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1.0 Abstract

2.0

Reliability carriesdifferentmeaningdor differentapplications. For example,in a replicated
databassetting,reliability meanghatmessagearenever lost, andthatmessagearrive in the

sameorderat all sites. In orderto guaranteehis reliability property it is acceptabléo sacri-
fice real-timemessagelelivery: somemessagemaybegreatlydelayed andat certainperiods
messagéransmissiormay even be blocked. While this is perfectlyacceptabldehaior for a

reliabledatabaseapplication this behaior is intolerablefor a reliablevideosener. For acon-

tinuousMPEG videoplayer[20, 19, reliability meangeal-timemessagelelivery, at a certain
bandwidth;lt is acceptabldor somemessage$o be lost, aslong asthe available bandwidth
complieswith certainpredeterminedtochastiassumptionsintroducingdatabasetyle relia-

bility (i.e. messageecovery and orderconstraints)nay violate theseassumptionsiendering
theMPEGdecodingalgorithmincorrect.Many CSCWgroupwareandmultimediaapplications
requirequality of servicemulticastfor mostof theirmessagesndmaygreatlybenefitfrom re-

liable multicastfor a smallportionof “critical” messaged-urthermoresuchapplicationsoften

needto befault-tolerantandneedto supportsmoothreconfiguratiorwhenpartiegoin or leave.

Groupcommunicatiorl] is a powerful tool for the constructiorof fault-tolerantapplications,
providing reliablemulticastandmembershigerviceswith strongsemanticsin this paperwe

incorporateMultimedia Multicast TransportServicethat supportsmultiple quality of service
optionswithin theframawork of groupcommunicationsystemsThisway, asingleapplication
canexploit multiple quality serviceoptions,andcanalsobenefitfrom thegroupcommunication
semantics.

Intr oduction

In this paperwe presenta novel communicationparadigmthat provides multiple quality of
service(QoS)optionsfor multimediaandComputeiSupportedCoopeative Work (CSCW) 18]
applications,e.g. video conferencing. The Multimedia Multicast TransportService(MMTS)
consistsof multiple QoS optionsincorporatedn the group communicatiorframenork. The
MMTS extendsgroup communicatiorsystemgGCSs)that provide reliablemulticastservices
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with strongorder constraintsas well as group membershigservices. The MMTS allows to
multicasta bunchof messagewith a specificQoSoption,independentlyf messagethatare
not part of the bunch. Eachmessagdunchis transmittedwith the QoS guaranteesequested
for this bunch,asfastasthis QoSallows. Strongerordersemanticarepreseredfor theentire
bunchandnot for singlemessages it. This allows usto selectvely imposeorderguarantees
relative to a subsebf the messagesndependentlyf othermessages.

Our approachis mostsuitablefor applicationghat requirehigh bandwidthfast multicast,
with differentQoSrequirementdor differentmessages.g. wheremostof the multicasthas
weak order and reliability constraints,but for a small portion of “critical” messageselia-
bility and strongorder constraintsare vital. For example, ngyotiation and re-negotiation of
QoSJ[14, 13] is amajorchallengean the designof video multicastapplicationsjt requiresall
the communicatingoartiesto agreeon certainQoS parametersadjustedo actualcapabilities
of thecommunicatingparties.Thestrongsemanticandthereliableorderedmulticastprovided
by the GCSfor the“critical” messageprovidesa simpleandefficient solutionfor QoSnegoti-
ation. Furthermoreit canmaketheservicefault-tolerantwithoutslowing down themassof the
messagesGCS membershigservicesallow the systemto smoothlyreconfigurewhen parties
join or leave.

Fig. 1 A New Party Joininga Video Conference

Typical applicationghatmaybenefitfrom the concepipresentedh this paperincludevideo
conferencingyideo multicast(pay TV), replicatedvideo on demandseners,cooperatre net-
work managemengndmary more.Fig. 1 depictsavideoconferencingpplicationwith anewv
party wishing to join the discussion.In Section6.0 we describeseveral examplesof applica-
tionsthatcanbenefitfrom our servicesamongwhich is a multimediaanddesktopconferencing
application[18].



