_type yy_try_NUL_trans  (yy_state_type yy_current_state )
{
	register int yy_is_jam;
    	register char *yy_cp = (yy_c_buf_p);

	register YY_CHAR yy_c = 1;
	if ( yy_accept[yy_current_state] )
		{
		(yy_last_accepting_state) = yy_current_state;
		(yy_last_accepting_cpos) = yy_cp;
		}
	while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
		{
		yy_current_state = (int) yy_def[yy_current_state];
		if ( yy_current_state >= 11 )
			yy_c = yy_meta[(unsigned int) yy_c];
		}
	yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
	yy_is_jam = (yy_current_state == 10);

	return yy_is_jam ? 0 : yy_current_state;
}

    static void yyunput (int c, register char * yy_bp )
{
	register char *yy_cp;
    
    yy_cp = (yy_c_buf_p);

	/* undo effects of setting up igraph_lgl_yytext */
	*yy_cp = (yy_hold_char);

	if ( yy_cp < YY_CURRENT_BUFFER_LVALUE->yy_ch_buf + 2 )
		{ /* need to shift things up to make room */
		/* +2 for EOB chars. */
		register int number_to_move = (yy_n_chars) + 2;
		register char *dest = &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[
					YY_CURRENT_BUFFER_LVALUE->yy_buf_size + 2];
		register char *source =
				&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[number_to_move];

		while ( source > YY_CURRENT_BUFFER_LVALUE->yy_ch_buf )
			*--dest = *--source;

		yy_cp += (int) (dest - source);
		yy_bp += (int) (dest - source);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars =
			(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_buf_size;

		if ( yy_cp < YY_CURRENT_BUFFER_LVALUE->yy_ch_buf + 2 )
			YY_FATAL_ERROR( "flex scanner push-back overflow" );
		}

	*--yy_cp = (char) c;

	(yytext_ptr) = yy_bp;
	(yy_hold_char) = *yy_cp;
	(yy_c_buf_p) = yy_cp;
}

#ifndef YY_NO_INPUT
#ifdef __cplusplus
    static int yyinput (void)
#else
    static int input  (void)
#endif

{
	int c;
    
	*(yy_c_buf_p) = (yy_hold_char);

	if ( *(yy_c_buf_p) == YY_END_OF_BUFFER_CHAR )
		{
		/* yy_c_buf_p now points to the character we want to return.
		 * If this occurs *before* the EOB characters, then it's a
		 * valid NUL; if not, then we've hit the end of the buffer.
		 */
		if ( (yy_c_buf_p) < &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] )
			/* This was really a NUL. */
			*(yy_c_buf_p) = '\0';

		else
			{ /* need more input */
			int offset = (yy_c_buf_p) - (yytext_ptr);
			++(yy_c_buf_p);

			switch ( yy_get_next_buffer(  ) )
				{
				case EOB_ACT_LAST_MATCH:
					/* This happens because yy_g_n_b()
					 * sees that we've accumulated a
					 * token and flags that we need to
					 * try matching the token before
					 * proceeding.  But for input(),
					 * there's no matching to consider.
					 * So convert the EOB_ACT_LAST_MATCH
					 * to EOB_ACT_END_OF_FILE.
					 */

					/* Reset buffer status. */
					igraph_lgl_yyrestart(igraph_lgl_yyin );

					/*FALLTHROUGH*/

				case EOB_ACT_END_OF_FILE:
					{
					if ( igraph_lgl_yywrap( ) )
						return EOF;

					if ( ! (yy_did_buffer_switch_on_eof) )
						YY_NEW_FILE;
#ifdef __cplusplus
					return yyinput();
#else
					return input();
#endif
					}

				case EOB_ACT_CONTINUE_SCAN:
					(yy_c_buf_p) = (yytext_ptr) + offset;
					break;
				}
			}
		}

	c = *(unsigned char *) (yy_c_buf_p);	/* cast for 8-bit char's */
	*(yy_c_buf_p) = '\0';	/* preserve igraph_lgl_yytext */
	(yy_hold_char) = *++(yy_c_buf_p);

	return c;
}
#endif	/* ifndef YY_NO_INPUT */

/** Immediately switch to a different input stream.
 * @param input_file A readable stream.
 * 
 * @note This function does not reset the start condition to @c INITIAL .
 */
    void igraph_lgl_yyrestart  (FILE * input_file )
{
    
	if ( ! YY_CURRENT_BUFFER ){
        igraph_lgl_yyensure_buffer_stack ();
		YY_CURRENT_BUFFER_LVALUE =
            igraph_lgl_yy_create_buffer(igraph_lgl_yyin,YY_BUF_SIZE );
	}

	igraph_lgl_yy_init_buffer(YY_CURRENT_BUFFER,input_file );
	igraph_lgl_yy_load_buffer_state( );
}

/** Switch to a different input buffer.
 * @param new_buffer The new input buffer.
 * 
 */
    void igraph_lgl_yy_switch_to_buffer  (YY_BUFFER_STATE  new_buffer )
{
    
	/* TODO. We should be able to replace this entire function body
	 * with
	 *		igraph_lgl_yypop_buffer_state();
	 *		igraph_lgl_yypush_buffer_state(new_buffer);
     */
	igraph_lgl_yyensure_buffer_stack ();
	if ( YY_CURRENT_BUFFER == new_buffer )
		return;

	if ( YY_CURRENT_BUFFER )
		{
		/* Flush out information for old buffer. */
		*(yy_c_buf_p) = (yy_hold_char);
		YY_CURRENT_BUFFER_LVALUE->yy_buf_pos = (yy_c_buf_p);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	YY_CURRENT_BUFFER_LVALUE = new_buffer;
	igraph_lgl_yy_load_buffer_state( );

	/* We don't actually know whether we did this switch during
	 * EOF (igraph_lgl_yywrap()) processing, but the only time this flag
	 * is looked at is after igraph_lgl_yywrap() is called, so it's safe
	 * to go ahead and always set it.
	 */
	(yy_did_buffer_switch_on_eof) = 1;
}

static void igraph_lgl_yy_load_buffer_state  (void)
{
    	(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_n_chars;
	(yytext_ptr) = (yy_c_buf_p) = YY_CURRENT_BUFFER_LVALUE->yy_buf_pos;
	igraph_lgl_yyin = YY_CURRENT_BUFFER_LVALUE->yy_input_file;
	(yy_hold_char) = *(yy_c_buf_p);
}

/** Allocate and initialize an input buffer state.
 * @param file A readable stream.
 * @param size The character buffer size in bytes. When in doubt, use @c YY_BUF_SIZE.
 * 
 * @return the allocated buffer state.
 */
    YY_BUFFER_STATE igraph_lgl_yy_create_buffer  (FILE * file, int  size )
{
	YY_BUFFER_STATE b;
    
	b = (YY_BUFFER_STATE) igraph_lgl_yyalloc(sizeof( struct yy_buffer_state )  );
	if ( ! b )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_lgl_yy_create_buffer()" );

	b->yy_buf_size = size;

	/* yy_ch_buf has to be 2 characters longer than the size given because
	 * we need to put in 2 end-of-buffer characters.
	 */
	b->yy_ch_buf = (char *) igraph_lgl_yyalloc(b->yy_buf_size + 2  );
	if ( ! b->yy_ch_buf )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_lgl_yy_create_buffer()" );

	b->yy_is_our_buffer = 1;

	igraph_lgl_yy_init_buffer(b,file );

	return b;
}

/** Destroy the buffer.
 * @param b a buffer created with igraph_lgl_yy_create_buffer()
 * 
 */
    void igraph_lgl_yy_delete_buffer (YY_BUFFER_STATE  b )
{
    
	if ( ! b )
		return;

	if ( b == YY_CURRENT_BUFFER ) /* Not sure if we should pop here. */
		YY_CURRENT_BUFFER_LVALUE = (YY_BUFFER_STATE) 0;

	if ( b->yy_is_our_buffer )
		igraph_lgl_yyfree((void *) b->yy_ch_buf  );

	igraph_lgl_yyfree((void *) b  );
}

#ifndef __cplusplus
extern int isatty (int );
#endif /* __cplusplus */
    
/* Initializes or reinitializes a buffer.
 * This function is sometimes called more than once on the same buffer,
 * such as during a igraph_lgl_yyrestart() or at EOF.
 */
    static void igraph_lgl_yy_init_buffer  (YY_BUFFER_STATE  b, FILE * file )

{
	int oerrno = errno;
    
	igraph_lgl_yy_flush_buffer(b );

	b->yy_input_file = file;
	b->yy_fill_buffer = 1;

    /* If b is the current buffer, then igraph_lgl_yy_init_buffer was _probably_
     * called from igraph_lgl_yyrestart() or through yy_get_next_buffer.
     * In that case, we don't want to reset the lineno or column.
     */
    if (b != YY_CURRENT_BUFFER){
        b->yy_bs_lineno = 1;
        b->yy_bs_column = 0;
    }

        b->yy_is_interactive = file ? (isatty( fileno(file) ) > 0) : 0;
    
	errno = oerrno;
}

/** Discard all buffered characters. On the next scan, YY_INPUT will be called.
 * @param b the buffer state to be flushed, usually @c YY_CURRENT_BUFFER.
 * 
 */
    void igraph_lgl_yy_flush_buffer (YY_BUFFER_STATE  b )
{
    	if ( ! b )
		return;

	b->yy_n_chars = 0;

	/* We always need two end-of-buffer characters.  The first causes
	 * a transition to the end-of-buffer state.  The second causes
	 * a jam in that state.
	 */
	b->yy_ch_buf[0] = YY_END_OF_BUFFER_CHAR;
	b->yy_ch_buf[1] = YY_END_OF_BUFFER_CHAR;

	b->yy_buf_pos = &b->yy_ch_buf[0];

	b->yy_at_bol = 1;
	b->yy_buffer_status = YY_BUFFER_NEW;

	if ( b == YY_CURRENT_BUFFER )
		igraph_lgl_yy_load_buffer_state( );
}

/** Pushes the new state onto the stack. The new state becomes
 *  the current state. This function will allocate the stack
 *  if necessary.
 *  @param new_buffer The new state.
 *  
 */
void igraph_lgl_yypush_buffer_state (YY_BUFFER_STATE new_buffer )
{
    	if (new_buffer == NULL)
		return;

	igraph_lgl_yyensure_buffer_stack();

	/* This block is copied from igraph_lgl_yy_switch_to_buffer. */
	if ( YY_CURRENT_BUFFER )
		{
		/* Flush out information for old buffer. */
		*(yy_c_buf_p) = (yy_hold_char);
		YY_CURRENT_BUFFER_LVALUE->yy_buf_pos = (yy_c_buf_p);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	/* Only push if top exists. Otherwise, replace top. */
	if (YY_CURRENT_BUFFER)
		(yy_buffer_stack_top)++;
	YY_CURRENT_BUFFER_LVALUE = new_buffer;

	/* copied from igraph_lgl_yy_switch_to_buffer. */
	igraph_lgl_yy_load_buffer_state( );
	(yy_did_buffer_switch_on_eof) = 1;
}

/** Removes and deletes the top of the stack, if present.
 *  The next element becomes the new top.
 *  
 */
void igraph_lgl_yypop_buffer_state (void)
{
    	if (!YY_CURRENT_BUFFER)
		return;

	igraph_lgl_yy_delete_buffer(YY_CURRENT_BUFFER );
	YY_CURRENT_BUFFER_LVALUE = NULL;
	if ((yy_buffer_stack_top) > 0)
		--(yy_buffer_stack_top);

	if (YY_CURRENT_BUFFER) {
		igraph_lgl_yy_load_buffer_state( );
		(yy_did_buffer_switch_on_eof) = 1;
	}
}

/* Allocates the stack if it does not exist.
 *  Guarantees space for at least one push.
 */
static void igraph_lgl_yyensure_buffer_stack (void)
{
	int num_to_alloc;
    
	if (!(yy_buffer_stack)) {

		/* First allocation is just for 2 elements, since we don't know if this
		 * scanner will even need a stack. We use 2 instead of 1 to avoid an
		 * immediate realloc on the next call.
         */
		num_to_alloc = 1;
		(yy_buffer_stack) = (struct yy_buffer_state**)igraph_lgl_yyalloc
								(num_to_alloc * sizeof(struct yy_buffer_state*)
								);
		if ( ! (yy_buffer_stack) )
			YY_FATAL_ERROR( "out of dynamic memory in igraph_lgl_yyensure_buffer_stack()" );
								  
		memset((yy_buffer_stack), 0, num_to_alloc * sizeof(struct yy_buffer_state*));
				
		(yy_buffer_stack_max) = num_to_alloc;
		(yy_buffer_stack_top) = 0;
		return;
	}

	if ((yy_buffer_stack_top) >= ((yy_buffer_stack_max)) - 1){

		/* Increase the buffer to prepare for a possible push. */
		int grow_size = 8 /* arbitrary grow size */;

		num_to_alloc = (yy_buffer_stack_max) + grow_size;
		(yy_buffer_stack) = (struct yy_buffer_state**)igraph_lgl_yyrealloc
								((yy_buffer_stack),
								num_to_alloc * sizeof(struct yy_buffer_state*)
								);
		if ( ! (yy_buffer_stack) )
			YY_FATAL_ERROR( "out of dynamic memory in igraph_lgl_yyensure_buffer_stack()" );

		/* zero only the new slots.*/
		memset((yy_buffer_stack) + (yy_buffer_stack_max), 0, grow_size * sizeof(struct yy_buffer_state*));
		(yy_buffer_stack_max) = num_to_alloc;
	}
}

/** Setup the input buffer state to scan directly from a user-specified character buffer.
 * @param base the character buffer
 * @param size the size in bytes of the character buffer
 * 
 * @return the newly allocated buffer state object. 
 */
YY_BUFFER_STATE igraph_lgl_yy_scan_buffer  (char * base, yy_size_t  size )
{
	YY_BUFFER_STATE b;
    
	if ( size < 2 ||
	     base[size-2] != YY_END_OF_BUFFER_CHAR ||
	     base[size-1] != YY_END_OF_BUFFER_CHAR )
		/* They forgot to leave room for the EOB's. */
		return 0;

	b = (YY_BUFFER_STATE) igraph_lgl_yyalloc(sizeof( struct yy_buffer_state )  );
	if ( ! b )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_lgl_yy_scan_buffer()" );

	b->yy_buf_size = size - 2;	/* "- 2" to take care of EOB's */
	b->yy_buf_pos = b->yy_ch_buf = base;
	b->yy_is_our_buffer = 0;
	b->yy_input_file = 0;
	b->yy_n_chars = b->yy_buf_size;
	b->yy_is_interactive = 0;
	b->yy_at_bol = 1;
	b->yy_fill_buffer = 0;
	b->yy_buffer_status = YY_BUFFER_NEW;

	igraph_lgl_yy_switch_to_buffer(b  );

	return b;
}

/** Setup the input buffer state to scan a string. The next call to igraph_lgl_yylex() will
 * scan from a @e copy of @a str.
 * @param yystr a NUL-terminated string to scan
 * 
 * @return the newly allocated buffer state object.
 * @note If you want to scan bytes that may contain NUL values, then use
 *       igraph_lgl_yy_scan_bytes() instead.
 */
YY_BUFFER_STATE igraph_lgl_yy_scan_string (yyconst char * yystr )
{
    
	return igraph_lgl_yy_scan_bytes(yystr,strlen(yystr) );
}

/** Setup the input buffer state to scan the given bytes. The next call to igraph_lgl_yylex() will
 * scan from a @e copy of @a bytes.
 * @param bytes the byte buffer to scan
 * @param len the number of bytes in the buffer pointed to by @a bytes.
 * 
 * @return the newly allocated buffer state object.
 */
YY_BUFFER_STATE igraph_lgl_yy_scan_bytes  (yyconst char * yybytes, int  _yybytes_len )
{
	YY_BUFFER_STATE b;
	char *buf;
	yy_size_t n;
	int i;
    
	/* Get memory for full buffer, including space for trailing EOB's. */
	n = _yybytes_len + 2;
	buf = (char *) igraph_lgl_yyalloc(n  );
	if ( ! buf )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_lgl_yy_scan_bytes()" );

	for ( i = 0; i < _yybytes_len; ++i )
		buf[i] = yybytes[i];

	buf[_yybytes_len] = buf[_yybytes_len+1] = YY_END_OF_BUFFER_CHAR;

	b = igraph_lgl_yy_scan_buffer(buf,n );
	if ( ! b )
		YY_FATAL_ERROR( "bad buffer in igraph_lgl_yy_scan_bytes()" );

	/* It's okay to grow etc. this buffer, and we should throw it
	 * away when we're done.
	 */
	b->yy_is_our_buffer = 1;

	return b;
}

#ifndef YY_EXIT_FAILURE
#define YY_EXIT_FAILURE 2
#endif

static void yy_fatal_error (yyconst char* msg )
{
    	(void) fprintf( stderr, "%s\n", msg );
	exit( YY_EXIT_FAILURE );
}

/* Redefine yyless() so it works in section 3 code. */

#undef yyless
#define yyless(n) \
	do \
		{ \
		/* Undo effects of setting up igraph_lgl_yytext. */ \
        int yyless_macro_arg = (n); \
        YY_LESS_LINENO(yyless_macro_arg);\
		igraph_lgl_yytext[igraph_lgl_yyleng] = (yy_hold_char); \
		(yy_c_buf_p) = igraph_lgl_yytext + yyless_macro_arg; \
		(yy_hold_char) = *(yy_c_buf_p); \
		*(yy_c_buf_p) = '\0'; \
		igraph_lgl_yyleng = yyless_macro_arg; \
		} \
	while ( 0 )

/* Accessor  methods (get/set functions) to struct members. */

/** Get the current line number.
 * 
 */
int igraph_lgl_yyget_lineno  (void)
{
        
    return igraph_lgl_yylineno;
}

/** Get the input stream.
 * 
 */
FILE *igraph_lgl_yyget_in  (void)
{
        return igraph_lgl_yyin;
}

/** Get the output stream.
 * 
 */
FILE *igraph_lgl_yyget_out  (void)
{
        return igraph_lgl_yyout;
}

/** Get the length of the current token.
 * 
 */
int igraph_lgl_yyget_leng  (void)
{
        return igraph_lgl_yyleng;
}

/** Get the current token.
 * 
 */

char *igraph_lgl_yyget_text  (void)
{
        return igraph_lgl_yytext;
}

/** Set the current line number.
 * @param line_number
 * 
 */
void igraph_lgl_yyset_lineno (int  line_number )
{
    
    igraph_lgl_yylineno = line_number;
}

/** Set the input stream. This does not discard the current
 * input buffer.
 * @param in_str A readable stream.
 * 
 * @see igraph_lgl_yy_switch_to_buffer
 */
void igraph_lgl_yyset_in (FILE *  in_str )
{
        igraph_lgl_yyin = in_str ;
}

void igraph_lgl_yyset_out (FILE *  out_str )
{
        igraph_lgl_yyout = out_str ;
}

int igraph_lgl_yyget_debug  (void)
{
        return igraph_lgl_yy_flex_debug;
}

void igraph_lgl_yyset_debug (int  bdebug )
{
        igraph_lgl_yy_flex_debug = bdebug ;
}

static int yy_init_globals (void)
{
        /* Initialization is the same as for the non-reentrant scanner.
     * This function is called from igraph_lgl_yylex_destroy(), so don't allocate here.
     */

    (yy_buffer_stack) = 0;
    (yy_buffer_stack_top) = 0;
    (yy_buffer_stack_max) = 0;
    (yy_c_buf_p) = (char *) 0;
    (yy_init) = 0;
    (yy_start) = 0;

/* Defined in main.c */
#ifdef YY_STDINIT
    igraph_lgl_yyin = stdin;
    igraph_lgl_yyout = stdout;
#else
    igraph_lgl_yyin = (FILE *) 0;
    igraph_lgl_yyout = (FILE *) 0;
#endif

    /* For future reference: Set errno on error, since we are called by
     * igraph_lgl_yylex_init()
     */
    return 0;
}

/* igraph_lgl_yylex_destroy is for both reentrant and non-reentrant scanners. */
int igraph_lgl_yylex_destroy  (void)
{
    
    /* Pop the buffer stack, destroying each element. */
	while(YY_CURRENT_BUFFER){
		igraph_lgl_yy_delete_buffer(YY_CURRENT_BUFFER  );
		YY_CURRENT_BUFFER_LVALUE = NULL;
		igraph_lgl_yypop_buffer_state();
	}

	/* Destroy the stack itself. */
	igraph_lgl_yyfree((yy_buffer_stack) );
	(yy_buffer_stack) = NULL;

    /* Reset the globals. This is important in a non-reentrant scanner so the next time
     * igraph_lgl_yylex() is called, initialization will occur. */
    yy_init_globals( );

    return 0;
}

/*
 * Internal utility routines.
 */

#ifndef yytext_ptr
static void yy_flex_strncpy (char* s1, yyconst char * s2, int n )
{
	register int i;
	for ( i = 0; i < n; ++i )
		s1[i] = s2[i];
}
#endif

#ifdef YY_NEED_STRLEN
static int yy_flex_strlen (yyconst char * s )
{
	register int n;
	for ( n = 0; s[n]; ++n )
		;

	return n;
}
#endif

void *igraph_lgl_yyalloc (yy_size_t  size )
{
	return (void *) malloc( size );
}

void *igraph_lgl_yyrealloc  (void * ptr, yy_size_t  size )
{
	/* The cast to (char *) in the following accommodates both
	 * implementations that use char* generic pointers, and those
	 * that use void* generic pointers.  It works with the latter
	 * because both ANSI C and C++ allow castless assignment from
	 * any pointer type to void*, and deal with argument conversions
	 * as though doing an assignment.
	 */
	return (void *) realloc( (char *) ptr, size );
}

void igraph_lgl_yyfree (void * ptr )
{
	free( (char *) ptr );	/* see igraph_lgl_yyrealloc() for (char *) cast */
}

#define YYTABLES_NAME "yytables"

#line 83 "foreign-lgl-lexer.l"
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/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef RESTGAME_H
#define RESTGAME_H

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

#ifndef _GNU_SOURCE
# define _GNU_SOURCE
#endif

#include "types.h"
#include "error.h"
#include "interrupt.h"

#include <stdio.h> 		/* FILE */

/**
 * \ingroup internal
 * \struct igraph_t
 * \brief The internal data structure for storing graphs.
 *
 * It is simple and efficient. It has the following members:
 * - <b>n</b> The number of vertices, reduntant.
 * - <b>directed</b> Whether the graph is directed.
 * - <b>from</b> The first column of the edge list.
 * - <b>to</b> The second column of the edge list.
 * - <b>oi</b> The index of the edge list by the first column. Thus
 *   the first edge according to this order goes from
 *   \c from[oi[0]] to \c to[oi[0]]. The length of
 *   this vector is the same as the number of edges in the graph.
 * - <b>ii</b> The index of the edge list by the second column. 
 *   The length of this vector is the same as the number of edges.
 * - <b>os</b> Contains pointers to the edgelist (\c from
 *   and \c to for every vertex. The first edge \em from
 *   vertex \c v is edge no. \c from[oi[os[v]]] if 
 *   \c os[v]<os[v+1]. If \c os[v]==os[v+1] then
 *   there are no edges \em from node \c v. Its length is
 *   the number of vertices plus one, the last element is always the 
 *   same as the number of edges and is contained only to ease the
 *   queries.
 * - <b>is</b> This is basically the same as <b>os</b>, but this time
 *   for the incoming edges.
 * 
 * For undirected graph, the same edge list is stored, ie. an
 * undirected edge is stored only once, and for checking whether there
 * is an undirected edge from \c v1 to \c v2 one
 * should search for both \c from=v1, \c to=v2 and 
 * \c from=v2, \c to=v1.
 *
 * The storage requirements for a graph with \c |V| vertices
 * and \c |E| edges is \c O(|E|+|V|).
 */
typedef struct igraph_s {
  igraph_integer_t n;
  igraph_bool_t directed;
  igraph_vector_t from;
  igraph_vector_t to;
  igraph_vector_t oi;
  igraph_vector_t ii;
  igraph_vector_t os;
  igraph_vector_t is;
  void *attr;
} igraph_t;

/* -------------------------------------------------- */
/* Constants                                          */
/* -------------------------------------------------- */

#define IGRAPH_VERSION_STRING "0.4"

typedef enum { IGRAPH_UNDIRECTED=0, IGRAPH_DIRECTED=1 } igraph_i_directed_t;

typedef enum { IGRAPH_NO_LOOPS=0, IGRAPH_LOOPS=1 } igraph_i_loops_t;

typedef enum { IGRAPH_OUT=1, IGRAPH_IN=2, IGRAPH_ALL=3,
	       IGRAPH_TOTAL=3 } igraph_neimode_t;

typedef enum { IGRAPH_WEAK=1, IGRAPH_STRONG=2 } igraph_connectedness_t;

typedef enum { IGRAPH_ADJ_DIRECTED=0, 
	       IGRAPH_ADJ_UNDIRECTED=1, IGRAPH_ADJ_MAX=1,
               IGRAPH_ADJ_UPPER, IGRAPH_ADJ_LOWER, IGRAPH_ADJ_MIN,
	       IGRAPH_ADJ_PLUS } igraph_adjacency_t;

typedef enum { IGRAPH_STAR_OUT=0, IGRAPH_STAR_IN,
	       IGRAPH_STAR_UNDIRECTED } igraph_star_mode_t;

typedef enum { IGRAPH_TREE_OUT=0, IGRAPH_TREE_IN,
	       IGRAPH_TREE_UNDIRECTED } igraph_tree_mode_t;

typedef enum { IGRAPH_ERDOS_RENYI_GNP=0, 
	       IGRAPH_ERDOS_RENYI_GNM } igraph_erdos_renyi_t;

typedef enum { IGRAPH_GET_ADJACENCY_UPPER=0,
	       IGRAPH_GET_ADJACENCY_LOWER,
	       IGRAPH_GET_ADJACENCY_BOTH } igraph_get_adjacency_t;

typedef enum { IGRAPH_DEGSEQ_SIMPLE=0 } igraph_degseq_t;

typedef enum { IGRAPH_FILEFORMAT_EDGELIST=0,
	       IGRAPH_FILEFORMAT_NCOL,
	       IGRAPH_FILEFORMAT_PAJEK,
               IGRAPH_FILEFORMAT_LGL,
               IGRAPH_FILEFORMAT_GRAPHML } igraph_fileformat_type_t;

typedef enum { IGRAPH_REWIRING_SIMPLE=0 } igraph_rewiring_t;

typedef enum { IGRAPH_EDGEORDER_ID=0,
	       IGRAPH_EDGEORDER_FROM,
	       IGRAPH_EDGEORDER_TO } igraph_edgeorder_type_t;

typedef enum { IGRAPH_TO_DIRECTED_ARBITRARY=0,
	       IGRAPH_TO_DIRECTED_MUTUAL } igraph_to_directed_t;

typedef enum { IGRAPH_TO_UNDIRECTED_EACH=0,
	       IGRAPH_TO_UNDIRECTED_COLLAPSE } igraph_to_undirected_t;

typedef enum { IGRAPH_VCONN_NEI_ERROR=0,
	       IGRAPH_VCONN_NEI_INFINITY,
	       IGRAPH_VCONN_NEI_IGNORE }igraph_vconn_nei_t;

typedef enum { IGRAPH_SPINCOMM_UPDATE_SIMPLE=0,
	       IGRAPH_SPINCOMM_UPDATE_CONFIG } igraph_spincomm_update_t; 

typedef enum { IGRAPH_I_DONT_SIMPLIFY=0,
	       IGRAPH_I_SIMPLIFY } igraph_i_lazy_adlist_simplify_t;
	       

/* -------------------------------------------------- */
/* Vertex selectors                                   */
/* -------------------------------------------------- */

#define IGRAPH_VS_ALL       0
#define IGRAPH_VS_ADJ       1
#define IGRAPH_VS_NONE      2
#define IGRAPH_VS_1         3
#define IGRAPH_VS_VECTORPTR 4
#define IGRAPH_VS_VECTOR    5
#define IGRAPH_VS_SEQ       6
#define IGRAPH_VS_NONADJ    7

typedef struct igraph_vs_t {
  int type;
  union {
    igraph_integer_t vid;    	        /* single vertex  */
    const igraph_vector_t *vecptr;      /* vector of vertices  */
    struct {
      igraph_integer_t vid;
      igraph_neimode_t mode;
    } adj;			        /* adjacent vertices  */
    struct {                           
      igraph_integer_t from;
      igraph_integer_t to;
    } seq;                              /* sequence of vertices from:to */
  } data;
} igraph_vs_t;
    
int igraph_vs_all(igraph_vs_t *vs);
igraph_vs_t igraph_vss_all(void);

int igraph_vs_adj(igraph_vs_t *vs, 
		  igraph_integer_t vid, igraph_neimode_t mode);
igraph_vs_t igraph_vss_adj(igraph_integer_t vid, igraph_neimode_t mode);

int igraph_vs_nonadj(igraph_vs_t *vs, igraph_integer_t vid, 
		     igraph_neimode_t mode);

int igraph_vs_none(igraph_vs_t *vs);
igraph_vs_t igraph_vss_none(void);

int igraph_vs_1(igraph_vs_t *vs, igraph_integer_t vid);
igraph_vs_t igraph_vss_1(igraph_integer_t vid);

int igraph_vs_vector(igraph_vs_t *vs,
		     const igraph_vector_t *v);
igraph_vs_t igraph_vss_vector(const igraph_vector_t *v);

int igraph_vs_vector_small(igraph_vs_t *vs, ...);			   

int igraph_vs_vector_copy(igraph_vs_t *vs,
			  const igraph_vector_t *v);

int igraph_vs_seq(igraph_vs_t *vs, igraph_integer_t from, igraph_integer_t to);
igraph_vs_t igraph_vss_seq(igraph_integer_t from, igraph_integer_t to);

void igraph_vs_destroy(igraph_vs_t *vs);

igraph_bool_t igraph_vs_is_all(igraph_vs_t *vs);

int igraph_vs_as_vector(const igraph_t *graph, igraph_vs_t vs, 
			igraph_vector_t *v);

/* -------------------------------------------------- */
/* Vertex iterators                                   */
/* -------------------------------------------------- */

#define IGRAPH_VIT_SEQ       0
#define IGRAPH_VIT_VECTOR    1
#define IGRAPH_VIT_VECTORPTR 2

typedef struct igraph_vit_t {
  int type;
  long int pos;
  long int start;
  long int end;
  const igraph_vector_t *vec;
} igraph_vit_t;

/**
 * \section IGRAPH_VIT Stepping over the vertices
 *
 * <para>After creating an iterator with \ref igraph_vit_create(), it
 * points to the first vertex in the vertex determined by the vertex
 * selector (if there is any). The \ref IGRAPH_VIT_NEXT() macro steps
 * to the next vertex, \ref IGRAPH_VIT_END() checks whether there are
 * more vertices to visit, \ref IGRAPH_VIT_SIZE() gives the total size
 * of the vertices visited so far and to be visited. \ref
 * IGRAPH_VIT_RESET() resets the iterator, it will point to the first
 * vertex again. Finally \ref IGRAPH_VIT_GET() gives the current vertex
 * pointed by the iterator (call this only if \ref IGRAPH_VIT_END()
 * is false).
 * </para>
 * <para>
 * Here is an example on how to step over the neighbors of vertex 0:
 * <informalexample><programlisting>
 * igraph_vs_t vs;
 * igraph_vit_t vit;
 * ...
 * igraph_vs_adj(&amp;vs, 0, IGRAPH_ALL);
 * igraph_vit_create(&amp;graph, vs, &amp;vit);
 * while (!IGRAPH_VIT_END(VIT)) {
 *   printf(" %li", (long int) IGRAPH_VIT_GET(vit));
 *   IGRAPH_VIT_NEXT(vit);
 * }
 * printf("\n");
 * ...
 * igraph_vit_destroy(&amp;vit);
 * igraph_vs_destroy(&amp;vs);
 * </programlisting></informalexample>
 * </para>
 */

/**
 * \define IGRAPH_VIT_NEXT
 * 
 * Steps the iterator to the next vertex. Only call this function if
 * \ref IGRAPH_VIT_END() returns false.
 * \param vit The vertex iterator to step.
 * 
 * Time complexity: O(1).
 */
#define IGRAPH_VIT_NEXT(vit)  (++((vit).pos))
/**
 * \define IGRAPH_VIT_END
 * 
 * Checks whether there are more vertices to step to.
 * \param vit The vertex iterator to check.
 * \return Logical value, if true there are no more vertices to step
 * to.
 * 
 * Time complexity: O(1).
 */
#define IGRAPH_VIT_END(vit)   ((vit).pos >= (vit).end)
/**
 * \define IGRAPH_VIT_SIZE
 * 
 * Gives the number of vertices in a vertex iterator.
 * \param vit The vertex iterator.
 * \return The number of vertices.
 * 
 * Time complexity: O(1).
 */
#define IGRAPH_VIT_SIZE(vit)  ((vit).end - (vit).start)
/**
 * \define IGRAPH_VIT_RESET
 * 
 * Resets a vertex iterator. After calling this macro the iterator
 * will point to the first vertex.
 * \param vit The vertex iterator.
 * 
 * Time complexity: O(1).
 */
#define IGRAPH_VIT_RESET(vit) ((vit).pos = (vit).start)
/**
 * \define IGRAPH_VIT_GET
 * 
 * Gives the vertex id of the current vertex poited to by the
 * iterator. 
 * \param vit The vertex iterator.
 * \return The vertex id of the current vertex.
 * 
 * Time complexity: O(1).
 */
#define IGRAPH_VIT_GET(vit)  \
  (((vit).type == IGRAPH_VIT_SEQ) ? (vit).pos : \
  VECTOR(*(vit).vec)[(vit).pos])

int igraph_vit_create(const igraph_t *graph, 
		      igraph_vs_t vs, igraph_vit_t *vit);
void igraph_vit_destroy(const igraph_vit_t *vit); 

int igraph_vit_as_vector(const igraph_vit_t *vit, igraph_vector_t *v);

/* -------------------------------------------------- */
/* Edge Selectors                                     */
/* -------------------------------------------------- */

#define IGRAPH_ES_ALL       0
#define IGRAPH_ES_ALLFROM   1
#define IGRAPH_ES_ALLTO     2
#define IGRAPH_ES_ADJ       3
#define IGRAPH_ES_NONE      4
#define IGRAPH_ES_1         5
#define IGRAPH_ES_VECTORPTR 6
#define IGRAPH_ES_VECTOR    7
#define IGRAPH_ES_SEQ       8
#define IGRAPH_ES_PAIRS     9
#define IGRAPH_ES_PATH      10
#define IGRAPH_ES_MULTIPAIRS 11

typedef struct igraph_es_t {
  int type;
  union {
    igraph_integer_t vid;
    igraph_integer_t eid;
    const igraph_vector_t *vecptr;
    struct {
      igraph_integer_t vid;
      igraph_neimode_t mode;
    } adj;
    struct {
      igraph_integer_t from;
      igraph_integer_t to;
    } seq;
    struct {
      const igraph_vector_t *ptr;
      igraph_bool_t mode;
    } path;
  } data;
} igraph_es_t;

int igraph_es_all(igraph_es_t *es, 
		  igraph_edgeorder_type_t order);
igraph_es_t igraph_ess_all(igraph_edgeorder_type_t order);

int igraph_es_adj(igraph_es_t *es, 
		  igraph_integer_t vid, igraph_neimode_t mode);

int igraph_es_none(igraph_es_t *es);
igraph_es_t igraph_ess_none(void);

int igraph_es_1(igraph_es_t *es, igraph_integer_t eid);
igraph_es_t igraph_ess_1(igraph_integer_t eid);

int igraph_es_vector(igraph_es_t *es,
		     const igraph_vector_t *v);
igraph_es_t igraph_ess_vector(const igraph_vector_t *v);

int igraph_es_fromto(igraph_es_t *es,
		     igraph_vs_t from, igraph_vs_t to);

int igraph_es_seq(igraph_es_t *es, igraph_integer_t from, igraph_integer_t to);
igraph_es_t igraph_ess_seq(igraph_integer_t from, igraph_integer_t to);

int igraph_es_pairs(igraph_es_t *es, const igraph_vector_t *v, 
		    igraph_bool_t directed);
int igraph_es_pairs_small(igraph_es_t *es, igraph_bool_t directed, ...);

int igraph_es_multipairs(igraph_es_t *es, const igraph_vector_t *v,
			 igraph_bool_t directed);

int igraph_es_path(igraph_es_t *es, const igraph_vector_t *v, 
		   igraph_bool_t directed);
int igraph_es_path_small(igraph_es_t *es, igraph_bool_t directed, ...);

void igraph_es_destroy(igraph_es_t *es);

igraph_bool_t igraph_es_is_all(igraph_es_t *es);

int igraph_es_as_vector(const igraph_t *graph, igraph_es_t es, 
			igraph_vector_t *v);

/* -------------------------------------------------- */
/* Edge Iterators                                     */
/* -------------------------------------------------- */

#define IGRAPH_EIT_SEQ       0
#define IGRAPH_EIT_VECTOR    1
#define IGRAPH_EIT_VECTORPTR 2

typedef struct igraph_eit_t {
  int type;
  long int pos;
  long int start;
  long int end;
  const igraph_vector_t *vec;
} igraph_eit_t;

/**
 * \section IGRAPH_EIT Stepping over the edges
 * 
 * <para>Just like for vertex iterators, macros are provided for
 * stepping over a sequence of edges: \ref IGRAPH_EIT_NEXT() goes to
 * the next edge, \ref IGRAPH_EIT_END() checks whether there are more
 * edges to visit, \ref IGRAPH_EIT_SIZE() gives the number of edges in
 * the edge sequence, \ref IGRAPH_EIT_RESET() resets the iterator to
 * the first edge and \ref IGRAPH_EIT_GET() returns the id of the
 * current edge.</para>
 */

/**
 * \define IGRAPH_EIT_NEXT
 * 
 * Steps the iterator to the next edge. Call this function only if
 * \ref IGRAPH_EIT_END() returns false.
 * \param eit The edge iterator to step.
 * 
 * Time complecity: O(1).
 */
#define IGRAPH_EIT_NEXT(eit) (++((eit).pos))
/**
 * \define IGRAPH_EIT_END
 * 
 * Checks whether there are more edges to step to.
 * \param wit The edge iterator to check.
 * \return Logical value, if true there are no more edges
 * to step to.
 *
 * Time complexity: O(1).
 */
#define IGRAPH_EIT_END(eit)   ((eit).pos >= (eit).end)
/**
 * \define IGRAPH_EIT_SIZE
 * 
 * Gives the number of edges in an edge iterator.
 * \param eit The edge iterator.
 * \return The number of edges.
 * 
 * Time complexity: O(1).
 */
#define IGRAPH_EIT_SIZE(eit)  ((eit).end - (eit).start)
/**
 * \define IGRAPH_EIT_RESET
 * 
 * Resets an ege iterator. After calling this macro the iterator will
 * point to the first edge.
 * \param eit The edge iterator.
 * 
 * Time complexity: O(1).
 */
#define IGRAPH_EIT_RESET(eit) ((eit).pos = (eit).start)
/**
 * \define IGRAPH_EIT_GET
 * 
 * Gives the edge id of the current edge pointed to by an iterator.
 * \param eit The edge iterator.
 * \return The id of the current edge.
 * 
 * Time complexity: O(1).
 */
#define IGRAPH_EIT_GET(eit)  \
  (((eit).type == IGRAPH_EIT_SEQ) ? (eit).pos : \
  VECTOR(*(eit).vec)[(eit).pos])

int igraph_eit_create(const igraph_t *graph, 
		      igraph_es_t es, igraph_eit_t *eit);
void igraph_eit_destroy(const igraph_eit_t *eit); 

int igraph_eit_as_vector(const igraph_eit_t *eit, igraph_vector_t *v);

/* -------------------------------------------------- */
/* Interface                                          */
/* -------------------------------------------------- */

int igraph_empty(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed);
int igraph_empty_attrs(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed, void *attr);
int igraph_destroy(igraph_t *graph);
int igraph_copy(igraph_t *to, const igraph_t *from);
int igraph_add_edges(igraph_t *graph, const igraph_vector_t *edges, 
		     void *attr);
int igraph_add_vertices(igraph_t *graph, igraph_integer_t nv, 
			void *attr);
int igraph_delete_edges(igraph_t *graph, igraph_es_t edges);
int igraph_delete_vertices(igraph_t *graph, const igraph_vs_t vertices);
igraph_integer_t igraph_vcount(const igraph_t *graph);
igraph_integer_t igraph_ecount(const igraph_t *graph);
int igraph_neighbors(const igraph_t *graph, igraph_vector_t *neis, igraph_integer_t vid, 
		     igraph_neimode_t mode); 
igraph_bool_t igraph_is_directed(const igraph_t *graph);
int igraph_degree(const igraph_t *graph, igraph_vector_t *res, 
		  const igraph_vs_t vids, igraph_neimode_t mode, 
		  igraph_bool_t loops);
int igraph_edge(const igraph_t *graph, igraph_integer_t eid, 
		igraph_integer_t *from, igraph_integer_t *to);		
int igraph_edges(const igraph_t *graph, igraph_es_t eids,
		 igraph_vector_t *edges);
int igraph_get_eid(const igraph_t *graph, igraph_integer_t *eid,
		   igraph_integer_t from, igraph_integer_t to,
		   igraph_bool_t directed);
int igraph_get_eids(const igraph_t *graph, igraph_vector_t *eids,
		    const igraph_vector_t *pairs, igraph_bool_t directed);
int igraph_adjacent(const igraph_t *graph, igraph_vector_t *eids, igraph_integer_t vid,
		    igraph_neimode_t mode);

#define IGRAPH_FROM(g,e) (VECTOR((g)->from)[(long int)(e)])
#define IGRAPH_TO(g,e)   (VECTOR((g)->to)  [(long int)(e)])
#define IGRAPH_OTHER(g,e,v) (IGRAPH_TO(g,(e))==(v) ? IGRAPH_FROM((g),(e)) : IGRAPH_TO((g),(e)))

/* -------------------------------------------------- */
/* Constructors, deterministic                        */
/* -------------------------------------------------- */

int igraph_create(igraph_t *graph, const igraph_vector_t *edges, igraph_integer_t n, 
		  igraph_bool_t directed);
int igraph_small(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed, 
		 ...);
int igraph_adjacency(igraph_t *graph, igraph_matrix_t *adjmatrix,
		     igraph_adjacency_t mode);
int igraph_star(igraph_t *graph, igraph_integer_t n, igraph_star_mode_t mode, 
		igraph_integer_t center);
int igraph_lattice(igraph_t *graph, const igraph_vector_t *dimvector, igraph_integer_t nei, 
		   igraph_bool_t directed, igraph_bool_t mutual, igraph_bool_t circular);
int igraph_ring(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed, 
		igraph_bool_t mutual, igraph_bool_t circular);
int igraph_tree(igraph_t *graph, igraph_integer_t n, igraph_integer_t children, 
		igraph_tree_mode_t type);
int igraph_full(igraph_t *graph, igraph_integer_t n, igraph_bool_t directed, igraph_bool_t loops);
int igraph_atlas(igraph_t *graph, int number);
int igraph_extended_chordal_ring(igraph_t *graph, igraph_integer_t nodes, 
				 const igraph_matrix_t *W);
int igraph_connect_neighborhood(igraph_t *graph, igraph_integer_t order,
				igraph_neimode_t mode);

/* -------------------------------------------------- */
/* Constructors, games (=stochastic)                  */
/* -------------------------------------------------- */

int igraph_barabasi_game(igraph_t *graph, igraph_integer_t n, igraph_integer_t m, 
			 const igraph_vector_t *outseq, igraph_bool_t outpref, 
			 igraph_bool_t directed);
int igraph_nonlinear_barabasi_game(igraph_t *graph, igraph_integer_t n,
				   igraph_real_t power,
				   igraph_integer_t m,  
				   const igraph_vector_t *outseq,
				   igraph_bool_t outpref,
				   igraph_real_t zeroappeal,
				   igraph_bool_t directed);
int igraph_erdos_renyi_game(igraph_t *graph, igraph_erdos_renyi_t type,
			    igraph_integer_t n, igraph_real_t p,
			    igraph_bool_t directed, igraph_bool_t loops);
int igraph_erdos_renyi_game_gnp(igraph_t *graph, igraph_integer_t n, igraph_real_t p,
				igraph_bool_t directed, igraph_bool_t loops);
int igraph_degree_sequence_game(igraph_t *graph, const igraph_vector_t *out_deg,
				const igraph_vector_t *in_deg, 
				igraph_degseq_t method);
int igraph_growing_random_game(igraph_t *graph, igraph_integer_t n, 
			       igraph_integer_t m, igraph_bool_t directed, igraph_bool_t citation);
int igraph_barabasi_aging_game(igraph_t *graph, 
			       igraph_integer_t nodes,
			       igraph_integer_t m,
			       const igraph_vector_t *outseq,
			       igraph_bool_t outpref,
			       igraph_real_t pa_exp,
			       igraph_real_t aging_exp,
			       igraph_integer_t aging_bin,
			       igraph_real_t zero_deg_appeal,
			       igraph_real_t zero_age_appeal,
			       igraph_real_t deg_coef,
			       igraph_real_t age_coef,
			       igraph_bool_t directed);
int igraph_recent_degree_game(igraph_t *graph, igraph_integer_t n,
			      igraph_real_t power,
			      igraph_integer_t window,
			      igraph_integer_t m,  
			      const igraph_vector_t *outseq,
			      igraph_bool_t outpref,
			      igraph_real_t zero_appeal,
			      igraph_bool_t directed);
int igraph_recent_degree_aging_game(igraph_t *graph,
				    igraph_integer_t nodes,
				    igraph_integer_t m, 
				    const igraph_vector_t *outseq,
				    igraph_bool_t outpref,
				    igraph_real_t pa_exp,
				    igraph_real_t aging_exp,
				    igraph_integer_t aging_bin,
				    igraph_integer_t window,
				    igraph_real_t zero_appeal,
				    igraph_bool_t directed);
int igraph_callaway_traits_game (igraph_t *graph, igraph_integer_t nodes, 
				 igraph_integer_t types, igraph_integer_t edges_per_step, 
				 igraph_vector_t *type_dist,
				 igraph_matrix_t *pref_matrix,
				 igraph_bool_t directed);
int igraph_establishment_game(igraph_t *graph, igraph_integer_t nodes,
			      igraph_integer_t types, igraph_integer_t k,
			      igraph_vector_t *type_dist,
			      igraph_matrix_t *pref_matrix,
			      igraph_bool_t directed);
int igraph_grg_game(igraph_t *graph, igraph_integer_t nodes,
		    igraph_real_t radius, igraph_bool_t torus);
int igraph_preference_game(igraph_t *graph, igraph_integer_t nodes,
			   igraph_integer_t types, igraph_vector_t *type_dist,
			   igraph_matrix_t *pref_matrix,
			   igraph_vector_t *node_type_vec,
			   igraph_bool_t directed, igraph_bool_t loops);
int igraph_asymmetric_preference_game(igraph_t *graph, igraph_integer_t nodes,
				      igraph_integer_t types,
				      igraph_matrix_t *type_dist_matrix,
				      igraph_matrix_t *pref_matrix,
				      igraph_vector_t *node_type_in_vec,
				      igraph_vector_t *node_type_out_vec,
				      igraph_bool_t loops);

int igraph_rewire_edges(igraph_t *graph, igraph_real_t prob);
int igraph_watts_strogatz_game(igraph_t *graph, igraph_integer_t dim,
			       igraph_integer_t size, igraph_integer_t nei,
			       igraph_real_t p);

int igraph_lastcit_game(igraph_t *graph, 
			igraph_integer_t nodes, igraph_integer_t edges_per_node, 
			igraph_integer_t agebins,
			const igraph_vector_t *preference, igraph_bool_t directed);

int igraph_cited_type_game(igraph_t *graph, igraph_integer_t nodes,
			   const igraph_vector_t *types,
			   const igraph_vector_t *pref,
			   igraph_integer_t edges_per_step,
			   igraph_bool_t directed);

int igraph_citing_cited_type_game(igraph_t *graph, igraph_integer_t nodes,
				  const igraph_vector_t *types,
				  const igraph_matrix_t *pref,
				  igraph_integer_t edges_per_step,
				  igraph_bool_t directed);

/* -------------------------------------------------- */
/* Basic query functions                              */
/* -------------------------------------------------- */

int igraph_are_connected(const igraph_t *graph, igraph_integer_t v1, igraph_integer_t v2, igraph_bool_t *res);

/* -------------------------------------------------- */
/* Structural properties                              */
/* -------------------------------------------------- */

int igraph_diameter(const igraph_t *graph, igraph_integer_t *res, 
		    igraph_integer_t *from, igraph_integer_t *to,
		    igraph_vector_t *path,
		    igraph_bool_t directed, igraph_bool_t unconn);
int igraph_minimum_spanning_tree_unweighted(const igraph_t *graph, 
					    igraph_t *mst);
int igraph_minimum_spanning_tree_prim(const igraph_t *graph, igraph_t *mst,
				      const igraph_vector_t *weights);
int igraph_closeness(const igraph_t *graph, igraph_vector_t *res, 
		     const igraph_vs_t vids, igraph_neimode_t mode);
int igraph_shortest_paths(const igraph_t *graph, igraph_matrix_t *res, 
			  const igraph_vs_t from, igraph_neimode_t mode);
int igraph_get_shortest_paths(const igraph_t *graph, igraph_vector_ptr_t *res,
			      igraph_integer_t from, const igraph_vs_t to, 
			      igraph_neimode_t mode);
int igraph_get_all_shortest_paths(const igraph_t *graph,
				  igraph_vector_ptr_t *res, 
				  igraph_vector_t *nrgeo,
				  igraph_integer_t from, const igraph_vs_t to, 
				  igraph_neimode_t mode);
int igraph_subcomponent(const igraph_t *graph, igraph_vector_t *res, igraph_real_t vid, 
			igraph_neimode_t mode);	
int igraph_betweenness (const igraph_t *graph, igraph_vector_t *res, 
			const igraph_vs_t vids, igraph_bool_t directed);
int igraph_edge_betweenness (const igraph_t *graph, igraph_vector_t *result,
			     igraph_bool_t directed); /* eee + add */
int igraph_pagerank(const igraph_t *graph, igraph_vector_t *res, 
		    const igraph_vs_t vids, igraph_bool_t directed, igraph_integer_t niter, 
		    igraph_real_t eps, igraph_real_t damping);
int igraph_rewire(igraph_t *graph, igraph_integer_t n, igraph_rewiring_t mode);
int igraph_subgraph(const igraph_t *graph, igraph_t *res, 
		    const igraph_vs_t vids);
int igraph_average_path_length(const igraph_t *graph, igraph_real_t *res,
			       igraph_bool_t directed, igraph_bool_t unconn);
int igraph_simplify(igraph_t *graph, igraph_bool_t multiple, igraph_bool_t loops);
int igraph_transitivity_undirected(const igraph_t *graph, 
				   igraph_real_t *res);
int igraph_transitivity_local_undirected(const igraph_t *graph, 
					 igraph_vector_t *res,
					 const igraph_vs_t vids);
int igraph_transitivity_local_undirected1(const igraph_t *graph, 
					  igraph_vector_t *res,
					  const igraph_vs_t vids);
int igraph_transitivity_local_undirected2(const igraph_t *graph, 
					  igraph_vector_t *res,
					  const igraph_vs_t vids);
int igraph_transitivity_local_undirected4(const igraph_t *graph, 
					  igraph_vector_t *res,
					  const igraph_vs_t vids);
int igraph_transitivity_avglocal_undirected(const igraph_t *graph,
					    igraph_real_t *res);
int igraph_reciprocity(const igraph_t *graph, igraph_real_t *res,
		       igraph_bool_t ignore_loops);

int igraph_constraint(const igraph_t *graph, igraph_vector_t *res,
		      igraph_vs_t vids, const igraph_vector_t *weights);
int igraph_maxdegree(const igraph_t *graph, igraph_integer_t *res,
		     igraph_vs_t vids, igraph_neimode_t mode, 
		     igraph_bool_t loops);
int igraph_density(const igraph_t *graph, igraph_real_t *res, 
		   igraph_bool_t loops);

int igraph_neighborhood_size(const igraph_t *graph, igraph_vector_t *res,
			     igraph_vs_t vids, igraph_integer_t order, 
			     igraph_neimode_t mode);
int igraph_neighborhood(const igraph_t *graph, igraph_vector_ptr_t *res,
			igraph_vs_t vids, igraph_integer_t order,
			igraph_neimode_t mode);
int igraph_neighborhood_graphs(const igraph_t *graph, igraph_vector_ptr_t *res,
			       igraph_vs_t vids, igraph_integer_t order,
			       igraph_neimode_t mode);
int igraph_topological_sorting(const igraph_t *graph, igraph_vector_t *res,
			       igraph_neimode_t mode);
int igraph_is_loop(const igraph_t *graph, igraph_vector_t *res, igraph_es_t es);
int igraph_is_multiple(const igraph_t *graph, igraph_vector_t *res, igraph_es_t es);
int igraph_girth(const igraph_t *graph, igraph_integer_t *girth, 
		 igraph_vector_t *circle);

/* TODO: degree.distribution (?) */

/* -------------------------------------------------- */
/* Spectral Properties                                */
/* -------------------------------------------------- */

int igraph_laplacian(const igraph_t *graph, igraph_matrix_t *res,
		     igraph_bool_t normalized);

/* -------------------------------------------------- */
/* Components                                         */
/* -------------------------------------------------- */

int igraph_clusters(const igraph_t *graph, igraph_vector_t *membership, 
		    igraph_vector_t *csize, igraph_integer_t *no,
		    igraph_connectedness_t mode);
int igraph_is_connected(const igraph_t *graph, igraph_bool_t *res, 
			igraph_connectedness_t mode);
int igraph_decompose(const igraph_t *graph, igraph_vector_ptr_t *components, 
		     igraph_connectedness_t mode, 
		     long int maxcompno, long int minelements);

/* TODO: cluster.distribution (?) */

/* -------------------------------------------------- */
/* Cliques, maximal independent vertex sets           */
/* -------------------------------------------------- */

int igraph_cliques(const igraph_t *graph, igraph_vector_ptr_t *res,
                   igraph_integer_t min_size, igraph_integer_t max_size);
int igraph_largest_cliques(const igraph_t *graph, 
			   igraph_vector_ptr_t *cliques);
int igraph_maximal_cliques(const igraph_t *graph,
			   igraph_vector_ptr_t *res);
int igraph_clique_number(const igraph_t *graph, igraph_integer_t *no);
int igraph_independent_vertex_sets(const igraph_t *graph,
				   igraph_vector_ptr_t *res,
				   igraph_integer_t min_size,
				   igraph_integer_t max_size);
int igraph_largest_independent_vertex_sets(const igraph_t *graph,
					   igraph_vector_ptr_t *res);
int igraph_maximal_independent_vertex_sets(const igraph_t *graph,
					   igraph_vector_ptr_t *res);
int igraph_independence_number(const igraph_t *graph, igraph_integer_t *no);

/* -------------------------------------------------- */
/* Layouts                                            */
/* -------------------------------------------------- */

int igraph_layout_random(const igraph_t *graph, igraph_matrix_t *res);
int igraph_layout_circle(const igraph_t *graph, igraph_matrix_t *res);
int igraph_layout_fruchterman_reingold(const igraph_t *graph, igraph_matrix_t *res,
				       igraph_integer_t niter, igraph_real_t maxdelta,
				       igraph_real_t area, igraph_real_t coolexp, 
				       igraph_real_t repulserad, igraph_bool_t use_seed);
int igraph_layout_grid_fruchterman_reingold(const igraph_t *graph, 
					    igraph_matrix_t *res,
					    igraph_integer_t niter, igraph_real_t maxdelta, 
					    igraph_real_t area, igraph_real_t coolexp,
					    igraph_real_t repulserad, 
					    igraph_real_t cellsize, igraph_bool_t use_seed);
int igraph_layout_kamada_kawai(const igraph_t *graph, igraph_matrix_t *res,
			       igraph_integer_t niter, igraph_real_t sigma, 
			       igraph_real_t initemp, igraph_real_t coolexp,
			       igraph_real_t kkconst);
int igraph_layout_springs(const igraph_t *graph, igraph_matrix_t *res,
			  igraph_real_t mass, igraph_real_t equil, igraph_real_t k,
			  igraph_real_t repeqdis, igraph_real_t kfr, igraph_bool_t repulse);
int igraph_layout_lgl(const igraph_t *graph, igraph_matrix_t *res,
		      igraph_integer_t maxiter, igraph_real_t maxdelta, 
		      igraph_real_t area, igraph_real_t coolexp,
		      igraph_real_t repulserad, igraph_real_t cellsize, igraph_integer_t root);
int igraph_layout_reingold_tilford(const igraph_t *graph, igraph_matrix_t *res,
              long int root);
int igraph_layout_reingold_tilford_circular(const igraph_t *graph,
					    igraph_matrix_t *res, long int root);

int igraph_layout_random_3d(const igraph_t *graph, igraph_matrix_t *res);
int igraph_layout_sphere(const igraph_t *graph, igraph_matrix_t *res);
int igraph_layout_fruchterman_reingold_3d(const igraph_t *graph, 
					  igraph_matrix_t *res,
					  igraph_integer_t niter, igraph_real_t maxdelta,
					  igraph_real_t volume, igraph_real_t coolexp,
					  igraph_real_t repulserad,
					  igraph_bool_t use_seed);
int igraph_layout_kamada_kawai_3d(const igraph_t *graph, igraph_matrix_t *res,
				  igraph_integer_t niter, igraph_real_t sigma, 
				  igraph_real_t initemp, igraph_real_t coolexp, 
				  igraph_real_t kkconst);

int igraph_layout_merge_dla(igraph_vector_ptr_t *graphs,
			    igraph_vector_ptr_t *coords, 
			    igraph_matrix_t *res);

/* -------------------------------------------------- */
/* Visitor-like functions                             */
/* -------------------------------------------------- */

int igraph_bfs(igraph_t *graph, igraph_integer_t vid, igraph_neimode_t mode,
	       igraph_vector_t *vids, igraph_vector_t *layers,
	       igraph_vector_t *parents);

/* -------------------------------------------------- */
/* Centrality                                         */
/* -------------------------------------------------- */

/* TODO: evcent */

/* -------------------------------------------------- */
/* Cocitation                                         */
/* -------------------------------------------------- */

int igraph_cocitation(const igraph_t *graph, igraph_matrix_t *res, 
		      const igraph_vs_t vids);
int igraph_bibcoupling(const igraph_t *graph, igraph_matrix_t *res, 
		       const igraph_vs_t vids);

/* -------------------------------------------------- */
/* Community Structure                                */
/* -------------------------------------------------- */

/* TODO: eb.community */
/* TODO: cut.community */
/* TODO: edge.type.matrix */
/* TODO: modularity */
/* TODO:  */

int igraph_community_spinglass(const igraph_t *graph,
			       const igraph_vector_t *weights,
			       igraph_real_t *modularity,
			       igraph_real_t *temperature,
			       igraph_vector_t *membership, 
			       igraph_vector_t *csize, 
			       igraph_integer_t spins,
			       igraph_bool_t parupdate,
			       igraph_real_t starttemp,
			       igraph_real_t stoptemp,
			       igraph_real_t coolfact,
			       igraph_spincomm_update_t update_rule,
			       igraph_real_t gamma);
int igraph_spinglass_community(const igraph_t *graph,
			       const igraph_vector_t *weights,
			       igraph_real_t *modularity,
			       igraph_real_t *temperature,
			       igraph_vector_t *membership, 
			       igraph_vector_t *csize, 
			       igraph_integer_t spins,
			       igraph_bool_t parupdate,
			       igraph_real_t starttemp,
			       igraph_real_t stoptemp,
			       igraph_real_t coolfact,
			       igraph_spincomm_update_t update_rule,
			       igraph_real_t gamma);

int igraph_community_spinglass_single(const igraph_t *graph,
				      const igraph_vector_t *weights,
				      igraph_integer_t vertex,
				      igraph_vector_t *community,
				      igraph_real_t *cohesion,
				      igraph_real_t *adhesion,
				      igraph_integer_t *inner_links,
				      igraph_integer_t *outer_links,
				      igraph_integer_t spins,
				      igraph_spincomm_update_t update_rule,
				      igraph_real_t gamma);
int igraph_spinglass_my_community(const igraph_t *graph,
				  const igraph_vector_t *weights,
				  igraph_integer_t vertex,
				  igraph_vector_t *community,
				  igraph_real_t *cohesion,
				  igraph_real_t *adhesion,
				  igraph_integer_t *inner_links,
				  igraph_integer_t *outer_links,
				  igraph_integer_t spins,
				  igraph_spincomm_update_t update_rule,
				  igraph_real_t gamma);

int igraph_community_walktrap(const igraph_t *graph, 
			      const igraph_vector_t *weights,
			      int steps,
			      igraph_matrix_t *merges,
			      igraph_vector_t *modularity);

int igraph_community_edge_betweenness(const igraph_t *graph, 
				      igraph_vector_t *result,
				      igraph_vector_t *edge_betweenness,
				      igraph_matrix_t *merges,
				      igraph_vector_t *bridges,
				      igraph_bool_t directed);
int igraph_community_eb_get_merges(const igraph_t *graph, 
				   const igraph_vector_t *edges,
				   igraph_matrix_t *merges,
				   igraph_vector_t *bridges);

int igraph_community_fastgreedy(const igraph_t *graph,
				igraph_matrix_t *merges,
				igraph_vector_t *modularity);

int igraph_community_to_membership(const igraph_t *graph,
				   const igraph_matrix_t *merges,
				   igraph_integer_t steps,
				   igraph_vector_t *membership,
				   igraph_vector_t *csize);

int igraph_modularity(const igraph_t *graph, 
		      const igraph_vector_t *membership,
		      igraph_real_t *modularity);

int igraph_community_leading_eigenvector_naive(const igraph_t *graph,
					       igraph_matrix_t *merges,
					       igraph_vector_t *membership,
					       long int steps);
int igraph_community_leading_eigenvector(const igraph_t *graph,
					 igraph_matrix_t *merges,
					 igraph_vector_t *membership,
					 long int steps);
int igraph_community_leading_eigenvector_step(const igraph_t *graph,
					      igraph_vector_t *membership,
					      igraph_integer_t community,
					      igraph_bool_t *split,
					      igraph_vector_t *eigenvector,
					      igraph_real_t *eigenvalue);

/* -------------------------------------------------- */
/* Conversion                                         */
/* -------------------------------------------------- */

int igraph_get_adjacency(const igraph_t *graph, igraph_matrix_t *res,
			 igraph_get_adjacency_t type);
int igraph_get_adjacency_sparse(const igraph_t *graph, igraph_spmatrix_t *res,
			        igraph_get_adjacency_t type);
int igraph_get_edgelist(const igraph_t *graph, igraph_vector_t *res, igraph_bool_t bycol);

int igraph_to_directed(igraph_t *graph, 
		       igraph_to_directed_t flags);
int igraph_to_undirected(igraph_t *graph,
			 igraph_to_undirected_t flags);

/* -------------------------------------------------- */
/* Read and write foreign formats                     */
/* -------------------------------------------------- */

int igraph_read_graph_edgelist(igraph_t *graph, FILE *instream, 
			       igraph_integer_t n, igraph_bool_t directed);
int igraph_read_graph_ncol(igraph_t *graph, FILE *instream,
			   igraph_strvector_t *predefnames, igraph_bool_t names, 
			  igraph_bool_t weights, igraph_bool_t directed);
int igraph_read_graph_lgl(igraph_t *graph, FILE *instream,
			  igraph_bool_t names, igraph_bool_t weights);
int igraph_read_graph_pajek(igraph_t *graph, FILE *instream);
int igraph_read_graph_graphml(igraph_t *graph, FILE *instream,
			      int index);
int igraph_read_graph_dimacs(igraph_t *graph, FILE *instream,
			     igraph_integer_t *source, 
			     igraph_integer_t *target, 
			     igraph_vector_t *capacity, 
			     igraph_bool_t directed);
int igraph_read_graph_graphdb(igraph_t *graph, FILE *instream, 
			      igraph_bool_t directed);
int igraph_read_graph_gml(igraph_t *graph, FILE *instream);

int igraph_write_graph_edgelist(const igraph_t *graph, FILE *outstream);
int igraph_write_graph_ncol(const igraph_t *graph, FILE *outstream,
			    const char *names, const char *weights);
int igraph_write_graph_lgl(const igraph_t *graph, FILE *outstream,
			   const char *names, const char *weights,
			   igraph_bool_t isolates);
int igraph_write_graph_graphml(const igraph_t *graph, FILE *outstream);
int igraph_write_graph_pajek(const igraph_t *graph, FILE *outstream);
int igraph_write_graph_dimacs(const igraph_t *graph, FILE *outstream,
			      long int source, long int target,
			      const igraph_vector_t *capacity);
int igraph_write_graph_gml(const igraph_t *graph, FILE *outstream, 
			   const igraph_vector_t *id, const char *creator);

/* -------------------------------------------------- */
/* Graph isomorphisms                                 */
/* -------------------------------------------------- */

int igraph_isoclass(const igraph_t *graph, int *isoclass);
int igraph_isomorphic(const igraph_t *graph1, const igraph_t *graph2,
		      igraph_bool_t *iso);
int igraph_isoclass_subgraph(const igraph_t *graph, igraph_vector_t *vids,
			     int *isoclass);
int igraph_isoclass_create(igraph_t *graph, igraph_integer_t size,
			   igraph_integer_t number, igraph_bool_t directed);
int igraph_isomorphic_vf2(const igraph_t *graph1, const igraph_t *graph2, 
			  igraph_bool_t *iso);

/* -------------------------------------------------- */
/* Graph motifs                                       */
/* -------------------------------------------------- */

int igraph_motifs_randesu(const igraph_t *graph, igraph_vector_t *hist, 
			  int size, const igraph_vector_t *cut_prob);

int igraph_motifs_randesu_estimate(const igraph_t *graph, igraph_integer_t *est,
				   int size, const igraph_vector_t *cut_prob, 
				   igraph_integer_t sample_size, 
				   const igraph_vector_t *sample);
int igraph_motifs_randesu_no(const igraph_t *graph, igraph_integer_t *no,
			     int size, const igraph_vector_t *cut_prob);

/* -------------------------------------------------- */
/* Progress handlers                                  */
/* -------------------------------------------------- */

typedef int igraph_progress_handler_t(const char *message, igraph_real_t percent,
				      void *data);

extern igraph_progress_handler_t igraph_progress_handler_stderr;

igraph_progress_handler_t *
igraph_set_progress_handler(igraph_progress_handler_t new_handler);

int igraph_progress(const char *message, igraph_real_t percent, void *data);

/* -------------------------------------------------- */
/* Graph operators                                    */
/* -------------------------------------------------- */

int igraph_disjoint_union(igraph_t *res, 
			  const igraph_t *left, const igraph_t *right);
int igraph_disjoint_union_many(igraph_t *res, 
			       const igraph_vector_ptr_t *graphs);
int igraph_union(igraph_t *res, const igraph_t *left, const igraph_t *right);
int igraph_union_many(igraph_t *res, const igraph_vector_ptr_t *graphs);
int igraph_intersection(igraph_t *res, 
			const igraph_t *left, const igraph_t *right);
int igraph_intersection_many(igraph_t *res, const igraph_vector_ptr_t *graphs);
int igraph_difference(igraph_t *res, 
		      const igraph_t *orig, const igraph_t *sub);
int igraph_complementer(igraph_t *res, const igraph_t *graph, 
			igraph_bool_t loops);
int igraph_compose(igraph_t *res, const igraph_t *g1, const igraph_t *g2);

/* -------------------------------------------------- */
/* MAximum flows, minimum cuts & such                 */
/* -------------------------------------------------- */

int igraph_maxflow_value(const igraph_t *graph, igraph_real_t *value,
			 igraph_integer_t source, igraph_integer_t target,
			 const igraph_vector_t *capacity);
int igraph_mincut_value(const igraph_t *graph, igraph_real_t *res, 
			const igraph_vector_t *capacity);
int igraph_st_mincut_value(const igraph_t *graph, igraph_real_t *res,
                           igraph_integer_t source, igraph_integer_t target,
			   const igraph_vector_t *capacity);

int igraph_mincut(const igraph_t *graph,
		  igraph_integer_t *value,
		  igraph_vector_t *partition,
		  igraph_vector_t *partition2,
		  igraph_vector_t *cut,
		  const igraph_vector_t *capacity);

int igraph_st_vertex_connectivity(const igraph_t *graph, 
				  igraph_integer_t *res,
				  igraph_integer_t source,
				  igraph_integer_t target,
				  igraph_vconn_nei_t neighbors);
int igraph_vertex_connectivity(const igraph_t *graph, igraph_integer_t *res,
			       igraph_bool_t checks);
int igraph_st_edge_connectivity(const igraph_t *graph, igraph_integer_t *res,
				igraph_integer_t source, 
				igraph_integer_t target);
int igraph_edge_connectivity(const igraph_t *graph, igraph_integer_t *res,
			     igraph_bool_t checks);
int igraph_edge_disjoint_paths(const igraph_t *graph, igraph_integer_t *res,
			       igraph_integer_t source, 
			       igraph_integer_t target);
int igraph_vertex_disjoint_paths(const igraph_t *graph, igraph_integer_t *res,
				 igraph_integer_t source,
				 igraph_integer_t target);
int igraph_adhesion(const igraph_t *graph, igraph_integer_t *res,
		    igraph_bool_t checks);
int igraph_cohesion(const igraph_t *graph, igraph_integer_t *res,
		    igraph_bool_t checks);

/* -------------------------------------------------- */
/* K-Cores                                            */
/* -------------------------------------------------- */

int igraph_coreness(const igraph_t *graph, igraph_vector_t *cores,
		    igraph_neimode_t mode);

/* -------------------------------------------------- */
/* Eigenvectors and eigenvalues                       */
/* -------------------------------------------------- */

int igraph_eigen_tred2(const igraph_matrix_t *A,
		       igraph_vector_t *D,
		       igraph_vector_t *E,
		       igraph_matrix_t *Z);

int igraph_eigen_tql2(igraph_vector_t *D,
		      igraph_vector_t *E,
		      igraph_matrix_t *Z);

int igraph_eigen_tred1(const igraph_matrix_t *A,
		       igraph_vector_t *D,
		       igraph_vector_t *E2);

int igraph_eigen_tqlrat(igraph_vector_t *D,
			igraph_vector_t *E2);

int igraph_eigen_rs(const igraph_matrix_t *A,
		    igraph_vector_t *values,
		    igraph_matrix_t *vectors);

/* -------------------------------------------------- */
/* Dynamics measurement                               */
/* -------------------------------------------------- */

int igraph_measure_dynamics_idage(const igraph_t *graph,
				  igraph_matrix_t *akl, 
				  igraph_matrix_t *sd, 
				  igraph_matrix_t *no,
				  igraph_matrix_t *cites,
				  const igraph_vector_t *st, igraph_integer_t agebins,
				  igraph_integer_t maxind);
int igraph_measure_dynamics_idage_st(const igraph_t *graph, igraph_vector_t *res,
				     const igraph_matrix_t *akl);
int igraph_measure_dynamics_idage_expected(const igraph_t *graph,
					   igraph_matrix_t *res,
					   const igraph_matrix_t *akl,
					   const igraph_vector_t *st,
					   igraph_integer_t pmaxind);

int igraph_measure_dynamics_idwindowage(const igraph_t *graph, 
					igraph_matrix_t *akl, 
					igraph_matrix_t *sd, 
					const igraph_vector_t *st, 
					igraph_integer_t pagebins,
					igraph_integer_t pmaxind, 
					igraph_integer_t time_window);
int igraph_measure_dynamics_idwindowage_st(const igraph_t *graph, 
					   igraph_vector_t *res,
					   const igraph_matrix_t *akl,
					   igraph_integer_t time_window);

int igraph_measure_dynamics_citedcat_id_age(const igraph_t *graph,
					    igraph_array3_t *adkl,
					    igraph_array3_t *sd,
					    const igraph_vector_t *st,
					    const igraph_vector_t *cats,
					    igraph_integer_t pno_cats,
					    igraph_integer_t pagebins,
					    igraph_integer_t pmaxind);

int igraph_measure_dynamics_citedcat_id_age_st(const igraph_t *graph,
					       igraph_vector_t *res,
					       const igraph_array3_t *adkl,
					       const igraph_vector_t *cats, 
					       igraph_integer_t pno_cats);

int igraph_measure_dynamics_citingcat_id_age(const igraph_t *graph,
					     igraph_array3_t *adkl,
					     igraph_array3_t *sd,
					     const igraph_vector_t *st,
					     const igraph_vector_t *cats,
					     igraph_integer_t pno_cats,
					     igraph_integer_t pagebins,
					     igraph_integer_t pmaxind);
int igraph_measure_dynamics_citingcat_id_age_st(const igraph_t *graph,
						igraph_vector_t *res,
						const igraph_array3_t *adkl,
						const igraph_vector_t *cats,
						igraph_integer_t pno_cats);

int igraph_measure_dynamics_id(const igraph_t *graph,
			       igraph_matrix_t *ak, igraph_matrix_t *sd,
			       igraph_matrix_t *no, igraph_vector_t *cites,
			       igraph_vector_t *debug,
			       igraph_integer_t debugdeg,
			       const igraph_vector_t *st, igraph_integer_t pmaxind);
int igraph_measure_dynamics_id_st(const igraph_t *graph, 
				  igraph_vector_t *res, 
				  const igraph_matrix_t *ak);
int igraph_measure_dynamics_id_expected(const igraph_t *graph,
					igraph_vector_t *res,
					const igraph_vector_t *ak,
					const igraph_vector_t *st,
					igraph_integer_t pmaxind);
int igraph_measure_dynamics_id_expected2(const igraph_t *graph,
					 igraph_vector_t *res,
					 const igraph_vector_t *ak,
					 const igraph_vector_t *st,
					 igraph_integer_t pmaxind);

int igraph_measure_dynamics_d_d(const igraph_t *graph,
				const igraph_vector_t *ntime,
				const igraph_vector_t *etime,
				igraph_integer_t events,
				igraph_matrix_t *akk,
				igraph_matrix_t *sd,
				const igraph_vector_t *st,
				igraph_integer_t pmadeg);

int igraph_measure_dynamics_d_d_st(const igraph_t *graph,
				   const igraph_vector_t *ntime,
				   const igraph_vector_t *etime,
				   const igraph_matrix_t *akk,
				   igraph_integer_t events,
				   igraph_integer_t maxtotaldeg,
				   igraph_vector_t *st);

int igraph_measure_dynamics_idwindow(const igraph_t *graph, 
				     igraph_matrix_t *ak, 
				     igraph_matrix_t *sd,
				     const igraph_vector_t *st,
				     igraph_integer_t pmaxind,
				     igraph_integer_t time_window);

int igraph_measure_dynamics_idwindow_st(const igraph_t *graph,
					igraph_vector_t *res,
					const igraph_matrix_t *ak,
					igraph_integer_t time_window);

int igraph_measure_dynamics_lastcit(const igraph_t *graph, igraph_vector_t *al,
				    igraph_vector_t *sd,
				    igraph_vector_t *no,
				    const igraph_vector_t *st,
				    igraph_integer_t pagebins);
int igraph_measure_dynamics_lastcit_st(const igraph_t *graph, 
				       igraph_vector_t *res,
				       const igraph_vector_t *al);

int igraph_measure_dynamics_age(const igraph_t *graph, 
				igraph_vector_t *al,
				igraph_vector_t *sd,
				igraph_vector_t *no,
				const igraph_vector_t *st,
				igraph_integer_t pagebins);
int igraph_measure_dynamics_age_st(const igraph_t *graph, 
				   igraph_vector_t *res,
				   const igraph_vector_t *al);

int igraph_measure_dynamics_citedcat(const igraph_t *graph, 
				     const igraph_vector_t *cats,
				     igraph_integer_t pnocats,
				     igraph_vector_t *ak, 
				     igraph_vector_t  *sd,
				     igraph_vector_t *no,
				     const igraph_vector_t *st);
int igraph_measure_dynamics_citedcat_st(const igraph_t *graph,
					igraph_vector_t *res,
					const igraph_vector_t *ak,
					const igraph_vector_t *cats,
					igraph_integer_t pnocats);

int igraph_measure_dynamics_citingcat_citedcat(const igraph_t *graph,
					       igraph_matrix_t *agd,
					       igraph_matrix_t *sd,
					       igraph_matrix_t *no,
					       const igraph_vector_t *st,
					       const igraph_vector_t *cats,
					       igraph_integer_t pnocats);
int igraph_measure_dynamics_citingcat_citedcat_st(const igraph_t *graph,
						  igraph_vector_t *res,
						  const igraph_matrix_t *agd,
						  const igraph_vector_t *cats,
						  igraph_integer_t pnocats);

