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Abstact— The bandwidth-intensive and long-lived nature of high
quality digital video makesit a challenging problem to transmit such
video over the Inter net. In this paper, we proposea scalableand flexible
framework integrating proxy-basedprefix cachingwith periodic broad-
cast of the suffix of a video from the sewver, for efficiently streaminga
setof popular videosto a large number of asynchronousclients. We de-
velop a methodologyfor (i) determining appropriate prefix and suffix
transmission schemeshasedon a principle of decouplingthe two trans-
missionsfrom eachother, and (ii) optimally allocating the proxy buffer
spaceamongthe setof videos.A buffer allocation algorithm is presented
that minimizesthe aggregatebandwidth usageon the sewer-proxy path.
Our studiesshaw that our approachyields a buffer allocation closeto
the optimal solution minimizing both sewer-proxy and proxy-client path
bandwidth usagefor practical settingswherethe proxy-client path band-
width is much cheaperthan the long-haul sewver-proxy path bandwidth.
When the proxy buffer is allocatedto a setof videosusing our schemea
total buffer spaceof just 5 — 20% of the video repository is adequateto
realize substantial reductionsin the aggregatebandwidth usageon the
sewer-proxy path.

|. INTRODUCTION

The bandwidth-intensie natureandlong-lived character
istics of digital video make transmissiorbandwidtha major
limiting factorin the widespreadstreamingof suchcontent
over the Internet. For popularclips, the client populationis
likely to belarge,with differentclientsasynchronouslyssu-
ing requestdo receve their chosemmediastreams Different
videoclips canhave very differentsizes(playbackdurations)
andpopularities.A challengingproblemis developingtech-
niquesfor bandwidth-eficient distribution of heterogeneous
videosto suchalarge,asynchronouslient population.

Transmissionschemessuch as periodic broadcastand
patching[1-5] usemulticastor broadcastonnectiongo re-
ducebandwidthusage while providing a guaranteedound
on a client’s playbackstartuplateng. An orthogonaltech-
niguefor reducingsenerloads,network traffic andaccessa-
tencieds theuseof proxy cacheg6, 7]. In particular caching
an initial prefix of the video [7] hasa numberof adwan-
tagesincludingshieldingclientsfrom delaysandjitter onthe
sener-proxy path,while reducingtraffic alongthatpath.
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Fig. 1 depicts a Streaming Content Distribution Net-
work (SCDN) consideredin this paper We explore inte-
gratingproxy prefix caching periodicbroadcasandpatching
for bandwidth-eficientdelivery of popularvideosto multiple
asynchronouslientsover sucha SCDN. In additionto pro-
viding low startupdelaysandefficientbandwidthuse,it is de-
sirablethat sucha distribution schemds sufiiciently flexible
androbustto accommodatéhe heterogeneitieandchanging
dynamicsinherentin an Internetervironment. For example,
therequestatefor aparticularvideomayvarywith time, and
therelative popularitiesof the videosmay vary acrosddiffer-
entproxies. A flexible distribution schemewould be ableto
to caterto the particularneedsof differentlocal client pop-
ulations,while still making efficient useof the senerproxy
andproxy-clientnetwork bandwidths.

Key challengesn realizingsucha distribution scheman-
clude determiningappropriatetransmissiorschemedor the
suffix (sened from the sener), the prefix (sened from the
proxy), aswell asproxy buffer allocation.

« We develop a two-stepapproachfor resolvingtheseis-
sues. First, we determinethe appropriatesufiix trans-
mission scheme(periodic broadcast)and correspond-
ing proxy buffer allocationthatminimizesthe aggreyate
bandwidthusageon the sener-proxy path. Then, for
eachproxy, an appropriateprefix transmissiorscheme
(combinationof patchingandperiodicbroadcast)s de-
termined, basedon the relative popularity of a video
amongclientsof thatproxy.

« We presenta greedyalgorithmto determinethe alloca-
tion of the proxy buffer spacethat the aggreyateband-
width usageon the sener-proxy network pathis mini-
mized.

