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ABSTRACT

ContentdeliveryisakeytechnologyontheInternettoachievelargescale,low-latency,reliable,and
intelligentdatadelivery.Replicaplacement(RP)isakeymachineryincontentdeliverysystemsto
achieveefficientandeffectivecontentdelivery.Thisworkproposesanoveldecentralizedalgorithm
forthereplicaplacementinpeer-assistedcontentdeliverynetworkswithsimultaneousconsiderations
for peer incentives. By applying techniques from the algorithmic mechanism design theory, the
authorsshowtheincentivecompatibilityoftheproposedalgorithm.Experimentswereconductedto
validatethepropertiesoftheproposedmethodandcomparisonsweremadewiththestate-of-the-art
RPalgorithms.

KeywoRDS
Algorithmic Mechanism Design, Content Delivery, Peer Assistance, Replica Placement, Strategy-Proof 
Mechanism

1. INTRoDUCTIoN

Content delivery is one of the key technologies in the Internet computing paradigm to achieve
largescale, low-latency, reliable,and intelligentdatadelivery,enablinghigher-levelvalue-added
applications,suchasthevideo-on-demandstreaming.Contentdeliverynetworks(CDNs)andpeer-
to-peer(P2P)networksaretwoalternativetechnologiesfordeliveringthecontentsbytheInternet.
Boththeseapproacheshavesomeadvantagesandsomedisadvantages.Withhugesetsofservers
deployedaroundtheworld,theCDNcompanies,suchasAkamai,areservinggeo-distributeddata
consumerswithahigherthroughputandbetterqualityofservice(QoS).However,themaintenance
andmanagementofalargenumberofserverclustersscatteredaroundtheglobeischallengingand
expensive.Ontheotherhand, theP2Pnetworkscanachieveahighscalabilitybyleveragingthe
resourcesof theparticipatingpeerswhilekeepingtheserverrequirements low.Forexample, the
PPLiveusedlessthan10Mbpsofserverbandwidthtosimultaneouslyservea400kbpsvideostreamto
roughly1.5millionendusers(Huang&Ross,2007).Nevertheless,thedecentralizedanduncoordinated
operationintheP2Psystemsimpliesthatthisscalingcomeswithundesirablesideeffects,suchasthe
highstartupdelay(Yinetal.,2010)andpotentialasynchronicityinthepeerarrivaltimes(Karamshuk
etal.,2015).Giventhecomplementaryadvantagesofboththeapproaches,researchersproposed
somehybridCDN-P2Psystems(Jiangetal.,2008;Xuetal.,2006),aimingtoincorporatethebest
ofbothapproachesandoffseteachother’sdisadvantages.Basedonthecouplingmodel,thehybrid
systemcanbeclassifiedintotwocategories(Luetal.,2012):thepeer-assistedCDN(PCDN)and
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theCDN-assistedP2P.Mostoftheexistingapproaches(Yinetal.,2010;Jianetal.,2008;Xuetal.,
2006;Zhaoetal.,2013;Jianetal.,2008;Huangetal.,2008)fallintothefirstcategory,inwhichthe
P2PnetworkisdesignedasacomplementcomponentfortheregularCDN-basedcontentdelivery.
Large-scalemeasurementsrevealedthatsubstantialsavingscouldbeobtainedfromsuchapproaches,
e.g.,areported70%ofservertrafficoffloadinAkamai’sNetSession(Zhaoetal.,2013),andover
87%savingsforavideo-on-demandworkloadfromConviva(Balachandranetal.,2013),suggesting
thatpeerassistancecangreatlydecreasethecostofcontentdelivery.Nevertheless,thegainsfrom
peerassistancecanbelimitedduetoanumberofobstaclefactors.Karamshuketal.(2015)identified
threeobstaclefactors,includingISP-friendliness–requiringpeerstobewithinthesameInternet
serviceprovider(ISP),bitratestratification–theneedtomatchpeerswithothersneedingsimilar
bitrate,andpartialparticipation–somepeerschoosingnottoredistributethecontent.

