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ABSTRACT
We presenta low-overheadmediastreamingsystem,calledSRMS
(ScalableResilientMediaStreaming)thatcanbeusedto scalably
deliver streamingdatato a large groupof receivers. SRMSuses
overlay multicastfor datadistribution. SRMSleveragesa proba-
bilistic lossrecovery techniqueto provide high datadelivery guar-
anteeseven underlarge network lossesandoverlay nodefailures.
Theclientsin theSRMSsystemareableto interoperatewith exist-
ing mediastreamingserversthatuseRTPfor datatransport.Oneof
theinterestingfeaturesof SRMSis that it cansimultaneouslysup-
port clientswith disparateaccessbandwidths.It enablesthe nec-
essarybandwidthadaptationsusingstandardReal-timeTransport
Protocol(RTP) mechanisms,e.g.RTPtranslators.We have imple-
mentedandevaluatedthe SRMSsystemin detail on an emulated
network aswell ason a wide-areatestbedwith up to 128 clients.
Our resultsshow that clientsusingSRMSachieve high ( � 97%)
datadelivery ratios with low overheads( � 5%) even for a very
dynamicnetwork (up to � ve membershipchangesperminute).

Categoriesand SubjectDescriptors: C.2.2Network Protocols—
Applications

GeneralTerms: Design,Experimentation

Keywords: mediastreaming,overlaynetwork,multicast,resilience

1. INTRODUCTION
We presentSRMS(ScalableResilientMediaStreaming):a sys-

tem for scalabledelivery of streamingmediadatato a largenum-
ber of receivers usingapplication-layermulticast. The designof
SRMS is independentof any speci�c application-layermulticast
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delivery protocolor mediaformat. SRMSincorporatesa protocol-
independentlossrecovery techniquecalledProbabilisticResilient
Multicast (PRM) [3], which permitshigh datadelivery ratioseven
underhigh network lossesandnodefailures.TheSRMSarchitec-
ture logically admitsmediatranscodingfor handlingclientswith
disparateaccessbandwidths.We describea full implementationof
theSRMSarchitecture,includingwide-areadeploymentwith over
onehundredsimultaneousclients. We believe this paperpresents
the�rst implementationexperiencethatexplicitly addressestheis-
suesof dataresiliencewith largeapplication-layermulticastgroups.

Thedatadeliverymechanismof SRMSis basedonoverlaymul-
ticast(alsoknown asapplication-layermulticast)[7, 9, 2, 6]. Logi-
cally, theend-hostsform anoverlaynetwork, andtheeventualdata
delivery pathin application-layermulticastis anoverlay tree.The
SRMSsystemcanbeimplementedwith any application-layermul-
ticastprotocolto constructthe underlyingdatadelivery paths. In
our currentimplementationwe chosethe NICE application-layer
multicastprotocol[2]. Ourchoicewasbasedon thefollowing: (1)
NICE achievesgoodbest-effort delivery ratios[2], (2) NICE hasa
scalableconstructionandthereforeis suitablefor largeapplication
groups,and(3) thesource-codefor NICE is publicly available.

A key challengein building a resilientmediastreamingsystem
basedonapplication-layermulticastis to providefastdatarecovery
whenoverlaynodefailurespartitiondatadelivery paths.Although
datapacketscanbe lost in the network level (e.g. dueto conges-
tion), thissortof lossrecovery is relatively easyandcanbehandled
usingretransmissionsor FEC. In contrast,overlay nodesarepro-
cesseson regularend-hostswhich arepotentiallymoresusceptible
to failuresthantherouters.Eachsuchfailureof a non-leafoverlay
nodecausesdataoutagefor nodesdownstreamuntil thedatadeliv-
ery treeis reconstructed.This outagedurationcanbeon theorder
of tensof seconds(e.g.theNaradaapplication-layermulticastpro-
tocol [7] setsdefault timeoutsbetween30-60seconds).

