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ABSTRACT

In this paper, we proposea threshold-basedburstassemblyschemein conjunctionwith a burstsegmentationpolicy to
provideQoSin opticalburstswitched(OBS)networks.Burstsareassembledat thenetwork edgeby collectingpackets
that have the sameQoSrequirements.Oncethe numberof packets in a burst reachesa thresholdvalue,the burst is
sentinto thenetwork. We investigatevariousburstassemblystrategieswhich differentiateburstsby utilizing different
thresholdvaluesor assigningdifferentburstpriorities to burststhatcontainpacketswith differing QoSrequirements.
Theprimaryobjectiveof thiswork is to �nd theoptimalthresholdvaluesfor variousclassesof bursts.Weshow through
simulationthatthereis anoptimalvalueof burstthresholdthatminimizespacket lossfor givennetwork parameters.

1. INTRODUCTION

Theamountof raw bandwidthavailableon �ber-optic links hasincreaseddramaticallywith advancesin densewave-
lengthdivision multiplexing (DWDM). In orderto utilize this bandwidthef�ciently, an all-optical transportmethod,
whichavoidsopticalbufferingwhile alsohandlingburstytraf�c, is required.Furthermore,this transportmethodshould
supportfastresourceprovisioningandasynchronoustransmissionof variablesizedpackets.Opticalburstswitchingis
onesuchmethodfor transportingtraf�c directlyoverabufferlessopticalWDM network. �

In anopticalburst-switched(OBS)network, burstsof dataconsistingof multiple packetsareswitchedthroughthe
network all-optically. A controlmessage(or header)is transmittedaheadof theburstin orderto con�gure theswitches
alongtheburst's route.Thedataburstfollows theheaderaftersomeoffsettimewithoutwaitingfor anacknowledgment
thatthenecessaryresourceshavebeenreservedor con�gured.Theoffsettimeallows theheaderto beprocessedateach
nodewhile theburst is bufferedelectronicallyat thesource;thus,no �ber delaylinesarenecessaryat theintermediate
nodesto delaytheburstwhile theheaderis beingprocessed.Thecontrolmessagemayalsospecifythedurationof the
burst in orderto let a nodeknow whenit mayrecon�gureits switchfor thenext burst,a techniqueknown asDelayed
Reservation(DR).�

A major concernin OBS networks is contention,which occurswhenmultiple burstscontendfor the samelink.
Contentionin anOBSnetwork is particularlyaggravatedby thehighly variableburstsizesandthelongburstdurations.
Furthermore,sinceburstsare switchedin a cut-throughmoderatherthan a store-and-forward mode,optical burst-
switchednetworksgenerallyhave very limited buffering capabilities.While existingcontentionresolutionschemesfor
photonicpacket networks,suchasde�ection andbuffering,maybeutilized in OBSnetworks,additionalschemesmay
alsobenecessaryin orderto combathighcontentionratesandto achieve highnetwork utilization.

Contentionmaybereducedby utilizing additionalcapacityin theform of multiple wavelengthsandopticalwave-
lengthconversion.����� While optical wavelengthconversionhasbeendemonstratedin laboratoryenvironments,the
technologyis not yetmature,andtherangeof possibleconversionsis somewhatlimited.

Packet lossesdueto contentionscanalsobereducedthroughburst segmentation. � Burstsegmentationis aprocess
in whichonly thosepartsof aburstwhichoverlapwith anotherburstaredropped.

Anotherissuein OBSnetworks is QoSsupport.Severalsolutionshave beenproposedto supportQoSin theOBS
network. A prioritizedoffsetscheme� wasproposedto provide QoSin a buffer-lessOBScorenetwork. In this offset



basedreservation scheme,the higher-priority burstsaregiven a longeroffset time ascomparedto the lower-priority
bursts. By providing a longeroffset time, the probability of reservingthe resourcesfor the higher-priority burst is
increased,andtherefore,the lossof higher-priority packetsis decreased.Possiblelimitationsof theprioritizedoffset
basedschemeincludeunfavorableend-to-enddelayandtheburst-selectingeffectwhichfavorsshorterburstsoverlonger
bursts.�

An alternateapproachfor providing priority in OBS networks is to include a priority �eld in the burst header
packet (BHP) andto provide differentiatedcontentionresolutionin theOBScorebasedon this burstpriority. Various
burst differentiationpolicies

�

may be implementedthroughthe selective useof burst segmentation.In suchpolicies,
higher-priority burstsmaybeallowedto preemptandsegmentlower-priority burstsin thecaseof contention.

