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ComplexNetworkAnalysisfallsunderthesubjectareaofNetworkScience,arapidlyemergingareaof
interestforboththeoryandpractice.WiththephenomenalgrowthoftheInternet,web,socialnetworks,
informationonbiologicalnetworks,etc.,itisimperativethatweneedalgorithmstoanalyzesuchlarge-
scalenetworks,visualizeandextractusefulinformation(likecommunitiesinthenetworks,robustness
toinformationdiffusion,diameterofthenetwork,etc).NetworkSciencedealswiththeanalysisand
visualizationoflargecomplexnetworkgraphsandthedevelopmentofefficientalgorithmstostudythe
characteristicsofnetworksinvolvinghundredsandthousandsofnodes.

NetworkSciencefallswithintherealmof“BigDataComputing”wheretheBigDataisthelarger
graphsthatmodelcomplexreal-worldnetworks(likesocialnetworks,biologicalnetworks,Internet,web,
citationnetworks,etc).Thebookincludeschapterspresentingresearchadvancesinthealgorithmsand
measuresforanalyzinglarge-scalecomplexnetworksandthevisualizationofsuchnetworks.Thebook
presentsapplicationsofthetheoreticalalgorithmsandgraphmodelstoanalyzereal-worldnetworksand
characterizethetopologyandbehaviorofthesenetworks.Thechaptersalsoexploretheuseofnetwork
scienceparadigms(likecentralitymeasures,communitydetectionalgorithmsandetc)insomeofthe
prominenttypesofcomputernetworkssuchaswirelesssensornetworks,bodyareanetworks,etcaswell
asforhealth-carerelatedapplications.

Theoverallobjectiveofthisbookistoprovideathoroughdescriptionofthedifferentaspectsofthe
state-of-the-artresearchincomplexnetworkanalysisanditsapplicationstodiversenetworkdomains.
Oursisthefirstsuchbooktopresentacomprehensivediscussionofthevariousstate-of-the-artgraph
models,algorithms,analysismeasuresand tools thatareavailable fornetworkscienceresearchand
practice.Itwillbeaone-stopreferenceforbothbeginnersandprofessionalsinnetworkscienceandwill
beagoodguidingmaterialforfurtherresearchinacademicsaswellasforimplementingthetheory,
algorithms,modelsandanalyticalmeasuresforpracticalapplications.

Weanticipatethetargetaudienceofthebooktobebothstudentsandfacultypursuingresearchin
academicsaswellasindustrypractitionersandbusinessprofessionals.Thebookwillbestructuredin
suchawaythatitdiscussesboththetheoryaswellaspracticalaspectsofnetworkscienceresearch
forawidevarietyofnetworkdomains,attractingaudiencefromdiversequarters.Also,therearenot
manybooksthatpresenttheresearchadvancesinthisarea;mostofthebooksinnetworkscienceare
liketextbookssuitedprimarilyforgraduate-levelandsenior-levelundergraduatecoursesandpresent
informationfromateachingperspective.Theproposedbookwillpresentinformationfromaresearch
perspectiveandkindleinterestinthemindofthereadertofurtherextendanexistingresearchworkand/
ordevelopinnovativeideas.Nevertheless,allthebasicbackgroundinformationthatareneededbya
readertounderstandtheresearchconceptsandideaswillbecoveredinthebeginningofthechaptersas
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wellasthroughcertainstand-alonetutorial-stylechaptersthatwillpresentboththetheorybehindthe
graphmodels,algorithmsandanalysismeasuresaswellasontheuseofstate-of-the-arttoolsandcyber
infrastructurefornetworkmodeling,analysisandvisualization.Hence,intermsofmarketvalue,we
anticipatetheproposedbooktoserveasavaluablesourceofreferenceforstudentspursuingresearchin
undergraduateandgraduatelevelsandbearecommendedbookforadvancedelective/research-oriented
specialtopicscoursesaswellasbeagoodsourceofreferenceandcitationforfacultyandprofessionals
inuniversityandindustrypursuingresearchinnetworkscience.

Ahigh-leveloverviewofthe17chaptersinthisbookareasfollows.Chapters1-2focusondistributed
graphtheoryalgorithmsforvertexcoverandk-connectivity.Chapters3-6focusonstructuralanalysisof
complexnetworksfromthepointsofviewoflinkprediction,robustnesstonodefailures,motifs,homoph-
ilyandk-coredecomposition.Chapters7-9focusongenerativemodelsforcomplexnetworksandtheir
characteristics.WhileChapters7and8focusonclassicalrandomnetworkandscale-freenetworkgraph
models,Chapter9proposesanovelgenerationmodelforheterogeneouscomplexnetworks.Chapters
10-11focusonsocialnetworkanalysisandalgorithmsforcommunitydetection.Chapters12-13discuss
theuseofevolutiondynamicsanditsapplicationsforcomplexnetworkanalysistounravelthehidden
relationsinthesenetworks.Chapters14-17discusstheapplicationsofthemethodsforcomplexnetwork
analysisforhealthcareapplications,wirelesssensornetworksandacademicprogramdesign.Wenow
brieflydescribethecontributionsofeachofthechapters.