In this paper, we describeSRMS,the �rst implementationof a
resilient video delivery systembasedon application-layermulti-
cast.UsingPRM,theprobabilisticlossrecovery technique,SRMS
is ableto achieve highdatadelivery ratiosevenwith frequentover-
lay nodefailures.Ourimplementationenableswide-areastreaming
of multimediato largegroups.Apart from goodresilienceproper-
ties, the proposedSRMS systemalso enablesselective datarate
adaptationfor clientswith disparateaccessbandwidths.

Roadmap.In Section2 we presentanarchitecturaloverview of
the SRMSsystem. In Section3 we describethe implementation
of thesystem.In Section4 we reporttheexperimentresultswith
SRMSon anemulatednetwork aswell asa wide-areatestbed.In
Section5 we describesomerelatedwork andpresentour conclu-
sionsin Section6.



Joined to group:
ms.a.org:554/StarWars

SRMS-RP
rp.b.org:5000

Media
Streaming

Server
ms.a.org:554

Designated
Source

srms://rp.b.org:5000/ms.a.org:554/StarWars

M

B

S

X

M

B

S

W

Y Z

Join group: ms.a.org:554/StarWars
group-RP = rp.c.com:4999

RTP stream
M

B

S

X

M

B

S

X

0 1

23

rtsp://ms.a.org:554/StarWars

X

Figure1: Ar chitectural overview of the SRMSSystem.

2. SRMSARCHITECTURE
A SRMSsystemcomprisesof theSRMSRendezvousPoint(SRMS-

RP)andasetof receivers.Eachmediastreamservedby theSRMS
systemrequiresa separatemulticastgroup.To receive therelevant
mediastream,a receiver hasto join the appropriateapplication-
layermulticastgroup. Oneof the receiversin thegroupservesas
the multicastsource. The sourceis responsiblefor acquiringthe
mediafrom the streamingserver andforwardingit to the remain-
ing groupmembers.Themediastreamingserverneednotbeaware
of themulticastdelivery tree. This constructionallows any media
streamingserver to interoperatewith theSRMSsystem.We defer
thediscussionof speci�c protocolissuesto Section3.

In SRMSany client can potentially operateasa sourceto the
multicastgroup. However, in a typical deployment,we expectthe
serviceprovider to designatea speci�c hostasthe source(which
will beco-locatedwith themediastreamingserver andtheSRMS-
RP).Otherwise,theSRMS-RPwill selecta sourceamongtheex-
isting clients.In this paper, we focuson the�rst scenario.

In Figure 1 we show a typical sequenceof operationsof the
SRMSsystem. We de�ne a new applicationprotocol,srms , for
communicationbetweenthe mediaclients and the SRMS-RP. A
mediastreamis uniquely identi�ed by a SRMSURL which con-
sistsof the srms protocol identi�er; the hostname,port number
pair of theSRMS-RP;thehostname,port numberpair of the me-
dia streamingserver and the mediastreamidenti�er. (The syn-
tax is intentionally similar to the Real-timeStreamingProtocol
(RTSP)[19] URL format.)

In Panel0, Figure1, a client, � , requeststhe following URL:
srms://rp.b.org:5000/ms.a.org:554/StarWar s.
Thisidenti�es SRMS-RPatrp.b.org:5000 , thestreamingserver
atms.a.org:554 , andtheStarWars mediastream.TheSRMS-
RP instructs� to join theapplication-layermulticastgroupiden-
ti�ed as ms.a.org:554/StarWars (Panel 1). Application-
layermulticastprotocolstypically have a groupRendezvousPoint
(group-RP)which is responsiblefor bootstrappingthe join proce-
dure. The SRMS-RPconveys this group-RPinformation to � .
Note that the SRMS-RPandthe group-RPare two logically sep-
arateentities,but will likely beco-locatedon thesamehost. This
logical separationallows usto decoupleSRMSfrom unduedepen-
denceon any speci�c application-layermulticastprotocol.

