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Abstract

Traditional broadcasprotocolsfail to scaleto large settings. Several recentattempts
have proven efficient to ensurereliableinformationdisseminatiorin groupscomposemf
a large numberof participants. This paperproposesa reliable multicastprotocolthatin-
tegratestwo complementaryapproacheso dealwith the large-scaledimensionin group
communicatiorprotocols:gossip-basegrobabilisticandsemantic-basegrotocols.

Althoughit seemdntuitive thatthe combinationof probabilisticandsemantiaeliable
protocolsshouldprovide goodresults,we shav thata nave compositionof both protocols
offersdisapointingesults. Wethenproposea specializegrobabilisticsemanticallyeliable
layer, evaluatedifferentimplementatiorpolicies and studythe impactof relevant system
parameterin the performancef the protocol.

Our approachallows us to identify which protocol configurationprovidesthe bestre-

sults,combiningthe advantageof both modelsin a singleprimitive that: (i) is scalableto

*An extendedabstracof thisreportwaspublishedasa shortpapetrin the Proceedings of the |EEE International
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large numberof participantsandhighly resilientto network and procesdailuresand; (i)

deliversa high quality dataflow evenwhentheload exceedghe availablebandwidth.

1 Intr oduction

Reliable group communicationprotocolsare a fundamentabuilding block to build comple
distributedapplicationg2]. Many of the earliergroup communicatiorsystemswere tamgeted
at smalland mediumscalefault-tolerantsystemswith emphasison strongprimitivessuchas
atomicbroadcasio].

However, providing stablehighthroughputo largegroupswhile, atthesameime, enforcing
strongsemanticss a very hardtask[3]. For instance protocolsthat provide senderreliability,
suchasRMTP[14], generate large numberof acknavledgmentsvhich mustbe recevedand
processetdy thesenderFor largegroupsor highthroughputhisrapidly overwhelmshesender
asituationoftenreferredasack implosion.

Evenwith protocolsthat avoid suchproblemsby usingmore sophisticatednechanismso
track messagestability, non probabilistic protocolshave to retransmitthe messagesintil all
recipientsacknavledgetheir receptionor are declaredfailed. Therefore,whenthe network
is congestedr a recever is perturbed messageaccumulaten buffers eventually preventing
further messageto be sentfor sometime. This meanshata single slow recever or network
link slows down theentiregroup[18].

Two approachesiave beenproposedrecentlyto addresshe scalability issuesof reliable
multicastprotocols.Oneis the useof probabilisticepidemicprotocolsthatsupportthe efficient
disseminatiorof dataamongalarge numberof nodeswhile providing probabilisticguarante®f
delivery[4]. Theotheris theuseof semantiknowledgeto supporthighersustainedhroughput
in groupswith heterogeneouserformancdéehaior [16].

Gossip-basegrobabilisticmulticastprotocolq8, 10, 13, 15|, supportthroughputstability
evenfor very large groups,astheloadrequiredto ensurereliability is evenly spreadacrossall
memberf the group. The usageof epidemicdisseminatiorresultsalsoin high resilienceto

processand network failures. However, the probabilisticassumption®n which the delivery



guaranteas built cannotbe enforcedf theinputload exceedshe capacityof the network. For
instance perturbedprocessemight have to be excludedfrom the groupdueto messagéosses
andexceedingnetwork bandwidthmightleadto generalizedailureto meetdeliveryguarantees.

Semanticallyreliablemulticastprotocolsexploit the applications semanticgo improve the
toleranceof slow group membersor network links. This approachstemsfrom the obsena-
tion thatin distributedapplicationsmessagesften overwrite the contentand purposeof other
messagesentshortlybefore thereforemakingthemobsoletewhile still in transit. By notdeliv-
ering obsoletemessage®o perturbedmemberssemanticallyreliable multicastaccommodates
memberswith differentthroughputsn the samegroupwithout endangeringhe applications
correctness.The advantagesof semanticallyreliable multicasthave beendemonstratedh the
context of bothinformationdelivery[16] andstronglyconsistenteplication[17].