Decouplingthesuffix andprefix transmissionenableglif-
ferentproxiesto usedifferent prefix transmissiorschemes,
while sharingthe samecommonsuffix transmissiorfrom the
sener. This alsoallows a proxy to dynamicallyadaptits pre-
fix transmissiorschemeto small variationsin the local de-
mandfor any video without requiring changego the global
suffix transmissiorscheme.Our resultsshav that for prac-
tical settingswherebandwidthon thelocal proxy-clientpath
is significantly cheapethanthe bandwidthon the long-haul



sener-proxy path,our approachresultsin buffer allocations
andend-endbandwidthcostswhich arecloseto whatwould
be achieredunderanoptimal approachthatattemptsto min-
imize the sener-proxy and proxy-clientbandwidthcoststo-
gether

Our studiesshow thatfor a singlevideo, our approacthof
makingthe first sggmentof the sufix broadcastequalin size
to the prefix cansubstantiallyreducebandwidthusageon the
long-haulpath. Whenthe proxy buffer is allocatedto a set
of videosusingour allocationschemea total buffer spaceof
just5 — 20% of the video repositoryis adequateo realize
substantiakeductionsin the aggreyate bandwidthusageon
thesener-proxy path. Furthermorethe choiceof aparticular
periodicbroadcasschemedoesnot significantlyimpactthe
numberof sener channelsequiredprovided that the proxy
cancacheatleastl0 — 20% of thevideorepository

This papercomplement®therrecentworks that combine
cachingwith scalabletransmissiorof continuousmedia[8].
Evaluations(SectionlV-D) showv that with the sameavail-
ableproxy buffer space our schemeresultsin a muchlower
bandwidthusageon the sener-proxy path thanthe scheme
proposedn [8].

The remainderof the paperis organizedasfollows. Sec-
tion Il introduceskey conceptsandterminology Sectiondl|
presenbur compositedelivery schemendproxy buffer allo-
cationalgorithm. SectionlV evaluatesthe scheme.Finally,
SectionV concludeghe paperanddescribengoingwork.

Il. PROBLEM SETTING
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Fig. 1. An InternetContentDistribution Network

Considerasingleproxy andtheclient populationit senes.
We assumethat both the senerproxy network pathsand
proxy-client network pathsare multicast capable,and that
clients always requestplayback from the beginning of a
video. Theprefixis streamedo theclientusinga prefixtrans-
missionschemeTheremainderof thevideo (suffix) is deliv-
eredusinga correspondingufix transmissiorscheme.The
prefixandsuffix transmissiorschemesogetherconstitutethe
transmissiorschemdor avideofor the clientsof a particular
proxy.

We next provide a formal model of the system,and in-
troducenotationand key conceptsthat will be usedin the

remainderof the paper We considera multimediasener
with a repositorythat includes K popularvideos. We as-
sume Constant-Bit-RatCBR) videoswith identical play-
backrates.Videoi is I; seconddong, andthefirst z;l; sec-
ondsof it arecachedattheproxy, 0 < z; < 1. Henceforthe;
will bereferredto astheprefixsizeof video:. Notethatwhile
anorigin sener is typically an expensve high-endsener or
sener farm with substantialstorage(terabytes) processing
andIO bandwidthcapacitythefarmorenumerougdgeprox-
iesaremorelikely to berelatively inexpensve deviceswith
morelimited capabilities.In addition,a singleproxy s likely
to sene multiple origin seners, which will contendfor the
proxy resources.In this paper we assumehat B seconds
worth of proxy storages availableto the sener. Thevideos
cachedhttheproxy cannotexceedthis storageconstraintthat
is, Efil z;l; < B.

An importantgoalin our schemes to minimize thetrans-
missionbandwidthrequiremenbnthesener-proxy path,i.e.,

the metricC = Efil ¢;, Wherec; is the numberof sener
channeldor videoi. Oncetheprefix allocationis known, the
individual video prefixesare storedat the proxy, in advance
of clientrequestshbasedn the proxy buffer allocation.

For easeof exposition, we assumezero propagationde-
lay in the restof the paper However, our resultsare easily
extendedto accountfor a boundedpropagationdelay We
alsoassumeheclienthassufficient buffer spaceandnetwork
bandwidthto accommodatanentirevideoclip.

We use periodic broadcasfor suffix delivery [1-3]. In
this paperwe focus on broadcastschemesthat divide a
video into sggmentsof increasinglength that are transmit-
ted over channelsof the samebandwidth. However, our
approachs applicableto othertypesof broadcasschemes.
We associatewith eachsggmentan integer f(n), s.t. the
length of the i-th segmentis f(i)l/ >, f(7), and f(1) is
taken to be one. We shall consider some representatie
schemesvhich usethe following segmentsize progressions:
Skyscraper: [1,2,2,5,5,12,12,- -], Dynamic skyscraper:
[1,2,2,4,4,8,8; -], GDB(3): [1,2,4,6,8,12,16, -], GDB(4):
[1,2,4,8,14,24,0,---], GDB(5): [1,2,4,8,16,30,56 --],
GDB(6):[1,2,4,8,16,32,8,- - -].

