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ABSTRACT

Recentyearshave seena tremendougrowth of interestsn streamingcontinuousmediasuchasvideo over the Internet.
This would createanenormousncreasédn the demandon varioussener andnetworking resourcesTo minimize service
delaysandto reducdoadsplacedontheseresourcesywe proposeanOverlayCacing ShhemegOCS)for overlaynetworks.
OCSutilizesvirtual cachestructurego coordinatedistributed overlay cachingnodesalongthe delivery pathbetweerthe
senerandtheclients. OCSestablisheandadaptshesestructureslynamicallyaccordingo clients' locationsandrequest
patterns.Comparedwith existing video cachingtechniquesQCS offers betterperformance#n termsof averageservice
delays,senerload,andnetwork loadin mostcasesn our study

Keywords: Videostreamingyideocaching,overlaynetworks,overlaycaching,cachecollaboration.

1.INTRODUCTION

Video streamingis vital for mary importantapplicationssuchas distancelearning,digital libraries, movie-on-demand,
andelectroniccommerce.The Internetis an attractve mediumfor video streamingapplications.However, they demand
enormoumetwork bandwidthandsener resourcesTo reducethesedemandsnative IP Multicasthasbeenemployedin
recentresearctonvideodeliveryto streamasinglevideoto multiple concurrentlients. NeverthelesslP Multicasthasnot
beenwidely deplojedon thelnternetdueto numerougechnicalproblems. Recentlyapplication-l&el multicastrunning
onanoverlaynetwork hasbeenproposedasanalternatve to native IP Multicast. Someearlywork on overlaynetwork are
Overcast, Scattercast, ESM, andYoid. Theseechniquegrovide multicastwithoutthesupportof multicast-enabled
routersandareprimarily concernedvith the constructiorandmanagementf the overlaystructure.

Cachingtechniquedor videodata  is anothempproacho reduceservicedelayswide-areanetwork load,andsener
loadfor videostreamingapplications.Themajority of thesetechniquegmplo/soneor moreproxy seners , usuallyplaced
in thelocal network, for cachingvideos.Requestgor the cachedvideoscomingfrom the sameor nearbyusersaresened
from the proxy cache.A proxy candecideto cachethe whole or just a portion of the requestedideo. Whenthe latteris
usedtheuncachegortionof thevideois transmittedrom thesener.

Recentwork investigatethe collaborationof several video proxieswithin the sameocal network. Paknikaretal.
andAcharyaandSmith employ a centralizedcoordinatorto determinewhich proxy will sene a particularrequest.All
the participatingproxiescontactonly the coordinatoy not oneanother Only the coordinatorhasfull knowledgeof what
is cachedin all the participatingproxies. Hence,it is responsibldor executinga cachereplacemenalgorithmfor the
entirecachesystem.Thetwo techniquegliffer mainly in their cachereplacemenpolicies. Onthe otherhand,Park et al.
organizea setof proxiesinto a hierarchyof two level cachesWhentherequestedideoportionis notfoundin a proxy;, its
sibling proxiesandits parentarequeried.

In a centralizedcollaboratve video cachingapproachthe coordinatorhascontrol over the entire system. Although
other participatingproxiesprovide their storagespace they do not make decisionsregardingthe useof the aggreyated
storagespaceandthe servingof client requests.Adopting this approactfor video cachingin a wide-areanetwork does
not scalewell becauseof several reasons. First, high latenciesoccur due to several interactionswith the centralized
coordinator Secondthe coordinatorcanquickly becomea bottleneckanda single point of failure. Third, althoughthe
numberof coordinatorcanbeincreasedo avoid a singlepoint of failure, the effectivenesof a centralizedcachesystem
dependssigni cantly on the relative locationsof the coordinator(s)the machinesproviding the storagespace,andthe
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clients sendingthe requests.If ary of thesethree elementss far away from the othertwo, using a centralizedcache
systembecomedessef cient becauseitherthelateng or the network load or both of themwill increase A hierarchical
collaboratve video cachingapproactprovidesmoreautonomyto eachparticipatingproxy. Thatis, eachproxy manages
its own storagespace senesa numberof clientson its local network, and asksother proxiesin the hierarchyfor help
whenit doesnot have the requestedr/ideo. Although a cachingsystemfor a wide-areanetwork could be built on a
hierarchicalmodel,the performancenf sucha systemdependsritically on the pre-determinedtructureandthelocation
of thehierarchy

Becausef the large averagesize of videos,coordinatingvideo cachingproxiesis usefulsincegettinga video from
anothercachingproxy in anefcient collaboratve cachesystemcostslessthangettingthe samevideo from the original
sener. Therefore,t is bene cial to have a e xible andef cient collaborationprotocolfor video cachingproxiesin wide
areanetworks. Neverthelessthe protocolshouldnot incur muchoverheadn somerarecasesvhencachecollaborationis
notnecessarylhesecasearewhentheuserpopulationhasvery little commoninterestsn the samecontentor whenmost
InternetServiceProviderscanpro tably maintaina hugelocal cachespace.