This paperproposesa protocol that combinesthesetwo approachesn a communication
primitive thatis highly resilientto ervironmentaladwersity andthatdeliversa high quality data
flow even whensomemessagesre lost. Although it seemsintuitive that suchcombination
shouldprovide good results,we shav that a naive compositingof both protocolsoffers dis-
apointingresults. We thenproposethe useof a specializedorobabilisticsemanticallyreliable
protocol.We shov how configurationparameterssuchasbuffer sizeandpurging policiesaffect
thefinal performanceof the protocol. Finally, the paperidentifiesthe configurationthat offers
betterperformancein particular it providesa betterquality of deliveryin overloadechetworks
without negatively impactingperformancen lightly loadednetworks.

Thepaperlis organizedasfollows. Section2 providesabrief introductionto the probabilistic
andsemanticallyreliablemulticastapproachew/henusedn isolationandunderlinegheinterest
of combiningthe two approaches.Different alternatvesto obtain a combinedprotocol are
describedn Section3. Section4 evaluateghesealternatvesandidentifiesthe onethat offers

betterresults.Finally, Section5 concludeghe paper



2 Motivations

For self-containmentandto motivateour approachin thefollowing two sectionswve provide a
brief introductionto previouswork in the areaof probabilisticmulticastprotocolsandsemanti-

cally reliablemulticast. We thendiscusghe challenge®f combiningthe two approaches.

2.1 Probabilistic broadcast

In probabilisticreliableprotocolq10, 13] messagearenotdisseminateth adeterministianan-
ner. Instead (i) eachparticipantrelayseachmessageecevedto a randomsubsebf processes
and;(ii) eachmessagés relayedat mosta boundechumberof times. It canbe showvn thatthese
protocolscanbe configuredsuchthateachmessagés deliveredto noneor all processewith a
high probability. Theprobabilityof amessagéeingdeliveredto somebut notall processesan
bemadeassmallasrequiredby adjustingheprotocol'sparameterghereforeprovidingasmuch
reliability asarny deterministicapproach.The decentralizedhatureof epidemicdissemination
resultsin a protocolthatis scalableto a large numberof participantswithout overloadingary
particularmemberof the group(ashappensvith deterministigorotocolsandackimplosion).

In additionto their performancean the large scale,gossip-basegrotocolsare highly re-
silientbothto procesdailuresandto independenpacletlossesn the network. However, these
protocolsdo not toleratecorrelatednessagéossessuchasresultingfrom network congestion.
Unlessthereis afixedsetof boundedatesendersthe maximuminput ratehasto be setconser
vatively thuspreventingfull network usage.This is a potentialweaknes®f the approactsince
with probabilisticprotocolsthe network usages notablyhighin comparisorwith deterministic
reliablebroadcasprotocols.

Several optimizationsof the original protocol have beenproposed. Recognizingthat the
probability of the messagéeing deliveredto all processegrows with the size of the initial
setof processeseceving themessagef hasbeenproposedhataninitial optimisticbroadcast
phaseis used4]. The epidemicphaseis thendoneby negative acknavledgmentthus saving
network bandwidth. It hasalsobeenshowvn thata global deterministicview of the participant

setis notrequired8]. Instead|t is sufficientthateachparticipantkeepsarandomsubsebf the



entireparticipantset. Finally, givenknowledgeaboutnetwork topologyit is possibleto better

spreacdhetwork traffic acrosgphysicallinks, thusbettercopingwith wide areanetworks[15].

2.2 Semanticreliability

Deterministicprotocolshave to retransmitthe messagesntil all recipientsacknavledgetheir
receptionor are declaredfailed. Whenthe network is congestecbr a recever is perturbed,
messagesccumulatan buffers until fully acknavledged. Since buffers are bounded,when
buffersfill up thesendeiis notallowedto sendfurthermessagesl his meanghata singleslow
recever or network link may slow down the entiregroup.

Semantiaeliability stemsfrom the obsenationthatin distributedapplicationsmary mes-
sagesare madeobsoleteby messagesentshortly after As such,whenmessageaccumulate
in buffersit is likely thatalreadyobsoletenessagearein the samebuffer asthe messagethat
make themobsolete.If obsoletemessageare purged,the resultingbuffer spacecanbe used
ensuringthatthe sendetris never blocked andthusfastreceversarenot affected. This allows
receverswith differentthroughputdo beaccommodatedithin the samegroup: Fastrecevers
getall themessagewith low lateng andslowerreceversgetlessmessagewith higherlateng.