2.1 The Benefitsof Group Communication
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GroupcommunicatiorsystemgGCSs)arepowerful toolsfor the developmentf fault-tolerant
distributedapplicationsandfor CSCWgroupwareandmultimediaapplications GCSsprovide
the applicationbuilder with reliable multicastserviceswith several usefulmessagerdering
paradigmse.g. totally ordered multicastgreatlyfacilitatescoordinationand QoS negotiation
in video applications. GCSsalso provide group membershipservicesthat guaranteestrong
semanticswhich are useful for the constructionof fault tolerantapplications. Someof the
leadingGCSstoday are: Transis, Totem, ISIS, Horus, Psync,Relacs,RMP, and Newtop; A

suney of GCSsmaybefoundin [1].

GCSsintroducethe notion of the group abstiaction that allows the applicationbuilder to
treatmultiple communicatingpartiesasa single connection.Membersmay dynamicallyjoin
andleave the group (i.e. subscribeandunsubscribéo the connection).The groupabstraction
allows for smoothreconfiguratiorof discussiorgroups:a procesghat sendsnessageo the
group doesnot needto keeptrack of the changedn its membership. A multicastgroupis
identifiedby thelogical nameassignedo it whenthe groupis created Eachmessagé¢argeted
to the group’s logical nameis guaranteedo be deliveredto all the currently connectecand
operationalgroup’s members. The group abstractiormay also be exploited for reducingthe
transmissiomatefor slow receversby multicastingthe video concurrentlyto differentgroups
for receverswith differentQoScapabilitieg7]. Receverscandynamicallyswitchfrom group
to group, accordingto the bandwidththey have available. Anotherapproacho reducingthe
bandwidthfor slow receversis basednfiltering [14]: thevideoframesaremulticastto several
targetgroups,onegrouprecevesaself-containedow bandwidth(andhencdow quality) video
film, all thereceverssubscribdo this group. Incrementframesthatimprove the video quality
aremulticastto theothergroups.Receverswith higherprocessingapabilitiessubscribeo one
or morethesegroups.andthusimprove the quality of thevideothey receve, accordingo their
capabilities.

Othermultimediatransportservicese.g. ACCOPI[13] alsousegroupabstractiorfor mul-
timediamulticast,but they usuallysupportonly I — N logical topologieqonesendermary
recevers). This s justified becausecomplex connectionsn the transportservicecomplicate
the designof thetransporfprotocol. However, usinga GCSarbitraryconnectiortopologiesare
simpleandefficient to implement. This allows to provide eachapplicationwith the topology
mostsuitablefor its needs.

Curr ently, GCSis Problematic

In spiteof theirstrengthsGCSsarerarelyusedfor applicationghatutilize highthroughputast
multicast,andrequirereliability for only a smallportion of their multicasts.Many multimedia
applicationsarein this catgory. For example,in video multicastapplicationsyeliability and
ordersemanticarerequiredfor coordinatiorandfor QoSnegotiationmessagedyut notfor the
videotransmission.

Suchapplicationsdo not use GCSsbecausdhey requireQoSthatis not provided by the
GCS.Strongsemanticsprderandreliability guaranteesignificantlyslonv down theapplication
which is adequatelysupportedoy a “mostly reliable” multicast. Most GCSsprovide only re-
liable multicastservices.Reliability requiresmessagduffering, managingacknavledgments
for messageandretransmissions husmessageéeliveryis delayedespeciallywhenmessages

1Totally orderedmulticastis alsocalledatomicmulticast.
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arelost. Orderconstraintgurtherincreaseahedelay Consequentlysmallerbandwidthis avail-
able. This canngyatively affecttheapplicationif, for example,the ATM constanbit rate QoS
is requested Furthermorethe notion of reliability for a video applicationis ironically differ-
entthanthe GCSnotionof reliability: videodecodingalgorithmsmakeassumptionsegarding
stochastimetworkbandwidthvariability. Theintroduceddelaysmayviolatetheseassumptions,
renderinghedecodingalgorithmincorrect.

