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ABSTRACT

In the era of Internet of Things, cloud services are difficult to meet the real-time transmission
requirementsofusersforthedatageneratedintheedgeofnetworkespeciallyfortheInternetvideo
services.Utilizingthedevicesattheedgeofnetwork,suchasanintelligentrouter,toachievenearby
contentservicesforuserscaneffectivelyreducebackbonetrafficandenhanceserviceperformance.
ThisarticleproposesadecentralizedPageRank-basedcontentdisseminationmodelattheedgeof
network,inwhichasuitablenodeselectionalgorithmisdesignedtodistributethecontentevenlyin
thenetwork.Eachnodecanquicklyobtaindatafromneighbornodes,therebyreducingthecloudload
aswellasthenetworkbandwidthandimprovingtheserviceresponseperformance.Thesimulation
showsthat,comparedwiththeothertwodisseminationalgorithms,thecontentisdistributedmore
even,whichmeanseverynodehasmoreopportunity toobtain thedata fromneighbors;and the
servicerejectionratecanbedecreasedbyanaverageof5.2%inthecaseofhighconcurrentrequests.
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INTRoDUCTIoN

WiththedevelopmentoftheInternet,mobileInternetandtheInternetofThings(Xu,He,&Li,2014),
terminaldeviceswithcertainprocessinganddata transmissioncapabilitiesareexpandingonthe
network.Theuser-centriccontentdissemination(Delmastro,Arnaboldi,&Conti,2016)hasbecome
thetrendofthenetworkinformationdissemination.Withsucharapidgrowthinuserresources,it
remainsagreatchallengehowtoorganizeandmanageuserresourcestoprovideelasticservices.The
lineargrowthofcentralizedcloudcomputingcapabilitiescannotmatchtheexplosivegrowthofthe
massiveedgedata.Thetransmissionofthemassivedatafromthecloudcentertothenetworkedge
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devicecausesthedrasticallyincreaseoftheloadofnetworkbandwidth,whichmayresultinhigh
networklatency(Chang,Hari,Mukherjee,&Lakshman,2014).

Thetotalresourcesofterminaldevicesattheedgeofnetworkareenormous,suchasthecomputing
andstorageresourcesownedbydevicesincludingbutnot limitedtosmartphones,set-topboxes,
routers,andPCs,especiallyIoTterminalssuchasavarietyofsmartsensors.Buttheseresourcesare
stillidleandarenotproperlyutilized(Ma&Feng,2015).Incontrast,thetotalamountofresources
deployedbyserviceprovidersisstillrelativelysmall,whichisoneofthetypicalcausesfornetwork
bottlenecks.Therefore,inordertoimprovethequalityofcontentservices,contentisusuallyplacedat
theedgeofthenetworkwhichisclosetousers,suchasCDN.Inrecentyears,withtheenhancement
ofedgedevicecapabilities,itishopedthatmoreandmorecontentwillbeplacedonthewideredge
includinguserdevicesandoperatordevices,suchasset-topboxes,APs.Nevertheless,thetraditional
distributionmethodsaremostlybasedoncentralizedmanagement.As thescaleofedgedevices
growinglarger, itwillhaveanegativeimpactonthedisseminationefficiency.Therefore,howto
disseminatecontentattheedgeofthenetworkinadecentralizedmannerisanimportantissue.

The edgenetwork (Shi,Cao,Zhang,Li,&Xu,2016)has twomain features.Firstly, it is
highlyheterogeneous.Thehardware,operatingsystem,network,managementdomainandsecurity
policiesforterminaldevicesarealldifferent.Secondly,thecapabilitiesofvariousterminals,such
asresourcesharingandcoordinatingwithotherterminals,arequitedifferent.Terminalswithstrong
servicecapabilities,highimpactandnear-usercharacteristicscanbeconsideredaspotentialnodes
providingextraservices.

For some applications, such as video service and information distribution in the sensor
network,thecriticalproblemistoidentifythemostpotentialnodestocachecontentbymeans
of approximation of global knowledge in a decentralized manner. In this paper, our main
contribution is to create a mechanism for automatic content dissemination in a distributed
manner.ThecorealgorithminthismechanismisaPageRank-basednodeselectionalgorithm,
whichcandisseminatethecontenttotheproperlyselectednodesinthenetwork.Eachnodecan
quicklyobtaindatafromitsneighborsorsurroundingnodes,whichcanreducethecloudloadas
wellasthenetworkbandwidthandimprovetheserviceresponseperformance.Thisalgorithm
isexecutedineachnode,bywhicheachneighbornodeisassignedascore.Replicasforcontent
arecachedatneighbornodesaccordingtotheirranksuntilallnodesreachthedefaultcontent
coveragerequirementamongneighborsornomorequotasareavailable.Theuserscanquickly
getdatafromitsneighborsorsurroundingnodeswithouthavingtocachethem.Therefore,the
serviceperformance is theultimategoalconcernedabout.Finally, theproposedschemesare
evaluatedinconsiderationofdifferentconfigurationsattheedgenetworkscenarios.

RELATED WoRKS

Althoughthecontentcachinghasbeenextensivelyinvestigatedinthepast,theriseofIoTandedge
computinghasrenewedinterestinthistopic(Anjum,Karamshuk,Shikh-Bahaei,&Sastry,2017).
Hereisabriefoverviewofexistinginformationdiffusionmodelsandcontentdistributionsolutions.

Diffusion Models
Diffusionmodelswereoriginallyusedinsocialnetworkstomodelthespreadofinfluenceinanetwork.
TheSusceptible-Infected-Recovered(SIR)modelisthemostclassicinformationdiffusionmodel.In
thesemodelseachnodeiseitheractiveorinactive.Overiterationsaninactivenodebecomesactiveas
moreofitsneighborsbecomeactive.Thetwomostpopulardiffusionmodelsarethelinearthreshold
modelandtheindependentcascademodel.

Intheindependentcascade(IC)model,eachedgehasanactivationprobabilityandtheinfluence
ispropagatedbyactivatednodesindependentlyactivatingtheirinactiveneighborsbasedontheedge
activationprobabilities.Inthelinearthreshold(LT)model,eachedgehasaweight,eachvertexhas
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