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ABSTRACT

In this paper we proposea threshold-basedurstassemblyschemen conjunctionwith a burstsegmentatiorpolicy to
provide QoSin opticalburstswitched(OBS)networks. Burstsareassembleatthe network edgeby collectingpaclets
that have the sameQoSrequirements.Oncethe numberof pacletsin a burstreaches thresholdvalue,the burstis
sentinto the network. We investigatevariousburstassemblystratgieswhich differentiateburstsby utilizing different
thresholdvaluesor assigningdifferentburst prioritiesto burststhat containpacletswith differing QoSrequirements.
Theprimaryobjective of thisworkisto nd theoptimalthresholdvaluesfor variousclasse®f bursts.We shawv through
simulationthatthereis anoptimalvalueof burstthresholdthatminimizespacletlossfor givennetwork parameters.

1. INTRODUCTION

The amountof raw bandwidthavailableon ber-optic links hasincreasediramaticallywith advancesn densewave-
lengthdivision multiplexing (DWDM). In orderto utilize this bandwidthef ciently, an all-optical transportmethod,
which avoids opticalbuffering while alsohandlingburstytrafc, is required.Furthermorethistransporimethodshould
supportfastresourcegprovisioning andasynchronougransmissiorof variablesizedpaclets. Optical burstswitchingis
onesuchmethodfor transportingrafc directly over a bufferlessoptical WDM network.

In anoptical burst-switched OBS) network, burstsof dataconsistingof multiple pacletsareswitchedthroughthe
network all-optically A controlmessagé€or header)s transmittechheadf the burstin orderto con gure the switches
alongtheburst's route. Thedataburstfollows the headerfter someoffsettime withoutwaiting for anacknavliedgment
thatthenecessaryesourcetiave beenresenedor con gured. Theoffsettime allows theheadeto beprocessedteach
nodewhile the burstis bufferedelectronicallyatthe sourcethus,no ber delaylinesarenecessarattheintermediate
nodesto delaythe burstwhile the headetis beingprocessedT he controlmessagenay alsospecifythe durationof the
burstin orderto let anodeknow whenit mayrecon gureits switchfor the next burst, a techniqueknown asDelayed
Reservatior{DR).

A major concernin OBS networks is contention,which occurswhen multiple burstscontendfor the samelink.
Contentionin anOBSnetwork is particularlyaggraatedby the highly variableburstsizesandthelong burstdurations.
Furthermore since burstsare switchedin a cut-throughmode ratherthan a store-and-fornard mode, optical burst-
switchednetworks generallyhave very limited buffering capabilities While existing contentiorresolutionschemegor
photonicpaclet networks, suchasde ection andbuffering, maybe utilized in OBS networks, additionalschemesnay
alsobenecessarin orderto combathigh contentionratesandto achiere high network utilization.

Contentionmay be reducedoy utilizing additionalcapacityin the form of multiple wavelengthsandoptical wave-
length conversion. While optical wavelengthcorversionhasbeendemonstratedn laboratoryenvironments,the
technologyis notyet mature andtherangeof possiblecorversionsis somavhatlimited.

Paclet lossegdueto contentionsanalsobereducedhroughburst sgmentation Burstsegmentations a process
in which only thosepartsof a burstwhich overlapwith anotherurstaredropped.

Anotherissuein OBS networksis QoSsupport.Several solutionshave beenproposedo supportQoSin the OBS
network. A prioritized offset scheme wasproposedo provide QoSin a buffer-lessOBS corenetwork. In this offset



basedresenration schemethe higherpriority burstsare given a longeroffset time ascomparedo the lower-priority
bursts. By providing a longer offset time, the probability of reservingthe resourcedor the higherpriority burstis
increasedandtherefore the lossof higherpriority pacletsis decreasedPossibldimitations of the prioritized offset
basedschemencludeunfavorableend-to-endielayandtheburst-selectingffectwhichfavorsshorterburstsoverlonger
bursts.