The performanceof semanticreliability dependsboth on the obsolescencerofile of the
traffic andon the size of buffersavailablefor purging. A simpleanalyticalmodelthatenables
reasoningaboutthe efficiengy of the protocolandthe configurationof systemparametersc-
cordingto the obsolescenc&nction of the target applicationhasbeenproposedn [16]. This
modelwasvalidatedthroughsimulation.It wasshovn thatwhenappliedto atraffic profile of an
on-linetradingsystemthe protocolcanbe configuredto allow arecever to exhibit processing
delaysA0%higherthanthoserequiredto processall messages duetime withoutdisturbingthe
senderAn equivalentmodelwasalsoproposedo reasoraboutthe advantage®f theapproach

to supportstronglyconsistenteplication[17].



2.3 Challengesin combining both approaches

Intuitively the combinationof the two previous approachess appealing.However, to fulfill its
potential the combinatiomneedgo beimplementedy a concreteprotocol. The straighforvard
mannerof obtaininga probabilisticsemanticprotocolwould be to apply semanticpurging to
the buffers maintainednternally by the probabilisticprotocol. Unfortunately obtainingan ef-
ficient protocolfrom sucharchitecturas harderthanit looks at first sight. To startwith, some
probabilitic protocols,suchaspbcas{10], do notrely on buffering andthat preventssemantic
purging from beingapplied.Therebytheuseof purgingwould berestrictedo protocolsthatuse
buffering suchaslpbcas{8]. Furthermoregvenin this caseit is hardto balancethe buffering
requirement®f the semantiaeliability with the lateny requirement®f the protocol. In fact,
asit will beshown in the evaluationsectiona staticconfigurationof protocolparametersloes
notyield satisfctoryresults.

Theintuitive reasorfor the poorperformancef sucha naive combinationof bothprotocols
is thefollowing: Considerthatthe gossipprotocolis staticallyconfiguredto usesmall buffers.
In suchcaset is hardto applyobsolescenceelationssinceit unlikely thatrelatedmessagesan
befoundsimultaneouslyn the buffer. On the otherhandif, to increaseéhe chance®f applying
semanticpurging, the protocolis statically configuredto uselarge buffers thenthe following
disadwantagesnay be obsered: excessve purging occursevenwhenthereis enoughnetwork
bandwidthto disseminatall themessageghelateny of messageéisseminationncreasesince
messagesre bufferedfor longer periodsat eachhop and; the probability of overloadingthe
network whenthebuffersareflusheds higher which maycausecorrelatedossesatthenetwork
level. Integratingstraightforvardly semantidouffering managemerinto gossip-basegrotocols
doesnot enablethe systemto reactefficiently to changesn the network load. Therefore,it is
necessaryo designa solutionthatallows purging to be applyedasa function of the network
usage.

Notethatthe purposeof applyingsemantiqurging asdescribedn this paperdifferssignif-
icantly from its previousapplicationto deterministigprotocolq16]. In thoseprotocols,purging

is appliedto isolatefastreceversfrom performancealegradationcausedy slow recevers. With



probabilisticprotocols,fastreceversare alreadyunafectedby perturbedrecevers. The goal
is to be ableto exceedavailablenetwork capacitywithout endangeringpplicationcorrectness
andreliability guarantees.

Note alsothattheresultingarchitectureesembles systemwheremessagebave different
prioritiesandlower priority messagesiaybedroppedo allow thedisseminatiorf high priority
messagesThereis however a significantdifference:In a priority basedsystemtheimportance
of eachmessagenustbe known a priory.r With semanticreliability the importanceof each
messagés defineddynamicallyin function of the transmissior{or not) of othermessagethat
male it obsolete.

Naturally, benefitsfrom the combinedapproachcanonly be achievedif the traffic pattern
exhibits someamountof obsolescencdn the next sectionwe discussa numberof applications

thatcanbenefitfrom thenew protocol.

2.4 Targetedapplications

In publish-subscribsystemd1, 5, 6], subscribersegistertheir interestin aneventor a pattern
of eventsin orderto besubsequentlpotifiedof any eventpublishedvhichmatchegheirinterest
regardlessof how andby whom thatinformationis produced.Many variantsexist and differ
mainly by their ability to filter eventq7].

