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Introduction
�modellingofhugedatanetworks

�Internetgraphs,P2Pgraphs

Autonomous systems

As3

As2 As1

Routers

R3

R2 R1



HannuReittu@COST279/FITseminar,February10,20043

�powerlawdegreedistributions(Faloutsos,ACM/SIGCOMM’99)
�infinitevariance�verylargenodes

�why?

�typicalgraphishierarchical(Reittu-Norros,Globecom2001,Performance
Evaluation,55(2004)3-24)
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Threesimplemodels
1.’degreemodel’nodedegreesareindependentrandomvariableswith���������

�
	��,�����,����������+maximumentropy(seeReittu-Norros,ibid.)

2.’edgemodel’edgeprobabilitiesareindependent(Chung-Lu,InternetMath-
ematicsV.1,No1,2003,91-113)andproducetheexpecteddegreesequence.

Expecteddistance:��	�
����� 	����������� �, -numberofnodes.

�!�"levelsinhierarchy.

’complementary’models

�good:largescaletopology

�bad:smallscaleclusteringincorrect



HannuReittu@COST279/FITseminar,February10,20046

3.’Jellyfish’

AmeasurementbasedmodelforAS-graphs

See:L.TauroandC.PalmerandG.SiganosandM.Faloutsos,"ASimple
ConceptualModelfortheInternetTopology","GlobalInternet,SanAntonio,
Texas",November,2001

� ������ "� ������

�however,constantdistance

�acliqueoflargenodes

supportsasimplifiedviewontopology
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degreemodel

����������������	� ���

�������� ���
�� 
� 	�� 


	

���locatedaround � ����

�large

then������� � � ��
�
"�
	�� and�����	� ����

�"��
� 	�����
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Expecteddegreesequence:

����� �������
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Figure0.2:

�������
Asgraphinstance(CAIDA):�"���, "�����,����"����.

�nodes�and�withdegrees� and��and� ���� formanedgea.a.s.

��clusteroffullyconnectedlargenodeswithdegrees�	 

�measurements:somethinglikethisexists!(L.TauroandC.PalmerandG.
SiganosandM.Faloutsos,ibid.)
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Edgemodel

���������,����� �

taketheexpecteddegreesequenceasgranted:

����� �������
	

�
� � ��,������ ���� 

edgesaredrawnindependentlywithprobabilities:

������	�
������������!��,��	
������

Aproblem:��	
����������� ,and��������!����forasubsetof

nodes.

Asolution(Chung-Lu,ibid.)
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take�suchthat��������!����for����

Acut-off:
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Figure0.3:Chung-Lucut-off
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Meansthatthecliqueoflargestnodesisexcludedtotally!

ForAs-graphthisisclearlynotcorrect

LargeAsarethemostimportant!

Takesimply:

������	�
������������������!��	

�similartodegreemodel

�clusteringfeaturesareeasiertoanalyse
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Cycles

Cyclesareresourceforprotection:

Backup

Cycle

Primary
��� ��� ��� ��� ���

��� ��� ��� ��� ���

�� �� �� �� �� �� ��
�� �� �� �� �� �� ��

���������
���������

����� ����� ����� ����� �����

����� ����� ����� ����� �����
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Ageneralrandomgraphresult:
M.KimandM.Medard
(thesisbyM.Kim’RobustnessinLarge-ScaleRandomNetworks’)

cyclesarerelatedto����
�

indegreemodel:����
���

’empiricalvariance’

�� � ���
	

	
��� �

wesuggest(a.a.s.)

�� � ��� � �� � ����������

andmoreover

�� � ���
		�
������	��� ���������
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suggestion:’support’ofempiricalvariancetellswheretheclusteringislocated

cyclesareatthetopofthehierarchy

inparticular,shortcyclesinclique������� �	 	

Typicalvalueof�� � ��

�� ��	
������ �
	,

����� �������
	

�
� � ��
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edgemodel

finitevariance

probabilityofatriangle,���������	
��

�������
	

�������� 	
���������
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l

r

k

sameprincipleforanycycles

typicalvalueofempiricalvariance�� �appears...,say

�����	����� ����
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shortcyclesareconcentratedinasubgraphwithhighranknodes(C)

realAsgraph:

someclusteringamongsmallranknodesaswell

however,cliqueofhighranknodes(C)isreality

���"10

numberoflinksinC

� ���
�� ���!�"��

lessthan1percentoftotal
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however,almostallalternatepathsusethem!