An alternateapproachfor providing priority in OBS networks is to include a priority eld in the burst header
paclet (BHP) andto provide differentiatedcontentionresolutionin the OBS corebasedon this burstpriority. Various
burst differentiationpolicies may be implementedhroughthe selectve useof burst segmentation.In suchpolicies,
higherpriority burstsmay be allowedto preempiandsegmentlower-priority burstsin the caseof contention.

Anotherimportantissuein OBS networks is burst assembly Burst assemblyis the processof aggrgating and
assemblingnput pacletsinto burstsat the edgeof the OBS network. The mostcommonburstassemblytechniques
aretimer-basedandthreshold-basedIn timer-basedburst assemblyapproachesa burstis createdand sentinto the
optical network at periodictime intenals ; hence,the network may have variablelengthinput bursts. In threshold-
basedourstassemblyapproaches limit is placedon the maximumnumberof pacletscontainedn eachburst. Hence,
x ed-sizeburstswill begenerateétthenetwork edge.A threshold-baseburstassemblyapproachwill generatdoursts
at non-periodidime intenals. Both timer andthresholdapproachearesimilar, sinceat a givenconstantarrival rate,a
thresholdvaluecanbe mappedo atimeoutvalueandvice versa resultingin burstsof similar lengthfor eachcase.ln
burstassemblya signi cant issueis how to decideon the appropriateourstlengthfor speci ¢ network parametersn
orderto minimizethe pacletlossprobabilityin the OBS network. Longerburstswill reducethetotal numberof bursts
injectedinto the OBS network; however, in the caseof a contentionthe averagenumberof pacletslost percontention
will increase.On the other hand,generatingsmallerburstswill increasethe numberof burstsin the OBS network,
leadingto a greatemumberof contentionsandthereforehigherpaclet lossprobability Thus,thereexists a tradeof
betweerthe numberof contentionsaandthe averagenumberof pacletslost per contention.Hence the performancef
anOBSnetwork canbeimprovedif theincomingpacletsareassembledhto burstsof optimallength.

In this paperwe analyzeburstassemblytechniquesvhich utilize athreshold-baseplolicy. Burstsarecharacterized
accordingto their destination(egressrouter) and burst priority, and eachtype of burstis assembledising a unique
thresholdvalue. We analyzethe effect of varyingthethresholdfor eachtype of burst. Incomingpacletsmaybelongto
aspeci ¢ class which representshe QoSrequirement®f the paclets. We assumehattherearetwo classe®f input
traf c, namely classO andclassl, whereclass0 traf ¢ is of higherpriority thanclassl trafc. Ourobjectiveisto nd
the optimalthresholdrangethatminimizesthelossof class0O pacletsfor a givennetwork undera givenload.

We consideran OBS network which usesthe DR techniquewith burstsegmentation.Burstsmay receve differen-
tiatedtreatmenin the OBS corebasedon the burst priority. The network doesnot support ber delaylines(FDLSs) or
wavelengthcorverters(WCs).

Thepapers organizedasfollows. Section2, discussethearchitecturef coreandedgerouters.Section3 describes
the contentionresolutionpoliciesat the core. In Section4, we discusghreshold-basedpproachesisedfor providing
Qo0S.In Section5, we provide the simulationresultsandshav how differentthreshold-basedpproacheprovide QoS
supportin the network. We concludethe paperin section6.

2. OBSNETWORK ARCHITECTURE

An OBS network consistsof a collection of edgeand corerouters. The edgeroutersassemblehe electronicinput
pacletsinto anoptical burstwhich is sentover the OBS core. The sourceedgerouteris referredto astheingressnode,
andthedestinatioredgerouteris referredto asthe egressnode.Theingressnodepre-sortsandschedulesheincoming
pacletsinto electronicinput buffers accordingto eachpaclet's classand destinationaddress.The paclets arethen
aggre@atedinto burststhatarestoredin the outputbuffer. Theburstsaretransmittedall-optically over OBScorerouters
without ary storageat intermediatenodeswithin the core. The egressnode,uponreceving the burst,disassemblethe
burstinto pacletsandprovidesthe pacletsto the upperlayer Basicarchitecturesor coreandedgeroutersin anOBS
network have beenstudiedelsavhere.
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Figure 1. (a)Architectureof CoreRouter (b)Architectureof EdgeRouter

In our network architecturegachnodesupportshothnew inputtrafc aswell asall-optical transittrafc. Hence,
eachnodeconsistof bothanedgerouteranda corerouter asshavn in Fig. 1(a). Thedetailedarchitectureof theedge
routeris shovn in Fig. 1(b).