In this paper we introduceOverlay Cacing Scheme(OCS) a light-weight,dynamic,andef cient collaborationtech-
niquefor wide-areavideo caching. OCSrunson ary overlay network, taking advantagef its multicastcapability We
discusshow OCS dynamicallyestablishes virtual cadhe structue (VCS)from Cacing Nodes(CNs) alongthe video
delivery pathbetweera clientandthevideosener. A Cacing Node(CN)is anoverlaynodethathasa storagespaceand
capableof servingvideo streams OCSeffectively utilizes VCSsto deliver cacheddatato nearbyclients,minimizing the
servicedelays,senerload,andnetwork load altogether Our novel andsimplecollaborationprotocoloffersbetterperfor
mancesvhencomparedwith traditionalvideo cachingschemesFurthermorea simpleanalyticalmodelis developedto
determinghebestCN in a VCSto storethe cachedcopy of avideosuchthattheaveragdateng of requestsenedby the
VCSis minimized.

The restof this paperis organizedasfollows. In Section2, we presentour OCSin detail. We derive the analytical
modelfor evaluatingthe averageservicelateng in Section3. We discussthe performancestudy andsimulationresults
comparingOCSwith othernon-collaboratre and collaboratve video cachingtechniquesn Section4. In Section5, we
discusgelatedwork. Finally, we give our concludingremarksin Section6.

2. OVERLAY CACHING SCHEME
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Figure 1. Virtual cachestructures Figure 2. Creationof avirtual cachingstructure

The conceptof OCSis to createa virtual cachestructure(VCS) to storeonecopy of therequestedideoin anoverlay
nodeon the video delivery path(termedservicepath hereafter) . VCS keepsinformationaboutthe servicepathandthe
cachedcopy of the video. The constructed/CS senesfuture requestdor the samevideo. For example,in Fig. 1, the

More copiesperservicepathcanbe consideredvhennecessary



requesfor videol fromclient  triggersthe creationof the VCS for the video on the servicepathfrom the video sener

throughoverlaynodes , , ,and . A copy of video 1 is cachedn . Subsequentequestdor video
1comingfromclients , , ,and aresenedfrom . In this case the VCS consistsof the copy of videolin
andtheservicepathestablishedby thefollowing nodes , , ,and

OCSis sensitve to network load. If servingarequesfor avideofrom the senerincurslessnetwork loadthanserving
from the cachedcopy of the videoin anexisting VCS, the requests redirectedo the sener. As aresult,anew VCS is
createdor this video. For example,in Fig. 1, a VCS wascreatecearlierwhenclient  requestedideo?2. ThisVCS has
acachedcopy of video2in anda servicepathconsistingof , ,and . Whenclient  sendsarequest
for video 2, therequespassedoth and ontheway to the sener becausghesetwo cachingnodesdo not have
ary informationaboutvideo2. Eventually thisrequesteaches  , amemberof anexisting VCS for video 2. However,

realizesthat usingthe cachedcopy in of the existing VCS would resultin a highernetwork loadthangetting
video 2 from the sener. redirectsthis requesto the sener. Therefore,anothe’/CS is formedcomprisinganother
copy of video2 in andthe servicepathestablishedy , , and . In generala CN could participatein
differentVCSsfor differentvideos.For example, in Fig. 1isamembemnf VCSsfor video1 andvideo2. A CN could
alsobe a memberof differentVCSsfor the samevideowhenarequestredirectionoccurs.For example, in Fig. 1is
amemberof two VCSsfor video 2.

As anapplicationon anoverlaynetwork, OCSdoesnot dealwith the creationandthe maintenancef the overlaynet-
work. We assumehatanoverlay nodealwayshasupdatednformationaboutthe overlaytopology the network addresses,
andthe status(up or down) of otheroverlay nodes. The video sener offers a numberof videos. Video is denotedby

andhas  equal-sizelocks. The sener bandwidthis divided into a numberof logical channeldor servingvideo
requestsA CN hasa cachemapstoringcachemeta-datanformation. Eachentryin the cachemaprepresentsa VCS of
whichthe CN is amember The entry providesthefollowing information: this VCS ID, thevideo storedin this VCS, the
IP addresf the sener, the storagespacein this CN occupiedby thevideo, the IP addressesf two adjacentCNsin this
VCS, thedistancesn termsof thenumberof hops from this CN to the senerandto the cachingnodehaving the cached
copy of thevideo. A CN alsokeepsnformationaboutits availablecachespace All requestandvideotrafc from aclient
go throughthe CN connectedo the client's local network. We will now discusshow a virtual cachestructureis formed
andutilizedto senefuturerequestsn detail.

2.1.Creatingavirtual cachestructure

The creationprocesgonsistof four phases.