Messagedisseminatiormay take the subscriptionpatterninto account. For instance,in
content-basegublish-subscribeystemshe structureof the messageanbe inspectedoy the
protocolin orderto route messagefrom publishersto subscribersn situationswhereinterest
is sparsethusavoiding flooding the network. However, in situationswhereinterestin events
is denseflooding cannotbe avoided. In this situationknowledgeof message&ontentsby the
protocolcanbe usedto improve floodingitself by usinga semanticallyreliable protocol. This
makesthe protocoldescribedn this paperidealfor publishsubscribepplicationgor verylarge
numbersof publishersandsubscribersvith uniformly distributedinterest. This fulfills thefirst

requiremenfor usageof a probabilisticsemanticallyreliable protocol: Messagesemanticgs

LIn real-timesystemsthe priority may be derivedfrom the deadline which mustbe known whenthe message

is sent.



alreadyavailableat the protocollevel.

In addition,applicationssupporteddy suchpublish-subscribsystemsarelik ely to alsosat-
isfy the secondrequirement: Exhibiting messagebsolescenceFor example,a stock-based
publish-subscribestock-marlet applicationwould benefitfrom messagebsolescencel hese-
manticobsolescencmaybecarriedby theabsolutdime amessagbadbeensent. Any message
carryinga morerecentvalue (eitherabsolute githerfrom the samepublisher)would obsolete
ary oldermessage.

Likewise, a large-scaleauctionsystemhostingby a publish-subscribsystemcouldimple-
mentavery naturalobsolescenceemanticMessagearryingabid higherthanthatof ary other
messageavould obsoletethe latter one. In this case the semantianformationis not computed
locally but is carriedby the messagetself, the bid absolutevalue asthe parameteto define
obsolescenceelations.Someothercausakriteriamightbeusefulin this contet: if p publishes
m, m mayobsoleteall messagesecevedby p beforefiring m. Again,thesemanticknowledge

would be carriedby the messagethemseles.

3 Probabilistic semanticallyreliable multicast

Thearchitecturgproposedn this sectionstemsrom theobsenationthatprobabilisticoroadcast
protocolsdo not toleratenetwork congestiorasit inducescorrelatedoss. This canbe avoided
by somesortof flow controlmechanisnhattemporarilybuffersmessagesllowing the system
to copewith shortload peaks.If the systemis subjectto a sustainedigh load, it is likely that
messagebave to be bufferedlong enoughso that obsoletemessagesan be recognizedand
subsequentlpurged. Resourcesaved by purging obsoletemessagesanthen be appliedto
ensurethatthe delivery of non-obsoletenessages done. Therefore despitenot deliveringall
messagesheprotocolselectvely triesto deliverthosemessagethatarerequiredfor consistent
operation.On the otherhand,whenthe network is not overloadednessagedo not needto be

bufferedandthe disseminatioateng is not affectedby theintroductionof semantigurging.
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Figurel: Three-tieredarchitecture(a) Gossipprotocol;(b) PSRM;(c) network.

3.1 Architecture basedon a specializedPSRM

The purposeof our architectureis to separatehe mechanismexploiting messagesemantics
both from the probabilistic protocol and from the physicalnetwork. It consistsof inserting
a specializedprobabilitic semanticallyreliable multicastlayer in betweenthe gossipprotocol
andthe network. Thelayertakesinto accounthe availablebandwithat eachlink andpeforms
buffering only to avoid overloadingthe network. Figure 1 presentsa graphicaloverview of
the proposedarchitecture:The lower tier (c) is the physicalnetwork. The middletier (b) is a
buffering layer, whereary purging mechanisnmaybeapplied.Thetoptier (a)is anunmodified

gossipprotocol.

Lower tier: Network

The lower tier is the physicalnetwork which, by controlling admissionof messagegyrovides
boundedindependentlydistributed messagdéoss amongeachpair of participatingprocesses.
This ensureghat, when the systemis overloaded,messagdossesdo not happeninside the
network but at the edgesundercontrol of a purging policy that minimizestheir consequences.
The concretecongestiorcontrolmechanisnuseddepend®n the characteristicef the physical
network andis out of the scopeof this paper Possibleoptionsarea window-basedcongestion
control mechanismcompatiblewith TCP/IP[11] and rate-basedongestioncontrolin ATM
networks[12].