2.1.Core Router Architecture

Thecoreroutersprimarily consistof anopticalcrossconnec{OXC) andaswitchcontrolunit (SCU). The SCUcreates
andmaintainsaforwardingtableandis responsibldor con guring theOXC. WhentheSCUrecevesaBHP, it identi es
theintendeddestinatiorandconsultgheforwardingtableto nd theintendedoutputport. If theoutputportis available
whenthedataburstarrives,the SCU con guresthe OXC to let thedataburstpassthrough.If the portis notavailable,
theneitherthearriving burstis droppedor thecurrentburstthatis occugying theportis segmentedr droppeddepending
onthecontentiorresolutionpolicy implementedn the network. In the caseof a databurstenteringthe OXC beforeits
controlpaclet, theburstis simply dropped.

2.2.EdgeRouter Architecture

Theedgerouterperformsthefunctionsof presortingpaclets,buffering paclets,andassemblingacletsinto bursts. The
architectureof the edgerouterconsistsof a routing module(RM), a burstassemble(BA), anda scheduler The RM
selectghe appropriateoutputport for eachpaclet andsendseachpaclet to the correspondindA module. EachBA
moduleassembleburstsconsistingof pacletswhich areheadedor a speci ¢ egressrouter In the BA module,there
is a separat@aclet queuefor eachclassof trafc. Theschedulecreatesa burstbasedn the burstassemblytechnique
andsendsthe burst to the outputport. At the egressrouter a burst disassemblynoduledisassemblethe burstsinto
pacletsandsendthe pacletsto theuppernetwork layers.

3. CONTENTION RESOLUTION IN OBSCORE

The primary protocolsin the OBS corefocuson contentionresolution. Whentwo or moreburstsaredestinedor the
sameoutputport at the sametime, contentionoccurs. Therearemary contentionresolutionschemes which may be
usedto resole thecontention.Theprimarycontentiorresolutionschemesgreopticalbuffering, wavelengthcornversion,
andde ection routing. In optical buffering, ber delaylines(FDLs) areusedto delaythe burstfor a speci edamount
of time, proportionalto thelengthof the delayline, in orderto avoid the contention.In wavelengthcorversion,if two
burstson the samewavelengtharedestinedo go out of the sameport atthe sametime, thenoneburstcanbe movedto
a differentwavelength.In de ection routing, oneof the two burstswill beroutedto the correctoutputport (primary)
andthe otherto ary availablealternateoutputport (secondary) The de ected pacletsmay endup following alonger
pathto the destination)eadingto higherend-to-endlelay andpacletsmay alsoarrive at the destinationout of order
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Figure 2. Selectve Segmentdroppingfor two contendingoursts.

A combinationof contentiorresolutiontechniquesnaybe usedto provide high throughputjow delay andlow paclet
lossprobability

To overcomesomeof the limitations of optical burst switching,we adoptthe conceptof burst segmentation. In
burstsegmentationthe burstis dividedinto basictransportunits calledsegments.Eachof thesesegmentsmay consist
of a singlepaclet or multiple paclets,with eachsegmentde ning the possiblepartitioningpointsof a burstwhenthe
burstexperiencesontentionin the optical network. All segmentsin a burstareinitially transmittedasa single burst
unit. However, whencontentionoccurs,only thosesegmentsof a given burstwhich overlapwith segmentsof another
burstwill bedroppedasshavnin Fig. 2. If switchingtimeis notnegligible, thenadditionalsegmentsmaybelostwhen
the outputportis switchedfrom oneburstto anotherIn this paperwe will referto theburstwhicharrivesto the switch

rst astheoriginal burst, andthe burstwhich arrivesto the switchlaterasthe contendingdourst

Therearetwo approachesor droppingburstsegmentswhencontentionoccursbhetweerbursts. The rst approach
is to drop thetail of the original burst (Fig. 2), andthe secondapproachis to drop the headof the contendingburst.
A signi cant advantageof droppingthe tail segmentsof burstsratherthanthe headsegmentsis thatthereis a better
chanceof in-sequencelelivery of pacletsat the destinationassuminghatdroppedpacletsareretransmittedht a later
time.