Avertexcoverforagraphisasetofverticessuchthatforeveryedgeinthegraph-atleastoneofits
twoendverticesareinthevertexcover.InChapter1titled,“OnVertexCoverProblemsinDistributed
Systems,”theauthorsCanUmutIleri,CemilAybarsUral,OrhanDagdevirenandVedatKavalcidiscuss
theapplicationsofvertexcoverinvarioustypesofcommunicationnetworkssuchaswirelesssensor
networks.Theauthorsdiscusstheapplicationsofvertexcoverforlinkmonitoring,clustering,backbone
formationanddataaggregationmanagement.Theauthorsalsosurveysomeimportantdistributedalgo-
rithmstodetermineapproximationstovertexcoverforcommunicationnetworks.

Agraphisk-connectedifitremainsconnectedaftertheremovalofk-1nodes.Itisimperativeto
analyze thek-connectivityofcomplexreal-worldnetworksand investigatemeasures to improve the
k-connectivityofthesenetworks.InChapter2titled,“OnK-ConnectivityProblemsinDistributedSys-
tems,”theauthorsVahidKhalilpourAkramandOrhanDagdevirenreviewthecentralizedanddistributed
algorithmsfordetectionandrestorationofk-connectivityingraphsanddistributedsystems.Theauthors
comparethesealgorithmsfromtheperspectiveofcomplexity,accuracyandefficiency.

InChapter3titled,“LinkPredictioninComplexNetworks,”theauthorsManishaPujariandRushed
Kanawatiproposeanewlinkpredictionapproachbasedonsupervisedrankaggregationanddealswiththe
challengesinlinkpredictionforreal-worldnetworksintwoways.Whileoneoftheapproachesextends
thesetofattributesforanytwonodesinamultiplexnetworkthathavealayeredstructure,witheachlayer
havingdifferentkindsoflinksbetweenthesamesetofnodes;thesecondapproachistousecommunity
informationfromsamplingofexistinglinkstodealwiththeproblemofclassimbalance.Theexperiments
havebeenconductedbasedonnetworksextractedfromthewell-knownDBLPbibliographicdatabase.

Structuralcontrollabilitydealswithnetworkrobustnessinthepresenceofnodeandlinkfailures.In
Chapter4titled,“DesignofStructuralControllabilityforComplexNetworkArchitecture,”theauthors
AmitavaMukherjee,AyanChatterjee,DebayanDasandMrinalNaskarproposeanefficientheuristic
todeterminetheminimumnumberofdrivernodesthatareneededforcompletestructuralcontrol.The
authorsalsoproposeanovelapproachtoaddressthevulnerabilityofreal-worldcomplexnetworksand
enhancetherobustnessofthesenetworks,priortoanattackorfailure.SimulationresultsinChapter4
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revealthatdenseandhomogeneousnetworksaremorerobustandeasiertocontrolwithfewerdriver
nodes,while thesparseandheterogeneousnetworksarerelativelylessrobustandwouldneedmore
drivernodesforstructuralcontrol.

Motifsaresmallsubgraphpatternsthatoccursignificantlymoreoftenthanexpectedatrandom.In
Chapter5titled,“TriadicSubstructuresinComplexNetworks,”theauthorMarcoWinklerinvestigates
whethermotifsoccurhomogeneouslyorheterogeneouslydistributedoveragraph,andobservesthat
thedistributionismoreheterogeneous-boundtotheproximityofonlyveryfewnodes.Theauthors
alsostudiesgraphswithrespecttohomogeneityandhomophilyoftheirnode-specifictriadicstructures,
andthesetwofeatureshavebeenobservedtobecharacteristicofthenetworks’origins.Inaddition,the
chapteralsoexplainsthatinformationonagraph’snode-specifictriadicstructurecanbeusedtodetect
groupsofstructurallysimilarvertices.

Graph coarsening is the problem of grouping vertices together and building condensed, smaller
graphsfromthesegroups.InChapter6titled,“CharacterizationandCoarseningofAutonomousSys-
temNetworks:MeasuringandSimplifyingtheInternet,”theauthorsAlbertoGarcia-Robledo,Arturo
Diaz-PerezandGuillermoMorales-Lunastudythecorrelationbetweenvariouswell-knowncomplex
networkmetricsfortheInternetandmethodologicallyidentifyasubsetofnon-redundantandpotentially
independentmetricsthatcanbeusedtocoarsetheInternetattheAutonomousSystem(AS)level.The
authorspresentgraphcoarseningalgorithmstoexploitthek-coredecompositionofgraphstopreserve
relevantcomplexnetworkproperties.

