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Abstract– In this paper we addressthe issueof contention res-
olution in optical burst switched networks, and we introduce an
approachfor reducing packet losseswhich 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
packet lossrate.

I . INTRODUCTION

Theamountof raw bandwidthavailableon fiber optic links
hasincreaseddramaticallywith advancesin densewavelength
division multiplexing (DWDM). In order to efficiently utilize
this bandwidth,an all-optical transportmethod,which avoids
opticalbuffering while handlingbursty traffic, andwhich sup-
portsfastresourceprovisioningandasynchronoustransmission
of variablesizedpackets, must be developed. Optical Burst
Switching (OBS) is one suchmethodfor transportingtraffic
directlyovera bufferlessopticalWDM network [1].

In optical burst switchednetworks, burstsof dataconsist-
ing of multiple packetsareswitchedthroughthe network all-
optically. A control message(or header)is transmittedahead
of theburst in orderto configuretheswitchesalongtheburst’s
route. The databurst follows the headerwithout waiting for
an acknowledgementfor the connectionestablishment.The
headerandthe databurst areseparatedat the source,aswell
assubsequentintermediatenodes,by anoffset time, asshown
in Fig. 1. Theoffsettimeallows for theheaderto beprocessed
at eachnodewhile the burst is buffered electronicallyat the
source;thus,no fiber delaylinesarenecessaryat the interme-
diatenodesto delay the burst while the headeris beingpro-
cessed.Thecontrolmessagemayalsospecifythedurationof
theburstin orderto let anodeknow whenit mayreconfigureits
switchfor thenext burst,a techniqueknown asDelayedReser-
vation(DR) [1]. In thispaper, wewill consideranopticalburst
switchednetwork which usestheDR technique.

A major concernin opticalburst switchednetworks is con-
tention, which occurswhen multiple bursts contendfor the
samelink. Contentionin an optical burst switchednetwork
is particularly aggravatedby the highly variable burst sizes
and the long burst durations. Furthermore,sinceburstsare
switchedin acut-throughmoderatherthanastore-and-forward
mode,opticalburst-switchednetworksgenerallyhaveverylim-
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Fig. 1. Theuseof offset time in OBS.

itedbufferingcapabilities.Whileexistingcontentionresolution
schemesfor photonicpacket networks,suchasdeflectionand
buffering, may be utilized in optical burst switchednetworks,
additionalschemesmay alsobe necessaryin orderto combat
high contentionratesandto achievehighnetwork utilization.

In [2], an offset schemewasproposedfor isolatingclasses
of bursts,suchthatlow-priority burstsdo not causecontention
lossesfor high-priority bursts; fixed and variablefiber delay
line bufferswerealsoutilizedto furtherreduceblocking.In [2]
and[3] contentionis reducedby utilizing additionalcapacityin
theform of multiple wavelengths.In bothcases,opticalwave-
lengthconversionwasassumed.Whileopticalwavelengthcon-
versionhasbeendemonstratedin laboratoryenvironments,the
technologyis notyetmature,andtherangeof possibleconver-
sionsis somewhatlimited.

Most of the current literature deals with approachesto
minimize burst lossesrather than packet losses. In existing
contentionresolutionschemesfor optical burst switchednet-
works,whencontentionbetweentwo burstscannotberesolved
throughothermeans,oneof the burstswill be droppedin its
entirety, even thoughthe overlapbetweenthe two burstsmay
beminimal. For certainapplications,which have stringentde-
lay requirementsbut relaxed packet lossrequirements,it may
be desirableto lose a few packets from a given burst rather
thanlosing the entireburst. In this paper, we will introducea
new contentionresolutiontechniquecalledburstsegmentation,
in which only thosepacketswhich overlapwith a contending
burstwill bedropped.Thepaperis organizedasfollows. Sec-
tion II introducesthe conceptof burst segmentationand de-
scribesthe segmentdroppingpolicies. SectionIII discusses
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Fig. 2. Selective segmentdroppingfor two contendingbursts.

segmentationwith deflection. SectionIV comparesthe sim-
ulation resultsfor differentcontentionresolutionpoliciesin a
specificnetwork topology, andSectionV concludesthepaper.

