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Abstract: Deflectionrouting andburst segmentationare two techniquesfor resolvingcontentionin
optical burst-switchednetworks.By selectively applyingthesetechniquesto burstswith differentQoS
requirements,we canoffer a rangeof differentiatedservicesat theopticallayer.
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1 Intr oduction
Theamountof raw bandwidthavailableon fiber optic links hasincreaseddramaticallywith advancesin densewave-
lengthdivision multiplexing (DWDM). In orderto efficiently utilize this bandwidth,anall-optical transportmethod,
which avoidsopticalbufferingwhile handlingburstytraffic, andwhich supportsfastresourceprovisioningandasyn-
chronoustransmissionof variablesizedpackets,must be developed.Optical Burst Switching (OBS) is one such
methodfor transportingtraffic directly over a bufferlessoptical WDM network. In opticalburst switchednetworks,
burstsof dataconsistingof multiple packetsareswitchedthroughthe network all-optically. A control message(or
header)is transmittedaheadof theburst in orderto configuretheswitchesalongtheburst’s route.Thecontrolmes-
sagemayspecifythedurationof theburst in orderto let a nodeknow whenit mayreconfigureits switchfor thenext
burst,a techniqueknown asDelayedReservation(DR) [1].

A majorconcernin opticalburstswitchednetworksis contention,which occurswhenmultiple burstscontendfor
the samelink. In this paper, we will refer to the burst which arrivesto the switchfirst asthe original burst, andthe
burstwhicharrivesto theswitchlaterasthecontendingburst. Oneapproachto resolvingcontentionis to usedeflection
routing, in which thecontendingburst is sentto analternateoutputport. Prioritized routing is anapproachin which
thechoiceof packet/burstto deflectis madebasedonpriority [3].

In existingcontentionresolutionschemesfor opticalburstswitchednetworks,whencontentionbetweentwo bursts
cannotbe resolved throughothermeans,oneof the burstswill be droppedin its entirety, even thoughthe overlap
betweenthetwo burstsmaybeminimal.For certainapplications,whichhavestringentdelayrequirementsbut relaxed
packet lossrequirements,it may be desirableto losea few packetsfrom a given burst ratherthan losing the entire
burst.An approachto reducingthepacket lossesduringcontentionis burst segmentation, in whichonly thosepackets
of the original burst which overlapwith a contendingburst will be dropped[2]. To further reducepacket loss, the
overlappingpacketsmaybedeflectedratherthandropped.

Another importantissuein optical burst-switchednetworks is how to provide differentiatedservicein order to
supportthe variousquality of service(QoS) requirementsof different applications.In [1], an offset schemewas
proposedfor isolatingclassesof bursts,suchthat low-priority burstsdo not causecontentionlossesfor high-priority
bursts;fixedandvariablefiber delayline bufferswerealsoutilized to further reduceblocking.In this paper, we will
combineburstsegmentationwith prioritizeddeflectionrouting in orderto offer differentiatedservicesat the optical
layer. We will assumethattherearetwo priority classes,andthata high-priorityburst is onewhichhaslow delayand
losstolerancewhile a low-priority bursthashigherlevel of delayandlosstolerance.

2 Burst SegmentationAnd Deflection
To overcomesomeof the limitations of optical burst switching,burst segmentationcanbe usedto minimizepacket
lossduring contention.Whencontentionoccurs,a burst is divided into multiple segments,andonly thosepackets
of a givenburst which overlapwith segmentsof anotherburst will be dropped.If switchingtime is non-negligible,
thenadditionalpacketsmaybelost whentheoutputport is switchedfrom oneburstto another. Segmentationis used
primarily to minimize lossof high priority bursts.Therearetwo approachesfor segmentinga burstwhencontention
occurs.Thefirst approachis to segmentthetail of theoriginal burst,andthesecondapproachis to segmentthehead
of the contendingburst.A significantadvantageof segmentingthe tail of burstsratherthansegmentingthe headis
that thereis a betterchanceof in-sequencedelivery of packetsat thedestination,assumingthatdroppedpacketsare
retransmittedat a later time. In this paper, we will assumethat the tail of theoriginal burstwill be segmentedwhen
segmentationtakesplace(Fig. 1). Whenaburstis segmented,its controlmessageis updatedaccordingly. For thecase
in which segmentationoccursin themiddleof apacket, thefractionalpacket is lost.