In this papey we considera modi ed tail-droppingpolicy whendeterminingwhich pacletsto drop. In this policy,
thetail of theoriginal burstis droppedonly if thenumberof pacletsin thetail is lessthanthetotal numberof pacletsin
the contendindourst. If the numberof pacletsin thetall is greaterthanthe numberof pacletsin the contendingourst,
thentheentirecontendingourstis dropped.This approactreducedhe probability of a shortburstpreemptingalonger
burstandminimizesthe numberof pacletslost duringcontention.

We considetthefollowing policiesfor handlingcontentionin anOBS network.

Drop Policy (DP): Drop the entirecontendingourst.

Se@mentandDrop Policy (SDP): Thelengthof thetail of original burstandthelengthof thecontendindourstare
comparedlf thelatteris longer thenthe original burstis sggmentedits tail is droppedandthe contendingourst
is transmitted.Otherwise the contendingourstis dropped.In otherwords,SDPusesmodi ed tail droppingto
determinghewinnerof the contention.

Drop Tail Policy (DTP): The contendingourstwins the contention. The remainingtail of the original burstis

alwaysdroppedegardles®f therelative lengths.Thispolicy is usedfor thecasan which prioritiesaresupported
insidethe corenetwork andthe priority of the contendingourstis higherthanthe that of the original burstand
theoriginal.

Whenthenetwork supportgriorities, sggmentatiorcanbe usedto minimize pacletlossfor high-priority bursts.In
anSDPschemewhena contentionoccurs the prioritiesof boththeburstsareconsideredOthersegmentatiorpolicies
may alsobe considered, however, in this work, we restrictour consideratiorto SDPandDP. Table2 enumeratethe
possiblecontentiorsituationsandthe correspondingontentiorresolutionpolicies.

Figures3(a)-(c)shav the threepossiblecasesf contentionthat canoccurwhenburst priorities are supportedn
the core. Whenthe priority of the contendingourstis higherthanthe priority of the original burst, thenthe tail of the



Table 1. variouscontentionsituationswithout burstpriorities.
[ Condition | LongerRemainingBurst | ResolutiorPolicies ||

1 Original DP
2 Contending SDP
3 Equal DP

Table 2. Variouscontentiorsituationswith burstpriorities.
[ Condition | Original BurstPriority | ContendingBurstPriority | ResolutiorPolicies ||

1 High High SDP
2 High Low DP
3 Low High DTP
4 Low Low SDP

original burstis droppedasshavn in Fig.3(a).DTPis followedin case(a). For thecasein which thepriority of thetwo
burstsarethe same(Fig.3(b)),the modi ed-tail droppingpolicy is used.This caseis commonwhenthe network does
notsupportpriorities. Fig.3(c)shavsthecontentiorbetweerahigh-priority original burstandalow-priority contending
burst. In this casethe entirecontendingourstis dropped.

4. THRESHOLD-BASED BURST ASSEMBLY TECHNIQ UE

For burstassemblywe utilize a thresholdasa limiting parameteto determinewhento generatea burstandsendthe
burstinto the optical network. The thresholdspeci esthe numberof pacletsto be aggrgatedinto a burst. Until the
thresholdconditionis met, the incomingpacletswill be storedin prioritized paclet queuesn theingressnode.Once
the thresholdis reacheda burstis createdandwill be sentinto the optical network. Due to the thresholdpolicy, all
burstswill have the samenumberof paclets whenenteringinto the network; howvever, asa burst traversesthe OBS
core,the burstlengthcanchangebasedon the contentionresolutionpolicies,suchashburst sgmentation followed at
thecore.