I1l. PREFIX CACHING ASSISTED PERIODIC BROADCAST

In this sectionwe describeour video distribution frame-
work, andpresentsomekey intuitions anddesignprinciples
guiding our approach. We proposethe following two-step
approachto determiningthe suffix and prefix transmission
schemesas well the proxy prefix buffer allocationto each
video. Step 1. For eachvideo, we determinethe appro-
priate suffix transmissionschemeand correspondingproxy
buffer allocationsuchthatthe aggreyatebandwidthusageon
the sener-proxy pathis minimized. Step 2. for eachproxy,
an appropriateprefix transmissiorscheme(combinationof
patchingand periodic broadcastthat makesefficient useof
bandwidthon the proxy-clientpath,is determinedbasedon



therelative popularityof avideoamongclientsof thatproxy.

A key featureof thisapproachs thedecouplingof thelocal
(prefix) transmissiorfrom the long-haulpath (suffix) trans-
mission.Therationalebehindthis is asfollows:

« Typically it is moreexpensve to transmita unit of data
from theremotesenerto theproxy, thanfrom the proxy
to theclient. In sectionlV-C, we shallshawv thatthetotal
bandwidthusedto deliver a singlevideois closeto the
long haulbandwidthrequirementif thecostof transmit-
ting a unit of datalocally is relatively small (compared
to the long haul cost). Thusour decouplingapproach
yieldsasolutionthatis closeto the globally optimal so-
lution in mary practicalsettingswhile still enjoying the
benefitsof simplicity, flexibility, androbustnessagainst
thepresencef incompleterequestateinformation.

« Thelocaltransmissiortostis closelyrelatedto thelocal
client requestrate, which is not easyto obtainanddif-
ficult to predict,makingthe accurateestimationof local
delivery costpracticallyinfeasible. Furthermorethere
canbetremendou$eterogeneitamongproxies.It may
be betterto let a proxy take the responsibilityto deter
mine how to deliverthe prefix locally.

Thescalabilityof ourtechniquederivesfrom thecombina-
tion of periodicbroadcastvith proxy prefix caching,aswell
asfrom the minimizationof the long-haulsener-proxy path
bandwidth.Theflexibility comesfrom decouplingthe prefix
andsuffix transmissiorirom eachother, We next presenkey
componentf our distribution scheme first describingour
techniquefor determiningthe prefix andsuffix transmission
schemedor a givenvideo, andthenaddressinghe multiple
videoproxy buffer allocationproblem.

A. Distributing a singlevideo

In our framework, the proxy andthesener areresponsible
for servinga prefix andcorrespondinguffix respectiely, of
thevideo. The sener recevesrequestdor the suffix from a
large numberof clientsacrosamultiple proxies.We therefore
electperiodicbroadcasasthe sufiix transmissiortechnique.
For a givenprefix, increasinghefirst suffix sggmentsizecan
reducethe numberof suffix sggmentsandhencethetotal suf-
fix transmissiomandwidth.Notethatin theabsencef prefix
caching,the lengthof the first ssgmentwould determinethe
worst casestartupdelay for ary client. In our scheme,as
a separateprefix transmissiorschemeis usedfor the initial
partof thevideo, a largefirst ssgmentdoesnotincur alarge
startupdelay To ensureseamlessransitionwhenthe client
switchesfrom playing backthe prefix to the suffix, it should
startreceving the suffix beforethe end of prefix is reached.
To guaranteghis, the first sgmentof the sufix cannotbe
larger thanthe prefix. We thereforeselectthe first sgment
to equalthe prefix length. The combinationof theseeffects
is illustratedin Fig. 2, where skyscraperbroadcasis used
to deliver the suffix, andthe first suffix segmentis equalin
lengthto the prefix. If the proxy cancache20% of thevideo,
3 senerchannelsaareneededlf the prefixreaches0%, only

two senerchannelsarerequired.
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Fig. 2. Numberof sener channelsss. prefix size

The next questionis to design appropriatebandwidth-
efficient prefix transmissiorschemeghat can supportplay-
backwith low delays.Several existing schemesrepotential
candidatesincluding patching,meming andselectve catch-
ing [9]. The lastschemechoosesither patchingor a com-
binationof patchingandperiodicbroadcastbasedon which
schemds morebandwidth-eficientfor a givenlocal request
rate.In our evaluationswe shalluseselectve catchingasthe
candidateprefix transmissiorscheme.