/* -------------------------------------------------- */
/* Network evolution measurement, new implementation  */
/* -------------------------------------------------- */

int igraph_evolver_d(igraph_t *graph,
		     igraph_integer_t nodes,
		     igraph_vector_t *kernel,
		     const igraph_vector_t *outseq,
		     const igraph_vector_t *outdist,
		     igraph_integer_t m,
		     igraph_bool_t directed);

int igraph_revolver_d(const igraph_t *graph,
		     igraph_integer_t niter,
		     igraph_vector_t *kernel,		     
		     igraph_vector_t *sd,
		     igraph_vector_t *norm,
		     igraph_vector_t *cites,
		     igraph_vector_t *expected,
		     igraph_real_t *logprob,
		     igraph_real_t *lognull,
		     igraph_real_t *logmax,
		     const igraph_vector_t *debug,
		     igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_d(const igraph_t *graph,
			 igraph_vector_t *kernel,
			 igraph_vector_t *sd,
			 igraph_vector_t *norm,
			 igraph_vector_t *cites,
			 const igraph_vector_t *debug,
			 igraph_vector_ptr_t *debugres,
			 igraph_real_t *logmax,
			 const igraph_vector_t *st,
			 igraph_integer_t pmaxind);
int igraph_revolver_st_d(const igraph_t *graph,
			igraph_vector_t *st,
			const igraph_vector_t *kernel);
int igraph_revolver_exp_d(const igraph_t *graphm,
			 igraph_vector_t *expected,
			 const igraph_vector_t *kernel,
			 const igraph_vector_t *st,
			 igraph_integer_t pmaxind);
int igraph_revolver_error_d(const igraph_t *graph,
			   const igraph_vector_t *kernel,
			   const igraph_vector_t *st,
			   igraph_integer_t maxind,
			   igraph_real_t *logprob,
			   igraph_real_t *lognull);
int igraph_revolver_error2_d(const igraph_t *graph,
			     const igraph_vector_t *kernel,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull);

int igraph_revolver_ad(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t agebins,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_ad(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  igraph_integer_t pmaxind,
			  igraph_integer_t agebins);
int igraph_revolver_st_ad(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel);
int igraph_revolver_exp_ad(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  igraph_integer_t pmaxind,
			  igraph_integer_t agebins);
int igraph_revolver_error_ad(const igraph_t *graph, 
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    igraph_integer_t pmaxind,
			    igraph_integer_t pagebins,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull);
int igraph_revolver_error2_ad(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

int igraph_revolver_ade(const igraph_t *graph,
		       igraph_integer_t niter,
		       igraph_integer_t agebins,
		       const igraph_vector_t *cats,
		       igraph_array3_t *kernel,
		       igraph_array3_t *sd,
		       igraph_array3_t *norm,
		       igraph_array3_t *cites,
		       igraph_array3_t *expected,
		       igraph_real_t *logprob,
		       igraph_real_t *lognull,
		       igraph_real_t *logmax,
		       const igraph_matrix_t *debug,
		       igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_ade(const igraph_t *graph, 
			   igraph_array3_t *kernel, 
			   igraph_array3_t *sd,
			   igraph_array3_t *norm,
			   igraph_array3_t *cites,
			   const igraph_matrix_t *debug,
			   igraph_vector_ptr_t *debugres,
			   igraph_real_t *logmax,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebind);
int igraph_revolver_st_ade(const igraph_t *graph,
			  igraph_vector_t *st,
			  const igraph_array3_t *kernel,
			  const igraph_vector_t *cats);
int igraph_revolver_exp_ade(const igraph_t *graph, 
			   igraph_array3_t *expected,
			   const igraph_array3_t *kernel,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t nocats,
			   igraph_integer_t maxdegree,
			   igraph_integer_t agebins);
int igraph_revolver_error_ade(const igraph_t *graph,
			     const igraph_array3_t *kernel,
			     const igraph_vector_t *st,
			     const igraph_vector_t *cats,
			     igraph_integer_t pnocats,
			     igraph_integer_t pmaxdegree,
			     igraph_integer_t pagebins,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull);
int igraph_revolver_error2_ade(const igraph_t *graph,
			       const igraph_array3_t *kernel,
			       const igraph_vector_t *cats,
			       igraph_real_t *logprob,
			       igraph_real_t *lognull);

int igraph_revolver_e(const igraph_t *graph,
		     igraph_integer_t niter,
		     const igraph_vector_t *cats,
		     igraph_vector_t *kernel,
		     igraph_vector_t *sd,
		     igraph_vector_t *norm,
		     igraph_vector_t *cites,
		     igraph_vector_t *expected,
		     igraph_real_t *logprob,
		     igraph_real_t *lognull,
		     igraph_real_t *logmax,
		     const igraph_vector_t *debug,
		     igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_e(const igraph_t *graph,
			 igraph_vector_t *kernel,
			 igraph_vector_t *sd,
			 igraph_vector_t *norm,
			 igraph_vector_t *cites,
			 const igraph_vector_t *debug,
			 igraph_vector_ptr_t *debugres,
			 igraph_real_t *logmax,
			 const igraph_vector_t *st,
			 const igraph_vector_t *cats,
			 igraph_integer_t pnocats);
int igraph_revolver_st_e(const igraph_t *graph,
			igraph_vector_t *st,
			const igraph_vector_t *kernel,
			const igraph_vector_t *cats);
int igraph_revolver_exp_e(const igraph_t *graph,
			 igraph_vector_t *expected,
			 const igraph_vector_t *kernel,
			 const igraph_vector_t *st,
			 const igraph_vector_t *cats,
			 igraph_integer_t pnocats);
int igraph_revolver_error_e(const igraph_t *graph,
			   const igraph_vector_t *kernel,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_real_t *logprob,
			   igraph_real_t *lognull);
int igraph_revolver_error2_e(const igraph_t *graph,
			     const igraph_vector_t *kernel,
			     const igraph_vector_t *cats,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull);

int igraph_revolver_de(const igraph_t *graph,
		      igraph_integer_t niter,
		      const igraph_vector_t *cats,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_de(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind);
int igraph_revolver_st_de(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 const igraph_vector_t *cats);
int igraph_revolver_exp_de(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind);
int igraph_revolver_error_de(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pmaxind,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull);
int igraph_revolver_error2_de(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

int igraph_revolver_l(const igraph_t *graph,
		     igraph_integer_t niter,
		     igraph_integer_t agebins,
		     igraph_vector_t *kernel,
		     igraph_vector_t *sd,
		     igraph_vector_t *norm,
		     igraph_vector_t *cites,
		     igraph_vector_t *expected,
		     igraph_real_t *logprob,
		     igraph_real_t *lognull,
		     igraph_real_t *logmax,
		     const igraph_vector_t *debug,
		     igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_l(const igraph_t *graph,
			 igraph_vector_t *kernel,
			 igraph_vector_t *sd,
			 igraph_vector_t *norm,
			 igraph_vector_t *cites,
			 const igraph_vector_t *debug,
			 igraph_vector_ptr_t *debugres,
			 igraph_real_t *logmax,
			 const igraph_vector_t *st,
			 igraph_integer_t pagebins);
int igraph_revolver_st_l(const igraph_t *graph,
			igraph_vector_t *st,
			const igraph_vector_t *kernel);
int igraph_revolver_exp_l(const igraph_t *graph,
			 igraph_vector_t *expected,
			 const igraph_vector_t *kernel,
			 const igraph_vector_t *st,
			 igraph_integer_t pagebins);
int igraph_revolver_error_l(const igraph_t *graph,
			   const igraph_vector_t *kernel,
			   const igraph_vector_t *st,
			   igraph_integer_t pagebins,
			   igraph_real_t *logprob,
			   igraph_real_t *lognull);
int igraph_revolver_error2_l(const igraph_t *graph,
			     const igraph_vector_t *kernel,			     
			     igraph_real_t *logprob,
			     igraph_real_t *lognull);

int igraph_revolver_dl(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t agebins,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_dl(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  igraph_integer_t pmaxind,
			  igraph_integer_t pagebins);
int igraph_revolver_st_dl(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel);
int igraph_revolver_exp_dl(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  igraph_integer_t pmaxind,
			  igraph_integer_t pagebins);
int igraph_revolver_error_dl(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    igraph_integer_t pagebins,
			    igraph_integer_t pmaxind,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull);
int igraph_revolver_error2_dl(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

int igraph_revolver_el(const igraph_t *graph,
		      igraph_integer_t niter,
		      const igraph_vector_t *cats,
		      igraph_integer_t agebins,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_el(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pagebins);
int igraph_revolver_st_el(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 const igraph_vector_t *cats);
int igraph_revolver_exp_el(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pagebins);
int igraph_revolver_error_el(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pagebins,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull);
int igraph_revolver_error2_el(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

int igraph_revolver_r(const igraph_t *graph,
		     igraph_integer_t niter,
		     igraph_integer_t window,
		     igraph_vector_t *kernel,
		     igraph_vector_t *sd,
		     igraph_vector_t *norm,
		     igraph_vector_t *cites,
		     igraph_vector_t *expected,
		     igraph_real_t *logprob,
		     igraph_real_t *lognull,
		     igraph_real_t *logmax,
		     const igraph_vector_t *debug,
		     igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_r(const igraph_t *graph,
			 igraph_vector_t *kernel,
			 igraph_vector_t *sd,
			 igraph_vector_t *norm,
			 igraph_vector_t *cites,
			 const igraph_vector_t *debug,
			 igraph_vector_ptr_t *debugres,
			 igraph_real_t *logmax,
			 const igraph_vector_t *st,
			 igraph_integer_t window,
			 igraph_integer_t maxind);
int igraph_revolver_st_r(const igraph_t *graph,
			igraph_vector_t *st,
			const igraph_vector_t *kernel,
			igraph_integer_t window);
int igraph_revolver_exp_r(const igraph_t *graph,
			 igraph_vector_t *expected,
			 const igraph_vector_t *kernel,
			 const igraph_vector_t *st,
			 igraph_integer_t window,
			 igraph_integer_t pmaxind);
int igraph_revolver_error_r(const igraph_t *graph,
			   const igraph_vector_t *kernel,
			   const igraph_vector_t *st,
			   igraph_integer_t window,
			   igraph_integer_t maxind,			   
			   igraph_real_t *logprob,
			   igraph_real_t *lognull);
int igraph_revolver_error2_r(const igraph_t *graph,
			     const igraph_vector_t *kernel,
			     igraph_integer_t window,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull);

int igraph_revolver_ar(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t agebins,
		      igraph_integer_t window,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_ar(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  igraph_integer_t pagebins,
			  igraph_integer_t pwindow,
			  igraph_integer_t maxind);
int igraph_revolver_st_ar(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 igraph_integer_t pwindow);
int igraph_revolver_exp_ar(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  igraph_integer_t agebins,
			  igraph_integer_t window,
			  igraph_integer_t pmaxind);
int igraph_revolver_error_ar(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    igraph_integer_t pagebins,
			    igraph_integer_t pwindow,
			    igraph_integer_t maxind,			   
			    igraph_real_t *logprob,
			    igraph_real_t *lognull);
int igraph_revolver_error2_ar(const igraph_t *graph, 
			      const igraph_matrix_t *kernel,
			      igraph_integer_t window, 
			      igraph_real_t *logprob, 
			      igraph_real_t *lognull);

int igraph_revolver_di(const igraph_t *graph,
		      igraph_integer_t niter,
		      const igraph_vector_t *cats,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_di(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind);
int igraph_revolver_st_di(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 const igraph_vector_t *cats);
int igraph_revolver_exp_di(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind);
int igraph_revolver_error_di(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pmaxind,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull);
int igraph_revolver_error2_di(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

int igraph_revolver_adi(const igraph_t *graph,
		       igraph_integer_t niter,
		       igraph_integer_t agebins,
		       const igraph_vector_t *cats,
		       igraph_array3_t *kernel,
		       igraph_array3_t *sd,
		       igraph_array3_t *norm,
		       igraph_array3_t *cites,
		       igraph_array3_t *expected,
		       igraph_real_t *logprob,
		       igraph_real_t *lognull,
		       igraph_real_t *logmax,
		       const igraph_matrix_t *debug,
		       igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_adi(const igraph_t *graph,
			   igraph_array3_t *kernel,
			   igraph_array3_t *sd,
			   igraph_array3_t *norm,
			   igraph_array3_t *cites,
			   const igraph_matrix_t *debug,
			   igraph_vector_ptr_t *debugres,
			   igraph_real_t *logmax,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins);
int igraph_revolver_st_adi(const igraph_t *graph,
			  igraph_vector_t *st,
			  const igraph_array3_t *kernel,
			  const igraph_vector_t *cats);
int igraph_revolver_exp_adi(const igraph_t *graph,
			   igraph_array3_t *expected,
			   const igraph_array3_t *kernel,
			   const igraph_vector_t *st,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins);
int igraph_revolver_error_adi(const igraph_t *graph,
			     const igraph_array3_t *kernel,
			     const igraph_vector_t *st,
			     const igraph_vector_t *cats,
			     igraph_integer_t pnocats,
			     igraph_integer_t pmaxind,
			     igraph_integer_t pagebins,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull);
int igraph_revolver_error2_adi(const igraph_t *graph,
			       const igraph_array3_t *kernel,
			       const igraph_vector_t *cats,
			       igraph_real_t *logprob,
			       igraph_real_t *lognull);

int igraph_revolver_il(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t agebins,
		      const igraph_vector_t *cats,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_il(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pagebins);
int igraph_revolver_st_il(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 const igraph_vector_t *cats);
int igraph_revolver_exp_il(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  const igraph_vector_t *cats,
			  igraph_integer_t nocats,
			  igraph_integer_t pagebins);
int igraph_revolver_error_il(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *cats,
			    igraph_integer_t nocats,
			    igraph_integer_t pagebins,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull);
int igraph_revolver_error2_il(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

int igraph_revolver_ir(const igraph_t *graph,
		      igraph_integer_t niter,
		      igraph_integer_t window,
		      const igraph_vector_t *cats,
		      igraph_matrix_t *kernel,
		      igraph_matrix_t *sd,
		      igraph_matrix_t *norm,
		      igraph_matrix_t *cites,
		      igraph_matrix_t *expected,
		      igraph_real_t *logprob,
		      igraph_real_t *lognull,
		      igraph_real_t *logmax,
		      const igraph_matrix_t *debug,
		      igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_ir(const igraph_t *graph,
			  igraph_matrix_t *kernel,
			  igraph_matrix_t *sd,
			  igraph_matrix_t *norm,
			  igraph_matrix_t *cites,
			  const igraph_matrix_t *debug,
			  igraph_vector_ptr_t *debugres,
			  igraph_real_t *logmax,
			  const igraph_vector_t *st,
			  igraph_integer_t pwindow,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind);
int igraph_revolver_st_ir(const igraph_t *graph,
			 igraph_vector_t *st,
			 const igraph_matrix_t *kernel,
			 igraph_integer_t pwindow,
			 const igraph_vector_t *cats);
int igraph_revolver_exp_ir(const igraph_t *graph,
			  igraph_matrix_t *expected,
			  const igraph_matrix_t *kernel,
			  const igraph_vector_t *st,
			  igraph_integer_t pwindow,
			  const igraph_vector_t *cats,
			  igraph_integer_t pnocats,
			  igraph_integer_t pmaxind);
int igraph_revolver_error_ir(const igraph_t *graph,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    igraph_integer_t pwindow,
			    const igraph_vector_t *cats,
			    igraph_integer_t pnocats,
			    igraph_integer_t pmaxind,
			    igraph_real_t *logprob,
			    igraph_real_t *lognull);
int igraph_revolver_error2_ir(const igraph_t *graph,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *cats,
			      igraph_integer_t window,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

int igraph_revolver_air(const igraph_t *graph,
		       igraph_integer_t niter,
		       igraph_integer_t window,
		       igraph_integer_t agebins,
		       const igraph_vector_t *cats,
		       igraph_array3_t *kernel,
		       igraph_array3_t *sd,
		       igraph_array3_t *norm,
		       igraph_array3_t *cites,
		       igraph_array3_t *expected,
		       igraph_real_t *logprob,
		       igraph_real_t *lognull,
		       igraph_real_t *logmax,
		       const igraph_matrix_t *debug,
		       igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_air(const igraph_t *graph,
			   igraph_array3_t *kernel,
			   igraph_array3_t *sd,
			   igraph_array3_t *norm,
			   igraph_array3_t *cites,
			   const igraph_matrix_t *debug,
			   igraph_vector_ptr_t *debugres,
			   igraph_real_t *logmax,
			   const igraph_vector_t *st,
			   igraph_integer_t pwindow,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins);
int igraph_revolver_st_air(const igraph_t *graph,
			  igraph_vector_t *st,
			  const igraph_array3_t *kernel,
			  igraph_integer_t pwindow,
			  const igraph_vector_t *cats);
int igraph_revolver_exp_air(const igraph_t *graph,
			   igraph_array3_t *expected,
			   const igraph_array3_t *kernel,
			   const igraph_vector_t *st,
			   igraph_integer_t pwindow,
			   const igraph_vector_t *cats,
			   igraph_integer_t pnocats,
			   igraph_integer_t pmaxind,
			   igraph_integer_t pagebins);
int igraph_revolver_error_air(const igraph_t *graph,
			     const igraph_array3_t *kernel,
			     const igraph_vector_t *st,
			     igraph_integer_t pwindow,
			     const igraph_vector_t *cats,
			     igraph_integer_t pnocats,
			     igraph_integer_t pmaxind,
			     igraph_integer_t pagebins,
			     igraph_real_t *logprob,
			     igraph_real_t *lognull);
int igraph_revolver_error2_air(const igraph_t *graph,
			       const igraph_array3_t *kernel,
			       const igraph_vector_t *cats,
			       igraph_integer_t window,
			       igraph_real_t *logprob,
			       igraph_real_t *lognull);

/* Should be moved to to types.h? */
typedef struct igraph_i_lazy_adjedgelist_t {
  const igraph_t *graph;
  igraph_integer_t length;
  igraph_vector_t **adjs;
  igraph_neimode_t mode;
} igraph_i_lazy_adjedgelist_t;

/* Non-citation networks */

int igraph_revolver_d_d(const igraph_t *graph,
			igraph_integer_t niter,
			const igraph_vector_t *vtime,
			const igraph_vector_t *etime,
			igraph_matrix_t *kernel,
			igraph_matrix_t *sd,
			igraph_matrix_t *norm,
			igraph_matrix_t *cites,
			igraph_matrix_t *expected,
			igraph_real_t *logprob,
			igraph_real_t *lognull,
			const igraph_matrix_t *debug,
			igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_d_d(const igraph_t *graph, 
			    igraph_i_lazy_adjedgelist_t *adjlist,
			    igraph_matrix_t *kernel,
			    igraph_matrix_t *sd,
			    igraph_matrix_t *norm,
			    igraph_matrix_t *cites,
			    const igraph_matrix_t *debug,
			    igraph_vector_ptr_t *debugres,
			    const igraph_vector_t *st,
			    const igraph_vector_t *vtime,
			    const igraph_vector_t *vtimeidx,
			    const igraph_vector_t *etime,
			    const igraph_vector_t *etimeidx,
			    igraph_integer_t pno_of_events,
			    igraph_integer_t pmaxdegree);
int igraph_revolver_st_d_d(const igraph_t *graph,
			   igraph_i_lazy_adjedgelist_t *adjlist,
			   igraph_vector_t *st,
			   const igraph_matrix_t *kernel,
			   const igraph_vector_t *vtime,
			   const igraph_vector_t *vtimeidx,
			   const igraph_vector_t *etime,
			   const igraph_vector_t *etimeidx,
			   igraph_integer_t pno_of_events);
int igraph_revolver_exp_d_d(const igraph_t *graph,
			    igraph_i_lazy_adjedgelist_t *adjlist,
			    igraph_matrix_t *expected,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *vtime,
			    const igraph_vector_t *vtimeidx,
			    const igraph_vector_t *etime,
			    const igraph_vector_t *etimeidx,
			    igraph_integer_t pno_of_events,
			    igraph_integer_t pmaxdegree);
int igraph_revolver_error_d_d(const igraph_t *graph,
			      igraph_i_lazy_adjedgelist_t *adjlist,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *st,
			      const igraph_vector_t *vtime,
			      const igraph_vector_t *vtimeidx,
			      const igraph_vector_t *etime,
			      const igraph_vector_t *etimeidx,
			      igraph_integer_t pno_of_events,
			      igraph_integer_t pmaxdegree, 
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

int igraph_revolver_p_p(const igraph_t *graph,
			igraph_integer_t niter,
			const igraph_vector_t *vtime,
			const igraph_vector_t *etime,
			const igraph_vector_t *authors,
			const igraph_vector_t *eventsizes,
			igraph_matrix_t *kernel,
			igraph_matrix_t *sd,
			igraph_matrix_t *norm,
			igraph_matrix_t *cites,
			igraph_matrix_t *expected,
			igraph_real_t *logprob,
			igraph_real_t *lognull,
			const igraph_matrix_t *debug,
			igraph_vector_ptr_t *debugres);
int igraph_revolver_mes_p_p(const igraph_t *graph,
			    igraph_i_lazy_adjedgelist_t *adjlist,
			    igraph_matrix_t *kernel,
			    igraph_matrix_t *sd,
			    igraph_matrix_t *norm,
			    igraph_matrix_t *cites,
			    const igraph_matrix_t *debug,
			    igraph_vector_ptr_t *debugres,
			    const igraph_vector_t *st,
			    const igraph_vector_t *vtime,
			    const igraph_vector_t *vtimeidx,
			    const igraph_vector_t *etime,
			    const igraph_vector_t *etimeidx,
			    igraph_integer_t pno_of_events,
			    const igraph_vector_t *authors,
			    const igraph_vector_t *eventsizes,
			    igraph_integer_t pmaxpapers);
int igraph_revolver_st_p_p(const igraph_t *graph,
			   igraph_i_lazy_adjedgelist_t *adjlist,
			   igraph_vector_t *st,
			   const igraph_matrix_t *kernel,
			   const igraph_vector_t *vtime,
			   const igraph_vector_t *vtimeidx,
			   const igraph_vector_t *etime,
			   const igraph_vector_t *etimeidx,
			   igraph_integer_t pno_of_events,
			   const igraph_vector_t *authors,
			   const igraph_vector_t *eventsizes,
			   igraph_integer_t pmaxpapers);
int igraph_revolver_exp_p_p(const igraph_t *graph,
			    igraph_i_lazy_adjedgelist_t *adjlist,
			    igraph_matrix_t *expected,
			    const igraph_matrix_t *kernel,
			    const igraph_vector_t *st,
			    const igraph_vector_t *vtime,
			    const igraph_vector_t *vtimeidx,
			    const igraph_vector_t *etime,
			    const igraph_vector_t *etimeidx,
			    igraph_integer_t pno_of_events,
			    const igraph_vector_t *authors,
			    const igraph_vector_t *eventsizes,
			    igraph_integer_t pmaxpapers);
int igraph_revolver_error_p_p(const igraph_t *graph,
			      igraph_i_lazy_adjedgelist_t *adjlist,
			      const igraph_matrix_t *kernel,
			      const igraph_vector_t *st,
			      const igraph_vector_t *vtime,
			      const igraph_vector_t *vtimeidx,
			      const igraph_vector_t *etime,
			      const igraph_vector_t *etimeidx,
			      igraph_integer_t pno_of_events,
			      const igraph_vector_t *authors,
			      const igraph_vector_t *eventsizes,
			      igraph_integer_t pmaxpapers,
			      igraph_real_t *logprob,
			      igraph_real_t *lognull);

/* -------------------------------------------------- */
/* Other, not graph related                           */
/* -------------------------------------------------- */

int igraph_running_mean(const igraph_vector_t *data, igraph_vector_t *res, 
			igraph_integer_t binwidth);
int igraph_random_sample(igraph_vector_t *res, igraph_integer_t l, igraph_integer_t h, 
			 igraph_integer_t length);
int igraph_convex_hull(const igraph_matrix_t *data, igraph_vector_t *resverts,
		       igraph_matrix_t *rescoords);

/* -------------------------------------------------- */
/* For internal use only, should move to other header */
/* -------------------------------------------------- */

typedef struct igraph_i_adjlist_t { 
  igraph_integer_t length;
  igraph_vector_t *adjs;
} igraph_i_adjlist_t;

int igraph_i_adjlist_init(const igraph_t *graph, igraph_i_adjlist_t *al, 
			  igraph_neimode_t mode);
int igraph_i_adjlist_init_complementer(const igraph_t *graph,
				       igraph_i_adjlist_t *al, 
				       igraph_neimode_t mode,
				       igraph_bool_t loops);
void igraph_i_adjlist_destroy(igraph_i_adjlist_t *al);
void igraph_i_adjlist_sort(igraph_i_adjlist_t *al);
int igraph_i_adjlist_simplify(igraph_i_adjlist_t *al);
/* igraph_vector_t *igraph_i_adjlist_get(const igraph_i_adjlist_t *al,  */
/* 			       igraph_integer_t no); */
#define igraph_i_adjlist_get(al, no) (&(al)->adjs[(long int)(no)])

typedef struct igraph_i_adjedgelist_t {
  igraph_integer_t length;
  igraph_vector_t *adjs;
} igraph_i_adjedgelist_t;

int igraph_i_adjedgelist_init(const igraph_t *graph, 
			      igraph_i_adjedgelist_t *eal, 
			      igraph_neimode_t mode);
void igraph_i_adjedgelist_destroy(igraph_i_adjedgelist_t *ael);
#define igraph_i_adjedgelist_get(ael, no) (&(ael)->adjs[(long int)(no)])

typedef struct igraph_i_lazy_adjlist_t {
  const igraph_t *graph;
  igraph_integer_t length;
  igraph_vector_t **adjs;
  igraph_neimode_t mode;
  igraph_i_lazy_adlist_simplify_t simplify;
} igraph_i_lazy_adjlist_t;

int igraph_i_lazy_adjlist_init(const igraph_t *graph,
			       igraph_i_lazy_adjlist_t *al,
			       igraph_neimode_t mode,
			       igraph_i_lazy_adlist_simplify_t simplify);
void igraph_i_lazy_adjlist_destroy(igraph_i_lazy_adjlist_t *al);
/* igraph_vector_t *igraph_i_lazy_adjlist_get(igraph_i_lazy_adjlist_t *al, */
/* 					   igraph_integer_t no); */
#define igraph_i_lazy_adjlist_get(al, no) \
  ((al)->adjs[(long int)(no)] != 0 ? ((al)->adjs[(long int)(no)]) : \
   (igraph_i_lazy_adjlist_get_real(al, no)))
igraph_vector_t *igraph_i_lazy_adjlist_get_real(igraph_i_lazy_adjlist_t *al,
						igraph_integer_t no);

int igraph_i_lazy_adjedgelist_init(const igraph_t *graph,
				   igraph_i_lazy_adjedgelist_t *al,
				   igraph_neimode_t mode);
void igraph_i_lazy_adjedgelist_destroy(igraph_i_lazy_adjedgelist_t *al);
#define igraph_i_lazy_adjedgelist_get(al, no) \
  ((al)->adjs[(long int)(no)] != 0 ? ((al)->adjs[(long int)(no)]) : \
   (igraph_i_lazy_adjedgelist_get_real(al, no)))
igraph_vector_t *igraph_i_lazy_adjedgelist_get_real(igraph_i_lazy_adjedgelist_t *al,
						    igraph_integer_t no);

extern unsigned int igraph_i_isoclass_3[];
extern unsigned int igraph_i_isoclass_4[];
extern unsigned int igraph_i_isoclass_3u[];
extern unsigned int igraph_i_isoclass_4u[];
extern unsigned int igraph_i_isoclass2_3[];
extern unsigned int igraph_i_isoclass2_4[];
extern unsigned int igraph_i_isoclass2_3u[];
extern unsigned int igraph_i_isoclass2_4u[];
extern unsigned int igraph_i_isoclass_3_idx[];
extern unsigned int igraph_i_isoclass_4_idx[];
extern unsigned int igraph_i_isoclass_3u_idx[];
extern unsigned int igraph_i_isoclass_4u_idx[];

#include "attributes.h"

__END_DECLS
  
#endif







igraph-0.4.2/igraph/vector_pmt.hc

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "memory.h"
#include "error.h"

#include <assert.h>
#include <string.h> 		/* memcpy & co. */
#include <stdlib.h>
#include <stdarg.h>		/* va_start & co */
#include <math.h>

/**
 * \ingroup vector
 * \section about_igraph_vector_t_objects About \type igraph_vector_t objects
 * 
 * <para>The \type igraph_vector_t data type is a simple and efficient
 * interface to arrays containing real numbers. It is something
 * similar as (but much simpler than) the \type vector template
 * in the C++ standard library.</para>
 *
 * <para>Vectors are used extensively in \a igraph, all
 * functions which expect or return a list of numbers use
 * igraph_vector_t to achieve this.</para>
 *
 * <para>The \type igraph_vector_t type usually uses
 * O(n) space
 * to store n elements. Sometimes it
 * uses more, this is because vectors can shrink, but even if they
 * shrink, the current implementation does not free a single bit of
 * memory.</para>
 * 
 * <para>The position of the elements in a \type igraph_vector_t
 * object is numbered from zero, as this is the usual C
 * standard.</para> 
 */

/**
 * \ingroup vector
 * \section igraph_vector_constructors_and_destructors Constructors and
 * Destructors
 * 
 * <para>\type igraph_vector_t objects have to be initialized before using
 * them, this is analogous to calling a constructor on them. There are a
 * number of \type igraph_vector_t constructors, for your
 * convenience. \ref igraph_vector_init() is the basic constructor, it
 * creates a vector of the given length, filled with zeros.
 * \ref igraph_vector_init_real(), \ref igraph_vector_init_real_end(), \ref
 * igraph_vector_init_int() and \ref igraph_vector_init_int_end() are convenience
 * constructors, these create a vector with the elements given as
 * their parameters. \ref igraph_vector_copy() creates a new identical copy
 * of an already existing and initialized vector. \ref
 * igraph_vector_init_copy() creates a vector by copying a regular C array. 
 * \ref igraph_vector_init_seq() creates a vector containing a regular
 * sequence with increment one.</para>
 * 
 * <para>\ref igraph_vector_view() is a special constructor, it allows you to
 * handle a regular C array as a \type vector without copying
 * its elements.
 * </para> 
 *
 * <para>If a \type igraph_vector_t object is not needed any more, it
 * should be destroyed to free its allocated memory by calling the
 * \type igraph_vector_t destructor, \ref igraph_vector_destroy().</para>
 * 
 * <para> Note that vectors created by \ref igraph_vector_view() are special,
 * you mustn't call \ref igraph_vector_destroy() on these.</para>
 */

/**
 * \ingroup vector
 * \function igraph_vector_init
 * \brief Initializes a vector object (constructor).
 * 
 * </para><para>
 * Every vector needs to be initialized before it can be used, and
 * there are a number of initialization functions or otherwise called
 * constructors. 
 * 
 * </para><para>
 * Every vector object initialized by this function should be
 * destroyed (ie. the memory allocated for it should be freed) when it
 * is not needed anymore, the \ref igraph_vector_destroy() function is
 * responsible for this.
 * \param v Pointer to a not yet initialized vector object.
 * \param size The size of the vector.
 * \return error code:
 *       \c IGRAPH_ENOMEM if there is not enough memory.
 * 
 * Time complexity: operating system dependent, the amount of 
 * \quote time \endquote required to allocate
 * O(n) elements,
 * n is the number of elements. 
 */

int FUNCTION(igraph_vector,init)      (TYPE(igraph_vector)* v, int long size) {	
        long int alloc_size= size > 0 ? size : 1;
	if (size < 0) { size=0; }
	v->stor_begin=Calloc(alloc_size, BASE);
	if (v->stor_begin==0) {
	  IGRAPH_ERROR("cannot init vector", IGRAPH_ENOMEM);
	}
	v->stor_end=v->stor_begin + alloc_size;
	v->end=v->stor_begin+size;

	return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_view
 * \brief Handle a regular C array as a \type igraph_vector_t.
 * 
 * </para><para>
 * This is a special \type igraph_vector_t constructor. It allows to
 * handle a regular C array as a \type igraph_vector_t temporarily.
 * Be sure that you \em don't ever call the destructor (\ref
 * igraph_vector_destroy()) on objects created by this constructor.
 * \param v Pointer to an uninitialized \type igraph_vector_t object.
 * \param data Pointer, the C array.
 * \param length The length of the C array.
 * \return Pointer to the vector object, the same as the 
 *     \p v parameter, for convenience.
 * 
 * Time complexity: O(1)
 */ 

const TYPE(igraph_vector)*FUNCTION(igraph_vector,view) (const TYPE(igraph_vector) *v,
							const BASE *data, 
							long int length) {
  TYPE(igraph_vector) *v2=(TYPE(igraph_vector)*)v;
  v2->stor_begin=(BASE*)data;
  v2->stor_end=(BASE*)data+length;
  v2->end=v->stor_end;
  return v;
}

/**
 * \ingroup vector
 * \function igraph_vector_init_real
 * \brief Create an \type igraph_vector_t from the parameters.
 * 
 * </para><para>
 * Because of how C and the C library handles variable length argument
 * lists, it is required that you supply real constants to this
 * function. This means that
 * \verbatim igraph_vector_t v;
 * igraph_vector_init_real(&amp;v, 5, 1,2,3,4,5); \endverbatim
 * is an error at runtime and the results are undefined. This is
 * the proper way:
 * \verbatim igraph_vector_t v;
 * igraph_vector_init_real(&amp;v, 5, 1.0,2.0,3.0,4.0,5.0); \endverbatim
 * \param v Pointer to an uninitialized \type igraph_vector_t object.
 * \param no Positive integer, the number of \type igraph_real_t
 *    parameters to follow.
 * \param ... The elements of the vector.
 * \return Error code, this can be \c IGRAPH_ENOMEM
 *     if there isn't enough memory to allocate the vector.
 *
 * \sa \ref igraph_vector_init_real_end(), \ref igraph_vector_init_int() for similar
 * functions.
 *
 * Time complexity: depends on the time required to allocate memory,
 * but at least O(n), the number of
 * elements in the vector.
 */

int FUNCTION(igraph_vector,init_real)(TYPE(igraph_vector) *v, int no, ...) {
  int i=0;
  va_list ap;
  IGRAPH_CHECK(FUNCTION(igraph_vector,init)(v, no));

  va_start(ap, no);
  for (i=0; i<no; i++) {
    VECTOR(*v)[i]=(BASE) va_arg(ap, double);
  }
  va_end(ap);
  
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_init_real_end
 * \brief Create an \type igraph_vector_t from the parameters.
 * 
 * </para><para>
 * This constructor is similar to \ref igraph_vector_init_real(), the only
 * difference is that instead of giving the number of elements in the
 * vector, a special marker element follows the last real vector
 * element.
 * \param v Pointer to an uninitialized \type igraph_vector_t object.
 * \param endmark This element will signal the end of the vector. It
 *    will \em not be part of the vector.
 * \param ... The elements of the vector.
 * \return Error code, \c IGRAPH_ENOMEM if there
 *    isn't enough memory.
 * 
 * \sa \ref igraph_vector_init_real() and \ref igraph_vector_init_int_end() for
 * similar functions.
 * 
 * Time complexity: at least O(n) for 
 * n elements plus the time
 * complexity of the memory allocation.
 */

int FUNCTION(igraph_vector,init_real_end)(TYPE(igraph_vector) *v, 
					  BASE endmark, ...) {
  int i=0, n=0;
  va_list ap;

  va_start(ap, endmark);
  while (1) {
    BASE num = va_arg(ap, double);
    if (num == endmark) {
      break;
    }
    n++;
  }
  va_end(ap);

  IGRAPH_CHECK(FUNCTION(igraph_vector,init)(v,n));
  IGRAPH_FINALLY(FUNCTION(igraph_vector,destroy), v);
  
  va_start(ap, endmark);
  for (i=0; i<n; i++) {
    VECTOR(*v)[i]=(BASE) va_arg(ap, double);
  }
  va_end(ap);
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_init_int
 * \brief Create an \type igraph_vector_t containing the parameters.
 * 
 * </para><para>
 * This function is similar to \ref igraph_vector_init_real(), but it expects 
 * \type int parameters. It is important that all parameters
 * should be of this type, otherwise the result of the function call
 * is undefined.
 * \param v Pointer to an uninitialized \type igraph_vector_t object.
 * \param no The number of \type int parameters to follow.
 * \param ... The elements of the vector.
 * \return Error code, \c IGRAPH_ENOMEM if there is
 *    not enough memory.
 * \sa \ref igraph_vector_init_real() and igraph_vector_init_int_end(), these are
 *    similar functions.
 *
 * Time complexity: at least O(n) for 
 * n elements plus the time
 * complexity of the memory allocation.
 */

int FUNCTION(igraph_vector,init_int)(TYPE(igraph_vector) *v, int no, ...) {
  int i=0;
  va_list ap;
  IGRAPH_CHECK(FUNCTION(igraph_vector,init)(v, no));

  va_start(ap, no);
  for (i=0; i<no; i++) {
    VECTOR(*v)[i]=(BASE) va_arg(ap, int);
  }
  va_end(ap);
  
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_init_int_end
 * \brief Create an \type igraph_vector_t from the parameters.
 * 
 * </para><para>
 * This constructor is similar to \ref igraph_vector_init_int(), the only
 * difference is that instead of giving the number of elements in the
 * vector, a special marker element follows the last real vector
 * element.
 * \param v Pointer to an uninitialized \type igraph_vector_t object.
 * \param endmark This element will signal the end of the vector. It
 *    will \em not be part of the vector.
 * \param ... The elements of the vector.
 * \return Error code, \c IGRAPH_ENOMEM if there
 *    isn't enough memory.
 * 
 * \sa \ref igraph_vector_init_int() and \ref igraph_vector_init_real_end() for
 * similar functions.
 *
 * Time complexity: at least O(n) for 
 * n elements plus the time
 * complexity of the memory allocation.
 */

int FUNCTION(igraph_vector_init,int_end)(TYPE(igraph_vector) *v, int endmark, ...) {
  int i=0, n=0;
  va_list ap;

  va_start(ap, endmark);
  while (1) {
    int num = va_arg(ap, int);
    if (num == endmark) {
      break;
    }
    n++;
  }
  va_end(ap);

  IGRAPH_CHECK(FUNCTION(igraph_vector,init)(v, n));
  IGRAPH_FINALLY(FUNCTION(igraph_vector,destroy), v);
  
  va_start(ap, endmark);
  for (i=0; i<n; i++) {
    VECTOR(*v)[i]=(BASE) va_arg(ap, int);
  }
  va_end(ap);
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_destroy
 * \brief Destroys a vector object.
 *
 * </para><para>
 * All vectors initialized by \ref igraph_vector_init() should be properly
 * destroyed by this function. A destroyed vector needs to be
 * reinitialized by \ref igraph_vector_init(), \ref igraph_vector_init_copy() or
 * another constructor.
 * \param v Pointer to the (previously initialized) vector object to
 *        destroy. 
 *
 * Time complexity: operating system dependent.
 */

void FUNCTION(igraph_vector,destroy)   (TYPE(igraph_vector)* v) {
  assert(v != 0);
  if (v->stor_begin != 0) {
    Free(v->stor_begin);
    v->stor_begin = NULL;
  }
}

/**
 * \ingroup vector
 * \function igraph_vector_reserve
 * \brief Reserves memory for a vector.
 * 
 * </para><para>
 * \a igraph vectors are flexible, they can grow and
 * shrink. Growing 
 * however occasionally needs the data in the vector to be copyed.
 * In order to avoid you can call this function to reserve space for
 * future growth of the vector. 
 * 
 * </para><para>
 * Note that this function does \em not change the size of the
 * vector. Let us see a small example to clarify things: if you
 * reserve space for 100 elements and the size of your
 * vector was (and still is) 60, then you can surely add additional 40
 * elements to your vector before it will be copied.
 * \param v The vector object.
 * \param size The new \em allocated size of the vector.
 * \return Error code:
 *         \c IGRPAH_ENOMEM if there is not enough memory.
 *
 * Time complexity: operating system dependent, should be around
 * O(n), n 
 * is the new allocated size of the vector.
 */

int FUNCTION(igraph_vector,reserve)   (TYPE(igraph_vector)* v, long int size) {
	long int actual_size=FUNCTION(igraph_vector,size)(v);
	BASE *tmp;
	assert(v != NULL);
	assert(v->stor_begin != NULL);
	if (size <= FUNCTION(igraph_vector,size)(v)) { return 0; }

	tmp=Realloc(v->stor_begin, size, BASE);
	if (tmp==0) {
	  IGRAPH_ERROR("cannot reserve space for vector", IGRAPH_ENOMEM);
	}
	v->stor_begin=tmp;
	v->stor_end=v->stor_begin + size;
	v->end=v->stor_begin+actual_size;
	
	return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_empty
 * \brief Decides whether the size of the vector is zero.
 *
 * \param v The vector object.
 * \return Non-zero number if the size of the vector is not zero and
 *         zero otherwise.
 * 
 * Time complexity: O(1).
 */

igraph_bool_t FUNCTION(igraph_vector,empty)     (const TYPE(igraph_vector)* v) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);
	return v->stor_begin == v->end;
}

/**
 * \ingroup vector
 * \function igraph_vector_size
 * \brief Gives the size (=length) of the vector.
 * 
 * \param v The vector object
 * \return The size of the vector.
 *
 * Time complexity: O(1). 
 */

long int FUNCTION(igraph_vector,size)      (const TYPE(igraph_vector)* v) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);
	return v->end - v->stor_begin;
}

/**
 * \ingroup vector
 * \function igraph_vector_clear
 * \brief Removes all elements from a vector.
 * 
 * </para><para>
 * This function simply sets the size of the vector to zero, it does
 * not free any allocated memory. For that you have to call
 * \ref igraph_vector_destroy().
 * \param v The vector object.
 * 
 * Time complexity: O(1).
 */

void FUNCTION(igraph_vector,clear)     (TYPE(igraph_vector)* v) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);
	v->end = v->stor_begin;
}

/**
 * \ingroup vector
 * \function igraph_vector_push_back
 * \brief Appends one element to a vector.
 * 
 * </para><para>
 * This function resizes the vector to be one element longer and
 * sets the very last element in the vector to \p e.
 * \param v The vector object.
 * \param e The element to append to the vector.
 * \return Error code:
 *         \c IGRAPH_ENOMEM: not enough memory.
 * 
 * Time complexity: operating system dependent. What is important that
 * a sequence of n
 * subsequent calls to this function has time complexity
 * O(n), even if there 
 * hadn't been any space reserved for the new elements by
 * \ref igraph_vector_reserve(). This is implemented by a trick similar to the C++
 * \type vector class: each time more memory is allocated for a
 * vector, the size of the additionally allocated memory is the same
 * as the vector's current length. (We assume here that the time
 * complexity of memory allocation is at most linear.)
 */

int FUNCTION(igraph_vector,push_back) (TYPE(igraph_vector)* v, BASE e) {
  	assert(v != NULL);
	assert(v->stor_begin != NULL);
	
	/* full, allocate more storage */
	if (v->stor_end == v->end) {
		long int new_size = FUNCTION(igraph_vector,size)(v) * 2;
		if (new_size == 0) { new_size = 1; }
		IGRAPH_CHECK(FUNCTION(igraph_vector,reserve)(v, new_size));
	}
	
	*(v->end) = e;
	v->end += 1;
	
	return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_insert
 * \brief Inserts a single element into a vector.
 *
 * Note that this function does not do range checking. Insertion will shift the
 * elements from the position given to the end of the vector one position to the
 * right, and the new element will be inserted in the empty space created at
 * the given position. The size of the vector will increase by one.
 *
 * \param v The vector object.
 * \param pos The position where the new element is inserted.
 */
int FUNCTION(igraph_vector,insert)(TYPE(igraph_vector) *v, long int pos,
				   BASE value) {
  long int size = FUNCTION(igraph_vector,size)(v);
  IGRAPH_CHECK(FUNCTION(igraph_vector,resize)(v, size+1));
  if (pos<size) {
    memmove(v->stor_begin+pos+1, v->stor_begin+pos, 
	    sizeof(BASE)*(size-pos));
  }
  v->stor_begin[pos] = value;
  return 0;
}

/**
 * \ingroup vector
 * \section igraph_vector_accessing_elements Accessing elements of a
 * \type igraph_vector_t.
 * 
 * <para>The simplest way to access an element of a vector is to use the
 * \ref VECTOR macro. This macro can be used both for querying and setting
 * \type igraph_vector_t elements. If you need a function, \ref
 * igraph_vector_e() queries and \ref igraph_vector_set() sets an element of a
 * vector. \ref igraph_vector_e_ptr() returns the address of an element.</para>
 * 
 * <para>\ref igraph_vector_tail() returns the last element of a non-empty
 * vector. There is no <function>igraph_vector_head()</function> function
 * however, as it is easy to write <code>VECTOR(v)[0]</code>
 * instead.</para>
 */

/**
 * \ingroup vector
 * \function igraph_vector_e
 * \brief Access an element of a vector.
 * \param v The \type igraph_vector_t object.
 * \param pos The position of the element, the index of the first
 *    element is zero.
 * \return The desired element.
 * \sa \ref igraph_vector_e_ptr() and the \ref VECTOR macro.
 * 
 * Time complexity: O(1).
 */

BASE FUNCTION(igraph_vector,e)         (const TYPE(igraph_vector)* v, long int pos) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);
	return * (v->stor_begin + pos);
}

/**
 * \ingroup vector
 * \function igraph_vector_e_ptr
 * \brief Get the address of an element of a vector
 * \param v The \type igraph_vector_t object.
 * \param pos The position of the element, the position of the first
 *   element is zero.
 * \return Pointer to the desired element.
 * \sa \ref igraph_vector_e() and the \ref VECTOR macro.
 * 
 * Time complexity: O(1).
 */

BASE* FUNCTION(igraph_vector,e_ptr)  (const TYPE(igraph_vector)* v, long int pos) {
  assert(v!=NULL);
  assert(v->stor_begin != NULL);
  return v->stor_begin+pos;
}

/**
 * \ingroup vector
 * \function igraph_vector_set
 * \brief Assignment to an element of a vector.
 * \param v The \type igraph_vector_t element.
 * \param pos Position of the element to set.
 * \param value New value of the element.
 * \sa \ref igraph_vector_e().
 */

void FUNCTION(igraph_vector,set)       (TYPE(igraph_vector)* v, 
					long int pos, BASE value) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);	
	*(v->stor_begin + pos) = value;
}

/**
 * \ingroup vector
 * \function igraph_vector_null
 * \brief Sets each element in the vector to zero.
 * 
 * </para><para>
 * Note that \ref igraph_vector_init() sets the elements to zero as well, so
 * it makes no sense to call this function on a just initialized
 * vector. 
 * \param v The vector object.
 *
 * Time complexity: O(n), the size of
 * the vector. 
 */

void FUNCTION(igraph_vector,null)      (TYPE(igraph_vector)* v) {
	assert(v != NULL);
	assert(v->stor_begin != NULL);
	if (FUNCTION(igraph_vector,size)(v)>0) {
		memset(v->stor_begin, 0, 
		       sizeof(BASE)*FUNCTION(igraph_vector,size)(v));
	}
}

/**
 * \ingroup vector
 * \function igraph_vector_tail
 * \brief Returns the last element in a vector.
 *
 * </para><para>
 * It is an error to call this function on an empty vector, the result
 * is undefined.
 * \param v The vector object.
 * \return The last element.
 * 
 * Time complexity: O(1).
 */

BASE FUNCTION(igraph_vector,tail)(const TYPE(igraph_vector) *v) {
  assert(v!=NULL);
  assert(v->stor_begin != NULL);
  return *((v->end)-1);
}

/**
 * \ingroup vector
 * \function igraph_vector_pop_back
 * \brief Removes and returns the last element of a vector.
 *
 * </para><para>
 * It is an error to call this function with an empty vector.
 * \param v The vector object.
 * \return The removed last element.
 * 
 * Time complexity: O(1).
 */

BASE FUNCTION(igraph_vector,pop_back)(TYPE(igraph_vector)* v) {
  igraph_real_t tmp;
  assert(v!=NULL);
  assert(v->stor_begin != NULL);
  assert(v->end != v->stor_begin);
  tmp=FUNCTION(igraph_vector,e)(v, FUNCTION(igraph_vector,size)(v)-1);
  v->end -= 1;
  return tmp;
}

/**
 * \ingroup vector
 * \function igraph_vector_order
 * \brief Calculate the order of the elements in a vector.
 *
 * </para><para>
 * The smallest element will have order zero, the second smallest
 * order one, etc. 
 * \param v The original \type igraph_vector_t object.
 * \param res An initialized \type igraph_vector_t object, it will be
 *    resized to match the size of \p v. The
 *    result of the computation will be stored here.
 * \param nodes Hint, the largest element in \p v.
 * \return Error code:
 *         \c IGRAPH_ENOMEM: out of memory
 * 
 * Time complexity: O()
 */

int FUNCTION(igraph_vector,order)(const TYPE(igraph_vector)* v, 
				  const TYPE(igraph_vector) *v2,
				  igraph_vector_t* res, BASE nodes) {
  long int edges=FUNCTION(igraph_vector,size)(v);
  igraph_vector_t ptr;
  igraph_vector_t rad;
  long int i, j;

  assert(v!=NULL);
  assert(v->stor_begin != NULL);

  IGRAPH_VECTOR_INIT_FINALLY(&ptr, nodes+1);
  IGRAPH_VECTOR_INIT_FINALLY(&rad, edges);
  IGRAPH_CHECK(igraph_vector_resize(res, edges));
  
  for (i=0; i<edges; i++) {
    long int radix=v2->stor_begin[i];
    if (VECTOR(ptr)[radix]!=0) {
      VECTOR(rad)[i]=VECTOR(ptr)[radix];
    }
    VECTOR(ptr)[radix]=i+1;
  }  

  j=0;
  for (i=0; i<nodes+1; i++) {
    if (VECTOR(ptr)[i] != 0) {
      long int next=VECTOR(ptr)[i]-1;
      res->stor_begin[j++]=next;
      while (VECTOR(rad)[next] != 0) {
	next=VECTOR(rad)[next]-1;
	res->stor_begin[j++]=next;
      }
    }
  }

  igraph_vector_null(&ptr);
  igraph_vector_null(&rad);

  for (i=0; i<edges; i++) {
    long int edge=VECTOR(*res)[edges-i-1];
    long int radix=VECTOR(*v)[edge];
    if (VECTOR(ptr)[radix]!= 0) {
      VECTOR(rad)[edge]=VECTOR(ptr)[radix];
    }
    VECTOR(ptr)[radix]=edge+1;
  }
  
  j=0;
  for (i=0; i<nodes+1; i++) {
    if (VECTOR(ptr)[i] != 0) {
      long int next=VECTOR(ptr)[i]-1;
      res->stor_begin[j++]=next;
      while (VECTOR(rad)[next] != 0) {
	next=VECTOR(rad)[next]-1;
	res->stor_begin[j++]=next;
      }
    }
  } 
  
  igraph_vector_destroy(&ptr);
  igraph_vector_destroy(&rad);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}


int FUNCTION(igraph_vector,order1)(const TYPE(igraph_vector)* v,
				   igraph_vector_t* res, BASE nodes) {
  long int edges=FUNCTION(igraph_vector,size)(v);
  igraph_vector_t ptr;
  igraph_vector_t rad;
  long int i, j;

  assert(v!=NULL);
  assert(v->stor_begin != NULL);

  IGRAPH_VECTOR_INIT_FINALLY(&ptr, nodes+1);
  IGRAPH_VECTOR_INIT_FINALLY(&rad, edges);
  IGRAPH_CHECK(igraph_vector_resize(res, edges));
  
  for (i=0; i<edges; i++) {
    long int radix=v->stor_begin[i];
    if (VECTOR(ptr)[radix]!=0) {
      VECTOR(rad)[i]=VECTOR(ptr)[radix];
    }
    VECTOR(ptr)[radix]=i+1;
  }
  
  j=0;
  for (i=0; i<nodes+1; i++) {
    if (VECTOR(ptr)[i] != 0) {
      long int next=VECTOR(ptr)[i]-1;
      res->stor_begin[j++]=next;
      while (VECTOR(rad)[next] != 0) {
	next=VECTOR(rad)[next]-1;
	res->stor_begin[j++]=next;
      }
    }
  }
  
  igraph_vector_destroy(&ptr);
  igraph_vector_destroy(&rad);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_sort_cmp
 * \brief Internal comparision function of vector elements, used by 
 * \ref igraph_vector_sort().
 */

int FUNCTION(igraph_vector,sort_cmp)(const void *a, const void *b) {
  const BASE *da = (const BASE *) a;
  const BASE *db = (const BASE *) b;

  return (*da > *db) - (*da < *db);
}

/**
 * \ingroup vector
 * \function igraph_vector_sort
 * \brief Sorts the elements of the vector into ascending order.
 * 
 * </para><para>
 * This function uses the built-in sort function of the C library.
 * \param v Pointer to an initialized vector object.
 *
 * Time complexity: should be
 * O(nlogn) for
 * n 
 * elements.
 */

void FUNCTION(igraph_vector,sort)(TYPE(igraph_vector) *v) {
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  qsort(v->stor_begin, FUNCTION(igraph_vector,size)(v), 
    sizeof(BASE), FUNCTION(igraph_vector,sort_cmp));
}

/**
 * \ingroup vector
 * \function igraph_vector_resize
 * \brief Resize the vector.
 *
 * </para><para>
 * Note that this function does not free any memory, just sets the
 * size of the vector to the given one. It can on the other hand 
 * allocate more memory if the new size is larger than the previous
 * one. In this case the newly appeared elements in the vector are
 * \em not set to zero, they are uninitialized.
 * \param v The vector object
 * \param newsize The new size of the vector.
 * \return Error code, 
 *         \c IGRAPH_ENOMEM if there is not enough
 *         memory. Note that this function \em never returns an error
 *         if the vector is made smaller.
 * \sa \ref igraph_vector_reserve() for allocating memory for future
 * extensions of a vector.
 * 
 * Time complexity: O(1) if the new
 * size is smaller, operating system dependent if it is larger. In the
 * latter case it is usually around
 * O(n),
 * n is the new size of the vector. 
 */

int FUNCTION(igraph_vector,resize)(TYPE(igraph_vector)* v, long int newsize) {
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  IGRAPH_CHECK(FUNCTION(igraph_vector,reserve)(v, newsize));
  v->end = v->stor_begin+newsize;
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_max
 * \brief Gives the maximum element of the vector.
 *
 * </para><para>
 * If the size of the vector is zero, an arbitrary number is
 * returned.
 * \param v The vector object.
 * \return The maximum element.
 *
 * Time complexity: O(n),
 * n is the size of the vector. 
 */

BASE FUNCTION(igraph_vector,max)(const TYPE(igraph_vector)* v) {
  BASE max;
  BASE *ptr;
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  max=*(v->stor_begin);
  ptr=v->stor_begin+1;
  while (ptr < v->end) {
    if ((*ptr) > max) {
      max=*ptr;
    }
    ptr++;
  }
  return max;
}

/**
 * \ingroup vector
 * \function igraph_vector_which_max
 * \brief Gives the position of the maximum element of the vector.
 *
 * </para><para>
 * If the size of the vector is zero, -1 is 
 * returned.
 * \param v The vector object.
 * \return The position of the first maximum element.
 *
 * Time complexity: O(n),
 * n is the size of the vector. 
 */

long int FUNCTION(igraph_vector,which_max)(const TYPE(igraph_vector)* v) {
  long int which=-1;
  if (!FUNCTION(igraph_vector,empty)(v)) {
    BASE max;
    BASE *ptr;
    long int pos;
    assert(v != NULL);
    assert(v->stor_begin != NULL);
    max=*(v->stor_begin); which=0;
    ptr=v->stor_begin+1; pos=1;
    while (ptr < v->end) {
      if ((*ptr) > max) {
	max=*ptr;
	which=pos;
      }
      ptr++; pos++;
    }
  }
  return which;
}

BASE FUNCTION(igraph_vector,min)(const TYPE(igraph_vector)* v) {
  BASE min;
  BASE *ptr;
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  min=*(v->stor_begin);
  ptr=v->stor_begin+1;
  while (ptr < v->end) {
    if ((*ptr) < min) {
      min=*ptr;
    }
    ptr++;
  }
  return min;
}

long int FUNCTION(igraph_vector,which_min)(const TYPE(igraph_vector)* v) {
  long int which=-1;
  if (!FUNCTION(igraph_vector,empty)(v)) {
    BASE min;
    BASE *ptr;
    long int pos;
    assert(v != NULL);
    assert(v->stor_begin != NULL);
    min=*(v->stor_begin); which=0;
    ptr=v->stor_begin+1; pos=1;
    while (ptr < v->end) {
      if ((*ptr) < min) {
	min=*ptr;
	which=pos;
      }
      ptr++; pos++;
    }
  }
  return which;
}

/**
 * \ingroup vector
 * \function igraph_vector_init_copy
 * \brief Initializes a vector from an ordinary C array (constructor).
 * 
 * \param v Pointer to an uninitialized vector object.
 * \param data A regular C array.
 * \param length The length of the C array.
 * \return Error code: 
 *         \c IGRAPH_ENOMEM if there is not enough memory.
 * 
 * Time complexity: operating system specific, usually
 * O(\p length).
 */

int FUNCTION(igraph_vector,init_copy)(TYPE(igraph_vector) *v, 
				      BASE *data, long int length) {
  v->stor_begin=Calloc(length, BASE);
  if (v->stor_begin==0) {
    IGRAPH_ERROR("cannot init vector from array", IGRAPH_ENOMEM);
  }
  v->stor_end=v->stor_begin+length;
  v->end=v->stor_end;
  memcpy(v->stor_begin, data, length*sizeof(BASE));
  
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_copy_to
 * \brief Copies the contents of a vector to a C array.
 * 
 * </para><para>
 * The C array should have sufficient length.
 * \param v The vector object.
 * \param to The C array.
 * 
 * Time complexity: O(n),
 * n is the size of the vector.
 */

void FUNCTION(igraph_vector,copy_to)(const TYPE(igraph_vector) *v, BASE *to) {
				     
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  if (v->end != v->stor_begin) {
    memcpy(to, v->stor_begin, sizeof(BASE) * (v->end - v->stor_begin));
  }
}

/**
 * \ingroup vector
 * \function igraph_vector_copy
 * \brief Initializes a vector from another vector object (constructor).
 * 
 * </para><para>
 * The contents of the existing vector object will be copied to
 * the new one.
 * \param to Pointer to a not yet initialized vector object.
 * \param from The original vector object to copy.
 * \return Error code:
 *         \c IGRAPH_ENOMEM if there is not enough memory.
 * 
 * Time complexity: operating system dependent, usually
 * O(n),
 * n is the size of the vector. 
 */

int FUNCTION(igraph_vector,copy)(TYPE(igraph_vector) *to, 
				 const TYPE(igraph_vector) *from) {
  assert(from != NULL);
  assert(from->stor_begin != NULL);
  to->stor_begin=Calloc(FUNCTION(igraph_vector,size)(from), BASE);
  if (to->stor_begin==0) {
    IGRAPH_ERROR("canot copy vector", IGRAPH_ENOMEM);
  }
  to->stor_end=to->stor_begin+FUNCTION(igraph_vector,size)(from);
  to->end=to->stor_end;
  memcpy(to->stor_begin, from->stor_begin, 
	 FUNCTION(igraph_vector,size)(from)*sizeof(BASE));
  
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_sum
 * \brief Calculates the sum of the elements in the vector.
 *
 * </para><para>
 * For the empty vector 0.0 is returned.
 * \param v The vector object.
 * \return The sum of the elements.
 * 
 * Time complexity: O(n), the size of
 * the vector. 
 */

BASE FUNCTION(igraph_vector,sum)(const TYPE(igraph_vector) *v) {
  BASE res=0;
  BASE *p;
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  for (p=v->stor_begin; p<v->end; p++) {
    res += *p;
  }
  return res;
}

/**
 * \ingroup vector
 * \function igraph_vector_prod
 * \brief Calculates the product of the elements in the vector.
 * 
 * </para><para>
 * For the empty vector one (1) is returned.
 * \param v The vector object.
 * \return The product of the elements.
 * 
 * Time complexity: O(n), the size of
 * the vector. 
 */

BASE FUNCTION(igraph_vector,prod)(const TYPE(igraph_vector) *v) {
  BASE res=1;
  BASE *p;
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  for (p=v->stor_begin; p<v->end; p++) {
    res *= *p;
  }
  return res;
}

/**
 * \ingroup vector
 * \function igraph_vector_init_seq
 * \brief Initializes a vector with a sequence.
 * 
 * </para><para>
 * The vector will contain the numbers \p from,
 * \p from+1, ..., \p to.
 * \param v Pointer to an uninitialized vector object.
 * \param from The lower limit in the sequence (inclusive).
 * \param to The upper limit in the sequence (inclusive).
 * \return Error code:
 *         \c IGRAPH_ENOMEM: out of memory.
 *
 * Time complexity: O(n), the number
 * of elements in the vector. 
 */

int FUNCTION(igraph_vector,init_seq)(TYPE(igraph_vector) *v, 
				     BASE from, BASE to) {
  BASE *p;
  IGRAPH_CHECK(FUNCTION(igraph_vector,init)(v, to-from+1));

  for (p=v->stor_begin; p<v->end; p++) {
    *p = from++;
  }
  
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_remove_section
 * \brief Deletes a section from a vector.
 * 
 * </para><para>
 * Note that this function does not do range checking. The result is
 * undefined if you supply invalid limits.
 * \param v The vector object.
 * \param from The position of the first element to remove.
 * \param to The position of the first element \em not to remove.
 *
 * Time complexity: O(n-from),
 * n is the number of elements in the
 * vector. 
 */

void FUNCTION(igraph_vector,remove_section)(TYPE(igraph_vector) *v, 
					    long int from, long int to) {
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  memmove(v->stor_begin+from, v->stor_begin+to,
	  sizeof(BASE)*(v->end-v->stor_begin-to));
  v->end -= (to-from);
}

/**
 * \ingroup vector
 * \function igraph_vector_remove
 * \brief Removes a single element from a vector.
 *
 * Note that this function does not do range checking.
 * \param v The vector object.
 * \param elem The position of the element to remove.
 * 
 * Time complexity: O(n-elem),
 * n is the number of elements in the
 * vector. 
 */

void FUNCTION(igraph_vector,remove)(TYPE(igraph_vector) *v, long int elem) {
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  FUNCTION(igraph_vector,remove_section)(v, elem, elem+1);
}

/**
 * \ingroup vector
 * \function igraph_vector_move_interval
 * \brief Copies a section of a vector.
 *
 * </para><para>
 * The result of this function is undefined if the source and target
 * intervals overlap.
 * \param v The vector object.
 * \param begin The position of the first element to move.
 * \param end The position of the first element \em not to move.
 * \param to The target position.
 * \return Error code, the current implementation always returns with
 *    success. 
 *
 * Time complexity: O(end-begin).
 */

int FUNCTION(igraph_vector,move_interval)(TYPE(igraph_vector) *v, 
					  long int begin, long int end, 
					  long int to) {
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  memcpy(v->stor_begin+to, v->stor_begin+begin, 
	 sizeof(BASE)*(end-begin));

  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_permdelete
 * \brief Remove elements of a vector (for internal use).
 */

void FUNCTION(igraph_vector,permdelete)(TYPE(igraph_vector) *v, 
					long int *index, long int nremove) {
  long int i, n;
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  n = FUNCTION(igraph_vector,size)(v);
  for (i=0; i<n; i++) {
    if (index[i] != 0) {
      VECTOR(*v)[ index[i]-1 ] = VECTOR(*v)[i];
    }
  }
  v->end -= nremove;
}

/**
 * \ingroup vector
 * \function igraph_vector_remove_negidx
 * \brief Remove elements of a vector (for internal use).
 */

void FUNCTION(igraph_vector,remove_negidx)(TYPE(igraph_vector) *v, 
					   const igraph_vector_t *neg, long int nremove) {
  long int i, idx=0;
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  for (i=0; i<FUNCTION(igraph_vector,size)(v); i++) {
    VECTOR(*v)[idx++] = VECTOR(*v)[i];
  }
  v->end -= nremove;
}

/**
 * \ingroup vector
 * \function igraph_vector_isininterval
 * \brief Checks if all elements of a vector are in the given
 * interval.
 * 
 * \param v The vector object.
 * \param low The lower limit of the interval (inclusive).
 * \param high The higher limit of the interval (inclusive).
 * \return True (positive integer) if all vector elements are in the
 *   interval, false (zero) otherwise.
 *
 * Time complexity: O(n), the number
 * of elements in the vector.
 */

igraph_bool_t FUNCTION(igraph_vector,isininterval)(const TYPE(igraph_vector) *v, 
						   BASE low, 
						   BASE high) {
  BASE *ptr;
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  for (ptr=v->stor_begin; ptr<v->end; ptr++) {
    if (*ptr < low || *ptr >high) {
      return 0;
    }
  }
  return 1;
}

/**
 * \ingroup vector
 * \function igraph_vector_any_smaller
 * \brief Checks if any element of a vector is smaller than a limit.
 * 
 * \param v The \type igraph_vector_t object.
 * \param limit The limit.
 * \return True (positive integer) if the vector contains at least one
 *   smaller element than \p limit, false (zero)
 *   otherwise. 
 * 
 * Time complexity: O(n), the number
 * of elements in the vector.
 */

igraph_bool_t FUNCTION(igraph_vector,any_smaller)(const TYPE(igraph_vector) *v, 
						  BASE limit) {
  BASE *ptr;
  assert(v != NULL);
  assert(v->stor_begin != NULL);
  for (ptr=v->stor_begin; ptr<v->end; ptr++) {
    if (*ptr < limit) {
      return 1;
    }
  }
  return 0;
}

/**
 * \ingroup vector
 * \function igraph_vector_is_equal
 * \brief Decides whether two vectors contain exactly the same elements
 * (in the same order).
 * 
 * \param lhs The first vector.
 * \param rhs The second vector.
 * \return Positive integer if the two vectors are equal element by
 * element or zero if they are not.
 * 
 * Time complexity: O(n), the length
 * of the vectors.
 */

igraph_bool_t FUNCTION(igraph_vector,is_equal)(const TYPE(igraph_vector) *lhs, 
					       const TYPE(igraph_vector) *rhs) {
  long int i, s;
  assert(lhs != 0);
  assert(rhs != 0);
  assert(lhs->stor_begin != 0);
  assert(rhs->stor_begin != 0);
  
  s=FUNCTION(igraph_vector,size)(lhs);
  if (s != FUNCTION(igraph_vector,size)(rhs)) {
    return 0;
  } else {
    for (i=0; i<s; i++) {
      if (VECTOR(*lhs)[i] != VECTOR(*rhs)[i]) {
	return 0;
      }
    }
    return 1;
  }
}

/**
 * \ingroup vector
 * \function igraph_vector_binsearch
 * \brief Finds an element by binary searching a sorted vector.
 * 
 * </para><para>
 * It is assumed that the vector is sorted. If the specified element
 * (\p what) is not in the vector, then the
 * position of where it should be inserted (to keep the vector sorted)
 * is returned.
 * \param v The \type igraph_vector_t object.
 * \param what The element to search for.
 * \param pos Pointer to a \type long int. This is set to the
 *   position of an instance of \p what in the
 *   vector if it is present. If \p v does not
 *   contain \p what then
 *   \p pos is set to the position to which it
 *   should be inserted (to keep the the vector sorted of course).
 * \return Positive integer (true) if \p what is
 *   found in the vector, zero (false) otherwise.
 * 
 * Time complexity: O(log(n)),
 * n is the number of elements in
 * \p v.
 */

igraph_bool_t FUNCTION(igraph_vector,binsearch)(const TYPE(igraph_vector) *v, 
						BASE what, long int *pos) {
  long int left=0;
  long int right=FUNCTION(igraph_vector,size)(v)-1;

  while (left < right-1) {
    long int middle=(left+right)/2;
    if (VECTOR(*v)[middle] > what) {
      right=middle;
    } else if (VECTOR(*v)[middle] < what) {
      left=middle;
    } else {
      left=middle;
      break;
    }
  }

  if (VECTOR(*v)[left] != what && VECTOR(*v)[right]==what) {
    left=right;
  }
  
  if (pos != 0) {
    *pos=left;
  }
  return VECTOR(*v)[left]==what;
}

igraph_bool_t FUNCTION(igraph_vector,binsearch2)(const TYPE(igraph_vector) *v, 
						 BASE what) {
  long int left=0;
  long int right=v->end - v->stor_begin-1;

  while (left < right-1) {
    long int middle=(left+right)/2;
    if (VECTOR(*v)[middle] > what) {
      right=middle;
    } else if (VECTOR(*v)[middle] < what) {
      left=middle;
    } else {
      left=middle;
      break;
    }
  }

  return VECTOR(*v)[left]==what || VECTOR(*v)[right]==what;
}

/**
 * \function igraph_vector_multiply
 * \brief Multiply all elements of a vector by a constant
 * 
 * \param v The vector.
 * \param by The constant.
 * \return Error code. The current implementation always returns with success.
 * 
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(n), the number of elements in a vector.
 */

void FUNCTION(igraph_vector,multiply)(TYPE(igraph_vector) *v, BASE by) {
  long int i;
  for (i=0; i<FUNCTION(igraph_vector,size)(v); i++) {
    VECTOR(*v)[i] *= by;
  }
}

igraph_bool_t FUNCTION(igraph_vector,contains)(const TYPE(igraph_vector) *v, 
					       BASE e) {
  BASE *p=v->stor_begin;
  while (p<v->end) {
    if (*p==e) { 
      return 1;
    }
    p++;
  }
  return 0;
}

igraph_bool_t FUNCTION(igraph_vector,search)(const TYPE(igraph_vector) *v, 
					     long int from, BASE what, 
					     long int *pos) {
  long int i, n=FUNCTION(igraph_vector,size)(v);  
  for (i=from; i<n; i++) {
    if (VECTOR(*v)[i]==what) break;
  }
  
  if (i<n) {
    if (pos != 0) {
      *pos=i;
    }
    return 1;
  } else {
    return 0;
  }
}

int FUNCTION(igraph_vector,filter_smaller)(TYPE(igraph_vector) *v, 
					   BASE elem) {
  long int i=0, n=FUNCTION(igraph_vector,size)(v);
  long int s;
  while (i<n && VECTOR(*v)[i]<elem) {
    i++;
  }
  s=i;
  
  while (s<n && VECTOR(*v)[s]==elem) {
    s++;
  }
  
  FUNCTION(igraph_vector,remove_section)(v, 0, i+(s-i)/2);
  return 0;
}

int FUNCTION(igraph_vector,append)(TYPE(igraph_vector) *to, 
				   const TYPE(igraph_vector) *from) {
  long int tosize, fromsize;
  
  tosize=FUNCTION(igraph_vector,size)(to);
  fromsize=FUNCTION(igraph_vector,size)(from);
  IGRAPH_CHECK(FUNCTION(igraph_vector,resize)(to, tosize+fromsize));
  memcpy(to->stor_begin+tosize, from->stor_begin, 
	 sizeof(igraph_real_t)*fromsize);
  to->end=to->stor_begin+tosize+fromsize;
  
  return 0;
}

int FUNCTION(igraph_vector,get_interval)(const TYPE(igraph_vector) *v, 
					 TYPE(igraph_vector) *res,
					 long int from, long int to) {
  IGRAPH_CHECK(FUNCTION(igraph_vector,resize)(res, to-from));
  memcpy(res->stor_begin, v->stor_begin+from, (to-from)*sizeof(igraph_real_t));
  return 0;
}

int FUNCTION(igraph_vector,rank)(const TYPE(igraph_vector) *v, igraph_vector_t *res,
		       long int nodes) {
  
  igraph_vector_t rad;
  igraph_vector_t ptr;
  long int edges = FUNCTION(igraph_vector,size)(v);
  long int i, c=0;
  
  IGRAPH_VECTOR_INIT_FINALLY(&rad, nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&ptr, edges);
  IGRAPH_CHECK(igraph_vector_resize(res, edges));
	       
  for (i=0; i<edges; i++) {
    long int elem=VECTOR(*v)[i];
    VECTOR(ptr)[i] = VECTOR(rad)[elem];
    VECTOR(rad)[elem] = i+1;
  }
  
  for (i=0; i<nodes; i++) {
    long int p=VECTOR(rad)[i];
    while (p != 0) {      
      VECTOR(*res)[p-1]=c++;
      p=VECTOR(ptr)[p-1];
    }
  }

  igraph_vector_destroy(&ptr);
  igraph_vector_destroy(&rad);
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

BASE FUNCTION(igraph_vector,maxdifference)(const TYPE(igraph_vector) *m1,
					   const TYPE(igraph_vector) *m2) {
  long int n1=FUNCTION(igraph_vector,size)(m1);
  long int n2=FUNCTION(igraph_vector,size)(m2);
  long int n= n1 < n2 ? n1 : n2;
  long int i;
  BASE diff=ZERO;
  
  for (i=0; i<n; i++) {
    BASE d=fabs(VECTOR(*m1)[i]-VECTOR(*m2)[i]);
    if (d > diff) {
      diff=d;
    }
  }
  
  return diff;
}







igraph-0.4.2/igraph/foreign-pajek-parser.h

/* A Bison parser, made by GNU Bison 2.3.  */

/* Skeleton interface for Bison's Yacc-like parsers in C

   Copyright (C) 1984, 1989, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 2006
   Free Software Foundation, Inc.

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2, or (at your option)
   any later version.

   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.

   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor,
   Boston, MA 02110-1301, USA.  */

/* As a special exception, you may create a larger work that contains
   part or all of the Bison parser skeleton and distribute that work
   under terms of your choice, so long as that work isn't itself a
   parser generator using the skeleton or a modified version thereof
   as a parser skeleton.  Alternatively, if you modify or redistribute
   the parser skeleton itself, you may (at your option) remove this
   special exception, which will cause the skeleton and the resulting
   Bison output files to be licensed under the GNU General Public
   License without this special exception.

   This special exception was added by the Free Software Foundation in
   version 2.2 of Bison.  */

/* Tokens.  */
#ifndef YYTOKENTYPE
# define YYTOKENTYPE
   /* Put the tokens into the symbol table, so that GDB and other debuggers
      know about them.  */
   enum yytokentype {
     NEWLINE = 258,
     NUM = 259,
     ALNUM = 260,
     QSTR = 261,
     PSTR = 262,
     NETWORKLINE = 263,
     VERTICESLINE = 264,
     ARCSLINE = 265,
     EDGESLINE = 266,
     ARCSLISTLINE = 267,
     EDGESLISTLINE = 268,
     MATRIXLINE = 269,
     VP_X_FACT = 270,
     VP_Y_FACT = 271,
     VP_IC = 272,
     VP_BC = 273,
     VP_LC = 274,
     VP_LR = 275,
     VP_LPHI = 276,
     VP_BW = 277,
     VP_FOS = 278,
     VP_PHI = 279,
     VP_R = 280,
     VP_Q = 281,
     VP_LA = 282,
     VP_FONT = 283,
     VP_URL = 284,
     VP_SIZE = 285,
     EP_C = 286,
     EP_S = 287,
     EP_A = 288,
     EP_W = 289,
     EP_H1 = 290,
     EP_H2 = 291,
     EP_A1 = 292,
     EP_A2 = 293,
     EP_K1 = 294,
     EP_K2 = 295,
     EP_AP = 296,
     EP_P = 297,
     EP_L = 298,
     EP_LP = 299,
     EP_LR = 300,
     EP_LPHI = 301,
     EP_LC = 302,
     EP_LA = 303,
     EP_SIZE = 304,
     EP_FOS = 305
   };
#endif
/* Tokens.  */
#define NEWLINE 258
#define NUM 259
#define ALNUM 260
#define QSTR 261
#define PSTR 262
#define NETWORKLINE 263
#define VERTICESLINE 264
#define ARCSLINE 265
#define EDGESLINE 266
#define ARCSLISTLINE 267
#define EDGESLISTLINE 268
#define MATRIXLINE 269
#define VP_X_FACT 270
#define VP_Y_FACT 271
#define VP_IC 272
#define VP_BC 273
#define VP_LC 274
#define VP_LR 275
#define VP_LPHI 276
#define VP_BW 277
#define VP_FOS 278
#define VP_PHI 279
#define VP_R 280
#define VP_Q 281
#define VP_LA 282
#define VP_FONT 283
#define VP_URL 284
#define VP_SIZE 285
#define EP_C 286
#define EP_S 287
#define EP_A 288
#define EP_W 289
#define EP_H1 290
#define EP_H2 291
#define EP_A1 292
#define EP_A2 293
#define EP_K1 294
#define EP_K2 295
#define EP_AP 296
#define EP_P 297
#define EP_L 298
#define EP_LP 299
#define EP_LR 300
#define EP_LPHI 301
#define EP_LC 302
#define EP_LA 303
#define EP_SIZE 304
#define EP_FOS 305




#if ! defined YYSTYPE && ! defined YYSTYPE_IS_DECLARED
typedef union YYSTYPE
#line 103 "foreign-pajek-parser.y"
{
  long int intnum;
  double   realnum;  
  struct {
    char *str;
    int len;
  } string;  
}
/* Line 1489 of yacc.c.  */
#line 158 "foreign-pajek-parser.h"
	YYSTYPE;
# define yystype YYSTYPE /* obsolescent; will be withdrawn */
# define YYSTYPE_IS_DECLARED 1
# define YYSTYPE_IS_TRIVIAL 1
#endif

extern YYSTYPE igraph_pajek_yylval;








igraph-0.4.2/igraph/igraph_hashtable.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include <string.h>

int igraph_hashtable_init(igraph_hashtable_t *ht) {
  IGRAPH_CHECK(igraph_trie_init(&ht->keys, 1));
  IGRAPH_FINALLY(igraph_trie_destroy, &ht->keys);
  IGRAPH_CHECK(igraph_strvector_init(&ht->elements, 0));
  IGRAPH_FINALLY(igraph_trie_destroy, &ht->elements);
  IGRAPH_CHECK(igraph_strvector_init(&ht->defaults, 0));
  
  IGRAPH_FINALLY_CLEAN(2);
  return 0;
}

void igraph_hashtable_destroy(igraph_hashtable_t *ht) {
  igraph_trie_destroy(&ht->keys);
  igraph_strvector_destroy(&ht->elements);
  igraph_strvector_destroy(&ht->defaults);
}

/* Note: may leave the hashtable in an inconsistent state if a new
   element is added, but this is not a big problem, since while the
   defaults, or the defaults plus the elements may contain more elements
   than the keys trie, but the data is always retrieved based on the trie
*/

int igraph_hashtable_addset(igraph_hashtable_t *ht,
			    const char *key, const char *def, 
			    const char *elem){
  long int size=igraph_trie_size(&ht->keys);
  long int newid;  
  IGRAPH_CHECK(igraph_trie_get(&ht->keys, key, &newid));

  if (newid==size) {
    /* this is a new element */
    IGRAPH_CHECK(igraph_strvector_resize(&ht->defaults, newid+1));
    IGRAPH_CHECK(igraph_strvector_resize(&ht->elements, newid+1));
    IGRAPH_CHECK(igraph_strvector_set(&ht->defaults, newid, def));
    IGRAPH_CHECK(igraph_strvector_set(&ht->elements, newid, elem));
  } else {
    /* set an already existing element */
    IGRAPH_CHECK(igraph_strvector_set(&ht->elements, newid, elem));
  }
  
  return 0;
}

/* Previous comment also applies here */

int igraph_hashtable_addset2(igraph_hashtable_t *ht,
			     const char *key, const char *def,
			     const char *elem, int elemlen) {
  long int size=igraph_trie_size(&ht->keys);
  long int newid;
  char *tmp;

  IGRAPH_CHECK(igraph_trie_get(&ht->keys, key, &newid));

  tmp=Calloc(elemlen+1, char);
  if (tmp==0) {
    IGRAPH_ERROR("cannot add element to hash table", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, tmp);
  strncpy(tmp, elem, elemlen);
  tmp[elemlen]='\0';

  if (newid==size) {
    IGRAPH_CHECK(igraph_strvector_resize(&ht->defaults, newid+1));
    IGRAPH_CHECK(igraph_strvector_resize(&ht->elements, newid+1));
    IGRAPH_CHECK(igraph_strvector_set(&ht->defaults, newid, def));
    IGRAPH_CHECK(igraph_strvector_set(&ht->elements, newid, tmp));    
  } else {
    IGRAPH_CHECK(igraph_strvector_set(&ht->elements, newid, tmp));    
  }

  Free(tmp);
  IGRAPH_FINALLY_CLEAN(1);

  return 0;
}

int igraph_hashtable_get(igraph_hashtable_t *ht,
			 const char *key, char **elem) {
  long int newid;
  IGRAPH_CHECK(igraph_trie_get(&ht->keys, key, &newid));
  
  igraph_strvector_get(&ht->elements, newid, elem);
  
  return 0;
}

int igraph_hashtable_reset(igraph_hashtable_t *ht) {
  igraph_strvector_destroy(&ht->elements);
  IGRAPH_CHECK(igraph_strvector_copy(&ht->elements, &ht->defaults));
  return 0;
}

int igraph_hashtable_getkeys(igraph_hashtable_t *ht, 
			     const igraph_strvector_t **sv) {
  return igraph_trie_getkeys(&ht->keys, sv);
}







igraph-0.4.2/igraph/adjlist.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

#include <string.h>   /* memset */

int igraph_i_adjlist_init(const igraph_t *graph, igraph_i_adjlist_t *al, 
			  igraph_neimode_t mode) {
  long int i;

  if (mode != IGRAPH_IN && mode != IGRAPH_OUT && mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Cannot create adjlist view", IGRAPH_EINVMODE);
  }

  if (!igraph_is_directed(graph)) { mode=IGRAPH_ALL; }

  al->length=igraph_vcount(graph);
  al->adjs=Calloc(al->length, igraph_vector_t);
  if (al->adjs == 0) {
    IGRAPH_ERROR("Cannot create adjlist view", IGRAPH_ENOMEM);
  }

  IGRAPH_FINALLY(igraph_i_adjlist_destroy, al);
  for (i=0; i<al->length; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_vector_init(&al->adjs[i], 0));
    IGRAPH_CHECK(igraph_neighbors(graph, &al->adjs[i], i, mode));
  }

  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_i_adjlist_init_complementer(const igraph_t *graph,
				       igraph_i_adjlist_t *al, 
				       igraph_neimode_t mode,
				       igraph_bool_t loops) {
  long int i, j, k, n;
  igraph_bool_t* seen;
  igraph_vector_t vec;

  if (mode != IGRAPH_IN && mode != IGRAPH_OUT && mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Cannot create complementer adjlist view", IGRAPH_EINVMODE);
  }

  if (!igraph_is_directed(graph)) { mode=IGRAPH_ALL; }

  al->length=igraph_vcount(graph);
  al->adjs=Calloc(al->length, igraph_vector_t);
  if (al->adjs == 0) {
    IGRAPH_ERROR("Cannot create complementer adjlist view", IGRAPH_ENOMEM);
  }

  IGRAPH_FINALLY(igraph_i_adjlist_destroy, al);

  n=al->length;
  seen=Calloc(n, igraph_bool_t);
  if (seen==0) {
    IGRAPH_ERROR("Cannot create complementer adjlist view", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, seen);

  IGRAPH_VECTOR_INIT_FINALLY(&vec, 0);

  for (i=0; i<al->length; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    igraph_neighbors(graph, &vec, i, mode);
    memset(seen, 0, sizeof(igraph_bool_t)*al->length);
    n=al->length;
    if (!loops) { seen[i] = 1; n--; }
    for (j=0; j<igraph_vector_size(&vec); j++) {
      if (! seen [ (long int) VECTOR(vec)[j] ] ) {
	n--;
	seen[ (long int) VECTOR(vec)[j] ] = 1;
      }
    }
    IGRAPH_CHECK(igraph_vector_init(&al->adjs[i], n));
    for (j=0, k=0; k<n; j++) {
      if (!seen[j]) {
	VECTOR(al->adjs[i])[k++] = j;
      }
    }
  }

  Free(seen);
  igraph_vector_destroy(&vec);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

void igraph_i_adjlist_destroy(igraph_i_adjlist_t *al) {
  long int i;
  for (i=0; i<al->length; i++) {
    if (&al->adjs[i]) { igraph_vector_destroy(&al->adjs[i]); }
  }
  Free(al->adjs);
}

/* igraph_vector_t *igraph_i_adjlist_get(igraph_i_adjlist_t *al, igraph_integer_t no) { */
/*   return &al->adjs[(long int)no]; */
/* } */

void igraph_i_adjlist_sort(igraph_i_adjlist_t *al) {
  long int i;
  for (i=0; i<al->length; i++)
    igraph_vector_sort(&al->adjs[i]);
}

int igraph_i_adjlist_simplify(igraph_i_adjlist_t *al) {
  long int i;
  long int n=al->length;
  igraph_vector_t mark;
  IGRAPH_VECTOR_INIT_FINALLY(&mark, n);
  for (i=0; i<n; i++) {
    igraph_vector_t *v=&al->adjs[i];
    long int j, l=igraph_vector_size(v);
    VECTOR(mark)[i] = i+1;
    for (j=0; j<l; /* nothing */) {
      long int e=VECTOR(*v)[j];
      if (VECTOR(mark)[e] != i+1) {
	VECTOR(mark)[e]=i+1;
	j++;
      } else {
	VECTOR(*v)[j] = igraph_vector_tail(v);
	igraph_vector_pop_back(v);
	l--;
      }
    }
  }
  
  igraph_vector_destroy(&mark);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

int igraph_i_adjedgelist_init(const igraph_t *graph, 
			      igraph_i_adjedgelist_t *ael, 
			      igraph_neimode_t mode) {
  long int i;

  if (mode != IGRAPH_IN && mode != IGRAPH_OUT && mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Cannot create adjedgelist view", IGRAPH_EINVMODE);
  }

  if (!igraph_is_directed(graph)) { mode=IGRAPH_ALL; }

  ael->length=igraph_vcount(graph);
  ael->adjs=Calloc(ael->length, igraph_vector_t);
  if (ael->adjs == 0) {
    IGRAPH_ERROR("Cannot create adjedgelist view", IGRAPH_ENOMEM);
  }

  IGRAPH_FINALLY(igraph_i_adjlist_destroy, ael);  
  for (i=0; i<ael->length; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_vector_init(&ael->adjs[i], 0));
    IGRAPH_CHECK(igraph_adjacent(graph, &ael->adjs[i], i, mode));
  }
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

void igraph_i_adjedgelist_destroy(igraph_i_adjedgelist_t *ael) {
  long int i;
  for (i=0; i<ael->length; i++) {
    /* This works if some igraph_vector_t's are 0, because igraph_vector_destroy can
       handle this. */
    igraph_vector_destroy(&ael->adjs[i]);
  }
  Free(ael->adjs);
}

int igraph_i_lazy_adjlist_init(const igraph_t *graph,
			       igraph_i_lazy_adjlist_t *al,
			       igraph_neimode_t mode,
			       igraph_i_lazy_adlist_simplify_t simplify) {
  if (mode != IGRAPH_IN && mode != IGRAPH_OUT && mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Cannor create adjlist view", IGRAPH_EINVMODE);
  }

  if (!igraph_is_directed(graph)) { mode=IGRAPH_ALL; }  
  al->mode=mode;
  al->simplify=simplify;
  al->graph=graph;
  
  al->length=igraph_vcount(graph);
  al->adjs=Calloc(al->length, igraph_vector_t*);
  if (al->adjs == 0) {
    IGRAPH_ERROR("Cannot create lazy adjlist view", IGRAPH_ENOMEM);
  }

  return 0;
}

void igraph_i_lazy_adjlist_destroy(igraph_i_lazy_adjlist_t *al) {
  long int i, n=al->length;
  for (i=0; i<n; i++) {
    if (al->adjs[i] != 0) {
      igraph_vector_destroy(al->adjs[i]);
      Free(al->adjs[i]);
    }
  }
}

igraph_vector_t *igraph_i_lazy_adjlist_get_real(igraph_i_lazy_adjlist_t *al,
						igraph_integer_t pno) {
  long int no=pno;
  int ret;
  if (al->adjs[no] == 0) {
    al->adjs[no] = Calloc(1, igraph_vector_t);
    if (al->adjs[no] == 0) {
      igraph_error("Lazy adjlist failed", __FILE__, __LINE__, 
		   IGRAPH_ENOMEM);
    }
    ret=igraph_vector_init(al->adjs[no], 0);
    if (ret != 0) {
      igraph_error("", __FILE__, __LINE__, ret);
    }
    ret=igraph_neighbors(al->graph, al->adjs[no], no, al->mode);
    if (ret != 0) {
      igraph_error("", __FILE__, __LINE__, ret);
    }

    if (al->simplify == IGRAPH_I_SIMPLIFY) {
      igraph_vector_t *v=al->adjs[no];
      long int i, p=0, n=igraph_vector_size(v);
      for (i=0; i<n; i++) {
	if (VECTOR(*v)[i] != no && 
	    (i==n-1 || VECTOR(*v)[i+1] != VECTOR(*v)[i])) {
	  VECTOR(*v)[p]=VECTOR(*v)[i];
	  p++;
	}
      }
      igraph_vector_resize(v, p);
    }
  }
  
  return al->adjs[no];
}

int igraph_i_lazy_adjedgelist_init(const igraph_t *graph,
				   igraph_i_lazy_adjedgelist_t *al,
				   igraph_neimode_t mode) {

  if (mode != IGRAPH_IN && mode != IGRAPH_OUT && mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Cannot create adjlist view", IGRAPH_EINVMODE);
  }
  
  if (!igraph_is_directed(graph)) { mode=IGRAPH_ALL; }
  
  al->mode=mode;
  al->graph=graph;
  
  al->length=igraph_vcount(graph);
  al->adjs=Calloc(al->length, igraph_vector_t*);
  if (al->adjs == 0) {
    IGRAPH_ERROR("Cannot create lazy adjedgelist view", IGRAPH_ENOMEM);
  }

  return 0;
  
}

void igraph_i_lazy_adjedgelist_destroy(igraph_i_lazy_adjedgelist_t *al) {
  long int i, n=al->length;
  for (i=0; i<n; i++) {
    if (al->adjs[i] != 0) {
      igraph_vector_destroy(al->adjs[i]);
      Free(al->adjs[i]);
    }
  }
}

igraph_vector_t *igraph_i_lazy_adjedgelist_get_real(igraph_i_lazy_adjedgelist_t *al,
						    igraph_integer_t pno) {
  long int no=pno;
  int ret;
  if (al->adjs[no] == 0) {
    al->adjs[no] = Calloc(1, igraph_vector_t);
    if (al->adjs[no] == 0) {
      igraph_error("Lazy adjedgelist failed", __FILE__, __LINE__, 
		   IGRAPH_ENOMEM);
    }
    ret=igraph_vector_init(al->adjs[no], 0);
    if (ret != 0) {
      igraph_error("", __FILE__, __LINE__, ret);
    }
    ret=igraph_adjacent(al->graph, al->adjs[no], no, al->mode);
    if (ret != 0) {
      igraph_error("", __FILE__, __LINE__, ret);
    }
  }
  return al->adjs[no];
}







igraph-0.4.2/igraph/foreign-lgl-parser.h

/* A Bison parser, made by GNU Bison 2.3.  */

/* Skeleton interface for Bison's Yacc-like parsers in C

   Copyright (C) 1984, 1989, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 2006
   Free Software Foundation, Inc.

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2, or (at your option)
   any later version.

   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.

   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor,
   Boston, MA 02110-1301, USA.  */

/* As a special exception, you may create a larger work that contains
   part or all of the Bison parser skeleton and distribute that work
   under terms of your choice, so long as that work isn't itself a
   parser generator using the skeleton or a modified version thereof
   as a parser skeleton.  Alternatively, if you modify or redistribute
   the parser skeleton itself, you may (at your option) remove this
   special exception, which will cause the skeleton and the resulting
   Bison output files to be licensed under the GNU General Public
   License without this special exception.

   This special exception was added by the Free Software Foundation in
   version 2.2 of Bison.  */

/* Tokens.  */
#ifndef YYTOKENTYPE
# define YYTOKENTYPE
   /* Put the tokens into the symbol table, so that GDB and other debuggers
      know about them.  */
   enum yytokentype {
     ALNUM = 258,
     NEWLINE = 259,
     HASH = 260
   };
#endif
/* Tokens.  */
#define ALNUM 258
#define NEWLINE 259
#define HASH 260




#if ! defined YYSTYPE && ! defined YYSTYPE_IS_DECLARED
typedef union YYSTYPE
#line 68 "foreign-lgl-parser.y"
{
  long int edgenum;
  double weightnum;
}
/* Line 1489 of yacc.c.  */
#line 64 "foreign-lgl-parser.h"
	YYSTYPE;
# define yystype YYSTYPE /* obsolescent; will be withdrawn */
# define YYSTYPE_IS_DECLARED 1
# define YYSTYPE_IS_TRIVIAL 1
#endif

extern YYSTYPE igraph_lgl_yylval;








igraph-0.4.2/igraph/foreign-ncol-parser.h

/* A Bison parser, made by GNU Bison 2.3.  */

/* Skeleton interface for Bison's Yacc-like parsers in C

   Copyright (C) 1984, 1989, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 2006
   Free Software Foundation, Inc.

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2, or (at your option)
   any later version.

   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.

   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor,
   Boston, MA 02110-1301, USA.  */

/* As a special exception, you may create a larger work that contains
   part or all of the Bison parser skeleton and distribute that work
   under terms of your choice, so long as that work isn't itself a
   parser generator using the skeleton or a modified version thereof
   as a parser skeleton.  Alternatively, if you modify or redistribute
   the parser skeleton itself, you may (at your option) remove this
   special exception, which will cause the skeleton and the resulting
   Bison output files to be licensed under the GNU General Public
   License without this special exception.