SomeGCSsprovide unorderedandunreliablemulticastserviceghatpresere the underly-
ing networkpropertiesHowever, suchanapproachs inadequatéor theapplicationgnentioned
above. Thisapproaclsuffersfrom onemaindravback: Theres no possibilityto selectvely en-
force orderguaranteeselative to a subsetf the messagesndependenthyof othermessages.
Thus, with a GCS, a messages either delayedby all messagesvith strongerorderingcon-
straintsor, alternatvely, is deliveredindependentlyf all othermessages.

Often, neithersolutionis appropriatee.g. in atypicalmultimediaapplicationseveraltypes
of datastreamge.g. video, audio,translationsubtitles)areeachmulticastindependently20],
asshowvn in Fig. 2, andaresynchronizedtthereceving sener. Orderingconstraintsnustbe
presered within eachstream,but messagefrom differentstreamsshouldnot interferewith
eachother Anotherexampleis video transmission:an MPEG-encodedideo consistsof a
few full imageswhich mustbereliably delivered[19], followedby incrementalpdateframes
which canbe sentunreliably The incrementalupdateframesmustfollow the corresponding
full pictureframeonly, andhave norestrictionsw.r.t. othermessages.

Video
stream

Audio-left
stream
Audio-right
stream

Text
stream

Fig. 2 DataStreamsn a MultimediaApplication

Multimedia Multicast Transport Sewvice within
Group Communication Systems

We incorporatea MultimediaMulticast TransportService(MMTS) that provides several QoS
optionsinto the group communicationframenork. The basicobjectin MMTS is a bund.
A bunchis a containerobjectthat consistsof messagesAll the message# the bunchare
multicastby the samesource have the samemulticastgroup of targetsandobey to the same
QoSrequirementassignedo thebunch.A bunchmaydirectly provide theunderlyingnetwork
propertiesg.g. theconstanbit rate QoSof ATM. Alternatively, messagewithin a bunchmay
be recoveredto provide reliable multicast. A bunchmay be unorderedor FIFO ordermay be
enforced. The messagewithin a bunchneitherinterferewith messagefrom otherbunches,
norwith othermessagemulticastvia the GCS.

The GCSsenesasa coordination objectfor coordinatingdifferentinstancef the bunch
object. The coordinationobject (GCS) interactsonly with the bunch objectas a whole and
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doesnotinteractwith individual bunchmessagesEachbunchis “wrapped”with a shellthat
is multicastvia thereliableservicesof the GCS,andthussemanticsare providedfor theentire
bunch,asif it wereasinglemessagéor two messagedayin andend. Thiswaytheapplication
may benefitfrom the powerful semantic®f membershigservice andorderguaranteemay be
enforcedamongbunchesandregularreliablemessagesThe messagewithin the bunchesare
transmittedndependentlyf theregularmessagdéow in the GCS.

The challengewasto provide thesesemanticsvithout imposinga high overheadon mes-
sagewwithin bunchessothatthe overall performancevill notbe degradedbecaus®f the sup-
port for coordination. Messagesreonly delayedwithin a buncheitherdueto an application
requesto orderthe entiremessagdunchrelative to othermessagesr becausef othermes-
sagesin the samebunch, dueto the reliability or order constraintof the particularbunch’s
QoS.In otherwords,the systemimposeghe minimumdelayneededo enforceonly the order
constraintsxplicitly requestedby the application.

Theintegrationbetweerthe groupcommunicatiorandMMTS the following advantages:

¢ A singleapplicationcanexploit assortedQoSoptions.