Theburstlengthaffectsthetotal numberof contentionsandthe averagenumberof pacletslost percontention.For
a higherthreshold the burstswill belonger andtherewill be fewer burstsaswell asfewer contentions.However in
eachcontention,aseachburstis longer the averagenumberof pacletslost per contentionwill be higher In the case
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Figure 4. NSFNetwork with 14 nodes.

of smallerbursts,therewill be greatemumberof burstsin the network, andasa result,therewill be a greatemumber
of contentionshowever fewer pacletswill be lost per contention. Thus, thereis a tradeof betweenthe numberof
contentionsandthe averagenumberof pacletslost per contention.andthereis an optimumrangeof thresholdvalues
which will minimize the paclet lossprobability The primary goalis to nd the optimal thresholdrangefor a given
rangeof loadin the network.

Forthecasan whichtherearemultiple classe®f paclets,asinglethresholdnaybeappliedto all pacletsregardless
of class,or differentthresholdsnaybe appliedto eachclassof paclets. Having multiple thresholdmaybe essentiato
satisfythe QoSdelayandlossguaranteesf eachclass. In this case the objectve is to nd the optimal thresholdfor
eachclassof pacletssuchthatthe QoSrequirementaremet.

In the optical core, it it possibleto further differentiatebetweenburststhat containdifferentclassef pacletsby
assigningprioritiesto eachburstandby applyingprioritized contentiorresolutionpolicies. By combiningclass-based
thresholdaindmultiple burstpriorities,we canachieve a greaterdegreeof differentiationfor differentclasse®f traf c.

5. SIMULATION RESULTS

In orderto evaluatethe performanceof the burstassemblytechniquewe develop a simulationmodel. The following
have beenassumedo obtaintheresults:

- Paclet arrivalsto the network arePoissorwith rate .

Pacletlengthis x edandis 1250bytes.

Transmissiomateis 10 Gbps.

Switchingtimeis 10 s.

Inputtrafc is uniformly distributedover all senderrecever pairs.

Shortespathroutingis usedto nd the pathbetweerall nodepairs.

Fig. 4 shaws the 14-nodeNSFNET on which the simulationwas implemented.The distanceshavn arein km.
We have testedthe variousthresholdschemesglescribedabore on the NSF network. The simulationwas run until
a nite numberof paclets werereceved at their destinations.We comparethe performanceof differentthreshold
schemesinderthe standarddrop policy (DP) andthe segmentationpolicy (SDP)for contentionresolution. We begin
by consideringoneclassof datatraf c, andthenextendthe concepto two classesshaving how QoSis supportedn
eachcase We have thefollowing combinationver which we testthe burstassemblytechnique:

Singlethresholdwithoutburst priority

Singlethresholdwith two burst priorities

Two thresholdwithoutburst priority

Two thresholdwith two burst priorities
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Figure 5. The graphsfor DP and SDP with single thresholdand no burst priority in the network. (a) Total numberof burst
contentionssersudoad. (b) Total numberof burstcontentionsrersusvaryingthresholdvalues.(c) Packet lossprobability versus
load. (d) Packetlossprobability versusvaryingthresholdvalues.

5.1. Single ThresholdWithout Burst Priority

In the caseof a single classof pacletsanda single burst priority level, a singlethresholdis used. The paclet loss
probabilityandthetotalnumberof contentionareanalyzedor variousloadsandthresholdsFromthis single-threshold
resultwe obsere an optimumvalue of thresholdfor a givenload andfor a given network, for which the probability
of paclet losswill be minimum. Figures5(a)-(d),give the performanceof variousparametersvith DP or SDPasthe
contentiorresolutionpolicy atthecore.