Initialization phase: A clientissuesa requestfor (Labell in Fig. 2) to the sener. We call the CN connected
directly to arequestingclienttheleader. A copy of therequestedideowill be storedin this node.For example,in
Fig. 2, istheleademwhenclient  rst requests . Each alongthepathchecksfor the cacheinformation
of this video. Supposehat noneof them hassuchinformation; the requesteventually reacheshe sener. The
senerimmediatelysendsa Build messagdackto the clientif a channels availableto deliver therequestedideo.
Otherwise the requestis queuedup andis processedater whensomechannelsdecomeavailable. The format of
importantmessages OCSis shavn in Fig. 3.

VCS con guration phase: Whena CN alongthe servicepathrecevesthe Build messagéor , the CN runsthe
ENTRYCREATION algorithmin Fig. 4. All CNs,excepttheleader executeonly lines20-220f thealgorithm.In line
20,aCN lIs in anentryin its cachemapwith the VCS ID, the cachespaceactuallyoccupiedby the videoin this
CN, andtheaddres®f thepreviousCN in theservicepath. Notethatthe cachespaceoccupiedby thevideois setto
zeroif theCN is nottheleader Theaddres®f thenext CN in theservicepathwill berecordedater Some elds of
the Build messagasuchasthe numberof CNsandthe addresof thelastCN joining the VCS, etc. arealsoupdated
(line 21). Finally, the CN forwardsthe Build messagéowardtheclient (line 22).

The leaderperformssomemoretasks(lines 2-19) to preparethe storagefor cachingbeforeexecutinglines 20-22.
Whenthe Build messagarrives,theleaderchecksits free cachespace If thefree spaceds notenoughto cachethe
video (line 3), a popularity-base@achereplacemenis executed(lines4-10) until eitherthefree cachespaceis big

Throughouthis papemwe considerdistancan termsof the numberof hopsin anoverlay network. This numbermayor maynotbe
equivalentto thenumberof physicalhopsof the underlayingnetwork.



[*free_cachespace:availablespacg(in blocks)atthe currentCN
IP_leader:IP addres®f theleader
IP_currentCN:IP addres®f thecurrentCN */

ENTRYCREATION(Build messagéor )

Message type from client Message type from server 1. if (IP_leader==IP_currentCN)
2. victim_list = empty;tempspace= free.cachespace;
3. if (free_.cachespace
e A pace )
Video ID Video ID ’ . .
Client 1P Video size 5. = theleastpopularvideoin the
Leader IP vCS ID* cachethathasnotbeenconsidered,;
Curent No. of CNs n VCS 6 if (popularityof popularityof )
Leader IP 7 Insert into victim_list;
Multicast address for VCS* 8 tem p_space‘_: .
IP of Sender CN 9
] 10. while (temp.space && popularityof
* Determined by the server popularityof )
11.
12. if (tempspace )
Message types from CNs 13. Pumgeall videosin victim_list from cache;
14. DeleteVCSsof all videosin victim_list;
15. Freecachespace= tempspace
COMPLETE | DELETE | AT L 16. Preparendsendouta Completemessage;
Video ID Video ID Video ID
Video size VCS ID VCS ID 17.
Vs D | ClientiP | 18. elsePrepareandsendout a Deletemessage;
No. of CNs in VCS N
IP of Sender CN 19.
of Sender . N .
20. Updatetheentryfor thisvideoin thecachemap;
21. UpdatetheBuild message;
22. ForwardtheupdatedBuild messageowardtheclient;
Figure 3. Importantmessagéypes Figure4. Cacheentrycreationalgorithm

enoughto storethe requestedrideo or all the remainingvideosin the cacheare more popularthanthe requested
video. NeverthelessothercachereplacemenpoliciessuchasLeastRecentlyUsedcanbe employedwith OCS.

To preventunnecessargeletion,thevictim videosareinsertedinto atemporanyist (line 7). Thevictim videosare
actuallypurgedfrom the cache(line 13) only whenthe new free spacewhich is calculatedby addingthe sizesof
thesevictim videosandthe original free space,is enoughto accommodat¢he requestediideo (line 12). In this
casethe leadersendsDelete messageto its adjacentCNs of the VCSsof the victim videos(line 14) to remove
the cacheentriesof thesevictims from the cachemaps.The Deletemessagés successiely relayedto all the other
memberof aVCS sothatthecorrespondingacheentriesareremoved. Finally, theleaderinformstheclientto join
the multicastgroupsetupby the sener andto prepareto receve the data. For example,in Fig. 2, tells to
join the multicastgroupfor

Completion phase: The purposeof this phases to completethe VCS creationprocess.If theleadersuccessfully
resenedastoragespaceor  (line 12in Fig. 4), the VCS establishednh the CNsalongthe servicepathcanbe used
to sene futurerequest®of the samevideo. In this case theleaderpreparesa Completemessagé€lLabel 3 in Fig. 2),
whoseformatis shavn in Fig. 3. Theleaderforwardsthe messagéo thepreviousCN in theVCS (line 16in Fig. 4).
EachCN in theVCS processethearriving Completemessagasfollows. TheCN llIs in thefollowing information
in its cacheentry for the VCS: the addresf the next CN in the VCS (from which it hasreceved the Complete
messagedndthedistancan termsof the numberof hopsfrom itself to theleader The CN joins themulticastgroup
andforwardsthe Completemessagéo the previousCN in the VCS all theway up to the sener.