¢ Applicationscanbe madefault tolerantusingpowerful groupcommunicatiorsemantics.
Thesesemantic$old for thebunchasawhole,notfor specificmessagewithin abunch.
Thisis usuallywhattheapplicationrequires.

e Theentirebunchis orderedwith respectto reliable messageand otherbunches. This
featureis usefulfor CSCWapplications.

e The GCSprovidessupportfor dynamicreconfigurationThis allows cooperatingparties
to freely join/leave multicastgroupsandthereforeoffers a goodabstractiorfor CSCW
groupwareapplications.

¢ Reliable“critical” messagemay be usedfor coordinationand checkpointinge.g. QoS
negotiationandre-neotiation.

Theobject-orientedlesignof our systemhasthefollowing adwvantagesFirst,animplemen-
tationof aspecificQoSis encapsulateth the correspondingpunchobjectandhiddenfrom the
coordinationobject. This allows the coordinationobjectto manipulatedifferentbunchobjects
in the genericway accordingto the applicationdefinedcoordinationpolicy. Secondtheappli-
cationbuilder caneasilycombinedifferentQoSoptionsto form the QoSmixture desirableor
theapplication.Finally, nev QoSoptionscanbe smoothlyintegratedinto the system.

The Environmentand Model

A setof processesommunicateover the network. The systemis asynchronousthereis no
boundonrelative processpeed®r messageelay

We considetthefollowing typesof failures: Processemaycrashandrecover. Thenetwork
may partitioninto several components andremege. A messagenay belost by all members
of acomponentor only by partof them.Thenetworkmayduplicatemessagesndit provides
no messagesequencingguarantees.We assumethat failures are detectedusing a (possibly
unreliable)fault detectore.g. atimeoutmechanism.

2A componentis sometimesalleda partition . In our terminology a partitionsplits the networkinto several
components.
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Thebasicoperationn amulticastservice s to postamessagéo a setof processesA process
may senda messagé¢o ary subsebf theprocessesThe multicastservicedeliversthemessage
to its multiple targets. Multicast servicesare characterizedby two properties:reliability and
orderconstraints.

Reliability A multicastserviceis reliable if it delivers eachmessagexactly onceto each
of its currently operationaland connectedargets, overcomingmessag®missionand
duplication.Otherwisethe serviceis unreliable

Order constraints Thereexist variouslevels of constraintson the orderof messagelelivery.
Typical examplesof orderconstraintsare:

None —noorderconstraints.
FIFO messageBom asinglesourcearedeliveredin the orderof their transmission.

Causal messagesre deliveredin an order preservingthe “happenedbefore” (causal)
partialorderdefinedby Lamport[12]. Thecausalorderis definedasthetransitve

cause

closureof: m == m'if deliver,(m) — send,(m’) orif send,(m) — send,(m’).

Totally Ordered (Atomic) messagearedeliveredin the sameorderatall targets. This
orderpreseresthe causalpartialorder

Order constraintscausea delayin messagelelivery: e.g. if a processsendstwo reliable
FIFO messages:; andm,, andm; is lost,thedelivery of m, will bedelayeduntil therecovery
of m;. Moreover, messagemay befurtherdelayedby strongerorderconstraintof preceding
messages.

Group Multicast and Membership

Group communicationsystemsprovide several levels of reliable multicastservices,as well
asgroupmembershigservices.A group communicatiorsystem(GCS)supportseliable mul-
ticast communicatioramonggroups of processes The basiccommunicationprimitive is to
post(send amessagao a group. The GCSmulticaststhe messag®ever the networkto other
instancef the GCS. The instanceof the GCSreceve the messagdrom the network, and
deliverthe messagéo all the memberof thegroup.

After a groupis createdthe group undegoesmembershiggchangeswhen nev members
areaddedto the groupandwhenmembersaretakenout of the group. The membershiser
vice of the GCSreportsthesechangego the applicationthroughspecialmembershighange
messageghatcontaina uniqguemembershipdentifierandalist of connectegrocesseviem-
bershipchangemessagearedeliveredamongthe streanof regular messagesl hus,duringthe
executionof an application,the GCSdeliversto it a sequence®f regular messagesterposed
by membershighangemessages.