Sinceprobabilisticbroadcasprotocolsnaturally spreadthe load evenly acrossnodepairs,
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a static partition of available bandwidthachieves this goal satistctorily (i.e. fully usesthe
network) whenusinga sharednetwork with predictablebandwidth. We usedthis approacho

obtainthe experimentakesultspresentedn this paper

Middle tier: the specializedPSRM layer

The middle tier is our specializedorobabilitic semanticallyreliable multicastlayer: it buffers
messagewshenthe capacityof the network is exceededand, in this case,it selectvely drops
messages orderto improve the quality of service. This makesit the key componenin the
proposedarchitecture.

For short bursts of incoming messagesbuffering aloneis enoughto spreadthe load in
time andthusto avoid messagdosses. However, for continuedloads, buffers are eventually
exhausted. Therefore thereare differentways of configuringthe protocol by using different

purging policies,asenumeratetbelow:

1. Semantigoumging discardanessagethathave beenmadeobsoleteto accommodateach
newly arrived messageThis optimizessystemusageby forcing correlatedossof obso-
lete messageand avoiding loss of non-obsoletanessagesThis techniqueexploits the

semantioof theapplicationto increasehe fairnessof the purging mechanism.

2. Randomselectionof message# the buffer to make up room for newly arrived mes-
sagesds the next possiblemechanismThis ensuregproperoperationof the probabilistic
protocolwithin the boundsof systemcapacitydueto the intrinsic redundang of gossip
protocold8]. Notethatit doesnotrepresenthefairestcriterion. However, it favorsmost

recent(andlesslikely to be obsolete)messages.

3. New messageare simply discardedwhile buffer spaceis not available. This approach
maleslittle useof theintrinsicredundang of theprobabilisticprotocolsandis acceptable
only during the first transmissiorasit otherwiseleadsto correlatedmessagdoss (i.e.

lossageof entirerounds)andfailure of thereliability guaranteesf the protocol.

In this paperwe make use of the first two purging methods,naturally favoring semantic
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purging. Theresultingperformancelepend®n how exactly semantiqurgingis performedand

on buffer configuration.Regardingthe useof semantiqurging, we considertwo policies:

e Eagersemantiquming. In thisapproachthereceptionof every messagériggersseman-

tic purging andevery obsoletemessagef ary, is immediatelyremovedfrom the buffers.

e Lazy semantiurging. In this approachpurging occursonly whenthe buffer is full and

anew messagarrives.

The size of buffers affectsthe performanceof the systembecausef buffersaretoo short,
messagdosseswill occurevent for light traffic loadsand the reducednumberof messages
availablediminishesthe probability of detectingobsolescenceelations. On the otherhand,if
buffersareappropriatelyconfiguredmessagelssesonly occurat highloadsand,in thatcase,
it is possibleto find older and newer messages the samenode and thus detectand purge

messagethatarealreadyobsolete.

Top tier: Gossipprotocol

Thetop tier is a standardyossip-basetiroadcasprotocol. Eachmessagdroadcasbr locally
receved is forwardedto a subsetof processesandomly chosen. Importantparametersare
the cardinality of this subsef(alsocalledthe fan-out)andthe maximumnumberof timeseach
messagés relayed(calledthe numberof rounds). The configurationof suchparameterss out

of the scopeof this paperandhasbeendescribedn [10, 13].

4 Configuring PSRM

This sectionevaluatesthe differentarchitecturesand configurationsparameters.We start by
introducingtheevaluationcriteriaandthesimulationmodel. Later, we presensimulationresults

from the differentconfigurationsaandfinally we identify the onethatprovidesthe bestresults.
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4.1 Evaluation criteria

The evaluationof the proposedsystemin the faceof differentapplicationtraffic profilesand
purging configurationparametersequiresthe definition of a suitableperformancemetric. As
notedbefore thecombinatiorof semantiaeliability with probabilisticprotocolsdoesnotaimat
reducingthe numberof messagéossesvhenthe network is congestedIf theload exceedshe
network capacityeitherthe sourceis controlledor a numberof messagelropswill inevitably
occut Thepurposeof our protocolis to createthe conditionsto dropmoreobsoletanformation
thanup-to-datenformation,thusimproving the quality of theinformationprovidedto theusers
accordingo thesemanticof the application.