If theleaderfailsto resere astoragespaceo cachethevideo,theleadersendsa Deletemessagéo the previousCN
in theVCS (line 18in Fig. 4). Uponreceving a Deletemessagéor avideo,aCN rst forwardsthe messagéo the



previousCN in the VCS andremovesthe correspondingacheentryfrom its cachemap.

Delivery phase: Whenreceving the Completemessagethe sener multicastgherequestedideoto theclient. The
leaderinsertsvideo datainto its cache.For the casethatthe sener recevesthe Deletemessage&ueto insufcient
cachespaceatthe leader the sener still deliversthevideoto the client. However, the videodatais not cachedand
no cacheentryfor thisvideois establishedn any CN alongthe servicepath.

For example,in Fig. 2, the VCS consistsof , , , andthecopy of in . Although storesthe
videocopy, and areawareof thiscachectopy in becaus®f theuseof theVCS. Thereforefuturerequests
for the samevideofrom clientsof and canbesenedfrom

2.2.Usingavirtual cachestructure

/*dist_to_sener: distancefrom the currentCN to thesener
dist to_leader:distancefrom the currentCN to the leader*/
REDIRECTION(Requesimessagéor )

1. distto_sener= Getthisinformationfrom

@) wir ~ ~ the cachemapof
. . . 2. distto_leader= Getthisinformationfrom
cache map cache map cache map Video thecachemapof ;
@ EXxisting service path for video i Sel’Vel’ 3 If (diSL‘EO_Ser\er diSLtO_leader)
4. Redirectherequesto thesener;
CN, o= __CN L CN 5. else
(3) video suream 1@ recuest for video 6. PrepareHit messagandsendto
thenext CN towardtheleader;
Figure5. Servingfrom theleaderduringa cachehit Figure 6. Cacheredirectionalgorithm

Whena client sendsa requesto the sener, eachCN, throughwhich the requesipassesbehaesasfollows. Whena
requesfor arrivesataCN, theCN searchegts cachemapfor anexistingcacheentryfor . If nosuchanentryis found,
the CN forwardstherequesimessagéowardthe sener. Otherwisethe CN is amemberof a VCS caching . Normally,
the leaderin the VCS is expectedto sene this request. However, to minimize network load incurredfrom servingthis
requestthe CN runsthe REDIRECTION algorithmin Fig. 6 to decidewho shouldsene this request(the sener or the
leader). If the delivery of the requestedrideo from the sener generatesessnetwork load (line 3), the CN redirectsthe
requesto thesener (line 4). Otherwisethe CN noti es theleaderaboutthis reques{line 6) asfollows. If thecurrentCN
is nottheleader(thecachesizeoccupiedby therequestedideoin this CN is zero),a Hit messagés sentto thenext CNin
theVCStowardtheleader The Hit messagés relayedby thememberof theVCS all theway to theleader Whenthe Hit
messagarrives,theleaderdeliversits cachedcopy of therequestedideoto theclient. Fig. 5 shovs anexampleof leader

usingthecachecdcopy of  to seneclient

In summary the advantagesf forming VCSsto cacheand sene video requestsas discussedbore are asfollows.
First,aVCS hasalinearstructure.Thus,eachCN only communicatesvith its two adjacentCNsin thesameVCSto sene
arequest.lt is very simpleandfastto locatethe cachedcopy. Neitherbroadcastingf the cachecontentin eachcaching
nodenoracomple objectlocationschemes neededlt is alsoeasyto maintaina VCS shouldtherebe any changesn the
overlaynetwork. For example,whena cachingnodeleavesthe network, we only needto connectthetwo adjacennodes
togetherandupdateVCS informationon thesetwo nodes.The VCSsaredynamicallycreatedanddestryed,adaptingto
changesn requespatternsaandusers'locations.Secondpur collaborationschemas light weightandeasyto bedeployed
becausall the VCS setupand collaborationstepscanbe embedednto existing communicationdetweerthe client and
thesener. Third, usingthe requestedirectionfeature,streaminga video from a cachingnodeon the servicepathincurs
no morenetwork load thanstreaminghe samevideo from the sener. Fourth, sinceonly onephysicalcopy of avideois
cachedn theleaderof aVCS, the othermembersanusetheir storagespaceo cacheothervideos.Thereforethe overall
cachespaceausagds moreeffective thanin the casewhereeachcachingnodeactsalonewithout cooperationThe service
delayandthe senerloadarealsoreduced Finally, sincethe VCS formationprocesss carriedout at the CNswithout any
participationof theclient (exceptsendingtherequestindreceving thevideodata),no modi cation of theclient playback
softwareis needed.