The task of the GCSis to simulateto the applicationan environmentin which message
delivery is reliable within the set of reachablglive and connected)rocessesand give the

3Reliablemulticastis sometimesdefinedto guarantealelivery at all correct tamgets. This definition is not
appropriatefor systemghattoleratenetworkpartitions,wheretwo processesay be disconnectedandyet both
are correct. In this paperwe requiredelivery at connectedargetsonly. This reliability guarantegés sometimes
calledatomic
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applicationan indicationwhich processesre reachableat ary giventime. The Mirtual Syn-
chrony [6], StrongMrtual Syntirony [9] andExtendedvirtual Syndéirony[16] modelsprovide
powerful semanticsthat greatlyfacilitate applicationdesign[6, 2, 10, 3]. For example,they
guaranteehatif two processep andq deliver the sametwo consecutie membershighanges
M,, M;, thenfor every messagen that p delivers betweenif; and M,, ¢ alsodeliversm
betweenM; andM,.

GCSstoday have begun to exploit new technologiesandto run over fast networkse.g.
ATM [5] in WAN ervironments.

Multimedia Multicast Transport Service (MMTYS)

We proposedo incorporateMultimediaMulticastTransportServicg MMT S)into groupcommu-
nicationsystemgGCSs)thatprovide reliablemulticast. The GCSis extendedwith Multimedia
Multicast TransportServiceproviding QoSmulticast.

ThebasicMMTS objectis abund. A bunchis acontainerobjectthatconsistof messages.
The messagewithin a specificMMTS bunchneitherinterlease nor interferewith the regular
flow of messagem the GCSor in otherbunchesandthereforearenot delayedby them. The
wholebunchis orderedelative to reliablemessageandotherbunches Theapplicationbuilder
definesthe inter-bunchcoordinationpolicy in termsof the generalbunchobject. Eachbunch
objectimplementinga specificQoStypeinheritsfrom this object.

A messagdunchis “wrapped” with two reliable messagesbeayin-bunch and end-lunc
that are multicastvia the GCS.The applicationbuilder chooseawvhich of the variousreliable
multicastservicesprovided by the GCSto usefor thesemessagesn orderto guaranteghe
orderconstraintgequiredfor his application.The structureof GCSwith MMTS is depictedn
Fig. 3.

Reliable send 3

QoS send

T:;Application

Active Bunches

Fig. 3 TheMMTS Structure

Notation: For bunch B we denoteby Mg the setof messagesentvia the bunch B, by Sg
the sendeinf Mg. bayin-bundg andend-lundg arethe correspondindpegin-bund andend-
bundh messages.



4.1 QoSMulticast BunchesTypesand Structur es

A QoShunchis characterizetly thefollowing parameterstheorderinglevel of its shell(begin-
bundh andend-tlundh messagesandthe QoSrequirement®f the messagewithin the bunch.
Message®elongingto the samebuncharedeliveredbeforethe end-tundh messagandafter
the begin-bundh messageandall have thesameQoSconstraintsA bunchis labeledaccording
to the constrainton messagewithin the bunch. Thefollowing areexamplesof QoStypesfor
abunchB:

Unreliable Unordered The unreliableunorderedQoS bunch preseresthe propertiesof the
underlyingnetwork.the network.

Unreliable FIFO For ary m,, m; € Mp suchthatm,; wassentbeforem,: if bothmessages
aredeliveredthenm is deliveredbeforem:;.

Reliable Unordered All themessagem Mp areguaranteedo bedeliveredexactly once.No
orderingconstraintsareguaranteedor ary message Mp.

Reliable FIFO All the messages Mg areguaranteedo be deliveredexactly onceandthe
FIFO delivery orderis presered.