L |l o ____ — I video
Prefix (proxy) Suffix (remote server)
segment 1
segment 2 ‘ ‘
——
segment 3
t =
|
|
|
| t1 t2 fet(ta-t1) } }
0 LT e T ar time
clients:, Lo i
client %—1?1—‘ a new stream for client 1
prefix; (multicast)
client 2 X X
patching stream to client 1

Fig. 3. Prefix-cachingssistegeriodicbroadcast

Fig. 3 illustratesan example scenariowherethe suffix is
partitionedinto severalsegmentgwe shaow thefirst threeseg-
ments)which aredeliveredusingperiodicbroadcastandthe
proxy usespatchingto deliver the prefix. Client 1 arrivesat
timet;, theproxy initiatesa new streanto transmitthe prefix
to it. At time T, client 1 begins receving the suffix start-
ing from sgmentl (shadedsegments).Client 2 for thesame
video arrivesat time ¢ while the proxy is still multicasting
the prefix, andtapsinto this ongoingtransmission.Simulta-
neouslytheproxy sendsapatch,[0, t¢;—t1], toclient2. No-
ticethatclient2 will alsobeginto recevethesufix attimeT
andreceve the shadedsggmentsat the sametime asclient 1.
Thereis a periodof time during which the client simultane-
ouslyrecevesboththeprefixandthesuffix. Thusthenumber
of channelgheclientneedsgo listento simultaneouslyin the
worstcase,is the sumof the worst casenumberof channels



requiredto obtainthe prefixandsuffix. In alongerversionof
thepape[10], we developappropriatgrefix andsufiix trans-
missionschemesvherethe client needdo listento at most2
channelsimultaneously

B. Optimalproxybuffer allocation

Thenext questionis howto allocatea limited proxy buffer
amongmultiple videosso asto minimizeaggregatetransmis-
sion costs We now presenta greedybuffer allocationalgo-
rithm that minimizesthe long-haulpath transmissiorband-
width. Themoredetailedillustrationof thealgorithmandthe
optimality proofis includedin [10].

In the first step,the proxy buffer is evenly distributedto
eachvideo. Thisgivesusafeasiblenitial point. In thesecond
step,we minimizethebuffer usagevithout changinghetotal
numberof long-haul channelsrequired. More specifically
we identify video (video j) thathasthe minimumincrease
(maximumdecreasedf prefix sizeto multicastvideo using
oneless(more)channel.lf theincreaseof videos is lessthan
the decreasef video j, we offer more buffer to video: so
thatit usedonelesschannelwnhile taking away somebuffer
from video j sothatit usesone more channel. We call this
“channelswapping”. The resultof channelswappingis that
someproxy bufferis savedwithoutchanginghetotalnumber
of channelsequired.Channebwappingis continueduntil no
further ss’sementon proxy buffer canbe achiered. Finally,
thesavedbuffer spacdrom step2 is allocated At eachround,
we pick thevideothatrequiregheleastbuffer to useoneless
channeland give it the buffer. This processendsuntil the
proxy buffer is usedup.

IV. EVALUATION

We first evaluatethe impactof available proxy buffer size
on the performanceof our scheme.We next investigatehow
the choiceof periodicbroadcasschemempactsbandwidth
savings. We further shav thatthe buffer allocationthatmini-
mizesthelong-haulbandwidthis closeto theoptimalsolution
thatminimizesthe sumof long-haulbandwidthandlocal de-
livery bandwidthusage Finally, we compareour distribution
techniqueo the schemeproposedn [8].

We considera setof twenty 100 min. long videos,each
with a playbackrate of 2 Mbps. We expectsimilar conclu-
sionsto hold for differentnumbersof videos.