In our example,thedesignatedsourcefor this mediastream,� ,

has alreadyjoined the correspondingapplication-layermulticast
group. It hasalsocontactedthe mediastreamingserver, � , us-
ing the URL: rtsp://ms.a.org:554/StarWars (Panel1)
andis subsequentlyreceiving themediastreamfrom theserver. On
receiving the mediastream,� multicastsit on the overlay treeof
theapplication-layermulticastgroup.Therefore,when � joins the
group,it startsreceiving the mediastreamfrom � . Subsequently
whenotherclients, � , � and 	 requestthe samemediastream,
they eventuallyjoin thesameapplication-layermulticastgroupand
dataforwardedby � reachesall theseclients.

3. IMPLEMENT ATION OF SRMSSYSTEM
Wenow describetheimplementationof theSRMSsystem.SRMS

consistsof theSRMS-RPandasetof receivers.Onreceiving ame-
dia streamrequestusingthesrms protocol,theSRMS-RPdirects
the client to the appropriateapplication-layermulticastgroupon
which it canreceive themediastream.While SRMScanbeimple-
mentedusingany application-layermulticastprotocol,for reasons
explainedin Section1 weusetheNICEprotocolenhancedby PRM
to constructtheapplication-layermulticastdatapaths.The imple-
mentationof theSRMS-RPis relatively straightforward.Therefore
we focuson theclient implementationin this paper.

3.1 PRM­enhancedNICE
PRM [3] is a loss recovery techniquefor resilient application-

layer multicast. PRM usesrandomizedforwarding, which is a
novel proactive techniquethat quickly recovers lost data due to
overlaynodefailures.In PRM,eachoverlaynodechoosesa small
numberof otheroverlaynodesuniformly at randomandforwards
datato eachof themwith a low probability(e.g.0.01).Suchacon-
structioninterconnectsthedatadeliverytreewith somecrossedges
andis responsiblefor fastdatarecovery. Randomizedforwarding
operatesin conjunctionwith theusualdataforwardingmechanisms
alongthe treeedges,andmay leadto a smallnumberof duplicate
packetdeliveries.Dueto ourchoiceof parameters,theseduplicates
contributeto lessthan5% dataoverheadsin SRMSin comparison
to a non-resilient,best-effort scheme.Clients in the groupdetect
andsuppresssuchduplicatesusingsequencenumbers.Addition-
ally, clientsin PRM canalsodetectgapsin sequencenumbersand
initiate Negative Acknowledgment(NAK)-basedrecovery, a well-
known reactive technique[17]. SuchNAKs enablerecovery from
network lossesonly, and randomizedforwarding is essentialfor
clientsto recover datalossesdueto nodefailuresin the multicast
tree.Moredetaileddescriptionof PRM canbefoundin [3].

Integrationof NICEandPRM
Our currentSRMS implementationusesNICE application-layer
multicast[2] for theunderlyingdatadelivery path. We alsoadded
the PRM extensionsto NICE, which is lessthan 500 lines of C
code.Oneof thekey requirementsof PRMis theability to forward
datato a few other overlay nodes,chosenuniformly at random.
Thereforein our PRM extension,we let eachoverlaynodeperiod-
ically discover a setof randomothernodeson the overlay asde-
scribedin [3] 1. To implementtriggeredNAKs, eachoverlaynode
piggybacksa bit-maskwith eachforwardeddatapacket indicating
whichof theprior sequencenumbersit hascorrectlyreceived.The
recipientof thedatapacket detectsmissingpacketsusingthegaps
in the receivedsequenceandsendsNAKs to theprevious nodeto
requesttheappropriateretransmissions.




If anoverlay constructionprotocol like Narada[7] wasused,no
suchdiscovery mechanismwould be neededbecausein Narada
eachnodemaintainsstateinformationaboutall othernodes.
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Figure2: RTP and RTCP paths in SRMS.

3.2 RTP and DesignatedSource
To transportencodedmedia,SRMSusestheReal-timeTransport

Protocol(RTP) [18]. Thedatacomponentof RTP carriesencoded
mediain thepayload,timing andsynchronizationinformationand
thesourceidenti�er. Thecontrolcomponentof RTPis calledReal-
timeTransferControlProtocol(RTCP)[18] andperformsavariety
of relatedcontroloperations(e.g.qualityof servicefeedbackfrom
receivers,synchronizationof differentmediastreams).