Prioritized Bunch implementsamorecomple QoStype,especiallydesignedor videotrans-
mission[11]. Thisservices basednthecyclic-UDP[22] protocol,whichis abest-efort
priority-drivennetworkprotocol. The prioritized bunchis unreliable, but it doesusere-
transmissionsn orderto increasehe probability of successfutlelivery. The messages
within thebuncharesortedaccordingo their priority: thefirst multicastmessagéasthe
highestpriority, andthelastmessage- thelowest. The probability of successfutlelivery
of amessagés proportionalo its priority.

TheMMTS allows theapplicationwriter notonly to easilyincorporatenen QoStypesinto
the systembut alsoto alter the bunch’s structurein orderto createmore sophisticated)oS
types. For instance jnterestingQoStypescanbe createdf nesting of bunchesis supported.
Unreliableandprioritizedbuncheanaybe nestedvithin reliablebunchesthe beggin-bund and
end-lund of theinner bunchare deliveredasreliable messageswvithin the outerbunch,and
not via the GCS (seeFig. 4). This allows order constraintso be enforcedamongbunches
without introducingredundantonstraintsandthusincreaseshe liberty to selectvely choose
orderdependencies.

reliable fifo bunch

unreliable bunch prioritized bunch

Fig. 4 Nestingof Bunches

For example,anMPEG videosener multicastictureframes eachfollowedby unreliable
incrementalupdateframes. The pictureframesdelivery mustbe FIFO andreliable,while the
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incrementframesmay be unreliable,andare orderedw.r.t. the precedingpictureframe. Pic-
ture framescanbe multicastvia a reliable FIFO bunch,andincrements- in nestedunreliable
bunchesThisimplementationmposegheorderrelationshippetweerpicturesandincrements,
andimposesno orderconstraintsw.r.t. othermessagesr bunches.Video representatioman-
guageqe.g. Rivl [21]) canbe naturallyextendedto “compile” into this form of representation,
for videotransmission.

MMTS in Presenceof Membership Changes

The membershipmessagesf the GCS have animportantrole in providing strongsemantics
suchasvirtual synchroly. Thesesemanticgestrictthe orderof membershignessagesu.r.t.
regularmessagesMMTS providesthesesemanticgor the entirebunch,andnot for particular
messagewithin thebunch. Thisis usuallywhatthe applicationrequires.
Wheneeramembershighangeoccursthefollowing situationsarepossiblefor bunch B:

e Someprocessp disconnectdrom Sg beforeend-lunds is receved. In this case,p
deliversa specialbroken-lundg notification,indicatingthat somemessages Mg are
unrecaerablylost. The broken-lundg messagautomaticallyforcesB to beclosed.

e Someprocesy proceedsogethemwith Sg. In thiscase,Sg continuego multicastandp
continuego deliver B’smessages.

e Somenew proces joins Sg. In this casep deliversaspecialjoin-bundg notification,
andfollowing it deliverstheremaindeiof AMp.

MMTS Incorporation in Transisand Horus

We now presentheincorporationof MMTS in the TransisandHorus[1] GCSs.MMTS could
be similarly incorporatednto otherGCSs.

The main datastructureof the TransisGCSis a directedacgyclic graph, DAG, basedon
Trans[15] andonPsynd17]. Thenodesn theDAG represeniessagesndthearcsrepresent
acknavledgments. The DAG is usedto provide variousreliable multicastservices. We ex-
tendthe DAG datastructureof Transisto incorporateMultimediaMulticast TransportService.
The bggin-bund andend-lund messageare multicastusingthe DAG. The regular bunch’s
messagesre passedin the background’anddo not intervenewith the regular flow of mes-
sagesn theDAG. Intuitively, this mechanisntesembles three-dimensiondDAG, asdepicted
in Fig. 5(a). The TransisDAG delivers GCS messages one dimension,and the bunchs
messagearedeliveredin anotherdimension afterthe correspondindpegin-bundh messagés
deliveredandbeforethe end-lundh messagés delivered.