Another importantissuein OBS networks is burst assembly. Burst assemblyis the processof aggregating and
assemblinginput packets into burstsat the edgeof the OBS network. The mostcommonburst assemblytechniques
aretimer-basedandthreshold-based. In timer-basedburst assemblyapproaches,a burst is createdandsentinto the
optical network at periodic time intervals

�

; hence,the network may have variablelength input bursts. In threshold-
basedburstassemblyapproaches,a limit is placedon themaximumnumberof packetscontainedin eachburst.Hence,
�x ed-sizeburstswill begeneratedat thenetwork edge.A threshold-basedburstassemblyapproachwill generatebursts
at non-periodictime intervals. Both timer andthresholdapproachesaresimilar, sinceat a givenconstantarrival rate,a
thresholdvaluecanbemappedto a timeoutvalueandvice versa,resultingin burstsof similar lengthfor eachcase.In
burstassembly, a signi�cant issueis how to decideon theappropriateburst lengthfor speci�c network parametersin
orderto minimizethepacket lossprobabilityin theOBSnetwork. Longerburstswill reducethetotal numberof bursts
injectedinto theOBSnetwork; however, in thecaseof a contention,theaveragenumberof packetslost percontention
will increase.On the otherhand,generatingsmallerburstswill increasethe numberof burstsin the OBS network,
leadingto a greaternumberof contentions,andthereforehigherpacket lossprobability. Thus,thereexistsa tradeoff
betweenthenumberof contentionsandtheaveragenumberof packetslost percontention.Hence,theperformanceof
anOBSnetwork canbeimprovedif theincomingpacketsareassembledinto burstsof optimallength.

In thispaper, weanalyzeburstassemblytechniqueswhichutilize a threshold-basedpolicy. Burstsarecharacterized
accordingto their destination(egressrouter)andburst priority, andeachtype of burst is assembledusinga unique
thresholdvalue.Weanalyzetheeffect of varyingthethresholdfor eachtypeof burst. Incomingpacketsmaybelongto
a speci�c class, which representstheQoSrequirementsof thepackets. We assumethat therearetwo classesof input
traf�c, namely, class0 andclass1, whereclass0 traf�c is of higher-priority thanclass1 traf�c. Our objective is to �nd
theoptimalthresholdrangethatminimizesthelossof class0 packetsfor agivennetwork underagivenload.

We consideranOBSnetwork which usestheDR techniquewith burstsegmentation.Burstsmayreceive differen-
tiatedtreatmentin theOBScorebasedon theburstpriority. Thenetwork doesnot support�ber delaylines(FDLs) or
wavelengthconverters(WCs).

Thepaperis organizedasfollows. Section2,discussesthearchitectureof coreandedgerouters.Section3 describes
thecontentionresolutionpoliciesat thecore. In Section4, we discussthreshold-basedapproachesusedfor providing
QoS.In Section5, we provide thesimulationresultsandshow how differentthreshold-basedapproachesprovide QoS
supportin thenetwork. Weconcludethepaperin section6.

2. OBSNETWORK ARCHITECTURE

An OBS network consistsof a collectionof edgeandcorerouters. The edgeroutersassemblethe electronicinput
packetsinto anopticalburstwhich is sentover theOBScore.Thesourceedgerouteris referredto astheingressnode,
andthedestinationedgerouteris referredto astheegressnode.Theingressnodepre-sortsandschedulestheincoming
packets into electronicinput buffers accordingto eachpacket's classanddestinationaddress.The packets arethen
aggregatedinto burststhatarestoredin theoutputbuffer. Theburstsaretransmittedall-opticallyoverOBScorerouters
without any storageat intermediatenodeswithin thecore.Theegressnode,uponreceiving theburst,disassemblesthe
burst into packetsandprovidesthepacketsto theupperlayer. Basicarchitecturesfor coreandedgeroutersin anOBS
network have beenstudiedelsewhere.