In conformancewith theRTP standards[18], themediastream-
ing server sendsthecontentusingtwo separateRTP streams,one
for audioandonefor video.Also, eachRTP streamhasanaccom-
panying RTCPstream.In theSRMSsystemthedesignatedsource
receivesthesestreamsin four differentports. Then,it multiplexes
theRTPdatapackets(transcodedif necessary)andthere-generated
RTCPpacketsonto a singleoverlaymulticastport, which arefor-
wardedto receiversalongtheoverlaydelivery tree(Figure2).

3.3 SRMS­client
A SRMS-clienthasthreelogical components(Figure2):

� Overlay-multicast:Thisis thePRM-enhancedNICEapplication-
layermulticastprotocol.

� RTP translator:This performsany necessarydatarateadap-
tationsbeforepacket forwardingon theoverlayhops.

� Audio/VisualOutput:For theplaybackof themedia,we use
the playercodefrom the MPEG4IPtool publicly available
from http://sourceforge.mpeg4ip.net .

Eachclient receives the RTP andRTCP packets throughthe sin-
gle overlaymulticastport. Theoverlaymulticastcodedeliversthe
packet to theappropriateRTPor RTCPport internally.

TheSRMS-clientcanbeimplementedin two differentways.An
integratedclient implementsall the threecomponentsin a single
process(Host � in Figure2). This is themostef�cient implemen-
tation of theclient. In particular, thereis no redundantRTP code
(unlike in thealternative approachdescribednext). Additionally it

canclosely integratethe differentcomponents.For example,the
duplicatedetectionandsuppressionbuffersof PRM andtheplay-
backbuffer of theaudio/videooutputcomponentcanbesharedand
thereis no redundantdatamovement.

Ontheotherhand,aproxy-basedclientneedstwo processesthat
togetherserve asa singleclient (Host � in Figure2). Onepro-
cesscalledstreamingproxy implementstheoverlay multicastand
theRTP translatorfunctionalities.Additionally it forwardsa copy
of the received RTP andRTCP packets to the stand-alonemedia
player. In this scenario,RTP functionality is replicatedin boththe
playerandthe proxy. While sucha constructionis comparatively
inef�cient, it decouplesthe implementationof the mediaplayer
from the restof the SRMS-system.This implementationgivesa
userthe�e xibility to useoff-the-shelfmediaplayerbinariesaspart
of theSRMSsystem.

3.4 RTP Translation
RTP enablesapplicationsourcesto perform quality of service

adaptationsby de�ning mechanismsfor receiversto sendappropri-
atefeedback.Basedon sequencenumbersin received datapack-
ets,receiversinfer lossratesonthedatapath,andperiodicallysend
Receiver Report(RR) RTCPpacketsto thesource.Thesourceap-
plicationcanusethis feedbackto appropriatelyadaptthedatarate.
Ef�cient implementationsof mediatranscodingandcompression
canbefoundin [1, 20].

If network-layermulticastis usedfor streamingmediato agroup
of clients,datarateadaptationsby thesourcewouldaffectall clients.
However, theuseof application-layermulticastin SRMSprovides
a new opportunityfor moresubtlerateadaptation.In SRMS,we
treateachclientontheoverlaydatadeliverypathasapotentialRTP
translator[18], anddatatranscodingis performedatthegranularity
of overlayhopsbasedonbandwidthsavailableto individualclients.
As a resultclientsarenot constrainedto theminimumbandwidth
on theentirenetwork, but areableto receive dataat themaximum
permissiblebandwidthon thepathto thesource.Eachoverlayhop
in SRMSis treatedasan independentRTP session.SomeRTCP
packets (e.g. RR packets) carry control information meaningful
only to suchindividual RTP sessions,andthey arenot forwarded
to theentiredatadelivery tree.