   This special exception was added by the Free Software Foundation in
   version 2.2 of Bison.  */

/* Tokens.  */
#ifndef YYTOKENTYPE
# define YYTOKENTYPE
   /* Put the tokens into the symbol table, so that GDB and other debuggers
      know about them.  */
   enum yytokentype {
     ALNUM = 258,
     NEWLINE = 259
   };
#endif
/* Tokens.  */
#define ALNUM 258
#define NEWLINE 259




#if ! defined YYSTYPE && ! defined YYSTYPE_IS_DECLARED
typedef union YYSTYPE
#line 68 "foreign-ncol-parser.y"
{
  long int edgenum;
  double weightnum;
}
/* Line 1489 of yacc.c.  */
#line 62 "foreign-ncol-parser.h"
	YYSTYPE;
# define yystype YYSTYPE /* obsolescent; will be withdrawn */
# define YYSTYPE_IS_DECLARED 1
# define YYSTYPE_IS_TRIVIAL 1
#endif

extern YYSTYPE igraph_ncol_yylval;








igraph-0.4.2/igraph/walktrap_graph.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/* The original version of this file was written by Pascal Pons
   The original copyright notice follows here */

// File: graph.h
//-----------------------------------------------------------------------------
// Walktrap v0.2 -- Finds community structure of networks using random walks
// Copyright (C) 2004-2005 Pascal Pons
//
// This program is free software; you can redistribute it and/or modify
// it under the terms of the GNU General Public License as published by
// the Free Software Foundation; either version 2 of the License, or
// (at your option) any later version.
//
// This program is distributed in the hope that it will be useful,
// but WITHOUT ANY WARRANTY; without even the implied warranty of
// MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
// GNU General Public License for more details.
//
// You should have received a copy of the GNU General Public License
// along with this program; if not, write to the Free Software
// Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307  USA
//-----------------------------------------------------------------------------
// Author   : Pascal Pons 
// Email    : pons@liafa.jussieu.fr
// Web page : http://www.liafa.jussieu.fr/~pons/
// Location : Paris, France
// Time	    : June 2005
//-----------------------------------------------------------------------------
// see readme.txt for more details


#ifndef GRAPH_H
#define GRAPH_H
#include <iostream>

#include "igraph.h"

using namespace std;

class Edge {			// code an edge of a given vertex
public:
  int neighbor;			// the number of the neighbor vertex
  float weight;			// the weight of the edge
};
bool operator<(const Edge& E1, const Edge& E2);


class Vertex {
public:
  Edge* edges;			// the edges of the vertex
  int degree;			// number of neighbors
  float total_weight;		// the total weight of the vertex

  Vertex();			// creates empty vertex
  ~Vertex();			// destructor
};

class Graph {
public:
  int nb_vertices;		// number of vertices
  int nb_edges;			// number of edges
  float total_weight;		// total weight of the edges
  Vertex* vertices;		// array of the vertices

  long memory();			// the total memory used in Bytes
  Graph();			// create an empty graph
  ~Graph();			// destructor
  char** index;			// to keep the real name of the vertices

  void convert_from_igraph(const igraph_t * igraph, 
			   const igraph_vector_t *weights);
};



#endif








igraph-0.4.2/igraph/atlas.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "atlas-edges.h"

/**
 * \function igraph_atlas
 * \brief Create a small graph from the \quote Graph Atlas \endquote.
 * 
 * </para><para>
 * The number of the graph is given as a parameter. 
 * The graphs are listed: \olist
 *      \oli in increasing order of number of nodes;
 *      \oli for a fixed number of nodes, in increasing order of the 
 *           number of edges;
 *      \oli for fixed numbers of nodes and edges, in increasing 
 *           order of the degree sequence, for example 111223 &lt; 112222; 
 *      \oli for fixed degree sequence, in increasing number of 
 *           automorphisms.
 *      \endolist
 *
 * </para><para>
 * The data was converted from the networkx software package, 
 * see http://networkx.lanl.gov.
 * 
 * </para><para>
 * See \emb An Atlas of Graphs \eme by Ronald C. Read and Robin J. Wilson, 
 * Oxford University Press, 1998.
 * 
 * \param graph Pointer to an uninitialized graph object. 
 * \param number The number of the graph to generate.
 * 
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the number of 
 * edges.
 */
int igraph_atlas(igraph_t *graph, int number) {
  
  long int pos, n, e;
  const igraph_vector_t v=IGRAPH_VECTOR_NULL;

  if (number < 0 ||
      number >= sizeof(igraph_i_atlas_edges_pos)/sizeof(long int)) {
    IGRAPH_ERROR("No such graph in atlas", IGRAPH_EINVAL);
  }

  pos=igraph_i_atlas_edges_pos[number];
  n=igraph_i_atlas_edges[pos];
  e=igraph_i_atlas_edges[pos+1];
  
  IGRAPH_CHECK(igraph_create(graph, 
			     igraph_vector_view(&v,igraph_i_atlas_edges+pos+2, 
						e*2),  
			     n, IGRAPH_UNDIRECTED));
  
  return 0;
}







igraph-0.4.2/igraph/foreign-lgl-parser.c

/* A Bison parser, made by GNU Bison 2.3.  */

/* Skeleton implementation for Bison's Yacc-like parsers in C

   Copyright (C) 1984, 1989, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 2006
   Free Software Foundation, Inc.

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2, or (at your option)
   any later version.

   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.

   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor,
   Boston, MA 02110-1301, USA.  */

/* As a special exception, you may create a larger work that contains
   part or all of the Bison parser skeleton and distribute that work
   under terms of your choice, so long as that work isn't itself a
   parser generator using the skeleton or a modified version thereof
   as a parser skeleton.  Alternatively, if you modify or redistribute
   the parser skeleton itself, you may (at your option) remove this
   special exception, which will cause the skeleton and the resulting
   Bison output files to be licensed under the GNU General Public
   License without this special exception.

   This special exception was added by the Free Software Foundation in
   version 2.2 of Bison.  */

/* C LALR(1) parser skeleton written by Richard Stallman, by
   simplifying the original so-called "semantic" parser.  */

/* All symbols defined below should begin with yy or YY, to avoid
   infringing on user name space.  This should be done even for local
   variables, as they might otherwise be expanded by user macros.
   There are some unavoidable exceptions within include files to
   define necessary library symbols; they are noted "INFRINGES ON
   USER NAME SPACE" below.  */

/* Identify Bison output.  */
#define YYBISON 1

/* Bison version.  */
#define YYBISON_VERSION "2.3"

/* Skeleton name.  */
#define YYSKELETON_NAME "yacc.c"

/* Pure parsers.  */
#define YYPURE 0

/* Using locations.  */
#define YYLSP_NEEDED 0

/* Substitute the variable and function names.  */
#define yyparse igraph_lgl_yyparse
#define yylex   igraph_lgl_yylex
#define yyerror igraph_lgl_yyerror
#define yylval  igraph_lgl_yylval
#define yychar  igraph_lgl_yychar
#define yydebug igraph_lgl_yydebug
#define yynerrs igraph_lgl_yynerrs


/* Tokens.  */
#ifndef YYTOKENTYPE
# define YYTOKENTYPE
   /* Put the tokens into the symbol table, so that GDB and other debuggers
      know about them.  */
   enum yytokentype {
     ALNUM = 258,
     NEWLINE = 259,
     HASH = 260
   };
#endif
/* Tokens.  */
#define ALNUM 258
#define NEWLINE 259
#define HASH 260




/* Copy the first part of user declarations.  */
#line 23 "foreign-lgl-parser.y"


/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/
#include <stdio.h>
#include <string.h>
extern int igraph_lgl_yylex(void);
extern long int igraph_lgl_mylineno;
extern char *igraph_lgl_yytext;
extern int igraph_lgl_yyleng;
int igraph_lgl_yyerror(char *s);
#include "types.h" 
#include "memory.h"
#include "error.h"
extern igraph_vector_t *igraph_lgl_vector;
extern igraph_vector_t *igraph_lgl_weights;
extern igraph_trie_t *igraph_lgl_trie;
igraph_real_t igraph_lgl_get_number(const char *str, long int len);
void igraph_i_lgl_reset_scanner(void);
long int igraph_lgl_actvertex;


/* Enabling traces.  */
#ifndef YYDEBUG
# define YYDEBUG 0
#endif

/* Enabling verbose error messages.  */
#ifdef YYERROR_VERBOSE
# undef YYERROR_VERBOSE
# define YYERROR_VERBOSE 1
#else
# define YYERROR_VERBOSE 0
#endif

/* Enabling the token table.  */
#ifndef YYTOKEN_TABLE
# define YYTOKEN_TABLE 0
#endif

#if ! defined YYSTYPE && ! defined YYSTYPE_IS_DECLARED
typedef union YYSTYPE
#line 68 "foreign-lgl-parser.y"
{
  long int edgenum;
  double weightnum;
}
/* Line 187 of yacc.c.  */
#line 160 "foreign-lgl-parser.c"
	YYSTYPE;
# define yystype YYSTYPE /* obsolescent; will be withdrawn */
# define YYSTYPE_IS_DECLARED 1
# define YYSTYPE_IS_TRIVIAL 1
#endif



/* Copy the second part of user declarations.  */


/* Line 216 of yacc.c.  */
#line 173 "foreign-lgl-parser.c"

#ifdef short
# undef short
#endif

#ifdef YYTYPE_UINT8
typedef YYTYPE_UINT8 yytype_uint8;
#else
typedef unsigned char yytype_uint8;
#endif

#ifdef YYTYPE_INT8
typedef YYTYPE_INT8 yytype_int8;
#elif (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
typedef signed char yytype_int8;
#else
typedef short int yytype_int8;
#endif

#ifdef YYTYPE_UINT16
typedef YYTYPE_UINT16 yytype_uint16;
#else
typedef unsigned short int yytype_uint16;
#endif

#ifdef YYTYPE_INT16
typedef YYTYPE_INT16 yytype_int16;
#else
typedef short int yytype_int16;
#endif

#ifndef YYSIZE_T
# ifdef __SIZE_TYPE__
#  define YYSIZE_T __SIZE_TYPE__
# elif defined size_t
#  define YYSIZE_T size_t
# elif ! defined YYSIZE_T && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
#  include <stddef.h> /* INFRINGES ON USER NAME SPACE */
#  define YYSIZE_T size_t
# else
#  define YYSIZE_T unsigned int
# endif
#endif

#define YYSIZE_MAXIMUM ((YYSIZE_T) -1)

#ifndef YY_
# if YYENABLE_NLS
#  if ENABLE_NLS
#   include <libintl.h> /* INFRINGES ON USER NAME SPACE */
#   define YY_(msgid) dgettext ("bison-runtime", msgid)
#  endif
# endif
# ifndef YY_
#  define YY_(msgid) msgid
# endif
#endif

/* Suppress unused-variable warnings by "using" E.  */
#if ! defined lint || defined __GNUC__
# define YYUSE(e) ((void) (e))
#else
# define YYUSE(e) /* empty */
#endif

/* Identity function, used to suppress warnings about constant conditions.  */
#ifndef lint
# define YYID(n) (n)
#else
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static int
YYID (int i)
#else
static int
YYID (i)
    int i;
#endif
{
  return i;
}
#endif

#if ! defined yyoverflow || YYERROR_VERBOSE

/* The parser invokes alloca or malloc; define the necessary symbols.  */

# ifdef YYSTACK_USE_ALLOCA
#  if YYSTACK_USE_ALLOCA
#   ifdef __GNUC__
#    define YYSTACK_ALLOC __builtin_alloca
#   elif defined __BUILTIN_VA_ARG_INCR
#    include <alloca.h> /* INFRINGES ON USER NAME SPACE */
#   elif defined _AIX
#    define YYSTACK_ALLOC __alloca
#   elif defined _MSC_VER
#    include <malloc.h> /* INFRINGES ON USER NAME SPACE */
#    define alloca _alloca
#   else
#    define YYSTACK_ALLOC alloca
#    if ! defined _ALLOCA_H && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
#     include <stdlib.h> /* INFRINGES ON USER NAME SPACE */
#     ifndef _STDLIB_H
#      define _STDLIB_H 1
#     endif
#    endif
#   endif
#  endif
# endif

# ifdef YYSTACK_ALLOC
   /* Pacify GCC's `empty if-body' warning.  */
#  define YYSTACK_FREE(Ptr) do { /* empty */; } while (YYID (0))
#  ifndef YYSTACK_ALLOC_MAXIMUM
    /* The OS might guarantee only one guard page at the bottom of the stack,
       and a page size can be as small as 4096 bytes.  So we cannot safely
       invoke alloca (N) if N exceeds 4096.  Use a slightly smaller number
       to allow for a few compiler-allocated temporary stack slots.  */
#   define YYSTACK_ALLOC_MAXIMUM 4032 /* reasonable circa 2006 */
#  endif
# else
#  define YYSTACK_ALLOC YYMALLOC
#  define YYSTACK_FREE YYFREE
#  ifndef YYSTACK_ALLOC_MAXIMUM
#   define YYSTACK_ALLOC_MAXIMUM YYSIZE_MAXIMUM
#  endif
#  if (defined __cplusplus && ! defined _STDLIB_H \
       && ! ((defined YYMALLOC || defined malloc) \
	     && (defined YYFREE || defined free)))
#   include <stdlib.h> /* INFRINGES ON USER NAME SPACE */
#   ifndef _STDLIB_H
#    define _STDLIB_H 1
#   endif
#  endif
#  ifndef YYMALLOC
#   define YYMALLOC malloc
#   if ! defined malloc && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
void *malloc (YYSIZE_T); /* INFRINGES ON USER NAME SPACE */
#   endif
#  endif
#  ifndef YYFREE
#   define YYFREE free
#   if ! defined free && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
void free (void *); /* INFRINGES ON USER NAME SPACE */
#   endif
#  endif
# endif
#endif /* ! defined yyoverflow || YYERROR_VERBOSE */


#if (! defined yyoverflow \
     && (! defined __cplusplus \
	 || (defined YYSTYPE_IS_TRIVIAL && YYSTYPE_IS_TRIVIAL)))

/* A type that is properly aligned for any stack member.  */
union yyalloc
{
  yytype_int16 yyss;
  YYSTYPE yyvs;
  };

/* The size of the maximum gap between one aligned stack and the next.  */
# define YYSTACK_GAP_MAXIMUM (sizeof (union yyalloc) - 1)

/* The size of an array large to enough to hold all stacks, each with
   N elements.  */
# define YYSTACK_BYTES(N) \
     ((N) * (sizeof (yytype_int16) + sizeof (YYSTYPE)) \
      + YYSTACK_GAP_MAXIMUM)

/* Copy COUNT objects from FROM to TO.  The source and destination do
   not overlap.  */
# ifndef YYCOPY
#  if defined __GNUC__ && 1 < __GNUC__
#   define YYCOPY(To, From, Count) \
      __builtin_memcpy (To, From, (Count) * sizeof (*(From)))
#  else
#   define YYCOPY(To, From, Count)		\
      do					\
	{					\
	  YYSIZE_T yyi;				\
	  for (yyi = 0; yyi < (Count); yyi++)	\
	    (To)[yyi] = (From)[yyi];		\
	}					\
      while (YYID (0))
#  endif
# endif

/* Relocate STACK from its old location to the new one.  The
   local variables YYSIZE and YYSTACKSIZE give the old and new number of
   elements in the stack, and YYPTR gives the new location of the
   stack.  Advance YYPTR to a properly aligned location for the next
   stack.  */
# define YYSTACK_RELOCATE(Stack)					\
    do									\
      {									\
	YYSIZE_T yynewbytes;						\
	YYCOPY (&yyptr->Stack, Stack, yysize);				\
	Stack = &yyptr->Stack;						\
	yynewbytes = yystacksize * sizeof (*Stack) + YYSTACK_GAP_MAXIMUM; \
	yyptr += yynewbytes / sizeof (*yyptr);				\
      }									\
    while (YYID (0))

#endif

/* YYFINAL -- State number of the termination state.  */
#define YYFINAL  2
/* YYLAST -- Last index in YYTABLE.  */
#define YYLAST   9

/* YYNTOKENS -- Number of terminals.  */
#define YYNTOKENS  6
/* YYNNTS -- Number of nonterminals.  */
#define YYNNTS  8
/* YYNRULES -- Number of rules.  */
#define YYNRULES  12
/* YYNRULES -- Number of states.  */
#define YYNSTATES  18

/* YYTRANSLATE(YYLEX) -- Bison symbol number corresponding to YYLEX.  */
#define YYUNDEFTOK  2
#define YYMAXUTOK   260

#define YYTRANSLATE(YYX)						\
  ((unsigned int) (YYX) <= YYMAXUTOK ? yytranslate[YYX] : YYUNDEFTOK)

/* YYTRANSLATE[YYLEX] -- Bison symbol number corresponding to YYLEX.  */
static const yytype_uint8 yytranslate[] =
{
       0,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     1,     2,     3,     4,
       5
};

#if YYDEBUG
/* YYPRHS[YYN] -- Index of the first RHS symbol of rule number YYN in
   YYRHS.  */
static const yytype_uint8 yyprhs[] =
{
       0,     0,     3,     4,     7,    10,    13,    17,    18,    21,
      24,    28,    30
};

/* YYRHS -- A `-1'-separated list of the rules' RHS.  */
static const yytype_int8 yyrhs[] =
{
       7,     0,    -1,    -1,     7,     4,    -1,     7,     8,    -1,
       9,    10,    -1,     5,    12,     4,    -1,    -1,    11,    10,
      -1,    12,     4,    -1,    12,    13,     4,    -1,     3,    -1,
       3,    -1
};

/* YYRLINE[YYN] -- source line where rule number YYN was defined.  */
static const yytype_uint8 yyrline[] =
{
       0,    82,    82,    83,    84,    87,    89,    91,    91,    93,
      98,   106,   110
};
#endif

#if YYDEBUG || YYERROR_VERBOSE || YYTOKEN_TABLE
/* YYTNAME[SYMBOL-NUM] -- String name of the symbol SYMBOL-NUM.
   First, the terminals, then, starting at YYNTOKENS, nonterminals.  */
static const char *const yytname[] =
{
  "$end", "error", "$undefined", "ALNUM", "NEWLINE", "HASH", "$accept",
  "input", "vertex", "vertexdef", "edges", "edge", "edgeid", "weight", 0
};
#endif

# ifdef YYPRINT
/* YYTOKNUM[YYLEX-NUM] -- Internal token number corresponding to
   token YYLEX-NUM.  */
static const yytype_uint16 yytoknum[] =
{
       0,   256,   257,   258,   259,   260
};
# endif

/* YYR1[YYN] -- Symbol number of symbol that rule YYN derives.  */
static const yytype_uint8 yyr1[] =
{
       0,     6,     7,     7,     7,     8,     9,    10,    10,    11,
      11,    12,    13
};

/* YYR2[YYN] -- Number of symbols composing right hand side of rule YYN.  */
static const yytype_uint8 yyr2[] =
{
       0,     2,     0,     2,     2,     2,     3,     0,     2,     2,
       3,     1,     1
};

/* YYDEFACT[STATE-NAME] -- Default rule to reduce with in state
   STATE-NUM when YYTABLE doesn't specify something else to do.  Zero
   means the default is an error.  */
static const yytype_uint8 yydefact[] =
{
       2,     0,     1,     3,     0,     4,     7,    11,     0,     5,
       7,     0,     6,     8,    12,     9,     0,    10
};

/* YYDEFGOTO[NTERM-NUM].  */
static const yytype_int8 yydefgoto[] =
{
      -1,     1,     5,     6,     9,    10,    11,    16
};

/* YYPACT[STATE-NUM] -- Index in YYTABLE of the portion describing
   STATE-NUM.  */
#define YYPACT_NINF -4
static const yytype_int8 yypact[] =
{
      -4,     0,    -4,    -4,     3,    -4,     3,    -4,    -1,    -4,
       3,    -2,    -4,    -4,    -4,    -4,     4,    -4
};

/* YYPGOTO[NTERM-NUM].  */
static const yytype_int8 yypgoto[] =
{
      -4,    -4,    -4,    -4,    -3,    -4,     5,    -4
};

/* YYTABLE[YYPACT[STATE-NUM]].  What to do in state STATE-NUM.  If
   positive, shift that token.  If negative, reduce the rule which
   number is the opposite.  If zero, do what YYDEFACT says.
   If YYTABLE_NINF, syntax error.  */
#define YYTABLE_NINF -1
static const yytype_uint8 yytable[] =
{
       2,    14,    15,    12,     3,     4,     7,    13,    17,     8
};

static const yytype_uint8 yycheck[] =
{
       0,     3,     4,     4,     4,     5,     3,    10,     4,     4
};

/* YYSTOS[STATE-NUM] -- The (internal number of the) accessing
   symbol of state STATE-NUM.  */
static const yytype_uint8 yystos[] =
{
       0,     7,     0,     4,     5,     8,     9,     3,    12,    10,
      11,    12,     4,    10,     3,     4,    13,     4
};

#define yyerrok		(yyerrstatus = 0)
#define yyclearin	(yychar = YYEMPTY)
#define YYEMPTY		(-2)
#define YYEOF		0

#define YYACCEPT	goto yyacceptlab
#define YYABORT		goto yyabortlab
#define YYERROR		goto yyerrorlab


/* Like YYERROR except do call yyerror.  This remains here temporarily
   to ease the transition to the new meaning of YYERROR, for GCC.
   Once GCC version 2 has supplanted version 1, this can go.  */

#define YYFAIL		goto yyerrlab

#define YYRECOVERING()  (!!yyerrstatus)

#define YYBACKUP(Token, Value)					\
do								\
  if (yychar == YYEMPTY && yylen == 1)				\
    {								\
      yychar = (Token);						\
      yylval = (Value);						\
      yytoken = YYTRANSLATE (yychar);				\
      YYPOPSTACK (1);						\
      goto yybackup;						\
    }								\
  else								\
    {								\
      yyerror (YY_("syntax error: cannot back up")); \
      YYERROR;							\
    }								\
while (YYID (0))


#define YYTERROR	1
#define YYERRCODE	256


/* YYLLOC_DEFAULT -- Set CURRENT to span from RHS[1] to RHS[N].
   If N is 0, then set CURRENT to the empty location which ends
   the previous symbol: RHS[0] (always defined).  */

#define YYRHSLOC(Rhs, K) ((Rhs)[K])
#ifndef YYLLOC_DEFAULT
# define YYLLOC_DEFAULT(Current, Rhs, N)				\
    do									\
      if (YYID (N))                                                    \
	{								\
	  (Current).first_line   = YYRHSLOC (Rhs, 1).first_line;	\
	  (Current).first_column = YYRHSLOC (Rhs, 1).first_column;	\
	  (Current).last_line    = YYRHSLOC (Rhs, N).last_line;		\
	  (Current).last_column  = YYRHSLOC (Rhs, N).last_column;	\
	}								\
      else								\
	{								\
	  (Current).first_line   = (Current).last_line   =		\
	    YYRHSLOC (Rhs, 0).last_line;				\
	  (Current).first_column = (Current).last_column =		\
	    YYRHSLOC (Rhs, 0).last_column;				\
	}								\
    while (YYID (0))
#endif


/* YY_LOCATION_PRINT -- Print the location on the stream.
   This macro was not mandated originally: define only if we know
   we won't break user code: when these are the locations we know.  */

#ifndef YY_LOCATION_PRINT
# if YYLTYPE_IS_TRIVIAL
#  define YY_LOCATION_PRINT(File, Loc)			\
     fprintf (File, "%d.%d-%d.%d",			\
	      (Loc).first_line, (Loc).first_column,	\
	      (Loc).last_line,  (Loc).last_column)
# else
#  define YY_LOCATION_PRINT(File, Loc) ((void) 0)
# endif
#endif


/* YYLEX -- calling `yylex' with the right arguments.  */

#ifdef YYLEX_PARAM
# define YYLEX yylex (YYLEX_PARAM)
#else
# define YYLEX yylex ()
#endif

/* Enable debugging if requested.  */
#if YYDEBUG

# ifndef YYFPRINTF
#  include <stdio.h> /* INFRINGES ON USER NAME SPACE */
#  define YYFPRINTF fprintf
# endif

# define YYDPRINTF(Args)			\
do {						\
  if (yydebug)					\
    YYFPRINTF Args;				\
} while (YYID (0))

# define YY_SYMBOL_PRINT(Title, Type, Value, Location)			  \
do {									  \
  if (yydebug)								  \
    {									  \
      YYFPRINTF (stderr, "%s ", Title);					  \
      yy_symbol_print (stderr,						  \
		  Type, Value); \
      YYFPRINTF (stderr, "\n");						  \
    }									  \
} while (YYID (0))


/*--------------------------------.
| Print this symbol on YYOUTPUT.  |
`--------------------------------*/

/*ARGSUSED*/
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_symbol_value_print (FILE *yyoutput, int yytype, YYSTYPE const * const yyvaluep)
#else
static void
yy_symbol_value_print (yyoutput, yytype, yyvaluep)
    FILE *yyoutput;
    int yytype;
    YYSTYPE const * const yyvaluep;
#endif
{
  if (!yyvaluep)
    return;
# ifdef YYPRINT
  if (yytype < YYNTOKENS)
    YYPRINT (yyoutput, yytoknum[yytype], *yyvaluep);
# else
  YYUSE (yyoutput);
# endif
  switch (yytype)
    {
      default:
	break;
    }
}


/*--------------------------------.
| Print this symbol on YYOUTPUT.  |
`--------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_symbol_print (FILE *yyoutput, int yytype, YYSTYPE const * const yyvaluep)
#else
static void
yy_symbol_print (yyoutput, yytype, yyvaluep)
    FILE *yyoutput;
    int yytype;
    YYSTYPE const * const yyvaluep;
#endif
{
  if (yytype < YYNTOKENS)
    YYFPRINTF (yyoutput, "token %s (", yytname[yytype]);
  else
    YYFPRINTF (yyoutput, "nterm %s (", yytname[yytype]);

  yy_symbol_value_print (yyoutput, yytype, yyvaluep);
  YYFPRINTF (yyoutput, ")");
}

/*------------------------------------------------------------------.
| yy_stack_print -- Print the state stack from its BOTTOM up to its |
| TOP (included).                                                   |
`------------------------------------------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_stack_print (yytype_int16 *bottom, yytype_int16 *top)
#else
static void
yy_stack_print (bottom, top)
    yytype_int16 *bottom;
    yytype_int16 *top;
#endif
{
  YYFPRINTF (stderr, "Stack now");
  for (; bottom <= top; ++bottom)
    YYFPRINTF (stderr, " %d", *bottom);
  YYFPRINTF (stderr, "\n");
}

# define YY_STACK_PRINT(Bottom, Top)				\
do {								\
  if (yydebug)							\
    yy_stack_print ((Bottom), (Top));				\
} while (YYID (0))


/*------------------------------------------------.
| Report that the YYRULE is going to be reduced.  |
`------------------------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_reduce_print (YYSTYPE *yyvsp, int yyrule)
#else
static void
yy_reduce_print (yyvsp, yyrule)
    YYSTYPE *yyvsp;
    int yyrule;
#endif
{
  int yynrhs = yyr2[yyrule];
  int yyi;
  unsigned long int yylno = yyrline[yyrule];
  YYFPRINTF (stderr, "Reducing stack by rule %d (line %lu):\n",
	     yyrule - 1, yylno);
  /* The symbols being reduced.  */
  for (yyi = 0; yyi < yynrhs; yyi++)
    {
      fprintf (stderr, "   $%d = ", yyi + 1);
      yy_symbol_print (stderr, yyrhs[yyprhs[yyrule] + yyi],
		       &(yyvsp[(yyi + 1) - (yynrhs)])
		       		       );
      fprintf (stderr, "\n");
    }
}

# define YY_REDUCE_PRINT(Rule)		\
do {					\
  if (yydebug)				\
    yy_reduce_print (yyvsp, Rule); \
} while (YYID (0))

/* Nonzero means print parse trace.  It is left uninitialized so that
   multiple parsers can coexist.  */
int yydebug;
#else /* !YYDEBUG */
# define YYDPRINTF(Args)
# define YY_SYMBOL_PRINT(Title, Type, Value, Location)
# define YY_STACK_PRINT(Bottom, Top)
# define YY_REDUCE_PRINT(Rule)
#endif /* !YYDEBUG */


/* YYINITDEPTH -- initial size of the parser's stacks.  */
#ifndef	YYINITDEPTH
# define YYINITDEPTH 200
#endif

/* YYMAXDEPTH -- maximum size the stacks can grow to (effective only
   if the built-in stack extension method is used).

   Do not make this value too large; the results are undefined if
   YYSTACK_ALLOC_MAXIMUM < YYSTACK_BYTES (YYMAXDEPTH)
   evaluated with infinite-precision integer arithmetic.  */

#ifndef YYMAXDEPTH
# define YYMAXDEPTH 10000
#endif

�

#if YYERROR_VERBOSE

# ifndef yystrlen
#  if defined __GLIBC__ && defined _STRING_H
#   define yystrlen strlen
#  else
/* Return the length of YYSTR.  */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static YYSIZE_T
yystrlen (const char *yystr)
#else
static YYSIZE_T
yystrlen (yystr)
    const char *yystr;
#endif
{
  YYSIZE_T yylen;
  for (yylen = 0; yystr[yylen]; yylen++)
    continue;
  return yylen;
}
#  endif
# endif

# ifndef yystpcpy
#  if defined __GLIBC__ && defined _STRING_H && defined _GNU_SOURCE
#   define yystpcpy stpcpy
#  else
/* Copy YYSRC to YYDEST, returning the address of the terminating '\0' in
   YYDEST.  */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static char *
yystpcpy (char *yydest, const char *yysrc)
#else
static char *
yystpcpy (yydest, yysrc)
    char *yydest;
    const char *yysrc;
#endif
{
  char *yyd = yydest;
  const char *yys = yysrc;

  while ((*yyd++ = *yys++) != '\0')
    continue;

  return yyd - 1;
}
#  endif
# endif

# ifndef yytnamerr
/* Copy to YYRES the contents of YYSTR after stripping away unnecessary
   quotes and backslashes, so that it's suitable for yyerror.  The
   heuristic is that double-quoting is unnecessary unless the string
   contains an apostrophe, a comma, or backslash (other than
   backslash-backslash).  YYSTR is taken from yytname.  If YYRES is
   null, do not copy; instead, return the length of what the result
   would have been.  */
static YYSIZE_T
yytnamerr (char *yyres, const char *yystr)
{
  if (*yystr == '"')
    {
      YYSIZE_T yyn = 0;
      char const *yyp = yystr;

      for (;;)
	switch (*++yyp)
	  {
	  case '\'':
	  case ',':
	    goto do_not_strip_quotes;

	  case '\\':
	    if (*++yyp != '\\')
	      goto do_not_strip_quotes;
	    /* Fall through.  */
	  default:
	    if (yyres)
	      yyres[yyn] = *yyp;
	    yyn++;
	    break;

	  case '"':
	    if (yyres)
	      yyres[yyn] = '\0';
	    return yyn;
	  }
    do_not_strip_quotes: ;
    }

  if (! yyres)
    return yystrlen (yystr);

  return yystpcpy (yyres, yystr) - yyres;
}
# endif

/* Copy into YYRESULT an error message about the unexpected token
   YYCHAR while in state YYSTATE.  Return the number of bytes copied,
   including the terminating null byte.  If YYRESULT is null, do not
   copy anything; just return the number of bytes that would be
   copied.  As a special case, return 0 if an ordinary "syntax error"
   message will do.  Return YYSIZE_MAXIMUM if overflow occurs during
   size calculation.  */
static YYSIZE_T
yysyntax_error (char *yyresult, int yystate, int yychar)
{
  int yyn = yypact[yystate];

  if (! (YYPACT_NINF < yyn && yyn <= YYLAST))
    return 0;
  else
    {
      int yytype = YYTRANSLATE (yychar);
      YYSIZE_T yysize0 = yytnamerr (0, yytname[yytype]);
      YYSIZE_T yysize = yysize0;
      YYSIZE_T yysize1;
      int yysize_overflow = 0;
      enum { YYERROR_VERBOSE_ARGS_MAXIMUM = 5 };
      char const *yyarg[YYERROR_VERBOSE_ARGS_MAXIMUM];
      int yyx;

# if 0
      /* This is so xgettext sees the translatable formats that are
	 constructed on the fly.  */
      YY_("syntax error, unexpected %s");
      YY_("syntax error, unexpected %s, expecting %s");
      YY_("syntax error, unexpected %s, expecting %s or %s");
      YY_("syntax error, unexpected %s, expecting %s or %s or %s");
      YY_("syntax error, unexpected %s, expecting %s or %s or %s or %s");
# endif
      char *yyfmt;
      char const *yyf;
      static char const yyunexpected[] = "syntax error, unexpected %s";
      static char const yyexpecting[] = ", expecting %s";
      static char const yyor[] = " or %s";
      char yyformat[sizeof yyunexpected
		    + sizeof yyexpecting - 1
		    + ((YYERROR_VERBOSE_ARGS_MAXIMUM - 2)
		       * (sizeof yyor - 1))];
      char const *yyprefix = yyexpecting;

      /* Start YYX at -YYN if negative to avoid negative indexes in
	 YYCHECK.  */
      int yyxbegin = yyn < 0 ? -yyn : 0;

      /* Stay within bounds of both yycheck and yytname.  */
      int yychecklim = YYLAST - yyn + 1;
      int yyxend = yychecklim < YYNTOKENS ? yychecklim : YYNTOKENS;
      int yycount = 1;

      yyarg[0] = yytname[yytype];
      yyfmt = yystpcpy (yyformat, yyunexpected);

      for (yyx = yyxbegin; yyx < yyxend; ++yyx)
	if (yycheck[yyx + yyn] == yyx && yyx != YYTERROR)
	  {
	    if (yycount == YYERROR_VERBOSE_ARGS_MAXIMUM)
	      {
		yycount = 1;
		yysize = yysize0;
		yyformat[sizeof yyunexpected - 1] = '\0';
		break;
	      }
	    yyarg[yycount++] = yytname[yyx];
	    yysize1 = yysize + yytnamerr (0, yytname[yyx]);
	    yysize_overflow |= (yysize1 < yysize);
	    yysize = yysize1;
	    yyfmt = yystpcpy (yyfmt, yyprefix);
	    yyprefix = yyor;
	  }

      yyf = YY_(yyformat);
      yysize1 = yysize + yystrlen (yyf);
      yysize_overflow |= (yysize1 < yysize);
      yysize = yysize1;

      if (yysize_overflow)
	return YYSIZE_MAXIMUM;

      if (yyresult)
	{
	  /* Avoid sprintf, as that infringes on the user's name space.
	     Don't have undefined behavior even if the translation
	     produced a string with the wrong number of "%s"s.  */
	  char *yyp = yyresult;
	  int yyi = 0;
	  while ((*yyp = *yyf) != '\0')
	    {
	      if (*yyp == '%' && yyf[1] == 's' && yyi < yycount)
		{
		  yyp += yytnamerr (yyp, yyarg[yyi++]);
		  yyf += 2;
		}
	      else
		{
		  yyp++;
		  yyf++;
		}
	    }
	}
      return yysize;
    }
}
#endif /* YYERROR_VERBOSE */
�

/*-----------------------------------------------.
| Release the memory associated to this symbol.  |
`-----------------------------------------------*/

/*ARGSUSED*/
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yydestruct (const char *yymsg, int yytype, YYSTYPE *yyvaluep)
#else
static void
yydestruct (yymsg, yytype, yyvaluep)
    const char *yymsg;
    int yytype;
    YYSTYPE *yyvaluep;
#endif
{
  YYUSE (yyvaluep);

  if (!yymsg)
    yymsg = "Deleting";
  YY_SYMBOL_PRINT (yymsg, yytype, yyvaluep, yylocationp);

  switch (yytype)
    {

      default:
	break;
    }
}
�

/* Prevent warnings from -Wmissing-prototypes.  */

#ifdef YYPARSE_PARAM
#if defined __STDC__ || defined __cplusplus
int yyparse (void *YYPARSE_PARAM);
#else
int yyparse ();
#endif
#else /* ! YYPARSE_PARAM */
#if defined __STDC__ || defined __cplusplus
int yyparse (void);
#else
int yyparse ();
#endif
#endif /* ! YYPARSE_PARAM */



/* The look-ahead symbol.  */
int yychar;

/* The semantic value of the look-ahead symbol.  */
YYSTYPE yylval;

/* Number of syntax errors so far.  */
int yynerrs;



/*----------.
| yyparse.  |
`----------*/

#ifdef YYPARSE_PARAM
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
int
yyparse (void *YYPARSE_PARAM)
#else
int
yyparse (YYPARSE_PARAM)
    void *YYPARSE_PARAM;
#endif
#else /* ! YYPARSE_PARAM */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
int
yyparse (void)
#else
int
yyparse ()

#endif
#endif
{
  
  int yystate;
  int yyn;
  int yyresult;
  /* Number of tokens to shift before error messages enabled.  */
  int yyerrstatus;
  /* Look-ahead token as an internal (translated) token number.  */
  int yytoken = 0;
#if YYERROR_VERBOSE
  /* Buffer for error messages, and its allocated size.  */
  char yymsgbuf[128];
  char *yymsg = yymsgbuf;
  YYSIZE_T yymsg_alloc = sizeof yymsgbuf;
#endif

  /* Three stacks and their tools:
     `yyss': related to states,
     `yyvs': related to semantic values,
     `yyls': related to locations.

     Refer to the stacks thru separate pointers, to allow yyoverflow
     to reallocate them elsewhere.  */

  /* The state stack.  */
  yytype_int16 yyssa[YYINITDEPTH];
  yytype_int16 *yyss = yyssa;
  yytype_int16 *yyssp;

  /* The semantic value stack.  */
  YYSTYPE yyvsa[YYINITDEPTH];
  YYSTYPE *yyvs = yyvsa;
  YYSTYPE *yyvsp;



#define YYPOPSTACK(N)   (yyvsp -= (N), yyssp -= (N))

  YYSIZE_T yystacksize = YYINITDEPTH;

  /* The variables used to return semantic value and location from the
     action routines.  */
  YYSTYPE yyval;


  /* The number of symbols on the RHS of the reduced rule.
     Keep to zero when no symbol should be popped.  */
  int yylen = 0;

  YYDPRINTF ((stderr, "Starting parse\n"));

  yystate = 0;
  yyerrstatus = 0;
  yynerrs = 0;
  yychar = YYEMPTY;		/* Cause a token to be read.  */

  /* Initialize stack pointers.
     Waste one element of value and location stack
     so that they stay on the same level as the state stack.
     The wasted elements are never initialized.  */

  yyssp = yyss;
  yyvsp = yyvs;

  goto yysetstate;

/*------------------------------------------------------------.
| yynewstate -- Push a new state, which is found in yystate.  |
`------------------------------------------------------------*/
 yynewstate:
  /* In all cases, when you get here, the value and location stacks
     have just been pushed.  So pushing a state here evens the stacks.  */
  yyssp++;

 yysetstate:
  *yyssp = yystate;

  if (yyss + yystacksize - 1 <= yyssp)
    {
      /* Get the current used size of the three stacks, in elements.  */
      YYSIZE_T yysize = yyssp - yyss + 1;

#ifdef yyoverflow
      {
	/* Give user a chance to reallocate the stack.  Use copies of
	   these so that the &'s don't force the real ones into
	   memory.  */
	YYSTYPE *yyvs1 = yyvs;
	yytype_int16 *yyss1 = yyss;


	/* Each stack pointer address is followed by the size of the
	   data in use in that stack, in bytes.  This used to be a
	   conditional around just the two extra args, but that might
	   be undefined if yyoverflow is a macro.  */
	yyoverflow (YY_("memory exhausted"),
		    &yyss1, yysize * sizeof (*yyssp),
		    &yyvs1, yysize * sizeof (*yyvsp),

		    &yystacksize);

	yyss = yyss1;
	yyvs = yyvs1;
      }
#else /* no yyoverflow */
# ifndef YYSTACK_RELOCATE
      goto yyexhaustedlab;
# else
      /* Extend the stack our own way.  */
      if (YYMAXDEPTH <= yystacksize)
	goto yyexhaustedlab;
      yystacksize *= 2;
      if (YYMAXDEPTH < yystacksize)
	yystacksize = YYMAXDEPTH;

      {
	yytype_int16 *yyss1 = yyss;
	union yyalloc *yyptr =
	  (union yyalloc *) YYSTACK_ALLOC (YYSTACK_BYTES (yystacksize));
	if (! yyptr)
	  goto yyexhaustedlab;
	YYSTACK_RELOCATE (yyss);
	YYSTACK_RELOCATE (yyvs);

#  undef YYSTACK_RELOCATE
	if (yyss1 != yyssa)
	  YYSTACK_FREE (yyss1);
      }
# endif
#endif /* no yyoverflow */

      yyssp = yyss + yysize - 1;
      yyvsp = yyvs + yysize - 1;


      YYDPRINTF ((stderr, "Stack size increased to %lu\n",
		  (unsigned long int) yystacksize));

      if (yyss + yystacksize - 1 <= yyssp)
	YYABORT;
    }

  YYDPRINTF ((stderr, "Entering state %d\n", yystate));

  goto yybackup;

/*-----------.
| yybackup.  |
`-----------*/
yybackup:

  /* Do appropriate processing given the current state.  Read a
     look-ahead token if we need one and don't already have one.  */

  /* First try to decide what to do without reference to look-ahead token.  */
  yyn = yypact[yystate];
  if (yyn == YYPACT_NINF)
    goto yydefault;

  /* Not known => get a look-ahead token if don't already have one.  */

  /* YYCHAR is either YYEMPTY or YYEOF or a valid look-ahead symbol.  */
  if (yychar == YYEMPTY)
    {
      YYDPRINTF ((stderr, "Reading a token: "));
      yychar = YYLEX;
    }

  if (yychar <= YYEOF)
    {
      yychar = yytoken = YYEOF;
      YYDPRINTF ((stderr, "Now at end of input.\n"));
    }
  else
    {
      yytoken = YYTRANSLATE (yychar);
      YY_SYMBOL_PRINT ("Next token is", yytoken, &yylval, &yylloc);
    }

  /* If the proper action on seeing token YYTOKEN is to reduce or to
     detect an error, take that action.  */
  yyn += yytoken;
  if (yyn < 0 || YYLAST < yyn || yycheck[yyn] != yytoken)
    goto yydefault;
  yyn = yytable[yyn];
  if (yyn <= 0)
    {
      if (yyn == 0 || yyn == YYTABLE_NINF)
	goto yyerrlab;
      yyn = -yyn;
      goto yyreduce;
    }

  if (yyn == YYFINAL)
    YYACCEPT;

  /* Count tokens shifted since error; after three, turn off error
     status.  */
  if (yyerrstatus)
    yyerrstatus--;

  /* Shift the look-ahead token.  */
  YY_SYMBOL_PRINT ("Shifting", yytoken, &yylval, &yylloc);

  /* Discard the shifted token unless it is eof.  */
  if (yychar != YYEOF)
    yychar = YYEMPTY;

  yystate = yyn;
  *++yyvsp = yylval;

  goto yynewstate;


/*-----------------------------------------------------------.
| yydefault -- do the default action for the current state.  |
`-----------------------------------------------------------*/
yydefault:
  yyn = yydefact[yystate];
  if (yyn == 0)
    goto yyerrlab;
  goto yyreduce;


/*-----------------------------.
| yyreduce -- Do a reduction.  |
`-----------------------------*/
yyreduce:
  /* yyn is the number of a rule to reduce with.  */
  yylen = yyr2[yyn];

  /* If YYLEN is nonzero, implement the default value of the action:
     `$$ = $1'.

     Otherwise, the following line sets YYVAL to garbage.
     This behavior is undocumented and Bison
     users should not rely upon it.  Assigning to YYVAL
     unconditionally makes the parser a bit smaller, and it avoids a
     GCC warning that YYVAL may be used uninitialized.  */
  yyval = yyvsp[1-yylen];


  YY_REDUCE_PRINT (yyn);
  switch (yyn)
    {
        case 6:
#line 89 "foreign-lgl-parser.y"
    { igraph_lgl_actvertex=(yyvsp[(2) - (3)].edgenum); }
    break;

  case 9:
#line 93 "foreign-lgl-parser.y"
    { 
             igraph_vector_push_back(igraph_lgl_vector, igraph_lgl_actvertex);
	     igraph_vector_push_back(igraph_lgl_vector, (yyvsp[(1) - (2)].edgenum));
	     igraph_vector_push_back(igraph_lgl_weights, 0);
           }
    break;

  case 10:
#line 98 "foreign-lgl-parser.y"
    { 
             igraph_vector_push_back(igraph_lgl_vector, igraph_lgl_actvertex);
	     igraph_vector_push_back(igraph_lgl_vector, (yyvsp[(1) - (3)].edgenum));
	     igraph_vector_push_back(igraph_lgl_weights, (yyvsp[(2) - (3)].weightnum));
           }
    break;

  case 11:
#line 106 "foreign-lgl-parser.y"
    { igraph_trie_get2(igraph_lgl_trie, 
				   igraph_lgl_yytext, 
				   igraph_lgl_yyleng, &(yyval.edgenum)); }
    break;

  case 12:
#line 110 "foreign-lgl-parser.y"
    { (yyval.weightnum)=igraph_lgl_get_number(igraph_lgl_yytext, 
					   igraph_lgl_yyleng); }
    break;


/* Line 1267 of yacc.c.  */
#line 1399 "foreign-lgl-parser.c"
      default: break;
    }
  YY_SYMBOL_PRINT ("-> $$ =", yyr1[yyn], &yyval, &yyloc);

  YYPOPSTACK (yylen);
  yylen = 0;
  YY_STACK_PRINT (yyss, yyssp);

  *++yyvsp = yyval;


  /* Now `shift' the result of the reduction.  Determine what state
     that goes to, based on the state we popped back to and the rule
     number reduced by.  */

  yyn = yyr1[yyn];

  yystate = yypgoto[yyn - YYNTOKENS] + *yyssp;
  if (0 <= yystate && yystate <= YYLAST && yycheck[yystate] == *yyssp)
    yystate = yytable[yystate];
  else
    yystate = yydefgoto[yyn - YYNTOKENS];

  goto yynewstate;


/*------------------------------------.
| yyerrlab -- here on detecting error |
`------------------------------------*/
yyerrlab:
  /* If not already recovering from an error, report this error.  */
  if (!yyerrstatus)
    {
      ++yynerrs;
#if ! YYERROR_VERBOSE
      yyerror (YY_("syntax error"));
#else
      {
	YYSIZE_T yysize = yysyntax_error (0, yystate, yychar);
	if (yymsg_alloc < yysize && yymsg_alloc < YYSTACK_ALLOC_MAXIMUM)
	  {
	    YYSIZE_T yyalloc = 2 * yysize;
	    if (! (yysize <= yyalloc && yyalloc <= YYSTACK_ALLOC_MAXIMUM))
	      yyalloc = YYSTACK_ALLOC_MAXIMUM;
	    if (yymsg != yymsgbuf)
	      YYSTACK_FREE (yymsg);
	    yymsg = (char *) YYSTACK_ALLOC (yyalloc);
	    if (yymsg)
	      yymsg_alloc = yyalloc;
	    else
	      {
		yymsg = yymsgbuf;
		yymsg_alloc = sizeof yymsgbuf;
	      }
	  }

	if (0 < yysize && yysize <= yymsg_alloc)
	  {
	    (void) yysyntax_error (yymsg, yystate, yychar);
	    yyerror (yymsg);
	  }
	else
	  {
	    yyerror (YY_("syntax error"));
	    if (yysize != 0)
	      goto yyexhaustedlab;
	  }
      }
#endif
    }



  if (yyerrstatus == 3)
    {
      /* If just tried and failed to reuse look-ahead token after an
	 error, discard it.  */

      if (yychar <= YYEOF)
	{
	  /* Return failure if at end of input.  */
	  if (yychar == YYEOF)
	    YYABORT;
	}
      else
	{
	  yydestruct ("Error: discarding",
		      yytoken, &yylval);
	  yychar = YYEMPTY;
	}
    }

  /* Else will try to reuse look-ahead token after shifting the error
     token.  */
  goto yyerrlab1;


/*---------------------------------------------------.
| yyerrorlab -- error raised explicitly by YYERROR.  |
`---------------------------------------------------*/
yyerrorlab:

  /* Pacify compilers like GCC when the user code never invokes
     YYERROR and the label yyerrorlab therefore never appears in user
     code.  */
  if (/*CONSTCOND*/ 0)
     goto yyerrorlab;

  /* Do not reclaim the symbols of the rule which action triggered
     this YYERROR.  */
  YYPOPSTACK (yylen);
  yylen = 0;
  YY_STACK_PRINT (yyss, yyssp);
  yystate = *yyssp;
  goto yyerrlab1;


/*-------------------------------------------------------------.
| yyerrlab1 -- common code for both syntax error and YYERROR.  |
`-------------------------------------------------------------*/
yyerrlab1:
  yyerrstatus = 3;	/* Each real token shifted decrements this.  */

  for (;;)
    {
      yyn = yypact[yystate];
      if (yyn != YYPACT_NINF)
	{
	  yyn += YYTERROR;
	  if (0 <= yyn && yyn <= YYLAST && yycheck[yyn] == YYTERROR)
	    {
	      yyn = yytable[yyn];
	      if (0 < yyn)
		break;
	    }
	}

      /* Pop the current state because it cannot handle the error token.  */
      if (yyssp == yyss)
	YYABORT;


      yydestruct ("Error: popping",
		  yystos[yystate], yyvsp);
      YYPOPSTACK (1);
      yystate = *yyssp;
      YY_STACK_PRINT (yyss, yyssp);
    }

  if (yyn == YYFINAL)
    YYACCEPT;

  *++yyvsp = yylval;


  /* Shift the error token.  */
  YY_SYMBOL_PRINT ("Shifting", yystos[yyn], yyvsp, yylsp);

  yystate = yyn;
  goto yynewstate;


/*-------------------------------------.
| yyacceptlab -- YYACCEPT comes here.  |
`-------------------------------------*/
yyacceptlab:
  yyresult = 0;
  goto yyreturn;

/*-----------------------------------.
| yyabortlab -- YYABORT comes here.  |
`-----------------------------------*/
yyabortlab:
  yyresult = 1;
  goto yyreturn;

#ifndef yyoverflow
/*-------------------------------------------------.
| yyexhaustedlab -- memory exhaustion comes here.  |
`-------------------------------------------------*/
yyexhaustedlab:
  yyerror (YY_("memory exhausted"));
  yyresult = 2;
  /* Fall through.  */
#endif

yyreturn:
  if (yychar != YYEOF && yychar != YYEMPTY)
     yydestruct ("Cleanup: discarding lookahead",
		 yytoken, &yylval);
  /* Do not reclaim the symbols of the rule which action triggered
     this YYABORT or YYACCEPT.  */
  YYPOPSTACK (yylen);
  YY_STACK_PRINT (yyss, yyssp);
  while (yyssp != yyss)
    {
      yydestruct ("Cleanup: popping",
		  yystos[*yyssp], yyvsp);
      YYPOPSTACK (1);
    }
#ifndef yyoverflow
  if (yyss != yyssa)
    YYSTACK_FREE (yyss);
#endif
#if YYERROR_VERBOSE
  if (yymsg != yymsgbuf)
    YYSTACK_FREE (yymsg);
#endif
  /* Make sure YYID is used.  */
  return YYID (yyresult);
}


#line 113 "foreign-lgl-parser.y"


int igraph_lgl_yyerror (char *s)
{
  char str[200];  
  igraph_i_lgl_reset_scanner();
  snprintf(str, sizeof(str), "Parse error in LGL file, line %li", 
	   igraph_lgl_mylineno);
  IGRAPH_ERROR(str, IGRAPH_PARSEERROR);
}

igraph_real_t igraph_lgl_get_number(const char *str, long int length) {
  igraph_real_t num;
  char *tmp=Calloc(length+1, char);
  
  strncpy(tmp, str, length);
  tmp[length]='\0';
  sscanf(tmp, "%lf", &num);
  Free(tmp);
  return num;
} 








igraph-0.4.2/igraph/foreign-pajek-lexer.c

#line 2 "foreign-pajek-lexer.c"

#line 4 "foreign-pajek-lexer.c"

#define  YY_INT_ALIGNED short int

/* A lexical scanner generated by flex */

#define yy_create_buffer igraph_pajek_yy_create_buffer
#define yy_delete_buffer igraph_pajek_yy_delete_buffer
#define yy_flex_debug igraph_pajek_yy_flex_debug
#define yy_init_buffer igraph_pajek_yy_init_buffer
#define yy_flush_buffer igraph_pajek_yy_flush_buffer
#define yy_load_buffer_state igraph_pajek_yy_load_buffer_state
#define yy_switch_to_buffer igraph_pajek_yy_switch_to_buffer
#define yyin igraph_pajek_yyin
#define yyleng igraph_pajek_yyleng
#define yylex igraph_pajek_yylex
#define yylineno igraph_pajek_yylineno
#define yyout igraph_pajek_yyout
#define yyrestart igraph_pajek_yyrestart
#define yytext igraph_pajek_yytext
#define yywrap igraph_pajek_yywrap
#define yyalloc igraph_pajek_yyalloc
#define yyrealloc igraph_pajek_yyrealloc
#define yyfree igraph_pajek_yyfree

#define FLEX_SCANNER
#define YY_FLEX_MAJOR_VERSION 2
#define YY_FLEX_MINOR_VERSION 5
#define YY_FLEX_SUBMINOR_VERSION 35
#if YY_FLEX_SUBMINOR_VERSION > 0
#define FLEX_BETA
#endif

/* First, we deal with  platform-specific or compiler-specific issues. */

/* begin standard C headers. */
#include <stdio.h>
#include <string.h>
#include <errno.h>
#include <stdlib.h>

/* end standard C headers. */

/* flex integer type definitions */

#ifndef FLEXINT_H
#define FLEXINT_H

/* C99 systems have <inttypes.h>. Non-C99 systems may or may not. */

#if defined (__STDC_VERSION__) && __STDC_VERSION__ >= 199901L

/* C99 says to define __STDC_LIMIT_MACROS before including stdint.h,
 * if you want the limit (max/min) macros for int types. 
 */
#ifndef __STDC_LIMIT_MACROS
#define __STDC_LIMIT_MACROS 1
#endif

#include <inttypes.h>
typedef int8_t flex_int8_t;
typedef uint8_t flex_uint8_t;
typedef int16_t flex_int16_t;
typedef uint16_t flex_uint16_t;
typedef int32_t flex_int32_t;
typedef uint32_t flex_uint32_t;
#else
typedef signed char flex_int8_t;
typedef short int flex_int16_t;
typedef int flex_int32_t;
typedef unsigned char flex_uint8_t; 
typedef unsigned short int flex_uint16_t;
typedef unsigned int flex_uint32_t;
#endif /* ! C99 */

/* Limits of integral types. */
#ifndef INT8_MIN
#define INT8_MIN               (-128)
#endif
#ifndef INT16_MIN
#define INT16_MIN              (-32767-1)
#endif
#ifndef INT32_MIN
#define INT32_MIN              (-2147483647-1)
#endif
#ifndef INT8_MAX
#define INT8_MAX               (127)
#endif
#ifndef INT16_MAX
#define INT16_MAX              (32767)
#endif
#ifndef INT32_MAX
#define INT32_MAX              (2147483647)
#endif
#ifndef UINT8_MAX
#define UINT8_MAX              (255U)
#endif
#ifndef UINT16_MAX
#define UINT16_MAX             (65535U)
#endif
#ifndef UINT32_MAX
#define UINT32_MAX             (4294967295U)
#endif

#endif /* ! FLEXINT_H */

#ifdef __cplusplus

/* The "const" storage-class-modifier is valid. */
#define YY_USE_CONST

#else	/* ! __cplusplus */

/* C99 requires __STDC__ to be defined as 1. */
#if defined (__STDC__)

#define YY_USE_CONST

#endif	/* defined (__STDC__) */
#endif	/* ! __cplusplus */

#ifdef YY_USE_CONST
#define yyconst const
#else
#define yyconst
#endif

/* Returned upon end-of-file. */
#define YY_NULL 0

/* Promotes a possibly negative, possibly signed char to an unsigned
 * integer for use as an array index.  If the signed char is negative,
 * we want to instead treat it as an 8-bit unsigned char, hence the
 * double cast.
 */
#define YY_SC_TO_UI(c) ((unsigned int) (unsigned char) c)

/* Enter a start condition.  This macro really ought to take a parameter,
 * but we do it the disgusting crufty way forced on us by the ()-less
 * definition of BEGIN.
 */
#define BEGIN (yy_start) = 1 + 2 *

/* Translate the current start state into a value that can be later handed
 * to BEGIN to return to the state.  The YYSTATE alias is for lex
 * compatibility.
 */
#define YY_START (((yy_start) - 1) / 2)
#define YYSTATE YY_START

/* Action number for EOF rule of a given start state. */
#define YY_STATE_EOF(state) (YY_END_OF_BUFFER + state + 1)

/* Special action meaning "start processing a new file". */
#define YY_NEW_FILE igraph_pajek_yyrestart(igraph_pajek_yyin  )

#define YY_END_OF_BUFFER_CHAR 0

/* Size of default input buffer. */
#ifndef YY_BUF_SIZE
#define YY_BUF_SIZE 16384
#endif

/* The state buf must be large enough to hold one state per character in the main buffer.
 */
#define YY_STATE_BUF_SIZE   ((YY_BUF_SIZE + 2) * sizeof(yy_state_type))

#ifndef YY_TYPEDEF_YY_BUFFER_STATE
#define YY_TYPEDEF_YY_BUFFER_STATE
typedef struct yy_buffer_state *YY_BUFFER_STATE;
#endif

extern int igraph_pajek_yyleng;

extern FILE *igraph_pajek_yyin, *igraph_pajek_yyout;

#define EOB_ACT_CONTINUE_SCAN 0
#define EOB_ACT_END_OF_FILE 1
#define EOB_ACT_LAST_MATCH 2

    #define YY_LESS_LINENO(n)
    
/* Return all but the first "n" matched characters back to the input stream. */
#define yyless(n) \
	do \
		{ \
		/* Undo effects of setting up igraph_pajek_yytext. */ \
        int yyless_macro_arg = (n); \
        YY_LESS_LINENO(yyless_macro_arg);\
		*yy_cp = (yy_hold_char); \
		YY_RESTORE_YY_MORE_OFFSET \
		(yy_c_buf_p) = yy_cp = yy_bp + yyless_macro_arg - YY_MORE_ADJ; \
		YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */ \
		} \
	while ( 0 )

#define unput(c) yyunput( c, (yytext_ptr)  )

#ifndef YY_TYPEDEF_YY_SIZE_T
#define YY_TYPEDEF_YY_SIZE_T
typedef size_t yy_size_t;
#endif

#ifndef YY_STRUCT_YY_BUFFER_STATE
#define YY_STRUCT_YY_BUFFER_STATE
struct yy_buffer_state
	{
	FILE *yy_input_file;

	char *yy_ch_buf;		/* input buffer */
	char *yy_buf_pos;		/* current position in input buffer */

	/* Size of input buffer in bytes, not including room for EOB
	 * characters.
	 */
	yy_size_t yy_buf_size;

	/* Number of characters read into yy_ch_buf, not including EOB
	 * characters.
	 */
	int yy_n_chars;

	/* Whether we "own" the buffer - i.e., we know we created it,
	 * and can realloc() it to grow it, and should free() it to
	 * delete it.
	 */
	int yy_is_our_buffer;

	/* Whether this is an "interactive" input source; if so, and
	 * if we're using stdio for input, then we want to use getc()
	 * instead of fread(), to make sure we stop fetching input after
	 * each newline.
	 */
	int yy_is_interactive;

	/* Whether we're considered to be at the beginning of a line.
	 * If so, '^' rules will be active on the next match, otherwise
	 * not.
	 */
	int yy_at_bol;

    int yy_bs_lineno; /**< The line count. */
    int yy_bs_column; /**< The column count. */
    
	/* Whether to try to fill the input buffer when we reach the
	 * end of it.
	 */
	int yy_fill_buffer;

	int yy_buffer_status;

#define YY_BUFFER_NEW 0
#define YY_BUFFER_NORMAL 1
	/* When an EOF's been seen but there's still some text to process
	 * then we mark the buffer as YY_EOF_PENDING, to indicate that we
	 * shouldn't try reading from the input source any more.  We might
	 * still have a bunch of tokens to match, though, because of
	 * possible backing-up.
	 *
	 * When we actually see the EOF, we change the status to "new"
	 * (via igraph_pajek_yyrestart()), so that the user can continue scanning by
	 * just pointing igraph_pajek_yyin at a new input file.
	 */
#define YY_BUFFER_EOF_PENDING 2

	};
#endif /* !YY_STRUCT_YY_BUFFER_STATE */

/* Stack of input buffers. */
static size_t yy_buffer_stack_top = 0; /**< index of top of stack. */
static size_t yy_buffer_stack_max = 0; /**< capacity of stack. */
static YY_BUFFER_STATE * yy_buffer_stack = 0; /**< Stack as an array. */

/* We provide macros for accessing buffer states in case in the
 * future we want to put the buffer states in a more general
 * "scanner state".
 *
 * Returns the top of the stack, or NULL.
 */
#define YY_CURRENT_BUFFER ( (yy_buffer_stack) \
                          ? (yy_buffer_stack)[(yy_buffer_stack_top)] \
                          : NULL)

/* Same as previous macro, but useful when we know that the buffer stack is not
 * NULL or when we need an lvalue. For internal use only.
 */
#define YY_CURRENT_BUFFER_LVALUE (yy_buffer_stack)[(yy_buffer_stack_top)]

/* yy_hold_char holds the character lost when igraph_pajek_yytext is formed. */
static char yy_hold_char;
static int yy_n_chars;		/* number of characters read into yy_ch_buf */
int igraph_pajek_yyleng;

/* Points to current character in buffer. */
static char *yy_c_buf_p = (char *) 0;
static int yy_init = 0;		/* whether we need to initialize */
static int yy_start = 0;	/* start state number */

/* Flag which is used to allow igraph_pajek_yywrap()'s to do buffer switches
 * instead of setting up a fresh igraph_pajek_yyin.  A bit of a hack ...
 */
static int yy_did_buffer_switch_on_eof;

void igraph_pajek_yyrestart (FILE *input_file  );
void igraph_pajek_yy_switch_to_buffer (YY_BUFFER_STATE new_buffer  );
YY_BUFFER_STATE igraph_pajek_yy_create_buffer (FILE *file,int size  );
void igraph_pajek_yy_delete_buffer (YY_BUFFER_STATE b  );
void igraph_pajek_yy_flush_buffer (YY_BUFFER_STATE b  );
void igraph_pajek_yypush_buffer_state (YY_BUFFER_STATE new_buffer  );
void igraph_pajek_yypop_buffer_state (void );

static void igraph_pajek_yyensure_buffer_stack (void );
static void igraph_pajek_yy_load_buffer_state (void );
static void igraph_pajek_yy_init_buffer (YY_BUFFER_STATE b,FILE *file  );

#define YY_FLUSH_BUFFER igraph_pajek_yy_flush_buffer(YY_CURRENT_BUFFER )

YY_BUFFER_STATE igraph_pajek_yy_scan_buffer (char *base,yy_size_t size  );
YY_BUFFER_STATE igraph_pajek_yy_scan_string (yyconst char *yy_str  );
YY_BUFFER_STATE igraph_pajek_yy_scan_bytes (yyconst char *bytes,int len  );

void *igraph_pajek_yyalloc (yy_size_t  );
void *igraph_pajek_yyrealloc (void *,yy_size_t  );
void igraph_pajek_yyfree (void *  );

#define yy_new_buffer igraph_pajek_yy_create_buffer

#define yy_set_interactive(is_interactive) \
	{ \
	if ( ! YY_CURRENT_BUFFER ){ \
        igraph_pajek_yyensure_buffer_stack (); \
		YY_CURRENT_BUFFER_LVALUE =    \
            igraph_pajek_yy_create_buffer(igraph_pajek_yyin,YY_BUF_SIZE ); \
	} \
	YY_CURRENT_BUFFER_LVALUE->yy_is_interactive = is_interactive; \
	}

#define yy_set_bol(at_bol) \
	{ \
	if ( ! YY_CURRENT_BUFFER ){\
        igraph_pajek_yyensure_buffer_stack (); \
		YY_CURRENT_BUFFER_LVALUE =    \
            igraph_pajek_yy_create_buffer(igraph_pajek_yyin,YY_BUF_SIZE ); \
	} \
	YY_CURRENT_BUFFER_LVALUE->yy_at_bol = at_bol; \
	}

#define YY_AT_BOL() (YY_CURRENT_BUFFER_LVALUE->yy_at_bol)

/* Begin user sect3 */

#define igraph_pajek_yywrap(n) 1
#define YY_SKIP_YYWRAP

typedef unsigned char YY_CHAR;

FILE *igraph_pajek_yyin = (FILE *) 0, *igraph_pajek_yyout = (FILE *) 0;

typedef int yy_state_type;

extern int igraph_pajek_yylineno;

int igraph_pajek_yylineno = 1;

extern char *igraph_pajek_yytext;
#define yytext_ptr igraph_pajek_yytext

static yy_state_type yy_get_previous_state (void );
static yy_state_type yy_try_NUL_trans (yy_state_type current_state  );
static int yy_get_next_buffer (void );
static void yy_fatal_error (yyconst char msg[]  );

/* Done after the current pattern has been matched and before the
 * corresponding action - sets up igraph_pajek_yytext.
 */
#define YY_DO_BEFORE_ACTION \
	(yytext_ptr) = yy_bp; \
	igraph_pajek_yyleng = (size_t) (yy_cp - yy_bp); \
	(yy_hold_char) = *yy_cp; \
	*yy_cp = '\0'; \
	(yy_c_buf_p) = yy_cp;

#define YY_NUM_RULES 45
#define YY_END_OF_BUFFER 46
/* This struct is not used in this scanner,
   but its presence is necessary. */
struct yy_trans_info
	{
	flex_int32_t yy_verify;
	flex_int32_t yy_nxt;
	};
static yyconst flex_int16_t yy_accept[156] =
    {   0,
        1,    1,   46,   44,    1,   10,   45,   44,   44,   44,
       44,   44,   13,   44,   44,   44,   44,   44,   44,   44,
       44,   44,   44,   44,   44,   44,   44,   44,   44,   44,
        1,   10,   44,    0,   11,   44,    0,    2,   44,    0,
       12,   44,   44,   44,   44,   44,   13,   44,   44,   27,
       44,   44,   44,   44,   44,   24,   44,   44,   44,   44,
       44,   44,   36,   44,   44,   44,   44,   25,   44,   21,
       20,   26,   44,   44,   28,   44,   44,   11,   12,   44,
       44,   44,   44,   44,   13,   44,   13,   31,   32,   35,
       17,   18,   44,   44,   29,   30,   16,   33,   34,   41,

       39,   37,   44,   40,   44,   44,   44,   44,   44,   44,
       44,   44,   44,   44,   44,   43,   44,   19,   44,   23,
       44,   44,    5,   44,   44,   44,   44,   22,   38,   42,
       44,   44,   44,    6,   44,   44,   44,   44,   44,   44,
       44,    9,   44,   44,   14,   15,   44,   44,    3,   44,
        7,   44,    4,    8,    0
    } ;

static yyconst flex_int32_t yy_ec[256] =
    {   0,
        1,    1,    1,    1,    1,    1,    1,    1,    2,    3,
        1,    1,    4,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    2,    1,    5,    1,    1,    6,    1,    1,    7,
        8,    9,   10,    1,   11,   12,    1,   13,   14,   15,
       13,   13,   13,   13,   13,   13,   13,    1,    1,    1,
        1,    1,    1,    1,   16,   17,   18,   19,   20,   21,
       22,   23,   24,    1,   25,   26,   27,   28,   29,   30,
       31,   32,   33,   34,   35,   36,   37,   38,   39,   40,
        1,    1,    1,    1,   41,    1,   16,   17,   18,   19,

       20,   21,   22,   23,   24,    1,   25,   26,   27,   28,
       29,   30,   31,   32,   33,   34,   35,   36,   37,   38,
       39,   40,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,

        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1
    } ;

static yyconst flex_int32_t yy_meta[42] =
    {   0,
        1,    2,    2,    2,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1
    } ;

static yyconst flex_int16_t yy_base[163] =
    {   0,
        0,    0,  280,    0,  277,  274,  274,   40,   44,   47,
       36,   44,   53,   67,   42,   72,  247,   39,  257,   47,
       96,   81,   84,   87,   91,  242,   99,  232,  231,    0,
      269,  281,  103,  265,    0,  107,  266,  281,  114,  260,
        0,  235,  247,  249,  244,  243,  117,  106,  125,  281,
      121,  139,  142,  145,  148,  281,  125,  152,  157,  160,
      163,  166,  281,  169,  172,  175,  178,  281,  238,  281,
      281,  281,  221,  234,  281,  238,  237,  281,  281,  239,
      234,  221,  220,  221,  170,  173,  178,  281,  281,  281,
      281,  281,  218,  192,  281,  281,  281,  281,  281,  281,

      281,  281,  227,  281,  197,  230,  200,  233,  232,  214,
      226,  213,  207,  209,  203,  281,  206,  281,  209,  281,
      224,  223,  214,  206,  214,  208,  212,  281,  281,  281,
      201,  200,  209,  206,  159,  157,  139,  212,  215,  101,
      109,    0,  102,   93,  281,  281,   62,   59,    0,   47,
        0,   44,    0,    0,  281,   76,  219,  221,  223,  225,
      227,  229
    } ;

static yyconst flex_int16_t yy_def[163] =
    {   0,
      155,    1,  155,  156,  155,  155,  155,  157,  158,  159,
      156,  156,  156,  156,  156,  156,  156,  156,  156,  156,
      156,  156,  156,  156,  156,  156,  156,  156,  156,  156,
      155,  155,  157,  160,  156,  158,  161,  155,  159,  162,
      156,  156,  156,  156,  156,  156,  156,  156,  156,  155,
      156,  156,  156,  156,  156,  155,  156,  156,  156,  156,
      156,  156,  155,  156,  156,  156,  156,  155,  156,  155,
      155,  155,  156,  156,  155,  156,  156,  155,  155,  156,
      156,  156,  156,  156,  156,  156,  156,  155,  155,  155,
      155,  155,  156,  156,  155,  155,  155,  155,  155,  155,

      155,  155,  156,  155,  156,  156,  156,  156,  156,  156,
      156,  156,  156,  156,  156,  155,  156,  155,  156,  155,
      156,  156,  156,  156,  156,  156,  156,  155,  155,  155,
      156,  156,  156,  156,  156,  156,  156,  156,  156,  156,
      156,  156,  156,  156,  155,  155,  156,  156,  156,  156,
      156,  156,  156,  156,    0,  155,  155,  155,  155,  155,
      155,  155
    } ;

static yyconst flex_int16_t yy_nxt[323] =
    {   0,
        4,    5,    6,    7,    8,    9,   10,    4,   11,    4,
       12,    4,   13,   13,   13,   14,   15,   16,    4,    4,
       17,    4,   18,   19,   20,   21,    4,    4,    4,   22,
       23,   24,   25,    4,   26,    4,   27,   28,   29,    4,
        4,   34,   34,   34,   35,   37,   38,   37,   40,   40,
       40,   42,   58,   59,   41,   43,   47,   47,   47,   54,
       61,   62,   44,   45,   48,   47,   47,   47,   50,   50,
       50,   46,   49,   56,   56,   56,   30,  154,   55,  153,
       51,   52,   68,   68,   68,   70,   70,   70,   71,   71,
       71,  152,   72,   72,   72,  151,   53,   63,   63,   63,

       75,   75,   75,   69,   34,   34,   34,   35,   37,   38,
       37,   64,  150,   65,   73,   40,   40,   40,   85,   85,
       85,   41,   88,   88,   88,   66,  149,   67,   48,   47,
       47,   47,  148,  147,   86,   86,   49,   87,   87,   87,
       89,   89,   89,   90,   90,   90,   91,   91,   91,   92,
       92,   92,   93,   95,   95,   95,  144,   94,   96,   96,
       96,   97,   97,   97,   98,   98,   98,   99,   99,   99,
      100,  100,  100,  101,  101,  101,  102,  102,  102,  104,
      104,  104,   85,   85,   85,   87,   87,   87,  143,   49,
       87,   87,   87,  116,  116,  116,  142,  103,  118,  118,

      118,  120,  120,  120,  128,  128,  128,  129,  129,  129,
      130,  130,  130,  145,  145,  145,  146,  146,  146,   33,
       33,   36,   36,   39,   39,   34,   34,   37,   37,   40,
       40,  141,  140,  139,  138,  137,  136,  135,  134,  133,
      132,  131,  127,  126,  125,  124,  123,  122,  121,  119,
      117,  115,  114,  113,  112,  111,  110,  109,  108,  107,
      106,  105,   84,   83,   82,   81,   80,   79,   38,   78,
       31,   77,   76,   74,   60,   57,   32,   32,   31,  155,
        3,  155,  155,  155,  155,  155,  155,  155,  155,  155,
      155,  155,  155,  155,  155,  155,  155,  155,  155,  155,

      155,  155,  155,  155,  155,  155,  155,  155,  155,  155,
      155,  155,  155,  155,  155,  155,  155,  155,  155,  155,
      155,  155
    } ;

static yyconst flex_int16_t yy_chk[323] =
    {   0,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    1,    1,    1,    1,    1,    1,    1,    1,    1,
        1,    8,    8,    8,    8,    9,    9,    9,   10,   10,
       10,   11,   18,   18,   10,   11,   12,   12,   12,   15,
       20,   20,   11,   11,   13,   13,   13,   13,   14,   14,
       14,   11,   13,   16,   16,   16,  156,  152,   15,  150,
       14,   14,   22,   22,   22,   23,   23,   23,   24,   24,
       24,  148,   25,   25,   25,  147,   14,   21,   21,   21,

       27,   27,   27,   22,   33,   33,   33,   33,   36,   36,
       36,   21,  144,   21,   25,   39,   39,   39,   48,   48,
       48,   39,   51,   51,   51,   21,  143,   21,   47,   47,
       47,   47,  141,  140,   49,   49,   47,   49,   49,   49,
       52,   52,   52,   53,   53,   53,   54,   54,   54,   55,
       55,   55,   57,   58,   58,   58,  137,   57,   59,   59,
       59,   60,   60,   60,   61,   61,   61,   62,   62,   62,
       64,   64,   64,   65,   65,   65,   66,   66,   66,   67,
       67,   67,   85,   85,   85,   86,   86,   86,  136,   85,
       87,   87,   87,   94,   94,   94,  135,   66,  105,  105,

      105,  107,  107,  107,  115,  115,  115,  117,  117,  117,
      119,  119,  119,  138,  138,  138,  139,  139,  139,  157,
      157,  158,  158,  159,  159,  160,  160,  161,  161,  162,
      162,  134,  133,  132,  131,  127,  126,  125,  124,  123,
      122,  121,  114,  113,  112,  111,  110,  109,  108,  106,
      103,   93,   84,   83,   82,   81,   80,   77,   76,   74,
       73,   69,   46,   45,   44,   43,   42,   40,   37,   34,
       31,   29,   28,   26,   19,   17,    7,    6,    5,    3,
      155,  155,  155,  155,  155,  155,  155,  155,  155,  155,
      155,  155,  155,  155,  155,  155,  155,  155,  155,  155,

      155,  155,  155,  155,  155,  155,  155,  155,  155,  155,
      155,  155,  155,  155,  155,  155,  155,  155,  155,  155,
      155,  155
    } ;

static yy_state_type yy_last_accepting_state;
static char *yy_last_accepting_cpos;

extern int igraph_pajek_yy_flex_debug;
int igraph_pajek_yy_flex_debug = 0;

/* The intent behind this definition is that it'll catch
 * any uses of REJECT which flex missed.
 */
#define REJECT reject_used_but_not_detected
#define yymore() yymore_used_but_not_detected
#define YY_MORE_ADJ 0
#define YY_RESTORE_YY_MORE_OFFSET
char *igraph_pajek_yytext;
#line 1 "foreign-pajek-lexer.l"
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/
#line 24 "foreign-pajek-lexer.l"

/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "foreign-pajek-parser.h"
extern long int igraph_pajek_mylineno;
extern int igraph_pajek_mode;
int igraph_i_pajek_eof;
void igraph_i_pajek_reset_scanner() {
  YY_FLUSH_BUFFER;
}
#line 648 "foreign-pajek-lexer.c"

#define INITIAL 0

#ifndef YY_NO_UNISTD_H
/* Special case for "unistd.h", since it is non-ANSI. We include it way
 * down here because we want the user's section 1 to have been scanned first.
 * The user has a chance to override it with an option.
 */
#include <unistd.h>
#endif

#ifndef YY_EXTRA_TYPE
#define YY_EXTRA_TYPE void *
#endif

static int yy_init_globals (void );

/* Accessor methods to globals.
   These are made visible to non-reentrant scanners for convenience. */

int igraph_pajek_yylex_destroy (void );

int igraph_pajek_yyget_debug (void );

void igraph_pajek_yyset_debug (int debug_flag  );

YY_EXTRA_TYPE igraph_pajek_yyget_extra (void );

void igraph_pajek_yyset_extra (YY_EXTRA_TYPE user_defined  );

FILE *igraph_pajek_yyget_in (void );

void igraph_pajek_yyset_in  (FILE * in_str  );

FILE *igraph_pajek_yyget_out (void );

void igraph_pajek_yyset_out  (FILE * out_str  );

int igraph_pajek_yyget_leng (void );

char *igraph_pajek_yyget_text (void );

int igraph_pajek_yyget_lineno (void );

void igraph_pajek_yyset_lineno (int line_number  );

/* Macros after this point can all be overridden by user definitions in
 * section 1.
 */

#ifndef YY_SKIP_YYWRAP
#ifdef __cplusplus
extern "C" int igraph_pajek_yywrap (void );
#else
extern int igraph_pajek_yywrap (void );
#endif
#endif

    static void yyunput (int c,char *buf_ptr  );
    
#ifndef yytext_ptr
static void yy_flex_strncpy (char *,yyconst char *,int );
#endif

#ifdef YY_NEED_STRLEN
static int yy_flex_strlen (yyconst char * );
#endif

#ifndef YY_NO_INPUT

#ifdef __cplusplus
static int yyinput (void );
#else
static int input (void );
#endif

#endif

/* Amount of stuff to slurp up with each read. */
#ifndef YY_READ_BUF_SIZE
#define YY_READ_BUF_SIZE 8192
#endif

/* Copy whatever the last rule matched to the standard output. */
#ifndef ECHO
/* This used to be an fputs(), but since the string might contain NUL's,
 * we now use fwrite().
 */
#define ECHO fwrite( igraph_pajek_yytext, igraph_pajek_yyleng, 1, igraph_pajek_yyout )
#endif

/* Gets input and stuffs it into "buf".  number of characters read, or YY_NULL,
 * is returned in "result".
 */
#ifndef YY_INPUT
#define YY_INPUT(buf,result,max_size) \
	if ( YY_CURRENT_BUFFER_LVALUE->yy_is_interactive ) \
		{ \
		int c = '*'; \
		int n; \
		for ( n = 0; n < max_size && \
			     (c = getc( igraph_pajek_yyin )) != EOF && c != '\n'; ++n ) \
			buf[n] = (char) c; \
		if ( c == '\n' ) \
			buf[n++] = (char) c; \
		if ( c == EOF && ferror( igraph_pajek_yyin ) ) \
			YY_FATAL_ERROR( "input in flex scanner failed" ); \
		result = n; \
		} \
	else \
		{ \
		errno=0; \
		while ( (result = fread(buf, 1, max_size, igraph_pajek_yyin))==0 && ferror(igraph_pajek_yyin)) \
			{ \
			if( errno != EINTR) \
				{ \
				YY_FATAL_ERROR( "input in flex scanner failed" ); \
				break; \
				} \
			errno=0; \
			clearerr(igraph_pajek_yyin); \
			} \
		}\
\

#endif

/* No semi-colon after return; correct usage is to write "yyterminate();" -
 * we don't want an extra ';' after the "return" because that will cause
 * some compilers to complain about unreachable statements.
 */
#ifndef yyterminate
#define yyterminate() return YY_NULL
#endif

/* Number of entries by which start-condition stack grows. */
#ifndef YY_START_STACK_INCR
#define YY_START_STACK_INCR 25
#endif

/* Report a fatal error. */
#ifndef YY_FATAL_ERROR
#define YY_FATAL_ERROR(msg) yy_fatal_error( msg )
#endif

/* end tables serialization structures and prototypes */

/* Default declaration of generated scanner - a define so the user can
 * easily add parameters.
 */
#ifndef YY_DECL
#define YY_DECL_IS_OURS 1

extern int igraph_pajek_yylex (void);

#define YY_DECL int igraph_pajek_yylex (void)
#endif /* !YY_DECL */

/* Code executed at the beginning of each rule, after igraph_pajek_yytext and igraph_pajek_yyleng
 * have been set up.
 */
#ifndef YY_USER_ACTION
#define YY_USER_ACTION
#endif

/* Code executed at the end of each rule. */
#ifndef YY_BREAK
#define YY_BREAK break;
#endif

#define YY_RULE_SETUP \
	YY_USER_ACTION

/** The main scanner function which does all the work.
 */
YY_DECL
{
	register yy_state_type yy_current_state;
	register char *yy_cp, *yy_bp;
	register int yy_act;
    
#line 63 "foreign-pajek-lexer.l"


#line 833 "foreign-pajek-lexer.c"

	if ( !(yy_init) )
		{
		(yy_init) = 1;

#ifdef YY_USER_INIT
		YY_USER_INIT;
#endif

		if ( ! (yy_start) )
			(yy_start) = 1;	/* first start state */

		if ( ! igraph_pajek_yyin )
			igraph_pajek_yyin = stdin;

		if ( ! igraph_pajek_yyout )
			igraph_pajek_yyout = stdout;

		if ( ! YY_CURRENT_BUFFER ) {
			igraph_pajek_yyensure_buffer_stack ();
			YY_CURRENT_BUFFER_LVALUE =
				igraph_pajek_yy_create_buffer(igraph_pajek_yyin,YY_BUF_SIZE );
		}

		igraph_pajek_yy_load_buffer_state( );
		}

	while ( 1 )		/* loops until end-of-file is reached */
		{
		yy_cp = (yy_c_buf_p);

		/* Support of igraph_pajek_yytext. */
		*yy_cp = (yy_hold_char);

		/* yy_bp points to the position in yy_ch_buf of the start of
		 * the current run.
		 */
		yy_bp = yy_cp;

		yy_current_state = (yy_start);
yy_match:
		do
			{
			register YY_CHAR yy_c = yy_ec[YY_SC_TO_UI(*yy_cp)];
			if ( yy_accept[yy_current_state] )
				{
				(yy_last_accepting_state) = yy_current_state;
				(yy_last_accepting_cpos) = yy_cp;
				}
			while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
				{
				yy_current_state = (int) yy_def[yy_current_state];
				if ( yy_current_state >= 156 )
					yy_c = yy_meta[(unsigned int) yy_c];
				}
			yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
			++yy_cp;
			}
		while ( yy_base[yy_current_state] != 281 );

yy_find_action:
		yy_act = yy_accept[yy_current_state];
		if ( yy_act == 0 )
			{ /* have to back up */
			yy_cp = (yy_last_accepting_cpos);
			yy_current_state = (yy_last_accepting_state);
			yy_act = yy_accept[yy_current_state];
			}