Considerfor instancethe caseof anon-line auctionsystemwheremessagesarry different
bidson agivenitem. If auserdoesnotreceve abid thatis madeobsoleteby another(higher)
bid, but recevesthis higherbid shecanstill participatein the auction. On the otherhand, if
shedoesnotreceve the (last) highestbid, shemaybe not awarethattheitemis beingtaken by
anotherbidder

A goodmetric of the quality of the informationdeliveredto the usersin a systemwherea
degreeof messagebsolescencexistsis to countthelossof messagethatnever becomeobso-
lete. Thisis aninterestingmetricin the senséhatmessagethatdon't everbecomeobsoleteare
theabsoluteninimnummessagethathave to bereliably deliveredin orderto ensureconsisteny.

In short,the primaryevaluationcriterionis thatnon-obsoletenessageareatomicallydeliv-
eredaccordingto the probabilisticprotocolsmetric (i.e. eitherto almostall or to almostnone
recipients)and that thosemessagesre given higher priority than obsoletemessagesi.e. if
the total amountof non obsoletemessagess lessthan systemcapacitythenall non-obsolete
messagearedelivered).

Secondarycriteria arereducinglateny whenthe systemis not overloaded(i.e. messages
arenotarbitrarily delayedn orderto allow purging) andthatsystemconfigurations robust(i.e.
performancas stabledespitevariationof traffic andsystemparameters).

Notice that the fulfillment of the lateng criterion dependson buffer occupang reflecting

systemusage Whenthe systenis not overloadedpptimallateng resultsareobtainedf buffer
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occupany is residual. Whenthe systembecomesoverloaded optimal purging is obtainedif

buffersrapidlyfill up.

4.2 Simulation model

Dueto the compleity of the behavior of thetargetalgorithms,it is difficult to derive which of
thepreviousapproacheperformsbetter Thereforewe have resortedo simulationto getinsight
onthe performancef the differentalternatves.

In orderto evaluateour protocolarchitecturewe have useda simple event-basedimula-
tion model. The systemis composedf a setof processesully connectedy a point-to-point

network. For theresultsdescribedn this paperwe have usedthefollowing parameters:
e 50 nodesattachedo thenetwork, processingnessagewith no overhead,;

e atotal of 10Mbpsnetwork bandwidthequally divided amongall point-to-pointconnec-

tions;
e all messageareassumedo be 100bytelong;
e thereis afixed100us lateng for eachmessageattributableto the protocolstack;

e it is assumedhat the congestioncontrol mechanisnusedwithin the physicalnetwork

introduces% uniformly distributedmessagelsses.

For the probabilisticbroadcasprotocol, the following parameterfiave beenused:a fanoutof
5 and maximumof 4 roundsper message All measurementsave beendoneby runningthe
simulationfor 40sof simulatedtime, discardingdatarelatedto messagesentin theinitial and
final 10s,in orderto obtaina stationarystateasverified by observingndividual simulations.
Thetraffic is characterizethy anobsolescenceelation. A pairof messagess in therelation
if onemessagés madeobsoleteby the other The relationthatis generateds composedf a

fixednumberof concurrenthainswith fixedlengthandis describedy threeparameters:

e Ratior of relatedmessagesyhichis theshareof messagethatparticipaten therelation.

Therestof thetraffic is never obsoleteandnever makesothermessagesbsolete.
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o Traffic diversityd. Thisis thenumberof non-relatecchainsof obsoletemessagethatare

generateadoncurrently
e Chainlength!. Thisis thelengthof eachobsolescencehaingenerated.

Although the primary purposeof suchtraffic modelis to explore how the protocol reactsto
differentapplicationscharacteristicsteal applicationscanbe mappednto it. As anexample,
the distributedauctionapplicationcanbe mappedasfollows: The numberof concurrenitems
beingauctionedat any giventime givesthetraffic diversity d andthe numberof bidsfor each
item givesparameteli. As not all itemsaretradedwith equalfrequeng andthus messages
containingbidsregardinginfrequentitemsareunlikely to ever becomeobsolete someamount
of traffic canbereseredasnever becomingobsoleteusingparameter-.

