Burst Segmentation:An ApproachFor ReducingPacket LossIn Optical Burst
Switched Networks

Vinod M. Vokkarane,JasorP. Jue, andSriranjaniSitaraman
Departmenbf ComputerScience;The University of Texasat Dallas
RichardsonTX 75083
vinod@utdallas.edyjue @utdallas.edwinss@utdallas.edu

Abstract— In this paper we addressthe issueof contention res-
olution in optical burst switched networks, and we introduce an
approachfor reducing packetlossesvhich is basedon the concept
of burst segmentation.In burst segmentation,rather than drop-
ping the entire burst during contention, the burst may be broken
into multiple segments,and only the overlapping segmentsare
dropped. The segmentationschemeis investigatedin conjunction
with a deflection schemethrough simulation, and it is shownthat
segmentationwith deflection can achievea significantly reduced
packetlossrate.

|. INTRODUCTION

The amountof raw bandwidthavailableon fiber optic links
hasincreasediramaticallywith advancesn densewavelength
division multiplexing (DWDM). In orderto efficiently utilize
this bandwidth,an all-optical transportmethod,which avoids
optical buffering while handlingbursty traffic, andwhich sup-
portsfastresourceprovisioningandasynchronougansmission
of variable sized paclets, must be developed. Optical Burst
Switching (OBS) is one such methodfor transportingtraffic
directly over a bufferlessoptical WDM network [1].

In optical burst switchednetworks, burstsof dataconsist-
ing of multiple pacletsare switchedthroughthe network all-
optically. A control messagéor header)is transmittedahead
of theburstin orderto configurethe switchesalongthe burst’s
route. The databurstfollows the heademwithout waiting for
an acknavledgementfor the connectionestablishment. The
headerandthe databurst are separatedt the source,aswell
assubsequenintermediatenodes by an offsettime, asshovn
in Fig. 1. The offsettime allows for the headetto be processed
at eachnodewhile the burstis buffered electronicallyat the
source;thus,no fiber delaylines are necessarat the interme-
diate nodesto delay the burst while the headeris being pro-
cessed.The control messagenay alsospecifythe durationof
theburstin orderto letanodeknow whenit mayreconfigurdts
switchfor thenext burst,atechniqueknown asDelayedReser
vation(DR) [1]. In this paperwe will consideanopticalburst
switchednetwork which useshe DR technique.

A major concernin optical burst switchednetworksis con-
tention, which occurswhen multiple bursts contendfor the
samelink. Contentionin an optical burst switchednetwork
is particularly aggravated by the highly variable burst sizes
and the long burst durations. Furthermore,since burstsare
switchedin acut-throughmoderatherthanastore-and-fonard
mode opticalburst-switchedetworksgenerallyhave verylim-
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Fig. 1. Theuseof offsettimein OBS.

ited buffering capabilities While existing contentiorresolution
schemedor photonicpaclet networks, suchasdeflectionand
buffering, may be utilized in optical burst switchednetworks,
additionalschemesnay alsobe necessaryn orderto combat
high contentiorratesandto achiere high network utilization.

In [2], an offset schemewas proposedor isolating classes
of bursts,suchthatlow-priority burstsdo not causecontention
lossesfor high-priority bursts; fixed and variablefiber delay
line bufferswerealsoutilized to furtherreduceblocking. In [2]
and[3] contentions reducedy utilizing additionalcapacityin
the form of multiple wavelengths.In both casesppticalwave-
lengthcornversionwasassumedwWhile opticalwavelengthcon-
versionhasbeendemonstrate¢h laboratoryernvironmentsthe
technologyis notyet mature andtherangeof possiblecorver-
sionsis somavhatlimited.