�
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Figure1. (a)Architectureof CoreRouter. (b)Architectureof EdgeRouter.

In our network architecture,eachnodesupportsbothnew input traf�c aswell asall-optical transittraf�c. Hence,
eachnodeconsistsof bothanedgerouterandacorerouter, asshown in Fig. 1(a).Thedetailedarchitectureof theedge
routeris shown in Fig. 1(b).

2.1.Core Router Ar chitecture

Thecoreroutersprimarily consistof anopticalcrossconnect(OXC) andaswitchcontrolunit (SCU).TheSCUcreates
andmaintainsaforwardingtableandis responsiblefor con�guring theOXC. WhentheSCUreceivesaBHP, it identi�es
theintendeddestinationandconsultstheforwardingtableto �nd theintendedoutputport. If theoutputport is available
whenthedataburstarrives,theSCUcon�gurestheOXC to let thedataburstpassthrough.If theport is not available,
theneitherthearriving burstis droppedor thecurrentburstthatis occupying theport is segmentedor droppeddepending
on thecontentionresolutionpolicy implementedin thenetwork. In thecaseof adataburstenteringtheOXC beforeits
controlpacket, theburstis simplydropped.

2.2.EdgeRouter Ar chitecture

Theedgerouterperformsthefunctionsof presortingpackets,bufferingpackets,andassemblingpacketsinto bursts.The
architectureof theedgerouterconsistsof a routingmodule(RM), a burstassembler(BA), anda scheduler. TheRM
selectstheappropriateoutputport for eachpacket andsendseachpacket to thecorrespondingBA module. EachBA
moduleassemblesburstsconsistingof packetswhich areheadedfor a speci�c egressrouter. In theBA module,there
is a separatepacket queuefor eachclassof traf�c. Theschedulercreatesaburstbasedon theburstassemblytechnique
andsendsthe burst to theoutputport. At the egressrouter, a burst disassemblymoduledisassemblesthe burstsinto
packetsandsendthepacketsto theuppernetwork layers.

3. CONTENTION RESOLUTION IN OBSCORE

Theprimaryprotocolsin theOBScorefocuson contentionresolution.Whentwo or moreburstsaredestinedfor the
sameoutputport at thesametime, contentionoccurs.Therearemany contentionresolutionschemes

�

which maybe
usedto resolvethecontention.Theprimarycontentionresolutionschemesareopticalbuffering,wavelengthconversion,
andde�ection routing. In opticalbuffering, �ber delaylines(FDLs) areusedto delaytheburst for a speci�edamount
of time,proportionalto thelengthof thedelayline, in orderto avoid thecontention.In wavelengthconversion,if two
burstson thesamewavelengtharedestinedto gooutof thesameportat thesametime,thenoneburstcanbemovedto
a differentwavelength.In de�ection routing,oneof the two burstswill beroutedto thecorrectoutputport (primary)
andtheotherto any availablealternateoutputport (secondary).Thede�ectedpacketsmayendup following a longer
pathto thedestination,leadingto higherend-to-enddelay, andpacketsmayalsoarrive at thedestinationout of order.
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A combinationof contentionresolutiontechniquesmaybeusedto provide high throughput,low delay, andlow packet
lossprobability.

To overcomesomeof the limitationsof opticalburst switching,we adopttheconceptof burst segmentation.� In
burstsegmentation,theburst is dividedinto basictransportunitscalledsegments.Eachof thesesegmentsmayconsist
of a singlepacket or multiple packets,with eachsegmentde�ning thepossiblepartitioningpointsof a burstwhenthe
burst experiencescontentionin theopticalnetwork. All segmentsin a burst areinitially transmittedasa singleburst
unit. However, whencontentionoccurs,only thosesegmentsof a givenburstwhich overlapwith segmentsof another
burstwill bedropped,asshown in Fig.2. If switchingtimeis notnegligible, thenadditionalsegmentsmaybelostwhen
theoutputport is switchedfrom oneburstto another. In thispaper, wewill referto theburstwhicharrivesto theswitch
�rst astheoriginal burst, andtheburstwhicharrivesto theswitchlaterasthecontendingburst.