3. ANALYTICAL MODEL

Cachingtherequestedideoin theleademodeof a VCS maynot give the bestaverageservicelateng for all therequests
sened by the VCS becausehe cachedcopy may be closerto one setof clientsthananother We call this lateny VCS
servicelatencyhereafterHence we modelthis lateng asafunctionof thelocationof thecacheccopy in the servicepath
to determinghebestcachingnodeto storethecopy. Themodelcanbeextendedo determinghenumberof cachedopies
andtheirlocationin the servicepathfor a betterVCS servicelateng andnetwork loadwhenfew videosarevery popular
Readersirereferredto  for moredetailson theextendedmodel.

—d,

cache map cache map cacl cacl
@ ——-- Server
CN, CN, CN,; .

Figure7. A servicepath

Without lossof generality we considera servicepathcreatedbecausdahe rst requestfor  from client  reaches
the senerin Fig. 7 (i.e., no cachehits for  alongthe path). The servicepathconsistsof  cachingnodes( .
) anda cachedcopy in . The propagatiordelay(in secondspetweerntwo adjacentcachingnodesis a constant
. Eachcachingnode is connectedwith its correspondinglient node wherethe propagation
delaybetweerthe client andits cachingnodeis assumeaero.  Althoughseveralservicepathsmay exist in anoverlay
network, eachservicepathalwayshasalineartopologyregardles®f the underlyingnetwork topology

We assuméhattherequestdor  from all theclientsusingthe servicepathfollow a Poissorprocesswith theaverage
arrivalrateof  requests/seconéurthermoretheseclientsareequallylikely to issuetherequestfor . Thus,therequest
ratefrom a particularclient for thevideois —. Let denotethe upperboundof the averagelateng (in secondspf the
requestsenedby thevideosener. Thisvaluecanbeestimatedy monitoringtheincomingrequestjueuefor anextended
amountof time. Let  denotethedistancebetween (thenodecachingthevideo) andthevideosener. Let and

denotethe distancedbetween and onthepath,andbetween andthevideo sener, respectiely. All
distancesremeasuredh hops.Request$or  from all theclientsalongthis servicepathcanbedividedinto four groups.

Groupl consistof requestgrom clients  to theleft of in Fig. 7. Theserequestaresenedby using

its cacheccopy. Theservicelatengy, , for this groupof requestss

Group 2 consistsof requestdrom clients  connectedirectly to . The servicelateng for this group of

requestss essentiallyzero( = 0) sincethevideois cachedocally, andthe propagatiordelaybetween and
is zero.

Group3 consistsof requestdrom clients to theright of where in Fig. 7. Theserequestsare

senedby usingthecachedcopy. Theservicelateng, , for this groupof requestss



Group4 consistsof requestdrom clients to the right of where in Fig. 7. Theserequestsare
redirectecto the video sener andare eventuallysened by the video sener. The servicelateng for this group of
requestss

Thetotal servicelateng for requestsor  from clientson the pathis

TheVCS servicelateng is

Arithmetic manipulationgivesusthefollowing VCS servicelateng.

— - - @

To obtainthe location of (i.e., ), we minimize the value of the quadraticfunctionin Equation(1). As a result,

mustbeat = away from the senerto offer thebestVCS servicelateng. To incorporatethis result
in OCS,we simply modify the ENTRYCREATION algorithmin Fig. 4 to storethereplicaof therequestedideoin the CN
thatis —— hopsaway from thesener. Althoughthemodeldoesnotgivetheoptimalservicelateng for theentiresystem
thatmay consistof several VCSsandvideoseners,themodelis e xible to handlethe dynamicbehaviors of theusersand
thecontentprovidersin theInternet.

4. PERFORMANCE STUDY

In this sectionwe compareéDCSwith bothnon-collaboratieandcollaboratve videocachingtechniquesisingfour perfor
mancemetrics. They arethe averageatengy, the averagesener load, the averagenetwork load, andthe averageprotocol
overhead.The averagelateng is the ratio of the total waiting time of all the requestgo the total numberof requests.
The averagesener loadis obtainedfrom dividing the total amountof video datathatthe sener hasto deliver by thetotal
numberof requestsThe averagenetwork load is the averageamountof video datatransmittedon the overlay network to
satisfya singlerequest.In otherwords, the ratio of the total amountof video data(in MBytes) transmittedon all links
of the overlay network to the total numberof requestss the averagenetwork load. The averageprotocoloverheads the
averageamountof control messageglacedon the overlay network to sene a single request(i.e. the ratio of the total
amountof controlmessagem KByteson all links of the overlaynetwork to thetotal numberof requests).

