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1. Introduction

With theincreasinguseof theInternet,multi-party com-
munication and collaborationapplicationsare becoming
mainstream.This trend calls for high-performancenulti-
castserviceghatscaleto largegroupsandhigherbandwidth
requirements.Although paclet loss characteristichave a
large impacton the performancenf multicastservicesfew
protocolsattemptto adaptandactively exploit suchcharac-
teristics.

In this paper we describea reliable multicastprotocol
that exploits paclet losslocality throughcaching. Several
studies[1, 3,5] have obsenred that paclet lossesin multi-
castcommunicationare bursty, i.e., links drop numerous
multicastpacletswhile temporarilycongestedThus,con-
secutve lossesaswitnessedby individual hostsare likely
to occuronthesamelossylink. By cachingpertinentinfor-
mationregardingthe errorrecovery of prior lossesandop-
timistically presumingthat future lossesoccuron the link
responsiblefor prior losses,our protocol streamlinesthe
recovery of future losses. This schemedemonstratebow
pacletlosslocality canbeactively usedto reducetherecor-
ery latengy andthe bandwidthoverheadof multicasterror
control. Moreover, in view of increasingour confidencan
the correctnessndperformanceof our protocol,we usea
rigorousdesignapproach.

2. Background

Multicastcommunicatiorrefersthetransmissiorof data
in the one-to-magy and mary-to-mary settings; that is,
whereone or morehostswithin a grouptransmitdatathat
is destinedor all the memberf the group. Reliablemul-
ticastrefersto thereliabletransmissiorof datain suchset-
tings; that is, when the datatransmittedis guaranteedo
reachall the membersof the group. Moreover, a (reliable)
multicastsession refersto a particularinstancein which a
setof hosts,which may be dynamic,engagein (reliable)
multicastcommunicationAmongthe slew of reliablemul-
ticastprotocolsproposedo date,ScalableReliableMulti-
cast(SRM)[2] is a simpleandrobustretransmission-based
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protocol. SRM useslP multicastto multicastmessageto
all the membersof the reliable multicastgroup. In turn,
IP multicastusesunderlyingspanningtreesto disseminate
thesemessageto all groupmembersn a best-efort man-
ner, i.e., with no delivery or performanceyuarantees.

Paclet recoveryin SRMiis initiated whenarecever de-
tectsalossandscheduleshe transmissiorof a request; an
error control messageequestinghe retransmissiorf the
missingpaclet. If arequesfor the samepacletis receved
prior to thetransmissiorof this local requestthenthelocal
requesis rescheduledby performingan exponentialback-
off. Whena groupmemberecevesa requestor a paclet
that it hasalreadyreceved, the group memberschedules
areply; a retransmissiorof the requestecpaclet. If are-
ply for the samepacletis recevedprior to thetransmission
of this local reply, thenthe local reply is canceled.Using
this schemeall sessiormembersparticipatein the paclet
recovery processandsharetheassociatedverhead.

SRM minimizesduplicateerror control andretransmis-
siontraffic throughdeterministic andprobabilistic suppres-
sion. Thesesuppressiotechniquegprescribenhow requests
andrepliesshouldbe scheduledso that only few requests
andrepliesaretransmittedor eachloss. Deterministicsup-
pressiorprescribeshatrequestindreply schedulingimers
be setproportionatelyto the distancefrom the sourceand
therequestorrespectiely. Thus,the requestof ancestors
suppresshoseof their descendantsProbabilisticsuppres-
sion prescribeghat memberghat are equidistantrom the
sourceandthe requestoprobabilisticallyvary the schedul-
ing timesof their requestsandreplies,respectiely. Thus,
sibling requestorandreplier hostsare afforded the oppor
tunity to suppressachother Unfortunately suppression
introducesa tradeof betweenthe numberof duplicatere-
guestsandrepliesandthe recovery latengy — the schedul-
ing of requestsandrepliesmustbe delayedsufiiciently so
asto minimizethenumberof duplicaterequestandreplies.

SRM, as do other reliable multicast protocols, pre-
supposeghat paclet lossesare independent. However,
in several studiesof multicast communication,such as
Bolot et al. [1], Yajnik et al. [5], and Handlgy [3],
paclet lossesin multicastsessionsvere found to be non-



independentaaind to exhibit spatial and temporal correla-

tion — spatialcorrelationrefersto the correlationof paclet
lossesacrossrecevers,i.e., the degreeto which the losses
aresharedamongrecevers,andtemporalcorrelationrefers
to the correlationof paclet lossesat eachrecever, i.e, the
burstinesof pacletlosses.