Therearetwo approachesfor droppingburstsegmentswhencontentionoccursbetweenbursts.The�rst approach
is to drop the tail of theoriginal burst (Fig. 2), andthesecondapproachis to drop theheadof thecontendingburst.

�

A signi�cant advantageof droppingthe tail segmentsof burstsratherthantheheadsegmentsis that thereis a better
chanceof in-sequencedelivery of packetsat thedestination,assumingthatdroppedpacketsareretransmittedat a later
time.

In this paper, we considera modi�ed tail-droppingpolicy whendeterminingwhich packetsto drop. In this policy,
thetail of theoriginalburstis droppedonly if thenumberof packetsin thetail is lessthanthetotalnumberof packetsin
thecontendingburst. If thenumberof packetsin thetail is greaterthanthenumberof packetsin thecontendingburst,
thentheentirecontendingburst is dropped.This approachreducestheprobabilityof a shortburstpreemptinga longer
burstandminimizesthenumberof packetslost duringcontention.

Weconsiderthefollowing policiesfor handlingcontentionin anOBSnetwork.

� Drop Policy (DP): Drop theentirecontendingburst.

� SegmentandDropPolicy (SDP):Thelengthof thetail of originalburstandthelengthof thecontendingburstare
compared.If thelatter is longer, thentheoriginal burst is segmented,its tail is droppedandthecontendingburst
is transmitted.Otherwise,thecontendingburst is dropped.In otherwords,SDPusesmodi�ed tail droppingto
determinethewinnerof thecontention.

� Drop Tail Policy (DTP): The contendingburst wins the contention.The remainingtail of the original burst is
alwaysdroppedregardlessof therelative lengths.Thispolicy is usedfor thecasein whichprioritiesaresupported
insidethecorenetwork andthepriority of thecontendingburst is higherthanthe thatof theoriginal burst and
theoriginal.

Whenthenetwork supportspriorities,segmentationcanbeusedto minimizepacket lossfor high-prioritybursts.In
anSDPscheme,whenacontentionoccurs,theprioritiesof boththeburstsareconsidered.Othersegmentationpolicies
mayalsobeconsidered

�

; however, in this work, we restrictour considerationto SDPandDP. Table2 enumeratesthe
possiblecontentionsituationsandthecorrespondingcontentionresolutionpolicies.

Figures3(a)-(c)show the threepossiblecasesof contentionthat canoccurwhenburst prioritiesaresupportedin
thecore. Whenthepriority of thecontendingburst is higherthanthepriority of theoriginal burst, thenthetail of the



Table 1. variouscontentionsituationswithout burstpriorities.
Condition LongerRemainingBurst ResolutionPolicies

1 Original DP
2 Contending SDP
3 Equal DP

Table 2. Variouscontentionsituationswith burstpriorities.
Condition Original BurstPriority ContendingBurstPriority ResolutionPolicies

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

originalburstis droppedasshown in Fig.3(a).DTPis followedin case(a). For thecasein which thepriority of thetwo
burstsarethesame(Fig.3(b)),themodi�ed-tail droppingpolicy is used.This caseis commonwhenthenetwork does
notsupportpriorities.Fig.3(c)showsthecontentionbetweenahigh-priorityoriginalburstandalow-priority contending
burst. In thiscase,theentirecontendingburstis dropped.

4. THRESHOLD-BASED BURST ASSEMBLY TECHNIQ UE

For burstassembly, we utilize a thresholdasa limiting parameterto determinewhento generatea burstandsendthe
burst into theopticalnetwork. The thresholdspeci�esthenumberof packetsto beaggregatedinto a burst. Until the
thresholdconditionis met, the incomingpacketswill bestoredin prioritizedpacket queuesin the ingressnode.Once
the thresholdis reached,a burst is createdandwill be sentinto the optical network. Due to the thresholdpolicy, all
burstswill have the samenumberof packetswhenenteringinto the network; however, asa burst traversesthe OBS
core,theburst lengthcanchangebasedon thecontentionresolutionpolicies,suchasburst segmentation,followed at
thecore.