A. ProxyBuffer SizeB)

Fig. 4 depictsthe long-haul path bandwidthrequirement
as a function of the proxy buffer size. The bandwidthre-
quirementdecreasesnitially rapidly andthen more gradu-
ally, with increasingproxy buffer size. The behaior sug-
geststhat mostof the bandwidthsasing canbe achiezed in
the buffer region about6 — 23% of thetotal videorepository

Fig. 5 depictsthe numberof videosthat canbe supported
asafunctionof thebuffer size,givenafixednumberof avail-
ablelong-haulpathchannelgeachwith a bandwidthequalto
the playbackrate). For instancea proxy buffer thatcanhold

2.5videoscansupport20videoswith 80 remotesener chan-
nels,anda proxy buffer of 6 videosis neededo support30
videoswith 80 remotesener channels.
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Fig. 4. Bandwidthvs. buffer size(a setof 20 videos)
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Fig.5. Numberof videosvs. buffer size

Sincethe videosare all of the samelength, the buffer is
roughly evenly distributedamongthem. We further investi-
gatethe proxy buffer allocationwith a setof videosof differ-
entsizes.We consideta setof 20 videoswith lengths20 min,
30 min, ..., 210 min. Fig. 6 shavs how the proxy buffer is al-
locatedamongthedifferentvideos.Thevideosarenumbered
in orderof increasingength. We representhe prefix sizeas
afractionof thevideolength.Oneobsenationis thatalarger
fraction of shortervideosare storedat the proxy. Whenwe
increasethe proxy size from 5%, to 30% of the total video
repository this trend becomesmore significant. This phe-
nomenonis understandablsinceallocatinga given amount
of buffer to a shortervideo hasa greaterchanceto reduce
moresener channelghanto alongervideo.

We alsocompargheoptimalbuffer allocationschemewith
a naive buffer allocationschemewherethe buffer is evenly
dividedamongthe videos. The optimal buffer allocational-
ways outperformthe naive scheme;and the differencebe-
comeslarger as the prefix increasedn size. In the region
wherethe proxy buffer is about10 — 20% of the videosize,
theoptimalallocationschemeaeduceshenumberof required
remotesener channeldy about18% overthe nave scheme.
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B. Choiceof periodicbroadcastsceme

Fig. 8 depictsthe numberof sener channelsss. the pre-
fix sizefor several periodic broadcastingschemessuchas
skyscraperGDB3, GDB(4), GDB(5), GDB(6), anddynamic
skyscraper Notethatif the prefix sizeis around20% of the
videosize,thenall schemesieedthe samenumberof sener
channelsmore specifically threesener channels.The rea-
sonfor thisis thatthe first threesegmentsizesare very sim-
ilar acrossall the the periodicbroadcasschemesandwhen
the prefix size is around20%, underour approachof hav-
ing thefirst sgmentof the suffix equalto the prefix, the suf-
fix hasthreesegments.The graphsshow thata proxy buffer
sizeof around10 — 20% of the video repository the differ-
encebetweenthe differentschemess small. Only for much
small buffer sizes,more aggressie broadcasschemegend
to perform better We thus recommendchoosingthe most
aggressie schemahataccommodatethe client’s buffer and
bandwidthconstraints.

C. Global optimizationvs. decouplingapproadc

In Sectionlll, we proposeda hierarchicaltwo-step ap-
proachfor determiningthe optimal proxy buffer allocation,
i.e., we choose{z;} so asto minimize ), g(zx), ignor
ing the prefix delivery cost. Ideally we may want to per
form a global optimization, that is, ming,,} >, {g(zx) +
BCiocal(zk, Ak)}, Where 3 is a weight placedon the local
bandwidthand Cjscai (71, Ax) is the averagebandwidthfor
both prefix and suffix transmissionover the local network
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Fig. 8. Comparingperiodicbroadcasschemes

path, given prefix size z;, and requestrate A\, for video k.
Sincethe proxy is typically much closerto the clientsthan
theremotesener, 3 is expectedto be muchsmallerthanone.
Solvingthis global optimizationproblemresultsin the mini-
mum global cost,but requiresclient requestateinformation
for eachvideo at every proxy. Let usseehow our approach
compareswith the globally optimizedsolutionin a practical
setting.

We considerthe singlevideo case.Fig. 9 depictsthe av-
eragebandwidthrequirementvs. prefix sizefor a 100 min.
videofor differentvaluesof 3. We usetheskyscrapeischeme
to deliver the suffix, and selectve catchingfor prefix trans-
mission.We choosearequestateof 60/min. We only plotthe
pointsatwhich thenumberof senerchannelglecreaseslhe
optimalbuffer allocationmustoccurat thesediscretepoints.

