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Abstract— The bandwidth-intensive and long-lived nature of high
quality digital video makes it a challenging problem to transmit such
videoover the Internet. In this paper, weproposea scalableand flexible
framework integrating proxy-basedprefix cachingwith periodic broad-
cast of the suffix of a video fr om the server, for efficiently streaming a
setof popular videosto a largenumber of asynchronousclients. We de-
velop a methodology for (i) determining appropriate prefix and suffix
transmissionschemesbasedon a principle of decouplingthe two trans-
missionsfr om eachother, and (ii) optimally allocating the proxy buffer
spaceamongthe setof videos.A buffer allocation algorithm is presented
that minimizesthe aggregatebandwidth usageon the server-proxy path.
Our studiesshow that our approach yields a buffer allocation closeto
the optimal solutionminimizing both server-proxy andproxy-client path
bandwidth usagefor practical settingswheretheproxy-client path band-
width is much cheaperthan the long-haul server-proxy path bandwidth.
When the proxy buffer is allocatedto a setof videosusingour scheme,a
total buffer spaceof just �������
	 of the video repository is adequateto
realizesubstantial reductionsin the aggregatebandwidth usageon the
server-proxy path.

I . INTRODUCTION

Thebandwidth-intensivenatureandlong-livedcharacter-
istics of digital video make transmissionbandwidtha major
limiting factor in the widespreadstreamingof suchcontent
over the Internet. For popularclips, the client populationis
likely to belarge,with differentclientsasynchronouslyissu-
ing requeststo receive their chosenmediastreams.Different
videoclipscanhaveverydifferentsizes(playbackdurations)
andpopularities.A challengingproblemis developingtech-
niquesfor bandwidth-efficient distribution of heterogeneous
videosto sucha large,asynchronousclientpopulation.

Transmissionschemessuch as periodic broadcastand
patching[1–5] usemulticastor broadcastconnectionsto re-
ducebandwidthusage,while providing a guaranteedbound
on a client’s playbackstartuplatency. An orthogonaltech-
niquefor reducingserver loads,network traffic andaccessla-
tenciesis theuseof proxycaches[6, 7]. In particular, caching
an initial prefix of the video [7] has a numberof advan-
tagesincludingshieldingclientsfrom delaysandjitter on the
server-proxypath,while reducingtraffic alongthatpath.
�
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Fig. 1 depicts a Streaming Content Distribution Net-
work (SCDN) consideredin this paper. We explore inte-
gratingproxyprefixcaching,periodicbroadcastandpatching
for bandwidth-efficientdeliveryof popularvideosto multiple
asynchronousclientsover sucha SCDN. In additionto pro-
viding low startupdelaysandefficientbandwidthuse,it is de-
sirablethatsucha distribution schemeis sufficiently flexible
androbustto accommodatetheheterogeneitiesandchanging
dynamicsinherentin anInternetenvironment.For example,
therequestratefor aparticularvideomayvarywith time,and
therelativepopularitiesof thevideosmayvary acrossdiffer-
entproxies.A flexible distribution schemewould beableto
to caterto the particularneedsof different local client pop-
ulations,while still makingefficient useof the server-proxy
andproxy-clientnetwork bandwidths.

Key challengesin realizingsucha distribution schemein-
cludedeterminingappropriatetransmissionschemesfor the
suffix (served from the server), the prefix (served from the
proxy),aswell asproxy buffer allocation.
� We developa two-stepapproachfor resolvingtheseis-

sues. First, we determinethe appropriatesuffix trans-
mission scheme(periodic broadcast)and correspond-
ing proxybuffer allocationthatminimizestheaggregate
bandwidthusageon the server-proxy path. Then, for
eachproxy, an appropriateprefix transmissionscheme
(combinationof patchingandperiodicbroadcast)is de-
termined,basedon the relative popularity of a video
amongclientsof thatproxy.� We presenta greedyalgorithmto determinethe alloca-
tion of the proxy buffer spacethat the aggregateband-
width usageon the server-proxy network path is mini-
mized.