I I . BURST SEGMENTATION

To overcomesomeof thelimitationsof opticalburstswitch-
ing, we introducetheconceptof burstsegmentation.Theburst
is divided into basictransportunits calledsegments.Eachof
thesesegmentsmayconsistof asinglepacketor multiplepack-
ets,andthesegmentsdefinethepossiblepartitioningpointsof
aburstwhentheburstis in theopticalnetwork. All segmentsin
a burstareinitially transmittedasasingleburstunit. However,
whencontentionoccurs,only thosesegmentsof a givenburst
which overlapwith segmentsof anotherburstwill bedropped,
asshown in Fig. 2. If switchingtimeis non-negligible, thenad-
ditional segmentsmaybelostwhentheoutputport is switched
from oneburstto another.

Therearetwo approachesfor droppingburstsegmentswhen
contentionoccursbetweenbursts.Thefirst approachis to drop
thetail of thefirst burst(Fig. 2), andthesecondapproachis to
droptheheadof thecontendingburst. A significantadvantage
of droppingthetail segmentsof burstsratherthantheheadseg-
mentsis thatthereis abetterchanceof in-sequencedeliveryof
packetsat the destination,assumingthat droppedpacketsare
retransmittedat a latertime.

Oneissuethatariseswhenthetail of aburstis droppedis that
the headerfor the burst, which may be forwardedbeforethe
segmentationoccurs,will still containtheoriginalburstlength;
therefore,downstreamnodesmaynot know that the burst has
beentruncated.If downstreamnodesareunawareof a burst’s
truncation,thenit is possiblethat thepreviously truncatedtail
segmentswill contendwith otherbursts,eventhoughthesetail
segmentshavealreadybeendroppedatapreviousnode.These
contentionsmayresultin unnecessarypacket loss.

If a tail-dropping policy is strictly maintainedthroughout
the network, then the tail of the truncatedburst will always
have lower priority, andwill never preemptsegmentsof any
otherburst. However for thecasein which tail droppingis not
strictly maintained,someactionmustbetakento avoid unnec-
essarypacketlosses.A simplesolutionis to havethetruncating
nodegenerateandsendout a trailing controlmessageto indi-
catewhen the truncatedburst ends. In this policy, the offset
betweenthe trailer packet and the endof the truncatedburst
is similar to the offsetbetweenthe headerandthe startof the
burst.

In ahead-droppingpolicy, theheadsegmentsof thecontend-
ing burst will be dropped.A head-droppingpolicy will result
in a greaterlikelihoodthatpacketswill arrive at their destina-
tion out of order. Also, thecontrolmessageof thecontending
burst would needto be modifiedanddelayed.The advantage
of head-droppingis that it ensuresthat,oncea burstarrivesat
a nodewithout encounteringcontention,thentheburstis guar-
anteedto completeits traversalof thenodewithoutpreemption
by laterbursts.

In this paper, we considera modified tail-droppingpolicy
whendeterminingwhich segmentto drop. In this policy, the
tail of theoriginal burst is droppedonly if thenumberof seg-
mentsin the tail is lessthanthe total numberof segmentsin
the contendingburst. If the numberof segmentsin the tail is
greaterthan the numberof segmentsin the contendingburst,
thentheentirecontendingburst is dropped.This approachre-
ducestheprobabilityof ashortburstpreemptinga longerburst
andminimizesthenumberof packetslost duringcontention.

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

1. Switching time: Sincethe systemdoesnot implement
buffering or any otherdelaymechanism,theswitchingtime is
adirectmeasureof thenumberof packetslostduringreconfig-
uring theswitchdueto contention.Hence,a slower switching
time resultsin higherpacket loss. While decidingwhich burst
to segment,we considerthe remaininglengthof the original
burst, taking the switching time into account. By including
switchingtime in burstlengthcomparisons,wecanachievethe
optimaloutputburstlengthsfor a givenswitchingtime.