Most of the current literature deals with approachesto
minimize burst lossesrather than paclet losses. In existing
contentionresolutionschemedor optical burst switchednet-
works,whencontentiorbetweertwo burstscannotberesohed
throughother means,one of the burstswill be droppedin its
entirety eventhoughthe overlapbetweenthe two burstsmay
beminimal. For certainapplicationswhich have stringentde-
lay requirementsdut relaxed paclet lossrequirementsit may
be desirableto lose a few paclets from a given burst rather
thanlosing the entireburst. In this paper we will introducea
new contentiorresolutiontechniquecalledburst segmentation
in which only thosepacletswhich overlapwith a contending
burstwill be dropped.The paperis organizedasfollows. Sec-
tion 1l introducesthe conceptof burst sggmentationand de-
scribesthe sggmentdroppingpolicies. Sectionlll discusses
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segmentationwith deflection. SectionlV compareghe sim-
ulation resultsfor differentcontentionresolutionpoliciesin a
specificnetwork topology andSectionV concludeghe paper

Il. BURST SEGMENTATION

To overcomesomeof thelimitationsof optical burstswitch-
ing, we introducethe concepbf burstsegmentation.The burst
is divided into basictransportunits called sggments. Eachof
thesesggmentamayconsistof asinglepacketor multiple pack-
ets,andthe segmentsdefinethe possiblepartitioning pointsof
aburstwhentheburstis in theopticalnetwork. All segmentsn
aburstareinitially transmittedasa singleburstunit. However,
whencontentionoccurs,only thosesegmentsof a given burst
which overlapwith segmentsof anotherburstwill bedropped,
asshownin Fig. 2. If switchingtimeis non-ngligible, thenad-
ditional sgmentsmaybelostwhenthe outputportis switched
from oneburstto another

Therearetwo approachefor droppingburstsegmentsvhen
contentionoccursbetweerbursts. Thefirst approachs to drop
thetail of thefirst burst(Fig. 2), andthe secondapproachs to
dropthe headof the contendingourst. A significantadvantage
of droppingthetail segmentsof burstsratherthantheheadseg-
mentsis thatthereis a betterchanceof in-sequencelelivery of
pacletsat the destination,assuminghat droppedpacletsare
retransmittedat alatertime.

Oneissuethatarisesvhenthetail of aburstis droppeds that
the headerfor the burst, which may be forwardedbeforethe
segmentatioroccurswill still containthe original burstlength;
therefore downstreamnodesmay not know thatthe bursthas
beentruncated.If downstreamnodesare unavareof a burst’s
truncation,thenit is possiblethatthe previously truncatedail
segmentswill contendwith otherbursts,eventhoughthesetalil
segmentshave alreadybeendroppedat a previousnode.These
contentionsnayresultin unnecessarpacletloss.

If a tail-dropping policy is strictly maintainedthroughout
the network, thenthe tail of the truncatedburst will always
have lower priority, and will never preemptsegmentsof ary
otherburst. However for the casein which tail droppingis not
strictly maintained someactionmustbetakento avoid unnec-
essanpacletlossesA simplesolutionis to have thetruncating
nodegenerateandsendout a trailing control messagéo indi-
catewhenthe truncatedburst ends. In this policy, the offset
betweenthe trailer paclet and the end of the truncatedburst
is similar to the offsetbetweenthe headerandthe startof the
burst.

In ahead-droppingolicy, theheadsegmentsof thecontend-
ing burstwill be dropped.A head-droppingpolicy will result
in a greaterikelihoodthat pacletswill arrive at their destina-
tion out of order Also, the control messagef the contending
burstwould needto be modifiedanddelayed. The advantage
of head-droppings thatit ensureghat, oncea burstarrivesat
anodewithout encounteringontentionthentheburstis guar
anteedo completdits traversalof the nodewithout preemption
by laterbursts.

In this paper we considera modified tail-dropping policy
whendeterminingwhich segmentto drop. In this policy, the
tail of the original burstis droppedonly if the numberof sey-
mentsin the tail is lessthanthe total numberof sggmentsin
the contendingourst. If the numberof sggmentsin the tail is
greaterthanthe numberof segmentsin the contendingburst,
thenthe entirecontendindourstis dropped.This approactre-
ducesthe probability of a shortburstpreemptingalongerburst
andminimizesthe numberof pacletslost duringcontention.

There are a number of additional issuesand challenges
which arisewhenimplementingburst sggmentationin practi-
cal systems:

1. Switchingtime: Sincethe systemdoesnot implement
buffering or any otherdelaymechanismthe switchingtime is
adirectmeasuref thenumberof pacletslost duringreconfig-
uring the switchdueto contention.Hence a slower switching
time resultsin higherpacletloss. While decidingwhich burst
to segment, we considerthe remaininglength of the original
burst, taking the switching time into account. By including
switchingtime in burstlengthcomparisonsye canachieve the
optimal outputburstlengthsfor a givenswitchingtime.