Decouplingthesuffix andprefix transmissionsenablesdif-
ferent proxiesto usedifferentprefix transmissionschemes,
while sharingthesamecommonsuffix transmissionfrom the
server. Thisalsoallowsa proxy to dynamicallyadaptits pre-
fix transmissionschemeto small variationsin the local de-
mandfor any video without requiringchangesto the global
suffix transmissionscheme.Our resultsshow that for prac-
tical settingswherebandwidthon thelocal proxy-clientpath
is significantlycheaperthanthe bandwidthon the long-haul



server
 -proxy path,our approachresultsin buffer allocations
andend-endbandwidthcostswhich arecloseto whatwould
beachievedunderanoptimalapproachthatattemptsto min-
imize the server-proxy andproxy-clientbandwidthcoststo-
gether.

Our studiesshow that for a singlevideo,our approachof
makingthefirst segmentof thesuffix broadcastequalin size
to theprefixcansubstantiallyreducebandwidthusageon the
long-haulpath. Whenthe proxy buffer is allocatedto a set
of videosusingour allocationscheme,a total buffer spaceof
just ��������� of the video repositoryis adequateto realize
substantialreductionsin the aggregatebandwidthusageon
theserver-proxypath.Furthermore,thechoiceof aparticular
periodicbroadcastschemedoesnot significantly impactthe
numberof server channelsrequiredprovided that the proxy
cancacheat least ����������� of thevideorepository.

This papercomplementsotherrecentworks that combine
cachingwith scalabletransmissionof continuousmedia[8].
Evaluations(SectionIV-D) show that with the sameavail-
ableproxy buffer space,our schemeresultsin a muchlower
bandwidthusageon the server-proxy path than the scheme
proposedin [8].

The remainderof the paperis organizedasfollows. Sec-
tion II introduceskey conceptsandterminology. SectionsIII
presentourcompositedeliveryschemeandproxybuffer allo-
cationalgorithm. SectionIV evaluatesthe scheme.Finally,
SectionV concludesthepaperanddescribesongoingwork.

I I . PROBLEM SETTING

Fig. 1. An InternetContentDistribution Network

Considerasingleproxyandtheclientpopulationit serves.
We assumethat both the server-proxy network pathsand
proxy-client network pathsare multicast capable,and that
clients always requestplayback from the beginning of a
video.Theprefixis streamedto theclientusingaprefixtrans-
missionscheme.Theremainderof thevideo(suffix) is deliv-
eredusinga correspondingsuffix transmissionscheme.The
prefixandsuffix transmissionschemestogetherconstitutethe
transmissionschemefor avideofor theclientsof aparticular
proxy.

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

remainderof the paper. We considera multimedia server
with a repositorythat includes � popularvideos. We as-
sumeConstant-Bit-Rate(CBR) videoswith identical play-
backrates.Video � is �! secondslong, andthe first "# $�! sec-
ondsof it arecachedat theproxy, �&%'"  �( � . Henceforth"  
will bereferredto astheprefixsizeof video � . Notethatwhile
an origin server is typically an expensive high-endserver or
server farm with substantialstorage(terabytes),processing
andIO bandwidthcapacity, thefarmorenumerousedgeprox-
ies aremorelikely to be relatively inexpensive deviceswith
morelimited capabilities.In addition,asingleproxy is likely
to serve multiple origin servers,which will contendfor the
proxy resources.In this paper, we assumethat ) seconds
worth of proxy storageis availableto theserver. Thevideos
cachedattheproxycannotexceedthisstorageconstraint,that
is, *,+ .-0/ "  �  1( ) .

An importantgoal in our schemeis to minimizethetrans-
missionbandwidthrequirementontheserver-proxypath,i.e.,
the metric 2434*�+ .-0/65  , where 5  is the numberof server
channelsfor video � . Oncetheprefixallocationis known, the
individual video prefixesarestoredat the proxy, in advance
of client requests,basedon theproxy buffer allocation.

For easeof exposition, we assumezero propagationde-
lay in the restof the paper. However, our resultsareeasily
extendedto accountfor a boundedpropagationdelay. We
alsoassumetheclienthassufficientbuffer spaceandnetwork
bandwidthto accommodateanentirevideoclip.