The default parametersisedfor simulationsshovn belov area buffer size of 10 messages
perconnectionatraffic diversityof d = 1 andachainlengthof [ = 5. Theseprovide a large
default high purging ratewhich is usedasa baselineto evaluatethe impactof eachparameter
In addition, the resultingdefault high purging ratesare consistentwith whatis obsened for
applicationsgeneratinghigh messagehroughput,evenin applicationswith high traffic diver-
Sity[16].

Atomicity graphicswereobtainedby runningthe simulationfor eachinput rateandobserv-
ing to how mary processegachnon-obsoletanessages delivered. Variability is measured
by the standarddeviation of the numberof processeso which eachnon-obsoletas delivered
(normalizedby the meanin orderfor differentmeasurement® be comparable) Lateny was
measureat a singleprocessandonly for deliveredmessages.

Maximumthroughpuigraphicsarecalculatedoy binary searchingrunninga simulationfor
eachcombinationof parametersf interest)of theinput ratethatcauseshe systento breakthe
atomicity criterion. An erroris introducedby the sizeof theinterval usedto stopthealgorithm

whichis of 10 msg/sec.
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Figure2: Increasinghe gossipperiod,asrequiredfor purging, negatively impactssystemper
formacewhenthe systemis lightly loaded. With a fixed load of 10 msg/seavhich could be
handledwithout purging, (2) messagesdeliveredto morethan95% of recipientsdecreasend

(d) lateng increases.

4.3 Simulation resultsof the naive protocol

With this protocol,it hasbeenobseredthatonly aneagersemantiqurging stratayy is effective
whenthe network is congestedand only whenthe parameter®f the gossipprotocol are ad-
justed.Specifically thelenghtof the gossiproundwasincreasedn orderto have enoughbuffer
occupanyg for semantigourging to be possible.

However, this resultsin degradationof performancevhenthe systemis lightly loadedas
depictedn Figure2, bothin termsof messagediscardedvhentherewould be enoughnetwork
capacityto transmitthem (Figure 2a) aswell asin the lateng introduced(Figure 2b). This
negative impactin the performanceof lightly loadedsystemsulesout the usageof the simple

combinationof semantiqurging with a gossipprotocol.

4.4 Simulation resultsof PSRM

The evaluationof the proposedarchitecturfocuseson measuringobsened performancem-

provementsaswell ason determiningappropriateconfiguration.
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Figure3: Measurementsf throughputandlateng: (a) Averagereceversof non-obsoletenes-
sages(b) standardleviation of (a) normalizedby themean(coeficientof variation);(c) number

(%) of non-obsoletenessagedeliveredto morethan95% of recipientsy(d) lateng.

Reliability guarantees Figure3apresentsheaverageeceversof eachnon-obsoletenessage
for differentmessageénput ratesand purging stratgies. Note that for low messageatesary
purging stratgy is suitable,as messagesare in averagedeliveredto all processeswith low
varianceas shown in Figure 3b. However this graphicis someavhat misleading. For an input
rateof 250msg/secherandompurging methodis not “half asgood” assemantigurging asthe
graphicshaws. Thisreasorfor thisis that“half of theatomicity” is notuseful. A bettermetricis
presentedh Figure3c,whichcountshenumberof messagewhichweredeliveredto morethan
95%of processeandshavs how atomicityrapidly degradesvhensystemcapacityis exceeded
and how much semanticpurging canimprove the situationover randompurging alone. For

instancewhentheinputrateis 100msg/secaneagetpurging stratey providesintactatomicity
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Figure4: Impactof buffer sizeandtraffic profile in maximumthroughput.

of non-obsoletenessagesyhile a randompurging criterion resultsin only 20% of the same

messagebeingcorrectlydelivered.

Latency A secondaryevaluationcriterionis the lateng introducedby buffering requiredfor
purging. As showvn in Figure 3d, this lateng is introducedonly whenthe systemis congested.