Theburstlengthaffectsthetotalnumberof contentionsandtheaveragenumberof packetslost percontention.For
a higherthreshold,theburstswill be longer, andtherewill be fewer burstsaswell asfewer contentions.However in
eachcontention,aseachburst is longer, theaveragenumberof packetslost percontentionwill behigher. In thecase
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of smallerbursts,therewill begreaternumberof burstsin thenetwork, andasa result,therewill bea greaternumber
of contentions;however fewer packetswill be lost per contention. Thus, thereis a tradeoff betweenthe numberof
contentionsandtheaveragenumberof packetslost percontention,andthereis anoptimumrangeof thresholdvalues
which will minimize the packet lossprobability. The primary goal is to �nd the optimal thresholdrangefor a given
rangeof loadin thenetwork.

For thecasein whichtherearemultipleclassesof packets,asinglethresholdmaybeappliedto all packetsregardless
of class,or differentthresholdsmaybeappliedto eachclassof packets.Having multiple thresholdmaybeessentialto
satisfytheQoSdelayandlossguaranteesof eachclass.In this case,theobjective is to �nd theoptimal thresholdfor
eachclassof packetssuchthattheQoSrequirementsaremet.

In theoptical core,it it possibleto furtherdifferentiatebetweenburststhatcontaindifferentclassesof packetsby
assigningprioritiesto eachburstandby applyingprioritizedcontentionresolutionpolicies.By combiningclass-based
thresholdsandmultipleburstpriorities,wecanachieveagreaterdegreeof differentiationfor differentclassesof traf�c.

5. SIMULA TION RESULTS

In orderto evaluatetheperformanceof theburstassemblytechnique,we developa simulationmodel. The following
have beenassumedto obtaintheresults:

- Packet arrivalsto thenetwork arePoissonwith rate
�

.

- Packet lengthis �x edandis 1250bytes.

- Transmissionrateis 10 Gbps.

- Switchingtime is 10 � s.

- Input traf�c is uniformly distributedover all sender-receiver pairs.

- Shortestpathroutingis usedto �nd thepathbetweenall nodepairs.

Fig. 4 shows the 14-nodeNSFNETon which the simulationwasimplemented.The distancesshown arein km.
We have testedthe variousthresholdschemesdescribedabove on the NSF network. The simulationwas run until
a �nite numberof packets were received at their destinations.We comparethe performanceof different threshold
schemesunderthestandarddroppolicy (DP) andthesegmentationpolicy (SDP)for contentionresolution.We begin
by consideringoneclassof datatraf�c, andthenextendtheconceptto two classes,showing how QoSis supportedin
eachcase.Wehave thefollowing combinationsoverwhichwe testtheburstassemblytechnique:

- Singlethresholdwithoutburst priority

- Singlethresholdwith two burst priorities

- Two thresholdwithoutburst priority

- Two thresholdwith twoburst 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
contentionsversusload. (b) Total numberof burstcontentionsversusvaryingthresholdvalues.(c) Packet lossprobabilityversus
load.(d) Packet lossprobabilityversusvaryingthresholdvalues.

5.1.SingleThresholdWithout Burst Priority

In the caseof a singleclassof packetsanda singleburst priority level, a singlethresholdis used. The packet loss
probabilityandthetotalnumberof contentionsareanalyzedfor variousloadsandthresholds.Fromthissingle-threshold
resultwe observe an optimumvalueof thresholdfor a given load andfor a given network, for which the probability
of packet losswill beminimum. Figures5(a)-(d),give theperformanceof variousparameterswith DP or SDPasthe
contentionresolutionpolicy at thecore.