2. Sggmentboundarydetection:In the optical network, sey-
mentboundarieof the burst aretransparento the intermedi-
ate nodesthat switch the burst sggmentsall-optically. At the
network edgenodes the burstis receved andprocesseelec-
tronically. Sincethe burstis madeup of mary segments,the
receving nodemustbe ableto detectthe startof eachsggment
andidentify whetheror not the segmentis intact. If eachsey-
mentconsistof anEtherneframe,detectionandsynchroniza-
tion canbe performedusingthe preambléfield in the Ethernet
frame headerwhile errorsandincompleteframescanbe de-
tectedby usingthe CRCfield in the Ethernefframe.

3. Trailer creation: The trailer hasto be createdelectroni-
cally atthe switchwherethe contentionis beingresolhed. The
time to createthetrailer canbeincludedin theheademprocess-
ing time, 4, ateachnode.

I1l. SEGMENTATION WITH DEFLECTION

A basicextensionof burstsggmentatioris to implementseg-
mentationwith deflection. Ratherthandroppingsegmentsof
a burst, we can either deflectthe entire burst or deflectsey-
mentsof the burstto an output port other than the intended
outputport. This approachs referredto asdeflectionrouting
or hot-potatarouting[4], [5]. Implementingsegmentatiorwith
deflection(Fig. 3) increaseshe probability of the burstreach-
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Fig. 3. Segmentatiorwith deflectionpolicy for two contendingoursts.

ing the destinationandhenceimprovesthe performance One
problemwhich mayariseis thata burstmayencountetooping
or may be deflectedmultiple times, therebywastingnetwork
bandwidth. In orderto avoid theseproblems,whenthe hop-
countof the burst reachesa threshold,the burstis dropped.
This limitation on hop-countalso ensureghat the offsettime
maintainsareasonablealue.Also, deflectionincreasedlock-
ing probabilityin high load conditions[6].

Therecould be oneor mary alternatedeflectionports. The
alternatedeflectiornport(s)couldbeallottedaheadf time using
fixed port assignmenpolicy or usingthe secondshortestpath
algorithm. A load balancingapproachwhich is basedon the
currentlink utilizations,could alsobe usedsothatthe burstis
deflectedto an undetrutilized link. In this paper we consider
only onealternatedeflectionport, and choosethe port which
resultsin the secondshortespathto the destination.

Selectionof which burst (or burst-sgments)to deflectdur-
ing contentioncould be donein one of the following ways.
Firstly, the burstwith shorterremaininglength(taking switch-
ing time into accountcouldbedeflectedo thealternatve port,
or droppedif the alternateportis busy (Fig. 3). Secondlywe
couldincorporateprioritiesinto theburst,sothatin caseof con-
tentionthelower priority burstis deflectedbr sggmentedased
ontheunderlyingpolicy.

Now combiningsegmentationwith deflection,we have two
approachedor ordering the contention resolution policies,
namely sggment-fistanddeflect-fist. In theseggment-firstpol-
icy, if theremaininglengthof the original burstis shorterthan
the contendingburst, thenthe original burstis sggmentedand
its tail is deflectedptherwisethe contendingourstis deflected.
In casethe alternateportis busy, the deflectedpartof the orig-
inal burstis dropped.In the deflect-firstpolicy, in caseof con-
tention,the contendingdourstis deflectedf thealternateportis
free. If thealternateportis busyandif the remaininglengthof
theoriginal burstis shorterthentheoriginal burstis segmented
andits tail is dropped.If the contendingourstwasfoundto be
shorter thenthe original burstis dropped. In this paper we
considerthe sggment-firstpolicy.

An exampleof thesggmentation-deflectioachemds shavn
in Fig. 3. Initially whenthe headerfor burst a arrivesat the
switch, it is routedonto outputport 1. Oncethe headerof the
burst b arrivesat the switch we have a contention. Sincethe

offset time is commonto all the bursts,the headerindicates
whenandwherethe burstswill contend.Sotakingthe switch-
ing timeinto considerationandbasedn thesegment-firstpol-
icy, oneof the burstsis deflectedor sggmentedanddeflected)
to thealternateportif it is freeandis droppedotherwise Here
the remaininglengthof burst a is lessthanthe lengthof burst
b. Henceburst a is sggmentedandits tail is deflectedto the
alternateport asa new burst. A headeris createdfor the de-
flectednew burstandsenton theoutput2 controlchannel This
new heademgenerations doneat the time the headerof burst
b is processedA trailer is createdfor the segmentedburst a
andis senton the control channelof outputl. Packetsof the
burstto be segmentedarelost duringthereconfiguratiorof the
switch. Hencefasterswitchingtimeimprovestheperformance.
In the sggmentatiorwith deflectionpolicy, the processindime
¢ (Fig. 1) ateachnodeincludesthe time to createa headeffor
the new burstsggmentin caseof contention.Hencethe offset
time is sameasin the caseof standardpticalburstswitching.