		YY_DO_BEFORE_ACTION;

do_action:	/* This label is used only to access EOF actions. */

		switch ( yy_act )
	{ /* beginning of action switch */
			case 0: /* must back up */
			/* undo the effects of YY_DO_BEFORE_ACTION */
			*yy_cp = (yy_hold_char);
			yy_cp = (yy_last_accepting_cpos);
			yy_current_state = (yy_last_accepting_state);
			goto yy_find_action;

case 1:
YY_RULE_SETUP
#line 65 "foreign-pajek-lexer.l"
{ }
	YY_BREAK
case 2:
/* rule 2 can match eol */
YY_RULE_SETUP
#line 66 "foreign-pajek-lexer.l"
{ }
	YY_BREAK
case 3:
YY_RULE_SETUP
#line 67 "foreign-pajek-lexer.l"
{ return NETWORKLINE; }
	YY_BREAK
case 4:
YY_RULE_SETUP
#line 68 "foreign-pajek-lexer.l"
{ return VERTICESLINE; }
	YY_BREAK
case 5:
YY_RULE_SETUP
#line 69 "foreign-pajek-lexer.l"
{ return ARCSLINE; }
	YY_BREAK
case 6:
YY_RULE_SETUP
#line 70 "foreign-pajek-lexer.l"
{ return EDGESLINE; }
	YY_BREAK
case 7:
YY_RULE_SETUP
#line 71 "foreign-pajek-lexer.l"
{ return ARCSLISTLINE; }
	YY_BREAK
case 8:
YY_RULE_SETUP
#line 72 "foreign-pajek-lexer.l"
{ return EDGESLISTLINE; }
	YY_BREAK
case 9:
YY_RULE_SETUP
#line 73 "foreign-pajek-lexer.l"
{ return MATRIXLINE; }
	YY_BREAK
case 10:
/* rule 10 can match eol */
YY_RULE_SETUP
#line 74 "foreign-pajek-lexer.l"
{ igraph_pajek_mylineno++; igraph_pajek_mode=0; return NEWLINE; }
	YY_BREAK
case 11:
/* rule 11 can match eol */
YY_RULE_SETUP
#line 75 "foreign-pajek-lexer.l"
{ return QSTR; }
	YY_BREAK
case 12:
/* rule 12 can match eol */
YY_RULE_SETUP
#line 76 "foreign-pajek-lexer.l"
{ return PSTR; }
	YY_BREAK
case 13:
YY_RULE_SETUP
#line 77 "foreign-pajek-lexer.l"
{ 
                    return NUM; }
	YY_BREAK
case 14:
/* rule 14 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 6;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 80 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_X_FACT; } else { return ALNUM; } }
	YY_BREAK
case 15:
/* rule 15 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 6;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 81 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_Y_FACT; } else { return ALNUM; } }
	YY_BREAK
case 16:
/* rule 16 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 82 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_IC; } else { return ALNUM; } }
	YY_BREAK
case 17:
/* rule 17 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 83 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_BC; } else { return ALNUM; } }
	YY_BREAK
case 18:
/* rule 18 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 84 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_BW; } else { return ALNUM; } }
	YY_BREAK
case 19:
/* rule 19 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 3;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 85 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_PHI; } else { return ALNUM; } }
	YY_BREAK
case 20:
/* rule 20 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 1;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 86 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_R; } else { return ALNUM; } }
	YY_BREAK
case 21:
/* rule 21 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 1;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 87 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_Q; } else { return ALNUM; } }
	YY_BREAK
case 22:
/* rule 22 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 4;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 88 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_FONT; } else { return ALNUM; } }
	YY_BREAK
case 23:
/* rule 23 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 3;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 89 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_URL; } else { return ALNUM; } }
	YY_BREAK
case 24:
/* rule 24 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 1;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 91 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_C; } else { return ALNUM; } }
	YY_BREAK
case 25:
/* rule 25 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 1;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 92 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_P; } else { return ALNUM; } }
	YY_BREAK
case 26:
/* rule 26 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 1;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 93 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_S; } else { return ALNUM; } }
	YY_BREAK
case 27:
/* rule 27 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 1;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 94 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_A; } else { return ALNUM; } }
	YY_BREAK
case 28:
/* rule 28 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 1;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 95 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_W; } else { return ALNUM; } }
	YY_BREAK
case 29:
/* rule 29 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 96 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_H1; } else { return ALNUM; } }
	YY_BREAK
case 30:
/* rule 30 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 97 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_H2; } else { return ALNUM; } }
	YY_BREAK
case 31:
/* rule 31 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 98 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_A1; } else { return ALNUM; } }
	YY_BREAK
case 32:
/* rule 32 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 99 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_A2; } else { return ALNUM; } }
	YY_BREAK
case 33:
/* rule 33 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 100 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_K1; } else { return ALNUM; } }
	YY_BREAK
case 34:
/* rule 34 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 101 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_K2; } else { return ALNUM; } }
	YY_BREAK
case 35:
/* rule 35 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 102 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_AP; } else { return ALNUM; } }
	YY_BREAK
case 36:
/* rule 36 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 1;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 103 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_L; } else { return ALNUM; } }
	YY_BREAK
case 37:
/* rule 37 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 104 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==2) { return EP_LP; } else { return ALNUM; } }
	YY_BREAK
case 38:
/* rule 38 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 4;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 106 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_LPHI; } else
                             if (igraph_pajek_mode==2) { return EP_LPHI; } else { return ALNUM; } }
	YY_BREAK
case 39:
/* rule 39 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 108 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_LC; } else
                             if (igraph_pajek_mode==2) { return EP_LC; } else { return ALNUM; } }
	YY_BREAK
case 40:
/* rule 40 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 110 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_LR; } else
                             if (igraph_pajek_mode==2) { return EP_LR; } else { return ALNUM; } }
	YY_BREAK
case 41:
/* rule 41 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 2;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 112 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_LA; } else
                             if (igraph_pajek_mode==2) { return EP_LA; } else { return ALNUM; } }
	YY_BREAK
case 42:
/* rule 42 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 4;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 114 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_SIZE; } else 
                             if (igraph_pajek_mode==2) { return EP_SIZE; } else { return ALNUM; } }
	YY_BREAK
case 43:
/* rule 43 can match eol */
*yy_cp = (yy_hold_char); /* undo effects of setting up igraph_pajek_yytext */
(yy_c_buf_p) = yy_cp = yy_bp + 3;
YY_DO_BEFORE_ACTION; /* set up igraph_pajek_yytext again */
YY_RULE_SETUP
#line 116 "foreign-pajek-lexer.l"
{ if (igraph_pajek_mode==1) { return VP_FOS; } else 
                             if (igraph_pajek_mode==2) { return EP_FOS; } else { return ALNUM; } }
	YY_BREAK
case 44:
YY_RULE_SETUP
#line 119 "foreign-pajek-lexer.l"
{ return ALNUM; }
	YY_BREAK
case YY_STATE_EOF(INITIAL):
#line 121 "foreign-pajek-lexer.l"
{ if (igraph_i_pajek_eof) {
                       yyterminate();
                    } else {
                       igraph_i_pajek_eof=1;
                       return NEWLINE; 
                    }
                  }
	YY_BREAK
case 45:
YY_RULE_SETUP
#line 128 "foreign-pajek-lexer.l"
ECHO;
	YY_BREAK
#line 1282 "foreign-pajek-lexer.c"

	case YY_END_OF_BUFFER:
		{
		/* Amount of text matched not including the EOB char. */
		int yy_amount_of_matched_text = (int) (yy_cp - (yytext_ptr)) - 1;

		/* Undo the effects of YY_DO_BEFORE_ACTION. */
		*yy_cp = (yy_hold_char);
		YY_RESTORE_YY_MORE_OFFSET

		if ( YY_CURRENT_BUFFER_LVALUE->yy_buffer_status == YY_BUFFER_NEW )
			{
			/* We're scanning a new file or input source.  It's
			 * possible that this happened because the user
			 * just pointed igraph_pajek_yyin at a new source and called
			 * igraph_pajek_yylex().  If so, then we have to assure
			 * consistency between YY_CURRENT_BUFFER and our
			 * globals.  Here is the right place to do so, because
			 * this is the first action (other than possibly a
			 * back-up) that will match for the new input source.
			 */
			(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_n_chars;
			YY_CURRENT_BUFFER_LVALUE->yy_input_file = igraph_pajek_yyin;
			YY_CURRENT_BUFFER_LVALUE->yy_buffer_status = YY_BUFFER_NORMAL;
			}

		/* Note that here we test for yy_c_buf_p "<=" to the position
		 * of the first EOB in the buffer, since yy_c_buf_p will
		 * already have been incremented past the NUL character
		 * (since all states make transitions on EOB to the
		 * end-of-buffer state).  Contrast this with the test
		 * in input().
		 */
		if ( (yy_c_buf_p) <= &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] )
			{ /* This was really a NUL. */
			yy_state_type yy_next_state;

			(yy_c_buf_p) = (yytext_ptr) + yy_amount_of_matched_text;

			yy_current_state = yy_get_previous_state(  );

			/* Okay, we're now positioned to make the NUL
			 * transition.  We couldn't have
			 * yy_get_previous_state() go ahead and do it
			 * for us because it doesn't know how to deal
			 * with the possibility of jamming (and we don't
			 * want to build jamming into it because then it
			 * will run more slowly).
			 */

			yy_next_state = yy_try_NUL_trans( yy_current_state );

			yy_bp = (yytext_ptr) + YY_MORE_ADJ;

			if ( yy_next_state )
				{
				/* Consume the NUL. */
				yy_cp = ++(yy_c_buf_p);
				yy_current_state = yy_next_state;
				goto yy_match;
				}

			else
				{
				yy_cp = (yy_c_buf_p);
				goto yy_find_action;
				}
			}

		else switch ( yy_get_next_buffer(  ) )
			{
			case EOB_ACT_END_OF_FILE:
				{
				(yy_did_buffer_switch_on_eof) = 0;

				if ( igraph_pajek_yywrap( ) )
					{
					/* Note: because we've taken care in
					 * yy_get_next_buffer() to have set up
					 * igraph_pajek_yytext, we can now set up
					 * yy_c_buf_p so that if some total
					 * hoser (like flex itself) wants to
					 * call the scanner after we return the
					 * YY_NULL, it'll still work - another
					 * YY_NULL will get returned.
					 */
					(yy_c_buf_p) = (yytext_ptr) + YY_MORE_ADJ;

					yy_act = YY_STATE_EOF(YY_START);
					goto do_action;
					}

				else
					{
					if ( ! (yy_did_buffer_switch_on_eof) )
						YY_NEW_FILE;
					}
				break;
				}

			case EOB_ACT_CONTINUE_SCAN:
				(yy_c_buf_p) =
					(yytext_ptr) + yy_amount_of_matched_text;

				yy_current_state = yy_get_previous_state(  );

				yy_cp = (yy_c_buf_p);
				yy_bp = (yytext_ptr) + YY_MORE_ADJ;
				goto yy_match;

			case EOB_ACT_LAST_MATCH:
				(yy_c_buf_p) =
				&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)];

				yy_current_state = yy_get_previous_state(  );

				yy_cp = (yy_c_buf_p);
				yy_bp = (yytext_ptr) + YY_MORE_ADJ;
				goto yy_find_action;
			}
		break;
		}

	default:
		YY_FATAL_ERROR(
			"fatal flex scanner internal error--no action found" );
	} /* end of action switch */
		} /* end of scanning one token */
} /* end of igraph_pajek_yylex */

/* yy_get_next_buffer - try to read in a new buffer
 *
 * Returns a code representing an action:
 *	EOB_ACT_LAST_MATCH -
 *	EOB_ACT_CONTINUE_SCAN - continue scanning from current position
 *	EOB_ACT_END_OF_FILE - end of file
 */
static int yy_get_next_buffer (void)
{
    	register char *dest = YY_CURRENT_BUFFER_LVALUE->yy_ch_buf;
	register char *source = (yytext_ptr);
	register int number_to_move, i;
	int ret_val;

	if ( (yy_c_buf_p) > &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars) + 1] )
		YY_FATAL_ERROR(
		"fatal flex scanner internal error--end of buffer missed" );

	if ( YY_CURRENT_BUFFER_LVALUE->yy_fill_buffer == 0 )
		{ /* Don't try to fill the buffer, so this is an EOF. */
		if ( (yy_c_buf_p) - (yytext_ptr) - YY_MORE_ADJ == 1 )
			{
			/* We matched a single character, the EOB, so
			 * treat this as a final EOF.
			 */
			return EOB_ACT_END_OF_FILE;
			}

		else
			{
			/* We matched some text prior to the EOB, first
			 * process it.
			 */
			return EOB_ACT_LAST_MATCH;
			}
		}

	/* Try to read more data. */

	/* First move last chars to start of buffer. */
	number_to_move = (int) ((yy_c_buf_p) - (yytext_ptr)) - 1;

	for ( i = 0; i < number_to_move; ++i )
		*(dest++) = *(source++);

	if ( YY_CURRENT_BUFFER_LVALUE->yy_buffer_status == YY_BUFFER_EOF_PENDING )
		/* don't do the read, it's not guaranteed to return an EOF,
		 * just force an EOF
		 */
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars) = 0;

	else
		{
			int num_to_read =
			YY_CURRENT_BUFFER_LVALUE->yy_buf_size - number_to_move - 1;

		while ( num_to_read <= 0 )
			{ /* Not enough room in the buffer - grow it. */

			/* just a shorter name for the current buffer */
			YY_BUFFER_STATE b = YY_CURRENT_BUFFER;

			int yy_c_buf_p_offset =
				(int) ((yy_c_buf_p) - b->yy_ch_buf);

			if ( b->yy_is_our_buffer )
				{
				int new_size = b->yy_buf_size * 2;

				if ( new_size <= 0 )
					b->yy_buf_size += b->yy_buf_size / 8;
				else
					b->yy_buf_size *= 2;

				b->yy_ch_buf = (char *)
					/* Include room in for 2 EOB chars. */
					igraph_pajek_yyrealloc((void *) b->yy_ch_buf,b->yy_buf_size + 2  );
				}
			else
				/* Can't grow it, we don't own it. */
				b->yy_ch_buf = 0;

			if ( ! b->yy_ch_buf )
				YY_FATAL_ERROR(
				"fatal error - scanner input buffer overflow" );

			(yy_c_buf_p) = &b->yy_ch_buf[yy_c_buf_p_offset];

			num_to_read = YY_CURRENT_BUFFER_LVALUE->yy_buf_size -
						number_to_move - 1;

			}

		if ( num_to_read > YY_READ_BUF_SIZE )
			num_to_read = YY_READ_BUF_SIZE;

		/* Read in more data. */
		YY_INPUT( (&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[number_to_move]),
			(yy_n_chars), (size_t) num_to_read );

		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	if ( (yy_n_chars) == 0 )
		{
		if ( number_to_move == YY_MORE_ADJ )
			{
			ret_val = EOB_ACT_END_OF_FILE;
			igraph_pajek_yyrestart(igraph_pajek_yyin  );
			}

		else
			{
			ret_val = EOB_ACT_LAST_MATCH;
			YY_CURRENT_BUFFER_LVALUE->yy_buffer_status =
				YY_BUFFER_EOF_PENDING;
			}
		}

	else
		ret_val = EOB_ACT_CONTINUE_SCAN;

	if ((yy_size_t) ((yy_n_chars) + number_to_move) > YY_CURRENT_BUFFER_LVALUE->yy_buf_size) {
		/* Extend the array by 50%, plus the number we really need. */
		yy_size_t new_size = (yy_n_chars) + number_to_move + ((yy_n_chars) >> 1);
		YY_CURRENT_BUFFER_LVALUE->yy_ch_buf = (char *) igraph_pajek_yyrealloc((void *) YY_CURRENT_BUFFER_LVALUE->yy_ch_buf,new_size  );
		if ( ! YY_CURRENT_BUFFER_LVALUE->yy_ch_buf )
			YY_FATAL_ERROR( "out of dynamic memory in yy_get_next_buffer()" );
	}

	(yy_n_chars) += number_to_move;
	YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] = YY_END_OF_BUFFER_CHAR;
	YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars) + 1] = YY_END_OF_BUFFER_CHAR;

	(yytext_ptr) = &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[0];

	return ret_val;
}

/* yy_get_previous_state - get the state just before the EOB char was reached */

    static yy_state_type yy_get_previous_state (void)
{
	register yy_state_type yy_current_state;
	register char *yy_cp;
    
	yy_current_state = (yy_start);

	for ( yy_cp = (yytext_ptr) + YY_MORE_ADJ; yy_cp < (yy_c_buf_p); ++yy_cp )
		{
		register YY_CHAR yy_c = (*yy_cp ? yy_ec[YY_SC_TO_UI(*yy_cp)] : 1);
		if ( yy_accept[yy_current_state] )
			{
			(yy_last_accepting_state) = yy_current_state;
			(yy_last_accepting_cpos) = yy_cp;
			}
		while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
			{
			yy_current_state = (int) yy_def[yy_current_state];
			if ( yy_current_state >= 156 )
				yy_c = yy_meta[(unsigned int) yy_c];
			}
		yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
		}

	return yy_current_state;
}

/* yy_try_NUL_trans - try to make a transition on the NUL character
 *
 * synopsis
 *	next_state = yy_try_NUL_trans( current_state );
 */
    static yy_state_type yy_try_NUL_trans  (yy_state_type yy_current_state )
{
	register int yy_is_jam;
    	register char *yy_cp = (yy_c_buf_p);

	register YY_CHAR yy_c = 1;
	if ( yy_accept[yy_current_state] )
		{
		(yy_last_accepting_state) = yy_current_state;
		(yy_last_accepting_cpos) = yy_cp;
		}
	while ( yy_chk[yy_base[yy_current_state] + yy_c] != yy_current_state )
		{
		yy_current_state = (int) yy_def[yy_current_state];
		if ( yy_current_state >= 156 )
			yy_c = yy_meta[(unsigned int) yy_c];
		}
	yy_current_state = yy_nxt[yy_base[yy_current_state] + (unsigned int) yy_c];
	yy_is_jam = (yy_current_state == 155);

	return yy_is_jam ? 0 : yy_current_state;
}

    static void yyunput (int c, register char * yy_bp )
{
	register char *yy_cp;
    
    yy_cp = (yy_c_buf_p);

	/* undo effects of setting up igraph_pajek_yytext */
	*yy_cp = (yy_hold_char);

	if ( yy_cp < YY_CURRENT_BUFFER_LVALUE->yy_ch_buf + 2 )
		{ /* need to shift things up to make room */
		/* +2 for EOB chars. */
		register int number_to_move = (yy_n_chars) + 2;
		register char *dest = &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[
					YY_CURRENT_BUFFER_LVALUE->yy_buf_size + 2];
		register char *source =
				&YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[number_to_move];

		while ( source > YY_CURRENT_BUFFER_LVALUE->yy_ch_buf )
			*--dest = *--source;

		yy_cp += (int) (dest - source);
		yy_bp += (int) (dest - source);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars =
			(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_buf_size;

		if ( yy_cp < YY_CURRENT_BUFFER_LVALUE->yy_ch_buf + 2 )
			YY_FATAL_ERROR( "flex scanner push-back overflow" );
		}

	*--yy_cp = (char) c;

	(yytext_ptr) = yy_bp;
	(yy_hold_char) = *yy_cp;
	(yy_c_buf_p) = yy_cp;
}

#ifndef YY_NO_INPUT
#ifdef __cplusplus
    static int yyinput (void)
#else
    static int input  (void)
#endif

{
	int c;
    
	*(yy_c_buf_p) = (yy_hold_char);

	if ( *(yy_c_buf_p) == YY_END_OF_BUFFER_CHAR )
		{
		/* yy_c_buf_p now points to the character we want to return.
		 * If this occurs *before* the EOB characters, then it's a
		 * valid NUL; if not, then we've hit the end of the buffer.
		 */
		if ( (yy_c_buf_p) < &YY_CURRENT_BUFFER_LVALUE->yy_ch_buf[(yy_n_chars)] )
			/* This was really a NUL. */
			*(yy_c_buf_p) = '\0';

		else
			{ /* need more input */
			int offset = (yy_c_buf_p) - (yytext_ptr);
			++(yy_c_buf_p);

			switch ( yy_get_next_buffer(  ) )
				{
				case EOB_ACT_LAST_MATCH:
					/* This happens because yy_g_n_b()
					 * sees that we've accumulated a
					 * token and flags that we need to
					 * try matching the token before
					 * proceeding.  But for input(),
					 * there's no matching to consider.
					 * So convert the EOB_ACT_LAST_MATCH
					 * to EOB_ACT_END_OF_FILE.
					 */

					/* Reset buffer status. */
					igraph_pajek_yyrestart(igraph_pajek_yyin );

					/*FALLTHROUGH*/

				case EOB_ACT_END_OF_FILE:
					{
					if ( igraph_pajek_yywrap( ) )
						return EOF;

					if ( ! (yy_did_buffer_switch_on_eof) )
						YY_NEW_FILE;
#ifdef __cplusplus
					return yyinput();
#else
					return input();
#endif
					}

				case EOB_ACT_CONTINUE_SCAN:
					(yy_c_buf_p) = (yytext_ptr) + offset;
					break;
				}
			}
		}

	c = *(unsigned char *) (yy_c_buf_p);	/* cast for 8-bit char's */
	*(yy_c_buf_p) = '\0';	/* preserve igraph_pajek_yytext */
	(yy_hold_char) = *++(yy_c_buf_p);

	return c;
}
#endif	/* ifndef YY_NO_INPUT */

/** Immediately switch to a different input stream.
 * @param input_file A readable stream.
 * 
 * @note This function does not reset the start condition to @c INITIAL .
 */
    void igraph_pajek_yyrestart  (FILE * input_file )
{
    
	if ( ! YY_CURRENT_BUFFER ){
        igraph_pajek_yyensure_buffer_stack ();
		YY_CURRENT_BUFFER_LVALUE =
            igraph_pajek_yy_create_buffer(igraph_pajek_yyin,YY_BUF_SIZE );
	}

	igraph_pajek_yy_init_buffer(YY_CURRENT_BUFFER,input_file );
	igraph_pajek_yy_load_buffer_state( );
}

/** Switch to a different input buffer.
 * @param new_buffer The new input buffer.
 * 
 */
    void igraph_pajek_yy_switch_to_buffer  (YY_BUFFER_STATE  new_buffer )
{
    
	/* TODO. We should be able to replace this entire function body
	 * with
	 *		igraph_pajek_yypop_buffer_state();
	 *		igraph_pajek_yypush_buffer_state(new_buffer);
     */
	igraph_pajek_yyensure_buffer_stack ();
	if ( YY_CURRENT_BUFFER == new_buffer )
		return;

	if ( YY_CURRENT_BUFFER )
		{
		/* Flush out information for old buffer. */
		*(yy_c_buf_p) = (yy_hold_char);
		YY_CURRENT_BUFFER_LVALUE->yy_buf_pos = (yy_c_buf_p);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	YY_CURRENT_BUFFER_LVALUE = new_buffer;
	igraph_pajek_yy_load_buffer_state( );

	/* We don't actually know whether we did this switch during
	 * EOF (igraph_pajek_yywrap()) processing, but the only time this flag
	 * is looked at is after igraph_pajek_yywrap() is called, so it's safe
	 * to go ahead and always set it.
	 */
	(yy_did_buffer_switch_on_eof) = 1;
}

static void igraph_pajek_yy_load_buffer_state  (void)
{
    	(yy_n_chars) = YY_CURRENT_BUFFER_LVALUE->yy_n_chars;
	(yytext_ptr) = (yy_c_buf_p) = YY_CURRENT_BUFFER_LVALUE->yy_buf_pos;
	igraph_pajek_yyin = YY_CURRENT_BUFFER_LVALUE->yy_input_file;
	(yy_hold_char) = *(yy_c_buf_p);
}

/** Allocate and initialize an input buffer state.
 * @param file A readable stream.
 * @param size The character buffer size in bytes. When in doubt, use @c YY_BUF_SIZE.
 * 
 * @return the allocated buffer state.
 */
    YY_BUFFER_STATE igraph_pajek_yy_create_buffer  (FILE * file, int  size )
{
	YY_BUFFER_STATE b;
    
	b = (YY_BUFFER_STATE) igraph_pajek_yyalloc(sizeof( struct yy_buffer_state )  );
	if ( ! b )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_pajek_yy_create_buffer()" );

	b->yy_buf_size = size;

	/* yy_ch_buf has to be 2 characters longer than the size given because
	 * we need to put in 2 end-of-buffer characters.
	 */
	b->yy_ch_buf = (char *) igraph_pajek_yyalloc(b->yy_buf_size + 2  );
	if ( ! b->yy_ch_buf )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_pajek_yy_create_buffer()" );

	b->yy_is_our_buffer = 1;

	igraph_pajek_yy_init_buffer(b,file );

	return b;
}

/** Destroy the buffer.
 * @param b a buffer created with igraph_pajek_yy_create_buffer()
 * 
 */
    void igraph_pajek_yy_delete_buffer (YY_BUFFER_STATE  b )
{
    
	if ( ! b )
		return;

	if ( b == YY_CURRENT_BUFFER ) /* Not sure if we should pop here. */
		YY_CURRENT_BUFFER_LVALUE = (YY_BUFFER_STATE) 0;

	if ( b->yy_is_our_buffer )
		igraph_pajek_yyfree((void *) b->yy_ch_buf  );

	igraph_pajek_yyfree((void *) b  );
}

#ifndef __cplusplus
extern int isatty (int );
#endif /* __cplusplus */
    
/* Initializes or reinitializes a buffer.
 * This function is sometimes called more than once on the same buffer,
 * such as during a igraph_pajek_yyrestart() or at EOF.
 */
    static void igraph_pajek_yy_init_buffer  (YY_BUFFER_STATE  b, FILE * file )

{
	int oerrno = errno;
    
	igraph_pajek_yy_flush_buffer(b );

	b->yy_input_file = file;
	b->yy_fill_buffer = 1;

    /* If b is the current buffer, then igraph_pajek_yy_init_buffer was _probably_
     * called from igraph_pajek_yyrestart() or through yy_get_next_buffer.
     * In that case, we don't want to reset the lineno or column.
     */
    if (b != YY_CURRENT_BUFFER){
        b->yy_bs_lineno = 1;
        b->yy_bs_column = 0;
    }

        b->yy_is_interactive = file ? (isatty( fileno(file) ) > 0) : 0;
    
	errno = oerrno;
}

/** Discard all buffered characters. On the next scan, YY_INPUT will be called.
 * @param b the buffer state to be flushed, usually @c YY_CURRENT_BUFFER.
 * 
 */
    void igraph_pajek_yy_flush_buffer (YY_BUFFER_STATE  b )
{
    	if ( ! b )
		return;

	b->yy_n_chars = 0;

	/* We always need two end-of-buffer characters.  The first causes
	 * a transition to the end-of-buffer state.  The second causes
	 * a jam in that state.
	 */
	b->yy_ch_buf[0] = YY_END_OF_BUFFER_CHAR;
	b->yy_ch_buf[1] = YY_END_OF_BUFFER_CHAR;

	b->yy_buf_pos = &b->yy_ch_buf[0];

	b->yy_at_bol = 1;
	b->yy_buffer_status = YY_BUFFER_NEW;

	if ( b == YY_CURRENT_BUFFER )
		igraph_pajek_yy_load_buffer_state( );
}

/** Pushes the new state onto the stack. The new state becomes
 *  the current state. This function will allocate the stack
 *  if necessary.
 *  @param new_buffer The new state.
 *  
 */
void igraph_pajek_yypush_buffer_state (YY_BUFFER_STATE new_buffer )
{
    	if (new_buffer == NULL)
		return;

	igraph_pajek_yyensure_buffer_stack();

	/* This block is copied from igraph_pajek_yy_switch_to_buffer. */
	if ( YY_CURRENT_BUFFER )
		{
		/* Flush out information for old buffer. */
		*(yy_c_buf_p) = (yy_hold_char);
		YY_CURRENT_BUFFER_LVALUE->yy_buf_pos = (yy_c_buf_p);
		YY_CURRENT_BUFFER_LVALUE->yy_n_chars = (yy_n_chars);
		}

	/* Only push if top exists. Otherwise, replace top. */
	if (YY_CURRENT_BUFFER)
		(yy_buffer_stack_top)++;
	YY_CURRENT_BUFFER_LVALUE = new_buffer;

	/* copied from igraph_pajek_yy_switch_to_buffer. */
	igraph_pajek_yy_load_buffer_state( );
	(yy_did_buffer_switch_on_eof) = 1;
}

/** Removes and deletes the top of the stack, if present.
 *  The next element becomes the new top.
 *  
 */
void igraph_pajek_yypop_buffer_state (void)
{
    	if (!YY_CURRENT_BUFFER)
		return;

	igraph_pajek_yy_delete_buffer(YY_CURRENT_BUFFER );
	YY_CURRENT_BUFFER_LVALUE = NULL;
	if ((yy_buffer_stack_top) > 0)
		--(yy_buffer_stack_top);

	if (YY_CURRENT_BUFFER) {
		igraph_pajek_yy_load_buffer_state( );
		(yy_did_buffer_switch_on_eof) = 1;
	}
}

/* Allocates the stack if it does not exist.
 *  Guarantees space for at least one push.
 */
static void igraph_pajek_yyensure_buffer_stack (void)
{
	int num_to_alloc;
    
	if (!(yy_buffer_stack)) {

		/* First allocation is just for 2 elements, since we don't know if this
		 * scanner will even need a stack. We use 2 instead of 1 to avoid an
		 * immediate realloc on the next call.
         */
		num_to_alloc = 1;
		(yy_buffer_stack) = (struct yy_buffer_state**)igraph_pajek_yyalloc
								(num_to_alloc * sizeof(struct yy_buffer_state*)
								);
		if ( ! (yy_buffer_stack) )
			YY_FATAL_ERROR( "out of dynamic memory in igraph_pajek_yyensure_buffer_stack()" );
								  
		memset((yy_buffer_stack), 0, num_to_alloc * sizeof(struct yy_buffer_state*));
				
		(yy_buffer_stack_max) = num_to_alloc;
		(yy_buffer_stack_top) = 0;
		return;
	}

	if ((yy_buffer_stack_top) >= ((yy_buffer_stack_max)) - 1){

		/* Increase the buffer to prepare for a possible push. */
		int grow_size = 8 /* arbitrary grow size */;

		num_to_alloc = (yy_buffer_stack_max) + grow_size;
		(yy_buffer_stack) = (struct yy_buffer_state**)igraph_pajek_yyrealloc
								((yy_buffer_stack),
								num_to_alloc * sizeof(struct yy_buffer_state*)
								);
		if ( ! (yy_buffer_stack) )
			YY_FATAL_ERROR( "out of dynamic memory in igraph_pajek_yyensure_buffer_stack()" );

		/* zero only the new slots.*/
		memset((yy_buffer_stack) + (yy_buffer_stack_max), 0, grow_size * sizeof(struct yy_buffer_state*));
		(yy_buffer_stack_max) = num_to_alloc;
	}
}

/** Setup the input buffer state to scan directly from a user-specified character buffer.
 * @param base the character buffer
 * @param size the size in bytes of the character buffer
 * 
 * @return the newly allocated buffer state object. 
 */
YY_BUFFER_STATE igraph_pajek_yy_scan_buffer  (char * base, yy_size_t  size )
{
	YY_BUFFER_STATE b;
    
	if ( size < 2 ||
	     base[size-2] != YY_END_OF_BUFFER_CHAR ||
	     base[size-1] != YY_END_OF_BUFFER_CHAR )
		/* They forgot to leave room for the EOB's. */
		return 0;

	b = (YY_BUFFER_STATE) igraph_pajek_yyalloc(sizeof( struct yy_buffer_state )  );
	if ( ! b )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_pajek_yy_scan_buffer()" );

	b->yy_buf_size = size - 2;	/* "- 2" to take care of EOB's */
	b->yy_buf_pos = b->yy_ch_buf = base;
	b->yy_is_our_buffer = 0;
	b->yy_input_file = 0;
	b->yy_n_chars = b->yy_buf_size;
	b->yy_is_interactive = 0;
	b->yy_at_bol = 1;
	b->yy_fill_buffer = 0;
	b->yy_buffer_status = YY_BUFFER_NEW;

	igraph_pajek_yy_switch_to_buffer(b  );

	return b;
}

/** Setup the input buffer state to scan a string. The next call to igraph_pajek_yylex() will
 * scan from a @e copy of @a str.
 * @param yystr a NUL-terminated string to scan
 * 
 * @return the newly allocated buffer state object.
 * @note If you want to scan bytes that may contain NUL values, then use
 *       igraph_pajek_yy_scan_bytes() instead.
 */
YY_BUFFER_STATE igraph_pajek_yy_scan_string (yyconst char * yystr )
{
    
	return igraph_pajek_yy_scan_bytes(yystr,strlen(yystr) );
}

/** Setup the input buffer state to scan the given bytes. The next call to igraph_pajek_yylex() will
 * scan from a @e copy of @a bytes.
 * @param bytes the byte buffer to scan
 * @param len the number of bytes in the buffer pointed to by @a bytes.
 * 
 * @return the newly allocated buffer state object.
 */
YY_BUFFER_STATE igraph_pajek_yy_scan_bytes  (yyconst char * yybytes, int  _yybytes_len )
{
	YY_BUFFER_STATE b;
	char *buf;
	yy_size_t n;
	int i;
    
	/* Get memory for full buffer, including space for trailing EOB's. */
	n = _yybytes_len + 2;
	buf = (char *) igraph_pajek_yyalloc(n  );
	if ( ! buf )
		YY_FATAL_ERROR( "out of dynamic memory in igraph_pajek_yy_scan_bytes()" );

	for ( i = 0; i < _yybytes_len; ++i )
		buf[i] = yybytes[i];

	buf[_yybytes_len] = buf[_yybytes_len+1] = YY_END_OF_BUFFER_CHAR;

	b = igraph_pajek_yy_scan_buffer(buf,n );
	if ( ! b )
		YY_FATAL_ERROR( "bad buffer in igraph_pajek_yy_scan_bytes()" );

	/* It's okay to grow etc. this buffer, and we should throw it
	 * away when we're done.
	 */
	b->yy_is_our_buffer = 1;

	return b;
}

#ifndef YY_EXIT_FAILURE
#define YY_EXIT_FAILURE 2
#endif

static void yy_fatal_error (yyconst char* msg )
{
    	(void) fprintf( stderr, "%s\n", msg );
	exit( YY_EXIT_FAILURE );
}

/* Redefine yyless() so it works in section 3 code. */

#undef yyless
#define yyless(n) \
	do \
		{ \
		/* Undo effects of setting up igraph_pajek_yytext. */ \
        int yyless_macro_arg = (n); \
        YY_LESS_LINENO(yyless_macro_arg);\
		igraph_pajek_yytext[igraph_pajek_yyleng] = (yy_hold_char); \
		(yy_c_buf_p) = igraph_pajek_yytext + yyless_macro_arg; \
		(yy_hold_char) = *(yy_c_buf_p); \
		*(yy_c_buf_p) = '\0'; \
		igraph_pajek_yyleng = yyless_macro_arg; \
		} \
	while ( 0 )

/* Accessor  methods (get/set functions) to struct members. */

/** Get the current line number.
 * 
 */
int igraph_pajek_yyget_lineno  (void)
{
        
    return igraph_pajek_yylineno;
}

/** Get the input stream.
 * 
 */
FILE *igraph_pajek_yyget_in  (void)
{
        return igraph_pajek_yyin;
}

/** Get the output stream.
 * 
 */
FILE *igraph_pajek_yyget_out  (void)
{
        return igraph_pajek_yyout;
}

/** Get the length of the current token.
 * 
 */
int igraph_pajek_yyget_leng  (void)
{
        return igraph_pajek_yyleng;
}

/** Get the current token.
 * 
 */

char *igraph_pajek_yyget_text  (void)
{
        return igraph_pajek_yytext;
}

/** Set the current line number.
 * @param line_number
 * 
 */
void igraph_pajek_yyset_lineno (int  line_number )
{
    
    igraph_pajek_yylineno = line_number;
}

/** Set the input stream. This does not discard the current
 * input buffer.
 * @param in_str A readable stream.
 * 
 * @see igraph_pajek_yy_switch_to_buffer
 */
void igraph_pajek_yyset_in (FILE *  in_str )
{
        igraph_pajek_yyin = in_str ;
}

void igraph_pajek_yyset_out (FILE *  out_str )
{
        igraph_pajek_yyout = out_str ;
}

int igraph_pajek_yyget_debug  (void)
{
        return igraph_pajek_yy_flex_debug;
}

void igraph_pajek_yyset_debug (int  bdebug )
{
        igraph_pajek_yy_flex_debug = bdebug ;
}

static int yy_init_globals (void)
{
        /* Initialization is the same as for the non-reentrant scanner.
     * This function is called from igraph_pajek_yylex_destroy(), so don't allocate here.
     */

    (yy_buffer_stack) = 0;
    (yy_buffer_stack_top) = 0;
    (yy_buffer_stack_max) = 0;
    (yy_c_buf_p) = (char *) 0;
    (yy_init) = 0;
    (yy_start) = 0;

/* Defined in main.c */
#ifdef YY_STDINIT
    igraph_pajek_yyin = stdin;
    igraph_pajek_yyout = stdout;
#else
    igraph_pajek_yyin = (FILE *) 0;
    igraph_pajek_yyout = (FILE *) 0;
#endif

    /* For future reference: Set errno on error, since we are called by
     * igraph_pajek_yylex_init()
     */
    return 0;
}

/* igraph_pajek_yylex_destroy is for both reentrant and non-reentrant scanners. */
int igraph_pajek_yylex_destroy  (void)
{
    
    /* Pop the buffer stack, destroying each element. */
	while(YY_CURRENT_BUFFER){
		igraph_pajek_yy_delete_buffer(YY_CURRENT_BUFFER  );
		YY_CURRENT_BUFFER_LVALUE = NULL;
		igraph_pajek_yypop_buffer_state();
	}

	/* Destroy the stack itself. */
	igraph_pajek_yyfree((yy_buffer_stack) );
	(yy_buffer_stack) = NULL;

    /* Reset the globals. This is important in a non-reentrant scanner so the next time
     * igraph_pajek_yylex() is called, initialization will occur. */
    yy_init_globals( );

    return 0;
}

/*
 * Internal utility routines.
 */

#ifndef yytext_ptr
static void yy_flex_strncpy (char* s1, yyconst char * s2, int n )
{
	register int i;
	for ( i = 0; i < n; ++i )
		s1[i] = s2[i];
}
#endif

#ifdef YY_NEED_STRLEN
static int yy_flex_strlen (yyconst char * s )
{
	register int n;
	for ( n = 0; s[n]; ++n )
		;

	return n;
}
#endif

void *igraph_pajek_yyalloc (yy_size_t  size )
{
	return (void *) malloc( size );
}

void *igraph_pajek_yyrealloc  (void * ptr, yy_size_t  size )
{
	/* The cast to (char *) in the following accommodates both
	 * implementations that use char* generic pointers, and those
	 * that use void* generic pointers.  It works with the latter
	 * because both ANSI C and C++ allow castless assignment from
	 * any pointer type to void*, and deal with argument conversions
	 * as though doing an assignment.
	 */
	return (void *) realloc( (char *) ptr, size );
}

void igraph_pajek_yyfree (void * ptr )
{
	free( (char *) ptr );	/* see igraph_pajek_yyrealloc() for (char *) cast */
}

#define YYTABLES_NAME "yytables"

#line 128 "foreign-pajek-lexer.l"










igraph-0.4.2/igraph/gml_tree.c

/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "gml_tree.h"
#include "memory.h"

#include <string.h>
#include <stdio.h>

int igraph_gml_tree_init_integer(igraph_gml_tree_t *t, 
				 const char *name, int namelen,
				 igraph_integer_t value) {

  igraph_integer_t *p;
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->names, 1);
  IGRAPH_CHECK(igraph_vector_char_init(&t->types, 1));
  IGRAPH_FINALLY(igraph_vector_char_destroy, &t->types);
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->children, 1);
  
  /* names */
  VECTOR(t->names)[0] = (void*)name;

  /* types */
  VECTOR(t->types)[0] = IGRAPH_I_GML_TREE_INTEGER;

  /* children */
  p=Calloc(1, igraph_integer_t); 
  if (!p) { 
    IGRAPH_ERROR("Cannot create integer GML tree node", IGRAPH_ENOMEM);
  }
  *p=value;
  VECTOR(t->children)[0]=p;
  
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

int igraph_gml_tree_init_real(igraph_gml_tree_t *t, 
			      const char *name, int namelen,
			      igraph_real_t value) {

  igraph_real_t *p;
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->names, 1);
  IGRAPH_CHECK(igraph_vector_char_init(&t->types, 1));
  IGRAPH_FINALLY(igraph_vector_char_destroy, &t->types);
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->children, 1);
  
  /* names */
  VECTOR(t->names)[0] = (void*) name;

  /* types */
  VECTOR(t->types)[0] = IGRAPH_I_GML_TREE_REAL;

  /* children */
  p=Calloc(1, igraph_real_t); 
  if (!p) { 
    IGRAPH_ERROR("Cannot create real GML tree node", IGRAPH_ENOMEM);
  }
  *p=value;
  VECTOR(t->children)[0]=p;
  
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

int igraph_gml_tree_init_string(igraph_gml_tree_t *t,
				const char *name, int namelen,
				const char *value, int valuelen) {
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->names, 1);
  IGRAPH_CHECK(igraph_vector_char_init(&t->types, 1));
  IGRAPH_FINALLY(igraph_vector_char_destroy, &t->types);
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->children, 1);

  /* names */
  VECTOR(t->names)[0] = (void*) name;

  /* types */
  VECTOR(t->types)[0] = IGRAPH_I_GML_TREE_STRING;

  /* children */
  VECTOR(t->children)[0]=(void*)value;
  
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

int igraph_gml_tree_init_tree(igraph_gml_tree_t *t,
			      const char *name, int namelen,
			      igraph_gml_tree_t *value) {
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->names, 1);
  IGRAPH_CHECK(igraph_vector_char_init(&t->types, 1));
  IGRAPH_FINALLY(igraph_vector_char_destroy, &t->types);
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->children, 1);

  /* names */
  VECTOR(t->names)[0] = (void*)name;

  /* types */
  VECTOR(t->types)[0] = IGRAPH_I_GML_TREE_TREE;

  /* children */
  VECTOR(t->children)[0]=value;

  IGRAPH_FINALLY_CLEAN(3);
  return 0;
  
}

/* merge is destructive, the _second_ tree is destroyed */
int igraph_gml_tree_mergedest(igraph_gml_tree_t *t1, igraph_gml_tree_t *t2) {
  long int i, n=igraph_vector_ptr_size(&t2->children);
  for (i=0; i<n; i++) {
    IGRAPH_CHECK(igraph_vector_ptr_push_back(&t1->names, VECTOR(t2->names)[i]));
    IGRAPH_CHECK(igraph_vector_char_push_back(&t1->types, VECTOR(t2->types)[i]));
    IGRAPH_CHECK(igraph_vector_ptr_push_back(&t1->children, 
					     VECTOR(t2->children)[i]));
  }
  
  igraph_vector_ptr_destroy(&t2->names);
  igraph_vector_char_destroy(&t2->types);
  igraph_vector_ptr_destroy(&t2->children);
  return 0;
}

void igraph_gml_tree_destroy(igraph_gml_tree_t *t) {  
  
  long int i, n=igraph_vector_ptr_size(&t->children);
  for (i=0; i<n; i++) {
    int type=VECTOR(t->types)[i];
    switch (type) {
    case IGRAPH_I_GML_TREE_TREE:
      igraph_gml_tree_destroy(VECTOR(t->children)[i]);
      Free(VECTOR(t->names)[i]);
      break;
    case IGRAPH_I_GML_TREE_INTEGER:
      Free(VECTOR(t->children)[i]);
      Free(VECTOR(t->names)[i]);
      break;
    case IGRAPH_I_GML_TREE_REAL:
      Free(VECTOR(t->children)[i]);
      Free(VECTOR(t->names)[i]);
      break;
    case IGRAPH_I_GML_TREE_STRING:
      Free(VECTOR(t->children)[i]);
      Free(VECTOR(t->names)[i]);
      break;
    case IGRAPH_I_GML_TREE_DELETED:
      break;
    }
  }
  igraph_vector_ptr_destroy(&t->names);
  igraph_vector_char_destroy(&t->types);
  igraph_vector_ptr_destroy(&t->children);
  Free(t);
}

long int igraph_gml_tree_length(const igraph_gml_tree_t *t) {
  return igraph_vector_ptr_size(&t->names);
}

long int igraph_gml_tree_find(const igraph_gml_tree_t *t,
			      const char *name, long int from) {

  long int size=igraph_vector_ptr_size(&t->names);
  while ( from < size && (! VECTOR(t->names)[from] || 
			  strcmp(VECTOR(t->names)[from], name)) ) {
    from++;
  }
  
  if (from==size) { from=-1; }
  return from;
}

long int igraph_gml_tree_findback(const igraph_gml_tree_t *t,
				   const char *name, long int from) {
  while ( from >= 0 && (! VECTOR(t->names)[from] || 
			strcmp(VECTOR(t->names)[from], name)) ) {
    from--;
  }
  
  return from;
}

int igraph_gml_tree_type(const igraph_gml_tree_t *t, long int pos) {
  return VECTOR(t->types)[pos];
}

const char *igraph_gml_tree_name(const igraph_gml_tree_t *t, long int pos) {
  return VECTOR(t->names)[pos];
}

igraph_integer_t igraph_gml_tree_get_integer(const igraph_gml_tree_t *t, 
					     long int pos) {
  igraph_integer_t *i=VECTOR(t->children)[pos];
  return *i;
}

igraph_real_t igraph_gml_tree_get_real(const igraph_gml_tree_t *t,
				       long int pos) {
  igraph_real_t *d=VECTOR(t->children)[pos];
  return *d;
}

const char *igraph_gml_tree_get_string(const igraph_gml_tree_t *t,
				       long int pos) {
  const char *s=VECTOR(t->children)[pos];
  return s;
}

igraph_gml_tree_t *igraph_gml_tree_get_tree(const igraph_gml_tree_t *t,
					    long int pos) {
  igraph_gml_tree_t *tree=VECTOR(t->children)[pos];
  return tree;
}

void igraph_gml_tree_delete(igraph_gml_tree_t *t, long int pos) {
  if (VECTOR(t->types)[pos] == IGRAPH_I_GML_TREE_TREE) {
    igraph_gml_tree_destroy(VECTOR(t->children)[pos]);
  }
  Free(VECTOR(t->names)[pos]);
  Free(VECTOR(t->children)[pos]);
  VECTOR(t->children)[pos]=0;
  VECTOR(t->names)[pos]=0;
  VECTOR(t->types)[pos]=IGRAPH_I_GML_TREE_DELETED;  
}







igraph-0.4.2/igraph/vector.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/** 
 * Vector, dealing with arrays efficiently.
 * \ingroup types
 */

typedef struct TYPE(igraph_vector) {
  BASE* stor_begin;
  BASE* stor_end;
  BASE* end;
} TYPE(igraph_vector);

#ifndef IGRAPH_VECTOR_NULL
#define IGRAPH_VECTOR_NULL { 0,0,0 }
#endif
#ifndef IGRAPH_VECTOR_INIT_FINALLY
#define IGRAPH_VECTOR_INIT_FINALLY(v, size) \
  do { IGRAPH_CHECK(igraph_vector_init(v, size)); \
  IGRAPH_FINALLY(igraph_vector_destroy, v); } while (0)
#endif

#ifndef VECTOR
/**
 * \ingroup vector
 * \define VECTOR
 * \brief Accessing an element of a vector.
 * 
 * Usage: 
 * \verbatim VECTOR(v)[0] \endverbatim 
 * to access the first element of the vector, you can also use this in
 * assignments, like: 
 * \verbatim VECTOR(v)[10]=5; \endverbatim
 *
 * Note that there are no range checks right now.
 * This functionality might be redefined later as a real function
 * instead of a <code>#define</code>. 
 * \param v The vector object.
 * 
 * Time complexity: O(1).
 */
#define VECTOR(v) ((v).stor_begin) 
#endif
 
int FUNCTION(igraph_vector,init)      (TYPE(igraph_vector)* v, long int size);
int FUNCTION(igraph_vector,init_copy) (TYPE(igraph_vector)* v, BASE* data, long int length);
int FUNCTION(igraph_vector,init_seq)(TYPE(igraph_vector)*v, BASE from, BASE to);
int FUNCTION(igraph_vector,init_real)(TYPE(igraph_vector)*v, int no, ...);
int FUNCTION(igraph_vector,init_int)(TYPE(igraph_vector)*v, int no, ...);
int FUNCTION(igraph_vector,init_real_end)(TYPE(igraph_vector)*v, BASE endmark, ...);
int FUNCTION(igraph_vector,init_int_end)(TYPE(igraph_vector)*v, int endmark, ...);
const TYPE(igraph_vector) *FUNCTION(igraph_vector,view) (const TYPE(igraph_vector) *v, const BASE *data, 
			     long int length);
void FUNCTION(igraph_vector,destroy)   (TYPE(igraph_vector)* v);
int FUNCTION(igraph_vector,reserve)   (TYPE(igraph_vector)* v, long int size);
igraph_bool_t FUNCTION(igraph_vector,empty)     (const TYPE(igraph_vector)* v);
long int FUNCTION(igraph_vector,size)      (const TYPE(igraph_vector)* v);
void FUNCTION(igraph_vector,clear)     (TYPE(igraph_vector)* v);
void FUNCTION(igraph_vector,null)      (TYPE(igraph_vector)* v);
int FUNCTION(igraph_vector,push_back) (TYPE(igraph_vector)* v, BASE e);
int FUNCTION(igraph_vector,insert)(TYPE(igraph_vector) *v, long int pos, BASE value);
BASE FUNCTION(igraph_vector,e)         (const TYPE(igraph_vector)* v, long int pos);
BASE* FUNCTION(igraph_vector,e_ptr)  (const TYPE(igraph_vector)* v, long int pos);
void FUNCTION(igraph_vector,set)       (TYPE(igraph_vector)* v, long int pos, BASE value);
BASE FUNCTION(igraph_vector,tail)(const TYPE(igraph_vector) *v);
BASE FUNCTION(igraph_vector,pop_back)(TYPE(igraph_vector)* v);
/* TODO: order* is meaningful only for interger vectors */
int FUNCTION(igraph_vector,order)(const TYPE(igraph_vector)* v, const TYPE(igraph_vector) *v2,
				  igraph_vector_t* res, BASE maxval);
int FUNCTION(igraph_vector,order1)(const TYPE(igraph_vector)* v, 
				   igraph_vector_t* res, BASE maxval);
void FUNCTION(igraph_vector,sort)(TYPE(igraph_vector) *v);
int FUNCTION(igraph_vector,resize)(TYPE(igraph_vector)* v, long int newsize);
BASE FUNCTION(igraph_vector,max)(const TYPE(igraph_vector)* v);
long int FUNCTION(igraph_vector,which_max)(const TYPE(igraph_vector)* v);
BASE FUNCTION(igraph_vector,min)(const TYPE(igraph_vector)* v);
long int FUNCTION(igraph_vector,which_min)(const TYPE(igraph_vector)* v);
void FUNCTION(igraph_vector,copy_to)(const TYPE(igraph_vector) *v, BASE* to);
int FUNCTION(igraph_vector,copy)(TYPE(igraph_vector) *to, const TYPE(igraph_vector) *from);
BASE FUNCTION(igraph_vector,sum)(const TYPE(igraph_vector) *v);
BASE FUNCTION(igraph_vector,prod)(const TYPE(igraph_vector) *v);
void FUNCTION(igraph_vector,remove_section)(TYPE(igraph_vector) *v, long int from, long int to);
int FUNCTION(igraph_vector,move_interval)(TYPE(igraph_vector) *v, long int begin, long int end, 
					  long int to);
void FUNCTION(igraph_vector,remove)(TYPE(igraph_vector) *v, long int elem);
void FUNCTION(igraph_vector,permdelete)(TYPE(igraph_vector) *v, long int *index, long int nremove);
void FUNCTION(igraph_vector,remove_negidx)(TYPE(igraph_vector) *v, const igraph_vector_t *neg, long int nremove);
igraph_bool_t FUNCTION(igraph_vector,isininterval)(const TYPE(igraph_vector) *v, BASE low, BASE high);
igraph_bool_t FUNCTION(igraph_vector,any_smaller)(const TYPE(igraph_vector) *v, BASE limit);
igraph_bool_t FUNCTION(igraph_vector,is_equal)(const TYPE(igraph_vector) *lhs, const TYPE(igraph_vector) *rhs);
igraph_bool_t FUNCTION(igraph_vector,binsearch)(const TYPE(igraph_vector) *v, BASE what, long int *pos);
igraph_bool_t FUNCTION(igraph_vector,binsearch2)(const TYPE(igraph_vector) *v, BASE what);
void FUNCTION(igraph_vector,multiply)(TYPE(igraph_vector) *v, BASE by);
igraph_bool_t FUNCTION(igraph_vector,contains)(const TYPE(igraph_vector) *v, BASE e);
igraph_bool_t FUNCTION(igraph_vector,search)(const TYPE(igraph_vector) *v, long int from, BASE what, 
					     long int *pos);
int FUNCTION(igraph_vector,filter_smaller)(TYPE(igraph_vector) *v, BASE elem);
int FUNCTION(igraph_vector,append)(TYPE(igraph_vector) *to, const TYPE(igraph_vector) *from);
int FUNCTION(igraph_vector,get_interval)(const TYPE(igraph_vector) *v, TYPE(igraph_vector) *res,
					 long int from, long int to);
/* TODO: only for integers??? */
int FUNCTION(igraph_vector,rank)(const TYPE(igraph_vector) *v, igraph_vector_t *res, 
				 long int nodes);
BASE FUNCTION(igraph_vector,maxdifference)(const TYPE(igraph_vector) *m1,
					   const TYPE(igraph_vector) *m2);








igraph-0.4.2/igraph/igraph_stack.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "random.h"
#include "error.h"

#include <assert.h>
#include <string.h> 		/* memcpy & co. */
#include <stdlib.h>

/**
 * \ingroup stack
 * \brief Initializes a stack (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_stack_init       (igraph_stack_t* s, long int size) {
        long int alloc_size= size > 0 ? size : 1;
	assert (s != NULL);
	if (size < 0) { size=0; }
	s->stor_begin=Calloc(alloc_size, igraph_real_t);
	if (s->stor_begin==0) {
	  IGRAPH_ERROR("stack init failed", IGRAPH_ENOMEM);
	}
	s->stor_end=s->stor_begin + alloc_size;
	s->end=s->stor_begin;
	
	return 0;
}

/**
 * \ingroup stack
 * \brief Destroys a stack object.
 */

void igraph_stack_destroy    (igraph_stack_t* s) {
  assert( s != NULL);
  if (s->stor_begin != 0) {
    Free(s->stor_begin);
    s->stor_begin=NULL;
  }
}

/**
 * \ingroup stack
 * \brief Reserves memory for a stack object.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_stack_reserve    (igraph_stack_t* s, long int size) {
  long int actual_size=igraph_stack_size(s);
  igraph_real_t *tmp;
  assert(s != NULL);
  assert(s->stor_begin != NULL);
  
  if (size <= igraph_stack_size(s)) { return 0; }
  
  tmp=Realloc(s->stor_begin, size, igraph_real_t);
  if (tmp==0) {
    IGRAPH_ERROR("stack reserve failed", IGRAPH_ENOMEM);
  }
  s->stor_begin=tmp; 
  s->stor_end=s->stor_begin + size;
  s->end=s->stor_begin+actual_size;
  
  return 0;
}

/**
 * \ingroup stack
 * \brief Decides whether a stack object is empty.
 */

igraph_bool_t igraph_stack_empty      (igraph_stack_t* s) {
	assert (s != NULL);
	assert (s->stor_begin != NULL);
	assert (s->end != NULL);
	return s->stor_begin == s->end;
}

/**
 * \ingroup stack
 * \brief Returns the number of elements in a stack.
 */

long int igraph_stack_size       (igraph_stack_t* s) {
	assert (s != NULL);
	assert (s->stor_begin != NULL);
	return s->end - s->stor_begin;
}

/**
 * \ingroup stack
 * \brief Removes all elements from a stack.
 */

void igraph_stack_clear      (igraph_stack_t* s) {
	assert (s != NULL);
	assert (s->stor_begin != NULL);
	s->end = s->stor_begin;
}

/**
 * \ingroup stack
 * \brief Places an element on the top of a stack.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_stack_push       (igraph_stack_t* s, igraph_real_t elem) {
	assert (s != NULL);
	assert (s->stor_begin != NULL);
	if (s->end == s->stor_end) {
		/* full, allocate more storage */
		
	        igraph_real_t *bigger=NULL, *old=s->stor_begin;
		
		bigger = Calloc(2*igraph_stack_size(s)+1, igraph_real_t);
		if (bigger==0) {
		  IGRAPH_ERROR("stack push failed", IGRAPH_ENOMEM);
		}
		memcpy(bigger, s->stor_begin, 
		       igraph_stack_size(s)*sizeof(igraph_real_t));

		s->end        = bigger + (s->stor_end - s->stor_begin);
		s->stor_end   = bigger + 2*(s->stor_end - s->stor_begin)+1;
		s->stor_begin = bigger;
		
		*(s->end) = elem;
		(s->end) += 1;

		Free(old);
	} else {
		*(s->end) = elem;
		(s->end) += 1;
	}
	return 0;
}

/**
 * \ingroup stack
 * \brief Removes and returns an element from the top of a stack.
 */

igraph_real_t igraph_stack_pop        (igraph_stack_t* s) {

	assert (s != NULL);
	assert (s->stor_begin != NULL);
	assert (s->end != NULL);
	assert (s->end != s->stor_begin);
		
	(s->end)--;
	
	return *(s->end);
}

/**
 * \ingroup stack
 * \brief Returns an element from the top of a stack.
 */

igraph_real_t igraph_stack_top        (const igraph_stack_t* s) {

	assert (s != NULL);
	assert (s->stor_begin != NULL);
	assert (s->end != NULL);
	assert (s->end != s->stor_begin);

	return *(s->end-1);
}







igraph-0.4.2/igraph/foreign-ncol-parser.c

/* A Bison parser, made by GNU Bison 2.3.  */

/* Skeleton implementation for Bison's Yacc-like parsers in C

   Copyright (C) 1984, 1989, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 2006
   Free Software Foundation, Inc.

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2, or (at your option)
   any later version.

   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.

   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor,
   Boston, MA 02110-1301, USA.  */

/* As a special exception, you may create a larger work that contains
   part or all of the Bison parser skeleton and distribute that work
   under terms of your choice, so long as that work isn't itself a
   parser generator using the skeleton or a modified version thereof
   as a parser skeleton.  Alternatively, if you modify or redistribute
   the parser skeleton itself, you may (at your option) remove this
   special exception, which will cause the skeleton and the resulting
   Bison output files to be licensed under the GNU General Public
   License without this special exception.

   This special exception was added by the Free Software Foundation in
   version 2.2 of Bison.  */

/* C LALR(1) parser skeleton written by Richard Stallman, by
   simplifying the original so-called "semantic" parser.  */

/* All symbols defined below should begin with yy or YY, to avoid
   infringing on user name space.  This should be done even for local
   variables, as they might otherwise be expanded by user macros.
   There are some unavoidable exceptions within include files to
   define necessary library symbols; they are noted "INFRINGES ON
   USER NAME SPACE" below.  */

/* Identify Bison output.  */
#define YYBISON 1

/* Bison version.  */
#define YYBISON_VERSION "2.3"

/* Skeleton name.  */
#define YYSKELETON_NAME "yacc.c"

/* Pure parsers.  */
#define YYPURE 0

/* Using locations.  */
#define YYLSP_NEEDED 0

/* Substitute the variable and function names.  */
#define yyparse igraph_ncol_yyparse
#define yylex   igraph_ncol_yylex
#define yyerror igraph_ncol_yyerror
#define yylval  igraph_ncol_yylval
#define yychar  igraph_ncol_yychar
#define yydebug igraph_ncol_yydebug
#define yynerrs igraph_ncol_yynerrs


/* Tokens.  */
#ifndef YYTOKENTYPE
# define YYTOKENTYPE
   /* Put the tokens into the symbol table, so that GDB and other debuggers
      know about them.  */
   enum yytokentype {
     ALNUM = 258,
     NEWLINE = 259
   };
#endif
/* Tokens.  */
#define ALNUM 258
#define NEWLINE 259




/* Copy the first part of user declarations.  */
#line 23 "foreign-ncol-parser.y"


/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include <stdio.h>
#include <string.h>
extern int igraph_ncol_yylex(void);
extern long int igraph_ncol_mylineno;
extern char *igraph_ncol_yytext;
extern int igraph_ncol_yyleng;
int igraph_ncol_yyerror(char *s);
#include "types.h" 
#include "memory.h"
#include "error.h"
extern igraph_vector_t *igraph_ncol_vector;
extern igraph_vector_t *igraph_ncol_weights;
extern igraph_trie_t *igraph_ncol_trie;
igraph_real_t igraph_ncol_get_number(const char *str, long int len);
void igraph_i_ncol_reset_scanner(void);


/* Enabling traces.  */
#ifndef YYDEBUG
# define YYDEBUG 0
#endif

/* Enabling verbose error messages.  */
#ifdef YYERROR_VERBOSE
# undef YYERROR_VERBOSE
# define YYERROR_VERBOSE 1
#else
# define YYERROR_VERBOSE 0
#endif

/* Enabling the token table.  */
#ifndef YYTOKEN_TABLE
# define YYTOKEN_TABLE 0
#endif

#if ! defined YYSTYPE && ! defined YYSTYPE_IS_DECLARED
typedef union YYSTYPE
#line 68 "foreign-ncol-parser.y"
{
  long int edgenum;
  double weightnum;
}
/* Line 187 of yacc.c.  */
#line 158 "foreign-ncol-parser.c"
	YYSTYPE;
# define yystype YYSTYPE /* obsolescent; will be withdrawn */
# define YYSTYPE_IS_DECLARED 1
# define YYSTYPE_IS_TRIVIAL 1
#endif



/* Copy the second part of user declarations.  */


/* Line 216 of yacc.c.  */
#line 171 "foreign-ncol-parser.c"

#ifdef short
# undef short
#endif

#ifdef YYTYPE_UINT8
typedef YYTYPE_UINT8 yytype_uint8;
#else
typedef unsigned char yytype_uint8;
#endif

#ifdef YYTYPE_INT8
typedef YYTYPE_INT8 yytype_int8;
#elif (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
typedef signed char yytype_int8;
#else
typedef short int yytype_int8;
#endif

#ifdef YYTYPE_UINT16
typedef YYTYPE_UINT16 yytype_uint16;
#else
typedef unsigned short int yytype_uint16;
#endif

#ifdef YYTYPE_INT16
typedef YYTYPE_INT16 yytype_int16;
#else
typedef short int yytype_int16;
#endif

#ifndef YYSIZE_T
# ifdef __SIZE_TYPE__
#  define YYSIZE_T __SIZE_TYPE__
# elif defined size_t
#  define YYSIZE_T size_t
# elif ! defined YYSIZE_T && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
#  include <stddef.h> /* INFRINGES ON USER NAME SPACE */
#  define YYSIZE_T size_t
# else
#  define YYSIZE_T unsigned int
# endif
#endif

#define YYSIZE_MAXIMUM ((YYSIZE_T) -1)

#ifndef YY_
# if YYENABLE_NLS
#  if ENABLE_NLS
#   include <libintl.h> /* INFRINGES ON USER NAME SPACE */
#   define YY_(msgid) dgettext ("bison-runtime", msgid)
#  endif
# endif
# ifndef YY_
#  define YY_(msgid) msgid
# endif
#endif

/* Suppress unused-variable warnings by "using" E.  */
#if ! defined lint || defined __GNUC__
# define YYUSE(e) ((void) (e))
#else
# define YYUSE(e) /* empty */
#endif

/* Identity function, used to suppress warnings about constant conditions.  */
#ifndef lint
# define YYID(n) (n)
#else
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static int
YYID (int i)
#else
static int
YYID (i)
    int i;
#endif
{
  return i;
}
#endif

#if ! defined yyoverflow || YYERROR_VERBOSE

/* The parser invokes alloca or malloc; define the necessary symbols.  */

# ifdef YYSTACK_USE_ALLOCA
#  if YYSTACK_USE_ALLOCA
#   ifdef __GNUC__
#    define YYSTACK_ALLOC __builtin_alloca
#   elif defined __BUILTIN_VA_ARG_INCR
#    include <alloca.h> /* INFRINGES ON USER NAME SPACE */
#   elif defined _AIX
#    define YYSTACK_ALLOC __alloca
#   elif defined _MSC_VER
#    include <malloc.h> /* INFRINGES ON USER NAME SPACE */
#    define alloca _alloca
#   else
#    define YYSTACK_ALLOC alloca
#    if ! defined _ALLOCA_H && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
#     include <stdlib.h> /* INFRINGES ON USER NAME SPACE */
#     ifndef _STDLIB_H
#      define _STDLIB_H 1
#     endif
#    endif
#   endif
#  endif
# endif

# ifdef YYSTACK_ALLOC
   /* Pacify GCC's `empty if-body' warning.  */
#  define YYSTACK_FREE(Ptr) do { /* empty */; } while (YYID (0))
#  ifndef YYSTACK_ALLOC_MAXIMUM
    /* The OS might guarantee only one guard page at the bottom of the stack,
       and a page size can be as small as 4096 bytes.  So we cannot safely
       invoke alloca (N) if N exceeds 4096.  Use a slightly smaller number
       to allow for a few compiler-allocated temporary stack slots.  */
#   define YYSTACK_ALLOC_MAXIMUM 4032 /* reasonable circa 2006 */
#  endif
# else
#  define YYSTACK_ALLOC YYMALLOC
#  define YYSTACK_FREE YYFREE
#  ifndef YYSTACK_ALLOC_MAXIMUM
#   define YYSTACK_ALLOC_MAXIMUM YYSIZE_MAXIMUM
#  endif
#  if (defined __cplusplus && ! defined _STDLIB_H \
       && ! ((defined YYMALLOC || defined malloc) \
	     && (defined YYFREE || defined free)))
#   include <stdlib.h> /* INFRINGES ON USER NAME SPACE */
#   ifndef _STDLIB_H
#    define _STDLIB_H 1
#   endif
#  endif
#  ifndef YYMALLOC
#   define YYMALLOC malloc
#   if ! defined malloc && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
void *malloc (YYSIZE_T); /* INFRINGES ON USER NAME SPACE */
#   endif
#  endif
#  ifndef YYFREE
#   define YYFREE free
#   if ! defined free && ! defined _STDLIB_H && (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
void free (void *); /* INFRINGES ON USER NAME SPACE */
#   endif
#  endif
# endif
#endif /* ! defined yyoverflow || YYERROR_VERBOSE */


#if (! defined yyoverflow \
     && (! defined __cplusplus \
	 || (defined YYSTYPE_IS_TRIVIAL && YYSTYPE_IS_TRIVIAL)))

/* A type that is properly aligned for any stack member.  */
union yyalloc
{
  yytype_int16 yyss;
  YYSTYPE yyvs;
  };

/* The size of the maximum gap between one aligned stack and the next.  */
# define YYSTACK_GAP_MAXIMUM (sizeof (union yyalloc) - 1)

/* The size of an array large to enough to hold all stacks, each with
   N elements.  */
# define YYSTACK_BYTES(N) \
     ((N) * (sizeof (yytype_int16) + sizeof (YYSTYPE)) \
      + YYSTACK_GAP_MAXIMUM)

/* Copy COUNT objects from FROM to TO.  The source and destination do
   not overlap.  */
# ifndef YYCOPY
#  if defined __GNUC__ && 1 < __GNUC__
#   define YYCOPY(To, From, Count) \
      __builtin_memcpy (To, From, (Count) * sizeof (*(From)))
#  else
#   define YYCOPY(To, From, Count)		\
      do					\
	{					\
	  YYSIZE_T yyi;				\
	  for (yyi = 0; yyi < (Count); yyi++)	\
	    (To)[yyi] = (From)[yyi];		\
	}					\
      while (YYID (0))
#  endif
# endif

/* Relocate STACK from its old location to the new one.  The
   local variables YYSIZE and YYSTACKSIZE give the old and new number of
   elements in the stack, and YYPTR gives the new location of the
   stack.  Advance YYPTR to a properly aligned location for the next
   stack.  */
# define YYSTACK_RELOCATE(Stack)					\
    do									\
      {									\
	YYSIZE_T yynewbytes;						\
	YYCOPY (&yyptr->Stack, Stack, yysize);				\
	Stack = &yyptr->Stack;						\
	yynewbytes = yystacksize * sizeof (*Stack) + YYSTACK_GAP_MAXIMUM; \
	yyptr += yynewbytes / sizeof (*yyptr);				\
      }									\
    while (YYID (0))

#endif

/* YYFINAL -- State number of the termination state.  */
#define YYFINAL  2
/* YYLAST -- Last index in YYTABLE.  */
#define YYLAST   10

/* YYNTOKENS -- Number of terminals.  */
#define YYNTOKENS  5
/* YYNNTS -- Number of nonterminals.  */
#define YYNNTS  5
/* YYNRULES -- Number of rules.  */
#define YYNRULES  8
/* YYNRULES -- Number of states.  */
#define YYNSTATES  12

/* YYTRANSLATE(YYLEX) -- Bison symbol number corresponding to YYLEX.  */
#define YYUNDEFTOK  2
#define YYMAXUTOK   259

#define YYTRANSLATE(YYX)						\
  ((unsigned int) (YYX) <= YYMAXUTOK ? yytranslate[YYX] : YYUNDEFTOK)

/* YYTRANSLATE[YYLEX] -- Bison symbol number corresponding to YYLEX.  */
static const yytype_uint8 yytranslate[] =
{
       0,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     2,     2,     2,     2,
       2,     2,     2,     2,     2,     2,     1,     2,     3,     4
};

#if YYDEBUG
/* YYPRHS[YYN] -- Index of the first RHS symbol of rule number YYN in
   YYRHS.  */
static const yytype_uint8 yyprhs[] =
{
       0,     0,     3,     4,     7,    10,    14,    19,    21
};

/* YYRHS -- A `-1'-separated list of the rules' RHS.  */
static const yytype_int8 yyrhs[] =
{
       6,     0,    -1,    -1,     6,     4,    -1,     6,     7,    -1,
       8,     8,     4,    -1,     8,     8,     9,     4,    -1,     3,
      -1,     3,    -1
};

/* YYRLINE[YYN] -- source line where rule number YYN was defined.  */
static const yytype_uint8 yyrline[] =
{
       0,    81,    81,    82,    83,    86,    91,    98,   102
};
#endif

#if YYDEBUG || YYERROR_VERBOSE || YYTOKEN_TABLE
/* YYTNAME[SYMBOL-NUM] -- String name of the symbol SYMBOL-NUM.
   First, the terminals, then, starting at YYNTOKENS, nonterminals.  */
static const char *const yytname[] =
{
  "$end", "error", "$undefined", "ALNUM", "NEWLINE", "$accept", "input",
  "edge", "edgeid", "weight", 0
};
#endif

# ifdef YYPRINT
/* YYTOKNUM[YYLEX-NUM] -- Internal token number corresponding to
   token YYLEX-NUM.  */
static const yytype_uint16 yytoknum[] =
{
       0,   256,   257,   258,   259
};
# endif

/* YYR1[YYN] -- Symbol number of symbol that rule YYN derives.  */
static const yytype_uint8 yyr1[] =
{
       0,     5,     6,     6,     6,     7,     7,     8,     9
};

/* YYR2[YYN] -- Number of symbols composing right hand side of rule YYN.  */
static const yytype_uint8 yyr2[] =
{
       0,     2,     0,     2,     2,     3,     4,     1,     1
};

/* YYDEFACT[STATE-NAME] -- Default rule to reduce with in state
   STATE-NUM when YYTABLE doesn't specify something else to do.  Zero
   means the default is an error.  */
static const yytype_uint8 yydefact[] =
{
       2,     0,     1,     7,     3,     4,     0,     0,     8,     5,
       0,     6
};

/* YYDEFGOTO[NTERM-NUM].  */
static const yytype_int8 yydefgoto[] =
{
      -1,     1,     5,     6,    10
};

/* YYPACT[STATE-NUM] -- Index in YYTABLE of the portion describing
   STATE-NUM.  */
#define YYPACT_NINF -3
static const yytype_int8 yypact[] =
{
      -3,     0,    -3,    -3,    -3,    -3,     2,    -2,    -3,    -3,
       3,    -3
};

/* YYPGOTO[NTERM-NUM].  */
static const yytype_int8 yypgoto[] =
{
      -3,    -3,    -3,     4,    -3
};

/* YYTABLE[YYPACT[STATE-NUM]].  What to do in state STATE-NUM.  If
   positive, shift that token.  If negative, reduce the rule which
   number is the opposite.  If zero, do what YYDEFACT says.
   If YYTABLE_NINF, syntax error.  */
#define YYTABLE_NINF -1
static const yytype_uint8 yytable[] =
{
       2,     8,     9,     3,     4,     3,     0,    11,     0,     0,
       7
};

static const yytype_int8 yycheck[] =
{
       0,     3,     4,     3,     4,     3,    -1,     4,    -1,    -1,
       6
};

/* YYSTOS[STATE-NUM] -- The (internal number of the) accessing
   symbol of state STATE-NUM.  */
static const yytype_uint8 yystos[] =
{
       0,     6,     0,     3,     4,     7,     8,     8,     3,     4,
       9,     4
};

#define yyerrok		(yyerrstatus = 0)
#define yyclearin	(yychar = YYEMPTY)
#define YYEMPTY		(-2)
#define YYEOF		0

#define YYACCEPT	goto yyacceptlab
#define YYABORT		goto yyabortlab
#define YYERROR		goto yyerrorlab


/* Like YYERROR except do call yyerror.  This remains here temporarily
   to ease the transition to the new meaning of YYERROR, for GCC.
   Once GCC version 2 has supplanted version 1, this can go.  */

#define YYFAIL		goto yyerrlab

#define YYRECOVERING()  (!!yyerrstatus)

#define YYBACKUP(Token, Value)					\
do								\
  if (yychar == YYEMPTY && yylen == 1)				\
    {								\
      yychar = (Token);						\
      yylval = (Value);						\
      yytoken = YYTRANSLATE (yychar);				\
      YYPOPSTACK (1);						\
      goto yybackup;						\
    }								\
  else								\
    {								\
      yyerror (YY_("syntax error: cannot back up")); \
      YYERROR;							\
    }								\
while (YYID (0))


#define YYTERROR	1
#define YYERRCODE	256


/* YYLLOC_DEFAULT -- Set CURRENT to span from RHS[1] to RHS[N].
   If N is 0, then set CURRENT to the empty location which ends
   the previous symbol: RHS[0] (always defined).  */

#define YYRHSLOC(Rhs, K) ((Rhs)[K])
#ifndef YYLLOC_DEFAULT
# define YYLLOC_DEFAULT(Current, Rhs, N)				\
    do									\
      if (YYID (N))                                                    \
	{								\
	  (Current).first_line   = YYRHSLOC (Rhs, 1).first_line;	\
	  (Current).first_column = YYRHSLOC (Rhs, 1).first_column;	\
	  (Current).last_line    = YYRHSLOC (Rhs, N).last_line;		\
	  (Current).last_column  = YYRHSLOC (Rhs, N).last_column;	\
	}								\
      else								\
	{								\
	  (Current).first_line   = (Current).last_line   =		\
	    YYRHSLOC (Rhs, 0).last_line;				\
	  (Current).first_column = (Current).last_column =		\
	    YYRHSLOC (Rhs, 0).last_column;				\
	}								\
    while (YYID (0))
#endif


/* YY_LOCATION_PRINT -- Print the location on the stream.
   This macro was not mandated originally: define only if we know
   we won't break user code: when these are the locations we know.  */

#ifndef YY_LOCATION_PRINT
# if YYLTYPE_IS_TRIVIAL
#  define YY_LOCATION_PRINT(File, Loc)			\
     fprintf (File, "%d.%d-%d.%d",			\
	      (Loc).first_line, (Loc).first_column,	\
	      (Loc).last_line,  (Loc).last_column)
# else
#  define YY_LOCATION_PRINT(File, Loc) ((void) 0)
# endif
#endif


/* YYLEX -- calling `yylex' with the right arguments.  */

#ifdef YYLEX_PARAM
# define YYLEX yylex (YYLEX_PARAM)
#else
# define YYLEX yylex ()
#endif

/* Enable debugging if requested.  */
#if YYDEBUG

# ifndef YYFPRINTF
#  include <stdio.h> /* INFRINGES ON USER NAME SPACE */
#  define YYFPRINTF fprintf
# endif

# define YYDPRINTF(Args)			\
do {						\
  if (yydebug)					\
    YYFPRINTF Args;				\
} while (YYID (0))

# define YY_SYMBOL_PRINT(Title, Type, Value, Location)			  \
do {									  \
  if (yydebug)								  \
    {									  \
      YYFPRINTF (stderr, "%s ", Title);					  \
      yy_symbol_print (stderr,						  \
		  Type, Value); \
      YYFPRINTF (stderr, "\n");						  \
    }									  \
} while (YYID (0))


/*--------------------------------.
| Print this symbol on YYOUTPUT.  |
`--------------------------------*/

/*ARGSUSED*/
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_symbol_value_print (FILE *yyoutput, int yytype, YYSTYPE const * const yyvaluep)
#else
static void
yy_symbol_value_print (yyoutput, yytype, yyvaluep)
    FILE *yyoutput;
    int yytype;
    YYSTYPE const * const yyvaluep;
#endif
{
  if (!yyvaluep)
    return;
# ifdef YYPRINT
  if (yytype < YYNTOKENS)
    YYPRINT (yyoutput, yytoknum[yytype], *yyvaluep);
# else
  YYUSE (yyoutput);
# endif
  switch (yytype)
    {
      default:
	break;
    }
}


/*--------------------------------.
| Print this symbol on YYOUTPUT.  |
`--------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_symbol_print (FILE *yyoutput, int yytype, YYSTYPE const * const yyvaluep)
#else
static void
yy_symbol_print (yyoutput, yytype, yyvaluep)
    FILE *yyoutput;
    int yytype;
    YYSTYPE const * const yyvaluep;
#endif
{
  if (yytype < YYNTOKENS)
    YYFPRINTF (yyoutput, "token %s (", yytname[yytype]);
  else
    YYFPRINTF (yyoutput, "nterm %s (", yytname[yytype]);

  yy_symbol_value_print (yyoutput, yytype, yyvaluep);
  YYFPRINTF (yyoutput, ")");
}

/*------------------------------------------------------------------.
| yy_stack_print -- Print the state stack from its BOTTOM up to its |
| TOP (included).                                                   |
`------------------------------------------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_stack_print (yytype_int16 *bottom, yytype_int16 *top)
#else
static void
yy_stack_print (bottom, top)
    yytype_int16 *bottom;
    yytype_int16 *top;
#endif
{
  YYFPRINTF (stderr, "Stack now");
  for (; bottom <= top; ++bottom)
    YYFPRINTF (stderr, " %d", *bottom);
  YYFPRINTF (stderr, "\n");
}

# define YY_STACK_PRINT(Bottom, Top)				\
do {								\
  if (yydebug)							\
    yy_stack_print ((Bottom), (Top));				\
} while (YYID (0))


/*------------------------------------------------.
| Report that the YYRULE is going to be reduced.  |
`------------------------------------------------*/

#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yy_reduce_print (YYSTYPE *yyvsp, int yyrule)
#else
static void
yy_reduce_print (yyvsp, yyrule)
    YYSTYPE *yyvsp;
    int yyrule;
#endif
{
  int yynrhs = yyr2[yyrule];
  int yyi;
  unsigned long int yylno = yyrline[yyrule];
  YYFPRINTF (stderr, "Reducing stack by rule %d (line %lu):\n",
	     yyrule - 1, yylno);
  /* The symbols being reduced.  */
  for (yyi = 0; yyi < yynrhs; yyi++)
    {
      fprintf (stderr, "   $%d = ", yyi + 1);
      yy_symbol_print (stderr, yyrhs[yyprhs[yyrule] + yyi],
		       &(yyvsp[(yyi + 1) - (yynrhs)])
		       		       );
      fprintf (stderr, "\n");
    }
}

# define YY_REDUCE_PRINT(Rule)		\
do {					\
  if (yydebug)				\
    yy_reduce_print (yyvsp, Rule); \
} while (YYID (0))

/* Nonzero means print parse trace.  It is left uninitialized so that
   multiple parsers can coexist.  */
int yydebug;
#else /* !YYDEBUG */
# define YYDPRINTF(Args)
# define YY_SYMBOL_PRINT(Title, Type, Value, Location)
# define YY_STACK_PRINT(Bottom, Top)
# define YY_REDUCE_PRINT(Rule)
#endif /* !YYDEBUG */


/* YYINITDEPTH -- initial size of the parser's stacks.  */
#ifndef	YYINITDEPTH
# define YYINITDEPTH 200
#endif

/* YYMAXDEPTH -- maximum size the stacks can grow to (effective only
   if the built-in stack extension method is used).

   Do not make this value too large; the results are undefined if
   YYSTACK_ALLOC_MAXIMUM < YYSTACK_BYTES (YYMAXDEPTH)
   evaluated with infinite-precision integer arithmetic.  */

#ifndef YYMAXDEPTH
# define YYMAXDEPTH 10000
#endif

�

#if YYERROR_VERBOSE

# ifndef yystrlen
#  if defined __GLIBC__ && defined _STRING_H
#   define yystrlen strlen
#  else
/* Return the length of YYSTR.  */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static YYSIZE_T
yystrlen (const char *yystr)
#else
static YYSIZE_T
yystrlen (yystr)
    const char *yystr;
#endif
{
  YYSIZE_T yylen;
  for (yylen = 0; yystr[yylen]; yylen++)
    continue;
  return yylen;
}
#  endif
# endif

# ifndef yystpcpy
#  if defined __GLIBC__ && defined _STRING_H && defined _GNU_SOURCE
#   define yystpcpy stpcpy
#  else
/* Copy YYSRC to YYDEST, returning the address of the terminating '\0' in
   YYDEST.  */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static char *
yystpcpy (char *yydest, const char *yysrc)
#else
static char *
yystpcpy (yydest, yysrc)
    char *yydest;
    const char *yysrc;
#endif
{
  char *yyd = yydest;
  const char *yys = yysrc;

  while ((*yyd++ = *yys++) != '\0')
    continue;

  return yyd - 1;
}
#  endif
# endif

# ifndef yytnamerr
/* Copy to YYRES the contents of YYSTR after stripping away unnecessary
   quotes and backslashes, so that it's suitable for yyerror.  The
   heuristic is that double-quoting is unnecessary unless the string
   contains an apostrophe, a comma, or backslash (other than
   backslash-backslash).  YYSTR is taken from yytname.  If YYRES is
   null, do not copy; instead, return the length of what the result
   would have been.  */
static YYSIZE_T
yytnamerr (char *yyres, const char *yystr)
{
  if (*yystr == '"')
    {
      YYSIZE_T yyn = 0;
      char const *yyp = yystr;

      for (;;)
	switch (*++yyp)
	  {
	  case '\'':
	  case ',':
	    goto do_not_strip_quotes;

	  case '\\':
	    if (*++yyp != '\\')
	      goto do_not_strip_quotes;
	    /* Fall through.  */
	  default:
	    if (yyres)
	      yyres[yyn] = *yyp;
	    yyn++;
	    break;

	  case '"':
	    if (yyres)
	      yyres[yyn] = '\0';
	    return yyn;
	  }
    do_not_strip_quotes: ;
    }

  if (! yyres)
    return yystrlen (yystr);

  return yystpcpy (yyres, yystr) - yyres;
}
# endif

/* Copy into YYRESULT an error message about the unexpected token
   YYCHAR while in state YYSTATE.  Return the number of bytes copied,
   including the terminating null byte.  If YYRESULT is null, do not
   copy anything; just return the number of bytes that would be
   copied.  As a special case, return 0 if an ordinary "syntax error"
   message will do.  Return YYSIZE_MAXIMUM if overflow occurs during
   size calculation.  */
static YYSIZE_T
yysyntax_error (char *yyresult, int yystate, int yychar)
{
  int yyn = yypact[yystate];

  if (! (YYPACT_NINF < yyn && yyn <= YYLAST))
    return 0;
  else
    {
      int yytype = YYTRANSLATE (yychar);
      YYSIZE_T yysize0 = yytnamerr (0, yytname[yytype]);
      YYSIZE_T yysize = yysize0;
      YYSIZE_T yysize1;
      int yysize_overflow = 0;
      enum { YYERROR_VERBOSE_ARGS_MAXIMUM = 5 };
      char const *yyarg[YYERROR_VERBOSE_ARGS_MAXIMUM];
      int yyx;

# if 0
      /* This is so xgettext sees the translatable formats that are
	 constructed on the fly.  */
      YY_("syntax error, unexpected %s");
      YY_("syntax error, unexpected %s, expecting %s");
      YY_("syntax error, unexpected %s, expecting %s or %s");
      YY_("syntax error, unexpected %s, expecting %s or %s or %s");
      YY_("syntax error, unexpected %s, expecting %s or %s or %s or %s");
# endif
      char *yyfmt;
      char const *yyf;
      static char const yyunexpected[] = "syntax error, unexpected %s";
      static char const yyexpecting[] = ", expecting %s";
      static char const yyor[] = " or %s";
      char yyformat[sizeof yyunexpected
		    + sizeof yyexpecting - 1
		    + ((YYERROR_VERBOSE_ARGS_MAXIMUM - 2)
		       * (sizeof yyor - 1))];
      char const *yyprefix = yyexpecting;

      /* Start YYX at -YYN if negative to avoid negative indexes in
	 YYCHECK.  */
      int yyxbegin = yyn < 0 ? -yyn : 0;

      /* Stay within bounds of both yycheck and yytname.  */
      int yychecklim = YYLAST - yyn + 1;
      int yyxend = yychecklim < YYNTOKENS ? yychecklim : YYNTOKENS;
      int yycount = 1;

      yyarg[0] = yytname[yytype];
      yyfmt = yystpcpy (yyformat, yyunexpected);

      for (yyx = yyxbegin; yyx < yyxend; ++yyx)
	if (yycheck[yyx + yyn] == yyx && yyx != YYTERROR)
	  {
	    if (yycount == YYERROR_VERBOSE_ARGS_MAXIMUM)
	      {
		yycount = 1;
		yysize = yysize0;
		yyformat[sizeof yyunexpected - 1] = '\0';
		break;
	      }
	    yyarg[yycount++] = yytname[yyx];
	    yysize1 = yysize + yytnamerr (0, yytname[yyx]);
	    yysize_overflow |= (yysize1 < yysize);
	    yysize = yysize1;
	    yyfmt = yystpcpy (yyfmt, yyprefix);
	    yyprefix = yyor;
	  }

      yyf = YY_(yyformat);
      yysize1 = yysize + yystrlen (yyf);
      yysize_overflow |= (yysize1 < yysize);
      yysize = yysize1;

      if (yysize_overflow)
	return YYSIZE_MAXIMUM;

      if (yyresult)
	{
	  /* Avoid sprintf, as that infringes on the user's name space.
	     Don't have undefined behavior even if the translation
	     produced a string with the wrong number of "%s"s.  */
	  char *yyp = yyresult;
	  int yyi = 0;
	  while ((*yyp = *yyf) != '\0')
	    {
	      if (*yyp == '%' && yyf[1] == 's' && yyi < yycount)
		{
		  yyp += yytnamerr (yyp, yyarg[yyi++]);
		  yyf += 2;
		}
	      else
		{
		  yyp++;
		  yyf++;
		}
	    }
	}
      return yysize;
    }
}
#endif /* YYERROR_VERBOSE */
�

/*-----------------------------------------------.
| Release the memory associated to this symbol.  |
`-----------------------------------------------*/

/*ARGSUSED*/
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
static void
yydestruct (const char *yymsg, int yytype, YYSTYPE *yyvaluep)
#else
static void
yydestruct (yymsg, yytype, yyvaluep)
    const char *yymsg;
    int yytype;
    YYSTYPE *yyvaluep;
#endif
{
  YYUSE (yyvaluep);

  if (!yymsg)
    yymsg = "Deleting";
  YY_SYMBOL_PRINT (yymsg, yytype, yyvaluep, yylocationp);

  switch (yytype)
    {

      default:
	break;
    }
}
�

/* Prevent warnings from -Wmissing-prototypes.  */

#ifdef YYPARSE_PARAM
#if defined __STDC__ || defined __cplusplus
int yyparse (void *YYPARSE_PARAM);
#else
int yyparse ();
#endif
#else /* ! YYPARSE_PARAM */
#if defined __STDC__ || defined __cplusplus
int yyparse (void);
#else
int yyparse ();
#endif
#endif /* ! YYPARSE_PARAM */



/* The look-ahead symbol.  */
int yychar;

/* The semantic value of the look-ahead symbol.  */
YYSTYPE yylval;

/* Number of syntax errors so far.  */
int yynerrs;



/*----------.
| yyparse.  |
`----------*/

#ifdef YYPARSE_PARAM
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
int
yyparse (void *YYPARSE_PARAM)
#else
int
yyparse (YYPARSE_PARAM)
    void *YYPARSE_PARAM;
#endif
#else /* ! YYPARSE_PARAM */
#if (defined __STDC__ || defined __C99__FUNC__ \
     || defined __cplusplus || defined _MSC_VER)
int
yyparse (void)
#else
int
yyparse ()

#endif
#endif
{
  
  int yystate;
  int yyn;
  int yyresult;
  /* Number of tokens to shift before error messages enabled.  */
  int yyerrstatus;
  /* Look-ahead token as an internal (translated) token number.  */
  int yytoken = 0;
#if YYERROR_VERBOSE
  /* Buffer for error messages, and its allocated size.  */
  char yymsgbuf[128];
  char *yymsg = yymsgbuf;
  YYSIZE_T yymsg_alloc = sizeof yymsgbuf;
#endif

  /* Three stacks and their tools:
     `yyss': related to states,
     `yyvs': related to semantic values,
     `yyls': related to locations.