Fig. 5(a)andFig. 5(b) plot theloadversusthetotal numberof burstcontentions.In thispaper, wesimulatefor ���

�

�x ed-sizepackets. We observe that,asthe load increases,thenumberof burstsin the network alsoincreases,which
leadsto a highernumberof contentions.In Fig. 5(a),we illustratethe total numberof contentionsfor �x edthreshold
valuesof 100,400and600packets.We observe thatthenumberof contentionsincreaseswith increasesin load. Also,
thenumberof contentionsincreasesasthethresholdvalueof theburstdecreases.This resultcanbebetterunderstood
by observingFig. 5(b). We alsoobserve that the numberof contentionsis slightly higherwhenSDPis employed as
comparedto whenDP is used.The highernumberof contentionsis an effect of segmentation.For every contention
betweentwo burstsin DP, oneof theburstsis dropped.In SDP, whentheoriginal burst is segmented,thecontending
burst continuesforward in the network; hencethe segmentedburst may collide with anotherburst during its journey
towardits destination,which in turn leadsto ahighernumberof contentionsin thenetworks.

Fig. 5(c) plotsthetotal packet lossprobabilityversustheloadfor thresholdvaluesof 100,400and600packetsfor
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Figure 6. Thegraphsfor SDPwith singlethresholdandtwo burstprioritiesin thenetwork. (a) Total numberof burstcontentions
versusload. (b) Packet lossprobabilityversusloadfor differentthresholdvalues.(c) Packet lossprobabilityversusthresholdfor
bothclassesof packetsat a loadof 0.5Erlang.

bothDPandSDP. Weobserve thata thresholdof 400performsbetterthantheothertwo selectedthresholdvalues,100
and600. Henceit is essentialto �nd anoptimalthresholdrangeto minimizeloss.Theneedfor optimal thresholdcan
bebetterunderstoodby analyzingFig. 5(d). Herewe observe that the lossinitially decreases,hits a bottom,andthen
beginsto increase.Thelossis minimal whenthethresholdvalueis between380-430packets.Theinitial high losscan
beattributedto the lossof packetsduring therecon�gurationof a switchduringcontentionresolution.Thesteepness
in thefall of packet lossis proportionalto theswitchingtime. As theswitchingtimebecomesinsigni�cant with respect
to the burst size,the lossremainssteadybetweenthe range300-450packets. After 450, the lossincreases,sincean
increasein the thresholdresultsin an increasein the averagenumberof packets lost percontention.We choose400
packetsto betheoptimal thresholdvaluefor theNSFNETundera loadrangeof 0 to 1 Erlang.Theoptimal threshold
mayvarybasedon thenodaldegreeof thenetwork aswell astheloadrangeof thenetwork.

5.2.SingleThresholdWith Burst Priority

For the caseof two burst priorities and a single threshold,we evaluatethe packet loss probability and the number
of contentionsfor variationsin load andthreshold. The two burst priorities arepriority 0 andpriority 1. Priority 0
representshigher-priority traf�c. We usetheoptimumthresholdvalueobtainedfrom Fig. 5(d), asthethresholdvalue,
sinceit minimizespacket loss. Fig. 6(a)-(c),givestheperformanceof variousparameterswith SDPasthecontention
resolutionpolicy in theOBScore.Weassumethattheinputdataarrival ratio of bothclassof packetsis thesame.
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Figure7. Thegraphsfor SDPwith two thresholdandnoburstpriority in thenetwork (a)Total numberof burstcontentionsversus
varyingboththresholdvalues.(b) Packet lossprobabilityversusvaryingboththresholdvaluesfor bothpriorities.

Fig. 6(a)plots the total numberof burst contentionsversusload. We observe that,asthe load increases,the total
numberof contentionsincreases.Also, asthe thresholdincreases,the total numberof contentionsdecreases,dueto
fewer bursts. Fig. 6(b) plots thepacket lossprobabilityversusload for thresholdvaluesof 100,400and600packets
for bothburstpriorities. We observe thatthepacket lossfor higher-classpacketsis signi�cantly lower thanthepacket
lossfor lower-classpackets. We observe that, even with a highernumberof contentions,we achieve lower lossfor
higher-classpacketsdueto segmentation.

The combinedgraphof packet lossprobability for both Priority 0 andPriority 1 burstsis plottedversusvarying
thresholdvaluesin Fig. 6(c). We observe that the lossof high-classpackets is lower thanthat of low-classpackets.
Also, we canseethat thelossincreasesasthethresholdvalueincreasesbeyond400packets. We observe thatPriority
0 burstshave minimumlossat thresholdvaluesof 400and600packets,while Priority 1 burstshave minimal lossat a
thresholdof 400packets.