2. Segmentboundarydetection:In theopticalnetwork, seg-
mentboundariesof the burst aretransparentto the intermedi-
atenodesthat switch the burst segmentsall-optically. At the
network edgenodes,the burst is receivedandprocessedelec-
tronically. Sincethe burst is madeup of many segments,the
receiving nodemustbeableto detectthestartof eachsegment
andidentify whetheror not thesegmentis intact. If eachseg-
mentconsistsof anEthernetframe,detectionandsynchroniza-
tion canbeperformedusingthepreamblefield in theEthernet
frameheader, while errorsandincompleteframescanbe de-
tectedby usingtheCRCfield in theEthernetframe.

3. Trailer creation: The trailer hasto be createdelectroni-
cally at theswitchwherethecontentionis beingresolved.The
time to createthetrailer canbeincludedin theheaderprocess-
ing time,

�
, at eachnode.

I I I . SEGMENTATION WITH DEFLECTION

A basicextensionof burstsegmentationis to implementseg-
mentationwith deflection. Ratherthandroppingsegmentsof
a burst, we can either deflect the entire burst or deflectseg-
mentsof the burst to an output port other than the intended
outputport. This approachis referredto asdeflectionrouting
or hot-potatorouting[4], [5]. Implementingsegmentationwith
deflection(Fig. 3) increasestheprobabilityof theburst reach-
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Fig. 3. Segmentationwith deflectionpolicy for two contendingbursts.

ing thedestinationandhenceimprovestheperformance.One
problemwhichmayariseis thataburstmayencounterlooping
or may be deflectedmultiple times, therebywastingnetwork
bandwidth. In order to avoid theseproblems,when the hop-
count of the burst reachesa threshold,the burst is dropped.
This limitation on hop-countalsoensuresthat the offset time
maintainsa reasonablevalue.Also, deflectionincreasesblock-
ing probabilityin high loadconditions[6].

Therecouldbe oneor many alternatedeflectionports. The
alternatedeflectionport(s)couldbeallottedaheadof timeusing
fixedport assignmentpolicy or usingthesecondshortestpath
algorithm. A load balancingapproach,which is basedon the
currentlink utilizations,couldalsobeusedsothat theburst is
deflectedto an under-utilized link. In this paper, we consider
only onealternatedeflectionport, andchoosethe port which
resultsin thesecondshortestpathto thedestination.

Selectionof which burst (or burst-segments)to deflectdur-
ing contentioncould be done in one of the following ways.
Firstly, theburstwith shorterremaininglength(takingswitch-
ing timeinto account)couldbedeflectedto thealternativeport,
or droppedif thealternateport is busy (Fig. 3). Secondly, we
couldincorporateprioritiesinto theburst,sothatin caseof con-
tentionthelowerpriority burstis deflectedor segmentedbased
on theunderlyingpolicy.

Now combiningsegmentationwith deflection,we have two
approachesfor ordering the contention resolution policies,
namely, segment-firstanddeflect-first. In thesegment-firstpol-
icy, if theremaininglengthof theoriginal burst is shorterthan
the contendingburst, thenthe original burst is segmentedand
its tail is deflected,otherwisethecontendingburstis deflected.
In casethealternateport is busy, thedeflectedpartof theorig-
inal burst is dropped.In thedeflect-firstpolicy, in caseof con-
tention,thecontendingburst is deflectedif thealternateport is
free. If thealternateport is busyandif theremaininglengthof
theoriginalburstis shorter, thentheoriginalburstis segmented
andits tail is dropped.If thecontendingburstwasfoundto be
shorter, then the original burst is dropped. In this paper, we
considerthesegment-firstpolicy.

An exampleof thesegmentation-deflectionschemeis shown
in Fig. 3. Initially whenthe headerfor burst a arrivesat the
switch, it is routedontooutputport 1. Oncetheheaderof the
burst b arrivesat the switch we have a contention. Sincethe

offset time is commonto all the bursts, the headerindicates
whenandwheretheburstswill contend.Sotakingtheswitch-
ing timeinto consideration,andbasedonthesegment-firstpol-
icy, oneof theburstsis deflected(or segmentedanddeflected)
to thealternateport if it is freeandis droppedotherwise.Here
the remaininglengthof burst a is lessthanthe lengthof burst
b. Henceburst a is segmentedand its tail is deflectedto the
alternateport asa new burst. A headeris createdfor the de-
flectednew burstandsentontheoutput2 controlchannel.This
new headergenerationis doneat the time the headerof burst
b is processed.A trailer is createdfor the segmentedburst a
andis senton the control channelof output1. Packetsof the
burstto besegmentedarelost duringthereconfigurationof the
switch.Hencefasterswitchingtimeimprovestheperformance.
In thesegmentationwith deflectionpolicy, theprocessingtime�

(Fig. 1) at eachnodeincludesthetime to createa headerfor
thenew burstsegmentin caseof contention.Hencetheoffset
time is sameasin thecaseof standardopticalburstswitching.

A possibleside-effectof segmentationwith deflectionis that,
whenthereis contention,the shorterremainingburst will get
segmentedandwill bedeflectedasa new burst.Creatingthese
new shortburstsmay leadto burst fragmentation.The newly
createdshortburst may contendwith otherburstsin the net-
work, leadingto additional fragmentation. Fragmentationis
not a major issue,as the policies for deflectionanddropping
tendtake careof the smallerburst. Every time a burst is seg-
mented,the lengthsof the two colliding burstsarecompared
andthesmallerof thecontendingburstor theremainingpartof
thefirst burst is deflectedor segmentedrespectively. Thus,the
short, fragmentedburstswill have lower priority andwill not
significantlyhinderotherbursts.

Anotherissuewhenimplementingsegmentationanddeflec-
tion is how to handlelong bursts which may spanmultiple
nodessimultaneously. If a long burst passingthroughtwo or
more switchesexperiencescontentionfrom two or moredif-
ferentburstsat differentswitches,then,basedon thetiming of
thesecontentions,thecontentionsareresolvedin thefollowing
manner:

If anupstreamnodesegmentstheburstfirst, thenthedown-
streamnodesareupdatedby thetrailer packet to eliminateun-
necessarycontentions. On the other hand, if the contention
occursat thedownstreamnodebeforetheupstreamnode,and
if theburst’s tail is deflectedat thedownstreamnode,thenthe
upstreamcontentionswill not be affected. If the downstream
nodedropsthe tail of the burst, then the upstreamnodewill
notknow aboutthetruncationandwill continueto transmitthe
tail. Thedownstreamnodemaysenda controlmessageto the
upstreamnodein orderto reduceunnecessarycontentionswith
thetail at theupstreamnode.

IV. SIMULATION RESULTS

In orderto evaluatetheperformanceof thesegmentationand
deflectionschemes,we developa simulationmodel. The fol-
lowing havebeenassumedto obtaintheresults:



� Burstarrivalsto thenetwork arePoissonwith rate � .
� Burstlengthis exponentiallydistributedwith rate � .
� Loadis measuredin Erlang.
� Transmissionrateis 10Gbps.
� Packet lengthis 1500bytes.
� Switchingtime is 10 � s.
� Thereis nobufferingor wavelengthconversionat nodes.
� Eachnodehandlesbothbypassingandlocally generatedor
terminatedbursts.
� Bursts are uniformly distributed over all sender-receiver
pairs.
� Dijkstra shortestpathroutingalgorithmis usedto find the
pathbetweenall nodepairs.

Figire 4 shows the 14-nodeNSFNETon which the simula-
tion was implemented.The distancesshown are in km. We
have comparedfour differentpoliciesfor handlingcontention
in theOBSnetwork, they are:
� Drop Policy (DP): Drop theentirecontendingburst.
� Deflect and Drop Policy (DDP): Deflect the contending
burstto thealternateport. If theport is busy, droptheburst.
� SegmentandDropPolicy (SDP):Segment-firstpolicy with-
out deflection.
� Segment,Deflectand Drop Policy (SDDP): Segment-first
policy with deflection.