We use periodic broadcastfor suffix delivery [1–3]. In
this paper we focus on broadcastschemesthat divide a
video into segmentsof increasinglength that are transmit-
ted over channelsof the samebandwidth. However, our
approachis applicableto other typesof broadcastschemes.
We associatewith eachsegmentan integer 718:9<; , s.t. the
length of the � -th segment is 718:�=;=�?>@*'A<718CB�; , and 718D�E; is
taken to be one. We shall considersome representative
schemeswhich usethefollowing segmentsizeprogressions:
Skyscraper: [1,2,2,5,5,12,12, F�FGF H , Dynamic skyscraper:
[1,2,2,4,4,8,8,F�FGF ], GDB(3): [1,2,4,6,8,12,16,F
FGF ], GDB(4):
[1,2,4,8,14,24,40,F�FGF ], GDB(5): [1,2,4,8,16,30,56, FGFGF ],
GDB(6): [1,2,4,8,16,32,62, F�FGF ].
I I I . PREFIX CACHING ASSISTED PERIODIC BROADCAST

In this sectionwe describeour video distribution frame-
work, andpresentsomekey intuitionsanddesignprinciples
guiding our approach. We proposethe following two-step
approachto determiningthe suffix and prefix transmission
schemesas well the proxy prefix buffer allocation to each
video. Step 1. For eachvideo, we determinethe appro-
priate suffix transmissionschemeand correspondingproxy
buffer allocationsuchthat theaggregatebandwidthusageon
theserver-proxy pathis minimized. Step2. for eachproxy,
an appropriateprefix transmissionscheme(combinationof
patchingandperiodicbroadcast)that makesefficient useof
bandwidthon theproxy-clientpath,is determined,basedon



therelatiI vepopularityof avideoamongclientsof thatproxy.
A key featureof thisapproachis thedecouplingof thelocal

(prefix) transmissionfrom the long-haulpath (suffix) trans-
mission.Therationalebehindthis is asfollows:� Typically it is moreexpensive to transmita unit of data

from theremoteserverto theproxy, thanfrom theproxy
to theclient. In sectionIV-C,weshallshow thatthetotal
bandwidthusedto deliver a singlevideo is closeto the
longhaulbandwidthrequirement,if thecostof transmit-
ting a unit of datalocally is relatively small (compared
to the long haul cost). Thus our decouplingapproach
yieldsa solutionthatis closeto theglobally optimalso-
lution in many practicalsettings,while still enjoying the
benefitsof simplicity, flexibility , androbustnessagainst
thepresenceof incompleterequestrateinformation.� Thelocal transmissioncostis closelyrelatedto thelocal
client requestrate,which is not easyto obtainanddif-
ficult to predict,makingtheaccurateestimationof local
delivery costpractically infeasible. Furthermore,there
canbetremendousheterogeneityamongproxies.It may
be betterto let a proxy take the responsibilityto deter-
minehow to deliver theprefix locally.

Thescalabilityof our techniquederivesfrom thecombina-
tion of periodicbroadcastwith proxy prefix caching,aswell
asfrom theminimizationof the long-haulserver-proxy path
bandwidth.Theflexibility comesfrom decouplingtheprefix
andsuffix transmissionfrom eachother, We next presentkey
componentsof our distribution scheme,first describingour
techniquefor determiningthe prefix andsuffix transmission
schemesfor a givenvideo,andthenaddressingthe multiple
videoproxy buffer allocationproblem.

A. Distributing a singlevideo

In our framework, theproxyandtheserverareresponsible
for servinga prefix andcorrespondingsuffix respectively, of
the video. Theserver receivesrequestsfor the suffix from a
largenumberof clientsacrossmultipleproxies.We therefore
electperiodicbroadcastasthesuffix transmissiontechnique.
For agivenprefix, increasingthefirst suffix segmentsizecan
reducethenumberof suffix segmentsandhencethetotalsuf-
fix transmissionbandwidth.Notethatin theabsenceof prefix
caching,the lengthof thefirst segmentwould determinethe
worst casestartupdelay for any client. In our scheme,as
a separateprefix transmissionschemeis usedfor the initial
partof thevideo,a largefirst segmentdoesnot incur a large
startupdelay. To ensureseamlesstransitionwhenthe client
switchesfrom playingbacktheprefix to thesuffix, it should
startreceiving the suffix beforethe endof prefix is reached.
To guaranteethis, the first segmentof the suffix cannotbe
larger thanthe prefix. We thereforeselectthe first segment
to equalthe prefix length. The combinationof theseeffects
is illustrated in Fig. 2, whereskyscraperbroadcastis used
to deliver the suffix, andthe first suffix segmentis equalin
lengthto theprefix. If theproxy cancache����� of thevideo,J

serverchannelsareneeded.If theprefix reaches
J ��� , only

two serverchannelsarerequired.
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Fig. 2. Numberof server channelsvs. prefix size