Interactionof RTPtranslationandPRM
In PRM randomizedforwarding, the mediaencodingin the pay-
loadof the forwardedpacket maypotentiallybe inconsistentwith
themediaencodingat thereceiver dueto intermediateRTP trans-
lations. We describesolutionsto sucha caseaswell asdatarate
adaptationmechanismsin SRMSin a TechnicalReport[4].

4. EXPERIMENT AL RESULTS
In this sectionwe focuson theresultsfrom our implementation

of the SRMSsystem. In contrastto the simulationstudy in [3],
the resultspresentedheredemonstratethe performanceof PRM
whenintegratedwith realmediastreamingapplicationson a more
realisticenvironment.

4.1 Experiment Testbed
Ourexperimentswereperformedin twodifferentenvironments[23]:

(1) a publicly availableemulatednetwork (Emulabin University
of Utah), and(2) a public wide-areatestbed(MIT' s RON testbed
which formsa distributedversionof theEmulab).In all ourexper-
iments,we streamedmultimediadatafrom the Darwin streaming
mediaserver2. TheserverstreamedafourminuteMPEG4encoded
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FailureandJoinrate(permin)
Scheme 1.2 4.8

BE 0.81 0.72
PRM-128(3,0.01) 0.98 0.98
PRM-256(3,0.01) 0.99 0.98

Table 1: Comparison of data delivery ratio for differ ent overlay
nodefailur e rates. The averagenumber of overlay nodeswas64
and the experimentduration was30 minutes.

movie to theclientsusingSRMS.Eachexperimentlastedbetween
15 minutesandonehour. TheDarwin mediastreamingserver and
thedesignatedsourceof themulticastgroupwereco-locatedin the
samehostfor all theseexperiments.Theaveragebandwidthof the
mediastreamwasabout250Kbps.

For the emulatedexperiments,we modeleda group of clients
distributedgeographicallyin differentpartsof theworld asshown
in Figure3. The choiceof parameterswerebasedon ping mea-
surementswe performedon the Internet. Our wide-areatestbed
consistsof 32 hosts. Out of these4 hostswere in Europe,2 in
Asia, 1 in Canada,andthe remainingin differentlocationsin the
USA. More detailsabouttheemulatedandwide-areatestbedscan
befoundin [23].

4.2 Experiment Scenarios
We have evaluatedthe performanceof the SRMSsystemfor a

rangeof differentsystemparameters,e.g. groupsizesup to 128,
with differentjoin-leave patterns.In theseexperiments,all depar-
turesof clients were modeledas “ungraceful leaves,” wherethe
departingmemberis unableto sendaLeavemessageto thegroup.

In the experimentsreportedin thesesection,we �rst let a set
of end-hostsjoin themulticastgroup.Subsequentlyend-hostsjoin
andleave the multicastgroup,which wasvaried for differentex-
periments. The join and the leave ratesfor membersarechosen
to be equalso that the averagesizeof the groupremainednearly
constant.In all resultsreportedin this section,we usethenotation
PRM-
���������� to indicateanSRMScon�gurationwheretheparam-
etersof PRM aresetasfollows: 
 denotesthesizeof thebitmask
usedfor NAK-basedretransmissions,� denotesthenumberof ran-
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domlychosenneighbors,and � denotestheprobabilityof forward-
ing to eachof theserandomneighbors.

In theseresultswe comparethe performanceof SRMS-based
resilient mediastreamingto a baselineoverlay mediastreaming
systemwithout resilience(e.g. the basicNICE application-layer
multicastprotocol[2]).

4.3 Experiments on Emulated Network
We�rst describeresultsfrom experimentsperformedontheem-

ulatednetwork environmentusingthetopologyin Figure3.