The two non-collaboratie video cachingschemesare W-Proxy (whole video caching)and P-Proxy (partial video
caching).In W-Proxy, eachproxy decidedo cachetheentirerequestediideoor notatall. In P-Proxy eachproxy decides
to cacheonly the rst forty percentof therequestediideoor notatall. Therestof thevideois deliveredfrom the sener.
P-Proxyis avariantof pre x cachingwith thepre x sizeof forty percentWe have choserthis sizebasedn our simulation
resultswith otherpre x sizesrangingfrom tenpercentto sixty percent.The forty percentpre x sizedemonstratebetter
performancevith regardto the metricswe areusing.No collaborationis employedin W-Proxy andP-Proxy

The chosenrcollaboratve video cachingschemds SP-Freene(StreamingPeerFreenet) our variantof the Freenet
le sharingservice. Freenetis usedasthe basisof SP-Freenebecausef Freenet dynamiccollaborationand object
replicationprotocol. SP-Freenetmaintainsthe two following key characteristicef Freenet.First, a requestor anobject
is forwardedto the nodethat hasthe highestprobability of having the object. Secondwhenthe objectis found, it is
replicatedon the peernodesalongthe pathfrom the nodehaving the objectto the requestingnode. In SP-Freenetwhen

Waiting time for a requestis the amountof time from the momentthe requestis sentuntil the momentthe rst byte of datais
receved.



a cachingnoderecevesa requesfor avideothatis not availablein thelocal cachespacethe cachingnodeforwardsthe
requestowardthe sener (whereall the videosareavailable). Othercachingnodeson the pathto the sener cooperatédy
examiningthis requesto seeif they canseneit. If not,thesenerwill eventuallysenetherequestA video,while being
streamedo aclient,is alsoreplicatecon all thecachingnodesalongthe pathbetweerthesendemandtheclient. SP-Freenet
alsohasthe bene t of usingthe servicepathfrom a client to the sener asour OCSdoes.Becausdhe original Freenetis
a le sharingsystemwherethe whole objectmustbe downloadedbeforearny usage we use SP-Freenetwhosecaching
nodescando video streamingto geta morerealisticlatengy measureThe samecachesizeandcachereplacemenpolicy
areusedin OCS,W-Proxy, P-Proxy and SP-Freeneto emphasizen the bene t of collaboration.Finally, we alsoshov
theperformanceesultswhenno caching(No-Cache)s used.

4.1. Simulation model

To evaluatethe performance®f the cachingschemeswe implementedhemin ns-2version2.1b6.  Fig. 8 shavs the
overlay network topologyusedin all the simulations. This topologywasinspiredfrom the vBNS backbonenetwork
The overlay link propagatiordelaysarebetween? to 40 mili-seconds;the bandwidthof eachoverlaylink is 300 Mbps.
Notethatfor SP-Freeneipnly the cachingnodesandthe sener in this topologyare peernodeswhich sene requestand
cachevideodata.

Parameter Default
Value
Sener capacityin numberof
concurrenstreams 150
Cachesizein percentagef
total numberof videos 5%
Numberof videos 100
Playbackratein Mbps 2.0
Videosizein MBytes 150
Skew factor 0.7
Server: S Clients: C13-C24 Link delay: number next Cllent requestateper mln Ute 20
Caching nodes: CN1-CN12  Link bandwidth: 300Mbps to link in ms. TOtal nUmberOf requeStS 2000
Figure 8. Simulatednetwork topology Table 1. Simulationparameters

Importantparameterasedn thesimulationsaresummarizedn Tablel. Eachclientgeneratesideorequestsiccording
to aPoissomprocesswith the defaultaveragerateof 20 requestperminute. In the simulationsclientsdo notrenege. The
requestedideosarealwayswatchedentirely without ary interruption. A simulationrunis consideredcompletewhenall
therequestarecompletelyserviced.The popularityof eachvideofollows a Zipf distribution. Thatis, the probability for
a beingrequesteds ————, where is the numberof videosand denotesa skew factorrangingfromOto 1. A

large skew factormeanghatsomevideosarehighly requestedhanothers.A skew factorof zeromeanghateachvideois
requesteequallyoften. Thedefault skew factoris setto 0.7,atypical skew factorfor video-on-demandpplications.

4.2. Simulation results
4.2.1.Effect of requestrate

The requestrate wasvaried betweenl6 and 30 requests/minuteThe skew factorandthe cachesizewere x ed at their
defaultvalue. Fig. 9(a) demonstratethatall cachingscheme®ffer low latenciesclosedto zerosecondvhentherequest
rateis around16 requests/minvhile No-Cachehasthe highestlateng of 237 seconds Whenthe requestateincreases,
thelatencieof W-ProxyandP-Proxyincreaseguickly. Thisis becausdifferentproxiesin bothtechniquesftencachethe
samevideosdueto lack of cooperationThereforethesenermusthandlemorerequestgor videosthatarenotcached.The
senerresourcegxhaustfaster causingmorerequestso wait longerin thesener queue. SP-Freenegiveslower latencies
than W-Proxy andP-Proxydo becausef the cooperatiorin servingclient requests OCSoffersthelowestlateng since

ThevBNS topologyis basednthemapin 1998. We assumehatonly 300 Mbps of the OC-12bandwidthis reseredfor video
transmission.
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morevideosarecachedn differentvirtual cachestructuresandthe leadersof thesestructuresene nearbyclientsfaster

OCSis moreeffective than SP-Freenebecaus€OCS haslessnumberof cachedcopiesfor eachvideo on a servicepath
andmorevideosarecached For arequestateof 20 requests/minthelateng of OCSis muchless(about99%)thanthose
of theothertechniquesFor ahigherrequestate,thelatencief all techniquesncrease However, OCSalwaysmaintains
the lowestlateng. We presenthe resultsof simulationswith morethan 30 requests/minin Reference dueto limited

space.

