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OUTLINE
�ReviewofDefinitions

�SomeResultsfromLastYear

�ResearchQuestion

�DescriptionofSimulationModel

�ComputationalResults

�ConclusionsandFutureWork

rrkinc@math.wm.eduDepartmentofMathematics,CollegeofWilliamandMary



NASAFacultyFellowshipProgram,30July20043

RandomGraphs—���

�ErdosandRenya(1959,1960)

��nodes

��probabilityedgebetweentwonodes

�������	
�
�expectednumberofedges

�degreedistributionisbinomial

�averageshortestpath����

�clusteringcoefficient� �����
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Example:degreedistribution
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ClusteringCoefficient

Transitivity:friendofyourfriendisalsoyourfriend
Goal:[0,1]numberassociatedwithnumberoftriangles

Method1:

������[threetimestotalnumberoftriangles]
[totalnumberofconnectedthreetuplesofnodes]�

Method2:

���[numberoftrianglesinwhichnode�isincident]
[numberofthreetuplesofconnectednodescenteredonnode�]�

	�
�
�	�����	�

�	
�
�	��and	
�
�		���inexample
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PropertiesofScale-FreeGraphs
�Small-world:averageshortestpath� ���

�Powerlaw:tailof
��
islinearlog-logplot

�Exponential:
��
tailislinearforlogplot

�ClusteringCoefficient:constantforlarge�

�Powerlaws�� �����have� ������diameter
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PopularityofScale-freeGraphs

GraphNodesEdgesAvgDegAvgSPD	
�
	
�


filmactor449,91325,516,482113.4433.48.20.78

Altavista203,549,0462,130,000,00010.4616.18——-

Internet10,69731,9925.983.31.035.39

protein2,1152,2402.126.80.072.071

�6books—Linked,Nexus,SixDegrees.

�Morethan500researcharticlessince1997.

�Expected	valueforrandomfilmactorgraphis�������.
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HowandWhydoScale-FreeNetworksForm?
�PreferentialAttachment

�Bi-objectiveOptimization

�DynamicalSystems

�StatisticalMechanics

�Localsearchandshortestpaths

�Nodesassignedfitnessvalues(Nature,2003)

�Gradientnetworkisscale-free

�If�����
thenmaximalcongestion

�Ifscale-freethenalmostnocongestion
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SmallWorldBehaviourEmergingfromOptimization(continued)

(a)λ=0.(b)λ=5×10
−4

.(c)λ=5×10
−3

.(d)λ=0.0125.(e)λ=0.025.(f)λ=0.05.

(g)λ=0.125.(h)λ=0.25.(i)λ=0.5.(j)λ=0.75.(k)λ=1.

http://www.tp.umu.se/∼kim/Network/holme1.pdf10Ume̊aUniversity,Sweden

Bi-objectivemodel:localvs.global
—RogerGuimera(NWU)
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HowdoScale-FreeNetworksForm?
—preferentialattachment
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�Startwith3node2edgepath.Addnodesoneatatime:averagedegree

�Roulettewheelselectionbasedon���
—1000nodes
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PreferentialAttachment:1000nodes,m=1

781
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7382361

UniformRandomGraph:2103Nodes
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Scale-FreeMetricsforSATSGeneralAviationModel
�Gravitymodelforflowbetweenairports(� �����	����� ��)

�MonteCarlosimulationofhightrafficday

DataSet#ofAirportsAvgShortestHops	
�


Jets21022.80.195

SingleIFR23234.940.07

SingleVFR29852.930.158

MultiVFR24153.860.057

Piston22744.140.047

Turbo22664.170.047
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NodeDegree
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1 404

2103Airports:SATS2010JetDataSet
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Discrete-EventSimulation
�EntitiesarePlanes(sorted,fixedlengthlist)

�BetaDistributedPointsareCities

�EachCityhasaNormallydistributedPopSize

�EuclideanDistancebetweenCities

�O/DselectedpreferentiallybasedonPopSize

�Powerlawfitnessgeneratedviasimulation
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Howistimeadvanced?

233
1

3.765

route hub
destnation
origination

 17

Event Calendar

sorted by event time

zero if no hub in route

arrival or
end of service

873

event type
event time

Onlyarrivaleventsorendofserviceeventstriggertimeadvance.

Theeventlistmustbesortedaftereachneweventisaddedtothecalendar.
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72%HubRoutes
65,000Flights
FitnessFixed
3NormPopulation

DegreeDistribution:1000Nodes,2000Planes

9902
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3328210

HitDistribution:1000Nodes,2000Planes

72%HubRoutes
65,000Flights
FitnessFixed
3NormPopulation
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HitsperNode
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Conclusions
�PopulationDensity,FlightDelaynotenoughforScale-Free

�PowerLawcdfforNodeFitnessneededtoobserveScale-FreeNetwork

�Visualizationschemefordegreedistribution

�Insightisgoalofsimulation

�SimulationcodeisinC(about500lines)

–rngs.candrvgs.clibraries(S.Park)

–approx.300linesofcodesforutilities

�NFFPprogrambenefits
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FutureDirections
�Capturetransitionfrom???toscale-free

�Use1000U.S.cities(coordinates,population)

�Addcapacityrestrictionstocities

�Experimentwithcurrentmodel

–differentdistributions

–differentclassesofaircraft

–adddoublelinkedlistforeventcalendar

�Addqueueingeffects(ARENAneeded)

�Examinefloweffectsonnetworkstructure
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