A possibleside-efectof sggmentatiorwith deflectionis that,
whenthereis contention,the shorterremainingburstwill get
sgmentedandwill bedeflectedasanew burst. Creatingthese
new shortburstsmay leadto burstfragmentation.The newly
createdshortburst may contendwith other burstsin the net-
work, leadingto additional fragmentation. Fragmentatioris
not a major issue,asthe policiesfor deflectionand dropping
tendtake careof the smallerburst. Every time a burstis sey-
mented,the lengthsof the two colliding burstsare compared
andthe smallerof the contendindburstor theremainingpartof
thefirst burstis deflectedor ssgmentedespectiely. Thus,the
short, fragmentedourstswill have lower priority andwill not
significantlyhinderotherbursts.

Anotherissuewhenimplementingseggmentatioranddeflec-
tion is how to handlelong burstswhich may spanmultiple
nodessimultaneously If along burst passingthroughtwo or
more switchesexperiencescontentionfrom two or more dif-
ferentburstsat differentswitchesthen,basedn thetiming of
thesecontentionsthecontentionsreresolhedin thefollowing
manner:

If anupstreannodeseggmentsthe burstfirst, thenthe down-
streamnodesareupdatedby thetrailer packetto eliminateun-
necessarcontentions. On the other hand, if the contention
occursat the downstreanrmodebeforethe upstrearmode,and
if the burst's tail is deflectedat the downstrearmode,thenthe
upstreamcontentionswill not be affected. If the downstream
nodedropsthe tail of the burst, thenthe upstreamnodewill
notknow aboutthetruncationandwill continueto transmitthe
tail. The downstreanrmodemay senda control messagéo the
upstreammodein orderto reduceunnecessargontentionswith
thetail attheupstrearmode.

IV. SIMULATION RESULTS

In orderto evaluatethe performancef thesegmentatiorand
deflectionschemeswe develop a simulationmodel. The fol-
lowing have beenassumedo obtaintheresults:



« Burstarrivalsto thenetwork arePoissorwith rate A.

« Burstlengthis exponentiallydistributedwith rate.

« Loadis measuredh Erlang.

« Transmissiomateis 10 Gbps.

« Paclketlengthis 1500bytes.

« Switchingtimeis 10 us.

« Thereis no buffering or wavelengthcorversionat nodes.

« Eachnodehandleshothbypassingandlocally generatear
terminatedoursts.

« Bursts are uniformly distributed over all sendeirecever
pairs.

« Dijkstra shortestpathrouting algorithmis usedto find the
pathbetweerall nodepairs.

Figire 4 shaws the 14-nodeNSFNET on which the simula-
tion wasimplemented. The distancesshovn arein km. We
have comparedour differentpoliciesfor handlingcontention
in the OBS network, they are:

« Drop Policy (DP): Droptheentirecontendingourst.

« Deflectand Drop Policy (DDP): Deflect the contending
burstto thealternateport. If theportis busy, droptheburst.

« S@mentandDrop Policy (SDP): Segment-firstpolicy with-
outdeflection.

« S@ment,Deflectand Drop Policy (SDDP): Segment-first
policy with deflection.

Figureb5 plotsthetotal packetlossprobabilityversugheload
for the four differentcontentionresolutionpolicies. An aver
ageburstlengthof 1/y = 100msis assumedWe obsene that
SDPperformsbetterthanDPin all loadconditions,andthetwo
policieswith deflectiornamely DDP andSDDPperformbetter
thanthecorrespondingolicieswithoutdeflectionatlow loads.
Also, atlow loadsDDP performsbetterthanSDDPsincethere
is nolossdueto switchingtimein DDP; whereasathighloads,
SDDPis betterthanDDP. A logical explanationwould bethat,
in sggmentationon averageonly half of the pacletsfrom one
of the burstsare lost when contentionoccurs. Also, at low
loads, thereis a greateramountof sparecapacity increasing
the chanceof successfutleflection. At high loads,deflection
may addto the load, increasingthe probability of contention,
andtherebyincreasingoss.