It canalsobe obsered that an eagerpurging stratgy resultsin betterlateny by eliminating

Maximum input rate (msg/sec)

Maximum input rate (msg/sec)
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200
100 I
0 1 1 1
4 8 12 16 20
Traffic diversity
(b) Traffic diversity
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(d) Amountof relatedtraffic.

transmissiorof asmuchobsoletemessageaspossible.

Impact of buffer size Figure4aillustratestheimpactof varying buffer sizeavailableat each
node. We obsene that thereis a minimal buffer size that enablesoptimumthroughput. Fur

therincreasingthe buffer size presentsio advantagefor purging andwould negatively impact

lateng.
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Impact of traffic parameters Finally, it is importantto determinehow evaluationcriteria
are affectedby the characteristicef the traffic. Figure 4b illustrateshow the purging rateis
affectedby traffic diversity d whenusinga reducedbuffer sizeof 3 messageper connection.
Notice how increasingtraffic diversity for a fixed buffer configurationdecreaseshe purging
performanceHowever, performancalegradations not suddengnsuringthata smallchangen
traffic characteristicsloesnot resultin a drasticchangean the systemoutput.

Figure4c presentgheimpactof increasingsequencéengthswhich causencreasingmaxi-
mumachiezablethroughput.As this reduceghe numberof messagethatnever becomeobso-
leteit proportionallyincreasesheamountof messagethatcanbepurged(thereforethesystem
performancemproveswith the lengthof the obsolescencehains).Finally, Figure4d presents
theimpactof sharingthe channelwith traffic thatdoesnot ever becomeobsolete which natu-
rally reducegsheamountof traffic thatcanbe purged(thereforethe systemperformsbetterwith

alargeramountof relatedtraffic).

4.5 Selectingthe bestconfiguration

Our simulationresultsconfirm that the nave combinationof both protocolsdoesnot provide
satishctory results. Specifically purging can only be achiesed at the expenseof degrading
lateny evenwhenthe systemis notloaded.

On the otherhand, our threetier architectureonly increasesdateny whenthe input load
exceedgheavailablenetwork capacity We have comparedlifferentpurging stratgies,namely
eagerand lazy purging with a pure gossipprotocolwithout semanticourging, and concluded
thateagermpumging represents significatve advantagen all performancemetricsconsidered.

We have alsoshawn thatthis configurationof the PSRMIayeris robustin faceof changing

traffic diversity, which makesdeploymenteasierdueto lessstrict configurationrequirements.

5 Conclusions

Recently gossip-basedndsemanticallyreliable protocolshave independentlemegedasap-

propriatesolutionsto copewith large numberof participantsin group communications.The
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scalabilityof gossip-basegrotocolsrely on a peerto-peerinteractionmodelandthey provide
probabilisticguaranteef delivery. In semantiaeliability, semantic®f theapplicationis usedto
implementanefficient purging mechanismaswell asa network congestiorcontrolmechanism.
In this papemwe have proposedo combinethem.Usingsemantiknowledgein gossip-based
broadcasprotocolsenabledo increasehe quality of the informationdeliveredto the usersin
the casegheload exceedghe availablebandwithfor applicationsexhibiting obsolescencpat-
terns. The paperpresente@ndevaluateddifferentstratgiesto combinethetwo protocols.We
have shavn thata threetier architecturethatusesa specialized® SRMlayerthatinterceptghe
interactiondbetweerthe gossipprotocolandthe network canprovide goodresultsif configured
appropriatelyThebestconfigurationusesa congestiorcontrolmechanisnto preventcorrelated
lossinsidethe network and eagersemanticourging on eachof the resultingbuffers. We have
showvn thatthequality of thedelivery, measure@sthe percentagen non-obsoletethformation
thatis deliveredto morethan95%of theintendedecipientsjs betterfor suchconfiguratiorthan
for otherapproachesandmuchbetterthanrelying on randomdrop uponnetwork congestion.
Obviously, the efficiency of the protocoldependsf the obsolescencpatternsof applica-
tions, but evenwith shortchainsimprovementscanbe obtained. However, whenappropriate,
the combinedprotocolperformsbetterthata standardyossip-basegrotocolbothin congested
networks andundernormalcircumstancesEspecially it enablego extendthe applicability of
gossip-basegdrotocolsto congesteaetworkswhereasuchconfigurationsarehardlyaddressed

in thedesignof gossip-basegrotocols.
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