Resilience
We measureresilienceby data delivery ratio — the fraction of
packetssuccessfullydeliveredto receiversout of all packetstrans-
mittedby thesource.In Table1 weshow theaveragedelivery ratio
of SRMS.For example,with 4.8nodefailuresandjoinsperminute,
SRMSdelivers98% of datapacketswhile the best-effort scheme
achieves72%datadelivery. We canalsoobserve thata longerbit-
mask(for NAK-basedretransmissions)leadsto betterperformance.
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We now presenta detailed100-secondsnapshotof datadelivery
ratio from a speci�c experiment(with nodefailureandjoin rateof
4.8 per minute)in Figure4. Both SRMSandbest-effort schemes
usedthesamejoin-leavepattern.Unlikethebest-effort scheme,the
PRM-basedschememaintainsa high datadelivery ratio ( � 95%)
for all receiversatall times.For example,four intermediateoverlay
nodesdepartedfrom thegroupbetweentime850and860seconds.
The effect of thesedepartureswasquite severefor the best-effort
caseandthedatadelivery ratio decreasesto lessthan10%,while
theperformanceof SRMSwaslargelyunaffected.

In Figure5 we plot thecumulative distribution of themaximum
dataoutageperiodexperiencedby thedifferentclientsin thesame
experimentasin Figure4. ThePRM-basedschemewith a bitmask
sizeof 256 performsextremelywell — about98% of the clients
have a maximumdataoutageperiodof lessthan10 seconds.This
is a signi�cant improvementover thebest-effort case,wheremore
than90%of themexperiencedataoutagesof 30secondsor more.

The dataoverheadsfor SRMSin all theseexperiments,dueto
dataduplicationin randomizedforwarding,was3%. This follows
from the parameterchoiceof PRM: eachclient chosethreeother
randomclients( ����� ) andforwardeddatato themwith probabil-
ity, ��� 0.01.

Latency
In Figure6 we plot thedistribution of overlay latency experienced
by differentclients in the sameexperiment(with 4.8 failuresand
joins per minute). Thebest-effort schemesdeliversall datausing
the single overlay path along the overlay tree. In contrast,path
lengthsin SRMSarelonger— someof theclientsreceive thedata
along potentially longer paths(traversingrandomoverlay hops).
For example,64%of theclientsobserve datalatenciesof upto 500
ms in thebest-effort case,while about58% of theclientsobserve
thesamelatency boundin thecaseof PRM schemes.However, as
shown in Table1, this marginally higheroverlay latency in SRMS
allows signi�cantly higherdatadelivery ratio (98%for PRM,72%
for best-effort).

Lastly, wereportthatthecontroloverheads(typically lessthan2
Kbpsat eachoverlaynode)wasessentiallyinsigni�cant compared
to thedatarate.
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4.4 Wide­areaExperiments
The wide-areaexperimentwasperformedusing60 clientsdis-

tributedacross22hostsonMIT' sResilientOverlayNetworkstestbed.
The Darwin server andthe designatedsourcewasco-locatedin a
singlehost(locatedin theUS) andthedistribution of one-way la-
tenciesfrom thesourceto theotherclientsvariedbetweenlessthan
1 msto 225ms.To limit theloadimposedonthiswide-areatestbed,
we hadreducedthe dataratesentout from the Darwin server to
about32Kbps.Wealsousedcorrespondinglysmallerbitmasksfor
NAK basedretransmissions.As before,the overlay nodefailure
andjoin ratewas4.8perminute.

In Figure 7 we show the datadelivery ratio achieved over the
entire durationof this experiment. We can observe that SRMS
achievesa high datadelivery ratio for nearlythe entire30 minute
duration,while the best-effort baseddatadelivery suffers signif-
icant losses. In Figure8 we show the cumulative distribution of
datathatwaslost at thedifferentclientsfor the sameexperiment.
We canobserve that for thePRM-basedsystem(with a 64 bit bit-



mask)about20%of theclientsdo not experienceanydatalosson
thewide-areatestbed.About 90%of theclientsexperiencea loss
of lessthan5%. Theadditionaldataoverheadsfor both thePRM-
basedschemeswere3%. This is a signi�cant improvementover
the best-effort system,in which about50% of the clientsexperi-
encemorethan20%dataloss.