Graphmodelsplayacentralroleinthedescriptionandcharacterizationofreal-worldcomplexnet-
works.Amongthevariousgraphmodels,randomnetworkmodelshaveattractedconsiderableattention.
InChapter7titled,“ConnectivityandStructureinLargeNetworks,”theauthorRupeiXupresentsa
generalframeworktocomparethestrengthofvariousmodelsforgeneratingrandomnetworkgraphs
anddiscussesresultsabouttheequality,inequalityandpropercontainmentofcertainmodelclasses.
Thechapteralsofocusesonrandomgraphmodelsthatariseviageneralizedgeometricconstructionsas
thesegraphscanverywellcapturewirelesscommunicationnetworks.

Thewell-knownSIRmodel(SIR-Susceptible,Infected,Removed)andotherexistingmodelsfor
theanalysisofspreadofcommunaldiseases(inthefieldofepidemiology)aremoretailoredtorandom
networkgraphs.However,itisnotpossibletomodelvaryingprobabilitiesofinfectionorimmunityper
nodeorrandomnetworkgraphs.InChapter8titled,“AStudyofComputerVirusPropagationOnScale
FreeNetworksUsingDifferentialEquations,”theauthorMohammadS.Khanpresentsananalysisofthe
computerviruspropagationusingthepSEIRSmodelthattakesintoaccounttheprobabilitiesofinfec-
tionandismoresuitableforthereal-worldscale-freenetworks.ThepSEIRSmodelassumesthedeath
rateandexcessdeathratetobeconstantforinfectivenodesaswellasassumesthelatentandimmune
periodtobeconstant;ontheotherhand,themodelassumestheinfectionratetobeafunctionofthe
sizeofthetotalpopulationandthesizeoftheinfectedpopulation.

Complexnetworksareobservedtoexhibitthesmall-worldphenomenon,scale-freepower-lawdegree
distribution,highaverageclusteringcoefficientandemergenceofcommunitystructure.InChapter9
titled,“SNAM-AHeterogeneousComplexNetworksGenerationModel,”theauthorsBassantYoussef,
ScottMidkiffandMohamedRizkobservethatmostofthecomplexnetworkgenerativemodelsthat
havebeenproposedintheliteraturedonotincorporatetheabovestatisticalpropertiesaswellasneglect
theheterogeneousnatureofnetworknodes.Theauthorsproposeanovel“settlingnodeadaptivemodel
(SNAM),”thatreflectstheabovestatisticalpropertiesaswellasreflectstheheterogeneousnatureofthe
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networknodes.TheauthorsalsopresentacasestudyusingaFacebookdatasettoillustratethepotential
useofSNAMinmodelingonlinesocialnetworks.

Socialnetworkanalysislooksatthemappingandmeasurementofconnectionsandinteractionsbe-
tweenpeople,groups,organizationandotherconnectedentitiesinasocialenvironment.However,the
real-worldsocialnetworksaretypicallydenseconnectedgraphswithhugevolumeofdata.InChapter
10titled,“SocialNetworkAnalysis,”theauthorsParamitaDeyandSarbaniRoystudynetworkcharac-
teristicscommonlyusedtoexplainsocialstructures.Theauthorsdiscussallimportantaspectofsocial
networking and analyze them through a real-time example. The analysis identifies some important
parameterslikethenumberofclusters,groupformation,nodedegreedistributionandseednodes,etc
thatcanbeusedfurtherforfeatureextraction.

Communitydetectionisaproblemofgreatinterestincomplexnetworkanalysis.Thereisastrong
needforefficienttechniquesforoptimalcommunitydetection.InChapter11titled,“EvolutionaryCom-
putationTechniquesforCommunityDetectioninSocialNetworkAnalysis,”theauthorsAbhishekGarg,
AnupamBiswasandBhaskarBiswasstudytheapplicabilityofevolutionarycomputationtechniques
suchasGeneticAlgorithm(GA)andParticleSwarmOptimization(PSO)aswellastheirnumerous
variantsforcommunitydetection.Theauthorsalsoidentifyvariousissueswithcommunitydetection
anddiscusshowtheevolutionarycomputationtechniquescanhandletheseissues.