The next question is to design appropriatebandwidth-
efficient prefix transmissionschemesthat cansupportplay-
backwith low delays.Severalexisting schemesarepotential
candidates,includingpatching,merging andselective catch-
ing [9]. The last schemechooseseitherpatchingor a com-
binationof patchingandperiodicbroadcast,basedon which
schemeis morebandwidth-efficient for a givenlocal request
rate.In ourevaluations,weshalluseselectivecatchingasthe
candidateprefix transmissionscheme.
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Fig. 3. Prefix-cachingassistedperiodicbroadcast

Fig. 3 illustratesan examplescenariowherethe suffix is
partitionedinto severalsegments(weshow thefirst threeseg-
ments)which aredeliveredusingperiodicbroadcast,andthe
proxy usespatchingto deliver the prefix. Client � arrivesat
time KD/ , theproxy initiatesanew streamto transmittheprefix
to it. At time L , client � begins receiving the suffix start-
ing from segment � (shadedsegments).Client � for thesame
video arrivesat time KNM while the proxy is still multicasting
theprefix, andtapsinto this ongoingtransmission.Simulta-
neouslytheproxysendsapatch, O �QPRKNMS�TKD/UH , to client � . No-
tice thatclient � will alsobegin to receivethesuffix at time L
andreceive theshadedsegmentsat thesametime asclient � .
Thereis a periodof time duringwhich the client simultane-
ouslyreceivesboththeprefixandthesuffix. Thusthenumber
of channelstheclientneedsto listento simultaneously, in the
worstcase,is thesumof theworst casenumberof channels



required
 to obtaintheprefixandsuffix. In a longerversionof
thepaper[10], wedevelopappropriateprefixandsuffix trans-
missionschemeswheretheclient needsto listento at most2
channelssimultaneously.

B. Optimalproxybuffer allocation

Thenext questionis howto allocatea limited proxybuffer
amongmultiplevideossoasto minimizeaggregatetransmis-
sion costs. We now presenta greedybuffer allocationalgo-
rithm that minimizesthe long-haulpath transmissionband-
width. Themoredetailedillustrationof thealgorithmandthe
optimalityproof is includedin [10].

In the first step,the proxy buffer is evenly distributed to
eachvideo.Thisgivesusafeasibleinitial point. In thesecond
step,weminimizethebuffer usagewithoutchangingthetotal
numberof long-haulchannelsrequired. More specifically,
we identify video � (video B ) thathasthe minimumincrease
(maximumdecrease)of prefix sizeto multicastvideo using
oneless(more)channel.If theincreaseof video � is lessthan
the decreaseof video B , we offer morebuffer to video � so
that it usedonelesschannelwhile taking away somebuffer
from video B so that it usesonemorechannel.We call this
“channelswapping”. The resultof channelswappingis that
someproxybuffer is savedwithoutchangingthetotalnumber
of channelsrequired.Channelswappingis continueduntil no
further savementon proxy buffer canbe achieved. Finally,
thesavedbuffer spacefrom step2 is allocated.At eachround,
wepick thevideothatrequirestheleastbuffer to useoneless
channeland give it the buffer. This processendsuntil the
proxybuffer is usedup.

IV. EVALUATION

We first evaluatethe impactof availableproxy buffer size
on theperformanceof our scheme.We next investigatehow
the choiceof periodicbroadcastschemeimpactsbandwidth
savings.We furthershow thatthebuffer allocationthatmini-
mizesthelong-haulbandwidthis closeto theoptimalsolution
thatminimizesthesumof long-haulbandwidthandlocalde-
liverybandwidthusage.Finally, we compareourdistribution
techniqueto theschemeproposedin [8].

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

A. ProxyBuffer Size() )

Fig. 4 depictsthe long-haulpath bandwidthrequirement
as a function of the proxy buffer size. The bandwidthre-
quirementdecreases,initially rapidly and thenmoregradu-
ally, with increasingproxy buffer size. The behavior sug-
geststhat mostof the bandwidthsaving canbe achieved in
thebuffer regionaboutVW�X� J � of thetotal videorepository.