Figure5 plotsthetotalpacketlossprobabilityversustheload
for the four differentcontentionresolutionpolicies. An aver-
ageburst lengthof 1/� = 100msis assumed.We observe that
SDPperformsbetterthanDPin all loadconditions,andthetwo
policieswith deflectionnamely, DDPandSDDPperformbetter
thanthecorrespondingpolicieswithoutdeflectionat low loads.
Also, at low loadsDDPperformsbetterthanSDDPsincethere
is nolossdueto switchingtimein DDP;whereas,athighloads,
SDDPis betterthanDDP. A logicalexplanationwouldbethat,
in segmentation,on averageonly half of thepacketsfrom one
of the burstsare lost when contentionoccurs. Also, at low
loads,thereis a greateramountof sparecapacity, increasing
the chanceof successfuldeflection. At high loads,deflection
may addto the load, increasingthe probability of contention,
andtherebyincreasingloss.

Figure 6 shows the packet-lossperformanceat very high
loads.SDDPperformsthebestwhenthe load is under50 Er-
lang, after which SDPperformsbetter. DDP is goodonly at
low loads,while at very high loadsDP faresbetterthanDDP.
We observe that, at very high loads,policies without deflec-
tion perform betterthen the policies with deflection. This is
becausedeflectionincreasestheeffectivearrival ratewithin the
network, whichmayleadto morecontentions.

Figure7 shows theaveragenumberof hopsversusload.For
thedeflectionpolicies,thenumberof deflectionsincreaseasthe
load increases,resultingin increasingaveragehopdistanceat
low loads.As theloadincreasesfurther, thoseburstswhichare
further from their destinationwill experiencemorecontention
than thoseburstswhich are closeto their destination. Thus,
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burstswith higher averagehop count are lesslikely to reach
their intendeddestination,and the averagehop distancewill
decreaseasloadincreases.

Figure8 shows the simulationresultsof the averageoutput
burstsizeversustheloadfor SDPandSDDP. Theoutputburst
sizeis measuredover both droppedandsuccessfullyreceived
bursts. Initially, the burst sizedecreaseswith increasingload,
astherearemoresegmentationswith theincreasingnumberof
contentions.As theloadincreasesfurther, thesegmentedbursts
encountermorecontentions,andbecausethesegmentedbursts
havesmallersize(lowerpriority), they aredropped.Thevalues
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for DPandDDPareconstantfor differentvaluesof loadasthe
sizeof theburstis neveraltered.

The packet lossprobability versusload for differentvalues
of switching time is shown in Fig. 9. As the switching time
increases,the performanceof SDDP decreasesas a greater
numberof packetsare lost during the re-configurationof the
switch. On theotherhand,DDP is not affectedby theswitch-
ing time andis almostconstant.At low switchingtimes, the
resultsshow thatSDDPis betterthanthestandardDDP. While
at higherswitchingtimes,thestandardDDP is betterthanthe
new SDDPbecauseof thelossof packetsduringtheswitching
time.

V. CONCLUSION

In this paperwe introducedthe conceptof burst segmen-
tation for contentionresolutionin optical burst switchednet-
works,andwe investigateda numberof differentpolicieswith
and without segmentationand deflection. The segmentation
policiesperformbetterthanthestandarddroppingpolicy, and
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offer the bestperformanceat high loads. The policieswhich
incorporatedeflectiontendto performbetterat low loads.

An areafor futurework is theinvestigationof combinedseg-
mentation/deflectionschemesin whichdeflectionis performed
beforesegmentationwhena contentionoccurs. Also, in this
paper, we consideredonly onealternateoutputport for deflec-
tion. Policieswhich considermultiple alternateoutput ports
andin which theselectioncriteriais basedonloadandshortest
pathmayalsobeconsidered.Thesegmentdroppinganddeflec-
tion policiescanalsobeimplementedwith priorities.Priorities
wouldbebasedonaburst’s tolerancefor segmentation,deflec-
tion, and loss. To effectively evaluatethe quality of service
offered by variouspriority policies, a retransmissionscheme
for droppedpacketscouldbeimplementedin orderto measure
end-to-enddelay. A reasonableapproachwould be to imple-
ment a TCP layer on top of the optical burst switchedlayer.
In suchanimplementation,it would alsobeusefulto evaluate
how TCPlayercongestioncontrolschemesreactto andinteract
with variouscontentionresolutionschemes.
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