In thefollowing section,wewill seethatvaryingindividual thresholdvaluesfor eachburstpriority resultsin better
performancefor bothpacket classes.

5.3.Two ThresholdWithout Burst Priority:

In caseof two thresholdvalueswith no prioritiesin thebursts,we evaluatethepacket lossprobabilityandthenumber
of contentionsfor variationsin threshold.Theresultsareshown in Figures7(a)-(b). SDPis assumedto beadoptedin
thecore,andthenetwork loadis 0.5Erlang.Thepacket arrival ratefor eachclassof traf�c is identical.

Figure7(a)plotsthetotalnumberof burstcontentionsversusboththresholdvalues.Weobservethat,asthethreshold
increases,thenumberof contentionsdecreases.In Fig. 7(b) we observe thepacket lossprobabilityfor differentvalues
of threshold.Sincethereareno burstprioritiesin thenetwork, duringacontention,theburstlengthactsasthepriority;
hencelongerburstshave lower lossthanshorterbursts.Weobserve thatthepacket lossesfor theshorterburstis always
higherthanthe packet lossfor a longerburst. Therefore,the two planesin Fig. 7(b) meetwhenboth thresholdsare
equal.Sincenopriority is incorporatedinto thenetwork, thelossis symmetricalfor burstsof boththresholdvalues.

5.4.Two ThresholdWith Burst Priority:

Figures8(a)and(b) show thenetwork performancewith two burstprioritiesandtwo thresholdvalues,andwith SDPas
thecontentionresolutionpolicy in theOBScore.We assumethattheinputdataarrival ratiosof bothtraf�c classesare
identical.Weobserve theservicedifferentiationbetweenthetwo differentclassof packets.



(a) (b)

Figure 8. The graphsfor SDPwith two thresholdandtwo burst priorities in the network (a) Total numberof burst contentions
versusvaryingvaluesfor boththresholds.(b) Packet lossprobabilityversusvaryingthresholdvaluesfor bothpriorities.

In Fig. 8(a) the total numberof burst contentionsis plottedversusboth thresholdsat a load of 0.5 Erlang. We
observe that the numberof contentionsdecreaseasthe thresholdincreases.Fig. 7(a) andFig. 8(a) aresimilar with
respectto the total numberof burst contentions.Fig. 8(b) plots the packet lossprobability versusvarying threshold
valuesfor bothpriorities,undera loadof 0.5 Erlang. We observe that the lossof high-classpacketsremainsconstant
for differentvaluesof Threshold1. The lossof low-classpacketsdecreasesas its burst size increasesdueto fewer
contentionswith higher-priority bursts.As thethresholdincreases,thelossincreasesdueto theincreasein theaverage
numberof packetslostpercontention.

6. CONCLUSION

In this work, we consideredanOBSnetwork which usestheDR techniquewith burst segmentation.We investigated
currenttimer-basedand threshold-basedburst assemblytechniques,andwe introduceda new threshold-basedburst
assemblytechniqueto providedifferentiatedservicesfor supportingQoSin theOBSnetwork. Weevaluatedtherelative
performanceof differentthreshold-basedschemesfor variousthresholdvaluesandburstpriorities,andwe foundthat
thereis anoptimal thresholdvaluethatminimizesthepacket lossprobability for a givennetwork at a given load. We
foundthattheoptimalthresholdrangeis between380-430packetsfor theNSFNET(Fig. 4) undera loadwhich ranges
between0 and1 Erlang.By using�x ed-sizeburstsof optimalthresholdvalue,thepacket losscanbeminimized.

Possibleareasof futurework areto analyzetheend-to-enddelayfor thethreshold-basedschemes,to evaluatethe
performancein thecaseof morethantwo packet classes,andto investigatetimer-basedassemblytechniquesto support
delay-basedQoS.By combiningbothtimer-basedandthreshold-basedscheme,it maybepossibleto provide minimal
losswhile alsoguaranteeingend-to-enddelay.
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