InChapter12titled,“DifferentialEvolutionDynamicAnalysisintheFormofComplexNetworks,”
theauthorsIvanZelinkaandLenkaSkanderovapresentanovelmethodforanalysisofthedynamics
ofevolutionaryalgorithmsintheformofcomplexnetworks.Theauthorsdiscusstheanalogybetween
individualsinpopulationsinanarbitraryevolutionaryalgorithmandverticesofacomplexnetworkas
wellasbetweenedgesinacomplexnetworkandcommunicationbetweenindividualsinapopulation.
Theauthorsalsodiscussthedynamicsoftheanalysis.

InChapter13titled,“OnMutualRelationsAmongstEvolutionaryAlgorithmDynamics,itsHidden
ComplexNetworkStructures:AnOverviewandRecentAdvances,”theauthorIvanZelinkaexplores
mutualrelationsamongevolutionarycomputationalgorithmsandtheirdynamics,deterministicchaosand
complexnetworks.Theobjectiveofthischapteristoexploretheapplicabilityofevolutionaryalgorithms
forcomplexnetworkanalysisandunraveltheirhiddenstructuresinanefficientfashion.

InChapter14titled,“WirelessBodyAreaNetworkforHealthcareApplications,”theauthorDanda
RawatprovidesathoroughsurveyofcurrenttechnologiesforWirelessBodyAreaNetworks(WBAN)
inthehealthcaresector.ThechapterdiscussesdetailsofseveralexistingWBAN-relatedprojectsalong
withtheirapplications.ThechapterdiscussestheuseanddesignofmedicalsensorsinWBANaswell
asprovidesacomparisonofWBANandWSN.

Chapter15titled,“ApplicationofBiomedicalImageProcessinginBloodCellCountingusingHough
Transform,”considersbloodstreamasacomplexnetworkofredbloodcells(RBCs),whitebloodcells
(WBCs)andplatelets.TheauthorsManaliMukherjee,KamarujjamanSkandMausumiMaitradiscuss
theuseoftheHoughTransformfeatureextractiontechniquetoprocessmicroscopicimagesofblood
cellsforcounting.TheHoughtransformtechniquefindsimperfectinstancesofobjectswithinacertain
classofshapesbyavotingprocedurecarriedoutinaparameterspacetoidentifyconditionsleadingto
lowbloodcounts.

Chapter16titled,“AHybridComplexNetworkModelforWirelessSensorNetworksandPerformance
Evaluation,”modelstelecommunicationnetworksasacomplexnetworkandquantifiesthetermscluster-
ingcoefficientandaveragediameteroftheentirenetworkfordistributedcommunication.Theauthors
PeppinoFazio,MauroTropea,SalvatoreMaranoandVincenzoCuriaproposetheuseof“HybridData
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Mules”toenhancetheconnectivityandscalabilityofthenetwork.Themulesareequippedwithspecial
wirelessdevicesusingtwodifferenttransmissionstandards.

InChapter17titled,“ANetworkAnalysisMethodforTailoringAcademicPrograms,”theauthors
LuisCasillas,ThanasisDaradoumisandSantiCaballeproposeacomplexnetwork-basedapproachfor
tailoringacademicprograms toprovideapracticalandautomatedmethod todiscoverandorganize
knowledgemilestones.Thechapterexplorestheuseofinformationandcommunicationtechnologiesthat
wouldcreateadaptive,flexible,ubiquitous,asynchronous,collaborative,hyper-mediatedandpersonal-
izedstrategiesforrepresentationandvisualizationofinformationfromacomplexnetworkpointofview.

With the phenomenal growth of various state-of-the-art networking domains (social networks,
wirelessnetworks,web)andtheenrichedinformationavailableonclassicalnetworks(likebiological
networks),itbecomesimperativethatweneedacomprehensivebooktoaddresstheanalysisofallof
thesenetworksfromboththeoreticalandpracticalstandpoint.TheexistingbooksinNetworkScience
areprimarilywrittenbysomeoftheprominentacademicresearchersinthisareaandhencethesebooks
focusmainlyontheirproposedalgorithmsandanalysisfornetworkscienceaswellasappliedonlytoa
particulardomainofnetworkslikebiologicalnetworksorsocialnetworks.Ourbookfillsthisvoidasit
bringstogetherchaptersfromadiversesetofresearchersworkingonvariousdomainsofnetworks,and
hencewillbeagoodsourceofinformationforanalysisofavarietyofnetworks.Readerswillbecome
knowledgeableinthealgorithms,methodologiesandtoolsthataresuitableforanalyzingdiversecatego-
riesofnetworksandwillbeabletoappropriatelyapplythemdependingonthecontextofthenetwork
understudy.Weanticipateourbookwillbeahighlycitedoneinfutureconferenceproceedingsand
journalarticlesintheareaofNetworkScienceandwillbeavaluablesourceofinformationforstudents,
researchers,industrypractitionersandbusinessprofessionals.

Natarajan Meghanathan 
Jackson State University, USA
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