     Refer to the stacks thru separate pointers, to allow yyoverflow
     to reallocate them elsewhere.  */

  /* The state stack.  */
  yytype_int16 yyssa[YYINITDEPTH];
  yytype_int16 *yyss = yyssa;
  yytype_int16 *yyssp;

  /* The semantic value stack.  */
  YYSTYPE yyvsa[YYINITDEPTH];
  YYSTYPE *yyvs = yyvsa;
  YYSTYPE *yyvsp;



#define YYPOPSTACK(N)   (yyvsp -= (N), yyssp -= (N))

  YYSIZE_T yystacksize = YYINITDEPTH;

  /* The variables used to return semantic value and location from the
     action routines.  */
  YYSTYPE yyval;


  /* The number of symbols on the RHS of the reduced rule.
     Keep to zero when no symbol should be popped.  */
  int yylen = 0;

  YYDPRINTF ((stderr, "Starting parse\n"));

  yystate = 0;
  yyerrstatus = 0;
  yynerrs = 0;
  yychar = YYEMPTY;		/* Cause a token to be read.  */

  /* Initialize stack pointers.
     Waste one element of value and location stack
     so that they stay on the same level as the state stack.
     The wasted elements are never initialized.  */

  yyssp = yyss;
  yyvsp = yyvs;

  goto yysetstate;

/*------------------------------------------------------------.
| yynewstate -- Push a new state, which is found in yystate.  |
`------------------------------------------------------------*/
 yynewstate:
  /* In all cases, when you get here, the value and location stacks
     have just been pushed.  So pushing a state here evens the stacks.  */
  yyssp++;

 yysetstate:
  *yyssp = yystate;

  if (yyss + yystacksize - 1 <= yyssp)
    {
      /* Get the current used size of the three stacks, in elements.  */
      YYSIZE_T yysize = yyssp - yyss + 1;

#ifdef yyoverflow
      {
	/* Give user a chance to reallocate the stack.  Use copies of
	   these so that the &'s don't force the real ones into
	   memory.  */
	YYSTYPE *yyvs1 = yyvs;
	yytype_int16 *yyss1 = yyss;


	/* Each stack pointer address is followed by the size of the
	   data in use in that stack, in bytes.  This used to be a
	   conditional around just the two extra args, but that might
	   be undefined if yyoverflow is a macro.  */
	yyoverflow (YY_("memory exhausted"),
		    &yyss1, yysize * sizeof (*yyssp),
		    &yyvs1, yysize * sizeof (*yyvsp),

		    &yystacksize);

	yyss = yyss1;
	yyvs = yyvs1;
      }
#else /* no yyoverflow */
# ifndef YYSTACK_RELOCATE
      goto yyexhaustedlab;
# else
      /* Extend the stack our own way.  */
      if (YYMAXDEPTH <= yystacksize)
	goto yyexhaustedlab;
      yystacksize *= 2;
      if (YYMAXDEPTH < yystacksize)
	yystacksize = YYMAXDEPTH;

      {
	yytype_int16 *yyss1 = yyss;
	union yyalloc *yyptr =
	  (union yyalloc *) YYSTACK_ALLOC (YYSTACK_BYTES (yystacksize));
	if (! yyptr)
	  goto yyexhaustedlab;
	YYSTACK_RELOCATE (yyss);
	YYSTACK_RELOCATE (yyvs);

#  undef YYSTACK_RELOCATE
	if (yyss1 != yyssa)
	  YYSTACK_FREE (yyss1);
      }
# endif
#endif /* no yyoverflow */

      yyssp = yyss + yysize - 1;
      yyvsp = yyvs + yysize - 1;


      YYDPRINTF ((stderr, "Stack size increased to %lu\n",
		  (unsigned long int) yystacksize));

      if (yyss + yystacksize - 1 <= yyssp)
	YYABORT;
    }

  YYDPRINTF ((stderr, "Entering state %d\n", yystate));

  goto yybackup;

/*-----------.
| yybackup.  |
`-----------*/
yybackup:

  /* Do appropriate processing given the current state.  Read a
     look-ahead token if we need one and don't already have one.  */

  /* First try to decide what to do without reference to look-ahead token.  */
  yyn = yypact[yystate];
  if (yyn == YYPACT_NINF)
    goto yydefault;

  /* Not known => get a look-ahead token if don't already have one.  */

  /* YYCHAR is either YYEMPTY or YYEOF or a valid look-ahead symbol.  */
  if (yychar == YYEMPTY)
    {
      YYDPRINTF ((stderr, "Reading a token: "));
      yychar = YYLEX;
    }

  if (yychar <= YYEOF)
    {
      yychar = yytoken = YYEOF;
      YYDPRINTF ((stderr, "Now at end of input.\n"));
    }
  else
    {
      yytoken = YYTRANSLATE (yychar);
      YY_SYMBOL_PRINT ("Next token is", yytoken, &yylval, &yylloc);
    }

  /* If the proper action on seeing token YYTOKEN is to reduce or to
     detect an error, take that action.  */
  yyn += yytoken;
  if (yyn < 0 || YYLAST < yyn || yycheck[yyn] != yytoken)
    goto yydefault;
  yyn = yytable[yyn];
  if (yyn <= 0)
    {
      if (yyn == 0 || yyn == YYTABLE_NINF)
	goto yyerrlab;
      yyn = -yyn;
      goto yyreduce;
    }

  if (yyn == YYFINAL)
    YYACCEPT;

  /* Count tokens shifted since error; after three, turn off error
     status.  */
  if (yyerrstatus)
    yyerrstatus--;

  /* Shift the look-ahead token.  */
  YY_SYMBOL_PRINT ("Shifting", yytoken, &yylval, &yylloc);

  /* Discard the shifted token unless it is eof.  */
  if (yychar != YYEOF)
    yychar = YYEMPTY;

  yystate = yyn;
  *++yyvsp = yylval;

  goto yynewstate;


/*-----------------------------------------------------------.
| yydefault -- do the default action for the current state.  |
`-----------------------------------------------------------*/
yydefault:
  yyn = yydefact[yystate];
  if (yyn == 0)
    goto yyerrlab;
  goto yyreduce;


/*-----------------------------.
| yyreduce -- Do a reduction.  |
`-----------------------------*/
yyreduce:
  /* yyn is the number of a rule to reduce with.  */
  yylen = yyr2[yyn];

  /* If YYLEN is nonzero, implement the default value of the action:
     `$$ = $1'.

     Otherwise, the following line sets YYVAL to garbage.
     This behavior is undocumented and Bison
     users should not rely upon it.  Assigning to YYVAL
     unconditionally makes the parser a bit smaller, and it avoids a
     GCC warning that YYVAL may be used uninitialized.  */
  yyval = yyvsp[1-yylen];


  YY_REDUCE_PRINT (yyn);
  switch (yyn)
    {
        case 5:
#line 86 "foreign-ncol-parser.y"
    { 
           igraph_vector_push_back(igraph_ncol_vector, (yyvsp[(1) - (3)].edgenum));
           igraph_vector_push_back(igraph_ncol_vector, (yyvsp[(2) - (3)].edgenum));
	   igraph_vector_push_back(igraph_ncol_weights, 0);
       }
    break;

  case 6:
#line 91 "foreign-ncol-parser.y"
    { 
           igraph_vector_push_back(igraph_ncol_vector, (yyvsp[(1) - (4)].edgenum));
           igraph_vector_push_back(igraph_ncol_vector, (yyvsp[(2) - (4)].edgenum));
	   igraph_vector_push_back(igraph_ncol_weights, (yyvsp[(3) - (4)].weightnum));
       }
    break;

  case 7:
#line 98 "foreign-ncol-parser.y"
    { igraph_trie_get2(igraph_ncol_trie, 
				   igraph_ncol_yytext, 
				   igraph_ncol_yyleng, &(yyval.edgenum)); }
    break;

  case 8:
#line 102 "foreign-ncol-parser.y"
    { (yyval.weightnum)=igraph_ncol_get_number(igraph_ncol_yytext, 
					   igraph_ncol_yyleng); }
    break;


/* Line 1267 of yacc.c.  */
#line 1388 "foreign-ncol-parser.c"
      default: break;
    }
  YY_SYMBOL_PRINT ("-> $$ =", yyr1[yyn], &yyval, &yyloc);

  YYPOPSTACK (yylen);
  yylen = 0;
  YY_STACK_PRINT (yyss, yyssp);

  *++yyvsp = yyval;


  /* Now `shift' the result of the reduction.  Determine what state
     that goes to, based on the state we popped back to and the rule
     number reduced by.  */

  yyn = yyr1[yyn];

  yystate = yypgoto[yyn - YYNTOKENS] + *yyssp;
  if (0 <= yystate && yystate <= YYLAST && yycheck[yystate] == *yyssp)
    yystate = yytable[yystate];
  else
    yystate = yydefgoto[yyn - YYNTOKENS];

  goto yynewstate;


/*------------------------------------.
| yyerrlab -- here on detecting error |
`------------------------------------*/
yyerrlab:
  /* If not already recovering from an error, report this error.  */
  if (!yyerrstatus)
    {
      ++yynerrs;
#if ! YYERROR_VERBOSE
      yyerror (YY_("syntax error"));
#else
      {
	YYSIZE_T yysize = yysyntax_error (0, yystate, yychar);
	if (yymsg_alloc < yysize && yymsg_alloc < YYSTACK_ALLOC_MAXIMUM)
	  {
	    YYSIZE_T yyalloc = 2 * yysize;
	    if (! (yysize <= yyalloc && yyalloc <= YYSTACK_ALLOC_MAXIMUM))
	      yyalloc = YYSTACK_ALLOC_MAXIMUM;
	    if (yymsg != yymsgbuf)
	      YYSTACK_FREE (yymsg);
	    yymsg = (char *) YYSTACK_ALLOC (yyalloc);
	    if (yymsg)
	      yymsg_alloc = yyalloc;
	    else
	      {
		yymsg = yymsgbuf;
		yymsg_alloc = sizeof yymsgbuf;
	      }
	  }

	if (0 < yysize && yysize <= yymsg_alloc)
	  {
	    (void) yysyntax_error (yymsg, yystate, yychar);
	    yyerror (yymsg);
	  }
	else
	  {
	    yyerror (YY_("syntax error"));
	    if (yysize != 0)
	      goto yyexhaustedlab;
	  }
      }
#endif
    }



  if (yyerrstatus == 3)
    {
      /* If just tried and failed to reuse look-ahead token after an
	 error, discard it.  */

      if (yychar <= YYEOF)
	{
	  /* Return failure if at end of input.  */
	  if (yychar == YYEOF)
	    YYABORT;
	}
      else
	{
	  yydestruct ("Error: discarding",
		      yytoken, &yylval);
	  yychar = YYEMPTY;
	}
    }

  /* Else will try to reuse look-ahead token after shifting the error
     token.  */
  goto yyerrlab1;


/*---------------------------------------------------.
| yyerrorlab -- error raised explicitly by YYERROR.  |
`---------------------------------------------------*/
yyerrorlab:

  /* Pacify compilers like GCC when the user code never invokes
     YYERROR and the label yyerrorlab therefore never appears in user
     code.  */
  if (/*CONSTCOND*/ 0)
     goto yyerrorlab;

  /* Do not reclaim the symbols of the rule which action triggered
     this YYERROR.  */
  YYPOPSTACK (yylen);
  yylen = 0;
  YY_STACK_PRINT (yyss, yyssp);
  yystate = *yyssp;
  goto yyerrlab1;


/*-------------------------------------------------------------.
| yyerrlab1 -- common code for both syntax error and YYERROR.  |
`-------------------------------------------------------------*/
yyerrlab1:
  yyerrstatus = 3;	/* Each real token shifted decrements this.  */

  for (;;)
    {
      yyn = yypact[yystate];
      if (yyn != YYPACT_NINF)
	{
	  yyn += YYTERROR;
	  if (0 <= yyn && yyn <= YYLAST && yycheck[yyn] == YYTERROR)
	    {
	      yyn = yytable[yyn];
	      if (0 < yyn)
		break;
	    }
	}

      /* Pop the current state because it cannot handle the error token.  */
      if (yyssp == yyss)
	YYABORT;


      yydestruct ("Error: popping",
		  yystos[yystate], yyvsp);
      YYPOPSTACK (1);
      yystate = *yyssp;
      YY_STACK_PRINT (yyss, yyssp);
    }

  if (yyn == YYFINAL)
    YYACCEPT;

  *++yyvsp = yylval;


  /* Shift the error token.  */
  YY_SYMBOL_PRINT ("Shifting", yystos[yyn], yyvsp, yylsp);

  yystate = yyn;
  goto yynewstate;


/*-------------------------------------.
| yyacceptlab -- YYACCEPT comes here.  |
`-------------------------------------*/
yyacceptlab:
  yyresult = 0;
  goto yyreturn;

/*-----------------------------------.
| yyabortlab -- YYABORT comes here.  |
`-----------------------------------*/
yyabortlab:
  yyresult = 1;
  goto yyreturn;

#ifndef yyoverflow
/*-------------------------------------------------.
| yyexhaustedlab -- memory exhaustion comes here.  |
`-------------------------------------------------*/
yyexhaustedlab:
  yyerror (YY_("memory exhausted"));
  yyresult = 2;
  /* Fall through.  */
#endif

yyreturn:
  if (yychar != YYEOF && yychar != YYEMPTY)
     yydestruct ("Cleanup: discarding lookahead",
		 yytoken, &yylval);
  /* Do not reclaim the symbols of the rule which action triggered
     this YYABORT or YYACCEPT.  */
  YYPOPSTACK (yylen);
  YY_STACK_PRINT (yyss, yyssp);
  while (yyssp != yyss)
    {
      yydestruct ("Cleanup: popping",
		  yystos[*yyssp], yyvsp);
      YYPOPSTACK (1);
    }
#ifndef yyoverflow
  if (yyss != yyssa)
    YYSTACK_FREE (yyss);
#endif
#if YYERROR_VERBOSE
  if (yymsg != yymsgbuf)
    YYSTACK_FREE (yymsg);
#endif
  /* Make sure YYID is used.  */
  return YYID (yyresult);
}


#line 105 "foreign-ncol-parser.y"


int igraph_ncol_yyerror (char *s)
{
  char str[200];  
  igraph_i_ncol_reset_scanner();
  snprintf(str, sizeof(str), "Parse error in .ncol file, line %li", 
	   igraph_ncol_mylineno);
  IGRAPH_ERROR(str, IGRAPH_PARSEERROR);
}

igraph_real_t igraph_ncol_get_number(const char *str, long int length) {
  igraph_real_t num;
  char *tmp=Calloc(length+1, char);
  
  strncpy(tmp, str, length);
  tmp[length]='\0';
  sscanf(tmp, "%lf", &num);
  Free(tmp);
  return num;
} 








igraph-0.4.2/igraph/dqueue.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "random.h"
#include "error.h"

#include <assert.h>
#include <string.h> 		/* memcpy & co. */
#include <stdlib.h>

/**
 * \ingroup dqueue
 * \brief Initializes a double ended queue (constructor).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_dqueue_init (igraph_dqueue_t* q, long int size) {
        assert(q != 0);
	if (size <= 0 ) { size=1; }
	q->stor_begin=Calloc(size, igraph_real_t);
	if (q->stor_begin==0) {
	  IGRAPH_ERROR("dqueue init failed", IGRAPH_ENOMEM);
	}
	q->stor_end=q->stor_begin + size;
	q->begin=q->stor_begin;
	q->end=NULL;
	
	return 0;
}

/**
 * \ingroup dqueue
 * \brief Destroys a double ended queue.
 */

void igraph_dqueue_destroy (igraph_dqueue_t* q) {
  assert(q != 0);
  if (q->stor_begin != 0) {
    Free(q->stor_begin);
    q->stor_begin=0;
  }
}

/**
 * \ingroup dqueue
 * \brief Decides whether the queue is empty.
 */

igraph_bool_t igraph_dqueue_empty (igraph_dqueue_t* q) {
  assert(q != 0);
  assert(q->stor_begin != 0);
  return q->end == NULL;
}

/**
 * \ingroup dqueue
 * \brief Removes all elements from the queue.
 */

void igraph_dqueue_clear   (igraph_dqueue_t* q) {
  assert(q != 0);
  assert(q->stor_begin != 0);
  q->begin=q->stor_begin;
  q->end=NULL;
}

/**
 * \ingroup dqueue
 * \brief Checks whether the queue is full.
 *
 * If a queue is full the next igraph_dqueue_push() operation will allocate
 * more memory.
 */

igraph_bool_t igraph_dqueue_full (igraph_dqueue_t* q) {
  assert(q != 0);
  assert(q->stor_begin != 0);
  return q->begin == q->end;
}

/**
 * \ingroup dqueue
 * \brief Returns the number of elements in the queue.
 */

long int igraph_dqueue_size (igraph_dqueue_t* q) {
        assert(q != 0);
        assert(q->stor_begin != 0);
	if (q->end==NULL) {
		return 0;
	} else if (q->begin < q->end) {
		return q->end - q->begin;
	} else {
		return q->stor_end - q->begin + q->end - q->stor_begin;
	}
}

/**
 * \ingroup dqueue
 * \brief Returns the element at the head of the queue.
 */

igraph_real_t igraph_dqueue_head (igraph_dqueue_t* q) {
        assert(q != 0);
	assert(q->stor_begin != 0);
	return *(q->begin);
}

/**
 * \ingroup dqueue
 * \brief Returns the element at the tail of the queue.
 */

igraph_real_t igraph_dqueue_back (igraph_dqueue_t* q) {
        assert(q != 0);
	assert(q->stor_begin != 0);
	return *(q->end-1);
}

/**
 * \ingroup dqueue
 * \brief Returns and removes the element at the head of the queue.
 */

igraph_real_t igraph_dqueue_pop (igraph_dqueue_t* q) {
	igraph_real_t tmp=*(q->begin);
        assert(q != 0);
	assert(q->stor_begin != 0);
	(q->begin)++;
	if (q->begin==q->stor_end) {
		q->begin=q->stor_begin;
	}
	if (q->begin==q->end) {
		q->end=NULL;
	}

	return tmp;
}

/**
 * \ingroup dqueue
 * \brief Returns and removes the element at the tail of the queue.
 */

igraph_real_t igraph_dqueue_pop_back (igraph_dqueue_t* q) {
	igraph_real_t tmp;
        assert(q != 0);
	assert(q->stor_begin != 0);
	if (q->end != q->stor_begin) {
		tmp=*((q->end)-1);
		q->end = (q->end)-1;
	} else {
		tmp=*((q->stor_end)-1);
		q->end = (q->stor_end)-1;
	}
	if (q->begin==q->end) {
		q->end=NULL;
	}
	
	return tmp;
}

/**
 * \ingroup dqueue
 * \brief Appends an element to the back of the queue.
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_dqueue_push (igraph_dqueue_t* q, igraph_real_t elem) {
        assert(q != 0);
	assert(q->stor_begin != 0);
	if (q->begin != q->end) {
		/* not full */
		if (q->end==NULL) {
			q->end=q->begin;
		}			
		*(q->end) = elem;
		(q->end)++;
		if (q->end==q->stor_end) {
			q->end=q->stor_begin;
		}
	} else {
		/* full, allocate more storage */
		
		igraph_real_t *bigger=NULL, *old=q->stor_begin;

		bigger=Calloc( 2*(q->stor_end - q->stor_begin)+1, igraph_real_t );
		if (bigger==0) {
		  IGRAPH_ERROR("dqueue push failed", IGRAPH_ENOMEM);
		}

		if (q->stor_end - q->begin) {
			memcpy(bigger, q->begin, 
			       (q->stor_end - q->begin) * sizeof(igraph_real_t));
		}
		if (q->end - q->stor_begin > 0) {
			memcpy(bigger + (q->stor_end - q->begin),
			       q->stor_begin, (q->end - q->stor_begin) * sizeof(igraph_real_t));
		}
		
		q->end       =bigger + (q->stor_end - q->stor_begin);
		q->stor_end  =bigger + 2*(q->stor_end - q->stor_begin) + 1;
		q->stor_begin=bigger;
		q->begin     =bigger;
				
		*(q->end) = elem;
		(q->end)++;
		if (q->end==q->stor_end) {
			q->end=q->stor_begin;
		}

		Free(old);
	}
	
	return 0;
}








igraph-0.4.2/igraph/attributes.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef REST_ATTRIBUTES_H
#define REST_ATTRIBUTES_H

#include "igraph.h"

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

/* -------------------------------------------------- */
/* Attributes                                         */
/* -------------------------------------------------- */

typedef enum { IGRAPH_ATTRIBUTE_DEFAULT=0,
	       IGRAPH_ATTRIBUTE_NUMERIC=1, 
	       IGRAPH_ATTRIBUTE_STRING=2,
	       IGRAPH_ATTRIBUTE_R_OBJECT=3, 
	       IGRAPH_ATTRIBUTE_PY_OBJECT=4 } igraph_attribute_type_t;

typedef struct igraph_i_attribute_record_t {
  const char *name;
  igraph_attribute_type_t type;
  const void *value;
} igraph_i_attribute_record_t;

typedef enum { IGRAPH_ATTRIBUTE_GRAPH=0,
	       IGRAPH_ATTRIBUTE_VERTEX,
	       IGRAPH_ATTRIBUTE_EDGE } igraph_attribute_elemtype_t;

/**
 * \struct igraph_attribute_table_t
 * 
 * This type collects the functions defining an attribute handler.
 * It has the following members:
 * \member init This function is called whenever a new graph object is
 *    created, right after it is created but before any vertices or
 *    edges are added. It is supposed to set the \c attr member of the \c
 *    igraph_t object. It is expected to return an error code.
 * \member destroy This function is called whenever the graph object
 *    is destroyed, right before freeing the allocated memory. 
 * \member copy This function is called when copying a graph with \ref
 *    igraph_copy, after the structure of the graph has been already
 *    copied. It is expected to return an error code.
 * \member add_vertices Called when vertices are added to a
 *    graph, before adding the vertices themselves.
 *    The number of vertices to add is supplied as an
 *    argument. Expected to return an error code. 
 * \member delete_vertices Called when vertices are deleted from the
 *    graph. Two additional parameters are supplied, the first is a
 *    recoding vector for edge ids, the second is one for the vertex
 *    ids. The edge recoding vector gives for each edge its id in the
 *    new graph. It contains one number for each edge (in the original
 *    graph): zero means that the edge has been deleted, otherwise the
 *    new id plus one is included. The vertex recoding vector contains
 *    the same for vertices.
 * \member add_edges Called when new edges have been added. The number
 *    of new edges are supplied as well. It is expected to return an
 *    error code.
 * \member delete_edges Called when edges were deleted. The edge
 *    recoding vector is supplied, in the same form as for the \c
 *    delete_vertices function.
 * \member permute_edges Typically called when a new graph is created and 
 *    some of the new edges should carry the attributes of some of the
 *    old edges. The idx vector shows the mapping between the old edges and 
 *    the new ones. Its length is the same as the number of edges in the new 
 *    graph, and for each edge it gives the id of the old edge (the edge in
 *    the old graph).
 */

typedef struct igraph_attribute_table_t {
  int (*init)(igraph_t *graph, igraph_vector_ptr_t *attr);
  void (*destroy)(igraph_t *graph);
  int (*copy)(igraph_t *to, const igraph_t *from);
  int (*add_vertices)(igraph_t *graph, long int nv, igraph_vector_ptr_t *attr);
  void (*delete_vertices)(igraph_t *graph, const igraph_vector_t *eidx,
			  const igraph_vector_t *vidx);
  int (*add_edges)(igraph_t *graph, const igraph_vector_t *edges, 
		   igraph_vector_ptr_t *attr);
  void (*delete_edges)(igraph_t *graph, const igraph_vector_t *idx);
  int (*permute_edges)(igraph_t *graph, const igraph_vector_t *idx);

  int (*get_info)(const igraph_t *graph,
		  igraph_strvector_t *gnames, igraph_vector_t *gtypes,
		  igraph_strvector_t *vnames, igraph_vector_t *vtypes,
		  igraph_strvector_t *enames, igraph_vector_t *etypes);

  igraph_bool_t (*has_attr)(const igraph_t *graph, igraph_attribute_elemtype_t type,
			    const char *name);
  int (*gettype)(const igraph_t *graph, igraph_attribute_type_t *type,
		 igraph_attribute_elemtype_t elemtype, const char *name);

  int (*get_numeric_graph_attr)(const igraph_t *graph, const char *name,
				igraph_vector_t *value);
  int (*get_string_graph_attr)(const igraph_t *graph, const char *name,
			       igraph_strvector_t *value);
  int (*get_numeric_vertex_attr)(const igraph_t *graph, const char *name,
				 igraph_vs_t vs,
				 igraph_vector_t *value);
  int (*get_string_vertex_attr)(const igraph_t *graph, const char *name,
				igraph_vs_t vs,
				igraph_strvector_t *value);
  int (*get_numeric_edge_attr)(const igraph_t *graph, const char *name,
			       igraph_es_t es,
			       igraph_vector_t *value);
  int (*get_string_edge_attr)(const igraph_t *graph, const char *name,
			      igraph_es_t es,
			      igraph_strvector_t *value);
} igraph_attribute_table_t;

extern igraph_attribute_table_t *igraph_i_attribute_table;

igraph_attribute_table_t *
igraph_i_set_attribute_table(igraph_attribute_table_t * table);

#define IGRAPH_I_ATTRIBUTE_DESTROY(graph) \
        do {if ((graph)->attr) igraph_i_attribute_destroy(graph);} while(0)
#define IGRAPH_I_ATTRIBUTE_DELETE_VERTICES(graph, eidx, vidx) \
        do {if ((graph)->attr) igraph_i_attribute_delete_vertices((graph),(eidx),(vidx));} while(0)
#define IGRAPH_I_ATTRIBUTE_COPY(to,from) do { \
        int igraph_i_ret=0; \
        if ((from)->attr) { \
          IGRAPH_CHECK(igraph_i_ret=igraph_i_attribute_copy((to), (from))); \
        } \
        if (igraph_i_ret != 0) { \
          IGRAPH_ERROR("", igraph_i_ret); \
        } \
   } while(0)        

int igraph_i_attribute_init(igraph_t *graph, void *attr);
void igraph_i_attribute_destroy(igraph_t *graph);
int igraph_i_attribute_copy(igraph_t *to, const igraph_t *from);
int igraph_i_attribute_add_vertices(igraph_t *graph, long int nv, void *attr);
void igraph_i_attribute_delete_vertices(igraph_t *graph, 
					const igraph_vector_t *eidx,
					const igraph_vector_t *vidx);
int igraph_i_attribute_add_edges(igraph_t *graph, 
				 const igraph_vector_t *edges, void *attr);
void igraph_i_attribute_delete_edges(igraph_t *graph, 
				     const igraph_vector_t *idx);
int igraph_i_attribute_permute_edges(igraph_t *graph, 
				     const igraph_vector_t *idx);

int igraph_i_attribute_get_info(const igraph_t *graph,
				igraph_strvector_t *gnames, 
				igraph_vector_t *gtypes,
				igraph_strvector_t *vnames,
				igraph_vector_t *vtypes,
				igraph_strvector_t *enames,
				igraph_vector_t *etypes);
igraph_bool_t igraph_i_attribute_has_attr(const igraph_t *graph, 
					  igraph_attribute_elemtype_t type,
					  const char *name);
int igraph_i_attribute_gettype(const igraph_t *graph,
			       igraph_attribute_type_t *type,
			       igraph_attribute_elemtype_t elemtype,
			       const char *name);

int igraph_i_attribute_get_numeric_graph_attr(const igraph_t *graph,
					      const char *name,
					      igraph_vector_t *value);
int igraph_i_attribute_get_numeric_vertex_attr(const igraph_t *graph, 
					       const char *name,
					       igraph_vs_t vs,
					       igraph_vector_t *value);
int igraph_i_attribute_get_numeric_edge_attr(const igraph_t *graph,
					     const char *name,
					     igraph_es_t es,
					     igraph_vector_t *value);
int igraph_i_attribute_get_string_graph_attr(const igraph_t *graph,
					     const char *name,
					     igraph_strvector_t *value);
int igraph_i_attribute_get_string_vertex_attr(const igraph_t *graph, 
					      const char *name,
					      igraph_vs_t vs,
					      igraph_strvector_t *value);
int igraph_i_attribute_get_string_edge_attr(const igraph_t *graph,
					    const char *name,
					    igraph_es_t es,
					    igraph_strvector_t *value);

__END_DECLS

#endif







igraph-0.4.2/igraph/random.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef REST_RANDOM_H
#define REST_RANDOM_H

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

#include "types.h"

#include <stdlib.h>
#include <time.h>

#ifdef USING_R

void GetRNGstate(void);
void PutRNGstate(void);
double  unif_rand(void);
double  norm_rand(void);
double  Rf_rgeom(double);
#define rgeom Rf_rgeom

#define RNG_BEGIN()       GetRNGstate()
#define RNG_END()         PutRNGstate()
#define RNG_INTEGER(l, h) ((long int)(unif_rand()*((h)-(l)+1)+(l)))
#define RNG_NORMAL(m, s)  (norm_rand()*(s)+(m))
#define RNG_UNIF(l, h)    (unif_rand()*((h)-(l))+(l))
#define RNG_UNIF01()      (unif_rand())
#define RNG_GEOM(p)       (rgeom(p))

#else

double igraph_norm_rand(void);
double igraph_rgeom(double);
extern int igraph_rng_inited;

#define RNG_BEGIN()       if (!igraph_rng_inited) { srand(time(0)); igraph_rng_inited=1; }
#define RNG_END()  
#define RNG_INTEGER(l, h) ((long int)((rand())/((double)RAND_MAX+1)*((h)-(l)+1)+(l)))
#define RNG_NORMAL(m, s)  (igraph_norm_rand()*(s)+(m))
#define RNG_UNIF(l, h)    (rand()/((double)RAND_MAX+1)*(double)((h)-(l))+(l))
#define RNG_UNIF01()      (RNG_UNIF(0,1))
#define RNG_GEOM(p)       (igraph_rgeom(p))

#endif

__END_DECLS

#endif







igraph-0.4.2/igraph/memory.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef REST_MEMORY_H
#define REST_MEMORY_H

#include <stdlib.h>

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

#define Calloc(n,t)    (t*) calloc( (size_t)(n), sizeof(t) )
#define Realloc(p,n,t) (t*) realloc((void*)(p), (size_t)((n)*sizeof(t)))
#define Free(p)        (free( (void *)(p) ), (p) = NULL)

int igraph_free(void *p);

__END_DECLS

#endif







igraph-0.4.2/igraph/igraph_grid.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

#include <math.h>

/* internal function */

inline int igraph_2dgrid_which(igraph_2dgrid_t *grid, igraph_real_t xc, igraph_real_t yc,
			long int *x, long int *y) {

  if (xc <= grid->minx) { 
    *x=0; 
  } else if (xc >= grid->maxx) {
    *x=grid->stepsx-1;
  } else {
    *x=floor((xc-(grid->minx))/(grid->deltax));
  }

  if (yc <= grid->miny) {
    *y=0;
  } else if (yc >= grid->maxy) {
    *y=grid->stepsy-1;
  } else {
    *y=floor((yc-(grid->miny))/(grid->deltay));
  }

  return 0;
}

int igraph_2dgrid_init(igraph_2dgrid_t *grid, igraph_matrix_t *coords, 
		       igraph_real_t minx, igraph_real_t maxx, igraph_real_t deltax,
		       igraph_real_t miny, igraph_real_t maxy, igraph_real_t deltay) {
  long int i;
  
  grid->coords=coords;
  grid->minx=minx;
  grid->maxx=maxx;
  grid->deltax=deltax;
  grid->miny=miny;
  grid->maxy=maxy;
  grid->deltay=deltay;
  
  grid->stepsx=ceil((maxx-minx)/deltax);
  grid->stepsy=ceil((maxy-miny)/deltay);

  IGRAPH_CHECK(igraph_matrix_init(&grid->startidx, 
				  grid->stepsx, grid->stepsy));
  IGRAPH_FINALLY(igraph_matrix_destroy, &grid->startidx);
  IGRAPH_VECTOR_INIT_FINALLY(&grid->next, igraph_matrix_nrow(coords));
  IGRAPH_VECTOR_INIT_FINALLY(&grid->prev, igraph_matrix_nrow(coords));

  for (i=0; i<igraph_vector_size(&grid->next); i++) {
    VECTOR(grid->next)[i]=-1;
  }

  grid->massx=0;
  grid->massy=0;
  grid->vertices=0;
  
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}

void igraph_2dgrid_destroy(igraph_2dgrid_t *grid) {
  igraph_matrix_destroy(&grid->startidx);
  igraph_vector_destroy(&grid->next);
  igraph_vector_destroy(&grid->prev);
}

void igraph_2dgrid_add(igraph_2dgrid_t *grid, long int elem,
		       igraph_real_t xc, igraph_real_t yc) {
  long int x, y;
  long int first;

  MATRIX(*grid->coords, elem, 0)=xc;
  MATRIX(*grid->coords, elem, 1)=yc;

  /* add to cell */
  igraph_2dgrid_which(grid, xc, yc, &x, &y);
  first=MATRIX(grid->startidx, x, y);
  VECTOR(grid->prev)[elem]=0;
  VECTOR(grid->next)[elem]=first;
  if (first != 0) {
    VECTOR(grid->prev)[first-1]=elem+1;
  }
  MATRIX(grid->startidx, x, y)=elem+1;

  grid->massx += xc;
  grid->massy += yc;
  grid->vertices += 1;
}

void igraph_2dgrid_add2(igraph_2dgrid_t *grid, long int elem) {
  long int x, y;
  long int first;
  igraph_real_t xc, yc;

  xc=MATRIX(*grid->coords, elem, 0);
  yc=MATRIX(*grid->coords, elem, 1);

  /* add to cell */
  igraph_2dgrid_which(grid, xc, yc, &x, &y);
  first=MATRIX(grid->startidx, x, y);
  VECTOR(grid->prev)[elem]=0;
  VECTOR(grid->next)[elem]=first;
  if (first != 0) {
    VECTOR(grid->prev)[first-1]=elem+1;
  }
  MATRIX(grid->startidx, x, y)=elem+1;

  grid->massx += xc;
  grid->massy += yc;
  grid->vertices += 1;
}

void igraph_2dgrid_move(igraph_2dgrid_t *grid, long int elem, 
			igraph_real_t xc, igraph_real_t yc) {
  long int oldx, oldy;
  long int newx, newy;
  igraph_real_t oldxc=MATRIX(*grid->coords, elem, 0);
  igraph_real_t oldyc=MATRIX(*grid->coords, elem, 1);
  long int first;

  xc=oldxc+xc; yc=oldyc+yc;

  igraph_2dgrid_which(grid, oldxc, oldyc, &oldx, &oldy);
  igraph_2dgrid_which(grid, xc, yc, &newx, &newy);
  if (oldx != newx || oldy != newy) {
    /* remove from this cell */
    if (VECTOR(grid->prev)[elem] != 0) {
      VECTOR(grid->next) [ (long int) VECTOR(grid->prev)[elem]-1 ] =
	VECTOR(grid->next)[elem];
    } else {
      MATRIX(grid->startidx, oldx, oldy)=VECTOR(grid->next)[elem];
    }
    if (VECTOR(grid->next)[elem] != 0) {
      VECTOR(grid->prev)[ (long int) VECTOR(grid->next)[elem]-1 ] =
	VECTOR(grid->prev)[elem];
    }
    
    /* add to this cell */
    first=MATRIX(grid->startidx, newx, newy);
    VECTOR(grid->prev)[elem]=0;
    VECTOR(grid->next)[elem]=first;
    if (first != 0) {
      VECTOR(grid->prev)[first-1]=elem+1;
    }
    MATRIX(grid->startidx, newx, newy)=elem+1;
  }
  
  grid->massx += -oldxc+xc;
  grid->massy += -oldyc+yc;

  MATRIX(*grid->coords, elem, 0)=xc;
  MATRIX(*grid->coords, elem, 1)=yc;
  
}

void igraph_2dgrid_getcenter(const igraph_2dgrid_t *grid, 
			     igraph_real_t *massx, igraph_real_t *massy) {
  *massx = (grid->massx)/(grid->vertices);
  *massy = (grid->massy)/(grid->vertices);
}

igraph_bool_t igraph_2dgrid_in(const igraph_2dgrid_t *grid, long int elem) {
  return VECTOR(grid->next)[elem] != -1;
}

inline igraph_real_t igraph_2dgrid_dist(const igraph_2dgrid_t *grid, 
			  long int e1, long int e2) {
  igraph_real_t x=MATRIX(*grid->coords, e1, 0)-MATRIX(*grid->coords, e2, 0);
  igraph_real_t y=MATRIX(*grid->coords, e1, 1)-MATRIX(*grid->coords, e2, 1);
  
  return sqrt(x*x + y*y);
}

inline igraph_real_t igraph_2dgrid_dist2(const igraph_2dgrid_t *grid, 
			  long int e1, long int e2) {
  igraph_real_t x=MATRIX(*grid->coords, e1, 0)-MATRIX(*grid->coords, e2, 0);
  igraph_real_t y=MATRIX(*grid->coords, e1, 1)-MATRIX(*grid->coords, e2, 1);
  
  return x*x + y*y;
}

int igraph_i_2dgrid_addvertices(igraph_2dgrid_t *grid, igraph_vector_t *eids,
				igraph_integer_t vid, igraph_real_t r, 
				long int x, long int y) {
  long int act;
  igraph_real_t *v=VECTOR(grid->next);

  r=r*r;
  act=MATRIX(grid->startidx, x, y);
  while (act != 0) {
    if (igraph_2dgrid_dist2(grid, vid, act-1) < r) {
      IGRAPH_CHECK(igraph_vector_push_back(eids, act-1));
    }
    act=v[act-1];
  }
  return 0;
}

int igraph_2dgrid_neighbors(igraph_2dgrid_t *grid, igraph_vector_t *eids, 
			    igraph_integer_t vid, igraph_real_t r) {
  igraph_real_t xc=MATRIX(*grid->coords, (long int)vid, 0);
  igraph_real_t yc=MATRIX(*grid->coords, (long int)vid, 1);
  long int x, y;
  igraph_vector_clear(eids);
  
  igraph_2dgrid_which(grid, xc, yc, &x, &y);

  /* this cell */
  igraph_i_2dgrid_addvertices(grid, eids, vid, r, x, y);
  
  /* left */
  if (x!=0) {
    igraph_i_2dgrid_addvertices(grid, eids, vid, r, x-1, y);
  }
  /* right */
  if (x!=grid->stepsx-1) {
    igraph_i_2dgrid_addvertices(grid, eids, vid, r, x+1, y);
  }
  /* up */
  if (y!=0) {
    igraph_i_2dgrid_addvertices(grid, eids, vid, r, x, y-1);
  }
  /* down */
  if (y!=grid->stepsy-1) {
    igraph_i_2dgrid_addvertices(grid, eids, vid, r, x, y+1);
  }
  /* up & left */
  if (x != 0 && y != 0) {
    igraph_i_2dgrid_addvertices(grid, eids, vid, r, x-1, y-1);
  }
  /* up & right */
  if (x != grid->stepsx-1 && y != 0) {
    igraph_i_2dgrid_addvertices(grid, eids, vid, r, x+1, y-1);
  }
  /* down & left */
  if (x != 0 && y != grid->stepsy-1) {
    igraph_i_2dgrid_addvertices(grid, eids, vid, r, x-1, y+1);
  }
  /* down & right */
  if (x != grid->stepsx-1 && y != grid->stepsy-1) {
    igraph_i_2dgrid_addvertices(grid, eids, vid, r, x-1, y+1);
  }
  
  return 0;
}

void igraph_2dgrid_reset(igraph_2dgrid_t *grid, igraph_2dgrid_iterator_t *it) {
  /* Search for the first cell containing a vertex */
  it->x=0; it->y=0; it->vid=MATRIX(grid->startidx, 0, 0);
  while ( it->vid==0 && (it->x < grid->stepsx-1 || it->y<grid->stepsy-1)) {
    it->x += 1;
    if (it->x == grid->stepsx) {
      it->x=0; it->y += 1;
    }
    it->vid=MATRIX(grid->startidx, it->x, it->y);
  }
}

igraph_integer_t igraph_2dgrid_next(igraph_2dgrid_t *grid, 
			      igraph_2dgrid_iterator_t *it) {
  long int ret=it->vid;

  if (ret==0) { return 0; }

  /* First neighbor */
  it->ncells=-1;
  if (it->x != grid->stepsx-1) {
    it->ncells += 1;
    it->nx[it->ncells]=it->x+1;
    it->ny[it->ncells]=it->y;
  }
  if (it->y != grid->stepsy-1) {
    it->ncells += 1;
    it->nx[it->ncells]=it->x;
    it->ny[it->ncells]=it->y+1;
  }
  if (it->ncells==1) {
    it->ncells += 1;
    it->nx[it->ncells]=it->x+1;
    it->ny[it->ncells]=it->y+1;
  }
  it->ncells+=1;
  it->nx[it->ncells]=it->x;
  it->ny[it->ncells]=it->y;
  
  it->nei=VECTOR(grid->next) [ ret-1 ];
  while (it->ncells > 0 && it->nei==0 ) {
    it->ncells -= 1;
    it->nei=MATRIX(grid->startidx, it->nx[it->ncells], it->ny[it->ncells]);
  }

  /* Next vertex */
  it->vid=VECTOR(grid->next)[ it->vid-1 ];
  while ( (it->x < grid->stepsx-1 || it->y<grid->stepsy-1) &&
	  it->vid == 0) {
    it->x += 1;
    if (it->x == grid->stepsx) {
      it->x=0; it->y += 1;
    }
    it->vid=MATRIX(grid->startidx, it->x, it->y);
  }

  return ret;
}

#ifndef _MSC_VER
inline
#endif
igraph_integer_t igraph_2dgrid_next_nei(igraph_2dgrid_t *grid,
				 igraph_2dgrid_iterator_t *it) {
  long int ret=it->nei;

  if (it->nei != 0) {
    it->nei=VECTOR(grid->next) [ ret-1 ];
  }
  while (it->ncells > 0 && it->nei==0 ) {
    it->ncells -= 1;
    it->nei=MATRIX(grid->startidx, it->nx[it->ncells], it->ny[it->ncells]);
  }
 
  return ret;  
}

/*-----------------------------------------------------------------------*/

inline int igraph_i_layout_mergegrid_which(igraph_i_layout_mergegrid_t *grid,
					   igraph_real_t xc, igraph_real_t yc,
					   long int *x, long int *y) {
  if (xc <= grid->minx) { 
    *x=0; 
  } else if (xc >= grid->maxx) {
    *x=grid->stepsx-1;
  } else {
    *x=floor((xc-(grid->minx))/(grid->deltax));
  }

  if (yc <= grid->miny) {
    *y=0;
  } else if (yc >= grid->maxy) {
    *y=grid->stepsy-1;
  } else {
    *y=floor((yc-(grid->miny))/(grid->deltay));
  }

  return 0;
}  

int igraph_i_layout_mergegrid_init(igraph_i_layout_mergegrid_t *grid,
				   igraph_real_t minx, igraph_real_t maxx, long int stepsx,
				   igraph_real_t miny, igraph_real_t maxy, long int stepsy) {
  grid->minx=minx;
  grid->maxx=maxx;
  grid->stepsx=stepsx;
  grid->deltax=(maxx-minx)/stepsx;
  grid->miny=miny;
  grid->maxy=maxy;
  grid->stepsy=stepsy;
  grid->deltay=(maxy-miny)/stepsy;
  
  grid->data=Calloc(stepsx*stepsy, long int);
  if (grid->data==0) {
    IGRAPH_ERROR("Cannot create grid", IGRAPH_ENOMEM);
  }
  return 0;
}

void igraph_i_layout_mergegrid_destroy(igraph_i_layout_mergegrid_t *grid) {
  Free(grid->data);
}

#define MAT(i,j) (grid->data[(grid->stepsy)*(j)+(i)])
#define DIST2(x2,y2) (sqrt(pow(x-(x2),2)+pow(y-(y2), 2)))

int igraph_i_layout_merge_place_sphere(igraph_i_layout_mergegrid_t *grid,
				       igraph_real_t x, igraph_real_t y, igraph_real_t r, 
				       long int id) {
  long int cx, cy;
  long int i, j;

  igraph_i_layout_mergegrid_which(grid, x, y, &cx, &cy);
  
  MAT(cx, cy)=id+1;

#define DIST(i,j) (DIST2(grid->minx+(cx+(i))*grid->deltax, \
			 grid->miny+(cy+(j))*grid->deltay))
  
  for (i=0; cx+i<grid->stepsx && DIST(i,0)<r; i++) {
    for (j=0; cy+j<grid->stepsy && DIST(i,j)<r; j++) {
      MAT(cx+i,cy+j)=id+1;
    }
  }

#undef DIST
#define DIST(i,j) (DIST2(grid->minx+(cx+(i))*grid->deltax, \
                         grid->miny+(cy-(j)+1)*grid->deltay))

  for (i=0; cx+i<grid->stepsx && DIST(i,0)<r; i++) {
    for (j=1; cy-j>0 && DIST(i,j)<r; j++) {
      MAT(cx+i,cy-j)=id+1;
    }
  }

#undef DIST
#define DIST(i,j) (DIST2(grid->minx+(cx-(i)+1)*grid->deltax, \
			 grid->miny+(cy+(j))*grid->deltay))

  for (i=1; cx-i>0 && DIST(i,0)<r; i++) {
    for (j=0; cy+j<grid->stepsy && DIST(i,j)<r; j++) {
      MAT(cx-i,cy+j)=id+1;
    }
  }

#undef DIST
#define DIST(i,j) (DIST2(grid->minx+(cx-(i)+1)*grid->deltax, \
			 grid->miny+(cy-(j)+1)*grid->deltay))

  for (i=1; cx-i>0 && DIST(i,0)<r; i++) {
    for (j=1; cy-j>0 && DIST(i,j)<r; j++) {
      MAT(cx-i,cy-j)=id+1;
    }
  }  

#undef DIST
#undef DIST2

  return 0;
}

long int igraph_i_layout_mergegrid_get(igraph_i_layout_mergegrid_t *grid,
				       igraph_real_t x, igraph_real_t y) {
  long int cx, cy;
  long int res;

  if (x <= grid->minx || x >= grid->maxx ||
      y <= grid->miny || y >= grid->maxy) {
    res=-1;
  } else {
    igraph_i_layout_mergegrid_which(grid, x, y, &cx, &cy);
    res=MAT(cx, cy)-1;
  }

  return res;
}

#define DIST2(x2,y2) (sqrt(pow(x-(x2),2)+pow(y-(y2), 2)))

long int igraph_i_layout_mergegrid_get_sphere(igraph_i_layout_mergegrid_t *grid,
					      igraph_real_t x, igraph_real_t y, igraph_real_t r) {
  long int cx, cy;
  long int i,j;
  long int ret;
  
  if (x-r <= grid->minx || x+r >= grid->maxx ||
      y-r <= grid->miny || y+r >= grid->maxy) {
    ret=-1;
  } else {
    igraph_i_layout_mergegrid_which(grid, x, y, &cx, &cy);
    
    ret=MAT(cx, cy)-1;
  
#define DIST(i,j) (DIST2(grid->minx+(cx+(i))*grid->deltax, \
			 grid->miny+(cy+(j))*grid->deltay))
  
    for (i=0; ret<0 && cx+i<grid->stepsx && DIST(i,0)<r; i++) {
      for (j=0; ret<0 && cy+j<grid->stepsy && DIST(i,j)<r; j++) {
	ret=MAT(cx+i,cy+j)-1;
      }
    }
    
#undef DIST
#define DIST(i,j) (DIST2(grid->minx+(cx+(i))*grid->deltax, \
                         grid->miny+(cy-(j)+1)*grid->deltay))
    
    for (i=0; ret<0 && cx+i<grid->stepsx && DIST(i,0)<r; i++) {
      for (j=1; ret<0 && cy-j>0 && DIST(i,j)<r; j++) {
	ret=MAT(cx+i,cy-j)-1;
      }
    }
    
#undef DIST
#define DIST(i,j) (DIST2(grid->minx+(cx-(i)+1)*grid->deltax, \
			 grid->miny+(cy+(j))*grid->deltay))
    
    for (i=1; ret<0 && cx-i>0 && DIST(i,0)<r; i++) {
      for (j=0; ret<0 && cy+j<grid->stepsy && DIST(i,j)<r; j++) {
	ret=MAT(cx-i,cy+j)-1;
      }
    }
    
#undef DIST
#define DIST(i,j) (DIST2(grid->minx+(cx-(i)+1)*grid->deltax, \
			 grid->miny+(cy-(j)+1)*grid->deltay))
    
    for (i=1; ret<0 && cx+i>0 && DIST(i,0)<r; i++) {
      for (j=1; ret<0 && cy+i>0 && DIST(i,j)<r; j++) {
	ret=MAT(cx-i,cy-j)-1;
      }
    }  
    
#undef DIST
    
  }
  
  return ret;
}
  
/* int print_grid(igraph_i_layout_mergegrid_t *grid) { */
/*   long int i,j; */
  
/*   for (i=0; i<grid->stepsx; i++) { */
/*     for (j=0; j<grid->stepsy; j++) { */
/*       printf("%li ", MAT(i,j)-1); */
/*     } */
/*     printf("\n"); */
/*   } */
/* } */







igraph-0.4.2/igraph/visitors.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"

/**
 * \function igraph_bfs
 * \ingroup internal
 * 
 * Added in version 0.2.
 * 
 * TODO
 */

int igraph_bfs(igraph_t *graph, igraph_integer_t vid, igraph_neimode_t mode,
	       igraph_vector_t *vids, igraph_vector_t *layers,
	       igraph_vector_t *parents) {   

  igraph_dqueue_t q;
  long int vidspos=0;
  igraph_vector_t neis;
  long int no_of_nodes=igraph_vcount(graph);
  long int i;
  char *added;
  long int lastlayer=-1;
  
  if (!igraph_is_directed(graph)) { mode=IGRAPH_ALL; }

  if (mode != IGRAPH_OUT && mode != IGRAPH_IN && 
      mode != IGRAPH_ALL) {
    IGRAPH_ERROR("Invalid mode argument", IGRAPH_EINVMODE);
  }
  
  /* temporary storage */
  added=Calloc(no_of_nodes, char);
  if (added==0) {
    IGRAPH_ERROR("Cannot calculate BFS", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  IGRAPH_CHECK(igraph_dqueue_init(&q, 100));
  IGRAPH_FINALLY(igraph_dqueue_destroy, &q);

  /* results */
  IGRAPH_CHECK(igraph_vector_resize(vids, no_of_nodes));
  igraph_vector_clear(layers);
  IGRAPH_CHECK(igraph_vector_resize(parents, no_of_nodes));
  
  /* ok start with vid */
  IGRAPH_CHECK(igraph_dqueue_push(&q, vid));
  IGRAPH_CHECK(igraph_dqueue_push(&q, 0));
  IGRAPH_CHECK(igraph_vector_push_back(layers, vidspos)); 
  VECTOR(*vids)[vidspos++]=vid; 
  VECTOR(*parents)[(long int)vid]=vid;
  added[(long int)vid]=1;
  
  while (!igraph_dqueue_empty(&q)) {
    long int actvect=igraph_dqueue_pop(&q);
    long int actdist=igraph_dqueue_pop(&q);
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, actvect, mode));
    for (i=0; i<igraph_vector_size(&neis); i++) {
      long int neighbor=VECTOR(neis)[i];
      if (added[neighbor]==0) {
	added[neighbor]=1;
	VECTOR(*parents)[neighbor]=actvect;
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	IGRAPH_CHECK(igraph_dqueue_push(&q, actdist+1));
	if (lastlayer != actdist+1) { 
	  IGRAPH_CHECK(igraph_vector_push_back(layers, vidspos));
	}
	VECTOR(*vids)[vidspos++]=neighbor;
	lastlayer=actdist+1;
      }
    } /* for i in neis */
  } /* while ! dqueue_empty */
  IGRAPH_CHECK(igraph_vector_push_back(layers, vidspos));
  
  igraph_vector_destroy(&neis);
  igraph_dqueue_destroy(&q);
  Free(added);
  IGRAPH_FINALLY_CLEAN(3);
		 
  return 0;
}







igraph-0.4.2/igraph/foreign-graphml.c

/* -*- mode: C -*-  */
/* 
   IGraph R package.
   Copyright (C) 2006 Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "config.h"

#include <ctype.h>		/* isspace */
#include <math.h>               /* isnan */
#include <string.h>
#include "memory.h"
#include <stdarg.h> 		/* va_start & co */

#if HAVE_LIBXML == 1
#include <libxml/encoding.h>
#include <libxml/parser.h>

/* TODO: proper error handling */

typedef struct igraph_i_graphml_attribute_record_t {
  const char *id;         	/* GraphML id */
  enum { I_GRAPHML_BOOLEAN, I_GRAPHML_INTEGER, I_GRAPHML_LONG,
	 I_GRAPHML_FLOAT, I_GRAPHML_DOUBLE, I_GRAPHML_STRING,
	 I_GRAPHML_UNKNOWN_TYPE } type;	/* GraphML type */
  igraph_i_attribute_record_t record;
} igraph_i_graphml_attribute_record_t;

int igraph_i_libxml2_read_callback(void *instream, char* buffer, int len) {
  int res;  
  res=fread(buffer, 1, len, (FILE*)instream);
  if (res) return res;
  if (feof((FILE*)instream)) return 0;
  return -1;
}

int igraph_i_libxml2_close_callback(void *instream) { return 0; }

struct igraph_i_graphml_parser_state {
  enum { START, INSIDE_GRAPHML, INSIDE_GRAPH, INSIDE_NODE, INSIDE_EDGE,
      INSIDE_KEY, INSIDE_DEFAULT, INSIDE_DATA, FINISH, UNKNOWN, ERROR } st;
  igraph_t *g;
  igraph_trie_t node_trie;
  igraph_strvector_t edgeids;
  igraph_vector_t edgelist;
  unsigned int prev_state;
  unsigned int unknown_depth;
  int index;
  igraph_bool_t successful, edges_directed, destroyed;
  igraph_trie_t v_names;
  igraph_vector_ptr_t v_attrs;
  igraph_trie_t e_names;
  igraph_vector_ptr_t e_attrs;
  igraph_trie_t g_names;
  igraph_vector_ptr_t g_attrs;
  xmlChar *data_key;
  igraph_attribute_elemtype_t data_type;
  char *error_message;
};

void igraph_i_graphml_destroy_state(struct igraph_i_graphml_parser_state* state) {
  long int i;

  if (state->destroyed) return;
  state->destroyed=1;

  /* this is the easy part */
  igraph_trie_destroy(&state->node_trie);
  igraph_strvector_destroy(&state->edgeids);
  igraph_trie_destroy(&state->v_names);
  igraph_trie_destroy(&state->e_names);
  igraph_trie_destroy(&state->g_names);
  igraph_vector_destroy(&state->edgelist);
   
  if (state->error_message) { free(state->error_message); }
  if (state->data_key) { free(state->data_key); }
  
  for (i=0; i<igraph_vector_ptr_size(&state->v_attrs); i++) {
    igraph_i_graphml_attribute_record_t *rec=VECTOR(state->v_attrs)[i];
    if (rec->record.type==IGRAPH_ATTRIBUTE_NUMERIC) {
      if (rec->record.value != 0) {
	igraph_vector_destroy((igraph_vector_t*)rec->record.value);
	Free(rec->record.value);
      }
    } else if (rec->record.type==IGRAPH_ATTRIBUTE_STRING) {
      if (rec->record.value != 0) {
	igraph_strvector_destroy((igraph_strvector_t*)rec->record.value);
	Free(rec->record.value);
      }
    }
    if (rec->id != 0) Free(rec->id);
    if (rec->record.name != 0) Free(rec->record.name);
    Free(rec);
  }	 

  for (i=0; i<igraph_vector_ptr_size(&state->e_attrs); i++) {
    igraph_i_graphml_attribute_record_t *rec=VECTOR(state->e_attrs)[i];
    if (rec->record.type==IGRAPH_ATTRIBUTE_NUMERIC) {
      if (rec->record.value != 0) {
	igraph_vector_destroy((igraph_vector_t*)rec->record.value);
	Free(rec->record.value);
      }
    } else if (rec->record.type==IGRAPH_ATTRIBUTE_STRING) {
      if (rec->record.value != 0) {
	igraph_strvector_destroy((igraph_strvector_t*)rec->record.value);
	Free(rec->record.value);
      }
    }
    if (rec->id != 0) Free(rec->id);
    if (rec->record.name != 0) Free(rec->record.name);
    Free(rec);
  }

  for (i=0; i<igraph_vector_ptr_size(&state->g_attrs); i++) {
    igraph_i_graphml_attribute_record_t *rec=VECTOR(state->g_attrs)[i];
    if (rec->record.type==IGRAPH_ATTRIBUTE_NUMERIC) {
      if (rec->record.value != 0) {
	igraph_vector_destroy((igraph_vector_t*)rec->record.value);
	Free(rec->record.value);
      }
    } else if (rec->record.type==IGRAPH_ATTRIBUTE_STRING) {
      if (rec->record.value != 0) {
	igraph_strvector_destroy((igraph_strvector_t*)rec->record.value);
	Free(rec->record.value);
      }
    }
    if (rec->id != 0) Free(rec->id);
    if (rec->record.name != 0) Free(rec->record.name);
    Free(rec);
  }

  igraph_vector_ptr_destroy(&state->v_attrs);
  igraph_vector_ptr_destroy(&state->e_attrs);
  igraph_vector_ptr_destroy(&state->g_attrs);
  
  IGRAPH_FINALLY_CLEAN(1);
}

void igraph_i_graphml_sax_handler_error(void *state0, const char* msg, ...) {
  struct igraph_i_graphml_parser_state *state=
    (struct igraph_i_graphml_parser_state*)state0;
  va_list ap;
  
  va_start(ap, msg);
  
  if (state->error_message == 0)
    state->error_message=Calloc(4096, char);
   
  state->successful=0;
  state->st=ERROR;
  vsnprintf(state->error_message, 4096, msg, ap);
   
  va_end(ap);
}

xmlEntityPtr igraph_i_graphml_sax_handler_get_entity(void *state0,
						     const xmlChar* name) {
  return xmlGetPredefinedEntity(name);
}

void igraph_i_graphml_handle_unknown_start_tag(struct igraph_i_graphml_parser_state *state) {
  if (state->st != UNKNOWN) {
    state->prev_state=state->st;
    state->st=UNKNOWN;
    state->unknown_depth=1;
  } else state->unknown_depth++;
}

void igraph_i_graphml_sax_handler_start_document(void *state0) {
  struct igraph_i_graphml_parser_state *state=
    (struct igraph_i_graphml_parser_state*)state0;
  int ret;
  
  state->st=START;
  state->successful=1;
  state->edges_directed=0;
  state->destroyed=0;
  state->data_key=0;
  state->error_message=0;
  ret=igraph_vector_ptr_init(&state->v_attrs, 0);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_vector_ptr_destroy, &state->v_attrs);
  ret=igraph_vector_ptr_init(&state->e_attrs, 0);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_vector_ptr_destroy, &state->e_attrs);
  ret=igraph_vector_ptr_init(&state->g_attrs, 0);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_vector_ptr_destroy, &state->g_attrs);
  ret=igraph_vector_init(&state->edgelist, 0);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_vector_destroy, &state->edgelist);
  ret=igraph_trie_init(&state->node_trie, 1);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_trie_destroy, &state->node_trie);
  ret=igraph_strvector_init(&state->edgeids, 0);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_strvector_destroy, &state->edgeids);
  ret=igraph_trie_init(&state->v_names, 0);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_trie_destroy, &state->v_names);
  ret=igraph_trie_init(&state->e_names, 0);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_trie_destroy, &state->e_names);
  ret=igraph_trie_init(&state->g_names, 0);
  if (ret) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_trie_destroy, &state->g_names);
  
  IGRAPH_FINALLY_CLEAN(9);
  IGRAPH_FINALLY(igraph_i_graphml_destroy_state, state);
}

void igraph_i_graphml_sax_handler_end_document(void *state0) {
  struct igraph_i_graphml_parser_state *state=
    (struct igraph_i_graphml_parser_state*)state0;
  long i, l;
  int r;
  igraph_i_attribute_record_t idrec, eidrec;
  const char *idstr="id";

  if (!state->successful) return;

  if (state->index<0) {

    igraph_vector_ptr_t vattr, eattr, gattr;
    long int esize=igraph_vector_ptr_size(&state->e_attrs);
    r=igraph_vector_ptr_init(&vattr, 
			     igraph_vector_ptr_size(&state->v_attrs)+1);
    if (r) {
      igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, r);
      igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
      return;
    }
    IGRAPH_FINALLY(igraph_vector_ptr_destroy, &vattr);
    if (igraph_strvector_size(&state->edgeids) != 0) {
      esize++;      
    }
    r=igraph_vector_ptr_init(&eattr, esize);
    if (r) {
      igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, r);
      igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
      return;
    }
    IGRAPH_FINALLY(igraph_vector_ptr_destroy, &eattr);
    r=igraph_vector_ptr_init(&gattr, igraph_vector_ptr_size(&state->g_attrs));
    if (r) {
      igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, r);
      igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
      return;
    }
    IGRAPH_FINALLY(igraph_vector_ptr_destroy, &gattr);

    for (i=0; i<igraph_vector_ptr_size(&state->v_attrs); i++) {
      igraph_i_graphml_attribute_record_t *graphmlrec=
	VECTOR(state->v_attrs)[i];
      igraph_i_attribute_record_t *rec=&graphmlrec->record;
      if (rec->type == IGRAPH_ATTRIBUTE_NUMERIC) {
	igraph_vector_t *vec=(igraph_vector_t*)rec->value;
	long int origsize=igraph_vector_size(vec);
	long int nodes=igraph_trie_size(&state->node_trie);
	igraph_vector_resize(vec, nodes);
	for (l=origsize; l<nodes; l++) {
	  VECTOR(*vec)[l]=IGRAPH_NAN;
	}
      } else if (rec->type == IGRAPH_ATTRIBUTE_STRING) {
	igraph_strvector_t *strvec=(igraph_strvector_t*)rec->value;
	long int origsize=igraph_strvector_size(strvec);
	long int nodes=igraph_trie_size(&state->node_trie);
	igraph_strvector_resize(strvec, nodes);
	for (l=origsize; l<nodes; l++) {
	  igraph_strvector_set(strvec, l, "");
	}
      }
      VECTOR(vattr)[i]=rec;
    }
    idrec.name=idstr;
    idrec.type=IGRAPH_ATTRIBUTE_STRING;
    igraph_trie_getkeys(&state->node_trie, 
			(const igraph_strvector_t **)(&idrec.value));
    VECTOR(vattr)[i]=&idrec;

    for (i=0; i<igraph_vector_ptr_size(&state->e_attrs); i++) {
      igraph_i_graphml_attribute_record_t *graphmlrec=
	VECTOR(state->e_attrs)[i];
      igraph_i_attribute_record_t *rec=&graphmlrec->record;
      if (rec->type == IGRAPH_ATTRIBUTE_NUMERIC) {
	igraph_vector_t *vec=(igraph_vector_t*)rec->value;
	long int origsize=igraph_vector_size(vec);
	long int edges=igraph_vector_size(&state->edgelist)/2;
	igraph_vector_resize(vec, edges);
	for (l=origsize; l<edges; l++) {
	  VECTOR(*vec)[l]=IGRAPH_NAN;
	}
      } else if (rec->type == IGRAPH_ATTRIBUTE_STRING) {
	igraph_strvector_t *strvec=(igraph_strvector_t*)rec->value;
	long int origsize=igraph_strvector_size(strvec);
	long int edges=igraph_vector_size(&state->edgelist)/2;
	igraph_strvector_resize(strvec, edges);
	for (l=origsize; l<edges; l++) {
	  igraph_strvector_set(strvec, l, "");
	}
      }
      VECTOR(eattr)[i]=rec;
    }
    if (igraph_strvector_size(&state->edgeids) != 0) {
      long int origsize=igraph_strvector_size(&state->edgeids);
      eidrec.name=idstr;
      eidrec.type=IGRAPH_ATTRIBUTE_STRING;
      igraph_strvector_resize(&state->edgeids, 
			      igraph_vector_size(&state->edgelist)/2);
      for (; origsize < igraph_strvector_size(&state->edgeids); origsize++) {
	igraph_strvector_set(&state->edgeids, origsize, "");
      }
      eidrec.value=&state->edgeids;
      VECTOR(eattr)[(long int)igraph_vector_ptr_size(&eattr)-1]=&eidrec;
    }

    for (i=0; i<igraph_vector_ptr_size(&state->g_attrs); i++) {
      igraph_i_graphml_attribute_record_t *graphmlrec=
	VECTOR(state->g_attrs)[i];
      igraph_i_attribute_record_t *rec=&graphmlrec->record;
      VECTOR(gattr)[i]=rec;
    }
    
    igraph_empty_attrs(state->g, 0, state->edges_directed, &gattr);
    igraph_add_vertices(state->g, igraph_trie_size(&state->node_trie),
			&vattr);
    igraph_add_edges(state->g, &state->edgelist, &eattr);

    igraph_vector_ptr_destroy(&vattr);
    igraph_vector_ptr_destroy(&eattr);
    igraph_vector_ptr_destroy(&gattr);
    IGRAPH_FINALLY_CLEAN(3);     
  }

  igraph_i_graphml_destroy_state(state);
}

#define toXmlChar(a)   (BAD_CAST(a))
#define fromXmlChar(a) ((char *)(a)) /* not the most elegant way... */

void igraph_i_graphml_add_attribute_key(const xmlChar** attrs, 
					struct igraph_i_graphml_parser_state *state) {
  xmlChar **it;
  igraph_trie_t *trie=0;
  igraph_vector_ptr_t *ptrvector=0;
  long int id;
  int ret;
  igraph_i_graphml_attribute_record_t *rec=
    Calloc(1, igraph_i_graphml_attribute_record_t);

  if (!state->successful) return;
   
   if (rec==0) { 
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, 
		 IGRAPH_ENOMEM);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  IGRAPH_FINALLY(igraph_free, rec);
  for (it=(xmlChar**)attrs; *it; it+=2) {
    if (xmlStrEqual(*it, toXmlChar("id"))) {
      const char *id=(const char*)(*(it+1));
      rec->id=strdup(id);
    } else if (xmlStrEqual(*it, toXmlChar("attr.name"))) {
      const char *name=fromXmlChar(*(it+1));
      rec->record.name=strdup(name);
    } else if (xmlStrEqual(*it, toXmlChar("attr.type"))) {
      if (xmlStrEqual(*(it+1), (xmlChar*)"boolean")) { 
	rec->type=I_GRAPHML_BOOLEAN;
	rec->record.type=IGRAPH_ATTRIBUTE_NUMERIC;	    
      } else if (xmlStrEqual(*(it+1), toXmlChar("string"))) {
	rec->type=I_GRAPHML_STRING;
	rec->record.type=IGRAPH_ATTRIBUTE_STRING;
      } else if (xmlStrEqual(*(it+1), toXmlChar("float"))) { 
	rec->type=I_GRAPHML_FLOAT;
	rec->record.type=IGRAPH_ATTRIBUTE_NUMERIC;
      } else if (xmlStrEqual(*(it+1), toXmlChar("double"))) { 
	rec->type=I_GRAPHML_DOUBLE;
	rec->record.type=IGRAPH_ATTRIBUTE_NUMERIC;
      } else if (xmlStrEqual(*(it+1), toXmlChar("int"))) {
	rec->type=I_GRAPHML_INTEGER;
	rec->record.type=IGRAPH_ATTRIBUTE_NUMERIC;
      } else if (xmlStrEqual(*(it+1), toXmlChar("long"))) {
	rec->type=I_GRAPHML_LONG;
	rec->record.type=IGRAPH_ATTRIBUTE_NUMERIC;
      } else {
	igraph_error("Cannot parse GraphML file, unknown attribute type", 
		     __FILE__, __LINE__, IGRAPH_PARSEERROR);
        igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file, unknown attribute type");
        return;
      }
    } else if (xmlStrEqual(*it, toXmlChar("for"))) {
      /* graph, vertex or edge attribute? */
      if (xmlStrEqual(*(it+1), toXmlChar("graph"))) { 
	trie=&state->g_names;
	ptrvector=&state->g_attrs;
      } else if (xmlStrEqual(*(it+1), toXmlChar("node"))) {
	trie=&state->v_names;
	ptrvector=&state->v_attrs;
      } else if (xmlStrEqual(*(it+1), toXmlChar("edge"))) {
	trie=&state->e_names;
	ptrvector=&state->e_attrs;
      } else {
	igraph_error("Cannot parse GraphML file, unknown attribute type",
		     __FILE__, __LINE__, IGRAPH_PARSEERROR);
        igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file, unknown attribute type");
        return;
      }
    }
  }

  if (trie == 0 && state->successful) {
    igraph_error("Cannot parse GraphML file, missing 'for' attribute", __FILE__, __LINE__, IGRAPH_PARSEERROR);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file, missing 'for' attribute");
    return;
  }
	
  /* add to trie, attribues */
  igraph_trie_get(trie, rec->id, &id);
  if (id != igraph_trie_size(trie)-1) {
    igraph_error("Cannot parse GraphML file, duplicate attribute", 
		 __FILE__, __LINE__, IGRAPH_PARSEERROR);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file, duplicate attribute");
    return;
  }
  ret=igraph_vector_ptr_push_back(ptrvector, rec);
  if (ret) {
    igraph_error("Cannot read GraphML file", __FILE__, __LINE__, ret);
    igraph_i_graphml_sax_handler_error(state, "Cannot read GraphML file");
    return;
  }

  /* create the attribute values */
  switch (rec->record.type) {
    igraph_vector_t *vec;
    igraph_strvector_t *strvec;
  case IGRAPH_ATTRIBUTE_NUMERIC:
    vec=Calloc(1, igraph_vector_t);
    if (vec==0) {
      igraph_error("Cannot parse GraphML file", __FILE__, __LINE__,
		   IGRAPH_ENOMEM);
      igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
      return;
    }
    rec->record.value=vec;
    igraph_vector_init(vec, 0);    
    break;
  case IGRAPH_ATTRIBUTE_STRING:
    strvec=Calloc(1, igraph_strvector_t);
    if (strvec==0) {
      igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, 
		   IGRAPH_ENOMEM);
      igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
      return;
    }
    rec->record.value=strvec;
    igraph_strvector_init(strvec, 0);
    break;
  default: break;
  }

  IGRAPH_FINALLY_CLEAN(1);	/* rec */
}

void igraph_i_graphml_attribute_data_setup(struct igraph_i_graphml_parser_state *state,
					   const xmlChar **attrs,
					   igraph_attribute_elemtype_t type) {
  xmlChar **it;
  for (it=(xmlChar**)attrs; *it; it+=2) {
    if (xmlStrEqual(*it, toXmlChar("key"))) {
      if (state->data_key) {
	free(state->data_key);
      }
      state->data_key=xmlStrdup(*(it+1));
      state->data_type=type;
    } else {
      /* ignore */
    }
  }
}

void igraph_i_graphml_attribute_data_add(struct igraph_i_graphml_parser_state *state,
					 const xmlChar *data) {
  const char *key=fromXmlChar(state->data_key);
  char *chardata;
  const xmlChar *end=xmlStrchr(data, (xmlChar) '<');
  igraph_attribute_elemtype_t type=state->data_type;
  igraph_trie_t *trie=0;
  igraph_vector_ptr_t *ptrvector=0;
  igraph_i_graphml_attribute_record_t *graphmlrec;
  igraph_i_attribute_record_t *rec;
  long int recid;
  long int id=0;
  int ret;

  if (!state->successful) return;

  chardata=Calloc( (end-data)+1, char);  
  if (chardata==0) {
    igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, 
		 IGRAPH_ENOMEM);
    igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
    return;
  }
  memcpy(chardata, data, (end-data)*sizeof(char));
  chardata[(end-data)]='\0';

  switch (type) {
  case IGRAPH_ATTRIBUTE_GRAPH:
    trie=&state->g_names;
    ptrvector=&state->g_attrs;
    id=0;
    break;
  case IGRAPH_ATTRIBUTE_VERTEX:
    trie=&state->v_names;
    ptrvector=&state->v_attrs;
    id=igraph_trie_size(&state->node_trie)-1; /* hack */
    break;
  case IGRAPH_ATTRIBUTE_EDGE:
    trie=&state->e_names;
    ptrvector=&state->e_attrs;
    id=igraph_vector_size(&state->edgelist)/2-1; /* hack */
    break;
  default:
    /* impossible */
    break;
  }
  
  igraph_trie_check(trie, key, &recid);
  if (recid < 0) {
    /* no such attribute key, issue a warning */
    IGRAPH_WARNING("unknown attribute key in GraphML file, ignoring attribute");
    Free(chardata);
    return;
  }
   
  graphmlrec=VECTOR(*ptrvector)[recid];
  rec=&graphmlrec->record;

  switch (rec->type) {
    igraph_vector_t *vec;
    igraph_strvector_t *strvec;
    igraph_real_t num;
    long int s, i;
  case IGRAPH_ATTRIBUTE_NUMERIC:
    vec=(igraph_vector_t *)rec->value;
    s=igraph_vector_size(vec);
    if (id >= s) {
      ret=igraph_vector_resize(vec, id+1);
      if (ret) {
	igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
        igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
        return;
      }
      for (i=s; i<id; i++) {
	VECTOR(*vec)[i]=IGRAPH_NAN;
      }
    }
    sscanf(chardata, "%lf", &num);
    VECTOR(*vec)[id]=num;
    break;
  case IGRAPH_ATTRIBUTE_STRING:
    strvec=(igraph_strvector_t *)rec->value;
    s=igraph_strvector_size(strvec);
    if (id >= s) {
      ret=igraph_strvector_resize(strvec, id+1);
      if (ret) {
	igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
        igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
        return;
      }
      for (i=s;i<id;i++) {
	igraph_strvector_set(strvec, i, "");
      }
    }
    ret=igraph_strvector_set(strvec, id, chardata);
    if (ret) {
      igraph_error("Cannot parse GraphML file", __FILE__, __LINE__, ret);
      igraph_i_graphml_sax_handler_error(state, "Cannot parse GraphML file");
      return;
    }
    break;
  default:
    break;
  }

  Free(chardata);
}

void igraph_i_graphml_sax_handler_start_element(void *state0,
						const xmlChar* name,
						const xmlChar** attrs) {
  struct igraph_i_graphml_parser_state *state=
    (struct igraph_i_graphml_parser_state*)state0;
  xmlChar** it;
  long int id1, id2;
  unsigned short int directed;

  switch (state->st) {
  case START:
    /* If we are in the START state and received a graphml tag,
     * change to INSIDE_GRAPHML state. Otherwise, change to UNKNOWN. */
    if (xmlStrEqual(name, toXmlChar("graphml")))
      state->st=INSIDE_GRAPHML;
    else
      igraph_i_graphml_handle_unknown_start_tag(state);
    break;
    
  case INSIDE_GRAPHML:
    /* If we are in the INSIDE_GRAPHML state and received a graph tag,
     * change to INSIDE_GRAPH state if the state->index counter reached
     * zero (this is to handle multiple graphs in the same file).
     * Otherwise, change to UNKNOWN. */
    if (xmlStrEqual(name, toXmlChar("graph"))) {
      if (state->index==0) {
	state->st=INSIDE_GRAPH;
	for (it=(xmlChar**)attrs; *it; it+=2) {
	  if (xmlStrEqual(*it, toXmlChar("edgedefault"))) {
	    if (xmlStrEqual(*(it+1), toXmlChar("directed"))) state->edges_directed=1;
	    else if (xmlStrEqual(*(it+1), toXmlChar("undirected"))) state->edges_directed=0;
	  }
	}
      }
      state->index--;
    } else if (xmlStrEqual(name, toXmlChar("key"))) {
      igraph_i_graphml_add_attribute_key(attrs, state);
      state->st=INSIDE_KEY;
    } else
      igraph_i_graphml_handle_unknown_start_tag(state);
    break;

  case INSIDE_KEY:
    /* If we are in the INSIDE_KEY state, check for default tag */
    if (xmlStrEqual(name, toXmlChar("default"))) state->st=INSIDE_DEFAULT;
    else igraph_i_graphml_handle_unknown_start_tag(state);
    break;

  case INSIDE_DEFAULT:
    /* If we are in the INSIDE_DEFAULT state, every further tag will be unknown */
    igraph_i_graphml_handle_unknown_start_tag(state);
    break;
    
  case INSIDE_GRAPH:
    /* If we are in the INSIDE_GRAPH state, check for node and edge tags */
    if (xmlStrEqual(name, toXmlChar("edge"))) {
      id1=-1; id2=-1; directed=state->edges_directed;
      for (it=(xmlChar**)attrs; *it; it+=2) {
	if (xmlStrEqual(*it, toXmlChar("source"))) {
	  igraph_trie_get(&state->node_trie, fromXmlChar(*(it+1)), &id1);
	}
	if (xmlStrEqual(*it, toXmlChar("target"))) {
	  igraph_trie_get(&state->node_trie, fromXmlChar(*(it+1)), &id2);
	}
	if (xmlStrEqual(*it, toXmlChar("id"))) {
	  long int edges=igraph_vector_size(&state->edgelist)/2+1;
	  long int origsize=igraph_strvector_size(&state->edgeids);
	  igraph_strvector_resize(&state->edgeids, edges);
	  for (;origsize < edges-1; origsize++) {
	    igraph_strvector_set(&state->edgeids, origsize, "");
	  }
	  igraph_strvector_set(&state->edgeids, edges-1, fromXmlChar(*(it+1)));
	}
      }
      if (id1>=0 && id2>=0) {
	igraph_vector_push_back(&state->edgelist, id1);
	igraph_vector_push_back(&state->edgelist, id2);
      } else {
	igraph_i_graphml_sax_handler_error(state, "Edge with missing source or target encountered");
	return;
      }
      state->st=INSIDE_EDGE;
    } else if (xmlStrEqual(name, toXmlChar("node"))) {
      for (it=(xmlChar**)attrs; *it; it+=2) {
	if (xmlStrEqual(*it, toXmlChar("id"))) {
	  it++;
	  igraph_trie_get(&state->node_trie, fromXmlChar(*it), &id1);
	  break;
	}
      }
      state->st=INSIDE_NODE;
    } else if (xmlStrEqual(name, toXmlChar("data"))) {
      igraph_i_graphml_attribute_data_setup(state, attrs, IGRAPH_ATTRIBUTE_GRAPH);
      state->prev_state=state->st;
      state->st=INSIDE_DATA;
    } else
      igraph_i_graphml_handle_unknown_start_tag(state);
    break;
    
  case INSIDE_NODE:
    if (xmlStrEqual(name, toXmlChar("data"))) {
      igraph_i_graphml_attribute_data_setup(state, attrs,
					    IGRAPH_ATTRIBUTE_VERTEX);
      state->prev_state=state->st;
      state->st=INSIDE_DATA;
    }
    break;
    
  case INSIDE_EDGE:
    if (xmlStrEqual(name, toXmlChar("data"))) {
      igraph_i_graphml_attribute_data_setup(state, attrs, 
					    IGRAPH_ATTRIBUTE_EDGE);
      state->prev_state=state->st;
      state->st=INSIDE_DATA;
    }
    break;
    
  default:
    break;
  }
}

void igraph_i_graphml_sax_handler_end_element(void *state0,
						const xmlChar* name) {
  struct igraph_i_graphml_parser_state *state=
    (struct igraph_i_graphml_parser_state*)state0;
  
  switch (state->st) {
  case INSIDE_GRAPHML:
    state->st=FINISH;
    break;
    
  case INSIDE_GRAPH:
    state->st=INSIDE_GRAPHML;
    break;
    
  case INSIDE_KEY:
    state->st=INSIDE_GRAPHML;
    break;

  case INSIDE_DEFAULT:
    state->st=INSIDE_KEY;
    break;
    
  case INSIDE_NODE:
    state->st=INSIDE_GRAPH;
    break;
    
  case INSIDE_EDGE:
    state->st=INSIDE_GRAPH;
    break;

  case INSIDE_DATA:
    state->st=state->prev_state;
    break;
    
  case UNKNOWN:
    state->unknown_depth--;
    if (!state->unknown_depth) state->st=state->prev_state;
    break;
    
  default:
    break;
  }
}

void igraph_i_graphml_sax_handler_chars(void* state0, const xmlChar* ch, int len) {
  struct igraph_i_graphml_parser_state *state=
    (struct igraph_i_graphml_parser_state*)state0;
  
  switch (state->st) {
  case INSIDE_KEY:
  case INSIDE_DEFAULT:
    break;
    
  case INSIDE_DATA:
    igraph_i_graphml_attribute_data_add(state, ch);
    break;
    
  default:
    // just ignore it
    break;
  }
}

static xmlSAXHandler igraph_i_graphml_sax_handler={
  NULL, NULL, NULL, NULL, NULL,
    igraph_i_graphml_sax_handler_get_entity,
    NULL, NULL, NULL, NULL, NULL, NULL,
    igraph_i_graphml_sax_handler_start_document,
    igraph_i_graphml_sax_handler_end_document,
    igraph_i_graphml_sax_handler_start_element,
    igraph_i_graphml_sax_handler_end_element,
    NULL,
    igraph_i_graphml_sax_handler_chars,
    NULL, NULL, NULL,
    igraph_i_graphml_sax_handler_error,
    igraph_i_graphml_sax_handler_error,
    igraph_i_graphml_sax_handler_error,
};

#endif

int igraph_i_xml_escape(char* src, char** dest) {
  long int destlen=0;
  char *s, *d;
  for (s=src; *s; s++, destlen++) {
    if (*s == '&') destlen += 4;
    else if (*s == '<') destlen += 3;
    else if (*s == '>') destlen += 3;
    else if (*s == '"') destlen += 5;
    else if (*s == '\'') destlen += 5;
  }
  *dest=Calloc(destlen+1, char);
  if (!*dest) IGRAPH_ERROR("Not enough memory", IGRAPH_ENOMEM);
  for (s=src, d=*dest; *s; s++, d++) {
    switch (*s) {
    case '&':
      strcpy(d, "&amp;"); d+=4; break;
    case '<':
      strcpy(d, "&lt;"); d+=3; break;
    case '>':
      strcpy(d, "&gt;"); d+=3; break;
    case '"':
      strcpy(d, "&quot;"); d+=5; break;
    case '\'':
      strcpy(d, "&apos;"); d+=5; break;
    default:
      *d = *s;
    }
  }
  *d=0;
  return 0;
}