Althoughalargenumberofreplicaplacement(RP)algorithmshavebeenproposedfortraditional
CDNs(Zaman&Grosu2011;Nevesetal.,2009;Benoitetal.,2008;Vicarietal.,2007;Wauterset
al.,2006;Bakiras&Loukopoulos2005;Tang&Xu2005;Karlsson&Karamanolis2004;Khan&
Ahmad2004;Loukopoulos&Ahmad2004;Bartolinietal.,2003;Karlssonetal.,2002;Karlsson
&Mahalingam2002;Chenetal.,2002;Kangasharjuetal.,2002;Dilleyetal.,2002;Jaminetal.,
2001;Qiuetal.,2001;Kalpakisetal.,2001;Wolfsonetal.,1997),theymaynotworkefficientlyin
thePCDNenvironmentwheretheP2Ptechnologyisincorporatedtoachievethecost-efficiencyina
two-levelhybridarchitecture.InPCDNs,theincreaseinuserrequestsalsomeansahigherprobability
thattherequestscanbeservedbynearbypeers(Jiangetal.,2009),reducingthetrafficoverloadin
thenearbyCDNservers.TheRPalgorithmsforthePCDNneedtotakethepeercontributionsinto
consideration.

Inthispaper,wehaveinvestigatedthereplicaplacementprobleminPCDNswiththesimultaneous
considerationsofthepeerincentives.FollowingthedesignofthePCDNarchitecturein(Jiangetal.,
2008),wehaveconsideredtheuseofBitTorrent-likeprotocolsfortheP2Plevelcontentdistribution
inthePCDNandfocusonimprovingthepeercontributionsinthePCDNbydesigningamechanism
thatincentivizesthecontributionofself-interestedseeders.

Themaincontributionsofthepaperaresummarizedasfollows.Wepresentasystemmodelfor
theRPinPCDNs,introduceaneconomicmodelthatconsolidatesthedeliverycostofthePCDN
andtheincentivesforthepeerparticipation,andformulatetheRPproblemwithseedingincentives
inPCDNsystems.WeproposetheDPRP-IC,adecentralizedalgorithmforthereplicaplacementin
PCDN,toderiveRPschemesthatimprovetheuploadcontributionofself-interestedseederswhile
controllingthepaymentsforseedingincentives,andreducethecostofthecontentdeliveryinthe
system.Byapplyingtechniquesfromalgorithmicmechanismdesign(asub-fieldofgametheory),
weprovetheincentivecompatibilityandthecomputationalefficiencyoftheproposedalgorithm.
Experimentswereconductedtovalidatethepropertiesoftheproposedmethodandwecomparedthe
resultswithsomestate-of-the-artRPalgorithms.OurresultssuggestedthattheRPalgorithmsthat
considerpeercontributionshaveabetterperformanceinthePCDN.Also,ourapproachincentivizes
thecontributionsoftheself-interestedpeersandimprovestheperformanceofthereplicaplacement.

Theremainderofthispaperisorganizedasfollows.SomerelatedworksaredescribedinSection
2.InSection3,wepresentthesystemmodelfortheRPinPCDN,introduceaneconomicmodelfor
measuringthequalityofRPschemes,andformulatetheRPproblemthatunderliesthenecessary
system-relatedassumptions.InSection4wepresentourincentivecompatiblemechanismsandthe
analysisofitsproperties.ComparativeevaluationsarepresentedinSection5.Finally,weconclude
thepaperinSection6.

2. ReLATeD woRKS

SomeoftheearliestworksontheCDN-P2Pdeliverymodelaredescribedin(Xuetal.,2006)and
(Luetal.,2012).BesidestheeffortsondesigningspecifichybridCDN-P2Psystems,alineofwork
(Huangetal.,2007;Karamshuketal.,2015;Xuetal.,2006;Zhaoetal.,2013;Jiangetal.,2008;
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