5. RELATED WORK
A large numberof researchefforts (IVS [22], RendezVous 3,

vic, vat 4, rat 5, CUSeeMe6, etc.) have addressedreal-timemedia
streamingin thelastdecade.Mediastreamingto agroupof usersin
thesesystemstypically reliedon network-layermulticastsupport.
A numberof commercialefforts (e.g. RealNetworks, Windows
MediaPlayer, FastForwardNetworks)handlemediastreamingto
groupsof usersusingproprietaryprotocols.

Ontheotherhand,anumberof projectshaveaddressedtheprob-
lem of constructingef�cient datadelivery pathsfor application-
layer multicast[7, 9, 2, 6]. Of these,the Naradaprotocol[7] has
beenusedto deliver mediastreamsto a setof clients.However the
protocol itself doesnot addressthe issueof resilienceandrecov-
ery in theway PRM andSRMSdoes.TheOvercastprotocol[11]
is de�ned speci�cally to provide reliablemulticastservicesusing
overlays.Eachoverlayhopin OvercastusesTCPfor datatransfer
andsucha constructionis not suitablefor streamingmediaappli-
cationswith real-timerequirements.In factnoneof theseprotocols
explicitly addresstheissueof resiliencewhich is essentialto media
streamingapplications.

A large numberof researchproposalshave addressedreliable
delivery for multicastdata,mostnotablyin thecontext of network-
layer multicast[8, 17, 14, 13]. In contrastto the PRM approach
usedin SRMS,all thesetechniquesemploy reactive mechanisms
for providing datareliability andthereforeincursmoderateor high
delivery latencies.A comparativesurvey of theseprotocolsis given
in [12] and[21]. Ontheotherhand,proactiveschemesusingredun-
dantdataencoding(e.g.FECs)havebeenusedto providemulticast
datareliability [10, 16, 5, 15]. All theseFEC basedapproaches
canrecover from network losses.However, they alonearenot suf-
�cient for resilientmulticastdatadelivery whenoverlaysareused.
Wepresentedadetailedcomparisonof thesereliability mechanisms
(includingPRM) in [3].

SRMSdiffersfrom all theseotherschemesby providing aproac-
tive componentthat allows the receivers to recover from losses
due to overlay nodefailures. To the bestof our knowledge the
SRMSsystemis the �rst application-layermulticastbasedmedia
streamingapplicationthatexplicitly addressesresilience.Second,
all thenetwork-layermulticastbasedschemesemploy completely
reactivemechanismsfor providing datareliability andthereforein-
cursmoderateor high delivery latencies.In contrast,our proactive
mechanism,(i.e. randomizedforwarding) signi�cantly improves
resiliencefor applicationsthat requirelow latency datadelivery.
SRMSalsode�nesa framework in whichvariousbandwidthadap-
tationtechniques[1, 14] canbeappliedwithin thecontext of media
streamingto usergroups.

6. CONCLUSIONS
In this paper, we have describedSRMS, an application-layer

multicastbasedsystemfor resilientmediastreamingtoalargegroup
of clients.Thesystemis implementedsuchthat it caninteroperate

�

RendezVousis availableatwww.lyonnet.org/IVStng
�

Bothvic andvat areavailableat www-nrg.ee.lbl.gov
�

http://www-mice.cs.ucl.ac.uk/multimedia/software/rat/index.html
 

CUSeeMeis currentlyavailablecommerciallyat www.fvc.com

with existing tools for mediastreamingandplayback. Basedon
thePRMlossresiliencescheme,SRMSis ableto achieveveryhigh
datadeliveryratiosin spiteof network lossesandoverlaynodefail-
ures. Another interestingcomponentof SRMSis its architecture
that allows �e xible implementationof datarateadaptationto suit
applicationneeds.We useexisting techniquesandprotocolsto en-
ableselective datarateadaptationbasedon thenetwork conditions
andaccessbandwidthsof individual clients.

We have studiedtheperformanceof SRMSthroughdetailedex-
perimentsonpublicemulatednetwork environmentsandwide-area
testbeds.Ourresultsshow thatSRMSprovidesgooddataresilience
( � 97%deliveryratio)evenunderadverseconditionswith lessthan
5%overheads.
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