/**
 * \ingroup loadsave
 * \function igraph_read_graph_graphml
 * \brief Reads a graph from a GraphML file.
 * 
 * </para><para>
 * GraphML is an XML-based file format for representing various types of
 * graphs. Currently only the most basic import functionality is implemented
 * in igraph: it can read GraphML files without nested graphs and hyperedges.
 * Attributes of the graph are loaded only if an attribute interface
 * is attached, ie. if you use igraph from R or Python.
 * \param graph Pointer to an uninitialized graph object.
 * \param instream A stream, it should be readable.
 * \param index If the GraphML file contains more than one graph, the one
 *              specified by this index will be loaded. Indices start from
 *              zero, so supply zero here if your GraphML file contains only
 *              a single graph.
 * 
 * \return Error code:
 *         \c IGRAPH_PARSEERROR: if there is a
 *         problem reading the file, or the file is syntactically
 *         incorrect.
 *         \c IGRAPH_UNIMPLEMENTED: the GraphML functionality was disabled
 *         at compile-time
 */
int igraph_read_graph_graphml(igraph_t *graph, FILE *instream,
			      int index) {

#if HAVE_LIBXML == 1
  xmlParserCtxtPtr ctxt;
  struct igraph_i_graphml_parser_state state;
  int res;
  char buffer[4096];

  if (index<0)
    IGRAPH_ERROR("Graph index must be non-negative", IGRAPH_EINVAL);
  
  // Create a progressive parser context
  state.g=graph;
  state.index=index<0?0:index;
  ctxt=xmlCreateIOParserCtxt(&igraph_i_graphml_sax_handler, &state,
			     igraph_i_libxml2_read_callback,
			     igraph_i_libxml2_close_callback,
			     instream, XML_CHAR_ENCODING_NONE);
  if (ctxt==NULL)
    IGRAPH_ERROR("Can't create progressive parser context", IGRAPH_PARSEERROR);

  // Parse the file
  while ((res=fread(buffer, 1, 4096, instream))>0) {
    xmlParseChunk(ctxt, buffer, res, 0);
    if (!state.successful) break;
  }
  xmlParseChunk(ctxt, buffer, res, 1);
  
  // Free the context
  xmlFreeParserCtxt(ctxt);
  if (!state.successful) {
    if (state.error_message != 0)
      IGRAPH_ERROR(state.error_message, IGRAPH_PARSEERROR);
    else
      IGRAPH_ERROR("Malformed GraphML file", IGRAPH_PARSEERROR);
  }
  if (state.index>=0)
    IGRAPH_ERROR("Graph index was too large", IGRAPH_EINVAL);
  
  return 0;
#else
  IGRAPH_ERROR("GraphML support is disabled", IGRAPH_UNIMPLEMENTED);
#endif
}

/**
 * \ingroup loadsave
 * \function igraph_write_graph_graphml
 * \brief Writes the graph to a file in GraphML format
 *
 * </para><para>
 * GraphML is an XML-based file format for representing various types of
 * graphs. See the GraphML Primer (http://graphml.graphdrawing.org/primer/graphml-primer.html)
 * for detailed format description.
 * 
 * \param graph The graph to write. 
 * \param outstream The stream object to write to, it should be
 *        writable.
 * \return Error code:
 *         \c IGRAPH_EFILE if there is an error
 *         writing the file. 
 *
 * Time complexity: O(|V|+|E|) otherwise. All
 * file operations are expected to have time complexity 
 * O(1). 
 */
int igraph_write_graph_graphml(const igraph_t *graph, FILE *outstream) {
  int ret;
  igraph_integer_t l, vc;
  igraph_eit_t it;
  igraph_strvector_t gnames, vnames, enames;
  igraph_vector_t gtypes, vtypes, etypes;
  long int i;
  igraph_vector_t numv;
  igraph_strvector_t strv;
  
  ret=fprintf(outstream, "<?xml version=\"1.0\" encoding=\"UTF-8\"?>\n");
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
  ret=fprintf(outstream, "<graphml xmlns=\"http://graphml.graphdrawing.org/xmlns\"\n");
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
  ret=fprintf(outstream, "         xmlns:xsi=\"http://www.w3.org/2001/XMLSchema-instance\"\n");
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
  ret=fprintf(outstream, "         xsi:schemaLocation=\"http://graphml.graphdrawing.org/xmlns\n");
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
  ret=fprintf(outstream, "         http://graphml.graphdrawing.org/xmlns/1.0/graphml.xsd\">\n");
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
  ret=fprintf(outstream, "<!-- Created by igraph -->\n");
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);

  /* dump the <key> elements if any */

  IGRAPH_VECTOR_INIT_FINALLY(&numv, 1);
  IGRAPH_STRVECTOR_INIT_FINALLY(&strv, 1);
  
  IGRAPH_STRVECTOR_INIT_FINALLY(&gnames, 0);
  IGRAPH_STRVECTOR_INIT_FINALLY(&vnames, 0);
  IGRAPH_STRVECTOR_INIT_FINALLY(&enames, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&gtypes, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&vtypes, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&etypes, 0);
  igraph_i_attribute_get_info(graph,
			      &gnames, &gtypes,
			      &vnames, &vtypes,
			      &enames, &etypes);
  
  /* graph attributes */
  for (i=0; i<igraph_vector_size(&gtypes); i++) {
    char *name, *name_escaped;
    igraph_strvector_get(&gnames, i, &name);
    IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
    if (VECTOR(gtypes)[i] == IGRAPH_ATTRIBUTE_STRING) {
      ret=fprintf(outstream, "  <key id=\"%s\" for=\"graph\" attr.name=\"%s\" attr.type=\"string\"/>\n", name_escaped, name_escaped);
      if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);      
    } else if (VECTOR(gtypes)[i] == IGRAPH_ATTRIBUTE_NUMERIC) {
      ret=fprintf(outstream, "  <key id=\"%s\" for=\"graph\" attr.name=\"%s\" attr.type=\"double\"/>\n", name_escaped, name_escaped);
      if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);            
    }
    Free(name_escaped);
  }

  /* vertex attributes */
  for (i=0; i<igraph_vector_size(&vtypes); i++) {
    char *name, *name_escaped;
    igraph_strvector_get(&vnames, i, &name);
    IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
    if (VECTOR(vtypes)[i] == IGRAPH_ATTRIBUTE_STRING) {
      ret=fprintf(outstream, "  <key id=\"%s\" for=\"node\" attr.name=\"%s\" attr.type=\"string\"/>\n", name_escaped, name_escaped);
      if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);      
    } else if (VECTOR(vtypes)[i] == IGRAPH_ATTRIBUTE_NUMERIC) {
      ret=fprintf(outstream, "  <key id=\"%s\" for=\"node\" attr.name=\"%s\" attr.type=\"double\"/>\n", name_escaped, name_escaped);
      if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);            
    }
    Free(name_escaped);
  }

  /* edge attributes */
  for (i=0; i<igraph_vector_size(&etypes); i++) {
    char *name, *name_escaped;
    igraph_strvector_get(&enames, i, &name);
    IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
    if (VECTOR(etypes)[i] == IGRAPH_ATTRIBUTE_STRING) {
      ret=fprintf(outstream, "  <key id=\"%s\" for=\"edge\" attr.name=\"%s\" attr.type=\"string\"/>\n", name_escaped, name_escaped);
      if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
    } else if (VECTOR(etypes)[i] == IGRAPH_ATTRIBUTE_NUMERIC) {
      ret=fprintf(outstream, "  <key id=\"%s\" for=\"edge\" attr.name=\"%s\" attr.type=\"double\"/>\n", name_escaped, name_escaped);
      if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
    }
    Free(name_escaped);
  }

  ret=fprintf(outstream, "  <graph id=\"G\" edgedefault=\"%s\">\n", (igraph_is_directed(graph)?"directed":"undirected"));
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);

  /* Write the graph atributes before anything else */
  
  for (i=0; i<igraph_vector_size(&gtypes); i++) {
    char *name, *name_escaped;
    if (VECTOR(gtypes)[i] == IGRAPH_ATTRIBUTE_NUMERIC) {
      igraph_strvector_get(&gnames, i, &name);
      igraph_i_attribute_get_numeric_graph_attr(graph, name, &numv);
      if (!isnan(VECTOR(numv)[0])) {
	IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
	ret=fprintf(outstream, "    <data key=\"%s\">%g</data>\n",
		    name_escaped, VECTOR(numv)[0]);
	Free(name_escaped);
	if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
    } else if (VECTOR(gtypes)[i] == IGRAPH_ATTRIBUTE_STRING) {
      char *s, *s_escaped;
      igraph_strvector_get(&gnames, i, &name);
      IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
      ret=fprintf(outstream, "    <data key=\"%s\">", name_escaped);
      Free(name_escaped);
      igraph_i_attribute_get_string_graph_attr(graph, name, &strv);
      igraph_strvector_get(&strv, 0, &s);
      IGRAPH_CHECK(igraph_i_xml_escape(s, &s_escaped));
      ret=fprintf(outstream, "%s", s_escaped);
      Free(s_escaped);
      if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      ret=fprintf(outstream, "</data>\n");
      if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
    }
  }
    
  /* Let's dump the nodes first */
  vc=igraph_vcount(graph);
  for (l=0; l<vc; l++) {
    char *name, *name_escaped;
    ret=fprintf(outstream, "    <node id=\"n%ld\">\n", (long)l);

    if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
    
    for (i=0; i<igraph_vector_size(&vtypes); i++) {
      if (VECTOR(vtypes)[i] == IGRAPH_ATTRIBUTE_NUMERIC) {
	igraph_strvector_get(&vnames, i, &name);
	igraph_i_attribute_get_numeric_vertex_attr(graph, name,
						   igraph_vss_1(l), &numv);
	if (!isnan(VECTOR(numv)[0])) {
	  IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
	  ret=fprintf(outstream, "      <data key=\"%s\">%g</data>\n",
		      name_escaped, VECTOR(numv)[0]);
	  Free(name_escaped);
	  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
	}
      } else if (VECTOR(vtypes)[i] == IGRAPH_ATTRIBUTE_STRING) {
	char *s, *s_escaped;
	igraph_strvector_get(&vnames, i, &name);
	IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
	ret=fprintf(outstream, "      <data key=\"%s\">", name_escaped);
	Free(name_escaped);
	igraph_i_attribute_get_string_vertex_attr(graph, name,
						  igraph_vss_1(l), &strv);
	igraph_strvector_get(&strv, 0, &s);
	IGRAPH_CHECK(igraph_i_xml_escape(s, &s_escaped));
	ret=fprintf(outstream, "%s", s_escaped);
	Free(s_escaped);
	if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
	ret=fprintf(outstream, "</data>\n");
	if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
    }

    ret=fprintf(outstream, "    </node>\n");
    if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);    
  }
  
  /* Now the edges */
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(0), &it));
  IGRAPH_FINALLY(igraph_eit_destroy, &it);
  while (!IGRAPH_EIT_END(it)) {
    igraph_integer_t from, to;
    char *name, *name_escaped;
    long int edge=IGRAPH_EIT_GET(it);
    igraph_edge(graph, edge, &from, &to);
    ret=fprintf(outstream, "    <edge source=\"n%ld\" target=\"n%ld\">\n", 
		(long int)from, (long int)to);
    if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);

    for (i=0; i<igraph_vector_size(&etypes); i++) {
      if (VECTOR(etypes)[i] == IGRAPH_ATTRIBUTE_NUMERIC) {
	igraph_strvector_get(&enames, i, &name);
	igraph_i_attribute_get_numeric_edge_attr(graph, name,
						 igraph_ess_1(edge), &numv);
	if (!isnan(VECTOR(numv)[0])) {
	  IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
	  ret=fprintf(outstream, "      <data key=\"%s\">%g</data>\n",
		      name_escaped, VECTOR(numv)[0]);
	  Free(name_escaped);
	  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
	}
	if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);      
      } else if (VECTOR(etypes)[i] == IGRAPH_ATTRIBUTE_STRING) {
	char *s, *s_escaped;
	igraph_strvector_get(&enames, i, &name);
	IGRAPH_CHECK(igraph_i_xml_escape(name, &name_escaped));
	ret=fprintf(outstream, "      <data key=\"%s\">", name_escaped);
	Free(name_escaped);
	igraph_i_attribute_get_string_edge_attr(graph, name,
						igraph_ess_1(edge), &strv);
	igraph_strvector_get(&strv, 0, &s);
	IGRAPH_CHECK(igraph_i_xml_escape(s, &s_escaped));
	ret=fprintf(outstream, "%s", s_escaped);
	Free(s_escaped);
	if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
	ret=fprintf(outstream, "</data>\n");
	if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
      }
    }

    ret=fprintf(outstream, "    </edge>\n");
    if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
    IGRAPH_EIT_NEXT(it);
  }
  igraph_eit_destroy(&it);
  IGRAPH_FINALLY_CLEAN(1);
  
  ret=fprintf(outstream, "  </graph>\n");
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
  fprintf(outstream, "</graphml>\n");
  if (ret<0) IGRAPH_ERROR("Write failed", IGRAPH_EFILE);
  
  igraph_strvector_destroy(&gnames);
  igraph_strvector_destroy(&vnames);
  igraph_strvector_destroy(&enames);
  igraph_vector_destroy(&gtypes);
  igraph_vector_destroy(&vtypes);
  igraph_vector_destroy(&etypes);
  igraph_vector_destroy(&numv);
  igraph_strvector_destroy(&strv);
  IGRAPH_FINALLY_CLEAN(8);

  return 0;
}








igraph-0.4.2/igraph/topology.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"

unsigned int igraph_i_isoclass_3[] = {  0, 1, 1, 3, 1, 5, 6, 7,
                                         1, 6,10,11, 3, 7,11,15,
                                         1, 6, 5, 7,10,21,21,23,
                                         6,25,21,27,11,27,30,31,
                                         1,10, 6,11, 6,21,25,27,
                                         5,21,21,30, 7,23,27,31,
                                         3,11, 7,15,11,30,27,31,
                                         7,27,23,31,15,31,31,63 };

unsigned int igraph_i_isoclass_3_idx[] = { 0, 4, 16, 1, 0, 32, 2, 8, 0 };

unsigned int igraph_i_isoclass_4[] = { 
     0,   1,   1,   3,   1,   3,   3,   7,   1,   9,  10,  11,  10,
    11,  14,  15,   1,  10,  18,  19,  20,  21,  22,  23,   3,  11,
    19,  27,  21,  29,  30,  31,   1,  10,  20,  21,  18,  19,  22,
    23,   3,  11,  21,  29,  19,  27,  30,  31,   3,  14,  22,  30,
    22,  30,  54,  55,   7,  15,  23,  31,  23,  31,  55,  63,   1,
    10,   9,  11,  10,  14,  11,  15,  18,  73,  73,  75,  76,  77,
    77,  79,  10,  81,  73,  83,  84,  85,  86,  87,  19,  83,  90,
    91,  92,  93,  94,  95,  20,  84,  98,  99, 100, 101, 102, 103,
    22,  86, 106, 107, 108, 109, 110, 111,  21,  85, 106, 115, 116,
   117, 118, 119,  23,  87, 122, 123, 124, 125, 126, 127,   1,  18,
    10,  19,  20,  22,  21,  23,  10,  73,  81,  83,  84,  86,  85,
    87,   9,  73,  73,  90,  98, 106, 106, 122,  11,  75,  83,  91,
    99, 107, 115, 123,  10,  76,  84,  92, 100, 108, 116, 124,  14,
    77,  85,  93, 101, 109, 117, 125,  11,  77,  86,  94, 102, 110,
   118, 126,  15,  79,  87,  95, 103, 111, 119, 127,   3,  19,  11,
    27,  21,  30,  29,  31,  19,  90,  83,  91,  92,  94,  93,  95,
    11,  83,  75,  91,  99, 115, 107, 123,  27,  91,  91, 219, 220,
   221, 221, 223,  21,  92,  99, 220, 228, 229, 230, 231,  30,  94,
   115, 221, 229, 237, 238, 239,  29,  93, 107, 221, 230, 238, 246,
   247,  31,  95, 123, 223, 231, 239, 247, 255,   1,  20,  10,  21,
    18,  22,  19,  23,  20,  98,  84,  99, 100, 102, 101, 103,  10,
    84,  76,  92, 100, 116, 108, 124,  21,  99,  92, 220, 228, 230,
   229, 231,  18, 100, 100, 228, 292, 293, 293, 295,  22, 102, 116,
   230, 293, 301, 302, 303,  19, 101, 108, 229, 293, 302, 310, 311,
    23, 103, 124, 231, 295, 303, 311, 319,   3,  21,  11,  29,  19,
    30,  27,  31,  22, 106,  86, 107, 108, 110, 109, 111,  14,  85,
    77,  93, 101, 117, 109, 125,  30, 115,  94, 221, 229, 238, 237,
   239,  22, 116, 102, 230, 293, 302, 301, 303,  54, 118, 118, 246,
   310, 365, 365, 367,  30, 117, 110, 238, 302, 373, 365, 375,  55,
   119, 126, 247, 311, 375, 382, 383,   3,  22,  14,  30,  22,  54,
    30,  55,  21, 106,  85, 115, 116, 118, 117, 119,  11,  86,  77,
    94, 102, 118, 110, 126,  29, 107,  93, 221, 230, 246, 238, 247,
    19, 108, 101, 229, 293, 310, 302, 311,  30, 110, 117, 238, 302,
   365, 373, 375,  27, 109, 109, 237, 301, 365, 365, 382,  31, 111,
   125, 239, 303, 367, 375, 383,   7,  23,  15,  31,  23,  55,  31,
    63,  23, 122,  87, 123, 124, 126, 125, 127,  15,  87,  79,  95,
   103, 119, 111, 127,  31, 123,  95, 223, 231, 247, 239, 255,  23,
   124, 103, 231, 295, 311, 303, 319,  55, 126, 119, 247, 311, 382,
   375, 383,  31, 125, 111, 239, 303, 375, 367, 383,  63, 127, 127,
   255, 319, 383, 383, 511,   1,  10,  10,  14,   9,  11,  11,  15,
    18,  73,  76,  77,  73,  75,  77,  79,  20,  84, 100, 101,  98,
    99, 102, 103,  22,  86, 108, 109, 106, 107, 110, 111,  10,  81,
    84,  85,  73,  83,  86,  87,  19,  83,  92,  93,  90,  91,  94,
    95,  21,  85, 116, 117, 106, 115, 118, 119,  23,  87, 124, 125,
   122, 123, 126, 127,  18,  76,  73,  77,  73,  77,  75,  79, 292,
   585, 585, 587, 585, 587, 587, 591, 100, 593, 594, 595, 596, 597,
   598, 599, 293, 601, 602, 603, 604, 605, 606, 607, 100, 593, 596,
   597, 594, 595, 598, 599, 293, 601, 604, 605, 602, 603, 606, 607,
   228, 625, 626, 627, 626, 627, 630, 631, 295, 633, 634, 635, 634,
   635, 638, 639,  20, 100,  84, 101,  98, 102,  99, 103, 100, 594,
   593, 595, 596, 598, 597, 599,  98, 596, 596, 659, 660, 661, 661,
   663, 102, 598, 666, 667, 661, 669, 670, 671,  84, 593, 674, 675,
   596, 666, 678, 679, 101, 595, 675, 683, 659, 667, 686, 687,  99,
   597, 678, 686, 661, 670, 694, 695, 103, 599, 679, 687, 663, 671,
   695, 703,  22, 108,  86, 109, 106, 110, 107, 111, 293, 602, 601,
   603, 604, 606, 605, 607, 102, 666, 598, 667, 661, 670, 669, 671,
   301, 729, 729, 731, 732, 733, 733, 735, 116, 737, 678, 739, 626,
   741, 742, 743, 302, 745, 746, 747, 748, 749, 750, 751, 230, 753,
   742, 755, 756, 757, 758, 759, 303, 761, 762, 763, 764, 765, 766,
   767,  10,  84,  81,  85,  73,  86,  83,  87, 100, 596, 593, 597,
   594, 598, 595, 599,  84, 674, 593, 675, 596, 678, 666, 679, 116,
   678, 737, 739, 626, 742, 741, 743,  76, 593, 593, 625, 585, 601,
   601, 633, 108, 666, 737, 753, 602, 729, 745, 761,  92, 675, 737,
   819, 604, 746, 822, 823, 124, 679, 826, 827, 634, 762, 830, 831,
    19,  92,  83,  93,  90,  94,  91,  95, 293, 604, 601, 605, 602,
   606, 603, 607, 101, 675, 595, 683, 659, 686, 667, 687, 302, 746,
   745, 747, 748, 750, 749, 751, 108, 737, 666, 753, 602, 745, 729,
   761, 310, 822, 822, 875, 876, 877, 877, 879, 229, 819, 741, 883,
   748, 885, 886, 887, 311, 823, 830, 891, 892, 893, 894, 895,  21,
   116,  85, 117, 106, 118, 115, 119, 228, 626, 625, 627, 626, 630,
   627, 631,  99, 678, 597, 686, 661, 694, 670, 695, 230, 742, 753,
   755, 756, 758, 757, 759,  92, 737, 675, 819, 604, 822, 746, 823,
   229, 741, 819, 883, 748, 886, 885, 887, 220, 739, 739, 947, 732,
   949, 949, 951, 231, 743, 827, 955, 764, 957, 958, 959,  23, 124,
    87, 125, 122, 126, 123, 127, 295, 634, 633, 635, 634, 638, 635,
   639, 103, 679, 599, 687, 663, 695, 671, 703, 303, 762, 761, 763,
   764, 766, 765, 767, 124, 826, 679, 827, 634, 830, 762, 831, 311,
   830, 823, 891, 892, 894, 893, 895, 231, 827, 743, 955, 764, 958,
   957, 959, 319, 831, 831,1019,1020,1021,1021,1023,   1,  18,  20,
    22,  10,  19,  21,  23,  10,  73,  84,  86,  81,  83,  85,  87,
    10,  76, 100, 108,  84,  92, 116, 124,  14,  77, 101, 109,  85,
    93, 117, 125,   9,  73,  98, 106,  73,  90, 106, 122,  11,  75,
    99, 107,  83,  91, 115, 123,  11,  77, 102, 110,  86,  94, 118,
   126,  15,  79, 103, 111,  87,  95, 119, 127,  20, 100,  98, 102,
    84, 101,  99, 103, 100, 594, 596, 598, 593, 595, 597, 599,  84,
   593, 596, 666, 674, 675, 678, 679, 101, 595, 659, 667, 675, 683,
   686, 687,  98, 596, 660, 661, 596, 659, 661, 663, 102, 598, 661,
   669, 666, 667, 670, 671,  99, 597, 661, 670, 678, 686, 694, 695,
   103, 599, 663, 671, 679, 687, 695, 703,  18, 292, 100, 293, 100,
   293, 228, 295,  76, 585, 593, 601, 593, 601, 625, 633,  73, 585,
   594, 602, 596, 604, 626, 634,  77, 587, 595, 603, 597, 605, 627,
   635,  73, 585, 596, 604, 594, 602, 626, 634,  77, 587, 597, 605,
   595, 603, 627, 635,  75, 587, 598, 606, 598, 606, 630, 638,  79,
   591, 599, 607, 599, 607, 631, 639,  22, 293, 102, 301, 116, 302,
   230, 303, 108, 602, 666, 729, 737, 745, 753, 761,  86, 601, 598,
   729, 678, 746, 742, 762, 109, 603, 667, 731, 739, 747, 755, 763,
   106, 604, 661, 732, 626, 748, 756, 764, 110, 606, 670, 733, 741,
   749, 757, 765, 107, 605, 669, 733, 742, 750, 758, 766, 111, 607,
   671, 735, 743, 751, 759, 767,  10, 100,  84, 116,  76, 108,  92,
   124,  84, 596, 674, 678, 593, 666, 675, 679,  81, 593, 593, 737,
   593, 737, 737, 826,  85, 597, 675, 739, 625, 753, 819, 827,  73,
   594, 596, 626, 585, 602, 604, 634,  86, 598, 678, 742, 601, 729,
   746, 762,  83, 595, 666, 741, 601, 745, 822, 830,  87, 599, 679,
   743, 633, 761, 823, 831,  21, 228,  99, 230,  92, 229, 220, 231,
   116, 626, 678, 742, 737, 741, 739, 743,  85, 625, 597, 753, 675,
   819, 739, 827, 117, 627, 686, 755, 819, 883, 947, 955, 106, 626,
   661, 756, 604, 748, 732, 764, 118, 630, 694, 758, 822, 886, 949,
   957, 115, 627, 670, 757, 746, 885, 949, 958, 119, 631, 695, 759,
   823, 887, 951, 959,  19, 293, 101, 302, 108, 310, 229, 311,  92,
   604, 675, 746, 737, 822, 819, 823,  83, 601, 595, 745, 666, 822,
   741, 830,  93, 605, 683, 747, 753, 875, 883, 891,  90, 602, 659,
   748, 602, 876, 748, 892,  94, 606, 686, 750, 745, 877, 885, 893,
    91, 603, 667, 749, 729, 877, 886, 894,  95, 607, 687, 751, 761,
   879, 887, 895,  23, 295, 103, 303, 124, 311, 231, 319, 124, 634,
   679, 762, 826, 830, 827, 831,  87, 633, 599, 761, 679, 823, 743,
   831, 125, 635, 687, 763, 827, 891, 955,1019, 122, 634, 663, 764,
   634, 892, 764,1020, 126, 638, 695, 766, 830, 894, 958,1021, 123,
   635, 671, 765, 762, 893, 957,1021, 127, 639, 703, 767, 831, 895,
   959,1023,   3,  19,  21,  30,  11,  27,  29,  31,  19,  90,  92,
    94,  83,  91,  93,  95,  21,  92, 228, 229,  99, 220, 230, 231,
    30,  94, 229, 237, 115, 221, 238, 239,  11,  83,  99, 115,  75,
    91, 107, 123,  27,  91, 220, 221,  91, 219, 221, 223,  29,  93,
   230, 238, 107, 221, 246, 247,  31,  95, 231, 239, 123, 223, 247,
   255,  22, 108, 106, 110,  86, 109, 107, 111, 293, 602, 604, 606,
   601, 603, 605, 607, 116, 737, 626, 741, 678, 739, 742, 743, 302,
   745, 748, 749, 746, 747, 750, 751, 102, 666, 661, 670, 598, 667,
   669, 671, 301, 729, 732, 733, 729, 731, 733, 735, 230, 753, 756,
   757, 742, 755, 758, 759, 303, 761, 764, 765, 762, 763, 766, 767,
    22, 293, 116, 302, 102, 301, 230, 303, 108, 602, 737, 745, 666,
   729, 753, 761, 106, 604, 626, 748, 661, 732, 756, 764, 110, 606,
   741, 749, 670, 733, 757, 765,  86, 601, 678, 746, 598, 729, 742,
   762, 109, 603, 739, 747, 667, 731, 755, 763, 107, 605, 742, 750,
   669, 733, 758, 766, 111, 607, 743, 751, 671, 735, 759, 767,  54,
   310, 118, 365, 118, 365, 246, 367, 310, 876, 822, 877, 822, 877,
   875, 879, 118, 822, 630, 886, 694, 949, 758, 957, 365, 877, 886,
  1755, 949,1757,1758,1759, 118, 822, 694, 949, 630, 886, 758, 957,
   365, 877, 949,1757, 886,1755,1758,1759, 246, 875, 758,1758, 758,
  1758,1782,1783, 367, 879, 957,1759, 957,1759,1783,1791,  14, 101,
    85, 117,  77, 109,  93, 125, 101, 659, 675, 686, 595, 667, 683,
   687,  85, 675, 625, 819, 597, 739, 753, 827, 117, 686, 819, 947,
   627, 755, 883, 955,  77, 595, 597, 627, 587, 603, 605, 635, 109,
   667, 739, 755, 603, 731, 747, 763,  93, 683, 753, 883, 605, 747,
   875, 891, 125, 687, 827, 955, 635, 763, 891,1019,  30, 229, 115,
   238,  94, 237, 221, 239, 302, 748, 746, 750, 745, 749, 747, 751,
   117, 819, 627, 883, 686, 947, 755, 955, 373, 885, 885,1883, 885,
  1883,1883,1887, 110, 741, 670, 757, 606, 749, 733, 765, 365, 886,
   949,1758, 877,1755,1757,1759, 238, 883, 757,1907, 750,1883,1758,
  1911, 375, 887, 958,1911, 893,1917,1918,1919,  30, 302, 117, 373,
   110, 365, 238, 375, 229, 748, 819, 885, 741, 886, 883, 887, 115,
   746, 627, 885, 670, 949, 757, 958, 238, 750, 883,1883, 757,1758,
  1907,1911,  94, 745, 686, 885, 606, 877, 750, 893, 237, 749, 947,
  1883, 749,1755,1883,1917, 221, 747, 755,1883, 733,1757,1758,1918,
   239, 751, 955,1887, 765,1759,1911,1919,  55, 311, 119, 375, 126,
   382, 247, 383, 311, 892, 823, 893, 830, 894, 891, 895, 119, 823,
   631, 887, 695, 951, 759, 959, 375, 893, 887,1917, 958,1918,1911,
  1919, 126, 830, 695, 958, 638, 894, 766,1021, 382, 894, 951,1918,
   894,2029,1918,2031, 247, 891, 759,1911, 766,1918,1783,2039, 383,
   895, 959,1919,1021,2031,2039,2047,   1,  20,  18,  22,  10,  21,
    19,  23,  20,  98, 100, 102,  84,  99, 101, 103,  18, 100, 292,
   293, 100, 228, 293, 295,  22, 102, 293, 301, 116, 230, 302, 303,
    10,  84, 100, 116,  76,  92, 108, 124,  21,  99, 228, 230,  92,
   220, 229, 231,  19, 101, 293, 302, 108, 229, 310, 311,  23, 103,
   295, 303, 124, 231, 311, 319,  10,  84,  73,  86,  81,  85,  83,
    87, 100, 596, 594, 598, 593, 597, 595, 599,  76, 593, 585, 601,
   593, 625, 601, 633, 108, 666, 602, 729, 737, 753, 745, 761,  84,
   674, 596, 678, 593, 675, 666, 679, 116, 678, 626, 742, 737, 739,
   741, 743,  92, 675, 604, 746, 737, 819, 822, 823, 124, 679, 634,
   762, 826, 827, 830, 831,  10, 100,  76, 108,  84, 116,  92, 124,
    84, 596, 593, 666, 674, 678, 675, 679,  73, 594, 585, 602, 596,
   626, 604, 634,  86, 598, 601, 729, 678, 742, 746, 762,  81, 593,
   593, 737, 593, 737, 737, 826,  85, 597, 625, 753, 675, 739, 819,
   827,  83, 595, 601, 745, 666, 741, 822, 830,  87, 599, 633, 761,
   679, 743, 823, 831,  14, 101,  77, 109,  85, 117,  93, 125, 101,
   659, 595, 667, 675, 686, 683, 687,  77, 595, 587, 603, 597, 627,
   605, 635, 109, 667, 603, 731, 739, 755, 747, 763,  85, 675, 597,
   739, 625, 819, 753, 827, 117, 686, 627, 755, 819, 947, 883, 955,
    93, 683, 605, 747, 753, 883, 875, 891, 125, 687, 635, 763, 827,
   955, 891,1019,   9,  98,  73, 106,  73, 106,  90, 122,  98, 660,
   596, 661, 596, 661, 659, 663,  73, 596, 585, 604, 594, 626, 602,
   634, 106, 661, 604, 732, 626, 756, 748, 764,  73, 596, 594, 626,
   585, 604, 602, 634, 106, 661, 626, 756, 604, 732, 748, 764,  90,
   659, 602, 748, 602, 748, 876, 892, 122, 663, 634, 764, 634, 764,
   892,1020,  11,  99,  75, 107,  83, 115,  91, 123, 102, 661, 598,
   669, 666, 670, 667, 671,  77, 597, 587, 605, 595, 627, 603, 635,
   110, 670, 606, 733, 741, 757, 749, 765,  86, 678, 598, 742, 601,
   746, 729, 762, 118, 694, 630, 758, 822, 949, 886, 957,  94, 686,
   606, 750, 745, 885, 877, 893, 126, 695, 638, 766, 830, 958, 894,
  1021,  11, 102,  77, 110,  86, 118,  94, 126,  99, 661, 597, 670,
   678, 694, 686, 695,  75, 598, 587, 606, 598, 630, 606, 638, 107,
   669, 605, 733, 742, 758, 750, 766,  83, 666, 595, 741, 601, 822,
   745, 830, 115, 670, 627, 757, 746, 949, 885, 958,  91, 667, 603,
   749, 729, 886, 877, 894, 123, 671, 635, 765, 762, 957, 893,1021,
    15, 103,  79, 111,  87, 119,  95, 127, 103, 663, 599, 671, 679,
   695, 687, 703,  79, 599, 591, 607, 599, 631, 607, 639, 111, 671,
   607, 735, 743, 759, 751, 767,  87, 679, 599, 743, 633, 823, 761,
   831, 119, 695, 631, 759, 823, 951, 887, 959,  95, 687, 607, 751,
   761, 887, 879, 895, 127, 703, 639, 767, 831, 959, 895,1023,   3,
    21,  19,  30,  11,  29,  27,  31,  22, 106, 108, 110,  86, 107,
   109, 111,  22, 116, 293, 302, 102, 230, 301, 303,  54, 118, 310,
   365, 118, 246, 365, 367,  14,  85, 101, 117,  77,  93, 109, 125,
    30, 115, 229, 238,  94, 221, 237, 239,  30, 117, 302, 373, 110,
   238, 365, 375,  55, 119, 311, 375, 126, 247, 382, 383,  19,  92,
    90,  94,  83,  93,  91,  95, 293, 604, 602, 606, 601, 605, 603,
   607, 108, 737, 602, 745, 666, 753, 729, 761, 310, 822, 876, 877,
   822, 875, 877, 879, 101, 675, 659, 686, 595, 683, 667, 687, 302,
   746, 748, 750, 745, 747, 749, 751, 229, 819, 748, 885, 741, 883,
   886, 887, 311, 823, 892, 893, 830, 891, 894, 895,  21, 228,  92,
   229,  99, 230, 220, 231, 116, 626, 737, 741, 678, 742, 739, 743,
   106, 626, 604, 748, 661, 756, 732, 764, 118, 630, 822, 886, 694,
   758, 949, 957,  85, 625, 675, 819, 597, 753, 739, 827, 117, 627,
   819, 883, 686, 755, 947, 955, 115, 627, 746, 885, 670, 757, 949,
   958, 119, 631, 823, 887, 695, 759, 951, 959,  30, 229,  94, 237,
   115, 238, 221, 239, 302, 748, 745, 749, 746, 750, 747, 751, 110,
   741, 606, 749, 670, 757, 733, 765, 365, 886, 877,1755, 949,1758,
  1757,1759, 117, 819, 686, 947, 627, 883, 755, 955, 373, 885, 885,
  1883, 885,1883,1883,1887, 238, 883, 750,1883, 757,1907,1758,1911,
   375, 887, 893,1917, 958,1911,1918,1919,  11,  99,  83, 115,  75,
   107,  91, 123, 102, 661, 666, 670, 598, 669, 667, 671,  86, 678,
   601, 746, 598, 742, 729, 762, 118, 694, 822, 949, 630, 758, 886,
   957,  77, 597, 595, 627, 587, 605, 603, 635, 110, 670, 741, 757,
   606, 733, 749, 765,  94, 686, 745, 885, 606, 750, 877, 893, 126,
   695, 830, 958, 638, 766, 894,1021,  27, 220,  91, 221,  91, 221,
   219, 223, 301, 732, 729, 733, 729, 733, 731, 735, 109, 739, 603,
   747, 667, 755, 731, 763, 365, 949, 877,1757, 886,1758,1755,1759,
   109, 739, 667, 755, 603, 747, 731, 763, 365, 949, 886,1758, 877,
  1757,1755,1759, 237, 947, 749,1883, 749,1883,1755,1917, 382, 951,
   894,1918, 894,1918,2029,2031,  29, 230,  93, 238, 107, 246, 221,
   247, 230, 756, 753, 757, 742, 758, 755, 759, 107, 742, 605, 750,
   669, 758, 733, 766, 246, 758, 875,1758, 758,1782,1758,1783,  93,
   753, 683, 883, 605, 875, 747, 891, 238, 757, 883,1907, 750,1758,
  1883,1911, 221, 755, 747,1883, 733,1758,1757,1918, 247, 759, 891,
  1911, 766,1783,1918,2039,  31, 231,  95, 239, 123, 247, 223, 255,
   303, 764, 761, 765, 762, 766, 763, 767, 111, 743, 607, 751, 671,
   759, 735, 767, 367, 957, 879,1759, 957,1783,1759,1791, 125, 827,
   687, 955, 635, 891, 763,1019, 375, 958, 887,1911, 893,1918,1917,
  1919, 239, 955, 751,1887, 765,1911,1759,1919, 383, 959, 895,1919,
  1021,2039,2031,2047,   3,  22,  22,  54,  14,  30,  30,  55,  21,
   106, 116, 118,  85, 115, 117, 119,  19, 108, 293, 310, 101, 229,
   302, 311,  30, 110, 302, 365, 117, 238, 373, 375,  11,  86, 102,
   118,  77,  94, 110, 126,  29, 107, 230, 246,  93, 221, 238, 247,
    27, 109, 301, 365, 109, 237, 365, 382,  31, 111, 303, 367, 125,
   239, 375, 383,  21, 116, 106, 118,  85, 117, 115, 119, 228, 626,
   626, 630, 625, 627, 627, 631,  92, 737, 604, 822, 675, 819, 746,
   823, 229, 741, 748, 886, 819, 883, 885, 887,  99, 678, 661, 694,
   597, 686, 670, 695, 230, 742, 756, 758, 753, 755, 757, 759, 220,
   739, 732, 949, 739, 947, 949, 951, 231, 743, 764, 957, 827, 955,
   958, 959,  19, 293, 108, 310, 101, 302, 229, 311,  92, 604, 737,
   822, 675, 746, 819, 823,  90, 602, 602, 876, 659, 748, 748, 892,
    94, 606, 745, 877, 686, 750, 885, 893,  83, 601, 666, 822, 595,
   745, 741, 830,  93, 605, 753, 875, 683, 747, 883, 891,  91, 603,
   729, 877, 667, 749, 886, 894,  95, 607, 761, 879, 687, 751, 887,
   895,  30, 302, 110, 365, 117, 373, 238, 375, 229, 748, 741, 886,
   819, 885, 883, 887,  94, 745, 606, 877, 686, 885, 750, 893, 237,
   749, 749,1755, 947,1883,1883,1917, 115, 746, 670, 949, 627, 885,
   757, 958, 238, 750, 757,1758, 883,1883,1907,1911, 221, 747, 733,
  1757, 755,1883,1758,1918, 239, 751, 765,1759, 955,1887,1911,1919,
    11, 102,  86, 118,  77, 110,  94, 126,  99, 661, 678, 694, 597,
   670, 686, 695,  83, 666, 601, 822, 595, 741, 745, 830, 115, 670,
   746, 949, 627, 757, 885, 958,  75, 598, 598, 630, 587, 606, 606,
   638, 107, 669, 742, 758, 605, 733, 750, 766,  91, 667, 729, 886,
   603, 749, 877, 894, 123, 671, 762, 957, 635, 765, 893,1021,  29,
   230, 107, 246,  93, 238, 221, 247, 230, 756, 742, 758, 753, 757,
   755, 759,  93, 753, 605, 875, 683, 883, 747, 891, 238, 757, 750,
  1758, 883,1907,1883,1911, 107, 742, 669, 758, 605, 750, 733, 766,
   246, 758, 758,1782, 875,1758,1758,1783, 221, 755, 733,1758, 747,
  1883,1757,1918, 247, 759, 766,1783, 891,1911,1918,2039,  27, 301,
   109, 365, 109, 365, 237, 382, 220, 732, 739, 949, 739, 949, 947,
   951,  91, 729, 603, 877, 667, 886, 749, 894, 221, 733, 747,1757,
   755,1758,1883,1918,  91, 729, 667, 886, 603, 877, 749, 894, 221,
   733, 755,1758, 747,1757,1883,1918, 219, 731, 731,1755, 731,1755,
  1755,2029, 223, 735, 763,1759, 763,1759,1917,2031,  31, 303, 111,
   367, 125, 375, 239, 383, 231, 764, 743, 957, 827, 958, 955, 959,
    95, 761, 607, 879, 687, 887, 751, 895, 239, 765, 751,1759, 955,
  1911,1887,1919, 123, 762, 671, 957, 635, 893, 765,1021, 247, 766,
   759,1783, 891,1918,1911,2039, 223, 763, 735,1759, 763,1917,1759,
  2031, 255, 767, 767,1791,1019,1919,1919,2047,   7,  23,  23,  55,
    15,  31,  31,  63,  23, 122, 124, 126,  87, 123, 125, 127,  23,
   124, 295, 311, 103, 231, 303, 319,  55, 126, 311, 382, 119, 247,
   375, 383,  15,  87, 103, 119,  79,  95, 111, 127,  31, 123, 231,
   247,  95, 223, 239, 255,  31, 125, 303, 375, 111, 239, 367, 383,
    63, 127, 319, 383, 127, 255, 383, 511,  23, 124, 122, 126,  87,
   125, 123, 127, 295, 634, 634, 638, 633, 635, 635, 639, 124, 826,
   634, 830, 679, 827, 762, 831, 311, 830, 892, 894, 823, 891, 893,
   895, 103, 679, 663, 695, 599, 687, 671, 703, 303, 762, 764, 766,
   761, 763, 765, 767, 231, 827, 764, 958, 743, 955, 957, 959, 319,
   831,1020,1021, 831,1019,1021,1023,  23, 295, 124, 311, 103, 303,
   231, 319, 124, 634, 826, 830, 679, 762, 827, 831, 122, 634, 634,
   892, 663, 764, 764,1020, 126, 638, 830, 894, 695, 766, 958,1021,
    87, 633, 679, 823, 599, 761, 743, 831, 125, 635, 827, 891, 687,
   763, 955,1019, 123, 635, 762, 893, 671, 765, 957,1021, 127, 639,
   831, 895, 703, 767, 959,1023,  55, 311, 126, 382, 119, 375, 247,
   383, 311, 892, 830, 894, 823, 893, 891, 895, 126, 830, 638, 894,
   695, 958, 766,1021, 382, 894, 894,2029, 951,1918,1918,2031, 119,
   823, 695, 951, 631, 887, 759, 959, 375, 893, 958,1918, 887,1917,
  1911,1919, 247, 891, 766,1918, 759,1911,1783,2039, 383, 895,1021,
  2031, 959,1919,2039,2047,  15, 103,  87, 119,  79, 111,  95, 127,
   103, 663, 679, 695, 599, 671, 687, 703,  87, 679, 633, 823, 599,
   743, 761, 831, 119, 695, 823, 951, 631, 759, 887, 959,  79, 599,
   599, 631, 591, 607, 607, 639, 111, 671, 743, 759, 607, 735, 751,
   767,  95, 687, 761, 887, 607, 751, 879, 895, 127, 703, 831, 959,
   639, 767, 895,1023,  31, 231, 123, 247,  95, 239, 223, 255, 303,
   764, 762, 766, 761, 765, 763, 767, 125, 827, 635, 891, 687, 955,
   763,1019, 375, 958, 893,1918, 887,1911,1917,1919, 111, 743, 671,
   759, 607, 751, 735, 767, 367, 957, 957,1783, 879,1759,1759,1791,
   239, 955, 765,1911, 751,1887,1759,1919, 383, 959,1021,2039, 895,
  1919,2031,2047,  31, 303, 125, 375, 111, 367, 239, 383, 231, 764,
   827, 958, 743, 957, 955, 959, 123, 762, 635, 893, 671, 957, 765,
  1021, 247, 766, 891,1918, 759,1783,1911,2039,  95, 761, 687, 887,
   607, 879, 751, 895, 239, 765, 955,1911, 751,1759,1887,1919, 223,
   763, 763,1917, 735,1759,1759,2031, 255, 767,1019,1919, 767,1791,
  1919,2047,  63, 319, 127, 383, 127, 383, 255, 511, 319,1020, 831,
  1021, 831,1021,1019,1023, 127, 831, 639, 895, 703, 959, 767,1023,
   383,1021, 895,2031, 959,2039,1919,2047, 127, 831, 703, 959, 639,
   895, 767,1023, 383,1021, 959,2039, 895,2031,1919,2047, 255,1019,
   767,1919, 767,1919,1791,2047, 511,1023,1023,2047,1023,2047,2047,
  4095 };

unsigned int igraph_i_isoclass_4_idx[] = {
  0, 8, 64, 512, 1, 0, 128, 1024, 2, 16, 0, 2048, 4, 32, 256, 0 };

unsigned int igraph_i_isoclass_3u[] = { 0,1,1,3,1,3,3,7 };

unsigned int igraph_i_isoclass_3u_idx[] = { 0,1,2,1,0,4,2,4,0 };

unsigned int igraph_i_isoclass_4u[] = {
  0, 1, 1, 3, 1, 3, 3, 7, 1, 3, 3,11,12,13,13,15, 1, 3,12,13, 3,11,13,15, 3, 7,
 13,15,13,15,30,31, 1,12, 3,13, 3,13,11,15, 3,13, 7,15,13,30,15,31, 3,13,13,30,
  7,15,15,31,11,15,15,31,15,31,31,63 };

unsigned int igraph_i_isoclass_4u_idx[] = {
  0, 1, 2, 8, 1, 0, 4, 16, 2, 4, 0, 32, 8, 16, 32, 0 };

unsigned int igraph_i_isoclass2_3[] = {
 0, 1, 1, 2, 1, 3, 4, 5, 1, 4, 6, 7, 2, 5, 7, 8, 1, 4, 3, 5, 6, 9, 9,10, 4,11,
 9,12, 7,12,13,14, 1, 6, 4, 7, 4, 9,11,12, 3, 9, 9,13, 5,10,12,14, 2, 7, 5, 8,
 7,13,12,14, 5,12,10,14, 8,14,14,15
};

unsigned int igraph_i_isoclass2_3u[] = {
  0,1,1,2,1,2,2,3 
};

unsigned int igraph_i_isoclass2_4u[] = { 
 0, 1, 1, 2, 1, 2, 2, 3, 1, 2, 2, 4, 5, 6, 6, 7, 1, 2, 5, 6, 2, 4, 6, 7, 2, 3,
 6, 7, 6, 7, 8, 9, 1, 5, 2, 6, 2, 6, 4, 7, 2, 6, 3, 7, 6, 8, 7, 9, 2, 6, 6, 8,
 3, 7, 7, 9, 4, 7, 7, 9, 7, 9, 9,10
};

unsigned int igraph_i_isoclass2_4[] = {
  0,  1,  1,  2,  1,  2,  2,  3,  1,  4,  5,  6,  5,  6,  7,  8,  1,  5,  9, 10,
 11, 12, 13, 14,  2,  6, 10, 15, 12, 16, 17, 18,  1,  5, 11, 12,  9, 10, 13, 14,
  2,  6, 12, 16, 10, 15, 17, 18,  2,  7, 13, 17, 13, 17, 19, 20,  3,  8, 14, 18,
 14, 18, 20, 21,  1,  5,  4,  6,  5,  7,  6,  8,  9, 22, 22, 23, 24, 25, 25, 26,
  5, 27, 22, 28, 29, 30, 31, 32, 10, 28, 33, 34, 35, 36, 37, 38, 11, 29, 39, 40,
 41, 42, 43, 44, 13, 31, 45, 46, 47, 48, 49, 50, 12, 30, 45, 51, 52, 53, 54, 55,
 14, 32, 56, 57, 58, 59, 60, 61,  1,  9,  5, 10, 11, 13, 12, 14,  5, 22, 27, 28,
 29, 31, 30, 32,  4, 22, 22, 33, 39, 45, 45, 56,  6, 23, 28, 34, 40, 46, 51, 57,
  5, 24, 29, 35, 41, 47, 52, 58,  7, 25, 30, 36, 42, 48, 53, 59,  6, 25, 31, 37,
 43, 49, 54, 60,  8, 26, 32, 38, 44, 50, 55, 61,  2, 10,  6, 15, 12, 17, 16, 18,
 10, 33, 28, 34, 35, 37, 36, 38,  6, 28, 23, 34, 40, 51, 46, 57, 15, 34, 34, 62,
 63, 64, 64, 65, 12, 35, 40, 63, 66, 67, 68, 69, 17, 37, 51, 64, 67, 70, 71, 72,
 16, 36, 46, 64, 68, 71, 73, 74, 18, 38, 57, 65, 69, 72, 74, 75,  1, 11,  5, 12,
  9, 13, 10, 14, 11, 39, 29, 40, 41, 43, 42, 44,  5, 29, 24, 35, 41, 52, 47, 58,
 12, 40, 35, 63, 66, 68, 67, 69,  9, 41, 41, 66, 76, 77, 77, 78, 13, 43, 52, 68,
 77, 79, 80, 81, 10, 42, 47, 67, 77, 80, 82, 83, 14, 44, 58, 69, 78, 81, 83, 84,
  2, 12,  6, 16, 10, 17, 15, 18, 13, 45, 31, 46, 47, 49, 48, 50,  7, 30, 25, 36,
 42, 53, 48, 59, 17, 51, 37, 64, 67, 71, 70, 72, 13, 52, 43, 68, 77, 80, 79, 81,
 19, 54, 54, 73, 82, 85, 85, 86, 17, 53, 49, 71, 80, 87, 85, 88, 20, 55, 60, 74,
 83, 88, 89, 90,  2, 13,  7, 17, 13, 19, 17, 20, 12, 45, 30, 51, 52, 54, 53, 55,
  6, 31, 25, 37, 43, 54, 49, 60, 16, 46, 36, 64, 68, 73, 71, 74, 10, 47, 42, 67,
 77, 82, 80, 83, 17, 49, 53, 71, 80, 85, 87, 88, 15, 48, 48, 70, 79, 85, 85, 89,
 18, 50, 59, 72, 81, 86, 88, 90,  3, 14,  8, 18, 14, 20, 18, 21, 14, 56, 32, 57,
 58, 60, 59, 61,  8, 32, 26, 38, 44, 55, 50, 61, 18, 57, 38, 65, 69, 74, 72, 75,
 14, 58, 44, 69, 78, 83, 81, 84, 20, 60, 55, 74, 83, 89, 88, 90, 18, 59, 50, 72,
 81, 88, 86, 90, 21, 61, 61, 75, 84, 90, 90, 91,  1,  5,  5,  7,  4,  6,  6,  8,
  9, 22, 24, 25, 22, 23, 25, 26, 11, 29, 41, 42, 39, 40, 43, 44, 13, 31, 47, 48,
 45, 46, 49, 50,  5, 27, 29, 30, 22, 28, 31, 32, 10, 28, 35, 36, 33, 34, 37, 38,
 12, 30, 52, 53, 45, 51, 54, 55, 14, 32, 58, 59, 56, 57, 60, 61,  9, 24, 22, 25,
 22, 25, 23, 26, 76, 92, 92, 93, 92, 93, 93, 94, 41, 95, 96, 97, 98, 99,100,101,
 77,102,103,104,105,106,107,108, 41, 95, 98, 99, 96, 97,100,101, 77,102,105,106,
103,104,107,108, 66,109,110,111,110,111,112,113, 78,114,115,116,115,116,117,118,
 11, 41, 29, 42, 39, 43, 40, 44, 41, 96, 95, 97, 98,100, 99,101, 39, 98, 98,119,
120,121,121,122, 43,100,123,124,121,125,126,127, 29, 95,128,129, 98,123,130,131,
 42, 97,129,132,119,124,133,134, 40, 99,130,133,121,126,135,136, 44,101,131,134,
122,127,136,137, 13, 47, 31, 48, 45, 49, 46, 50, 77,103,102,104,105,107,106,108,
 43,123,100,124,121,126,125,127, 79,138,138,139,140,141,141,142, 52,143,130,144,
110,145,146,147, 80,148,149,150,151,152,153,154, 68,155,146,156,157,158,159,160,
 81,161,162,163,164,165,166,167,  5, 29, 27, 30, 22, 31, 28, 32, 41, 98, 95, 99,
 96,100, 97,101, 29,128, 95,129, 98,130,123,131, 52,130,143,144,110,146,145,147,
 24, 95, 95,109, 92,102,102,114, 47,123,143,155,103,138,148,161, 35,129,143,168,
105,149,169,170, 58,131,171,172,115,162,173,174, 10, 35, 28, 36, 33, 37, 34, 38,
 77,105,102,106,103,107,104,108, 42,129, 97,132,119,133,124,134, 80,149,148,150,
151,153,152,154, 47,143,123,155,103,148,138,161, 82,169,169,175,176,177,177,178,
 67,168,145,179,151,180,181,182, 83,170,173,183,184,185,186,187, 12, 52, 30, 53,
 45, 54, 51, 55, 66,110,109,111,110,112,111,113, 40,130, 99,133,121,135,126,136,
 68,146,155,156,157,159,158,160, 35,143,129,168,105,169,149,170, 67,145,168,179,
151,181,180,182, 63,144,144,188,140,189,189,190, 69,147,172,191,164,192,193,194,
 14, 58, 32, 59, 56, 60, 57, 61, 78,115,114,116,115,117,116,118, 44,131,101,134,
122,136,127,137, 81,162,161,163,164,166,165,167, 58,171,131,172,115,173,162,174,
 83,173,170,183,184,186,185,187, 69,172,147,191,164,193,192,194, 84,174,174,195,
196,197,197,198,  1,  9, 11, 13,  5, 10, 12, 14,  5, 22, 29, 31, 27, 28, 30, 32,
  5, 24, 41, 47, 29, 35, 52, 58,  7, 25, 42, 48, 30, 36, 53, 59,  4, 22, 39, 45,
 22, 33, 45, 56,  6, 23, 40, 46, 28, 34, 51, 57,  6, 25, 43, 49, 31, 37, 54, 60,
  8, 26, 44, 50, 32, 38, 55, 61, 11, 41, 39, 43, 29, 42, 40, 44, 41, 96, 98,100,
 95, 97, 99,101, 29, 95, 98,123,128,129,130,131, 42, 97,119,124,129,132,133,134,
 39, 98,120,121, 98,119,121,122, 43,100,121,125,123,124,126,127, 40, 99,121,126,
130,133,135,136, 44,101,122,127,131,134,136,137,  9, 76, 41, 77, 41, 77, 66, 78,
 24, 92, 95,102, 95,102,109,114, 22, 92, 96,103, 98,105,110,115, 25, 93, 97,104,
 99,106,111,116, 22, 92, 98,105, 96,103,110,115, 25, 93, 99,106, 97,104,111,116,
 23, 93,100,107,100,107,112,117, 26, 94,101,108,101,108,113,118, 13, 77, 43, 79,
 52, 80, 68, 81, 47,103,123,138,143,148,155,161, 31,102,100,138,130,149,146,162,
 48,104,124,139,144,150,156,163, 45,105,121,140,110,151,157,164, 49,107,126,141,
145,152,158,165, 46,106,125,141,146,153,159,166, 50,108,127,142,147,154,160,167,
  5, 41, 29, 52, 24, 47, 35, 58, 29, 98,128,130, 95,123,129,131, 27, 95, 95,143,
 95,143,143,171, 30, 99,129,144,109,155,168,172, 22, 96, 98,110, 92,103,105,115,
 31,100,130,146,102,138,149,162, 28, 97,123,145,102,148,169,173, 32,101,131,147,
114,161,170,174, 12, 66, 40, 68, 35, 67, 63, 69, 52,110,130,146,143,145,144,147,
 30,109, 99,155,129,168,144,172, 53,111,133,156,168,179,188,191, 45,110,121,157,
105,151,140,164, 54,112,135,159,169,181,189,192, 51,111,126,158,149,180,189,193,
 55,113,136,160,170,182,190,194, 10, 77, 42, 80, 47, 82, 67, 83, 35,105,129,149,
143,169,168,170, 28,102, 97,148,123,169,145,173, 36,106,132,150,155,175,179,183,
 33,103,119,151,103,176,151,184, 37,107,133,153,148,177,180,185, 34,104,124,152,
138,177,181,186, 38,108,134,154,161,178,182,187, 14, 78, 44, 81, 58, 83, 69, 84,
 58,115,131,162,171,173,172,174, 32,114,101,161,131,170,147,174, 59,116,134,163,
172,183,191,195, 56,115,122,164,115,184,164,196, 60,117,136,166,173,186,193,197,
 57,116,127,165,162,185,192,197, 61,118,137,167,174,187,194,198,  2, 10, 12, 17,
  6, 15, 16, 18, 10, 33, 35, 37, 28, 34, 36, 38, 12, 35, 66, 67, 40, 63, 68, 69,
 17, 37, 67, 70, 51, 64, 71, 72,  6, 28, 40, 51, 23, 34, 46, 57, 15, 34, 63, 64,
 34, 62, 64, 65, 16, 36, 68, 71, 46, 64, 73, 74, 18, 38, 69, 72, 57, 65, 74, 75,
 13, 47, 45, 49, 31, 48, 46, 50, 77,103,105,107,102,104,106,108, 52,143,110,145,
130,144,146,147, 80,148,151,152,149,150,153,154, 43,123,121,126,100,124,125,127,
 79,138,140,141,138,139,141,142, 68,155,157,158,146,156,159,160, 81,161,164,165,
162,163,166,167, 13, 77, 52, 80, 43, 79, 68, 81, 47,103,143,148,123,138,155,161,
 45,105,110,151,121,140,157,164, 49,107,145,152,126,141,158,165, 31,102,130,149,
100,138,146,162, 48,104,144,150,124,139,156,163, 46,106,146,153,125,141,159,166,
 50,108,147,154,127,142,160,167, 19, 82, 54, 85, 54, 85, 73, 86, 82,176,169,177,
169,177,175,178, 54,169,112,181,135,189,159,192, 85,177,181,199,189,200,201,202,
 54,169,135,189,112,181,159,192, 85,177,189,200,181,199,201,202, 73,175,159,201,
159,201,203,204, 86,178,192,202,192,202,204,205,  7, 42, 30, 53, 25, 48, 36, 59,
 42,119,129,133, 97,124,132,134, 30,129,109,168, 99,144,155,172, 53,133,168,188,
111,156,179,191, 25, 97, 99,111, 93,104,106,116, 48,124,144,156,104,139,150,163,
 36,132,155,179,106,150,175,183, 59,134,172,191,116,163,183,195, 17, 67, 51, 71,
 37, 70, 64, 72, 80,151,149,153,148,152,150,154, 53,168,111,179,133,188,156,191,
 87,180,180,206,180,206,206,207, 49,145,126,158,107,152,141,165, 85,181,189,201,
177,199,200,202, 71,179,158,208,153,206,201,209, 88,182,193,209,185,210,211,212,
 17, 80, 53, 87, 49, 85, 71, 88, 67,151,168,180,145,181,179,182, 51,149,111,180,
126,189,158,193, 71,153,179,206,158,201,208,209, 37,148,133,180,107,177,153,185,
 70,152,188,206,152,199,206,210, 64,150,156,206,141,200,201,211, 72,154,191,207,
165,202,209,212, 20, 83, 55, 88, 60, 89, 74, 90, 83,184,170,185,173,186,183,187,
 55,170,113,182,136,190,160,194, 88,185,182,210,193,211,209,212, 60,173,136,193,
117,186,166,197, 89,186,190,211,186,213,211,214, 74,183,160,209,166,211,204,215,
 90,187,194,212,197,214,215,216,  1, 11,  9, 13,  5, 12, 10, 14, 11, 39, 41, 43,
 29, 40, 42, 44,  9, 41, 76, 77, 41, 66, 77, 78, 13, 43, 77, 79, 52, 68, 80, 81,
  5, 29, 41, 52, 24, 35, 47, 58, 12, 40, 66, 68, 35, 63, 67, 69, 10, 42, 77, 80,
 47, 67, 82, 83, 14, 44, 78, 81, 58, 69, 83, 84,  5, 29, 22, 31, 27, 30, 28, 32,
 41, 98, 96,100, 95, 99, 97,101, 24, 95, 92,102, 95,109,102,114, 47,123,103,138,
143,155,148,161, 29,128, 98,130, 95,129,123,131, 52,130,110,146,143,144,145,147,
 35,129,105,149,143,168,169,170, 58,131,115,162,171,172,173,174,  5, 41, 24, 47,
 29, 52, 35, 58, 29, 98, 95,123,128,130,129,131, 22, 96, 92,103, 98,110,105,115,
 31,100,102,138,130,146,149,162, 27, 95, 95,143, 95,143,143,171, 30, 99,109,155,
129,144,168,172, 28, 97,102,148,123,145,169,173, 32,101,114,161,131,147,170,174,
  7, 42, 25, 48, 30, 53, 36, 59, 42,119, 97,124,129,133,132,134, 25, 97, 93,104,
 99,111,106,116, 48,124,104,139,144,156,150,163, 30,129, 99,144,109,168,155,172,
 53,133,111,156,168,188,179,191, 36,132,106,150,155,179,175,183, 59,134,116,163,
172,191,183,195,  4, 39, 22, 45, 22, 45, 33, 56, 39,120, 98,121, 98,121,119,122,
 22, 98, 92,105, 96,110,103,115, 45,121,105,140,110,157,151,164, 22, 98, 96,110,
 92,105,103,115, 45,121,110,157,105,140,151,164, 33,119,103,151,103,151,176,184,
 56,122,115,164,115,164,184,196,  6, 40, 23, 46, 28, 51, 34, 57, 43,121,100,125,
123,126,124,127, 25, 99, 93,106, 97,111,104,116, 49,126,107,141,145,158,152,165,
 31,130,100,146,102,149,138,162, 54,135,112,159,169,189,181,192, 37,133,107,153,
148,180,177,185, 60,136,117,166,173,193,186,197,  6, 43, 25, 49, 31, 54, 37, 60,
 40,121, 99,126,130,135,133,136, 23,100, 93,107,100,112,107,117, 46,125,106,141,
146,159,153,166, 28,123, 97,145,102,169,148,173, 51,126,111,158,149,189,180,193,
 34,124,104,152,138,181,177,186, 57,127,116,165,162,192,185,197,  8, 44, 26, 50,
 32, 55, 38, 61, 44,122,101,127,131,136,134,137, 26,101, 94,108,101,113,108,118,
 50,127,108,142,147,160,154,167, 32,131,101,147,114,170,161,174, 55,136,113,160,
170,190,182,194, 38,134,108,154,161,182,178,187, 61,137,118,167,174,194,187,198,
  2, 12, 10, 17,  6, 16, 15, 18, 13, 45, 47, 49, 31, 46, 48, 50, 13, 52, 77, 80,
 43, 68, 79, 81, 19, 54, 82, 85, 54, 73, 85, 86,  7, 30, 42, 53, 25, 36, 48, 59,
 17, 51, 67, 71, 37, 64, 70, 72, 17, 53, 80, 87, 49, 71, 85, 88, 20, 55, 83, 88,
 60, 74, 89, 90, 10, 35, 33, 37, 28, 36, 34, 38, 77,105,103,107,102,106,104,108,
 47,143,103,148,123,155,138,161, 82,169,176,177,169,175,177,178, 42,129,119,133,
 97,132,124,134, 80,149,151,153,148,150,152,154, 67,168,151,180,145,179,181,182,
 83,170,184,185,173,183,186,187, 12, 66, 35, 67, 40, 68, 63, 69, 52,110,143,145,
130,146,144,147, 45,110,105,151,121,157,140,164, 54,112,169,181,135,159,189,192,
 30,109,129,168, 99,155,144,172, 53,111,168,179,133,156,188,191, 51,111,149,180,
126,158,189,193, 55,113,170,182,136,160,190,194, 17, 67, 37, 70, 51, 71, 64, 72,
 80,151,148,152,149,153,150,154, 49,145,107,152,126,158,141,165, 85,181,177,199,
189,201,200,202, 53,168,133,188,111,179,156,191, 87,180,180,206,180,206,206,207,
 71,179,153,206,158,208,201,209, 88,182,185,210,193,209,211,212,  6, 40, 28, 51,
 23, 46, 34, 57, 43,121,123,126,100,125,124,127, 31,130,102,149,100,146,138,162,
 54,135,169,189,112,159,181,192, 25, 99, 97,111, 93,106,104,116, 49,126,145,158,
107,141,152,165, 37,133,148,180,107,153,177,185, 60,136,173,193,117,166,186,197,
 15, 63, 34, 64, 34, 64, 62, 65, 79,140,138,141,138,141,139,142, 48,144,104,150,
124,156,139,163, 85,189,177,200,181,201,199,202, 48,144,124,156,104,150,139,163,
 85,189,181,201,177,200,199,202, 70,188,152,206,152,206,199,210, 89,190,186,211,
186,211,213,214, 16, 68, 36, 71, 46, 73, 64, 74, 68,157,155,158,146,159,156,160,
 46,146,106,153,125,159,141,166, 73,159,175,201,159,203,201,204, 36,155,132,179,
106,175,150,183, 71,158,179,208,153,201,206,209, 64,156,150,206,141,201,200,211,
 74,160,183,209,166,204,211,215, 18, 69, 38, 72, 57, 74, 65, 75, 81,164,161,165,
162,166,163,167, 50,147,108,154,127,160,142,167, 86,192,178,202,192,204,202,205,
 59,172,134,191,116,183,163,195, 88,193,182,209,185,211,210,212, 72,191,154,207,
165,209,202,212, 90,194,187,212,197,215,214,216,  2, 13, 13, 19,  7, 17, 17, 20,
 12, 45, 52, 54, 30, 51, 53, 55, 10, 47, 77, 82, 42, 67, 80, 83, 17, 49, 80, 85,
 53, 71, 87, 88,  6, 31, 43, 54, 25, 37, 49, 60, 16, 46, 68, 73, 36, 64, 71, 74,
 15, 48, 79, 85, 48, 70, 85, 89, 18, 50, 81, 86, 59, 72, 88, 90, 12, 52, 45, 54,
 30, 53, 51, 55, 66,110,110,112,109,111,111,113, 35,143,105,169,129,168,149,170,
 67,145,151,181,168,179,180,182, 40,130,121,135, 99,133,126,136, 68,146,157,159,
155,156,158,160, 63,144,140,189,144,188,189,190, 69,147,164,192,172,191,193,194,
 10, 77, 47, 82, 42, 80, 67, 83, 35,105,143,169,129,149,168,170, 33,103,103,176,
119,151,151,184, 37,107,148,177,133,153,180,185, 28,102,123,169, 97,148,145,173,
 36,106,155,175,132,150,179,183, 34,104,138,177,124,152,181,186, 38,108,161,178,
134,154,182,187, 17, 80, 49, 85, 53, 87, 71, 88, 67,151,145,181,168,180,179,182,
 37,148,107,177,133,180,153,185, 70,152,152,199,188,206,206,210, 51,149,126,189,
111,180,158,193, 71,153,158,201,179,206,208,209, 64,150,141,200,156,206,201,211,
 72,154,165,202,191,207,209,212,  6, 43, 31, 54, 25, 49, 37, 60, 40,121,130,135,
 99,126,133,136, 28,123,102,169, 97,145,148,173, 51,126,149,189,111,158,180,193,
 23,100,100,112, 93,107,107,117, 46,125,146,159,106,141,153,166, 34,124,138,181,
104,152,177,186, 57,127,162,192,116,165,185,197, 16, 68, 46, 73, 36, 71, 64, 74,
 68,157,146,159,155,158,156,160, 36,155,106,175,132,179,150,183, 71,158,153,201,
179,208,206,209, 46,146,125,159,106,153,141,166, 73,159,159,203,175,201,201,204,
 64,156,141,201,150,206,200,211, 74,160,166,204,183,209,211,215, 15, 79, 48, 85,
 48, 85, 70, 89, 63,140,144,189,144,189,188,190, 34,138,104,177,124,181,152,186,
 64,141,150,200,156,201,206,211, 34,138,124,181,104,177,152,186, 64,141,156,201,
150,200,206,211, 62,139,139,199,139,199,199,213, 65,142,163,202,163,202,210,214,
 18, 81, 50, 86, 59, 88, 72, 90, 69,164,147,192,172,193,191,194, 38,161,108,178,
134,182,154,187, 72,165,154,202,191,209,207,212, 57,162,127,192,116,185,165,197,
 74,166,160,204,183,211,209,215, 65,163,142,202,163,210,202,214, 75,167,167,205,
195,212,212,216,  3, 14, 14, 20,  8, 18, 18, 21, 14, 56, 58, 60, 32, 57, 59, 61,
 14, 58, 78, 83, 44, 69, 81, 84, 20, 60, 83, 89, 55, 74, 88, 90,  8, 32, 44, 55,
 26, 38, 50, 61, 18, 57, 69, 74, 38, 65, 72, 75, 18, 59, 81, 88, 50, 72, 86, 90,
 21, 61, 84, 90, 61, 75, 90, 91, 14, 58, 56, 60, 32, 59, 57, 61, 78,115,115,117,
114,116,116,118, 58,171,115,173,131,172,162,174, 83,173,184,186,170,183,185,187,
 44,131,122,136,101,134,127,137, 81,162,164,166,161,163,165,167, 69,172,164,193,
147,191,192,194, 84,174,196,197,174,195,197,198, 14, 78, 58, 83, 44, 81, 69, 84,
 58,115,171,173,131,162,172,174, 56,115,115,184,122,164,164,196, 60,117,173,186,
136,166,193,197, 32,114,131,170,101,161,147,174, 59,116,172,183,134,163,191,195,
 57,116,162,185,127,165,192,197, 61,118,174,187,137,167,194,198, 20, 83, 60, 89,
 55, 88, 74, 90, 83,184,173,186,170,185,183,187, 60,173,117,186,136,193,166,197,
 89,186,186,213,190,211,211,214, 55,170,136,190,113,182,160,194, 88,185,193,211,
182,210,209,212, 74,183,166,211,160,209,204,215, 90,187,197,214,194,212,215,216,
  8, 44, 32, 55, 26, 50, 38, 61, 44,122,131,136,101,127,134,137, 32,131,114,170,
101,147,161,174, 55,136,170,190,113,160,182,194, 26,101,101,113, 94,108,108,118,
 50,127,147,160,108,142,154,167, 38,134,161,182,108,154,178,187, 61,137,174,194,
118,167,187,198, 18, 69, 57, 74, 38, 72, 65, 75, 81,164,162,166,161,165,163,167,
 59,172,116,183,134,191,163,195, 88,193,185,211,182,209,210,212, 50,147,127,160,
108,154,142,167, 86,192,192,204,178,202,202,205, 72,191,165,209,154,207,202,212,
 90,194,197,215,187,212,214,216, 18, 81, 59, 88, 50, 86, 72, 90, 69,164,172,193,
147,192,191,194, 57,162,116,185,127,192,165,197, 74,166,183,211,160,204,209,215,
 38,161,134,182,108,178,154,187, 72,165,191,209,154,202,207,212, 65,163,163,210,
142,202,202,214, 75,167,195,212,167,205,212,216, 21, 84, 61, 90, 61, 90, 75, 91,
 84,196,174,197,174,197,195,198, 61,174,118,187,137,194,167,198, 90,197,187,214,
194,215,212,216, 61,174,137,194,118,187,167,198, 90,197,194,215,187,214,212,216,
 75,195,167,212,167,212,205,216, 91,198,198,216,198,216,216,217
};

unsigned int igraph_i_isographs_3[] =  { 0, 1, 3, 5, 6, 7, 10, 11, 15, 21, 
					 23, 25, 27, 30, 31, 63 };
unsigned int igraph_i_isographs_3u[] = { 0, 1, 3, 7 };
unsigned int igraph_i_isographs_4[] = {
   0,    1,    3,    7,    9,   10,   11,   14,   15,   18,   19,   20,   21, 
  22,   23,   27,   29,   30,   31,   54,   55,   63,   73,   75,   76,   77, 
  79,   81,   83,   84,   85,   86,   87,   90,   91,   92,   93,   94,   95, 
  98,   99,  100,  101,  102,  103,  106,  107,  108,  109,  110,  111,  115, 
 116,  117,  118,  119,  122,  123,  124,  125,  126,  127,  219,  220,  221, 
 223,  228,  229,  230,  231,  237,  238,  239,  246,  247,  255,  292,  293, 
 295,  301,  302,  303,  310,  311,  319,  365,  367,  373,  375,  382,  383, 
 511,  585,  587,  591,  593,  594,  595,  596,  597,  598,  599,  601,  602, 
 603,  604,  605,  606,  607,  625,  626,  627,  630,  631,  633,  634,  635, 
 638,  639,  659,  660,  661,  663,  666,  667,  669,  670,  671,  674,  675, 
 678,  679,  683,  686,  687,  694,  695,  703,  729,  731,  732,  733,  735, 
 737,  739,  741,  742,  743,  745,  746,  747,  748,  749,  750,  751,  753, 
 755,  756,  757,  758,  759,  761,  762,  763,  764,  765,  766,  767,  819, 
 822,  823,  826,  827,  830,  831,  875,  876,  877,  879,  883,  885,  886, 
 887,  891,  892,  893,  894,  895,  947,  949,  951,  955,  957,  958,  959, 
1019, 1020, 1021, 1023, 1755, 1757, 1758, 1759, 1782, 1783, 1791, 1883, 1887, 
1907, 1911, 1917, 1918, 1919, 2029, 2031, 2039, 2047, 4095};
unsigned int igraph_i_isographs_4u[] = { 0, 1, 3, 7, 11, 12, 13, 
					15, 30, 31, 63};

unsigned int igraph_i_classedges_3[] = { 1,2, 0,2, 2,1, 0,1, 2,0, 1,0 };
unsigned int igraph_i_classedges_3u[] = { 1,2, 0,2, 0,1 };
unsigned int igraph_i_classedges_4[] = { 2,3, 1,3, 0,3, 3,2, 1,2, 0,2,
					 3,1, 2,1, 0,1, 3,0, 2,0, 1,0 };
unsigned int igraph_i_classedges_4u[] = { 2,3, 1,3, 0,3, 1,2, 0,2, 0,1 };

/**
 * \function igraph_isoclass
 * \brief Determine the isomorphism class of a graph
 * 
 * </para><para>
 * All graphs with a given number of vertices belong to a number of
 * isomorpism classes, with every graph in a given class being
 * isomorphic to each other.
 * 
 * </para><para>
 * This function gives the isomorphism class (a number) of a
 * graph. Two graphs have the same isomorphism class if and only if
 * they are isomorphic.
 * 
 * </para><para>
 * The first isomorphism class is numbered zero and it is the empty
 * graph, the last isomorphism class is the full graph. The number of
 * isomorphism class for directed graphs with three vertices is 16
 * (between 0 and 15), for undirected graph it is only 4. For graphs
 * with four vertices it is 218 (directed) and 11 (undirected).
 * 
 * \param graph The graph object.
 * \param isoclass Pointer to an integer, the isomorphism class will
 *        be stored here.
 * \return Error code.
 * \sa \ref igraph_isomorphic(), \ref igraph_isoclass_subgraph(),
 * \ref igraph_isoclass_create(), \ref igraph_motifs_randesu().
 * 
 * Because of some limitations this function works only for graphs
 * with three of four vertices.
 * 
 * </para><para>
 * Time complexity: O(|E|), the number of edges in the graph.
 */

int igraph_isoclass(const igraph_t *graph, int *isoclass) {
  long int e;
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_integer_t from, to;
  unsigned char idx, mul;
  unsigned int *arr_idx, *arr_code;
  int code=0;

  if (no_of_nodes < 3 || no_of_nodes > 4) {
    IGRAPH_ERROR("Only implemented for graphs with 3 or 4 vertices",
		 IGRAPH_UNIMPLEMENTED);
  }

  if (igraph_is_directed(graph)) {
    if (no_of_nodes==3) {
      arr_idx=igraph_i_isoclass_3_idx;
      arr_code=igraph_i_isoclass2_3;
      mul=3;
    } else {
      arr_idx=igraph_i_isoclass_4_idx;
      arr_code=igraph_i_isoclass2_4;
      mul=4;
    }
  } else {
    if (no_of_nodes==3) {
      arr_idx=igraph_i_isoclass_3u_idx;
      arr_code=igraph_i_isoclass2_3u;
      mul=3;
    } else {
      arr_idx=igraph_i_isoclass_4u_idx;
      arr_code=igraph_i_isoclass2_4u;
      mul=4;
    }
  } 

  for (e=0; e<no_of_edges; e++) {
    igraph_edge(graph, e, &from, &to);
    idx=mul*from+to;
    code |= arr_idx[idx];
  }
  
  *isoclass=arr_code[code];
  return 0;
}

/**
 * \function igraph_isomorphic 
 * \brief Decides whether two graphs are isomorphic
 * 
 * </para><para>
 * From Wikipedia: The graph isomorphism problem or GI problem is the
 * graph theory problem of determining whether, given two graphs G1
 * and G2, it is possible to permute (or relabel) the vertices of one
 * graph so that it is equal to the other. Such a permutation is
 * called a graph isomorphism.
 * 
 * \param graph1 The first graph.
 * \param graph2 The second graph.
 * \param iso Pointer to a logical variable, will be set to TRUE (1)
 *        if the two graphs are isomorphic, and FALSE (0) otherwise.
 * \return Error code.
 * \sa \ref igraph_isoclass(), \ref igraph_isoclass_subgraph(),
 * \ref igraph_isoclass_create().
 * 
 * Time complexity: O(|E|), the number of edges in the
 * graphs. (If they don't have the same number edges they're trivially
 * non-isomorphic and this is recognized in O(1) time.)
 */

int igraph_isomorphic(const igraph_t *graph1, const igraph_t *graph2,
		      igraph_bool_t *iso) {
  int class1, class2;  
  
  if (igraph_vcount(graph1) != igraph_vcount(graph2) ||
      igraph_ecount(graph1) != igraph_ecount(graph2)) {
    *iso=0;
  } else { 
    IGRAPH_CHECK(igraph_isoclass(graph1, &class1));
    IGRAPH_CHECK(igraph_isoclass(graph2, &class2));
    *iso= (class1 == class2);
  }

  return 0;
}

/**
 * \function igraph_isoclass_subgraph
 * \brief The isomorphism class of a subgraph of a graph.
 * 
 * </para><para>
 * This function is only implemented for subgraphs with three or four
 * vertices.
 * \param graph The graph object.
 * \param vids A vector containing the vertex ids to be considered as
 *        a subgraph. Each vertex id should be included at most once.
 * \param isoclass Pointer to an integer, this will be set to the
 *        isomorphism class.
 * \return Error code.
 * \sa \ref igraph_isoclass(), \ref igraph_isomorphic(),
 * \ref igraph_isoclass_create().
 * 
 * Time complexity: O((d+n)*n), d is the average degree in the network,
 * and n is the number of vertices in \c vids.
 */

int igraph_isoclass_subgraph(const igraph_t *graph, igraph_vector_t *vids,
			     int *isoclass) {
  int nodes=igraph_vector_size(vids);
  igraph_bool_t directed=igraph_is_directed(graph);
  igraph_vector_t neis;
  
  unsigned char mul, idx;
  unsigned int *arr_idx, *arr_code;
  int code=0;
  
  long int i, j, s;

  if (nodes < 3 || nodes > 4) { 
    IGRAPH_ERROR("Only for three- or four-vertex subgraphs",
		 IGRAPH_UNIMPLEMENTED);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  if (directed) {
    if (nodes==3) {
      arr_idx=igraph_i_isoclass_3_idx;
      arr_code=igraph_i_isoclass2_3;
      mul=3;
    } else {
      arr_idx=igraph_i_isoclass_4_idx;
      arr_code=igraph_i_isoclass2_4;
      mul=4;
    }
  } else {
    if (nodes==3) {
      arr_idx=igraph_i_isoclass_3u_idx;
      arr_code=igraph_i_isoclass2_3u;
      mul=3;
    } else {
      arr_idx=igraph_i_isoclass_4u_idx;
      arr_code=igraph_i_isoclass2_4u;
      mul=4;
    }
  }

  for (i=0; i<nodes; i++) {
    long int from=VECTOR(*vids)[i];
    igraph_neighbors(graph, &neis, from, IGRAPH_OUT);
    s=igraph_vector_size(&neis);
    for (j=0; j<s; j++) {
      long int nei=VECTOR(neis)[j], to;
      if (igraph_vector_search(vids, 0, nei, &to)) {
	idx=mul*i+to;
	code |= arr_idx[idx];
      }
    }
  }
  
  *isoclass=arr_code[code];
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_isoclass_create
 * \brief Creates a graph from the given isomorphism class.
 *
 * </para><para>
 * This function is implemented only for graphs with three or four
 * vertices. 
 * \param graph Pointer to an uninitialized graph object.
 * \param size The number of vertices to add to the graph.
 * \param number The isomorphism class.
 * \param directed Logical constant, whether to create a directed
 *        graph. 
 * \return Error code.
 * \sa \ref igraph_isoclass(), 
 * \ref igraph_isoclass_subgraph(),
 * \ref igraph_isomorphic().
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the number
 * of edges in the graph to create.
 */

int igraph_isoclass_create(igraph_t *graph, igraph_integer_t size,
			   igraph_integer_t number, igraph_bool_t directed) {
  igraph_vector_t edges;
  unsigned int *classedges;
  long int power;
  long int code;
  long int pos;

  if (size < 3 || size > 4) {
    IGRAPH_ERROR("Only for graphs with three of four vertices", 
		 IGRAPH_UNIMPLEMENTED);
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);

  if (directed) {
    if (size==3) {
      classedges=igraph_i_classedges_3;

      if (number < 0 || 
	  number >= sizeof(igraph_i_isographs_3)/sizeof(unsigned int)) {
	IGRAPH_ERROR("`number' invalid, cannot create graph", IGRAPH_EINVAL);
      }

      code=igraph_i_isographs_3[ (long int) number];
      power=32;
    } else {
      classedges=igraph_i_classedges_4;

      if (number < 0 ||
	  number >= sizeof(igraph_i_isographs_4)/sizeof(unsigned int)) {
	IGRAPH_ERROR("`number' invalid, cannot create graph", IGRAPH_EINVAL);
      }

      code=igraph_i_isographs_4[ (long int) number];
      power=2048;
    }
  } else {
    if (size==3) {
      classedges=igraph_i_classedges_3u;

      if (number < 0 ||
	  number >= sizeof(igraph_i_isographs_3u)/sizeof(unsigned int)) {
	IGRAPH_ERROR("`number' invalid, cannot create graph", IGRAPH_EINVAL);
      }

      code=igraph_i_isographs_3u[ (long int) number];
      power=4;
    } else {
      classedges=igraph_i_classedges_4u;

      if (number < 0 ||
	  number >= sizeof(igraph_i_isographs_4u)/sizeof(unsigned int)) {
	IGRAPH_ERROR("`number' invalid, cannot create graph", IGRAPH_EINVAL);
      }

      code=igraph_i_isographs_4u[ (long int) number];
      power=32;
    }
  }

  pos=0;
  while (code > 0) {
    if (code >= power) {
      IGRAPH_CHECK(igraph_vector_push_back(&edges, classedges[2*pos]));
      IGRAPH_CHECK(igraph_vector_push_back(&edges, classedges[2*pos+1]));
      code -= power;
    }
    power /= 2;
    pos++;
  }

  IGRAPH_CHECK(igraph_create(graph, &edges, size, directed));
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/* TODO: return matching */
/* TODO: does not work for unconnected graphs */
/**
 * \function igraph_isomorphic_vf2
 * \brief Decides whether two graphs are isomorphic.
 * 
 * </para><para>
 * This function is an implementation of the VF2 isomorphism algorithm, 
 * see P. Foggia, C. Sansone, M. Vento, An Improved algorithm for
 * matching large graphs, Prof. of the 3rd IAPR-TC-15 International
 * Workshop on Graph-based Representations, Italy, 2001.
 * 
 * </para><para> In the future the general \ref igraph_isomorphic()
 * function should be responsible for calling this function.
 * 
 * </para><para> Note that this function cannot be used for subgraph
 * deciding subgraph isomorphism.
 * \param graph1 The first graph, it should be connected.
 * \param graph2 The second graph, it should be connected and should
 *    have the same number of vertices and edges as \p graph1.
 * \param iso Pointer to a logical constant, the result of the
 *    algorithm will be placed here.
 * \return Error code.
 * 
 * \sa \ref igraph_isomorphic().
 * 
 * Time complexity: exponential, what did you expect?
 */

int igraph_isomorphic_vf2(const igraph_t *graph1, const igraph_t *graph2, 
			  igraph_bool_t *iso) {
  
  long int no_of_nodes=igraph_vcount(graph1);
  igraph_vector_t core_1, core_2;
  igraph_vector_t in_1, in_2, out_1, out_2;
  long int in_1_size=0, in_2_size=0, out_1_size=0, out_2_size=0;
  igraph_vector_t *inneis_1, *inneis_2, *outneis_1, *outneis_2;
  long int matched_nodes=0;
  long int depth;
  long int cand1, cand2;
  long int last1, last2;
  igraph_stack_t path;
  igraph_i_lazy_adjlist_t inadj1, inadj2, outadj1, outadj2;
  igraph_vector_t indeg1, indeg2, outdeg1, outdeg2;

  IGRAPH_VECTOR_INIT_FINALLY(&core_1, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&core_2, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&in_1, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&in_2, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&out_1, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&out_2, no_of_nodes);
  IGRAPH_CHECK(igraph_stack_init(&path, 0));
  IGRAPH_FINALLY(igraph_stack_destroy, &path);
  IGRAPH_CHECK(igraph_i_lazy_adjlist_init(graph1, &inadj1, IGRAPH_IN, 
					  IGRAPH_I_SIMPLIFY));
  IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &inadj1);
  IGRAPH_CHECK(igraph_i_lazy_adjlist_init(graph1, &outadj1, IGRAPH_OUT, 
					  IGRAPH_I_SIMPLIFY));
  IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &outadj1);
  IGRAPH_CHECK(igraph_i_lazy_adjlist_init(graph2, &inadj2, IGRAPH_IN, 
					  IGRAPH_I_SIMPLIFY));
  IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &inadj2);
  IGRAPH_CHECK(igraph_i_lazy_adjlist_init(graph2, &outadj2, IGRAPH_OUT, 
					  IGRAPH_I_SIMPLIFY));
  IGRAPH_FINALLY(igraph_i_lazy_adjlist_destroy, &outadj2);
  IGRAPH_VECTOR_INIT_FINALLY(&indeg1, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&indeg2, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&outdeg1, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&outdeg2, 0);