TheHorussystemhasalayeredstructure Eachtype of multicastserviceis implementedas
aseparatdayer, stackedntop of weakerservicelayers. MMTS maybe easilyincorporatedn
Horus. The serviceopensseveral connectionso Horusasdepictedn Figure5(b):

¢ Onereliableconnectionstackedon top of variousreliableservicelayersanda member
shiplayer MMTS multicastsregular messageghatare not partof ary bunch)via this
connection.This connections alsousedfor begin-bund andend-tund messagesnd
for gettinganindicationof the membershipThis guaranteesirtual synchroly semantics
of entirebunchesw.r.t. otherbunchesregularmessagesndmembershighanges.
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Fig. 5 MMTS Incorporationn GroupCommunicatiorSystems

¢ Oneunreliableunordereatonnectior(bypassingll reliablelayers) for unreliablebunches.
o A separateeliableconnectiorfor eachreliablebunch.

The MMTS serviceneedsonly takecareof orderingbunchmessagew.r.t. the correspond-
ing bagin-bunch andend-lundh messages.

Applications

In this paperwe presentedhe notionof MultimediaMulticastTransporiService(MMTS) that
supportsmultiple quality of serviceoptions(QoS)in groupcommunicatiorsystemqGCSs).
Below we describeafew applicationghatmay exploit MMTS within GCSs.

Video multicastapplicationare concernedwvith more than just multicastinga streamof
video. Suchapplicationalsoneedto exchangemessage$or connectionestablishmentflow
control and ngyotiationand re-negyotiation of QoS (agreemenbn QoS parameters).Further
more, it is desirableto introducereplicationin orderto makesuchapplicationanoreavailable
andfault tolerant. Replicationarisesthe needfor load balancingandin orderto achieve fault
tolerancethe senersmustconsistentlyshareinformation. In our approachthe videois mul-
ticastin QoSbunchesandthe othertasks(e.g. QoSnegotiation,loadbalancingandconsistent
informationsharing)exploit the GCSservices.

We arecurrentlyimplementingareplicatedvideoondemandserver4], thatexploitsMMTS
QoSbunchedo transmitvideo. If onesenercrashe®r detachesrom aclient,theotherseners
getanindication,and cansmoothlytake over. The groupabstractions usedto guaranteea
transparentransition: the client continuesto sendits requesto the samelogical connection
(representetty a GCSgroup),andis unavareof the changen sener behindthis connection.
Thegroupabstractioriogethemwith the GCStotally orderedmulticastserviceareusedfor load
balancing:eachclientrequests multicastto the groupof seners,andthe senersdeterministi-
cally decidewhich of themwill senetheclient.

Multimediaand desktopconfeencingsystemsare describedn the suney of CSCW sys-
tems[18]. Suchasystemconsistf several confereegusers)thatcooperatiely usea variety
of applicationsuchasa meetingroom (video andaudio),sharedwork space(e.g. cooperatre
editing or drawing on a board),etc. The confeenceagentcontrolsthe communicatioramong
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the confereesndthe applications.Thedistributedagentcanexploit GCSwith MMTS to pro-

videtheservicedistedin [18], e.g. floor control,dynamicreconfigurationgonsistentvorkspace

replicationandmanagemengndloggingthesessionln thefull pape8] we discusgheseser
vicesin moredetail.

Concluding Remarks

The performanceof anMMTS applicationgreatlydepend®n the sizeof the bunchesandon
the mixture of differentQoS options,aswell ason the propertiesof the underlyingnetwork.
Thereis a tradeof in determiningthe ideal bunchsize: if bunchesare smallthe overheadof
handlingbegin-bundh andend-lunch messages high. On the otherhand,large bunchesare
lessfault tolerant:failuresmay causdossof synchronizationandapplicationge-synchronize
at the end of bunches. The longerthe bunch, the longerit takesto re-synchronize.lt is our
hopethatfurtherwork on this topic will identify bunchsizesthatinducelow overheadandyet
provide reasonableguality of servicefor specificapplications.
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