Request rate = 60/min
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Fig. 9. Averagebandwidthrequirements. prefix sizefor a video of 100
mins

Oneobsenationis thatthe costfunctionis monotonically
decreasingolong asf < 1, i.e., the larger the fraction of
thevideocachedatthe proxy, thelessbandwidthis neededo
deliver the video. This supportsour intuition that we should
male full useof the proxy buffer in mostpracticalsettings.

Anotherobsenationis thatthetotal costincreasesjuickly
oncefB becomedargerthan0.1, which suggestshat, if pos-
sible,we shouldplacethe proxy ascloseto theendclientsas
possible.

If 8 = 0, only long-haul path bandwidthis considered,
correspondingo the objective functionusedin our approach.
The costswith 5 € [0.01, 0.05] are closeto the cost for



B = 0. Hencefor small 3, the costof the buffer allocation
obtainedby our greedyalgorithmwill be closeto the global
optimal solution, while beingsimple, flexible, androbustto
theuncertaintieaboutthe requestate.

We alsocomputedhe costsfor requestatesvarying from
1/min to 500/min. For the sale of the brevity, theseare not
presentedhere. We find thatthe smallerthe requestate, the
largeris therangeof valuesof 3 for whichthecostfunctionis
closeto thatfor 8 = 0. Butevenfor arequestateof 500/min,
thecostfunctionwith 8 equalto 0 and0.01areclose.

D. Comparisorwith optimizedregional caching

Optimized regional caching (ORC) [8] uses dynamic
skyscrapembroadcasto initially segmentthevideo,andcate-
gorizessomesgmentsasleadingsegments.The proxy is al-
lowedto cachethe entirevideo, the entireleadingsegments,
or nothing.An analyticalmodelis thenusedto determinethe
cacheallocationthatminimizestheend-endlelivery cost,as-
sumingthattheclientrequestateinformationatall the prox-
iesis known beforehand.

We next compareour approachwith ORC from two main
perspectres: (1) proxy buffer and network bandwidthus-
age,and (2) the objectie function usedin the optimization
model. Fig. 10 depictsthe numberof sener channelsre-
quiredgivenafixedamountof proxy buffer allocated¢o a100
min long video. For fairnesswe alsousedynamicskyscraper
broadcasfor suffix deliveryin our approach.For optimized
cachingwe chooseéhefirst segmentsizeto be0.1min,1 min,
and1.5 minsrespectiely. Recallthatin [8], the entirelead-
ing segmentshaveto becachedn proxy. Here,for thesale of
comparisonasmary of the segmentsas possibleare placed
in the proxy buffer. The numberof sener channelds equal
to thenumberof channelsusedto deliverthe partthatcannot
be cachedn theproxy.

Prefix-caching assistedperiodic broadcastoutperforms
ORCfor almostall proxy buffer sizes.For instancewhenthe
proxy buffer is around20% of the video size, our approach
requiresonly 50 — 60% of the long-haulpathbandwidthre-
quiredfor ORC.
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We next comparethe objective function usedin thesetwo
works. In prefix cachingassistegeriodicbroadcastour goal

is to minimize the numberof sener channelgor long-haul
pathbandwidth),whereno client requestrateinformationis
neededTheheterogeneitpf thelocal requestss handledoy
the proxy andthe local prefix delivery scheme.In contrast,
the ORCapproachassumesgrior knowledgeof clientrequest
ratesat the differentproxies,andincorporateghis informa-
tion in the objective function whosegoalis to minimize the
aggrejatedend-endbandwidthcost. Our solutionis closeto
the global optimal for mary practicalsettings,andmorero-
bustto the uncertaintyin the local information,asdiscussed
before.

V. CONCLUSIONS AND FUTURE WORK

In this paper we proposeda prefix cachingassistecperi-
odic broadcasschemeand developeda methodologyfor (i)
optimally allocatingthe proxy buffer spaceamonga set of
popularvideosand(ii) choosingappropriaterefix andsuffix
transmissiorschemedasedon the principle of decoupling
the prefix andsuffix transmissiongrom eachother We pre-
senteda greedyalgorithmto determinethe allocationof the
proxy buffer spaceamongthe differentvideos. The frame-
work is scalableflexible, andsupportgopularvideostream-
ing with smallplaybackdelay Our studyalsoshaws thatthe
choiceof periodicbroadcasschemesloesnt have significant
impact. We arefurther exploring this researctspacealonga
numberof directions suchas, (1) extendingour work to sup-
portVBR videodelivery, and(2) exploring our framework in
arealisticnetwork setting[11].
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