  IGRAPH_CHECK(igraph_stack_reserve(&path, no_of_nodes*2));
  IGRAPH_CHECK(igraph_degree(graph1, &indeg1, igraph_vss_all(), 
			     IGRAPH_IN, IGRAPH_LOOPS));
  IGRAPH_CHECK(igraph_degree(graph2, &indeg2, igraph_vss_all(), 
			     IGRAPH_IN, IGRAPH_LOOPS));
  IGRAPH_CHECK(igraph_degree(graph1, &outdeg1, igraph_vss_all(), 
			     IGRAPH_OUT, IGRAPH_LOOPS));
  IGRAPH_CHECK(igraph_degree(graph2, &outdeg2, igraph_vss_all(), 
			     IGRAPH_OUT, IGRAPH_LOOPS));
  *iso=0;

  depth=0; last1=-1; last2=-1;
  while (matched_nodes != no_of_nodes && depth >= 0) {
    long int i;
    
    IGRAPH_ALLOW_INTERRUPTION();

    cand1=-1; cand2=-1;
    /* Search for the next pair to try */
    if ((in_1_size != in_2_size) ||
	(out_1_size != out_2_size)) {
      /* step back, nothing to do */
    } else if (out_1_size > 0 && out_2_size > 0) {
      /**************************************************************/
      /* cand2, search not always needed */
      if (last2 >= 0) {
	cand2=last2;
      } else {
	i=0;
	while (cand2<0) {
	  if (VECTOR(out_2)[i]>0 && VECTOR(core_2)[i]==0) {
	    cand2=i;
	  }
	  i++;
	}
      }
      /* search for cand1 now, it should be bigger than last1 */
      i=last1+1;
      while (cand1<0 && i<no_of_nodes) {
	if (VECTOR(out_1)[i]>0 && VECTOR(core_1)[i]==0) {
	  cand1=i;
	}
	i++;
      }
    } else if (in_1_size > 0 && in_2_size > 0) {
      /**************************************************************/
      /* cand2, search not always needed */
      if (last2 >= 0) {
	cand2=last2;
      } else {
	i=0;
	while (cand2<0) {
	  if (VECTOR(in_2)[i]>0 && VECTOR(core_2)[i]==0) {
	    cand2=i;
	  }
	  i++;
	}
      }
      /* search for cand1 now, should be bigger than last1 */
      i=last1+1;
      while (cand1<0 && i<no_of_nodes) {
	if (VECTOR(in_1)[i]>0 && VECTOR(core_1)[i]==0) {
	  cand1=i;
	}
	i++;
      }
    } else {
      /**************************************************************/
      /* cand2, search not always needed */
      if (last2 >= 0) {
	cand2=last2;
      } else {
	i=0;
	while (cand2<0) {
	  if (VECTOR(core_2)[i]==0) { 
	    cand2=i;
	  }
	  i++;
	}
      }
      /* search for cand1, should be bigger than last1 */
      i=last1+1;
      while (cand1<0 && i<no_of_nodes) {
	if (VECTOR(core_1)[i]==0) {
	  cand1=i;
	}
	i++;
      }
    }

    /* Ok, we have cand1, cand2 as candidates. Or not? */
    if (cand1<0 || cand2<0) {
      /**************************************************************/
      /* dead end, step back, if possible. Otherwise we'll terminate */
      if (depth >= 1) {
	last2=igraph_stack_pop(&path);
	last1=igraph_stack_pop(&path);
	matched_nodes -= 1;
	VECTOR(core_1)[last1]=0;
	VECTOR(core_2)[last2]=0;

	if (VECTOR(in_1)[last1] != 0) {
	  in_1_size += 1;
	}
	if (VECTOR(out_1)[last1] != 0) {
	  out_1_size += 1;
	}
	if (VECTOR(in_2)[last2] != 0) {
	  in_2_size += 1;
	} 
	if (VECTOR(out_2)[last2] != 0) {
	  out_2_size += 1;
	}
	
	inneis_1=igraph_i_lazy_adjlist_get(&inadj1, last1);
	for (i=0; i<igraph_vector_size(inneis_1); i++) {
	  long int node=VECTOR(*inneis_1)[i];
	  if (VECTOR(in_1)[node] == depth) {
	    VECTOR(in_1)[node]=0;
	    in_1_size -= 1;
	  }
	}
	outneis_1=igraph_i_lazy_adjlist_get(&outadj1, last1);
	for (i=0; i<igraph_vector_size(outneis_1); i++) {
	  long int node=VECTOR(*outneis_1)[i];
	  if (VECTOR(out_1)[node] == depth) {
	    VECTOR(out_1)[node]=0;
	    out_1_size -= 1;
	  }
	}
	inneis_2=igraph_i_lazy_adjlist_get(&inadj2, last2);
	for (i=0; i<igraph_vector_size(inneis_2); i++) {
	  long int node=VECTOR(*inneis_2)[i];
	  if (VECTOR(in_2)[node] == depth) {
	    VECTOR(in_2)[node]=0;
	    in_2_size -= 1;
	  }
	}
	outneis_2=igraph_i_lazy_adjlist_get(&outadj2, last2);
	for (i=0; i<igraph_vector_size(outneis_2); i++) {
	  long int node=VECTOR(*outneis_2)[i];
	  if (VECTOR(out_2)[node] == depth) {
	    VECTOR(out_2)[node]=0;
	    out_2_size -= 1;
	  }
	}
	
      }	/* end of stepping back */
      
      depth -= 1;

    } else {
      /**************************************************************/
      /* step forward if worth, check if worth first */
      long int xin1=0, xin2=0, xout1=0, xout2=0;
      igraph_bool_t end=0;
      inneis_1=igraph_i_lazy_adjlist_get(&inadj1, cand1);
      outneis_1=igraph_i_lazy_adjlist_get(&outadj1, cand1);
      inneis_2=igraph_i_lazy_adjlist_get(&inadj2, cand2);
      outneis_2=igraph_i_lazy_adjlist_get(&outadj2, cand2);
      if (VECTOR(indeg1)[cand1] != VECTOR(indeg2)[cand2] ||
	  VECTOR(outdeg1)[cand1] != VECTOR(outdeg2)[cand2]) {
	end=1;
      }

      for (i=0; !end && i<igraph_vector_size(inneis_1); i++) {
	long int node=VECTOR(*inneis_1)[i];
	if (VECTOR(core_1)[node]!=0) {
	  long int node2=VECTOR(core_1)[node]-1;
	  /* check if there is a node2->cand2 edge */
	  if (!igraph_vector_binsearch2(inneis_2, node2)) {
	    end=1;
	  }
	} else { 
	  if (VECTOR(in_1)[node] != 0) {
	    xin1++;
	  }
	  if (VECTOR(out_1)[node] != 0) {
	    xout1++;
	  }
	}
      }
      for (i=0; !end && i<igraph_vector_size(outneis_1); i++) {
	long int node=VECTOR(*outneis_1)[i];
	if (VECTOR(core_1)[node]!=0) {
	  long int node2=VECTOR(core_1)[node]-1;
	  /* check if there is a cand2->node2 edge */
	  if (!igraph_vector_binsearch2(outneis_2, node2)) {
	    end=1;
	  }
	} else {
	  if (VECTOR(in_1)[node] != 0) {
	    xin1++;
	  }
	  if (VECTOR(out_1)[node] != 0) {
	    xout1++;
	  }
	}
      }      
      for (i=0; !end && i<igraph_vector_size(inneis_2); i++) {
	long int node=VECTOR(*inneis_2)[i];
	if (VECTOR(core_2)[node]!=0) {
	  long int node2=VECTOR(core_2)[node]-1;
	  /* check if there is a node2->cand1 edge */
	  if (!igraph_vector_binsearch2(inneis_1, node2)) {
	    end=1;
	  }
	} else { 
	  if (VECTOR(in_2)[node] != 0) {
	    xin2++;
	  }
	  if (VECTOR(out_2)[node] != 0) {
	    xout2++;
	  }
	}
      }      
      for (i=0; !end && i<igraph_vector_size(outneis_2); i++) {
	long int node=VECTOR(*outneis_2)[i];
	if (VECTOR(core_2)[node] != 0) {
	  long int node2=VECTOR(core_2)[node]-1;
	  /* check if there is a cand1->node2 edge */
	  if (!igraph_vector_binsearch2(outneis_1, node2)) {
	    end=1;
	  }
	} else {
	  if (VECTOR(in_2)[node] != 0) {
	    xin2++;
	  }
	  if (VECTOR(out_2)[node] != 0) {
	    xout2++;
	  }
	}
      }      
      
      if (!end && (xin1==xin2 && xout1==xout2)) {
	/* Ok, we add the (cand1, cand2) pair to the mapping */
	depth += 1;
	IGRAPH_CHECK(igraph_stack_push(&path, cand1));
	IGRAPH_CHECK(igraph_stack_push(&path, cand2));
	matched_nodes += 1;
	VECTOR(core_1)[cand1]=cand2+1;
	VECTOR(core_2)[cand2]=cand1+1;
	
	/* update in_*, out_* */
	if (VECTOR(in_1)[cand1] != 0) {
	  in_1_size -= 1;
	}
	if (VECTOR(out_1)[cand1] != 0) {
	  out_1_size -= 1;
	}
	if (VECTOR(in_2)[cand2] != 0) {
	  in_2_size -= 1;
	}
	if (VECTOR(out_2)[cand2] != 0) {
	  out_2_size -= 1;
	}
	
	inneis_1=igraph_i_lazy_adjlist_get(&inadj1, cand1);
	for (i=0; i<igraph_vector_size(inneis_1); i++) {
	  long int node=VECTOR(*inneis_1)[i];
	  if (VECTOR(in_1)[node]==0 && VECTOR(core_1)[node]==0) {
	    VECTOR(in_1)[node]=depth;
	    in_1_size += 1;
	  }
	}
	outneis_1=igraph_i_lazy_adjlist_get(&outadj1, cand1);
	for (i=0; i<igraph_vector_size(outneis_1); i++) {
	  long int node=VECTOR(*outneis_1)[i];
	  if (VECTOR(out_1)[node]==0 && VECTOR(core_1)[node]==0) {
	    VECTOR(out_1)[node]=depth;
	    out_1_size += 1;
	  }
	}
	inneis_2=igraph_i_lazy_adjlist_get(&inadj2, cand2);
	for (i=0; i<igraph_vector_size(inneis_2); i++) {
	  long int node=VECTOR(*inneis_2)[i];
	  if (VECTOR(in_2)[node]==0 && VECTOR(core_2)[node]==0) {
	    VECTOR(in_2)[node]=depth;
	    in_2_size += 1;
	  }
	}
	outneis_2=igraph_i_lazy_adjlist_get(&outadj2, cand2);
	for (i=0; i<igraph_vector_size(outneis_2); i++) {
	  long int node=VECTOR(*outneis_2)[i];
	  if (VECTOR(out_2)[node]==0 && VECTOR(core_2)[node]==0) {
	    VECTOR(out_2)[node]=depth;
	    out_2_size += 1;
	  }
	}
	last1=-1; last2=-1;    	      /* this the first time here */
      } else {
	last1=cand1;
	last2=cand2;
      }
      
    }

  }

  *iso=(matched_nodes==no_of_nodes);

  igraph_vector_destroy(&outdeg2);
  igraph_vector_destroy(&outdeg1);
  igraph_vector_destroy(&indeg2);
  igraph_vector_destroy(&indeg1);
  igraph_i_lazy_adjlist_destroy(&outadj2);
  igraph_i_lazy_adjlist_destroy(&inadj2);
  igraph_i_lazy_adjlist_destroy(&outadj1);
  igraph_i_lazy_adjlist_destroy(&inadj1);  
  igraph_stack_destroy(&path);
  igraph_vector_destroy(&out_2);
  igraph_vector_destroy(&out_1);
  igraph_vector_destroy(&in_2);
  igraph_vector_destroy(&in_1);
  igraph_vector_destroy(&core_2);
  igraph_vector_destroy(&core_1);
  IGRAPH_FINALLY_CLEAN(15);

  return 0;
}








igraph-0.4.2/igraph/conversion.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "types.h"

/**
 * \ingroup conversion
 * \function igraph_get_adjacency
 * \brief Returns the adjacency matrix of a graph
 * 
 * </para><para>
 * The result is an incidence matrix, it contains numbers greater
 * than one if there are multiple edges in the graph.
 * \param graph Pointer to the graph to convert
 * \param res Pointer to an initialized matrix object, it will be
 *        resized if needed.
 * \param type Constant giving the type of the adjacency matrix to
 *        create for undirected graphs. It is ignored for directed
 *        graphs. Possible values:
 *        \clist
 *        \cli IGRAPH_GET_ADJACENCY_UPPER 
 *          the upper right triangle of the matrix is used.
 *        \cli IGRAPH_GET_ADJACENCY_LOWER 
 *          the lower left triangle of the matrix is used.
 *        \cli IGRAPH_GET_ADJACENCY_BOTH 
 *          the whole matrix is used, a symmetric matrix is returned.
 *        \endclist
 * \return Error code:
 *        \c IGRAPH_EINVAL invalid type argument.
 *
 * \sa igraph_get_adjacency_sparse if you want a sparse matrix representation
 *
 * Time complexity: O(|V||V|),
 * |V| is the 
 * number of vertices in the graph.
 */

int igraph_get_adjacency(const igraph_t *graph, igraph_matrix_t *res,
			 igraph_get_adjacency_t type) {
  
  igraph_eit_t edgeit;
  long int no_of_nodes=igraph_vcount(graph);
  igraph_bool_t directed=igraph_is_directed(graph);
  int retval=0;
  long int from, to;
  igraph_integer_t ffrom, fto;
  
  IGRAPH_CHECK(igraph_matrix_resize(res, no_of_nodes, no_of_nodes));
  igraph_matrix_null(res);
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(0), &edgeit));
  IGRAPH_FINALLY(igraph_eit_destroy, &edgeit);
  
  if (directed) {
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
      from=ffrom;
      to=fto;
      MATRIX(*res, from, to) += 1;
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else if (type==IGRAPH_GET_ADJACENCY_UPPER) {
    while (!IGRAPH_EIT_END(edgeit)) {  
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
      from=ffrom;
      to=fto;
      if (to < from) {
	MATRIX(*res, to, from) += 1;
      } else {
	MATRIX(*res, from, to) += 1;    
      }
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else if (type==IGRAPH_GET_ADJACENCY_LOWER) {
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
      from=ffrom;
      to=fto;
      if (to < from) {
	MATRIX(*res, from, to) += 1;
      } else {
	MATRIX(*res, to, from) += 1;
      }
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else if (type==IGRAPH_GET_ADJACENCY_BOTH) {
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
      from=ffrom;
      to=fto;
      MATRIX(*res, from, to) += 1;
      if (from != to) {
	MATRIX(*res, to, from) += 1;
      }
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else {
    IGRAPH_ERROR("Invalid type argument", IGRAPH_EINVAL);
  }

  igraph_eit_destroy(&edgeit);
  IGRAPH_FINALLY_CLEAN(1);
  return retval;
}

/**
 * \ingroup conversion
 * \function igraph_get_adjacency_sparse
 * \brief Returns the adjacency matrix of a graph in sparse matrix format
 * 
 * </para><para>
 * The result is an incidence matrix, it contains numbers greater
 * than one if there are multiple edges in the graph.
 * \param graph Pointer to the graph to convert
 * \param res Pointer to an initialized sparse matrix object, it will be
 *        resized if needed.
 * \param type Constant giving the type of the adjacency matrix to
 *        create for undirected graphs. It is ignored for directed
 *        graphs. Possible values:
 *        \clist
 *        \cli IGRAPH_GET_ADJACENCY_UPPER 
 *          the upper right triangle of the matrix is used.
 *        \cli IGRAPH_GET_ADJACENCY_LOWER 
 *          the lower left triangle of the matrix is used.
 *        \cli IGRAPH_GET_ADJACENCY_BOTH 
 *          the whole matrix is used, a symmetric matrix is returned.
 *        \endclist
 * \return Error code:
 *        \c IGRAPH_EINVAL invalid type argument.
 *
 * \sa igraph_get_adjacency if you would like to get a normal matrix
 *   ( \ref igraph_matrix_t )
 *
 * Time complexity: O(|V||V|),
 * |V| is the 
 * number of vertices in the graph.
 */

int igraph_get_adjacency_sparse(const igraph_t *graph, igraph_spmatrix_t *res,
			 igraph_get_adjacency_t type) {
  
  igraph_eit_t edgeit;
  long int no_of_nodes=igraph_vcount(graph);
  igraph_bool_t directed=igraph_is_directed(graph);
  int retval=0;
  long int from, to;
  igraph_integer_t ffrom, fto;
  
  igraph_spmatrix_null(res);
  IGRAPH_CHECK(igraph_spmatrix_resize(res, no_of_nodes, no_of_nodes));
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(0), &edgeit));
  IGRAPH_FINALLY(igraph_eit_destroy, &edgeit);
  
  if (directed) {
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
      from=ffrom;
      to=fto;
      igraph_spmatrix_add_e(res, from, to, 1);
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else if (type==IGRAPH_GET_ADJACENCY_UPPER) {
    while (!IGRAPH_EIT_END(edgeit)) {  
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
      from=ffrom;
      to=fto;
      if (to < from) {
        igraph_spmatrix_add_e(res, to, from, 1);
      } else {
        igraph_spmatrix_add_e(res, from, to, 1);
      }
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else if (type==IGRAPH_GET_ADJACENCY_LOWER) {
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
      from=ffrom;
      to=fto;
      if (to > from) {
        igraph_spmatrix_add_e(res, to, from, 1);
      } else {
        igraph_spmatrix_add_e(res, from, to, 1);
      }
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else if (type==IGRAPH_GET_ADJACENCY_BOTH) {
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &ffrom, &fto);
      from=ffrom;
      to=fto;
      igraph_spmatrix_add_e(res, from, to, 1);
      if (from != to) {
        igraph_spmatrix_add_e(res, to, from, 1);
      }
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else {
    IGRAPH_ERROR("Invalid type argument", IGRAPH_EINVAL);
  }

  igraph_eit_destroy(&edgeit);
  IGRAPH_FINALLY_CLEAN(1);
  return retval;
}

/**
 * \ingroup conversion
 * \function igraph_get_edgelist
 * \brief Returns the list of edges in a graph
 * 
 * </para><para>The order of the edges is given by the edge ids.
 * \param graph Pointer to the graph object
 * \param res Pointer to an initialized vector object, it will be
 *        resized.
 * \param bycol Logical, if true, the edges will be returned
 *        columnwise, eg. the first edge is
 *        <code>res[0]->res[|E|]</code>, the second is
 *        <code>res[1]->res[|E|+1]</code>, etc.
 * \return Error code.
 * 
 * Time complexity: O(|E|), the
 * number of edges in the graph.
 */

int igraph_get_edgelist(const igraph_t *graph, igraph_vector_t *res, igraph_bool_t bycol) {

  igraph_eit_t edgeit;
  long int no_of_edges=igraph_ecount(graph);
  long int vptr=0;
  igraph_integer_t from, to;
  
  IGRAPH_CHECK(igraph_vector_resize(res, no_of_edges*2));
  IGRAPH_CHECK(igraph_eit_create(graph, igraph_ess_all(IGRAPH_EDGEORDER_ID),
				 &edgeit));
  IGRAPH_FINALLY(igraph_eit_destroy, &edgeit);
  
  if (bycol) {
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &from, &to);
      VECTOR(*res)[vptr]=from;
      VECTOR(*res)[vptr+no_of_edges]=to;
      vptr++;
      IGRAPH_EIT_NEXT(edgeit);
    }
  } else {
    while (!IGRAPH_EIT_END(edgeit)) {
      igraph_edge(graph, IGRAPH_EIT_GET(edgeit), &from, &to);
      VECTOR(*res)[vptr++]=from;
      VECTOR(*res)[vptr++]=to;
      IGRAPH_EIT_NEXT(edgeit);
    }
  }
  
  igraph_eit_destroy(&edgeit);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \function igraph_to_directed
 * \brief Convert an undirected graph to a directed one
 * 
 * </para><para>
 * If the supplied graph is directed, this function does nothing.
 * \param graph The graph object to convert.
 * \param mode Constant, specifies the details of how exactly the
 *        conversion is done. Possible values: \c
 *        IGRAPH_TO_DIRECTED_ARBITRARY: the number of edges in the
 *        graph stays the same, an arbitrarily directed edge is
 *        created for each undirected edge; 
 *         \c IGRAPH_TO_DIRECTED_MUTUAL: two directed edges are
 *        created for each undirected edge, one in each direction.
 * \return Error code.
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the number
 * of edges.
 */

int igraph_to_directed(igraph_t *graph,
		       igraph_to_directed_t mode) {

  if (mode != IGRAPH_TO_DIRECTED_ARBITRARY &&
      mode != IGRAPH_TO_DIRECTED_MUTUAL) {
    IGRAPH_ERROR("Cannot directed graph, invalid mode", IGRAPH_EINVAL);
  }

  if (igraph_is_directed(graph)) {
    return 0;
  }

  if (mode==IGRAPH_TO_DIRECTED_ARBITRARY) {

    igraph_t newgraph;
    igraph_vector_t edges;
    long int no_of_edges=igraph_ecount(graph);
    long int no_of_nodes=igraph_vcount(graph);
    long int size=no_of_edges*2;
    IGRAPH_VECTOR_INIT_FINALLY(&edges, size);
    IGRAPH_CHECK(igraph_get_edgelist(graph, &edges, 0));

    IGRAPH_CHECK(igraph_create(&newgraph, &edges, no_of_nodes,
			       IGRAPH_DIRECTED));
    IGRAPH_FINALLY(igraph_destroy, &newgraph);
    igraph_vector_destroy(&edges);
    IGRAPH_I_ATTRIBUTE_DESTROY(&newgraph);
    IGRAPH_I_ATTRIBUTE_COPY(&newgraph, graph);
    IGRAPH_FINALLY_CLEAN(2);
    igraph_destroy(graph);
    *graph=newgraph;

  } else if (mode==IGRAPH_TO_DIRECTED_MUTUAL) {
    
    igraph_t newgraph;
    igraph_vector_t edges;
    igraph_vector_t index;
    long int no_of_edges=igraph_ecount(graph);
    long int no_of_nodes=igraph_vcount(graph);
    long int size=no_of_edges*4;
    long int i;
    IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
    IGRAPH_CHECK(igraph_vector_reserve(&edges, size));
    IGRAPH_CHECK(igraph_get_edgelist(graph, &edges, 0));
    IGRAPH_CHECK(igraph_vector_resize(&edges, no_of_edges*4));
    IGRAPH_VECTOR_INIT_FINALLY(&index, no_of_edges*2);
    for (i=0; i<no_of_edges; i++) {
      VECTOR(edges)[no_of_edges*2+i*2]  =VECTOR(edges)[i*2+1];
      VECTOR(edges)[no_of_edges*2+i*2+1]=VECTOR(edges)[i*2];
      VECTOR(index)[i] = VECTOR(index)[no_of_edges+i] = i+1;
    }

    IGRAPH_CHECK(igraph_create(&newgraph, &edges, no_of_nodes,
			       IGRAPH_DIRECTED));
    IGRAPH_FINALLY(igraph_destroy, &newgraph);
    IGRAPH_I_ATTRIBUTE_DESTROY(&newgraph);
    IGRAPH_I_ATTRIBUTE_COPY(&newgraph, graph);
    IGRAPH_CHECK(igraph_i_attribute_permute_edges(&newgraph, &index));
    
    igraph_vector_destroy(&index);
    igraph_vector_destroy(&edges);
    igraph_destroy(graph);
    IGRAPH_FINALLY_CLEAN(3);
    *graph=newgraph;
  }
  
  return 0;
}

/**
 * \function igraph_to_undirected
 * \brief Convert a directed graph to an undirected one.
 * 
 * </para><para>
 * If the supplied graph is undirected, this function does nothing.
 * \param graph The graph object to convert.
 * \param mode Constant, specifies the details of how exactly the
 *        convesion is done. Possible values: \c 
 *        IGRAPH_TO_UNDIRECTED_EACH: the number of edges remains
 *        constant, an undirected edge is created for each directed
 *        one, this version might create graphs with multiple edges; 
 *        \c IGRAPH_TO_UNDIRECTED_COLLAPSE: one undirected edge will
 *        be created for each pair of vertices which are connected
 *        with at least one directed edge, no multiple edges will be
 *        created. 
 * \return Error code.
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the number
 * of edges. 
 */

int igraph_to_undirected(igraph_t *graph,
			 igraph_to_undirected_t mode) {
  long int no_of_nodes=igraph_vcount(graph);
  long int no_of_edges=igraph_ecount(graph);
  igraph_vector_t edges;
  igraph_t orig;
  
  if (mode != IGRAPH_TO_UNDIRECTED_EACH &&
      mode != IGRAPH_TO_UNDIRECTED_COLLAPSE) {
    IGRAPH_ERROR("Cannot undirect graph, invalid mode", IGRAPH_EINVAL);
  }
  
  if (!igraph_is_directed(graph)) {
    return 0;
  }

  IGRAPH_VECTOR_INIT_FINALLY(&edges, 0);
  
  if (mode==IGRAPH_TO_UNDIRECTED_EACH) {
    igraph_es_t es;
    igraph_eit_t eit;

    IGRAPH_CHECK(igraph_vector_reserve(&edges, no_of_edges*2));
    IGRAPH_CHECK(igraph_es_all(&es, IGRAPH_EDGEORDER_ID));
    IGRAPH_FINALLY(igraph_es_destroy, &es);
    IGRAPH_CHECK(igraph_eit_create(graph, es, &eit));
    IGRAPH_FINALLY(igraph_eit_destroy, &eit);
    
    while (!IGRAPH_EIT_END(eit)) {
      long int edge=IGRAPH_EIT_GET(eit);
      igraph_integer_t from, to;
      igraph_edge(graph, edge, &from, &to);
      IGRAPH_CHECK(igraph_vector_push_back(&edges, from));
      IGRAPH_CHECK(igraph_vector_push_back(&edges, to));
      IGRAPH_EIT_NEXT(eit);
    }
    
    igraph_eit_destroy(&eit);
    igraph_es_destroy(&es);
    IGRAPH_FINALLY_CLEAN(2);
  } else if (mode==IGRAPH_TO_UNDIRECTED_COLLAPSE) {
    igraph_vector_t seen, nei;
    long int i,j;
    IGRAPH_CHECK(igraph_vector_reserve(&edges, no_of_edges*2));
    IGRAPH_VECTOR_INIT_FINALLY(&seen, no_of_nodes);
    IGRAPH_VECTOR_INIT_FINALLY(&nei, 0);
    
    for (i=0; i<no_of_nodes; i++) {
      IGRAPH_CHECK(igraph_neighbors(graph, &nei, i, IGRAPH_ALL));
      for (j=0; j<igraph_vector_size(&nei); j++) {
	long int node=VECTOR(nei)[j];
	if (VECTOR(seen)[node] != i+1 && node >= i) {
	  IGRAPH_CHECK(igraph_vector_push_back(&edges, i));
	  IGRAPH_CHECK(igraph_vector_push_back(&edges, node));
	  VECTOR(seen)[node]=i+1;
	}
      }
    }    

    igraph_vector_destroy(&nei);
    igraph_vector_destroy(&seen);
    IGRAPH_FINALLY_CLEAN(2);
  }

  orig=*graph;
  IGRAPH_CHECK(igraph_create(graph, &edges, no_of_nodes, IGRAPH_UNDIRECTED));
  igraph_destroy(&orig);
  igraph_vector_destroy(&edges);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}







igraph-0.4.2/igraph/foreign-gml-parser.h

/* A Bison parser, made by GNU Bison 2.3.  */

/* Skeleton interface for Bison's Yacc-like parsers in C

   Copyright (C) 1984, 1989, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 2006
   Free Software Foundation, Inc.

   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2, or (at your option)
   any later version.

   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.

   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor,
   Boston, MA 02110-1301, USA.  */

/* As a special exception, you may create a larger work that contains
   part or all of the Bison parser skeleton and distribute that work
   under terms of your choice, so long as that work isn't itself a
   parser generator using the skeleton or a modified version thereof
   as a parser skeleton.  Alternatively, if you modify or redistribute
   the parser skeleton itself, you may (at your option) remove this
   special exception, which will cause the skeleton and the resulting
   Bison output files to be licensed under the GNU General Public
   License without this special exception.

   This special exception was added by the Free Software Foundation in
   version 2.2 of Bison.  */

/* Tokens.  */
#ifndef YYTOKENTYPE
# define YYTOKENTYPE
   /* Put the tokens into the symbol table, so that GDB and other debuggers
      know about them.  */
   enum yytokentype {
     STRING = 258,
     NUM = 259,
     KEYWORD = 260,
     LISTOPEN = 261,
     LISTCLOSE = 262,
     EOFF = 263
   };
#endif
/* Tokens.  */
#define STRING 258
#define NUM 259
#define KEYWORD 260
#define LISTOPEN 261
#define LISTCLOSE 262
#define EOFF 263




#if ! defined YYSTYPE && ! defined YYSTYPE_IS_DECLARED
typedef union YYSTYPE
#line 80 "foreign-gml-parser.y"
{
   struct {
      char *s;
      int len;
   } str;
   void *tree;
   double real;
}
/* Line 1489 of yacc.c.  */
#line 74 "foreign-gml-parser.h"
	YYSTYPE;
# define yystype YYSTYPE /* obsolescent; will be withdrawn */
# define YYSTYPE_IS_DECLARED 1
# define YYSTYPE_IS_TRIVIAL 1
#endif

extern YYSTYPE igraph_gml_yylval;








igraph-0.4.2/igraph/attributes.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "attributes.h"
#include "memory.h"
#include "igraph.h"

/**
 * \section about_attributes
 * 
 * <para>Attributes are numbers or strings (or basically any data
 * structure) associated with the vertices or edges of a graph, or
 * with the graph itself. Eg. you may associate symbolic names with
 * vertices or numeric weights with the edges of a graph. </para>
 * 
 * <para>Attribute handling has been largely changed in \a igraph
 * 0.2. From now on it is possible to attach an attribute handling
 * interface to \a igraph. This is simply a table of functions, of
 * type \ref igraph_attribute_table_t. This functions are invoked to
 * notify the attribute handling code about the structural changes in
 * a graph. See the documentation of this type for details.</para>
 *
 * <para>By default there is no attribute interface attached to \a igraph,
 * to attach one, call \ref igraph_i_set_attribute_table with your new
 * table. </para>
 *
 */

int igraph_i_attribute_init(igraph_t *graph, void *attr) {
  graph->attr=0;
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->init(graph, attr);
  } else {
    return 0;
  }
}
  
void igraph_i_attribute_destroy(igraph_t *graph) {
  if (igraph_i_attribute_table) {
    igraph_i_attribute_table->destroy(graph);
  }
}
  
int igraph_i_attribute_copy(igraph_t *to, const igraph_t *from) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->copy(to, from);
  } else {
    return 0;
    }
  }
  
int igraph_i_attribute_add_vertices(igraph_t *graph, long int nv, void *attr) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->add_vertices(graph, nv, attr);
  } else {
    return 0;
  }
}

void igraph_i_attribute_delete_vertices(igraph_t *graph, 
					const igraph_vector_t *eidx,
					const igraph_vector_t *vidx) {
  if (igraph_i_attribute_table) {
    igraph_i_attribute_table->delete_vertices(graph, eidx, vidx);
  }
}
  
  
int igraph_i_attribute_add_edges(igraph_t *graph, 
				 const igraph_vector_t *edges, void *attr) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->add_edges(graph, edges, attr);
  } else { 
    return 0;
  }
}
  
void igraph_i_attribute_delete_edges(igraph_t *graph, 
				     const igraph_vector_t *idx) {
  if (igraph_i_attribute_table) {
    igraph_i_attribute_table->delete_edges(graph, idx);
  }
}

int igraph_i_attribute_permute_edges(igraph_t *graph, 
				      const igraph_vector_t *idx) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->permute_edges(graph, idx);
  } else {
    return 0;
  }
}

int igraph_i_attribute_get_info(const igraph_t *graph,
				igraph_strvector_t *gnames, 
				igraph_vector_t *gtypes,
				igraph_strvector_t *vnames,
				igraph_vector_t *vtypes,
				igraph_strvector_t *enames,
				igraph_vector_t *etypes) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->get_info(graph, gnames, gtypes, 
	  			              vnames, vtypes, 
				              enames, etypes);
  } else {
    return 0;
  }
}

igraph_bool_t igraph_i_attribute_has_attr(const igraph_t *graph, 
					  igraph_attribute_elemtype_t type,
					  const char *name) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->has_attr(graph, type, name);
  } else {
    return 0;
  }
}

int igraph_i_attribute_gettype(const igraph_t *graph,
			       igraph_attribute_type_t *type,
			       igraph_attribute_elemtype_t elemtype,
			       const char *name) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->gettype(graph, type, elemtype, name);
  } else {
    return 0;
  }
  
}

int igraph_i_attribute_get_numeric_graph_attr(const igraph_t *graph,
					      const char *name,
					      igraph_vector_t *value) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->get_numeric_graph_attr(graph, name, value);
  } else {
    return 0;
  }
}

int igraph_i_attribute_get_numeric_vertex_attr(const igraph_t *graph, 
					       const char *name,
					       igraph_vs_t vs,
					       igraph_vector_t *value) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->get_numeric_vertex_attr(graph, name, vs, value);
  } else {
    return 0;
  }
}

int igraph_i_attribute_get_numeric_edge_attr(const igraph_t *graph,
					     const char *name,
					     igraph_es_t es,
					     igraph_vector_t *value) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->get_numeric_edge_attr(graph, name, es, value);
  } else {
    return 0;
  }
}

int igraph_i_attribute_get_string_graph_attr(const igraph_t *graph,
					     const char *name,
					     igraph_strvector_t *value) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->get_string_graph_attr(graph, name, value);
  } else {
    return 0;
  }
}

int igraph_i_attribute_get_string_vertex_attr(const igraph_t *graph, 
					      const char *name,
					      igraph_vs_t vs,
					      igraph_strvector_t *value) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->get_string_vertex_attr(graph, name, vs, value);
  } else {
    return 0;
  }
}

int igraph_i_attribute_get_string_edge_attr(const igraph_t *graph,
					    const char *name,
					    igraph_es_t es,
					    igraph_strvector_t *value) {
  if (igraph_i_attribute_table) {
    return igraph_i_attribute_table->get_string_edge_attr(graph, name, es, value);
  } else {
    return 0;
  }
}

igraph_attribute_table_t *igraph_i_attribute_table=0;

/**
 * \function igraph_i_set_attribute_table
 * This function attaches attribute handling code to the igraph library.
 * \param table Pointer to an \ref igraph_attribute_table_t object
 *    containing the functions for attribute manipulation. Supply \c
 *    NULL here if you don't want attributes.
 * \return Pointer to the old attribute handling table.
 * 
 * Time complexity: O(1).
 */
  
igraph_attribute_table_t *
igraph_i_set_attribute_table(igraph_attribute_table_t * table) {
  igraph_attribute_table_t *old=igraph_i_attribute_table;
  igraph_i_attribute_table=table;
  return old;
}
  







igraph-0.4.2/igraph/walktrap_heap.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/* The original version of this file was written by Pascal Pons
   The original copyright notice follows here */

// File: heap.h
//-----------------------------------------------------------------------------
// Walktrap v0.2 -- Finds community structure of networks using random walks
// Copyright (C) 2004-2005 Pascal Pons
//
// This program is free software; you can redistribute it and/or modify
// it under the terms of the GNU General Public License as published by
// the Free Software Foundation; either version 2 of the License, or
// (at your option) any later version.
//
// This program is distributed in the hope that it will be useful,
// but WITHOUT ANY WARRANTY; without even the implied warranty of
// MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
// GNU General Public License for more details.
//
// You should have received a copy of the GNU General Public License
// along with this program; if not, write to the Free Software
// Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307  USA
//-----------------------------------------------------------------------------
// Author   : Pascal Pons 
// Email    : pons@liafa.jussieu.fr
// Web page : http://www.liafa.jussieu.fr/~pons/
// Location : Paris, France
// Time	    : June 2005
//-----------------------------------------------------------------------------
// see readme.txt for more details

#ifndef HEAP_H
#define HEAP_H

class Neighbor {
public:
  int community1;   // the two adjacent communities
  int community2;   // community1 < community2

  float delta_sigma;	// the delta sigma between the two communities
  float weight;		// the total weight of the edges between the two communities
  bool exact;		// true if delta_sigma is exact, false if it is only a lower bound
  
  Neighbor* next_community1;	    // pointers of two double
  Neighbor* previous_community1;    // chained lists containing
  Neighbor* next_community2;	    // all the neighbors of
  Neighbor* previous_community2;    // each communities.

  int heap_index;	// 
  
  Neighbor();
};


class Neighbor_heap {  
private:
  int size;
  int max_size;

  Neighbor** H;   // the heap that contains a pointer to each Neighbor object stored

  void move_up(int index);
  void move_down(int index);
  
public:
  void add(Neighbor* N);	    // add a new distance
  void update(Neighbor* N);	    // update a distance 
  void remove(Neighbor* N);	    // remove a distance
  Neighbor* get_first();	    // get the first item
  long memory();
  bool is_empty();
  
  Neighbor_heap(int max_size);
  ~Neighbor_heap();
};


class Min_delta_sigma_heap {
private:
  int size;
  int max_size;

  int* H;   // the heap that contains the number of each community
  int* I;   // the index of each community in the heap (-1 = not stored)

  void move_up(int index);
  void move_down(int index);

public:
  int get_max_community();			    // return the community with the maximal delta_sigma
  void remove_community(int community);		    // remove a community;
  void update(int community);			    // update (or insert if necessary) the community
  long memory();				    // the memory used in Bytes.
  bool is_empty();

  float* delta_sigma;				     // the delta_sigma of the stored communities
  
  Min_delta_sigma_heap(int max_size);
  ~Min_delta_sigma_heap();
};
#endif








igraph-0.4.2/igraph/other.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "types.h"
#include "memory.h"
#include <math.h>
#include <stdarg.h>

/**
 * \ingroup nongraph
 * \function igraph_running_mean
 * \brief Calculates the running mean of a vector.
 * 
 * </para><para>
 * The running mean is defined by the mean of the
 * previous \p binwidth values.
 * \param data The vector containing the data.
 * \param res The vector containing the result. This should be
 *        initialized before calling this function and will be
 *        resized. 
 * \param binwidth Integer giving the width of the bin for the running
 *        mean calculation.
 * \return Error code.
 * 
 * Time complexity: O(n),
 * n is the length of
 * the data vector.
 */

int igraph_running_mean(const igraph_vector_t *data, igraph_vector_t *res, 
			igraph_integer_t binwidth) {

  double sum=0;
  long int i;

  /* Check */
  if (igraph_vector_size(data) < binwidth) {
    IGRAPH_ERROR("Vector too short for this binwidth", IGRAPH_EINVAL); 
  }

  /* Memory for result */

  IGRAPH_CHECK(igraph_vector_resize(res, (long int)(igraph_vector_size(data)-binwidth+1)));
  
  /* Initial bin */
  for (i=0; i<binwidth; i++) {
    sum += VECTOR(*data)[i];
  }
  
  VECTOR(*res)[0]=sum/binwidth;
  
  for (i=1; i<igraph_vector_size(data)-binwidth+1; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    sum -= VECTOR(*data)[i-1];
    sum += VECTOR(*data)[ (long int)(i+binwidth-1)];
    VECTOR(*res)[i] = sum/binwidth;
  }
  
  return 0;
}


/**
 * \ingroup nongraph
 * \function igraph_convex_hull
 * \brief Determines the convex hull of a given set of points in the 2D plane
 *
 * </para><para>
 * The convex hull is determined by the Graham scan algorithm.
 * See the following reference for details:
 * 
 * </para><para>
 * Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, and Clifford
 * Stein. Introduction to Algorithms, Second Edition. MIT Press and
 * McGraw-Hill, 2001. ISBN 0262032937. Pages 949-955 of section 33.3:
 * Finding the convex hull.
 * 
 * \param data vector containing the coordinates. The length of the
 *        vector must be even, since it contains X-Y coordinate pairs.
 * \param resverts the vector containing the result, e.g. the vector of
 *        vertex indices used as the corners of the convex hull. Supply
 *        \c NULL here if you are only interested in the coordinates of
 *        the convex hull corners.
 * \param rescoords the matrix containing the coordinates of the selected
 *        corner vertices. Supply \c NULL here if you are only interested in
 *        the vertex indices.
 * \return Error code:
 *         \c IGRAPH_ENOMEM: not enough memory
 * 
 * Time complexity: O(n log(n)) where n is the number of vertices
 */
int igraph_convex_hull(const igraph_matrix_t *data, igraph_vector_t *resverts,
		       igraph_matrix_t *rescoords) {
  igraph_integer_t no_of_nodes;
  long int i, pivot_idx=0, last_idx, before_last_idx, next_idx, j;
  igraph_real_t* angles;
  igraph_vector_t stack;
  igraph_indheap_t order;
  igraph_real_t px, py, cp;
  
  no_of_nodes=igraph_matrix_nrow(data);
  if (igraph_matrix_ncol(data) != 2) {
    IGRAPH_ERROR("matrix must have 2 columns", IGRAPH_EINVAL);
  }
  if (no_of_nodes == 0) {
    if (resverts != 0) {
      IGRAPH_CHECK(igraph_vector_resize(resverts, 0));
    } 
    if (rescoords != 0) {
      IGRAPH_CHECK(igraph_matrix_resize(rescoords, 0, 2));
    }
    /**************************** this is an exit here *********/
    return 0;
  }
    
  angles=Calloc(no_of_nodes, igraph_real_t);
  if (!angles) IGRAPH_ERROR("not enough memory for angle array", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(free, angles);
  
  IGRAPH_VECTOR_INIT_FINALLY(&stack, 0);
  
  /* Search for the pivot vertex */
  for (i=1; i<no_of_nodes; i++) {
    if (MATRIX(*data, i, 1)<MATRIX(*data, pivot_idx, 1))
      pivot_idx=i;
    else if (MATRIX(*data, i, 1) == MATRIX(*data, pivot_idx, 1) &&
	     MATRIX(*data, i, 0) < MATRIX(*data, pivot_idx, 0))
      pivot_idx=i;
  }
  px=MATRIX(*data, pivot_idx, 0);
  py=MATRIX(*data, pivot_idx, 1);
  
  /* Create angle array */
  for (i=0; i<no_of_nodes; i++) {
    if (i == pivot_idx) {
      /* We can't calculate the angle of the pivot point with itself,
       * so we use 10 here. This way, after sorting the angle vector,
       * the pivot point will always be the first one, since the range
       * of atan2 is -3.14..3.14 */
      angles[i] = 10;
    } else {
      angles[i] = atan2(MATRIX(*data, i, 1)-py,
			MATRIX(*data, i, 0)-px);
    }
  }

  IGRAPH_CHECK(igraph_indheap_init_array(&order, angles, no_of_nodes));
  IGRAPH_FINALLY(igraph_indheap_destroy, &order);
  
  Free(angles);
  IGRAPH_FINALLY_CLEAN(1);

  if (no_of_nodes == 1) {
    IGRAPH_CHECK(igraph_vector_push_back(&stack, 0));
    igraph_indheap_delete_max(&order);
  } else {
    /* Do the trick */
    IGRAPH_CHECK(igraph_vector_push_back(&stack, igraph_indheap_max_index(&order)-1));
    igraph_indheap_delete_max(&order);
    IGRAPH_CHECK(igraph_vector_push_back(&stack, igraph_indheap_max_index(&order)-1));
    igraph_indheap_delete_max(&order);
    
    j=2;
    while (!igraph_indheap_empty(&order)) {
      /* Determine whether we are at a left or right turn */
      last_idx=VECTOR(stack)[j-1];
      before_last_idx=VECTOR(stack)[j-2];
      next_idx=(long)igraph_indheap_max_index(&order)-1;
      igraph_indheap_delete_max(&order);
      cp=(MATRIX(*data, last_idx, 0)-MATRIX(*data, before_last_idx, 0))*
	(MATRIX(*data, next_idx, 1)-MATRIX(*data, before_last_idx, 1))-
	(MATRIX(*data, next_idx, 0)-MATRIX(*data, before_last_idx, 0))*
	(MATRIX(*data, last_idx, 1)-MATRIX(*data, before_last_idx, 1));
      /*
       printf("B L N cp: %d, %d, %d, %f [", before_last_idx, last_idx, next_idx, (float)cp);
       for (k=0; k<j; k++) printf("%ld ", (long)VECTOR(stack)[k]);
       printf("]\n");
       */
      if (cp == 0) {
	/* The last three points are collinear. Replace the last one in
	 * the stack to the newest one */
	VECTOR(stack)[j-1]=next_idx;
      } else if (cp < 0) {
	/* We are turning into the right direction */
	IGRAPH_CHECK(igraph_vector_push_back(&stack, next_idx));
	j++;
      } else {
	/* No, skip back until we're okay */
	while (cp >= 0 && j > 2) {
	  igraph_vector_pop_back(&stack);
	  j--;
	  last_idx=VECTOR(stack)[j-1];
	  before_last_idx=VECTOR(stack)[j-2];
	  cp=(MATRIX(*data, last_idx, 0)-MATRIX(*data, before_last_idx, 0))*
	    (MATRIX(*data, next_idx, 1)-MATRIX(*data, before_last_idx, 1))-
	    (MATRIX(*data, next_idx, 0)-MATRIX(*data, before_last_idx, 0))*
	    (MATRIX(*data, last_idx, 1)-MATRIX(*data, before_last_idx, 1));
	}
	IGRAPH_CHECK(igraph_vector_push_back(&stack, next_idx));
	j++;
      }
    }
  }
  
  /* Create result vector */
  if (resverts != 0) {
    igraph_vector_clear(resverts);
    IGRAPH_CHECK(igraph_vector_append(resverts, &stack));
  } 
  if (rescoords != 0) {
    igraph_matrix_select_rows(data, rescoords, &stack);
  }
  
  /* Free everything */
  igraph_vector_destroy(&stack);
  igraph_indheap_destroy(&order);
  IGRAPH_FINALLY_CLEAN(2);
  
  return 0;
}


/**
 * Internal function, floating point division
 * Used only in compilers not supporting INFINITY and HUGE_VAL to create
 * infinity values
 */
double igraph_i_fdiv(const double a, const double b) 
{
   return a / b;
}

#ifdef _MSC_VER
/**
 * Internal function, replacement for snprintf
 * Used only in case of the Microsoft Visual C compiler which does not
 * provide a proper sprintf implementation.
 * 
 * This implementation differs from the standard in the value returned
 * when the number of characters needed by the output, excluding the
 * terminating '\0' is larger than count
 */
int igraph_i_snprintf(char *buffer, size_t count, const char *format, ...) {
    int n;
    va_list args;
    if (count > 0) {
	va_start(args, format);
        n = _vsnprintf(buffer, count, format, args);
        buffer[count-1] = 0;
        va_end(args);
    } else n=0;
    return n;
}

#endif







igraph-0.4.2/igraph/config.h

/* config.h.  Generated from config.h.in by configure.  */
/* config.h.in.  Generated from configure.in by autoheader.  */

/* Define to 1 if you have the <dlfcn.h> header file. */
#define HAVE_DLFCN_H 1

/* Define to 1 if you have the <inttypes.h> header file. */
#define HAVE_INTTYPES_H 1

/* Define to 1 if you have the libxml2 libraries installed */
#define HAVE_LIBXML 1

/* Define to 1 if you have the <memory.h> header file. */
#define HAVE_MEMORY_H 1

/* Define to 1 if you have the <stdarg.h> header file. */
#define HAVE_STDARG_H 1

/* Define to 1 if you have the <stdint.h> header file. */
#define HAVE_STDINT_H 1

/* Define to 1 if you have the <stdlib.h> header file. */
#define HAVE_STDLIB_H 1

/* Define to 1 if you have the <strings.h> header file. */
#define HAVE_STRINGS_H 1

/* Define to 1 if you have the <string.h> header file. */
#define HAVE_STRING_H 1

/* Define to 1 if you have the <sys/stat.h> header file. */
#define HAVE_SYS_STAT_H 1

/* Define to 1 if you have the <sys/types.h> header file. */
#define HAVE_SYS_TYPES_H 1

/* Define to 1 if you have the <time.h> header file. */
#define HAVE_TIME_H 1

/* Define to 1 if you have the <unistd.h> header file. */
#define HAVE_UNISTD_H 1

/* Define to the sub-directory in which libtool stores uninstalled libraries.
   */
#define LT_OBJDIR ".libs/"

/* Name of package */
#define PACKAGE "igraph"

/* Define to the address where bug reports for this package should be sent. */
#define PACKAGE_BUGREPORT "csardi@rmki.kfki.hu"

/* Define to the full name of this package. */
#define PACKAGE_NAME "igraph"

/* Define to the full name and version of this package. */
#define PACKAGE_STRING "igraph 0.4.2"

/* Define to the one symbol short name of this package. */
#define PACKAGE_TARNAME "igraph"

/* Define to the version of this package. */
#define PACKAGE_VERSION "0.4.2"

/* Define to 1 if you have the ANSI C header files. */
#define STDC_HEADERS 1

/* Version number of package */
#define VERSION "0.4.2"

/* Define to 1 if `lex' declares `yytext' as a `char *' by default, not a
   `char[]'. */
#define YYTEXT_POINTER 1







igraph-0.4.2/igraph/random.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "random.h"
#include "error.h"

#include <math.h>

int igraph_rng_inited = 0;

#ifdef __MINGW32__
/** MinGW does not have an expm1 function at the time of writing (Nov 1 2005),
so let's provide a replacement */
static double expm1 (double x)
{
   if (-M_LN2 < x && x < M_LN2)
     {
     x *= M_LOG2E;
     __asm__("f2xm1\n\t" : "=t" (x) : "0" (x));
     return x;
     }
   else
     return expl(x) - 1.0L;
}
#endif

#ifdef __MSVC__
/* expm1 replacement for Microsoft Visual C */
static double expm1 (double x)
{
    if (fabs(x) < M_LN2)
    {
        /* Compute the taylor series S = x + (1/2!) x^2 + (1/3!) x^3 + ... */

        double i = 1.0;
        double sum = x;
        double term = x / 1.0;

        do
        {
            term *= x / ++i;
            sum += term;
        }
        while (fabs(term) > fabs(sum) * 2.22e-16);
      
        return sum;
    }

    return expl(x) - 1.0L;
}

/* We also need rint and rintf */
static double rint (double x)
{
   return ( (x<0.) ? -floor(-x+.5) : floor(x+.5) );
}

static float rintf (float x)
{
   return ( (x<(float)0.) ? -(float)floor(-x+.5) : (float)floor(x+.5) );
}
#endif

/*
 * \ingroup internal
 * 
 * This function appends the rest of the needed random number to the 
 * result vector.
 */

int igraph_random_sample_alga(igraph_vector_t *res, igraph_integer_t l, igraph_integer_t h, 
			      igraph_integer_t length) {
  igraph_real_t N=h-l+1;
  igraph_real_t n=length;
  
  igraph_real_t top=N-n;
  igraph_real_t Nreal=N;
  igraph_real_t S=0;
  igraph_real_t V, quot;

  while (n>=2) {
    V=RNG_UNIF01();
    quot=top/Nreal;
    while (quot>V) {
      S+=1;
      top=-1.0+top;
      Nreal=-1.0+Nreal;
      quot=(quot*top)/Nreal;
    }
    l+=S;
    igraph_vector_push_back(res, l);	/* allocated */
    Nreal=-1.0+Nreal; n=-1+n; S=1;
  }
  
  S=floor(rint(Nreal)*RNG_UNIF01())+1;
  l+=S;
  igraph_vector_push_back(res, l);	/* allocated */
  
  return 0;
}

/**
 * \ingroup nongraph
 * \function igraph_random_sample
 * \brief Generates an increasing random sequence of integers.
 * 
 * </para><para>
 * This function generates an incresing sequence of random integer
 * numbers from a given interval. The algorithm is taken literally
 * from Jeffrey Scott Vitter: 'An Efficient Algorithm for Sequential
 * Random Sampling', ACM Transactions on Mathematical Software, 13/1,
 * 58--67. This method can be used for generating numbers from a
 * \em very large interval, it is primilarly created for randomly
 * selecting some edges from the sometimes huge set of possible edges
 * in a large graph.
 * \param res Pointer to an initialized vector, this will hold the
 *        result. It will be resized to the proper size.
 * \param l The lower limit of the generation interval (inclusive).
 * \param h The upper limit of the generation interval (inclusive).
 * \param length The number of random integers to generate.
 * \return Error code.
 *
 * Time complexity: according to the referenced paper, the expected
 * running time is O(length).
 */

int igraph_random_sample(igraph_vector_t *res, igraph_integer_t l, igraph_integer_t h, 
			 igraph_integer_t length) {
  igraph_real_t N=h-l+1;
  igraph_real_t n=length;
  int retval;

  igraph_real_t nreal=length;
  igraph_real_t ninv=1.0/nreal;
  igraph_real_t Nreal=N;
  igraph_real_t Vprime;
  igraph_real_t qu1=-n+1+N;
  igraph_real_t qu1real=-nreal+1.0+Nreal;
  igraph_real_t negalphainv=-13;
  igraph_real_t threshold=-negalphainv*n;
  igraph_real_t S;
  
  igraph_vector_clear(res);
  IGRAPH_CHECK(igraph_vector_reserve(res, length));  

  RNG_BEGIN();
  
  Vprime=exp(log(RNG_UNIF01())*ninv);

  while (n>1 && threshold < N) {
    igraph_real_t X, U;
    igraph_real_t limit, t;
    igraph_real_t negSreal, y1, y2, top, bottom;
    igraph_real_t nmin1inv=1.0/(-1.0+nreal);
    while (1) {
      while(1) {
	X=Nreal*(-Vprime+1.0);
	S=floor(X);
	if (S <qu1) { break; }
	Vprime = exp(log(RNG_UNIF01())*ninv);
      }
      U=RNG_UNIF01();
      negSreal=-S;
      
      y1=exp(log(U*Nreal/qu1real)*nmin1inv);
      Vprime=y1*(-X/Nreal+1.0)*(qu1real/(negSreal+qu1real));
      if (Vprime <= 1.0) { break; }
      
      y2=1.0;
      top=-1.0+Nreal;
      if (-1+n > S) {
	bottom=-nreal+Nreal; 
	limit=-S+N;
      } else {
	bottom=-1.0+negSreal+Nreal;
	limit=qu1;
      }
      for (t=-1+N; t>=limit; t--) {
	y2=(y2*top)/bottom;
	top=-1.0+top;
	bottom=-1.0+bottom;
      }
      if (Nreal/(-X+Nreal) >= y1*exp(log(y2)*nmin1inv)) {
	Vprime=exp(log(RNG_UNIF01())*nmin1inv);
	break;
      }
      Vprime=exp(log(RNG_UNIF01())*ninv);
    }
    
    l+=S;
    igraph_vector_push_back(res, l);	/* allocated */
    N=-S+(-1+N);   Nreal=negSreal+(-1.0+Nreal);
    n=-1+n;   nreal=-1.0+nreal; ninv=nmin1inv;
    qu1=-S+qu1; qu1real=negSreal+qu1real;
    threshold=threshold+negalphainv;
  }
  
  if (n>1) {
    retval=igraph_random_sample_alga(res, l, h, n);
  } else {
    retval=0;
    S=floor(N*Vprime);
    l+=S;
    igraph_vector_push_back(res, l);	/* allocated */
  }

  RNG_END();
  
  return retval;
}
  
#ifdef USING_R

#else

/*
 *  Mathlib : A C Library of Special Functions
 *  Copyright (C) 1998 Ross Ihaka
 *  Copyright (C) 2000 The R Development Core Team
 *  based on AS 111 (C) 1977 Royal Statistical Society
 *  and   on AS 241 (C) 1988 Royal Statistical Society
 *
 *  This program is free software; you can redistribute it and/or modify
 *  it under the terms of the GNU General Public License as published by
 *  the Free Software Foundation; either version 2 of the License, or
 *  (at your option) any later version.
 *
 *  This program is distributed in the hope that it will be useful,
 *  but WITHOUT ANY WARRANTY; without even the implied warranty of
 *  MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
 *  GNU General Public License for more details.
 *
 *  You should have received a copy of the GNU General Public License
 *  along with this program; if not, write to the Free Software
 *  Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307 USA.
 *
 *  SYNOPSIS
 *
 *	double qnorm5(double p, double mu, double sigma,
 *		      int lower_tail, int log_p)
 *            {qnorm (..) is synonymous and preferred inside R}
 *
 *  DESCRIPTION
 *
 *	Compute the quantile function for the normal distribution.
 *
 *	For small to moderate probabilities, algorithm referenced
 *	below is used to obtain an initial approximation which is
 *	polished with a final Newton step.
 *
 *	For very large arguments, an algorithm of Wichura is used.
 *
 *  REFERENCE
 *
 *	Beasley, J. D. and S. G. Springer (1977).
 *	Algorithm AS 111: The percentage points of the normal distribution,
 *	Applied Statistics, 26, 118-121.
 *
 *      Wichura, M.J. (1988).
 *      Algorithm AS 241: The Percentage Points of the Normal Distribution.
 *      Applied Statistics, 37, 477-484.
 */

/*
 *  Mathlib : A C Library of Special Functions
 *  Copyright (C) 1998-2004  The R Development Core Team
 *
 *  This program is free software; you can redistribute it and/or modify
 *  it under the terms of the GNU General Public License as published by
 *  the Free Software Foundation; either version 2 of the License, or
 *  (at your option) any later version.
 *
 *  This program is distributed in the hope that it will be useful,
 *  but WITHOUT ANY WARRANTY; without even the implied warranty of
 *  MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
 *  GNU General Public License for more details.
 *
 *  You should have received a copy of the GNU General Public License
 *  along with this program; if not, write to the Free Software
 *  Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307  USA
 *
 */

/* Private header file for use during compilation of Mathlib */
#ifndef MATHLIB_PRIVATE_H
#define MATHLIB_PRIVATE_H

#ifdef _MSC_VER
#  define ML_POSINF IGRAPH_INFINITY
#  define ML_NEGINF -IGRAPH_INFINITY
#  define ML_NAN    IGRAPH_NAN
#else
#  define ML_POSINF	(1.0 / 0.0)
#  define ML_NEGINF	((-1.0) / 0.0)
#  define ML_NAN		(0.0 / 0.0)
#endif

#define ML_ERROR(x)	/* nothing */
#define ML_UNDERFLOW	(DBL_MIN * DBL_MIN)
#define ML_VALID(x)	(!ISNAN(x))

#define ME_NONE		0
/*	no error */
#define ME_DOMAIN	1
/*	argument out of domain */
#define ME_RANGE	2
/*	value out of range */
#define ME_NOCONV	4
/*	process did not converge */
#define ME_PRECISION	8
/*	does not have "full" precision */
#define ME_UNDERFLOW	16
/*	and underflow occured (important for IEEE)*/

#define ML_ERR_return_NAN { ML_ERROR(ME_DOMAIN); return ML_NAN; }

/* Wilcoxon Rank Sum Distribution */

#define WILCOX_MAX 50

/* Wilcoxon Signed Rank Distribution */

#define SIGNRANK_MAX 50

/* Formerly private part of Mathlib.h */

/* always remap internal functions */
#define bd0       	Rf_bd0
#define chebyshev_eval	Rf_chebyshev_eval
#define chebyshev_init	Rf_chebyshev_init
#define i1mach		Rf_i1mach
#define gammalims	Rf_gammalims
#define lfastchoose	Rf_lfastchoose
#define lgammacor	Rf_lgammacor
#define stirlerr       	Rf_stirlerr

	/* Chebyshev Series */

int	chebyshev_init(double*, int, double);
double	chebyshev_eval(double, const double *, const int);

	/* Gamma and Related Functions */

void	gammalims(double*, double*);
double	lgammacor(double); /* log(gamma) correction */
double  stirlerr(double);  /* Stirling expansion "error" */

double	lfastchoose(double, double);

double  bd0(double, double);

/* Consider adding these two to the API (Rmath.h): */
double	dbinom_raw(double, double, double, double, int);
double	dpois_raw (double, double, int);
double  pnchisq_raw(double, double, double, double, double, int);

int	i1mach(int);

/* From toms708.c */
void bratio(double a, double b, double x, double y, 
	    double *w, double *w1, int *ierr);


#endif /* MATHLIB_PRIVATE_H */


	/* Utilities for `dpq' handling (density/probability/quantile) */

/* give_log in "d";  log_p in "p" & "q" : */
#define give_log log_p
							/* "DEFAULT" */
							/* --------- */
#define R_D__0	(log_p ? ML_NEGINF : 0.)		/* 0 */
#define R_D__1	(log_p ? 0. : 1.)			/* 1 */
#define R_DT_0	(lower_tail ? R_D__0 : R_D__1)		/* 0 */
#define R_DT_1	(lower_tail ? R_D__1 : R_D__0)		/* 1 */

#define R_D_Lval(p)	(lower_tail ? (p) : (1 - (p)))	/*  p  */
#define R_D_Cval(p)	(lower_tail ? (1 - (p)) : (p))	/*  1 - p */

#define R_D_val(x)	(log_p	? log(x) : (x))		/*  x  in pF(x,..) */
#define R_D_qIv(p)	(log_p	? exp(p) : (p))		/*  p  in qF(p,..) */
#define R_D_exp(x)	(log_p	?  (x)	 : exp(x))	/* exp(x) */
#define R_D_log(p)	(log_p	?  (p)	 : log(p))	/* log(p) */
#define R_D_Clog(p)	(log_p	? log1p(-(p)) : (1 - (p)))/* [log](1-p) */

/* log(1-exp(x)):  R_D_LExp(x) == (log1p(- R_D_qIv(x))) but even more stable:*/
#define R_D_LExp(x)     (log_p ? R_Log1_Exp(x) : log1p(-x))

/*till 1.8.x:
 * #define R_DT_val(x)	R_D_val(R_D_Lval(x))
 * #define R_DT_Cval(x)	R_D_val(R_D_Cval(x)) */
#define R_DT_val(x)	(lower_tail ? R_D_val(x)  : R_D_Clog(x))
#define R_DT_Cval(x)	(lower_tail ? R_D_Clog(x) : R_D_val(x))

/*#define R_DT_qIv(p)	R_D_Lval(R_D_qIv(p))		 *  p  in qF ! */
#define R_DT_qIv(p)	(log_p ? (lower_tail ? exp(p) : - expm1(p)) \
			       : R_D_Lval(p))

/*#define R_DT_CIv(p)	R_D_Cval(R_D_qIv(p))		 *  1 - p in qF */
#define R_DT_CIv(p)	(log_p ? (lower_tail ? -expm1(p) : exp(p)) \
			       : R_D_Cval(p))

#define R_DT_exp(x)	R_D_exp(R_D_Lval(x))		/* exp(x) */
#define R_DT_Cexp(x)	R_D_exp(R_D_Cval(x))		/* exp(1 - x) */

#define R_DT_log(p)	(lower_tail? R_D_log(p) : R_D_LExp(p))/* log(p) in qF */
#define R_DT_Clog(p)	(lower_tail? R_D_LExp(p): R_D_log(p))/* log(1-p) in qF*/
#define R_DT_Log(p)	(lower_tail? (p) : R_Log1_Exp(p))
/* ==   R_DT_log when we already "know" log_p == TRUE :*/

#define R_Q_P01_check(p)			\
    if ((log_p	&& p > 0) ||			\
	(!log_p && (p < 0 || p > 1)) )		\
	ML_ERR_return_NAN

/* additions for density functions (C.Loader) */
#define R_D_fexp(f,x)     (give_log ? -0.5*log(f)+(x) : exp(x)/sqrt(f))
#define R_D_forceint(x)   floor((x) + 0.5)
#define R_D_nonint(x) 	  (fabs((x) - floor((x)+0.5)) > 1e-7)
/* [neg]ative or [non int]eger : */
#define R_D_negInonint(x) (x < 0. || R_D_nonint(x))

#define R_D_nonint_check(x) 				\
   if(R_D_nonint(x)) {					\
	MATHLIB_WARNING("non-integer x = %f", x);	\
	return R_D__0;					\
   }

double igraph_qnorm5(double p, double mu, double sigma, int lower_tail, int log_p)
{
    double p_, q, r, val;

#ifdef IEEE_754
    if (ISNAN(p) || ISNAN(mu) || ISNAN(sigma))
	return p + mu + sigma;
#endif
    if (p == R_DT_0)	return ML_NEGINF;
    if (p == R_DT_1)	return ML_POSINF;
    R_Q_P01_check(p);

    if(sigma  < 0)	ML_ERR_return_NAN;
    if(sigma == 0)	return mu;

    p_ = R_DT_qIv(p);/* real lower_tail prob. p */
    q = p_ - 0.5;

/*-- use AS 241 --- */
/* double ppnd16_(double *p, long *ifault)*/
/*      ALGORITHM AS241  APPL. STATIST. (1988) VOL. 37, NO. 3

        Produces the normal deviate Z corresponding to a given lower
        tail area of P; Z is accurate to about 1 part in 10**16.

        (original fortran code used PARAMETER(..) for the coefficients
         and provided hash codes for checking them...)
*/
    if (fabs(q) <= .425) {/* 0.075 <= p <= 0.925 */
        r = .180625 - q * q;
	val =
            q * (((((((r * 2509.0809287301226727 +
                       33430.575583588128105) * r + 67265.770927008700853) * r +
                     45921.953931549871457) * r + 13731.693765509461125) * r +
                   1971.5909503065514427) * r + 133.14166789178437745) * r +
                 3.387132872796366608)
            / (((((((r * 5226.495278852854561 +
                     28729.085735721942674) * r + 39307.89580009271061) * r +
                   21213.794301586595867) * r + 5394.1960214247511077) * r +
                 687.1870074920579083) * r + 42.313330701600911252) * r + 1.);
    }
    else { /* closer than 0.075 from {0,1} boundary */

	/* r = min(p, 1-p) < 0.075 */
	if (q > 0)
	    r = R_DT_CIv(p);/* 1-p */
	else
	    r = p_;/* = R_DT_Iv(p) ^=  p */

	r = sqrt(- ((log_p &&
		     ((lower_tail && q <= 0) || (!lower_tail && q > 0))) ?
		    p : /* else */ log(r)));
        /* r = sqrt(-log(r))  <==>  min(p, 1-p) = exp( - r^2 ) */

        if (r <= 5.) { /* <==> min(p,1-p) >= exp(-25) ~= 1.3888e-11 */
            r += -1.6;
            val = (((((((r * 7.7454501427834140764e-4 +
                       .0227238449892691845833) * r + .24178072517745061177) *
                     r + 1.27045825245236838258) * r +
                    3.64784832476320460504) * r + 5.7694972214606914055) *
                  r + 4.6303378461565452959) * r +
                 1.42343711074968357734)
                / (((((((r *
                         1.05075007164441684324e-9 + 5.475938084995344946e-4) *
                        r + .0151986665636164571966) * r +
                       .14810397642748007459) * r + .68976733498510000455) *
                     r + 1.6763848301838038494) * r +
                    2.05319162663775882187) * r + 1.);
        }
        else { /* very close to  0 or 1 */
            r += -5.;
            val = (((((((r * 2.01033439929228813265e-7 +
                       2.71155556874348757815e-5) * r +
                      .0012426609473880784386) * r + .026532189526576123093) *
                    r + .29656057182850489123) * r +
                   1.7848265399172913358) * r + 5.4637849111641143699) *
                 r + 6.6579046435011037772)
                / (((((((r *
                         2.04426310338993978564e-15 + 1.4215117583164458887e-7)*
                        r + 1.8463183175100546818e-5) * r +
                       7.868691311456132591e-4) * r + .0148753612908506148525)
                     * r + .13692988092273580531) * r +
                    .59983220655588793769) * r + 1.);
        }

	if(q < 0.0)
	    val = -val;
        /* return (q >= 0.)? r : -r ;*/
    }
    return mu + sigma * val;
}

double fsign(double x, double y)
{
#ifdef IEEE_754
    if (ISNAN(x) || ISNAN(y))
        return x + y;
#endif
    return ((y >= 0) ? fabs(x) : -fabs(x));
}

int imax2(int x, int y)
{
    return (x < y) ? y : x;
}

int imin2(int x, int y)
{
    return (x < y) ? x : y;
}

#ifdef HAVE_WORKING_ISFINITE
/* isfinite is defined in <math.h> according to C99 */
# define R_FINITE(x)    isfinite(x)
#elif HAVE_WORKING_FINITE
/* include header needed to define finite() */
#  ifdef HAVE_IEEE754_H
#   include <ieee754.h>         /* newer Linuxen */
#  else
#   ifdef HAVE_IEEEFP_H
#    include <ieeefp.h>         /* others [Solaris], .. */
#   endif
#  endif
# define R_FINITE(x)    finite(x)
#else
# define R_FINITE(x)    R_finite(x)
#endif

int R_finite(double x)
{
#ifdef HAVE_WORKING_ISFINITE
    return isfinite(x);
#elif HAVE_WORKING_FINITE
    return finite(x);
#else
/* neither finite nor isfinite work. Do we really need the AIX exception? */
# ifdef _AIX
#  include <fp.h>
     return FINITE(x);
# elif defined(_MSC_VER)
     return _finite(x);
#else
    return (!isnan(x) & (x != 1/0.0) & (x != -1.0/0.0));
# endif
#endif
}

int R_isnancpp(double x)
{
   return (isnan(x)!=0);
}

#ifdef __cplusplus
  int R_isnancpp(double); /* in arithmetic.c */
#  define ISNAN(x)     R_isnancpp(x)
#else
#  define ISNAN(x)     (isnan(x)!=0)
#endif

double igraph_norm_rand(void) {
  
  double u1;

#define BIG 134217728 /* 2^27 */
  /* unif_rand() alone is not of high enough precision */
  u1 = RNG_UNIF(0,1);
  u1 = (int)(BIG*u1) + RNG_UNIF(0,1);
  return igraph_qnorm5(u1/BIG, 0.0, 1.0, 1, 0);
}

/*
 *  Mathlib : A C Library of Special Functions
 *  Copyright (C) 1998 Ross Ihaka
 *  Copyright (C) 2000-2002 the R Development Core Team
 *
 *  This program is free software; you can redistribute it and/or modify
 *  it under the terms of the GNU General Public License as published by
 *  the Free Software Foundation; either version 2 of the License, or
 *  (at your option) any later version.
 *
 *  This program is distributed in the hope that it will be useful,
 *  but WITHOUT ANY WARRANTY; without even the implied warranty of
 *  MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
 *  GNU General Public License for more details.
 *
 *  You should have received a copy of the GNU General Public License
 *  along with this program; if not, write to the Free Software
 *  Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307 USA.
 *
 *  SYNOPSIS
 *
 *    #include <Rmath.h>
 *    double exp_rand(void);
 *
 *  DESCRIPTION
 *
 *    Random variates from the standard exponential distribution.
 *
 *  REFERENCE
 *
 *    Ahrens, J.H. and Dieter, U. (1972).
 *    Computer methods for sampling from the exponential and
 *    normal distributions.
 *    Comm. ACM, 15, 873-882.
 */

double igraph_exp_rand(void)
{
    /* q[k-1] = sum(log(2)^k / k!)  k=1,..,n, */
    /* The highest n (here 8) is determined by q[n-1] = 1.0 */
    /* within standard precision */
    const double q[] =
    {
	0.6931471805599453,
	0.9333736875190459,
	0.9888777961838675,
	0.9984959252914960,
	0.9998292811061389,
	0.9999833164100727,
	0.9999985691438767,
	0.9999998906925558,
	0.9999999924734159,
	0.9999999995283275,
	0.9999999999728814,
	0.9999999999985598,
	0.9999999999999289,
	0.9999999999999968,
	0.9999999999999999,
	1.0000000000000000
    };
    double a, u, ustar, umin;
    int i;

    a = 0.;
    /* precaution if u = 0 is ever returned */
    u = RNG_UNIF01();
    while(u <= 0.0 || u >= 1.0) u = RNG_UNIF01();
    for (;;) {
	u += u;
	if (u > 1.0)
	    break;
	a += q[0];
    }
    u -= 1.;

    if (u <= q[0])
	return a + u;

    i = 0;
    ustar = RNG_UNIF01();
    umin = ustar;
    do {
	ustar = RNG_UNIF01();
	if (ustar < umin)
	    umin = ustar;
	i++;
    } while (u > q[i]);
    return a + umin * q[0];
}

/*
 *  Mathlib : A C Library of Special Functions
 *  Copyright (C) 1998 Ross Ihaka
 *  Copyright (C) 2000-2001 The R Development Core Team
 *
 *  This program is free software; you can redistribute it and/or modify
 *  it under the terms of the GNU General Public License as published by
 *  the Free Software Foundation; either version 2 of the License, or
 *  (at your option) any later version.
 *
 *  This program is distributed in the hope that it will be useful,
 *  but WITHOUT ANY WARRANTY; without even the implied warranty of
 *  MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
 *  GNU General Public License for more details.
 *
 *  You should have received a copy of the GNU General Public License
 *  along with this program; if not, write to the Free Software
 *  Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307 USA.
 *
 *  SYNOPSIS
 *
 *    #include <Rmath.h>
 *    double rpois(double lambda)
 *
 *  DESCRIPTION
 *
 *    Random variates from the Poisson distribution.
 *
 *  REFERENCE
 *
 *    Ahrens, J.H. and Dieter, U. (1982).
 *    Computer generation of Poisson deviates
 *    from modified normal distributions.
 *    ACM Trans. Math. Software 8, 163-179.
 */

#define a0	-0.5
#define a1	 0.3333333
#define a2	-0.2500068
#define a3	 0.2000118
#define a4	-0.1661269
#define a5	 0.1421878
#define a6	-0.1384794
#define a7	 0.1250060

#define one_7	0.1428571428571428571
#define one_12	0.0833333333333333333
#define one_24	0.0416666666666666667

#define repeat for(;;)

#define FALSE 0
#define TRUE  1
#define M_1_SQRT_2PI    0.398942280401432677939946059934     /* 1/sqrt(2pi) */

double igraph_rpois(double mu)
{
    /* Factorial Table (0:9)! */
    const double fact[10] =
    {
	1., 1., 2., 6., 24., 120., 720., 5040., 40320., 362880.
    };

    /* These are static --- persistent between calls for same mu : */
    static int l, m;

    static double b1, b2, c, c0, c1, c2, c3;
    static double pp[36], p0, p, q, s, d, omega;
    static double big_l;/* integer "w/o overflow" */
    static double muprev = 0., muprev2 = 0.;/*, muold	 = 0.*/

    /* Local Vars  [initialize some for -Wall]: */
    double del, difmuk= 0., E= 0., fk= 0., fx, fy, g, px, py, t, u= 0., v, x;
    double pois = -1.;
    int k, kflag, big_mu, new_big_mu = FALSE;

    if (!R_FINITE(mu))
	ML_ERR_return_NAN;

    if (mu <= 0.)
	return 0.;

    big_mu = mu >= 10.;
    if(big_mu)
	new_big_mu = FALSE;

    if (!(big_mu && mu == muprev)) {/* maybe compute new persistent par.s */

	if (big_mu) {
	    new_big_mu = TRUE;
	    /* Case A. (recalculation of s,d,l	because mu has changed):
	     * The poisson probabilities pk exceed the discrete normal
	     * probabilities fk whenever k >= m(mu).
	     */
	    muprev = mu;
	    s = sqrt(mu);
	    d = 6. * mu * mu;
	    big_l = floor(mu - 1.1484);
	    /* = an upper bound to m(mu) for all mu >= 10.*/
	}
	else { /* Small mu ( < 10) -- not using normal approx. */

	    /* Case B. (start new table and calculate p0 if necessary) */

	    /*muprev = 0.;-* such that next time, mu != muprev ..*/
	    if (mu != muprev) {
		muprev = mu;
		m = imax2(1, (int) mu);
		l = 0; /* pp[] is already ok up to pp[l] */
		q = p0 = p = exp(-mu);
	    }

	    repeat {
		/* Step U. uniform sample for inversion method */
		u = RNG_UNIF01();
		if (u <= p0)
		    return 0.;

		/* Step T. table comparison until the end pp[l] of the
		   pp-table of cumulative poisson probabilities
		   (0.458 > ~= pp[9](= 0.45792971447) for mu=10 ) */
		if (l != 0) {
		    for (k = (u <= 0.458) ? 1 : imin2(l, m);  k <= l; k++)
			if (u <= pp[k])
			    return (double)k;
		    if (l == 35) /* u > pp[35] */
			continue;
		}
		/* Step C. creation of new poisson
		   probabilities p[l..] and their cumulatives q =: pp[k] */
		l++;
		for (k = l; k <= 35; k++) {
		    p *= mu / k;
		    q += p;
		    pp[k] = q;
		    if (u <= q) {
			l = k;
			return (double)k;
		    }
		}
		l = 35;
	    } /* end(repeat) */
	}/* mu < 10 */

    } /* end {initialize persistent vars} */

/* Only if mu >= 10 : ----------------------- */

    /* Step N. normal sample */
    g = mu + s * igraph_norm_rand();/* norm_rand() ~ N(0,1), standard normal */

    if (g >= 0.) {
	pois = floor(g);
	/* Step I. immediate acceptance if pois is large enough */
	if (pois >= big_l)
	    return pois;
	/* Step S. squeeze acceptance */
	fk = pois;
	difmuk = mu - fk;
	u = RNG_UNIF01(); /* ~ U(0,1) - sample */
	if (d * u >= difmuk * difmuk * difmuk)
	    return pois;
    }

    /* Step P. preparations for steps Q and H.
       (recalculations of parameters if necessary) */

    if (new_big_mu || mu != muprev2) {
        /* Careful! muprev2 is not always == muprev
	   because one might have exited in step I or S
	   */
        muprev2 = mu;
	omega = M_1_SQRT_2PI / s;
	/* The quantities b1, b2, c3, c2, c1, c0 are for the Hermite
	 * approximations to the discrete normal probabilities fk. */

	b1 = one_24 / mu;
	b2 = 0.3 * b1 * b1;
	c3 = one_7 * b1 * b2;
	c2 = b2 - 15. * c3;
	c1 = b1 - 6. * b2 + 45. * c3;
	c0 = 1. - b1 + 3. * b2 - 15. * c3;
	c = 0.1069 / mu; /* guarantees majorization by the 'hat'-function. */
    }

    if (g >= 0.) {
	/* 'Subroutine' F is called (kflag=0 for correct return) */
	kflag = 0;
	goto Step_F;
    }


    repeat {
	/* Step E. Exponential Sample */

	E = igraph_exp_rand();	/* ~ Exp(1) (standard exponential) */

	/*  sample t from the laplace 'hat'
	    (if t <= -0.6744 then pk < fk for all mu >= 10.) */
	u = 2 * RNG_UNIF01() - 1.;
	t = 1.8 + fsign(E, u);
	if (t > -0.6744) {
	    pois = floor(mu + s * t);
	    fk = pois;
	    difmuk = mu - fk;

	    /* 'subroutine' F is called (kflag=1 for correct return) */
	    kflag = 1;

	  Step_F: /* 'subroutine' F : calculation of px,py,fx,fy. */

	    if (pois < 10) { /* use factorials from table fact[] */
		px = -mu;
		py = pow(mu, pois) / fact[(int)pois];
	    }
	    else {
		/* Case pois >= 10 uses polynomial approximation
		   a0-a7 for accuracy when advisable */
		del = one_12 / fk;
		del = del * (1. - 4.8 * del * del);
		v = difmuk / fk;
		if (fabs(v) <= 0.25)
		    px = fk * v * v * (((((((a7 * v + a6) * v + a5) * v + a4) *
					  v + a3) * v + a2) * v + a1) * v + a0)
			- del;
		else /* |v| > 1/4 */
		    px = fk * log(1. + v) - difmuk - del;
		py = M_1_SQRT_2PI / sqrt(fk);
	    }
	    x = (0.5 - difmuk) / s;
	    x *= x;/* x^2 */
	    fx = -0.5 * x;
	    fy = omega * (((c3 * x + c2) * x + c1) * x + c0);
	    if (kflag > 0) {
		/* Step H. Hat acceptance (E is repeated on rejection) */
		if (c * fabs(u) <= py * exp(px + E) - fy * exp(fx + E))
		    break;
	    } else
		/* Step Q. Quotient acceptance (rare case) */
		if (fy - u * fy <= py * exp(px - fx))
		    break;
	}/* t > -.67.. */
    }
    return pois;
}

double igraph_rgeom(double p) {
    if (ISNAN(p) || p <= 0 || p > 1) ML_ERR_return_NAN;

    return igraph_rpois(igraph_exp_rand() * ((1 - p) / p));
}


#endif

/**********************************************************
 * Testing purposes                                       *
 *********************************************************/

/* int main() { */

/*   int i; */

/*   for (i=0; i<100; i++) { */
/*     printf("%i ", RNG_INTEGER(0,10)); */
/*   } */
/*   printf("\n"); */

/*   for (i=0; i<100; i++) { */
/*     printf("%f ", RNG_UNIF(0,1)); */
/*   } */
/*   printf("\n"); */

/*   for (i=0; i<100; i++) { */
/*     printf("%f ", RNG_NORMAL(0,5)); */
/*   } */
/*   printf("\n"); */

/* } */

  







igraph-0.4.2/igraph/cliques.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"
#include "random.h"


void igraph_i_cliques_free_res(igraph_vector_ptr_t *res) {
  long i, n;
  
  n = igraph_vector_ptr_size(res);
  for (i=0; i<n; i++) {
    if (VECTOR(*res)[i] != 0) {
      igraph_vector_destroy(VECTOR(*res)[i]);
      igraph_free(VECTOR(*res)[i]);
    }
  }
  igraph_vector_ptr_clear(res);
}

int igraph_i_find_k_cliques(const igraph_t *graph,
			    long int size,
			    const igraph_real_t *member_storage,
			    igraph_real_t **new_member_storage,
			    long int old_clique_count,
			    long int *clique_count,
			    igraph_vector_t *neis,
			    igraph_bool_t independent_vertices) {

  long int j, k, l, m, n;
  const igraph_real_t *c1, *c2;
  igraph_real_t v1, v2;
  igraph_bool_t ok;
  
  /* Allocate the storage */
  *new_member_storage=Realloc(*new_member_storage, 
			      size*old_clique_count*(old_clique_count-1)/2,
			      igraph_real_t);
  if (*new_member_storage == 0) {
    IGRAPH_ERROR("cliques failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, *new_member_storage);

  m=n=0;
  
  /* Now consider all pairs of i-1-cliques and see if they can be merged */
  for (j=0; j<old_clique_count; j++) {
    for (k=j+1; k<old_clique_count; k++) {
      IGRAPH_ALLOW_INTERRUPTION();
        
      /* Since cliques are represented by their vertex indices in increasing
       * order, two cliques can be merged iff they have exactly the same
       * indices excluding one AND there is an edge between the two different
       * vertices */
      c1 = member_storage+j*(size-1);
      c2 = member_storage+k*(size-1);
      /* Find the longest prefixes of c1 and c2 that are equal */
      for (l=0; l<size-1 && c1[l] == c2[l]; l++)
	(*new_member_storage)[m++]=c1[l];
      /* Now, if l == size-1, the two vectors are totally equal.
	 This is a bug */
      if (l == size-1) {
	IGRAPH_WARNING("possible bug in igraph_cliques");
	m=n;
      } else {
	/* Assuming that j<k, c1[l] is always less than c2[l], since cliques
	 * are ordered alphabetically. Now add c1[l] and store c2[l] in a
	 * dummy variable */
	(*new_member_storage)[m++]=c1[l];
	v1=c1[l];
	v2=c2[l];
	l++;
	/* Copy the remaining part of the two vectors. Every member pair
	 * found in the remaining parts satisfies the following:
	 * 1. If they are equal, they should be added.
	 * 2. If they are not equal, the smaller must be equal to the
	 *    one stored in the dummy variable. If not, the two vectors
	 *    differ in more than one place. The larger will be stored in
	 *    the dummy variable again.
	 */
	ok=1;
	for (; l<size-1; l++) {
	  if (c1[l] == c2[l]) {
	    (*new_member_storage)[m++]=c1[l];
	    ok=0;
	  } else if (ok) {
	    if (c1[l] < c2[l]) {
	      if (c1[l] == v1) {
		(*new_member_storage)[m++]=c1[l];
		v2 = c2[l];
	      } else break;
	    } else {
	      if (ok && c2[l] == v1) {
		(*new_member_storage)[m++]=c2[l];
		v2 = c1[l];
	      } else break;
	    }
	  } else break;
	}
	/* Now, if l != size-1, the two vectors had a difference in more than
	 * one place, so the whole clique is invalid. */
	if (l != size-1) {
	  /* Step back in new_member_storage */
	  m=n;
	} else {
	  /* v1 and v2 are the two different vertices. Check for an edge
	   * if we are looking for cliques and check for the absence of an
	   * edge if we are looking for independent vertex sets */
	  IGRAPH_CHECK(igraph_neighbors(graph, neis, v1, IGRAPH_ALL));
	  l=igraph_vector_search(neis, 0, v2, 0);
	  if ((l && !independent_vertices) || (!l && independent_vertices)) {
	    /* Found a new clique, step forward in new_member_storage */
	    if (m==n || v2>(*new_member_storage)[m-1]) {
	      (*new_member_storage)[m++]=v2;
	      n=m;
	    } else {
	      m=n;
	    }
	  } else {
	    m=n;
	  }
	}
      }
    }
  }