Fig. 9(b) shavsthatOCSincursabouthalf thesenerload of W-Proxy, P-Proxy andSP-Freenetespectiely. Because
of a betterutilization of the aggrejatedcachespace OCSexperiencesnore cachehits. Hence,the sener transmitsless
data.OCSalsogivestheleastnetwork loadasshawn in Fig. 9(c). Thevideodatatravel lessbecauséhey comefrom the
virtual cachestructurescloseto the clients. OCS savesapproximatelyabout6% and 10% network load whencompared
with W-Proxy andP-Proxy respectiely. P-Proxyhashigheraveragenetwork loadthanW-Proxy doesbecausehe sufx
of all thevideosalwayscomefrom thesener. OCShasa smalladvantageover SP-Freendbecaus&P-Freenedlsoallows
thecooperatiorof cachingnodesalongtheservicepathsasin OCS.All thefour cachingscheme$iave comparableverage
protocoloverheadaspresentedh Fig. 9(d). We will notpresentheplotsof theaverageprotocoloverheadn thefollowing
subsectiondecaus®f spacdimitation andthe factthatall schemesiare comparablgrotocoloverheadn theremaining
simulations.Interestedeadersarereferredto Reference.

4.2.2.Effect of cachesize

In this study the cachesize per cachingnodeof all the schemesvasvariedfrom 1% to 20% of the total size of all the
videos.Therequestateandtheskew factorwere x edattheirdefaultvalue. Thegeneratrendis thatwhenthecachesize
increasesthe performancemetric valuesdecreasdecausanorerequestaresened from the cachingnodes. Fig. 10(a)
shavsthatOCSoffersabout96%lower averagdateng thanthe othertechniqueslo, giventhesmallesttachesize.As the
cachesizeincreasesQCSsitill offersthe averagelateng closeto zerosecondwhile the othertechniquesave a gradually
decreasingveragelateng. The averagelateny of P-Proxyis worsethanthat of W-Proxy becauseavith a skew factorof
0.7,few popularvideosreceve mary morerequestshanothervideosdo. Therefore the sufx esof thesepopularvideos
occupy sener channeldonger, makingthe requestgor othervideoswait longer However, whenall the videoshave the
samepopularity(askew factorof zero),thelateng in P-Proxybecomedbetterthanthatof W-Proxyasshavnin Fig. 11(a).



7oo

“Proxy ——

1000

Average Latency (seconds)
Average Latency (seconds)

ocs -
©o o0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Skew Factor

(a) Averagelateny (a) Averagelateny

o = o o
Cache Size (percentage of total number of videos)

Average Server Load (Bytesfequest)
o
0
T
Average Senver Load (HBytesfequest)

ao | T, OCS
L

20 | e, E e
o —- N a0 | S i

o E 10 a1s 20 20

©o 0.1 0.z 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Cache Size (percentage of total number of videos)

Skew Factor

(b) Averagesenerload (b) Averagesener load

PP roxy soo

s20

so00 [

aso

aso

aao |-

azo

aoco -

Average Network Load (MBytesfeques)
Average Netvork Load (Bytesleques!)

SP-Freenet ™.,
380 [ -

s60 [ ~

e
o s 10 1s zo soo
Cache Size (percentage of total number of videos)

340

© 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Skew Factor

(c) Averagenetwork load (c) Averagenetwork load

Figure 10. Effectof cachesize Figure 11. Effectof skew factor

OCSincursthelowestsenerloadasshovn in Fig. 10(b). As thecachesizeincreasestheaggrejatedcachespacegets
larger. SinceOCSultilizesthecachespacebetter afasterdropin thesenerloadis exhibited. With the smallesttachesize,
OCSsaresabout23%senerload. Whenthe cachesizeincreases$o 20%,the savingsin thesenerloadincreasdo around
85% comparedwith the two non-collaboratre cachingtechniques Similarly, OCS saresabout19% sener load with the
1% cachesizeandabout72% sener load whenthe cachesizeis 20% whencomparedvith SP-FreenetWe alsoobsene
thatboth collaboratve schemegperformbetterthannon-collaboratre schemeslo.

Fig. 10(c)demonstratethatOCSincurslessnetwork loadthanW-Proxy andP-Proxydo. The network load decreases
asthe cachesizeincreasebecausenorevideosarestoredin the cachingnodesreducingthe amountof datatransmitted
from the sener. We obsene that SP-Freenegiveslessnetwork load than OCSdoeswhenthe cachesizeis large. This
happendecause,rstly , SP-Freeneand OCS have similar advantagesasfar asthe collaborationof cachingnodeson a
servicepathis concernedSecondly SP-Freengtbecausef its replicationstratayy, hasmorecachedcopiesof avideoon
aservicepaththanOCSdoes.The currentOCSdesignmaintainsonly onecachedcopy of avideoin a servicepath. The
currentl12% gapin termsof the network load betweenOCSandSP-Freenetould be easilyreducedoy storingmorethan
onecopiesof avideoin a servicepathin OCS.However, we notethatincreasinghe numberof cachedcopiesof a video
onaservicepathwill reducetheadwantagesn thelateng andthesenerloadof the currentOCSdesign.