Fig. 5(a)andFig. 5(b) plot theload versusthe total numberof burstcontentionsin this paper we simulatefor

x ed-sizepaclets. We obsere that, asthe load increasesthe numberof burstsin the network alsoincreaseswhich
leadsto a highernumberof contentions.n Fig. 5(a), we illustratethe total numberof contentiondor x edthreshold
valuesof 100,400and600 paclets. We obsere thatthe numberof contentionsncreasesvith increasesn load. Also,
the numberof contentionsncreasessthethresholdvalueof the burstdecreasesThis resultcanbe betterunderstood
by observingFig. 5(b). We alsoobsere thatthe numberof contentiongs slightly higherwhenSDPis emplg/ed as
comparedo whenDP is used. The highernumberof contentiondgs an effect of sggmentation.For every contention
betweertwo burstsin DP, oneof the burstsis dropped.In SDR whenthe original burstis sggmentedthe contending
burst continuesforward in the network; hencethe segmentedburst may collide with anotherburst during its journey
towardits destinationwhichin turn leadsto a highernumberof contentionsn the networks.

Fig. 5(c) plotsthetotal paclet lossprobability versusthe load for thresholdvaluesof 100,400and600 pacletsfor
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Figure 6. The graphsfor SDPwith singlethresholdandtwo burstprioritiesin the network. (a) Total numberof burstcontentions
versudoad. (b) Packet lossprobability versudoad for differentthresholdvalues.(c) Packet lossprobability versusthresholdfor
bothclasse®f pacletsataloadof 0.5Erlang.

both DP andSDP. We obsere thata thresholdof 400 performsbetterthanthe othertwo selectedhresholdvalues,100
and600. Henceit is essentiato nd anoptimalthresholdrangeto minimizeloss. The needfor optimalthresholdcan
be betterunderstoody analyzingFig. 5(d). Herewe obsere thatthe lossinitially decreasedits a bottom,andthen
beginsto increase Thelossis minimal whenthethresholdvalueis betweerB80-430paclets. Theinitial highlosscan
be attributedto the lossof pacletsduringthe recon gurationof a switch during contentionresolution. The steepness
in thefall of pacletlossis proportionalto the switchingtime. As the switchingtime becomesnsigni cant with respect
to the burst size, the lossremainssteadybetweenthe range300-450paclets. After 450, the lossincreasessincean
increasdn the thresholdresultsin anincreasdn the averagenumberof pacletslost per contention. We choose400
pacletsto bethe optimalthresholdvaluefor the NSFNETundera loadrangeof O to 1 Erlang. The optimalthreshold
mayvary basedn the nodaldegreeof the network aswell astheloadrangeof the network.

5.2.Single ThresholdWith Burst Priority

For the caseof two burst priorities and a single threshold,we evaluatethe paclet loss probability and the number
of contentiongor variationsin load andthreshold. The two burst priorities are priority 0 and priority 1. Priority O
representsigherpriority trafc. We usethe optimumthresholdvalue obtainedfrom Fig. 5(d), asthe thresholdvalue,
sinceit minimizespaclet loss. Fig. 6(a)-(c),givesthe performanceof variousparametersvith SDP asthe contention
resolutionpolicy in the OBS core.We assuméhattheinputdataarrival ratio of bothclassof pacletsis thesame.
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Fig. 6(a) plots the total numberof burstcontentionssersusload. We obsere that, asthe load increasesthe total
numberof contentiongncreases Also, asthe thresholdincreasesthe total numberof contentionsddecreasegjueto
fewer bursts. Fig. 6(b) plots the paclet loss probability versusload for thresholdvaluesof 100,400 and 600 paclets
for both burstpriorities. We obsere thatthe paclet lossfor higherclasspacletsis signi cantly lower thanthe paclet
lossfor lower-classpaclets. We obsere that, even with a highernumberof contentionswe achieve lower loss for
higherclasspacletsdueto segmentation.

The combinedgraphof paclet loss probability for both Priority O and Priority 1 burstsis plotted versusvarying
thresholdvaluesin Fig. 6(c). We obsere thatthe lossof high-classpacletsis lower thanthat of low-classpaclets.
Also, we canseethatthelossincreasessthe thresholdvalueincreasedeyond 400 paclets. We obsenre that Priority
0 burstshave minimumlossat thresholdvaluesof 400 and600 paclets, while Priority 1 burstshave minimal lossat a
thresholdof 400 paclets.