Fig. 5 depictsthenumberof videosthatcanbesupported
asafunctionof thebuffer size,givenafixednumberof avail-
ablelong-haulpathchannels(eachwith abandwidthequalto
theplaybackrate).For instance,a proxy buffer thatcanhold

2.5videoscansupport20videoswith 80remoteserverchan-
nels,anda proxy buffer of 6 videosis neededto support30
videoswith 80remoteserverchannels.
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Sincethe videosareall of the samelength, the buffer is
roughly evenly distributedamongthem. We further investi-
gatetheproxy buffer allocationwith a setof videosof differ-
entsizes.Weconsiderasetof ��� videoswith lengths��� min,J � min, ..., �Q��� min. Fig. 6 showshow theproxy buffer is al-
locatedamongthedifferentvideos.Thevideosarenumbered
in orderof increasinglength. We representtheprefix sizeas
afractionof thevideolength.Oneobservationis thata larger
fraction of shortervideosarestoredat the proxy. Whenwe
increasethe proxy size from �Y� , to

J ��� of the total video
repository, this trend becomesmore significant. This phe-
nomenonis understandablesinceallocatinga given amount
of buffer to a shortervideo hasa greaterchanceto reduce
moreserverchannelsthanto a longervideo.

Wealsocomparetheoptimalbufferallocationschemewith
a naive buffer allocationscheme,wherethe buffer is evenly
dividedamongthe videos. The optimalbuffer allocational-
ways outperformthe naive scheme;and the differencebe-
comeslarger as the prefix increasesin size. In the region
wheretheproxy buffer is about ���Z�'����� of thevideosize,
theoptimalallocationschemereducesthenumberof required
remoteserverchannelsby about �E[�� over thenaivescheme.
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B. Choiceof periodicbroadcastscheme

Fig. 8 depictsthe numberof server channelsvs. the pre-
fix size for several periodic broadcastingschemes,suchas
skyscraper, GDB3,GDB(4),GDB(5),GDB(6), anddynamic
skyscraper. Note that if the prefix sizeis around ����� of the
videosize,thenall schemesneedthesamenumberof server
channels,morespecifically, threeserver channels.The rea-
sonfor this is that thefirst threesegmentsizesarevery sim-
ilar acrossall the the periodicbroadcastschemes,andwhen
the prefix size is around ����� , underour approachof hav-
ing thefirst segmentof thesuffix equalto theprefix, thesuf-
fix hasthreesegments.Thegraphsshow thata proxy buffer
sizeof around �E�Z�\����� of the video repository, the differ-
encebetweenthedifferentschemesis small. Only for much
small buffer sizes,moreaggressive broadcastschemestend
to perform better. We thus recommendchoosingthe most
aggressiveschemethataccommodatestheclient’s buffer and
bandwidthconstraints.

C. Globaloptimizationvs.decouplingapproach

In SectionIII, we proposeda hierarchicaltwo-stepap-
proachfor determiningthe optimal proxy buffer allocation,
i.e., we choose ]^"`_�a so as to minimize * _0b 8c"#_�; , ignor-
ing the prefix delivery cost. Ideally we may want to per-
form a global optimization, that is, d�e.f#gihkjGl<* _ ] b 8c"`_�;nmo 2qpsrUtNu�pD8$" _ P�v _ ;ia , where

o
is a weight placedon the local

bandwidthand 2 psrUtNu�p 8$"#_�P�v#_Y; is the averagebandwidthfor
both prefix and suffix transmissionover the local network
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Fig. 8. Comparingperiodicbroadcastschemes

path, given prefix size " _ and requestrate v _ for video w .
Sincethe proxy is typically muchcloserto the clients than
theremoteserver,

o
is expectedto bemuchsmallerthanone.

Solvingthis globaloptimizationproblemresultsin themini-
mumglobalcost,but requiresclient requestrateinformation
for eachvideoat every proxy. Let usseehow our approach
compareswith the globally optimizedsolutionin a practical
setting.

We considerthe singlevideocase.Fig. 9 depictsthe av-
eragebandwidthrequirementvs. prefix sizefor a 100 min.
videofor differentvaluesof

o
. Weusetheskyscraperscheme

to deliver the suffix, andselective catchingfor prefix trans-
mission.Wechoosearequestrateof 60/min.Weonly plot the
pointsatwhich thenumberof serverchannelsdecreases.The
optimalbuffer allocationmustoccurat thesediscretepoints.
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Oneobservation is that thecostfunction is monotonically
decreasingso long as

o %x� , i.e., the larger the fraction of
thevideocachedat theproxy, thelessbandwidthis neededto
deliver thevideo. This supportsour intuition thatwe should
makefull useof theproxybuffer in mostpracticalsettings.