Figure 6 shaws the paclet-lossperformanceat very high
loads. SDDP performsthe bestwhenthe load is under50 Er-
lang, after which SDP performsbetter DDP is goodonly at
low loads,while at very high loadsDP faresbetterthan DDP.
We obsene that, at very high loads, policies without deflec-
tion perform betterthenthe policies with deflection. This is
becausealeflectionincreasesheeffective arrival ratewithin the
network, which mayleadto morecontentions.

Figure7 shavsthe averagenumberof hopsversudoad. For
thedeflectionpolicies,thenumberof deflectionsncreasesthe
load increasestesultingin increasingaveragehop distanceat
low loads.As theloadincreasegurther, thoseburstswhich are
further from their destinatiorwill experiencemorecontention
than thoseburstswhich are closeto their destination. Thus,

Fig. 4. Pictureof NSFNETwith 14 nodes.
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burstswith higher averagehop countare lesslikely to reach
their intendeddestination,and the averagehop distancewill
decreasasloadincreases.

Figure 8 shavs the simulationresultsof the averageoutput
burstsizeversusheloadfor SDPandSDDR The outputburst
sizeis measuredver both droppedand successfullyreceived
bursts. Initially, the burst size decreasewith increasingoad,
astherearemoresggmentationsvith theincreasinghumberof
contentionsAstheloadincreasesurther, thesggmentedursts
encountemorecontentionsandbecausé¢he segmentedoursts
have smallersize(lower priority), they aredropped.Thevalues
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for DP andDDP areconstanfor differentvaluesof loadasthe
sizeof theburstis never altered.

The paclet loss probability versusload for differentvalues
of switchingtime is shawvn in Fig. 9. As the switchingtime
increasesthe performanceof SDDP decreasess a greater
numberof pacletsare lost during the re-configurationof the
switch. On the otherhand,DDP is not affectedby the switch-
ing time andis almostconstant. At low switchingtimes, the
resultsshav that SDDPis betterthanthe standard>DP. While
at higherswitchingtimes, the standard>DP is betterthanthe
new SDDPbecaus®f thelossof pacletsduringthe switching
time.

V. CONCLUSION

In this paperwe introducedthe conceptof burst sgmen-
tation for contentionresolutionin optical burst switchednet-
works,andwe investigatech numberof differentpolicieswith
and without sggmentationand deflection. The sggmentation
policiesperformbetterthanthe standarddroppingpolicy, and

Packet Loss Probability———>
5
T

—— SDDP (0.0ms)
+ DDP (0.0ms)
—&- SDDP (0.01ms)
A DDP (0.01ms)
&~ SDDP (0.05ms)
- DDP (0.05ms)

10” I I I I I T

0 0.5 1 15 2 25 3 35 4
Load ————>

Fig. 9. Paclet loss probability versusload at varying switching times for
NSFNETwith i =100 ms.

offer the bestperformanceat high loads. The policieswhich
incorporatedeflectiontendto performbetteratlow loads.

An areafor futurework is theinvestigatiorof combinedsey-
mentation/deflectioschemedn which deflectionis performed
before sggmentationwhena contentionoccurs. Also, in this
paperwe considereanly onealternateoutputport for deflec-
tion. Policieswhich considermultiple alternateoutput ports
andin whichthe selectiorcriteriais basecnloadandshortest
pathmayalsobeconsideredThesegmentdroppinganddeflec-
tion policiescanalsobeimplementedvith priorities. Priorities
would bebasednaburst'stoleranceor segmentationdeflec-
tion, andloss. To effectively evaluatethe quality of service
offered by variouspriority policies, a retransmissiorscheme
for droppedpaclketscouldbeimplementedn orderto measure
end-to-enddelay A reasonablepproachwould be to imple-
menta TCP layer on top of the optical burst switchedlayer.
In suchanimplementationijt would alsobe usefulto evaluate
how TCPlayercongestiorcontrolschemeseactto andinteract
with variouscontentionresolutionschemes.
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