In thefollowing sectionwe will seethatvaryingindividual thresholdvaluesfor eachburstpriority resultsin better
performancdor bothpaclet classes.

5.3. Two ThresholdWithout Burst Priority:

In caseof two thresholdvalueswith no prioritiesin the bursts,we evaluatethe paclet lossprobabilityandthe number
of contentiondor variationsin threshold.Theresultsareshavn in Figures7(a)-(b). SDPis assumedo be adoptedn
thecore,andthenetwork loadis 0.5 Erlang. The paclet arrival ratefor eachclassof trafc is identical.

Figure7(a)plotsthetotalnumberof burstcontentionversusoththresholdsalues.We obsere that,asthethreshold
increasesthe numberof contentionglecreasedn Fig. 7(b) we obsene the paclet lossprobability for differentvalues
of threshold.Sincethereareno burstprioritiesin the network, duringa contentionthe burstlengthactsasthe priority;
hencdongerburstshave lowerlossthanshorterursts.We obsenre thatthe paclet lossedor the shorterburstis always
higherthanthe paclet lossfor a longerburst. Therefore the two planesin Fig. 7(b) meetwhenboth thresholdsare
equal.Sinceno priority is incorporatednto the network, thelossis symmetricafor burstsof boththresholdvalues.

5.4. Two ThresholdWith Burst Priority:

Figures8(a)and(b) shav the network performancevith two burstprioritiesandtwo thresholdvalues andwith SDPas
the contentiorresolutionpolicy in the OBS core. We assumeéhattheinput dataarrival ratiosof bothtrafc classesare
identical. We obsenre the servicedifferentiationbetweerthetwo differentclassof paclets.
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Figure 8. The graphsfor SDP with two thresholdandtwo burst priorities in the network (a) Total numberof burst contentions
versusvaryingvaluesfor boththresholds(b) Packetlossprobability versusvaryingthresholdvaluesfor both priorities.

In Fig. 8(a) the total numberof burst contentionss plotted versusboth thresholdsat a load of 0.5 Erlang. We
obsere thatthe numberof contentionsdecreasasthe thresholdincreases.Fig. 7(a) and Fig. 8(a) are similar with
respecto the total numberof burst contentions.Fig. 8(b) plots the paclet loss probability versusvarying threshold
valuesfor both priorities,undera load of 0.5 Erlang. We obsenre thatthelossof high-clasgpacletsremainsconstant
for differentvaluesof Thresholdl. The lossof low-classpaclets decreasessits burst sizeincreaseslueto fewer
contentionswith higherpriority bursts.As thethresholdncreasesthe lossincreaseslueto theincreasen the average
numberof pacletslost percontention.

6. CONCLUSION

In this work, we consideredan OBS network which usesthe DR techniquewith burstsggmentation.We investigated
currenttimerbasedand threshold-baseburst assemblytechniquesand we introduceda new threshold-baseturst
assemblyechniqueo provide differentiatedservicedor supportingQoSin the OBSnetwork. We evaluatedherelative
performanceof differentthreshold-basedchemedor variousthresholdvaluesandburst priorities, andwe found that
thereis anoptimalthresholdvaluethat minimizesthe paclet lossprobability for a given network at a givenload. We
foundthatthe optimalthresholdrangeis betweer380-430pacletsfor the NSFNET (Fig. 4) underaloadwhichranges
betweer0 andl Erlang.By using x ed-sizeburstsof optimalthresholdvalue,the paclet losscanbe minimized.

Possibleareasof future work areto analyzethe end-to-enddelayfor the threshold-basedchemesto evaluatethe
performancen the caseof morethantwo paclet classesandto investigateimerbasedassemblyechniqueso support
delay-base®0S.By combiningbothtimerbasedandthreshold-basedchemeit maybe possibleto provide minimal
losswhile alsoguaranteeingnd-to-endielay
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