  /* Calculate how many cliques have we found */
  *clique_count = n/size;
  
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}  

/* Internal function for calculating cliques or independent vertex sets.
 * They are practically the same except that the complementer of the graph
 * should be used in the latter case.
 */
int igraph_i_cliques(const igraph_t *graph, igraph_vector_ptr_t *res,
		     igraph_integer_t min_size, igraph_integer_t max_size,
		     igraph_bool_t independent_vertices) {

  igraph_integer_t no_of_nodes;
  igraph_vector_t neis;
  igraph_real_t *member_storage=0, *new_member_storage, *c1;
  long int i, j, k, clique_count, old_clique_count;
  
  no_of_nodes = igraph_vcount(graph);
  
  if (min_size < 0) { min_size = 0; }
  if (max_size > no_of_nodes || max_size <= 0) { max_size = no_of_nodes; }

  igraph_vector_ptr_clear(res);
  
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  igraph_vector_ptr_clear(res);
  IGRAPH_FINALLY(igraph_i_cliques_free_res, res);
    
  /* Will be resized later, if needed. */
  member_storage=Calloc(1, igraph_real_t);
  if (member_storage==0) {
    IGRAPH_ERROR("cliques failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, member_storage);
  
  /* Find all 1-cliques: every vertex will be a clique */
  new_member_storage=Calloc(no_of_nodes, igraph_real_t);
  if (new_member_storage==0) {
    IGRAPH_ERROR("cliques failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, new_member_storage);
  
  for (i=0; i<no_of_nodes; i++) {
    new_member_storage[i] = i;
  }
  clique_count = no_of_nodes;
  old_clique_count = 0;

  /* Add size 1 cliques if requested */
  if (min_size <= 1) {
    IGRAPH_CHECK(igraph_vector_ptr_resize(res, no_of_nodes));
    igraph_vector_ptr_null(res);
    for (i=0; i<no_of_nodes; i++) {
      igraph_vector_t *p=Calloc(1, igraph_vector_t);
      if (p==0) {
	IGRAPH_ERROR("cliques failed", IGRAPH_ENOMEM);
      }
      IGRAPH_FINALLY(igraph_free, p);
      IGRAPH_CHECK(igraph_vector_init(p, 1));
      VECTOR(*p)[0]=i;
      VECTOR(*res)[i]=p;
      IGRAPH_FINALLY_CLEAN(1);
    }
  }      

  for (i=2; i<=max_size && clique_count > 1; i++) {

    /* Here new_member_storage contains the cliques found in the previous
       iteration. Save this into member_storage, might be needed later  */

    c1=member_storage;
    member_storage=new_member_storage;
    new_member_storage=c1;
    old_clique_count=clique_count;
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Calculate the cliques */
    
    IGRAPH_FINALLY_CLEAN(2);
    IGRAPH_CHECK(igraph_i_find_k_cliques(graph, i, member_storage,
					 &new_member_storage,
					 old_clique_count,
					 &clique_count,
					 &neis,
					 independent_vertices));
    IGRAPH_FINALLY(igraph_free, member_storage);
    IGRAPH_FINALLY(igraph_free, new_member_storage);
    
    /* Add the cliques just found to the result if requested */
    if (i>=min_size && i<=max_size) {
      for (j=0, k=0; j<clique_count; j++, k+=i) {
	igraph_vector_t *p=Calloc(1, igraph_vector_t);
	if (p==0) {
	  IGRAPH_ERROR("cliques failed", IGRAPH_ENOMEM);
	}
	IGRAPH_FINALLY(igraph_free, p);
	IGRAPH_CHECK(igraph_vector_init_copy(p, &new_member_storage[k], i));
	IGRAPH_FINALLY(igraph_vector_destroy, p);
	IGRAPH_CHECK(igraph_vector_ptr_push_back(res, p));
	IGRAPH_FINALLY_CLEAN(2);
      }
    }
    
  } /* i <= max_size && clique_count != 0 */
  
  igraph_free(member_storage);
  igraph_free(new_member_storage);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(4); /* 2 here, +1 is igraph_i_cliques_free_res */
  
  return 0;
}

/**
 * \function igraph_cliques
 * Find all or some cliques in a graph
 *
 * </para><para>
 * Cliques are fully connected subgraphs of a graph.
 *
 * </para><para>
 * If you are only interested in the size of the largest clique in the graph,
 * use \ref igraph_clique_number() instead.
 *
 * \param graph The input graph.
 * \param res Pointer to a pointer vector, the result will be stored
 *   here, ie. \c res will contain pointers to \c igraph_vector_t
 *   objects which contain the indices of vertices involved in a clique.
 *   The pointer vector will be resized if needed but note that the
 *   objects in the pointer vector will not be freed.
 * \param min_size Integer giving the minimum size of the cliques to be
 *   returned. If negative or zero, no lower bound will be used.
 * \param max_size Integer giving the maximum size of the cliques to be
 *   returned. If negative or zero, no upper bound will be used.
 * \return Error code.
 *
 * \sa \ref igraph_largest_cliques() and \ref igraph_clique_number().
 *
 * Time complexity: TODO
 */
int igraph_cliques(const igraph_t *graph, igraph_vector_ptr_t *res,
                   igraph_integer_t min_size, igraph_integer_t max_size) {
  return igraph_i_cliques(graph, res, min_size, max_size, 0);
}

int igraph_i_largest_cliques(const igraph_t *graph, igraph_vector_ptr_t *res,
			     igraph_bool_t independent_vertices) {
  
  igraph_integer_t no_of_nodes;
  igraph_vector_t neis;
  igraph_real_t *member_storage=0, *new_member_storage, *c1;
  long int i, j, k, clique_count, old_clique_count;

  no_of_nodes = igraph_vcount(graph);

  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  igraph_vector_ptr_clear(res);
  IGRAPH_FINALLY(igraph_i_cliques_free_res, res);

  /* Will be resized later, if needed. */
  member_storage=Calloc(1, igraph_real_t);
  if (member_storage==0) {
    IGRAPH_ERROR("cliques failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, member_storage);

  new_member_storage=Calloc(no_of_nodes, igraph_real_t);
  if (new_member_storage==0) {
    IGRAPH_ERROR("cliques failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, new_member_storage);
  
  for (i=0; i<no_of_nodes; i++) {
    new_member_storage[i] = i;
  }
  clique_count = no_of_nodes;
  old_clique_count = 0;

  for (i=2; i<=no_of_nodes && clique_count > 1; i++) {
    
    c1=member_storage;
    member_storage=new_member_storage;
    new_member_storage=c1;
    old_clique_count=clique_count;
    
    IGRAPH_ALLOW_INTERRUPTION();
    
    /* Calculate the cliques */
    
    IGRAPH_FINALLY_CLEAN(2);
    IGRAPH_CHECK(igraph_i_find_k_cliques(graph, i, member_storage,
					 &new_member_storage,
					 old_clique_count,
					 &clique_count,
					 &neis,
					 independent_vertices));
    IGRAPH_FINALLY(igraph_free, member_storage);
    IGRAPH_FINALLY(igraph_free, new_member_storage);

  }

  /* Where is the result? */
  if (clique_count != 0) {
    c1=new_member_storage;
    i=no_of_nodes;
  } else {
    c1=member_storage;
    i=i-2;
    clique_count=old_clique_count;
  }
  /* Ok, the result is in c1, there are clique_count cliques and
     i is the size of the cliques
  */
  for (j=0, k=0; j<clique_count; j++, k+=i) {
    igraph_vector_t *p=Calloc(1, igraph_vector_t);
    if (p==0) {
      IGRAPH_ERROR("cliques failed", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, p);
    IGRAPH_CHECK(igraph_vector_init_copy(p, &c1[k], i));
    IGRAPH_FINALLY(igraph_vector_destroy, p);
    IGRAPH_CHECK(igraph_vector_ptr_push_back(res, p));
    IGRAPH_FINALLY_CLEAN(2);
  }

  igraph_free(member_storage);
  igraph_free(new_member_storage);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(4); /* 2 here, +1 is igraph_i_cliques_free_res */
  
  return 0;
}

/**
 * \function igraph_largest_cliques
 * \brief Finds the largest clique(s) in a graph.
 * 
 * </para><para>
 * A clique is largest (quite intuitively) if there is no other clique
 * in the graph which contains more vertices. 
 * 
 * </para><para>
 * Note that this is not neccessarily the same as a maximal clique,
 * ie. the largest cliques are always maximal but a maximal clique is
 * not always largest.
 * \param graph The input graph.
 * \param res Pointer to an initialized pointer vector, the result
 *        will be stored here. It will be resized as needed.
 * \return Error code.
 * 
 * \sa \ref igraph_cliques(), \ref igraph_maximal_cliques()
 * 
 * Time complexity: TODO.
 */

int igraph_largest_cliques(const igraph_t *graph, igraph_vector_ptr_t *res) {
  return igraph_i_largest_cliques(graph, res, 0);
}


/**
 * \function igraph_independent_vertex_sets
 * Find all independent vertex sets in a graph
 *
 * </para><para>
 * A vertex set is considered independent if there are no edges between
 * them.
 *
 * </para><para>
 * If you are interested in the size of the largest independent vertex set,
 * use \ref igraph_independence_number() instead.
 *
 * \param graph The input graph.
 * \param res Pointer to a pointer vector, the result will be stored
 *   here, ie. \c res will contain pointers to \c igraph_vector_t
 *   objects which contain the indices of vertices involved in an independent
 *   vertex set. The pointer vector will be resized if needed but note that the
 *   objects in the pointer vector will not be freed.
 * \param min_size Integer giving the minimum size of the sets to be
 *   returned. If negative or zero, no lower bound will be used.
 * \param max_size Integer giving the maximum size of the sets to be
 *   returned. If negative or zero, no upper bound will be used. 
 * \return Error code.
 *
 * \sa \ref igraph_largest_independent_vertex_sets(), 
 * \ref igraph_independence_number().
 *
 * Time complexity: TODO
 */
int igraph_independent_vertex_sets(const igraph_t *graph,
				   igraph_vector_ptr_t *res,
				   igraph_integer_t min_size,
				   igraph_integer_t max_size) {
  return igraph_i_cliques(graph, res, min_size, max_size, 1);
}

/**
 * \function igraph_largest_independent_vertex_sets
 * \brief Finds the largest independent vertex set(s) in a graph.
 * 
 * </para><para>
 * An independent vertex set is largest if there is no other
 * independent vertex set with more vertices in the graph.
 * \param graph The input graph.
 * \param res Pointer to a pointer vector, the result will be stored
 *     here. It will be resized as needed.
 * \return Error code.
 * 
 * \sa \ref igraph_independent_vertex_sets(), \ref
 * igraph_maximal_independent_vertex_sets().
 * 
 * Time complexity: TODO
 */

int igraph_largest_independent_vertex_sets(const igraph_t *graph,
					   igraph_vector_ptr_t *res) {
  return igraph_i_largest_cliques(graph, res, 1);
}

typedef struct igraph_i_max_ind_vsets_data_t {
  igraph_integer_t matrix_size;
  igraph_i_adjlist_t adj_list;         /* Adjacency list of the graph */
  igraph_vector_t deg;                 /* Degrees of individual nodes */
  igraph_set_t* buckets;               /* Bucket array */
  /* The IS value for each node. Still to be explained :) */
  igraph_integer_t* IS;
  igraph_integer_t largest_set_size;   /* Size of the largest set encountered */
} igraph_i_max_ind_vsets_data_t;

int igraph_i_maximal_independent_vertex_sets_backtrack(const igraph_t *graph,
						       igraph_vector_ptr_t *res,
						       igraph_i_max_ind_vsets_data_t *clqdata,
						       igraph_integer_t level) {
  long int v1, v2, v3, c, j, k;
  igraph_vector_t *neis1, *neis2;
  igraph_bool_t f;
  igraph_integer_t j1;
  long int it_state;

  IGRAPH_ALLOW_INTERRUPTION();

  if (level >= clqdata->matrix_size-1) {
    igraph_vector_t *vec;
    igraph_integer_t size=0;
    vec = Calloc(1, igraph_vector_t);
    if (vec == 0)
      IGRAPH_ERROR("igraph_i_maximal_independent_vertex_sets failed", IGRAPH_ENOMEM);
    IGRAPH_VECTOR_INIT_FINALLY(vec, 0);
    if (res) {
      for (v1=0; v1<clqdata->matrix_size; v1++)
	if (clqdata->IS[v1] == 0) {
	  IGRAPH_CHECK(igraph_vector_push_back(vec, v1));
	}
      IGRAPH_CHECK(igraph_vector_ptr_push_back(res, vec));
      size=igraph_vector_size(vec);
    } else {
      for (v1=0, size=0; v1<clqdata->matrix_size; v1++)
	if (clqdata->IS[v1] == 0) size++;
    }
    if (size>clqdata->largest_set_size) clqdata->largest_set_size=size;
    IGRAPH_FINALLY_CLEAN(1);
  } else {
    v1 = level+1;
    /* Count the number of vertices with an index less than v1 that have
     * an IS value of zero */
    neis1 = igraph_i_adjlist_get(&clqdata->adj_list, v1);
    c = 0;
    j = 0;
    while (j<VECTOR(clqdata->deg)[v1] && (v2=VECTOR(*neis1)[j]) <= level) {
      if (clqdata->IS[v2] == 0) c++;
      j++;
    }

    if (c == 0) {
      /* If there are no such nodes... */
      j = 0;
      while (j<VECTOR(clqdata->deg)[v1] && (v2=VECTOR(*neis1)[j]) <= level) {
	clqdata->IS[v2]++;
	j++;
      }
      IGRAPH_CHECK(igraph_i_maximal_independent_vertex_sets_backtrack(graph,res,clqdata,v1));
      j = 0;
      while (j<VECTOR(clqdata->deg)[v1] && (v2=VECTOR(*neis1)[j]) <= level) {
	clqdata->IS[v2]--;
	j++;
      }
    } else {
      /* If there are such nodes, store the count in the IS value of v1 */
      clqdata->IS[v1] = c;
      IGRAPH_CHECK(igraph_i_maximal_independent_vertex_sets_backtrack(graph,res,clqdata,v1));
      clqdata->IS[v1] = 0;
      
      f=1;
      j=0;
      while (j<VECTOR(clqdata->deg)[v1] && (v2=VECTOR(*neis1)[j]) <= level) {
	if (clqdata->IS[v2] == 0) {
	  IGRAPH_CHECK(igraph_set_add(&clqdata->buckets[v1], j));
	  neis2 = igraph_i_adjlist_get(&clqdata->adj_list, v2);
	  k = 0;
	  while (k<VECTOR(clqdata->deg)[v2] && (v3=VECTOR(*neis2)[k])<=level) {
	    clqdata->IS[v3]--;
	    if (clqdata->IS[v3] == 0) f=0;
	    k++;
	  }
	}
	clqdata->IS[v2]++;
	j++;
      }

      if (f) 
	IGRAPH_CHECK(igraph_i_maximal_independent_vertex_sets_backtrack(graph,res,clqdata,v1));

      j=0;
      while (j<VECTOR(clqdata->deg)[v1] && (v2=VECTOR(*neis1)[j]) <= level) {
	clqdata->IS[v2]--;
	j++;
      }
      
      it_state=0;
      while (igraph_set_iterate(&clqdata->buckets[v1], &it_state, &j1)) {
	j=(long)j1;
	v2=VECTOR(*neis1)[j];
	neis2 = igraph_i_adjlist_get(&clqdata->adj_list, v2);
	k = 0;
	while (k<VECTOR(clqdata->deg)[v2] && (v3=VECTOR(*neis2)[k])<=level) {
	  clqdata->IS[v3]++;
	  k++;
	}
      }
      igraph_set_clear(&clqdata->buckets[v1]);
    }
  }

  return 0;
}

void igraph_i_free_set_array(igraph_set_t* array) {
  long int i = 0;
  while (igraph_set_inited(array+i)) {
    igraph_set_destroy(array+i);
    i++;
  }
  Free(array);
}

/**
 * \function igraph_maximal_independent_vertex_sets
 * \brief Find all maximal independent vertex sets of a graph
 *
 * </para><para>
 * A maximal independent vertex set is an independent vertex set which
 * can't be extended any more by adding a new vertex to it.
 *
 * </para><para>
 * The algorithm used here is based on the following paper:
 * S. Tsukiyama, M. Ide, H. Ariyoshi and I. Shirawaka. A new algorithm for
 * generating all the maximal independent sets. SIAM J Computing,
 * 6:505--517, 1977.
 *
 * </para><para>
 * The implementation was originally written by Kevin O'Neill and modified
 * by K M Briggs in the Very Nauty Graph Library. I simply re-wrote it to
 * use igraph's data structures.
 * 
 * </para><para>
 * If you are interested in the size of the largest independent vertex set,
 * use \ref igraph_independence_number() instead.
 *
 * \param graph The input graph.
 * \param res Pointer to a pointer vector, the result will be stored
 *   here, ie. \c res will contain pointers to \c igraph_vector_t
 *   objects which contain the indices of vertices involved in an independent
 *   vertex set. The pointer vector will be resized if needed but note that the
 *   objects in the pointer vector will not be freed.
 * \return Error code.
 *
 * \sa \ref igraph_maximal_cliques(), \ref
 * igraph_independence_number()
 * 
 * Time complexity: TODO.
 */
int igraph_maximal_independent_vertex_sets(const igraph_t *graph,
					   igraph_vector_ptr_t *res) {
  igraph_i_max_ind_vsets_data_t clqdata;
  long int no_of_nodes = igraph_vcount(graph), i;

  clqdata.matrix_size=no_of_nodes;

  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &clqdata.adj_list, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &clqdata.adj_list);

  clqdata.IS = Calloc(no_of_nodes, igraph_integer_t);
  if (clqdata.IS == 0)
    IGRAPH_ERROR("igraph_maximal_independent_vertex_sets failed", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(igraph_free, clqdata.IS);

  IGRAPH_VECTOR_INIT_FINALLY(&clqdata.deg, no_of_nodes);
  for (i=0; i<no_of_nodes; i++)
    VECTOR(clqdata.deg)[i] = igraph_vector_size(igraph_i_adjlist_get(&clqdata.adj_list, i));

  clqdata.buckets = Calloc(no_of_nodes+1, igraph_set_t);
  if (clqdata.buckets == 0)
    IGRAPH_ERROR("igraph_maximal_independent_vertex_sets failed", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(igraph_i_free_set_array, clqdata.buckets);

  for (i=0; i<no_of_nodes; i++)
    IGRAPH_CHECK(igraph_set_init(&clqdata.buckets[i], 0));

  igraph_vector_ptr_clear(res);
  
  /* Do the show */
  clqdata.largest_set_size=0;
  IGRAPH_CHECK(igraph_i_maximal_independent_vertex_sets_backtrack(graph, res, &clqdata, 0));

  /* Cleanup */
  for (i=0; i<no_of_nodes; i++) igraph_set_destroy(&clqdata.buckets[i]);
  igraph_i_adjlist_destroy(&clqdata.adj_list);
  igraph_vector_destroy(&clqdata.deg);
  igraph_free(clqdata.IS);
  igraph_free(clqdata.buckets);
  IGRAPH_FINALLY_CLEAN(4);
  return 0;
}

/**
 * \function igraph_independence_number
 * \brief Find the independence number of the graph
 *
 * </para><para>
 * The independence number of a graph is the cardinality of the largest
 * independent vertex set.
 *
 * \param graph The input graph.
 * \param no The independence number will be returned to the \c
 *   igraph_integer_t pointed by this variable.
 * \return Error code.
 * 
 * \sa \ref igraph_independent_vertex_sets().
 *
 * Time complexity: TODO.
 */
int igraph_independence_number(const igraph_t *graph, igraph_integer_t *no) {
  igraph_i_max_ind_vsets_data_t clqdata;
  long int no_of_nodes = igraph_vcount(graph), i;

  clqdata.matrix_size=no_of_nodes;

  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &clqdata.adj_list, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &clqdata.adj_list);

  clqdata.IS = Calloc(no_of_nodes, igraph_integer_t);
  if (clqdata.IS == 0)
    IGRAPH_ERROR("igraph_independence_number failed", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(igraph_free, clqdata.IS);

  IGRAPH_VECTOR_INIT_FINALLY(&clqdata.deg, no_of_nodes);
  for (i=0; i<no_of_nodes; i++)
    VECTOR(clqdata.deg)[i] = igraph_vector_size(igraph_i_adjlist_get(&clqdata.adj_list, i));

  clqdata.buckets = Calloc(no_of_nodes+1, igraph_set_t);
  if (clqdata.buckets == 0)
    IGRAPH_ERROR("igraph_independence_number failed", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(igraph_i_free_set_array, clqdata.buckets);

  for (i=0; i<no_of_nodes; i++)
    IGRAPH_CHECK(igraph_set_init(&clqdata.buckets[i], 0));

  /* Do the show */
  clqdata.largest_set_size=0;
  IGRAPH_CHECK(igraph_i_maximal_independent_vertex_sets_backtrack(graph, 0, &clqdata, 0));
  *no = clqdata.largest_set_size;

  /* Cleanup */
  for (i=0; i<no_of_nodes; i++) igraph_set_destroy(&clqdata.buckets[i]);
  igraph_i_adjlist_destroy(&clqdata.adj_list);
  igraph_vector_destroy(&clqdata.deg);
  igraph_free(clqdata.IS);
  igraph_free(clqdata.buckets);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

/**
 * \function igraph_maximal_cliques
 * \brief Find all maximal cliques of a graph
 *
 * </para><para>
 * A maximal clique is a clique which
 * can't be extended any more by adding a new vertex to it. This is actually
 * implemented by looking for a maximal independent vertex set in the
 * complementer of the graph.
 * 
 * </para><para>
 * If you are only interested in the size of the largest clique in the graph,
 * use \ref igraph_clique_number() instead.
 *
 * \param graph The input graph.
 * \param res Pointer to a pointer vector, the result will be stored
 *   here, ie. \c res will contain pointers to \c igraph_vector_t
 *   objects which contain the indices of vertices involved in a clique.
 *   The pointer vector will be resized if needed but note that the
 *   objects in the pointer vector will not be freed.
 * \return Error code.
 *
 * \sa \ref igraph_maximal_independent_vertex_sets(), \ref
 * igraph_clique_number() 
 * 
 * Time complexity: TODO.
 */
int igraph_maximal_cliques(const igraph_t *graph, igraph_vector_ptr_t *res) {
  igraph_i_max_ind_vsets_data_t clqdata;
  long int no_of_nodes = igraph_vcount(graph), i;

  clqdata.matrix_size=no_of_nodes;

  IGRAPH_CHECK(igraph_i_adjlist_init_complementer(graph, &clqdata.adj_list,
						  IGRAPH_ALL, 0));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &clqdata.adj_list);

  clqdata.IS = Calloc(no_of_nodes, igraph_integer_t);
  if (clqdata.IS == 0)
    IGRAPH_ERROR("igraph_maximal_cliques failed", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(igraph_free, clqdata.IS);

  IGRAPH_VECTOR_INIT_FINALLY(&clqdata.deg, no_of_nodes);
  for (i=0; i<no_of_nodes; i++)
    VECTOR(clqdata.deg)[i] = igraph_vector_size(igraph_i_adjlist_get(&clqdata.adj_list, i));

  clqdata.buckets = Calloc(no_of_nodes+1, igraph_set_t);
  if (clqdata.buckets == 0)
    IGRAPH_ERROR("igraph_maximal_cliques failed", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(igraph_i_free_set_array, clqdata.buckets);

  for (i=0; i<no_of_nodes; i++)
    IGRAPH_CHECK(igraph_set_init(&clqdata.buckets[i], 0));

  igraph_vector_ptr_clear(res);
  
  /* Do the show */
  clqdata.largest_set_size=0;
  IGRAPH_CHECK(igraph_i_maximal_independent_vertex_sets_backtrack(graph, res, &clqdata, 0));

  /* Cleanup */
  for (i=0; i<no_of_nodes; i++) igraph_set_destroy(&clqdata.buckets[i]);
  igraph_i_adjlist_destroy(&clqdata.adj_list);
  igraph_vector_destroy(&clqdata.deg);
  igraph_free(clqdata.IS);
  igraph_free(clqdata.buckets);
  IGRAPH_FINALLY_CLEAN(4);
  return 0;
}

/**
 * \function igraph_clique_number
 * \brief Find the clique number of the graph
 *
 * </para><para>
 * The clique number of a graph is the size of the largest clique.
 *
 * \param graph The input graph.
 * \param no The clique number will be returned to the \c igraph_integer_t
 *   pointed by this variable.
 * \return Error code.
 * 
 * \sa \ref igraph_cliques(), \ref igraph_largest_cliques().
 * 
 * Time complexity: TODO.
 */
int igraph_clique_number(const igraph_t *graph, igraph_integer_t *no) {
  igraph_i_max_ind_vsets_data_t clqdata;
  long int no_of_nodes = igraph_vcount(graph), i;

  clqdata.matrix_size=no_of_nodes;

  IGRAPH_CHECK(igraph_i_adjlist_init_complementer(graph, &clqdata.adj_list,
						  IGRAPH_ALL, 0));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &clqdata.adj_list);

  clqdata.IS = Calloc(no_of_nodes, igraph_integer_t);
  if (clqdata.IS == 0)
    IGRAPH_ERROR("igraph_clique_number failed", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(igraph_free, clqdata.IS);

  IGRAPH_VECTOR_INIT_FINALLY(&clqdata.deg, no_of_nodes);
  for (i=0; i<no_of_nodes; i++)
    VECTOR(clqdata.deg)[i] = igraph_vector_size(igraph_i_adjlist_get(&clqdata.adj_list, i));

  clqdata.buckets = Calloc(no_of_nodes+1, igraph_set_t);
  if (clqdata.buckets == 0)
    IGRAPH_ERROR("igraph_clique_number failed", IGRAPH_ENOMEM);
  IGRAPH_FINALLY(igraph_i_free_set_array, clqdata.buckets);

  for (i=0; i<no_of_nodes; i++)
    IGRAPH_CHECK(igraph_set_init(&clqdata.buckets[i], 0));

  /* Do the show */
  clqdata.largest_set_size=0;
  IGRAPH_CHECK(igraph_i_maximal_independent_vertex_sets_backtrack(graph, 0, &clqdata, 0));
  *no = clqdata.largest_set_size;

  /* Cleanup */
  for (i=0; i<no_of_nodes; i++) igraph_set_destroy(&clqdata.buckets[i]);
  igraph_i_adjlist_destroy(&clqdata.adj_list);
  igraph_vector_destroy(&clqdata.deg);
  igraph_free(clqdata.IS);
  igraph_free(clqdata.buckets);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}








igraph-0.4.2/igraph/gml_tree.h

/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc.,  51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#ifndef REST_GML_TREE_H
#define REST_GML_TREE_H

#undef __BEGIN_DECLS
#undef __END_DECLS
#ifdef __cplusplus
# define __BEGIN_DECLS extern "C" {
# define __END_DECLS }
#else
# define __BEGIN_DECLS /* empty */
# define __END_DECLS /* empty */
#endif

__BEGIN_DECLS

#include "types.h"

typedef enum { IGRAPH_I_GML_TREE_TREE=0, 
	       IGRAPH_I_GML_TREE_INTEGER,
	       IGRAPH_I_GML_TREE_REAL,
	       IGRAPH_I_GML_TREE_STRING,
	       IGRAPH_I_GML_TREE_DELETED } igraph_i_gml_tree_type_t;

typedef struct igraph_gml_tree_t {
  igraph_vector_ptr_t names;
  igraph_vector_char_t types;
  igraph_vector_ptr_t children;
} igraph_gml_tree_t;

int igraph_gml_tree_init_integer(igraph_gml_tree_t *t, 
				 const char *name, int namelen,
				 igraph_integer_t value);
int igraph_gml_tree_init_real(igraph_gml_tree_t *t, 
			      const char *name, int namelen,
			      igraph_real_t value);
int igraph_gml_tree_init_string(igraph_gml_tree_t *t,
				const char *name, int namelen,
				const char *value, int valuelen);
int igraph_gml_tree_init_tree(igraph_gml_tree_t *t,
			      const char *name, int namelen,
			      igraph_gml_tree_t *value);
void igraph_gml_tree_destroy(igraph_gml_tree_t *t);

void igraph_gml_tree_delete(igraph_gml_tree_t *t, long int pos);
int igraph_gml_tree_mergedest(igraph_gml_tree_t *t1, igraph_gml_tree_t *t2);

long int igraph_gml_tree_length(const igraph_gml_tree_t *t);
long int igraph_gml_tree_find(const igraph_gml_tree_t *t,
			      const char *name, long int from);
long int igraph_gml_tree_findback(const igraph_gml_tree_t *t,
				  const char *name, long int from);
int igraph_gml_tree_type(const igraph_gml_tree_t *t, long int pos);
const char *igraph_gml_tree_name(const igraph_gml_tree_t *t, long int pos);
igraph_integer_t igraph_gml_tree_get_integer(const igraph_gml_tree_t *t,
					     long int pos);
igraph_real_t igraph_gml_tree_get_real(const igraph_gml_tree_t *t,
				       long int pos);
const char *igraph_gml_tree_get_string(const igraph_gml_tree_t *t,
				       long int pos);

igraph_gml_tree_t *igraph_gml_tree_get_tree(const igraph_gml_tree_t *t,
					    long int pos);
#endif







igraph-0.4.2/igraph/walktrap_communities.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2007  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/* The original version of this file was written by Pascal Pons
   The original copyright notice follows here */

// File: communities.h
//-----------------------------------------------------------------------------
// Walktrap v0.2 -- Finds community structure of networks using random walks
// Copyright (C) 2004-2005 Pascal Pons
//
// This program is free software; you can redistribute it and/or modify
// it under the terms of the GNU General Public License as published by
// the Free Software Foundation; either version 2 of the License, or
// (at your option) any later version.
//
// This program is distributed in the hope that it will be useful,
// but WITHOUT ANY WARRANTY; without even the implied warranty of
// MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
// GNU General Public License for more details.
//
// You should have received a copy of the GNU General Public License
// along with this program; if not, write to the Free Software
// Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA  02111-1307  USA
//-----------------------------------------------------------------------------
// Author   : Pascal Pons 
// Email    : pons@liafa.jussieu.fr
// Web page : http://www.liafa.jussieu.fr/~pons/
// Location : Paris, France
// Time	    : June 2005
//-----------------------------------------------------------------------------
// see readme.txt for more details


#ifndef COMMUNITIES_H
#define COMMUNITIES_H

#include "walktrap_graph.h"
#include "walktrap_heap.h"

#include "igraph.h"

class Communities;
class Probabilities {
public:
  static float* tmp_vector1;	// 
  static float* tmp_vector2;	// 
  static int* id;	    // 
  static int* vertices1;    //
  static int* vertices2;    //  
  static int current_id;    // 

  static Communities* C;				    // pointer to all the communities
  static int length;					    // length of the random walks

  
  int size;						    // number of probabilities stored
  int* vertices;					    // the vertices corresponding to the stored probabilities, 0 if all the probabilities are stored
  float* P;						    // the probabilities
  
  long memory();					    // the memory (in Bytes) used by the object
  double compute_distance(const Probabilities* P2) const;   // compute the squared distance r^2 between this probability vector and P2
  Probabilities(int community);				    // compute the probability vector of a community
  Probabilities(int community1, int community2);	    // merge the probability vectors of two communities in a new one
							    // the two communities must have their probability vectors stored
							    
  ~Probabilities();					    // destructor
};

class Community {
public:
  
  Neighbor* first_neighbor;	// first item of the list of adjacent communities
  Neighbor* last_neighbor;	// last item of the list of adjacent communities
  
  int this_community;		// number of this community
  int first_member;		// number of the first vertex of the community
  int last_member;		// number of the last vertex of the community
  int size;			// number of members of the community
  
  Probabilities* P;		// the probability vector, 0 if not stored.  


  float sigma;			// sigma(C) of the community
  float internal_weight;	// sum of the weight of the internal edges
  float total_weight;		// sum of the weight of all the edges of the community (an edge between two communities is a half-edge for each community)
    
  int sub_communities[2];	// the two sub sommunities, -1 if no sub communities;
  int sub_community_of;		// number of the community in which this community has been merged
				// 0 if the community is active
				// -1 if the community is not used
  
  void merge(Community &C1, Community &C2);	// create a new community by merging C1 an C2
  void add_neighbor(Neighbor* N);
  void remove_neighbor(Neighbor* N);
  float min_delta_sigma();			// compute the minimal delta sigma among all the neighbors of this community
  
  Community();			// create an empty community
  ~Community();			// destructor
};

class Communities {
private:
  long max_memory;	// size in Byte of maximal memory usage, -1 for no limit
  igraph_matrix_t *merges;
  long int mergeidx;
  igraph_vector_t *modularity;
  
public:
  
  long memory_used;				    // in bytes
  Min_delta_sigma_heap* min_delta_sigma;    	    // the min delta_sigma of the community with a saved probability vector (for memory management)
  
  Graph* G;		    // the graph
  int* members;		    // the members of each community represented as a chained list.
			    // a community points to the first_member the array which contains 
			    // the next member (-1 = end of the community)
  Neighbor_heap* H;	    // the distances between adjacent communities.


  Community* communities;	// array of the communities
  
  int nb_communities;		// number of valid communities 
  int nb_active_communities;	// number of active communities
  
  Communities(Graph* G, int random_walks_length = 3,
	      long max_memory = -1, igraph_matrix_t *merges=0,
	      igraph_vector_t *modularity=0);    // Constructor
  ~Communities();					// Destructor


  void merge_communities(Neighbor* N);			// create a community by merging two existing communities
  double merge_nearest_communities();

  
  double compute_delta_sigma(int c1, int c2);		// compute delta_sigma(c1,c2) 

  void remove_neighbor(Neighbor* N);
  void add_neighbor(Neighbor* N);
  void update_neighbor(Neighbor* N, float new_delta_sigma);

  void manage_memory();
  
};



#endif







igraph-0.4.2/igraph/components.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"
#include <string.h>
#include <limits.h>

int igraph_clusters_weak(const igraph_t *graph, igraph_vector_t *membership,
			 igraph_vector_t *csize, igraph_integer_t *no);

int igraph_clusters_strong(const igraph_t *graph, igraph_vector_t *membership,
			   igraph_vector_t *csize, igraph_integer_t *no);

/**
 * \ingroup structural
 * \function igraph_clusters
 * \brief Calculates the (weakly or strongly) connected components in
 * a graph. 
 *
 * \param graph The graph object to analyze.
 * \param membership First half of the result will be stored here. For
 *        every vertex the id of its component is given. The vector
 *        has to be preinitialized and will be resized. Alternatively 
 *        this argument can be \c NULL, in which case it is ignored.
 * \param csize The second half of the result. For every component it
 *        gives its size, the order is defined by the component ids.
 *        The vector has to be preinitialized and will be resized.
 *        Alternatively this argument can be \c NULL, in which
 *        case it is ignored.
 * \param no Pointer to an integer, if not \c NULL then the number of 
 *        clusters will be stored here.
 * \param mode For directed graph this specifies whether to calculate
 *        weakly or strongly connected components. Possible values: 
 *        \c IGRAPH_WEAK,
 *        \c IGRAPH_STRONG. This argument is 
 *        ignored for undirected graphs.
 * \return Error code:
 *         \c IGRAPH_EINVAL: invalid mode argument.
 * 
 * Time complexity: O(|V|+|E|),
 * |V| and 
 * |E| are the number of vertices and
 * edges in the graph. 
 */

int igraph_clusters(const igraph_t *graph, igraph_vector_t *membership, 
		    igraph_vector_t *csize, igraph_integer_t *no,
		    igraph_connectedness_t mode) {
  if (mode==IGRAPH_WEAK || !igraph_is_directed(graph)) {
    return igraph_clusters_weak(graph, membership, csize, no);
  } else if (mode==IGRAPH_STRONG) {
    return igraph_clusters_strong(graph, membership, csize, no);
  } else {
    IGRAPH_ERROR("Cannot calculate clusters", IGRAPH_EINVAL);
  }
  
  return 1;
}

int igraph_clusters_weak(const igraph_t *graph, igraph_vector_t *membership,
			 igraph_vector_t *csize, igraph_integer_t *no) {

  long int no_of_nodes=igraph_vcount(graph);
  char *already_added;
  long int first_node, act_cluster_size=0, no_of_clusters=1;
  
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  
  long int i;
  igraph_vector_t neis=IGRAPH_VECTOR_NULL;

  already_added=Calloc(no_of_nodes,char);
  if (already_added==0) {
    IGRAPH_ERROR("Cannot calculate clusters", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, already_added);

  IGRAPH_DQUEUE_INIT_FINALLY(&q, no_of_nodes > 100000 ? 10000 : no_of_nodes/10);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  /* Memory for result, csize is dynamically allocated */
  if (membership) { 
    IGRAPH_CHECK(igraph_vector_resize(membership, no_of_nodes));
  }
  if (csize) { 
    igraph_vector_clear(csize);
  }

  /* The algorithm */

  for (first_node=0; first_node < no_of_nodes; ++first_node) {
    if (already_added[first_node]==1) continue;
    IGRAPH_ALLOW_INTERRUPTION();

    already_added[first_node]=1;
    act_cluster_size=1;
    if (membership) {
      VECTOR(*membership)[first_node]=no_of_clusters-1;
    }
    IGRAPH_CHECK(igraph_dqueue_push(&q, first_node));
    
    while ( !igraph_dqueue_empty(&q) ) {
      long int act_node=igraph_dqueue_pop(&q);
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, act_node, IGRAPH_ALL));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int neighbor=VECTOR(neis)[i];
	if (already_added[neighbor]==1) { continue; }
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	already_added[neighbor]=1;
	act_cluster_size++;
	if (membership) {
	  VECTOR(*membership)[neighbor]=no_of_clusters-1;
	}
      }
    }
    no_of_clusters++;
    if (csize) {
      IGRAPH_CHECK(igraph_vector_push_back(csize, act_cluster_size));
    }
  }
  
  /* Cleaning up */
  
  if (no) { *no = no_of_clusters-1; }
  
  Free(already_added);
  igraph_dqueue_destroy(&q);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(3);
  
  return 0;
}

int igraph_clusters_strong(const igraph_t *graph, igraph_vector_t *membership,
			   igraph_vector_t *csize, igraph_integer_t *no) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t next_nei=IGRAPH_VECTOR_NULL;
  
  long int i;
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  
  long int no_of_clusters=1;
  long int act_cluster_size;

  igraph_vector_t out=IGRAPH_VECTOR_NULL;
  igraph_vector_t tmp=IGRAPH_VECTOR_NULL;

  /* The result */

  IGRAPH_VECTOR_INIT_FINALLY(&next_nei, no_of_nodes);
  IGRAPH_VECTOR_INIT_FINALLY(&out, 0);
  IGRAPH_DQUEUE_INIT_FINALLY(&q, 100);
  IGRAPH_VECTOR_INIT_FINALLY(&tmp, 0);

  if (membership) {
    IGRAPH_CHECK(igraph_vector_resize(membership, no_of_nodes));
  }
  IGRAPH_CHECK(igraph_vector_reserve(&out, no_of_nodes));

  igraph_vector_null(&out);
  if (csize) {
    igraph_vector_clear(csize);
  }
  
  for (i=0; i<no_of_nodes; i++) {
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_neighbors(graph, &tmp, i, IGRAPH_OUT));
    if (VECTOR(next_nei)[i] > igraph_vector_size(&tmp)) { continue; }
    
    IGRAPH_CHECK(igraph_dqueue_push(&q, i));
    while (!igraph_dqueue_empty(&q)) {
      long int act_node=igraph_dqueue_back(&q);
      IGRAPH_CHECK(igraph_neighbors(graph, &tmp, act_node, IGRAPH_OUT));
      if (VECTOR(next_nei)[act_node]==0) {
	/* this is the first time we've met this vertex */
	VECTOR(next_nei)[act_node]++;
      } else if (VECTOR(next_nei)[act_node] <= igraph_vector_size(&tmp)) {
	/* we've already met this vertex but it has more children */
	long int neighbor=VECTOR(tmp)[(long int)VECTOR(next_nei)[act_node]-1];
	if (VECTOR(next_nei)[neighbor] == 0) {
	  IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	}
	VECTOR(next_nei)[act_node]++;
      } else {
	/* we've met this vertex and it has no more children */
	IGRAPH_CHECK(igraph_vector_push_back(&out, act_node));
	igraph_dqueue_pop_back(&q);
      }
    } /* while q */
  }  /* for */

  /* OK, we've the 'out' values for the nodes, let's use them in
     descreasing order with the help of a heap */

  igraph_vector_null(&next_nei);                            /* mark already
							added vertices */
  while (!igraph_vector_empty(&out)) {
    long int grandfather=igraph_vector_pop_back(&out);
    IGRAPH_ALLOW_INTERRUPTION();
    if (VECTOR(next_nei)[grandfather] != 0) { continue; }
    VECTOR(next_nei)[grandfather]=1;
    act_cluster_size=1;
    if (membership) {
      VECTOR(*membership)[grandfather]=no_of_clusters-1;
    }
    IGRAPH_CHECK(igraph_dqueue_push(&q, grandfather));
    
    while (!igraph_dqueue_empty(&q)) {
      long int act_node=igraph_dqueue_pop_back(&q);
      IGRAPH_CHECK(igraph_neighbors(graph, &tmp, act_node, IGRAPH_IN));
      for (i=0; i<igraph_vector_size(&tmp); i++) {
	long int neighbor=VECTOR(tmp)[i];
	if (VECTOR(next_nei)[neighbor] != 0) { continue; }
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	VECTOR(next_nei)[neighbor]=1;
	act_cluster_size++;
	if (membership) {
	  VECTOR(*membership)[neighbor]=no_of_clusters-1;
	}
      }
    }
    no_of_clusters++;
    if (csize) {
      IGRAPH_CHECK(igraph_vector_push_back(csize, act_cluster_size));
    }
  }
  
  if (no) { *no=no_of_clusters-1; }

  /* Clean up, return */

  igraph_vector_destroy(&out);
  igraph_vector_destroy(&tmp);
  igraph_dqueue_destroy(&q);
  igraph_vector_destroy(&next_nei);
  IGRAPH_FINALLY_CLEAN(4);

  return 0;
}

int igraph_is_connected_weak(const igraph_t *graph, igraph_bool_t *res);

/**
 * \ingroup structural
 * \function igraph_is_connected
 * \brief Decides whether the graph is (weakly or strongly) connected.
 * 
 * \param graph The graph object to analyze.
 * \param res Pointer to a logical variable, the result will be stored
 *        here. 
 * \param mode For directed graph this specifies whether to calculate
 *        weak or strong connectedness. Possible values: 
 *        \c IGRAPH_WEAK,
 *        \c IGRAPH_STRONG. This argument is 
 *        igrored for undirected graphs.
 * \return Error code:
 *        \c IGRAPH_EINVAL: invalid mode argument.
 *
 * Time complexity: O(|V|+|E|), the
 * number of vertices 
 * plus the number of edges in the graph.
 */


int igraph_is_connected(const igraph_t *graph, igraph_bool_t *res, 
			igraph_connectedness_t mode) {
  if (mode==IGRAPH_WEAK || !igraph_is_directed(graph)) {
    return igraph_is_connected_weak(graph, res);
  } else if (mode==IGRAPH_STRONG) {
    int retval;
    igraph_integer_t no;
    retval = igraph_clusters_strong(graph, 0, 0, &no);
    *res = (no==1);
    return retval;
  } else {
    IGRAPH_ERROR("mode argument", IGRAPH_EINVAL);
  }
  return 0;
}

int igraph_is_connected_weak(const igraph_t *graph, igraph_bool_t *res) {

  long int no_of_nodes=igraph_vcount(graph);
  char *already_added;
  igraph_vector_t neis=IGRAPH_VECTOR_NULL;
  igraph_dqueue_t q=IGRAPH_DQUEUE_NULL;
  
  long int i, j;

  already_added=Calloc(no_of_nodes, char);
  if (already_added==0) {
    IGRAPH_ERROR("is connected (weak) failed", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(free, already_added); /* TODO: hack */

  IGRAPH_DQUEUE_INIT_FINALLY(&q, 10);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  
  /* Try to find at least two clusters */
  already_added[0]=1;
  IGRAPH_CHECK(igraph_dqueue_push(&q, 0));
  
  j=1;
  while ( !igraph_dqueue_empty(&q)) {
    long int actnode=igraph_dqueue_pop(&q);
    IGRAPH_ALLOW_INTERRUPTION();
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, actnode, IGRAPH_ALL));
    for (i=0; i <igraph_vector_size(&neis); i++) {
      long int neighbor=VECTOR(neis)[i];
      if (already_added[neighbor] != 0) { continue; }
      IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
      j++;
      already_added[neighbor]++;
    }
  }
  
  /* Connected? */
  *res = (j == no_of_nodes);

  Free(already_added);
  igraph_dqueue_destroy(&q);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(3);

  return 0;
}

void igraph_i_decompose_free(igraph_vector_ptr_t *complist) {
  long int i;
  for (i=0; i<igraph_vector_ptr_size(complist); i++) {
    if (VECTOR(*complist)[i] != 0) {
      igraph_destroy(VECTOR(*complist)[i]);
      igraph_free(VECTOR(*complist)[i]);
    }
  }
}

/**
 * \function igraph_decompose
 * 
 * Create separate graph for each component of a graph. Note that the
 * vertex ids in the new graphs will be different than in the original 
 * graph. (Except if there is only one component in the original graph.)
 * 
 * \param graph The original graph.
 * \param components This pointer vector will contain pointers to the
 *   subcomponent graphs. It should be initialized before calling this
 *   function and will be resized to hold the graphs. Don't forget to 
 *   call \ref igraph_destroy() and igraph_free() on the elements of
 *   this pointer vector to free unneeded memory.
 * \param mode Either \c IGRAPH_WEAK or \c IGRAPH_STRONG for weakly
 *    and strongly connected components respectively. Right now only
 *    the former is implemented.
 * \param maxcompno The maximum number of components to return. The
 *    first \p maxcompno components will be returned (which hold at
 *    least \p minelements vertices, see the next parameter), the
 *    others will be ignored. Supply -1 here if you don't want to limit
 *    the number of components.
 * \param minelements The minimum number of vertices a component
 *    should contain in order to place it in the \p components
 *    vector. Eg. supply 2 here to ignore isolate vertices.
 * \return Error code, \c IGRAPH_ENOMEM if there is not enough memory
 *   to perform the operation.
 *
 * Added in version 0.2.</para><para>
 * 
 * Time complexity: O(|V|+|E|), the number of vertices plus the number
 * of edges. 
 */

int igraph_decompose(const igraph_t *graph, igraph_vector_ptr_t *components, 
		     igraph_connectedness_t mode,
		     long int maxcompno, long int minelements) {

  long int actstart;
  long int no_of_nodes=igraph_vcount(graph);
  long int resco=0;		/* number of graphs created so far */ 
  char *already_added;
  igraph_dqueue_t q;
  igraph_vector_t verts;
  igraph_vector_t neis;
  long int i;
  igraph_t *newg;

  if (!igraph_is_directed(graph)) {
    mode=IGRAPH_WEAK;
  }

  if (mode != IGRAPH_WEAK) {
    IGRAPH_ERROR("only 'IGRAPH_WEAK' is implemented", IGRAPH_EINVAL);
  }

  if (maxcompno<0) {
    maxcompno=LONG_MAX;
  }

  already_added=Calloc(no_of_nodes, char);
  if (already_added==0) {
    IGRAPH_ERROR("Cannot decompose graph", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, already_added);

  IGRAPH_CHECK(igraph_dqueue_init(&q, 100));
  IGRAPH_VECTOR_INIT_FINALLY(&verts, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);
  igraph_vector_ptr_clear(components);
  IGRAPH_FINALLY(igraph_i_decompose_free, components);
  
  for(actstart=0; resco<maxcompno && actstart < no_of_nodes; actstart++) {
    
    if (already_added[actstart]) { continue; }
    IGRAPH_ALLOW_INTERRUPTION();
    
    igraph_vector_clear(&verts);
    already_added[actstart]=1;
    IGRAPH_CHECK(igraph_vector_push_back(&verts, actstart));
    IGRAPH_CHECK(igraph_dqueue_push(&q, actstart));
    
    while (!igraph_dqueue_empty(&q) ) {
      long int actvert=igraph_dqueue_pop(&q);
      IGRAPH_CHECK(igraph_neighbors(graph, &neis, actvert, IGRAPH_ALL));
      for (i=0; i<igraph_vector_size(&neis); i++) {
	long int neighbor=VECTOR(neis)[i];
	if (already_added[neighbor]==1) { continue; }
	IGRAPH_CHECK(igraph_dqueue_push(&q, neighbor));
	IGRAPH_CHECK(igraph_vector_push_back(&verts, neighbor));
	already_added[neighbor]=1;
      }
    }
    
    /* ok, we have a component */
    if (igraph_vector_size(&verts)<minelements) { continue; }

    newg=Calloc(1, igraph_t);
    if (newg==0) {
      IGRAPH_ERROR("Cannot decompose graph", IGRAPH_ENOMEM);
    }
    IGRAPH_CHECK(igraph_vector_ptr_push_back(components, newg));
    IGRAPH_FINALLY(igraph_destroy, newg);
    IGRAPH_CHECK(igraph_subgraph(graph, newg, 
				 igraph_vss_vector(&verts)));
    IGRAPH_FINALLY_CLEAN(1);
    resco++;
    
  } /* for actstart++ */

  igraph_dqueue_destroy(&q);
  igraph_free(already_added);
  igraph_vector_destroy(&verts);
  igraph_vector_destroy(&neis);
  
  IGRAPH_FINALLY_CLEAN(4);
  return 0;
}







igraph-0.4.2/igraph/memory.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "memory.h"

int igraph_free(void *p) {
  Free(p);
  return 0;
}







igraph-0.4.2/igraph/NetRoutines.h

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

/* The original version of this file was written by Jörg Reichardt 
   The original copyright notice follows here */

/***************************************************************************
                          NetRoutines.h  -  description
                             -------------------
    begin                : Tue Oct 28 2003
    copyright            : (C) 2003 by Joerg Reichardt
    email                : reichardt@mitte
 ***************************************************************************/

/***************************************************************************
 *                                                                         *
 *   This program is free software; you can redistribute it and/or modify  *
 *   it under the terms of the GNU General Public License as published by  *
 *   the Free Software Foundation; either version 2 of the License, or     *
 *   (at your option) any later version.                                   *
 *                                                                         *
 ***************************************************************************/

#ifndef NETROUTINES_H
#define NETROUTINES_H

#include "NetDataTypes.h"
#include "igraph.h"

int igraph_i_read_network(const igraph_t *graph,
			  const igraph_vector_t *weights,
			  network *net, float limit,
			  igraph_bool_t use_weights,
			  unsigned int states);

void reduce_cliques(DLList<ClusterList<NNode*>*>*, FILE *file);
void reduce_cliques2(network*, bool,  long );
void clear_all_markers(network *net);

#endif








igraph-0.4.2/igraph/igraph_trie.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2003, 2004, 2005  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "types.h"
#include "memory.h"
#include "random.h"
#include "error.h"

#include <assert.h>
#include <string.h> 		/* memcpy & co. */
#include <stdlib.h>

/**
 * \ingroup igraphtrie
 * \brief Creates a trie node (not to be called directly)
 * \return Error code: errors by igraph_strvector_init(),
 *         igraph_vector_ptr_init() and igraph_vector_init() might be returned.
 */

int igraph_i_trie_init_node(igraph_trie_node_t *t) { 
  IGRAPH_STRVECTOR_INIT_FINALLY(&t->strs, 0);
  IGRAPH_VECTOR_PTR_INIT_FINALLY(&t->children, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&t->values, 0);
  IGRAPH_FINALLY_CLEAN(3);
  return 0;
}  

void igraph_i_trie_destroy_node(igraph_trie_node_t *t, igraph_bool_t sfree);

/**
 * \ingroup igraphtrie
 * \brief Creates a trie.
 * \return Error code: errors by igraph_strvector_init(),
 *         igraph_vector_ptr_init() and igraph_vector_init() might be returned.
 */

int igraph_trie_init(igraph_trie_t *t, igraph_bool_t storekeys) {
  t->maxvalue=-1;
  t->storekeys=storekeys;
  IGRAPH_CHECK(igraph_i_trie_init_node( (igraph_trie_node_t *)t ));
  IGRAPH_FINALLY(igraph_i_trie_destroy_node, t);
  if (storekeys) {
    IGRAPH_CHECK(igraph_strvector_init(&t->keys, 0));
  }

  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \ingroup igraphtrie
 * \brief Destroys a node of a trie (not to be called directly).
 */

void igraph_i_trie_destroy_node(igraph_trie_node_t *t, igraph_bool_t sfree) {
  long int i;
  igraph_strvector_destroy(&t->strs);
  for (i=0; i<igraph_vector_ptr_size(&t->children); i++) {
    igraph_trie_node_t *child=VECTOR(t->children)[i];
    if (child != 0) {
      igraph_i_trie_destroy_node(child, 1);
    }
  }
  igraph_vector_ptr_destroy(&t->children);
  igraph_vector_destroy(&t->values);
  if (sfree) { Free(t); }
}

/**
 * \ingroup igraphtrie
 * \brief Destroys a trie (frees allocated memory).
 */

void igraph_trie_destroy(igraph_trie_t *t) {
  if (t->storekeys) {
    igraph_strvector_destroy(&t->keys);
  }
  igraph_i_trie_destroy_node( (igraph_trie_node_t*) t, 0);
}


/**
 * \ingroup igraphtrie
 * \brief Internal helping function for igraph_trie_t
 */

long int igraph_i_strdiff(const char *str, const char *key) {

  long int diff=0;
  while (key[diff] != '\0' && str[diff] != '\0' && str[diff]==key[diff]) {
    diff++;
  }
  return diff;
}

/**
 * \ingroup igraphtrie
 * \brief Search/insert in a trie (not to be called directly).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_trie_get_node(igraph_trie_node_t *t, const char *key, 
			 igraph_real_t newvalue, long int *id) {
  char *str;
  long int i;
  igraph_bool_t add;

  /* If newvalue is negative, we don't add the node if nonexistent, only check
   * for its existence */
  add = (newvalue>=0);

  for (i=0; i<igraph_strvector_size(&t->strs); i++) {
    long int diff;
    igraph_strvector_get(&t->strs, i, &str);
    diff=igraph_i_strdiff(str, key);
    
    if (diff == 0) {

      /* ------------------------------------ */
      /* No match, next */

    } else if (str[diff]=='\0' && key[diff]=='\0') {

      /* ------------------------------------ */
      /* They are exactly the same */
      if (VECTOR(t->values)[i] != -1) {
	*id=VECTOR(t->values)[i];
	return 0;
      } else {
	VECTOR(t->values)[i]=newvalue;
	*id=newvalue;
	return 0;
      }

    } else if (str[diff]=='\0') {

      /* ------------------------------------ */
      /* str is prefix of key, follow its link if there is one */
      igraph_trie_node_t *node=VECTOR(t->children)[i];
      if (node != 0) {
	return igraph_trie_get_node(node, key+diff, newvalue, id);
      } else if (add) {
	igraph_trie_node_t *node=Calloc(1, igraph_trie_node_t);
	if (node==0) {
	  IGRAPH_ERROR("cannot add to trie", IGRAPH_ENOMEM);
	}
	IGRAPH_STRVECTOR_INIT_FINALLY(&node->strs, 1);
	IGRAPH_VECTOR_PTR_INIT_FINALLY(&node->children, 1);
	IGRAPH_VECTOR_INIT_FINALLY(&node->values, 1);
	IGRAPH_CHECK(igraph_strvector_set(&node->strs, 0, key+diff));
	VECTOR(node->children)[0]=0;
	VECTOR(node->values)[0]=newvalue;

	VECTOR(t->children)[i]=node;

	*id=newvalue;
	IGRAPH_FINALLY_CLEAN(3);
	return 0;
      } else {
	*id=-1;
	return 0;
      }

    } else if (key[diff]=='\0' && add) {

      /* ------------------------------------ */
      /* key is prefix of str, the node has to be cut */
      char *str2;
      
      igraph_trie_node_t *node=Calloc(1, igraph_trie_node_t);
      if (node==0) {
	IGRAPH_ERROR("cannot add to trie", IGRAPH_ENOMEM);
      }
      IGRAPH_STRVECTOR_INIT_FINALLY(&node->strs, 1);
      IGRAPH_VECTOR_PTR_INIT_FINALLY(&node->children, 1);
      IGRAPH_VECTOR_INIT_FINALLY(&node->values, 1);
      IGRAPH_CHECK(igraph_strvector_set(&node->strs, 0, str+diff));
      
      VECTOR(node->children)[0]=VECTOR(t->children)[i];
      VECTOR(node->values)[0]=VECTOR(t->values)[i];

      str2=strdup(str);
      if (str2 == 0) {
	IGRAPH_ERROR("cannot add to trie", IGRAPH_ENOMEM);
      }
      str2[diff]='\0';
      IGRAPH_FINALLY(free, str2);
      IGRAPH_CHECK(igraph_strvector_set(&t->strs, i, str2));
      free(str2);
      IGRAPH_FINALLY_CLEAN(4);
      
      VECTOR(t->values)[i]=newvalue;
      VECTOR(t->children)[i]=node;
      
      *id=newvalue;
      return 0;

    } else if (add) {

      /* ------------------------------------ */
      /* the first diff characters match */
      char *str2;

      igraph_trie_node_t *node=Calloc(1, igraph_trie_node_t);
      if (node==0) {
	IGRAPH_ERROR("cannot add to trie", IGRAPH_ENOMEM);
      }
      IGRAPH_STRVECTOR_INIT_FINALLY(&node->strs, 2);
      IGRAPH_VECTOR_PTR_INIT_FINALLY(&node->children, 2);
      IGRAPH_VECTOR_INIT_FINALLY(&node->values, 2);
      IGRAPH_CHECK(igraph_strvector_set(&node->strs, 0, str+diff));
      IGRAPH_CHECK(igraph_strvector_set(&node->strs, 1, key+diff));
      VECTOR(node->children)[0]=VECTOR(t->children)[i];
      VECTOR(node->children)[1]=0;
      VECTOR(node->values)[0]=VECTOR(t->values)[i];
      VECTOR(node->values)[1]=newvalue;

      str2=strdup(str);
      if (str2 == 0) {
	IGRAPH_ERROR("cannot add to trie", IGRAPH_ENOMEM);
      }
      str2[diff]='\0';
      IGRAPH_FINALLY(free, str2);
      IGRAPH_CHECK(igraph_strvector_set(&t->strs, i, str2));
      free(str2);
      IGRAPH_FINALLY_CLEAN(4);

      VECTOR(t->values)[i]=-1;
      VECTOR(t->children)[i]=node;
      
      *id=newvalue;
      return 0;
    } else {
      
      /* ------------------------------------------------- */
      /* No match, but we requested not to add the new key */
      *id=-1;
      return 0;
    }
  }

  /* ------------------------------------ */
  /* Nothing matches */

  if (add) {
    IGRAPH_CHECK(igraph_vector_ptr_reserve(&t->children, 
					   igraph_vector_ptr_size(&t->children)+1));
    IGRAPH_CHECK(igraph_vector_reserve(&t->values, igraph_vector_size(&t->values)+1));
    IGRAPH_CHECK(igraph_strvector_add(&t->strs, key));

    igraph_vector_ptr_push_back(&t->children, 0); /* allocated */
    igraph_vector_push_back(&t->values, newvalue); /* allocated */
    *id=newvalue;
  } else {
    *id=-1;
  }

  return 0;
}

/**
 * \ingroup igraphtrie
 * \brief Search/insert in a trie.
 */

int igraph_trie_get(igraph_trie_t *t, const char *key, long int *id) {
  if (!t->storekeys) {
    IGRAPH_CHECK(igraph_trie_get_node( (igraph_trie_node_t*) t, 
				       key, t->maxvalue+1, id));
    if (*id > t->maxvalue) {
      t->maxvalue=*id;
    }
    return 0;
  } else {
    int ret;
    igraph_error_handler_t *oldhandler;
    oldhandler=igraph_set_error_handler(igraph_error_handler_ignore);
    /* Add it to the string vector first, we can undo this later */
    ret=igraph_strvector_add(&t->keys, key);
    if (ret != 0) {
      igraph_set_error_handler(oldhandler);
      IGRAPH_ERROR("cannot get element from trie", ret);
    }
    ret = igraph_trie_get_node( (igraph_trie_node_t*) t,
				key, t->maxvalue+1, id);
    if (ret != 0) {
      igraph_strvector_resize(&t->keys, igraph_strvector_size(&t->keys)-1);
      igraph_set_error_handler(oldhandler);
      IGRAPH_ERROR("cannot get element from trie", ret);
    }
    
    /* everything is fine */
    if (*id > t->maxvalue) {
      t->maxvalue=*id;
    } else {
      igraph_strvector_resize(&t->keys, igraph_strvector_size(&t->keys)-1);
    }
    igraph_set_error_handler(oldhandler);    
  }

  return 0;
}

/**
 * \ingroup igraphtrie
 * \brief Search/insert in a trie (for internal use).
 *
 * @return Error code:
 *         - <b>IGRAPH_ENOMEM</b>: out of memory
 */

int igraph_trie_get2(igraph_trie_t *t, const char *key, long int length,
		     long int *id) {
  char *tmp=Calloc(length+1, char);

  if (tmp==0) {
    IGRAPH_ERROR("canot get from trie", IGRAPH_ENOMEM);
  }
  
  strncpy(tmp, key, length);
  tmp[length]='\0';
  IGRAPH_FINALLY(free, tmp);
  IGRAPH_CHECK(igraph_trie_get(t, tmp, id));
  Free(tmp);
  IGRAPH_FINALLY_CLEAN(1);
  return 0;
}

/**
 * \ingroup igraphtrie
 * \brief Search in a trie.
 * This variant does not add \c key to the trie if it does not exist.
 * In this case, a negative id is returned.
 */

int igraph_trie_check(igraph_trie_t *t, const char *key, long int *id) {
  IGRAPH_CHECK(igraph_trie_get_node( (igraph_trie_node_t*) t, 
				     key, -1, id));
  return 0;
}

/**
 * \ingroup igraphtrie
 * \brief Get an element of a trie based on its index.
 */

void igraph_trie_idx(igraph_trie_t *t, long int idx, char **str) {
  igraph_strvector_get(&t->keys, idx, str);
}

/**
 * \ingroup igraphtrie
 * \brief Returns the size of a trie.
 */

long int igraph_trie_size(igraph_trie_t *t) {
  return t->maxvalue+1;
}

/* Hmmm, very dirty.... */

int igraph_trie_getkeys(igraph_trie_t *t, const igraph_strvector_t **strv) {
  *strv=&t->keys;
  return 0;
}







igraph-0.4.2/igraph/motifs.c

/* -*- mode: C -*-  */
/* 
   IGraph library.
   Copyright (C) 2006  Gabor Csardi <csardi@rmki.kfki.hu>
   MTA RMKI, Konkoly-Thege Miklos st. 29-33, Budapest 1121, Hungary
   
   This program is free software; you can redistribute it and/or modify
   it under the terms of the GNU General Public License as published by
   the Free Software Foundation; either version 2 of the License, or
   (at your option) any later version.
   
   This program is distributed in the hope that it will be useful,
   but WITHOUT ANY WARRANTY; without even the implied warranty of
   MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
   GNU General Public License for more details.
   
   You should have received a copy of the GNU General Public License
   along with this program; if not, write to the Free Software
   Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 
   02110-1301 USA

*/

#include "igraph.h"
#include "memory.h"
#include "random.h"

#include <string.h>

/**
 * \function igraph_motifs_randesu
 * \brief Count the number of motifs in a graph
 * 
 * </para><para>
 * Motifs are small subgraphs of a given structure in a graph. It is
 * argued that the motif profile (ie. the number of different motifs
 * in the graph) is characteristic for different types of networks and
 * network function is related to the motifs in the graph. 
 * 
 * </para><para>
 * This function is able to find the different motifs of size three
 * and four (ie. the number of different subgraphs with three and four
 * vertices) in the network. (This limitation is the result of the
 * lack of code to decide graph isomorphism for larger graphs.)
 * 
 * </para><para>
 * In a big network the total number of motifs can be very large, so
 * it takes a lot of time to find all of them, a sampling method can
 * be used. This function is capable of doing sampling via the
 * \c cut_prob argument. This argument gives the probability that
 * a branch of the motif search tree will not be explored. See
 * S. Wernicke and F. Rasche: FANMOD: a tool for fast network motif
 * detection, Bioinformatics 22(9), 1152--1153, 2006 for details.
 * 
 * </para><para>
 * Set the \c cut_prob argument to a zero vector for finding all
 * motifs. 
 * 
 * </para><para> 
 * Directed motifs will be counted in directed graphs and undirected
 * motifs in undirected graphs.
 *
 * \param graph The graph to find the motifs in.
 * \param hist The result of the computation, it gives the number of
 *        motifs found for each isomorphism class. See
 *        \ref igraph_isoclass() for help about isomorphism classes.
 * \param size The size of the motifs to search for. Only three and
 *        four are implemented currently. The limitation is not in the
 *        motif finding code, but the graph isomorphism code.
 * \param cut_prob Vector of probabilities for cutting the search tree
 *        at a given level. The first element is the first level, etc.
 *        Supply all zeros here (of length \c size) to find all motifs 
 *        in a graph.
 * \return Error code.
 * \sa \ref igraph_motifs_randesu_estimate() for estimating the number
 * of motifs in a graph, this can help to set the \c cut_prob
 * parameter; \ref igraph_motifs_randesu_no() to calculate the total
 * number of motifs of a given size in a graph.
 * 
 * Time complexity: TODO.
 */

int igraph_motifs_randesu(const igraph_t *graph, igraph_vector_t *hist, 
			  int size, const igraph_vector_t *cut_prob) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_i_adjlist_t allneis, alloutneis;
  igraph_vector_t *neis;
  long int father;
  long int i, j, s;
  long int motifs=0;

  igraph_vector_t vids;		/* this is G */
  igraph_vector_t adjverts;	/* this is V_E */
  igraph_stack_t stack;		/* this is S */
  long int *added;
  char *subg;
  
  long int histlen;
  unsigned int *arr_idx, *arr_code;
  int code=0;
  unsigned char mul, idx;

  if (size != 3 && size != 4) {
    IGRAPH_ERROR("Only 3 and 4 vertex motifs are implemented",
		 IGRAPH_EINVAL);
  }
  if (size==3) {
    mul=3;
    if (igraph_is_directed(graph)) {
      histlen=16;
      arr_idx=igraph_i_isoclass_3_idx;
      arr_code=igraph_i_isoclass2_3;
    } else {
      histlen=4;
      arr_idx=igraph_i_isoclass_3u_idx;
      arr_code=igraph_i_isoclass2_3u;
    }
  } else {
    mul=4;
    if (igraph_is_directed(graph)) {
      histlen=218;
      arr_idx=igraph_i_isoclass_4_idx;
      arr_code=igraph_i_isoclass2_4;
    } else {
      histlen=11;
      arr_idx=igraph_i_isoclass_4u_idx;
      arr_code=igraph_i_isoclass2_4u;
    }
  }

  IGRAPH_CHECK(igraph_vector_resize(hist, histlen));
  igraph_vector_null(hist);
  
  added=Calloc(no_of_nodes, long int);
  if (added==0) {
    IGRAPH_ERROR("Cannot find motifs", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added);

  subg=Calloc(no_of_nodes, char);
  if (subg==0) {
    IGRAPH_ERROR("Cannot find motifs", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, subg);

  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &allneis, IGRAPH_ALL));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &allneis);  
  IGRAPH_CHECK(igraph_i_adjlist_init(graph, &alloutneis, IGRAPH_OUT));
  IGRAPH_FINALLY(igraph_i_adjlist_destroy, &alloutneis);  

  IGRAPH_VECTOR_INIT_FINALLY(&vids, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&adjverts, 0);
  IGRAPH_CHECK(igraph_stack_init(&stack, 0));
  IGRAPH_FINALLY(igraph_stack_destroy, &stack);

  for (father=0; father<no_of_nodes; father++) {
    long int level;

    IGRAPH_ALLOW_INTERRUPTION();
    
    /* init G */
    igraph_vector_clear(&vids); level=0;
    IGRAPH_CHECK(igraph_vector_push_back(&vids, father));
    subg[father]=1; added[father] += 1; level += 1;
    
    /* init V_E */
    igraph_vector_clear(&adjverts);
    neis=igraph_i_adjlist_get(&allneis, father);
    s=igraph_vector_size(neis);
    for (i=0; i<s; i++) {
      long int nei=VECTOR(*neis)[i];
      if (!added[nei] && nei > father) {
	IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei));
	IGRAPH_CHECK(igraph_vector_push_back(&adjverts, father));
      }
      added[nei] += 1;
    }
    
    /* init S */
    igraph_stack_clear(&stack);

    while (level != 1 || !igraph_vector_empty(&adjverts)) {
      igraph_real_t cp=VECTOR(*cut_prob)[level];
      
      if (level==size-1) {
	s=igraph_vector_size(&adjverts)/2;
	for (i=0; i<s; i++) {
	  long int k, s2;
	  long int last;

	  if (cp!=0 && RNG_UNIF01() < cp) { continue; }
	  motifs+=1;
	  
	  last=VECTOR(adjverts)[2*i];
	  IGRAPH_CHECK(igraph_vector_push_back(&vids, last));
	  subg[last]=size;

	  code=0; idx=0;
	  for (k=0; k<size; k++) {
	    long int from=VECTOR(vids)[k];
 	    neis=igraph_i_adjlist_get(&alloutneis, from);
	    s2=igraph_vector_size(neis);
	    for (j=0; j<s2; j++) {
	      long int nei=VECTOR(*neis)[j];
	      if (subg[nei] && k != subg[nei]-1) {
		idx=mul*k+(subg[nei]-1);
		code |= arr_idx[idx];
	      }
	    }
	  }

	  igraph_vector_pop_back(&vids);
	  subg[last]=0;
	  VECTOR(*hist)[arr_code[code]] += 1;
	}
      }

      /* can we step down? */
      if (level < size-1 && 
	  !igraph_vector_empty(&adjverts) && 
	  (cp==0 || RNG_UNIF01() > cp)) {
	/* yes, step down */
	long int neifather=igraph_vector_pop_back(&adjverts);
	long int nei=igraph_vector_pop_back(&adjverts);
	IGRAPH_CHECK(igraph_vector_push_back(&vids, nei));
	subg[nei] = level+1; added[nei] += 1; level += 1;

	IGRAPH_CHECK(igraph_stack_push(&stack, neifather));
	IGRAPH_CHECK(igraph_stack_push(&stack, nei));
	IGRAPH_CHECK(igraph_stack_push(&stack, level));
	
	neis=igraph_i_adjlist_get(&allneis, nei);
	s=igraph_vector_size(neis);
	for (i=0; i<s; i++) {
	  long int nei2=VECTOR(*neis)[i];
	  if (!added[nei2] && nei2 > father) {
	    IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei2));
	    IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei));
	  }
	  added[nei2] += 1;
	}
      } else {
	/* no, step back */
	long int nei, neifather;
	while (!igraph_stack_empty(&stack) &&
	       level==igraph_stack_top(&stack)-1) {
	  igraph_stack_pop(&stack);
	  nei=igraph_stack_pop(&stack);
	  neifather=igraph_stack_pop(&stack);
	  igraph_vector_push_back(&adjverts, nei);
	  igraph_vector_push_back(&adjverts, neifather);
	}

	nei=igraph_vector_pop_back(&vids);
	subg[nei]=0; added[nei] -= 1; level -= 1;
	neis=igraph_i_adjlist_get(&allneis, nei);
	s=igraph_vector_size(neis);
	for (i=0; i<s; i++) {
	  added[ (long int) VECTOR(*neis)[i] ] -= 1;
	}
	while (!igraph_vector_empty(&adjverts) && 
	       igraph_vector_tail(&adjverts)==nei) {
	  igraph_vector_pop_back(&adjverts);
	  igraph_vector_pop_back(&adjverts);
	}
      }
      
    } /* while */

    /* clear the added vector */
    added[father] -= 1;
    subg[father] = 0;
    neis=igraph_i_adjlist_get(&allneis, father);
    s=igraph_vector_size(neis);
    for (i=0; i<s; i++) {
      added[ (long int) VECTOR(*neis)[i] ] -= 1;
    }

  } /* for father */

  Free(added);
  Free(subg);
  igraph_vector_destroy(&vids);
  igraph_vector_destroy(&adjverts);
  igraph_i_adjlist_destroy(&alloutneis);
  igraph_i_adjlist_destroy(&allneis);
  igraph_stack_destroy(&stack);
  IGRAPH_FINALLY_CLEAN(7);
  return 0;
}

/**
 * \function igraph_motifs_randesu_estimate
 * \brief Estimate the total number of motifs in a graph
 * 
 * </para><para>
 * This function is useful for large graphs for which it is not
 * feasible to count all the different motifs, because there is very
 * many of them.
 *
 * </para><para>
 * The total number of motifs is estimated by taking a sample of
 * vertices and counts all motifs in which these vertices are
 * included. (There is also a \c cut_prob parameter which gives the
 * probabilities to cut a branch of the search tree.)
 *
 * </para><para> 
 * Directed motifs will be counted in directed graphs and undirected
 * motifs in undirected graphs.
 *
 * \param graph The graph object to study.
 * \param est Pointer to an integer type, the result will be stored
 *        here.
 * \param size The size of the motif to look for.
 * \param cut_prob Vector giving the probabilities to cut a branch of
 *        the search tree and omit counting the motifs in that branch.
 *        It contains a probability for each level. Supply \c size
 *        zeros here to count all the motifs in the sample.
 * \param sample_size The number of vertices to use as the
 *        sample. This parameter is only used if the \c parsample
 *        argument is a null pointer.
 * \param parsample Either pointer to an initialized vector or a null
 *        pointer. If a vector then the vertex ids in the vector are
 *        used as a sample. If a null pointer then the \c sample_size
 *        argument is used to create a sample of vertices drawn with
 *        uniform probability.
 * \return Error code.
 * \sa \ref igraph_motifs_randesu(), \ref igraph_motifs_randesu_no().
 * 
 * Time complexity: TODO.
 */

int igraph_motifs_randesu_estimate(const igraph_t *graph, igraph_integer_t *est,
				   int size, const igraph_vector_t *cut_prob, 
				   igraph_integer_t sample_size, 
				   const igraph_vector_t *parsample) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t neis;
    
  igraph_vector_t vids;		/* this is G */
  igraph_vector_t adjverts;	/* this is V_E */
  igraph_stack_t stack;		/* this is S */
  long int *added;
  igraph_vector_t *sample;
  long int sam;
  long int i;

  added=Calloc(no_of_nodes, long int);
  if (added==0) {
    IGRAPH_ERROR("Cannot find motifs", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added);

  IGRAPH_VECTOR_INIT_FINALLY(&vids, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&adjverts, 0);
  IGRAPH_CHECK(igraph_stack_init(&stack, 0));
  IGRAPH_FINALLY(igraph_stack_destroy, &stack);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  if (parsample==0) {
    sample=Calloc(1, igraph_vector_t);
    if (sample==0) {
      IGRAPH_ERROR("Cannot estimate motifs", IGRAPH_ENOMEM);
    }
    IGRAPH_FINALLY(igraph_free, sample);
    IGRAPH_VECTOR_INIT_FINALLY(sample, 0);  
    IGRAPH_CHECK(igraph_random_sample(sample, 0, no_of_nodes-1, sample_size));
  } else {
    sample=(igraph_vector_t*)parsample;
    sample_size=igraph_vector_size(sample);
  }

  *est=0;

  for (sam=0; sam<sample_size; sam++) {
    long int father=VECTOR(*sample)[sam];
    long int level, s;

    IGRAPH_ALLOW_INTERRUPTION();

    /* init G */
    igraph_vector_clear(&vids); level=0;
    IGRAPH_CHECK(igraph_vector_push_back(&vids, father));
    added[father] += 1; level += 1;
    
    /* init V_E */
    igraph_vector_clear(&adjverts);
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, father, IGRAPH_ALL));
    s=igraph_vector_size(&neis);
    for (i=0; i<s; i++) {
      long int nei=VECTOR(neis)[i];
      if (!added[nei]) {
	IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei));
	IGRAPH_CHECK(igraph_vector_push_back(&adjverts, father));
      }
      added[nei] += 1;
    }
    
    /* init S */
    igraph_stack_clear(&stack);

    while (level != 1 || !igraph_vector_empty(&adjverts)) {
      igraph_real_t cp=VECTOR(*cut_prob)[level];
      
      if (level==size-1) {
	s=igraph_vector_size(&adjverts)/2;
	for (i=0; i<s; i++) {
	  if (cp!=0 && RNG_UNIF01() < cp) { continue; }
	  (*est) += 1;
	}
      }

      if (level < size-1 && 
	  !igraph_vector_empty(&adjverts) && 
	  (cp==0 || RNG_UNIF01() > cp)) {
	/* yes, step down */
	long int neifather=igraph_vector_pop_back(&adjverts);
	long int nei=igraph_vector_pop_back(&adjverts);
	IGRAPH_CHECK(igraph_vector_push_back(&vids, nei));
	added[nei] += 1; level += 1;

	IGRAPH_CHECK(igraph_stack_push(&stack, neifather));
	IGRAPH_CHECK(igraph_stack_push(&stack, nei));
	IGRAPH_CHECK(igraph_stack_push(&stack, level));

	IGRAPH_CHECK(igraph_neighbors(graph, &neis, nei, IGRAPH_ALL));
	s=igraph_vector_size(&neis);
	for (i=0; i<s; i++) {
	  long int nei2=VECTOR(neis)[i];
	  if (!added[nei2]) {
	    IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei2));
	    IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei));
	  }
	  added[nei2] += 1;
	}
      } else {
	/* no, step back */
	long int nei, neifather;
	while (!igraph_stack_empty(&stack) &&
	       level==igraph_stack_top(&stack)-1) {
	  igraph_stack_pop(&stack);
	  nei=igraph_stack_pop(&stack);
	  neifather=igraph_stack_pop(&stack);
	  igraph_vector_push_back(&adjverts, nei);
	  igraph_vector_push_back(&adjverts, neifather);
	}

	nei=igraph_vector_pop_back(&vids);
	added[nei] -= 1; level -= 1;
	IGRAPH_CHECK(igraph_neighbors(graph, &neis, nei, IGRAPH_ALL));
	s=igraph_vector_size(&neis);
	for (i=0; i<s; i++) {
	  added[ (long int) VECTOR(neis)[i] ] -= 1;
	}
	while (!igraph_vector_empty(&adjverts) && 
	       igraph_vector_tail(&adjverts)==nei) {
	  igraph_vector_pop_back(&adjverts);
	  igraph_vector_pop_back(&adjverts);
	}
      }
      
    } /* while */

    /* clear the added vector */
    added[father] -= 1;
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, father, IGRAPH_ALL));
    s=igraph_vector_size(&neis);
    for (i=0; i<s; i++) {
      added[ (long int) VECTOR(neis)[i] ] -= 1;
    }

  } /* for father */

  (*est) *= ((double)no_of_nodes/sample_size);
  (*est) /= size;

  if (parsample==0) {
    igraph_vector_destroy(sample);
    Free(sample);
    IGRAPH_FINALLY_CLEAN(2);
  }

  Free(added);
  igraph_vector_destroy(&vids);
  igraph_vector_destroy(&adjverts);
  igraph_stack_destroy(&stack);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(5);
  return 0;
}

/**
 * \function igraph_motifs_randesu_no
 * \brief Count the total number of motifs in a graph
 *
 * </para><para> 
 * This function counts the total number of motifs in a graph without
 * assigning isomorphism classes to them. 
 *
 * </para><para> 
 * Directed motifs will be counted in directed graphs and undirected
 * motifs in undirected graphs.
 *
 * \param graph The graph object to study.
 * \param no Pointer to an integer type, the result will be stored
 *        here. 
 * \param size The size of the motifs to count.
 * \param cut_prob Vector giving the probabilities that a branch of
 *        the search tree will be cut at a given level.
 * \return Error code.
 * \sa \ref igraph_motifs_randesu(), \ref
 *     igraph_motifs_randesu_estimate(). 
 * 
 * Time complexity: TODO.
 */

int igraph_motifs_randesu_no(const igraph_t *graph, igraph_integer_t *no,
			     int size, const igraph_vector_t *cut_prob) {

  long int no_of_nodes=igraph_vcount(graph);
  igraph_vector_t neis;
    
  igraph_vector_t vids;		/* this is G */
  igraph_vector_t adjverts;	/* this is V_E */
  igraph_stack_t stack;		/* this is S */
  long int *added;
  long int father;
  long int i;

  added=Calloc(no_of_nodes, long int);
  if (added==0) {
    IGRAPH_ERROR("Cannot find motifs", IGRAPH_ENOMEM);
  }
  IGRAPH_FINALLY(igraph_free, added);

  IGRAPH_VECTOR_INIT_FINALLY(&vids, 0);
  IGRAPH_VECTOR_INIT_FINALLY(&adjverts, 0);
  IGRAPH_CHECK(igraph_stack_init(&stack, 0));
  IGRAPH_FINALLY(igraph_stack_destroy, &stack);
  IGRAPH_VECTOR_INIT_FINALLY(&neis, 0);

  *no=0;

  for (father=0; father<no_of_nodes; father++) {
    long int level, s;

    IGRAPH_ALLOW_INTERRUPTION();

    /* init G */
    igraph_vector_clear(&vids); level=0;
    IGRAPH_CHECK(igraph_vector_push_back(&vids, father));
    added[father] += 1; level += 1;
    
    /* init V_E */
    igraph_vector_clear(&adjverts);
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, father, IGRAPH_ALL));
    s=igraph_vector_size(&neis);
    for (i=0; i<s; i++) {
      long int nei=VECTOR(neis)[i];
      if (!added[nei]) {
	IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei));
	IGRAPH_CHECK(igraph_vector_push_back(&adjverts, father));
      }
      added[nei] += 1;
    }
    
    /* init S */
    igraph_stack_clear(&stack);

    while (level != 1 || !igraph_vector_empty(&adjverts)) {
      igraph_real_t cp=VECTOR(*cut_prob)[level];
      
      if (level==size-1) {
	s=igraph_vector_size(&adjverts)/2;
	for (i=0; i<s; i++) {
	  if (cp!=0 && RNG_UNIF01() < cp) { continue; }
	  (*no) += 1;
	}
      }

      if (level < size-1 && 
	  !igraph_vector_empty(&adjverts) && 
	  (cp==0 || RNG_UNIF01() > cp)) {
	/* yes, step down */
	long int neifather=igraph_vector_pop_back(&adjverts);
	long int nei=igraph_vector_pop_back(&adjverts);
	IGRAPH_CHECK(igraph_vector_push_back(&vids, nei));
	added[nei] += 1; level += 1;

	IGRAPH_CHECK(igraph_stack_push(&stack, neifather));
	IGRAPH_CHECK(igraph_stack_push(&stack, nei));
	IGRAPH_CHECK(igraph_stack_push(&stack, level));

	IGRAPH_CHECK(igraph_neighbors(graph, &neis, nei, IGRAPH_ALL));
	s=igraph_vector_size(&neis);
	for (i=0; i<s; i++) {
	  long int nei2=VECTOR(neis)[i];
	  if (!added[nei2]) {
	    IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei2));
	    IGRAPH_CHECK(igraph_vector_push_back(&adjverts, nei));
	  }
	  added[nei2] += 1;
	}
      } else {
	/* no, step back */
	long int nei, neifather;
	while (!igraph_stack_empty(&stack) &&
	       level==igraph_stack_top(&stack)-1) {
	  igraph_stack_pop(&stack);
	  nei=igraph_stack_pop(&stack);
	  neifather=igraph_stack_pop(&stack);
	  igraph_vector_push_back(&adjverts, nei);
	  igraph_vector_push_back(&adjverts, neifather);
	}

	nei=igraph_vector_pop_back(&vids);
	added[nei] -= 1; level -= 1;
	IGRAPH_CHECK(igraph_neighbors(graph, &neis, nei, IGRAPH_ALL));
	s=igraph_vector_size(&neis);
	for (i=0; i<s; i++) {
	  added[ (long int) VECTOR(neis)[i] ] -= 1;
	}
	while (!igraph_vector_empty(&adjverts) && 
	       igraph_vector_tail(&adjverts)==nei) {
	  igraph_vector_pop_back(&adjverts);
	  igraph_vector_pop_back(&adjverts);
	}
      }
      
    } /* while */

    /* clear the added vector */
    added[father] -= 1;
    IGRAPH_CHECK(igraph_neighbors(graph, &neis, father, IGRAPH_ALL));
    s=igraph_vector_size(&neis);
    for (i=0; i<s; i++) {
      added[ (long int) VECTOR(neis)[i] ] -= 1;
    }

  } /* for father */

  *no /= size;

  Free(added);
  igraph_vector_destroy(&vids);
  igraph_vector_destroy(&adjverts);
  igraph_stack_destroy(&stack);
  igraph_vector_destroy(&neis);
  IGRAPH_FINALLY_CLEAN(5);
  return 0;
}