4.2.3.Effect of skew factor

The skew factorwasvariedfrom 0 to 1. The cachesizewas x ed at 10%, andthe requestrate wasat its default value.
Fig. 11(a)demonstratethat OCS offerslower latenciesacrossdifferentskew conditions. For the uniform accesgattern
(skew factorequalsto zero), the averagelateny by OCSis 127 mili-secondswhereashe lateny by W-Proxy is 774
secondsThus,0CSimprovesmorethan98%in lateng. Whentheskew becomesnoresevere theperformancealifference
betweerOCSandW-Proxyis reduced Amongall thetechniquesQCSstill offersthe smallestateng. Both collaborative
techniquesrebetterthanthe non-collaboratre ones.

Fig. 11(b) demonstrateghe effect of skew factoron the sener load. The sener load decreasesasthe skew factor
increaseslueto morecachehits. Evenwhenthe skew factoris one,OCSstill savesmorethanhalf the senerloadwhen
comparedvith the othertechniquesFig. 11(c) shavs thatwhenthe requesipatternis severely skewed, the network load
incurredby OCSis alittle higherwhencomparedvith W-Proxy. Thisis becausén W-Proxy, themostpopularvideosare
cachedanddeliveredfrom the cachingnodeto its local clientswhile a cachingnodein OCShandleshothlocal clientsand
somenearbyclients. SP-Freenehaslessnetwork load thanOCSdoesdueto the samereasorexplainedin Section4.2.2.
SP-Freeneis alsobetterW-Proxyin termsof the network load dueto the cooperatiorof cachingnodes.

In summary OCS outperformsW-Proxy, P-Proxy and SP-Freenetechniquesn termsof the averageservicelateng
andthe averagesener load with a comparablgrotocoloverhead OCSalsooffersbetternetwork load thanW-Proxyand
P-Proxydo in mostcasesWhenit comeso alarge cachesize,OCSexperiencesnorenetwork loadthanSP-Freenedoes
becaus@®CSkeepsonly onecachectopy pervideoin theservicepath.

5. RELATED WORK

Cachinglayerencodediideoshasbeeninvestigated. Which video andwhich layersshouldbe cachedcanbe deter

minedby the network conditionor arevenuefunction. Videostaging concentratesn usingaproxy cachefor bandwidth
smoothingpurposes Patchingtechniquesand otherperiodic multicastschemedave beenstudiedwith standaloner re-

gional proxy caches. Chaining, the rst peerto-peervideo cachingand streamingprotocol, usesthe available
storageand computingresourcef client machineso sene video requests.CMP  utilizes the routers' disk spaceto

cachea slidingwindow of videodatafor servingsubsequentequestsrriving closelyin time for the samevideo. Nguyen
andZakhor presenta framework for coordinatingvideo streamingfrom multiple sendergo a singlerecever. Zhaoet
al. proposeanew bandwidthskimmingtechniquefor deliveringvariablebitratecontent.

We nd our work hasa terminologicalsimilarity with work by Xu and Nahrstedt in termsof usingservicepath
However, while their primaryconcerristo nd thebestpathsatisfyinga genericresourceevaluationfunction,wefocuson
the video proxy collaboration.OCSdoesnot have the dravbacksof previous collaborationtechniquedor video caching
discussedn Sectionl. In summaryourwork complimentgreviousresearcton videocachingandvideostreamingOna
relatedtopic,anumberof webproxy collaboratiorschemesandtheirbene tsanddisadwantage$iave beenstudied. In
le sharingsystemsuchasNapster, Gnutella, Freenet, andmary otherspeernodesalsohave somecollaboration
toreplicateandshareles overthelnternet.In recentyearsmary collaboratiorschemesor speci ¢ datadelivery services
suchasweb,videostreamingand le sharinghave beenstudiedin separatiordueto the differencef the characteristics
of theseservices Althoughit is interestingto evaluateall of thesecollaboratiorschemesinderonecontext, furtherstudies
areneeded.

6. CONCLUDING REMARKS

In this paper we have proposecda novel overlay cachingschemefor an overlay network to offer a low servicelateng
andreducedsener and network load for video streaming. OCS achievesthesegoalsby using virtual cachestructures,
which areestablishedrom overlay nodescapableof cachingalongthe servicepaths. An analyticalmodelis developed
to determinethe bestnodeon a servicepathto storethe cachedcopy of a video suchthatthe averageservicelateng of
requestgrom clientson the servicepathis minimized. Thevirtual cachestructureis ef ciently utilizedto sene clientsin
local andsurroundingnetworks. Our simulationresultsshav that OCSperformswell in severalkey performancenetrics
suchasthe averageservicedelay the averagesenerload,andthe averagenetwork load.
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