Anotherobservationis thatthetotal costincreasesquickly
once

o
becomeslarger than0.1,which suggeststhat, if pos-

sible,weshouldplacetheproxyascloseto theendclientsas
possible.

If
o 3y� , only long-haulpath bandwidthis considered,

correspondingto theobjectivefunctionusedin ourapproach.
The costswith

o{z O �}|~�Q��P��Q| ���kH are close to the cost for



o 3�� . Hencefor small
o

, the costof the buffer allocation
obtainedby our greedyalgorithmwill becloseto theglobal
optimal solution,while beingsimple,flexible, androbust to
theuncertaintiesabouttherequestrate.

We alsocomputedthecostsfor requestratesvaryingfrom
1/min to 500/min. For the sake of the brevity, thesearenot
presentedhere.We find that thesmallertherequestrate,the
largeris therangeof valuesof

o
for whichthecostfunctionis

closeto thatfor
o 3�� . Butevenfor arequestrateof 500/min,

thecostfunctionwith
o

equalto 0 and0.01areclose.

D. Comparisonwith optimizedregional caching

Optimized regional caching (ORC) [8] uses dynamic
skyscraperbroadcastto initially segmentthevideo,andcate-
gorizessomesegmentsasleadingsegments.Theproxy is al-
lowedto cachetheentirevideo,theentireleadingsegments,
or nothing.An analyticalmodelis thenusedto determinethe
cacheallocationthatminimizestheend-enddeliverycost,as-
sumingthattheclient requestrateinformationatall theprox-
iesis known beforehand.

We next compareour approachwith ORCfrom two main
perspectives: (1) proxy buffer and network bandwidthus-
age,and(2) the objective function usedin the optimization
model. Fig. 10 depictsthe numberof server channelsre-
quiredgivenafixedamountof proxybuffer allocatedto a100
min longvideo.For fairness,wealsousedynamicskyscraper
broadcastfor suffix delivery in our approach.For optimized
caching,wechoosethefirst segmentsizeto be0.1min,1 min,
and1.5 minsrespectively. Recallthat in [8], theentirelead-
ing segmentshaveto becachedin proxy. Here,for thesakeof
comparison,asmany of thesegmentsaspossibleareplaced
in the proxy buffer. The numberof server channelsis equal
to thenumberof channelsusedto deliver thepartthatcannot
becachedin theproxy.

Prefix-cachingassistedperiodic broadcastoutperforms
ORCfor almostall proxybuffer sizes.For instance,whenthe
proxy buffer is around ����� of the video size,our approach
requiresonly ���Z��V���� of the long-haulpathbandwidthre-
quiredfor ORC.
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We next comparetheobjective functionusedin thesetwo
works. In prefixcachingassistedperiodicbroadcast,ourgoal

is to minimize the numberof server channels(or long-haul
pathbandwidth),whereno client requestrateinformationis
needed.Theheterogeneityof thelocal requestsis handledby
the proxy andthe local prefix delivery scheme.In contrast,
theORCapproachassumesprior knowledgeof client request
ratesat the differentproxies,andincorporatesthis informa-
tion in the objective function whosegoal is to minimize the
aggregatedend-endbandwidthcost. Our solutionis closeto
the global optimal for many practicalsettings,andmorero-
bust to theuncertaintyin the local information,asdiscussed
before.

V. CONCLUSIONS AND FUTURE WORK

In this paper, we proposeda prefix cachingassistedperi-
odic broadcastschemeanddevelopeda methodologyfor (i)
optimally allocatingthe proxy buffer spaceamonga set of
popularvideosand(ii) choosingappropriateprefixandsuffix
transmissionschemesbasedon the principle of decoupling
theprefix andsuffix transmissionsfrom eachother. We pre-
senteda greedyalgorithmto determinethe allocationof the
proxy buffer spaceamongthe differentvideos. The frame-
work is scalable,flexible, andsupportspopularvideostream-
ing with smallplaybackdelay. Our studyalsoshows that the
choiceof periodicbroadcastschemesdoesn’t havesignificant
impact. We arefurtherexploring this researchspacealonga
numberof directions,suchas,(1) extendingourwork to sup-
portVBR videodelivery, and(2) exploringour framework in
a realisticnetwork setting[11].
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