3. Caching-Based Multicast Error Control

Our reliablemulticastprotocolis inspiredby SRM. The
distinction betweenSRM and our novel protocol lies in
the schedulingof requestsand replies. In particulay we
adoptSRM'’s deterministicsuppressiorschemeto achieve
the suppressiorof descendantecevers by their ancestors
within the underlyingIP multicastspanningtree. In con-
trast, we replacethe probabilistic suppressiorschemefor
reducingthe numberof requestaandrepliesgeneratedy
sibling hostswith a novel caching-basedgcheme. We il-
lustrate this schemeby describingthe schedulingof re-
guests— theschemdor schedulingepliesis analogous.

For simplicity, considera simplereliable multicastses-
sion comprisedof a single source,multiple recevers,and
an underlyingIP multicastspanningtree containinga sin-
gle faulty link. Following the detectionof the first paclet
loss,receversscheduleetransmissiomequests Although,
deterministicsuppressiorachieses the suppressiorof all
descendantecevers, several orphan sibling recevers (re-
ceiversfor which no ancestorsharethe particularpaclet
loss)may still competefor sendingrequests— thisis par
ticularly plausiblewhen the underlying multicasttree is
sparse.During the recovery of the first loss on the faulty
link, all orphanreceversmulticasttheir requestswhichin-
cludeafield containingtheparticularorpharreceversRTT
estimateto the source.Uponreceving theserequestseach
recevver candeterminewhich of the orphanreceverswas
the most appropriaterequestorin termsof the orphanre-
ceivers’ RTTs to the source. Thus, in view of streamlin-
ing the recovery of future losses,the orphanrecever that
is closestto the sourceself-appointstself the leader and
all otherreceversthat sharedthe loss self-appointthem-
selvesnon-leaders. Presuminghatthe next lossoccurson
thesamdink, non-leaderscheduléheirrequestdor future
lossesat a point in time that follows the time they expect
to receve theleadersrequestA cachehit occurswhenthe
next lossoccurson the samelink. In this case the leaders
requessuppresseall non-leaderstequestand,thus,asin-
gle requestis sent. A cachemissoccurswhenthe leader
eitherrecevesthe paclet, or getssuppressetly oneof its
ancestors. In the former case,our protocol electsa new
leaderat a lower level of the underlyingmulticasttree. In
the latter case our protocolelectsa new leaderat a higher
level of the underlyingmulticasttree.

More complex losspatternsjnvolving lossesthatoccur

ondistinctlinks, arehandledby usingthe above leaderap-
pointmentschemeo build ahierarchyof leaderspachsuch
leaderbeing responsiblefor sendingrequestgand analo-
gouslyreplies)on behalfof all descendantsf a particular
faulty link. Oncethis leaderhierarchyis in place,active
leadersalternateto matchthe pacletlosscharacteristics.
Assuminghighpacletlosslocality, ourschemgoroduces
only a singlerequestanda single reply for every loss ex-
ceptthefirst. The costsassociatedvith our reliable multi-
castprotocolinclude:i) therecoverylateng incurreddueto
deterministicsuppressionandii) the overheadn termsof
duplicaterequest@andrepliesin building andmanaginghe
leaderierarchy The benefitsof our caching-basedcheme
arethat: i) only single requestsand replies are transmit-
tedfollowing cachehits, andii) recoverylateng is reduced
with respecto SRM dueto theeliminationof theadditional
recoverylateng incurreddueto probabilisticsuppression.

4. Design and Analysis Approach

In contrastto traditionalprotocoldesigntechniquesye
usea rigorousdesignapproachthatis basedon the timed
I/0 automaton specificationmodel [4] andthe associated
correctnessaand performancereasoningtechniques. The
first stepin this approachis to preciselyspecify the high-
level reliable multicastservice. Theseabstractspecifica-
tions constitutethe metric for shaving thata reliable mul-
ticast protocolis correct. The next stepinvolves specify-
ing our caching-baseteliablemulticastprotocol. Thefinal
stepsin our approacharethe correctnessnd performance
analysesof the proposedprotocols. Protocolcorrectness
is ascertainedby shaving thatthe protocolimplementshe
high-level reliablemulticastservicespecificationsProtocol
performancds analyzedby providing conditionalguaran-
teesasto the protocol's overheadandrecovery lateng and
comparatie performancelaimswith respecto existing re-
liable multicastprotocols suchasSRM.
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