Burstsegmentationcanalsobeimplementedwith deflection.Ratherthandroppingthetail segmentof theoriginal
burst,we caneitherdeflecttheentirecontendingburst,or we candeflectonly the tail segmentof the original burst.
Implementingsegmentationwith deflectionincreasestheprobability thata burst’s packetswill reachthedestination,
and henceimprovesperformance.At eachnode,one or more alternatedeflectionports can be specifiedfor each
destination.Theorderin which thealternatedeflectionportsareattemptedis determinedby a shortest-pathpolicy.
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Fig. 1. Segmentationpolicy for two contendingbursts.
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Fig. 2. NSFNETtopologywith 14nodes.

TheQoSschemeis implementedby selectively choosingwhichburst(originalor contending)to segmentor deflect
duringcontetion.We definethefollowing policiesfor handlingcontentionbetweentwo bursts:

� SegmentFirst and DeflectPolicy (SFDP): The contendingburst wins the contention.The original burst is
segmented,andits segmentedtail maybedeflectedif analternateport is free,otherwisethetail is dropped.

� DeflectFirst and Drop Policy (DFDP): The contendingburst is deflectedto an alternateport, if no alternate
port is freethecontendingburstis dropped.

� DeflectFirst, SegmentandDrop Policy (DFSDP):Thecontendingburst is deflectedto a freeport if available,
otherwisetheoriginalburstis segmentedandits tail is dropped,while thecontendingburstis transmitted.

Thedecisionof which of thesethreepoliciesto implementwhena contentionoccursis basedon theprioritiesof
thetwo burstsinvolved,aswell asthelengthsof thebursts,asshown in Table1.

Table1. QoSpoliciesfor variouscontentionsituations.

Condition OriginalBurstPriority ContendingBurstPriority LongerRemainingBurst Scheme1 Policies Scheme2 Policies

1 High High Contending DFSDP SFDP
2 High Low Contending DFDP DFDP
3 Low High Contending SFDP SFDP
4 Low Low Contending DFSDP SFDP
5 High High Original DFDP DFDP
6 High Low Original DFDP DFDP
7 Low High Original SFDP SFDP
8 Low Low Original DFDP DFDP

The rows of Table1 show the variouscontentionsituationsin a two priority network. Longer RemainingBurst
indicateswhich of the two contendingburst hasa greaternumberof packetsremainingto be transmittedfrom the
point of contention.If all elseis equal,theburstwith fewer remainingpacketswill begivenslightly lower priority in
orderto minimizethenumberof packetslost or deflected.

To betterunderstandthetable,let usconsiderCondition2.Theoriginalbursthashighpriority while thecontending
bursthaslow priority, andthecontendingburstis longerthantheoriginalburst.Thiscontentionis resolvedby DFDP,
wherewe first attemptto deflectthe low-priority burst,andthendropthelow-priority burst if no deflectionportsare
available.On the otherhand,in Condition7, a high-priority contendingburst contendswith a low-priority original
burst,andthe numberof packetsin the high-priority burst is lessthanthe numberof packetsin the tail of the low-
priority burst. In this case,we segmentthe tail of the low-priority burstandattemptto deflectthe tail if a deflection
port is available;otherwise,thetail is dropped(SFDP).

We definetwo differentQoSschemesthatdiffer in thehandlingof Conditions1 and4, i.e., whenthecontention
is betweentwo burstsof the samepriority, andthe contendingburst is longerthantheoriginal burst.Scheme1 will
first attemptto deflectthecontendingburst,andwill segmenttheoriginal burstonly if no deflectionport is available
(DFSDP).Scheme2 will alwayssegmentandattemptto deflectthetail of theoriginalburst(SFDP).

3 Simulation Results
In orderto evaluatetheperformanceof thesegmentationanddeflectionschemes,a simulationmodelwasdeveloped.
Burst arrivals to the network are Poissonwith rate � . Burst length is exponentiallydistributedwith averageburst
lengthof 1/� = 100ms.Transmissionrateis 10 Gbps.Packet lengthis 1500bytes.Switchingtime is 10 � s.Thereis
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Fig. 3. Packet lossprobabilityversusloadfor differenttraffic ratiosusing(a) Scheme1, (b) Scheme2, and(c) Scheme1 with differentnumberof
alternatedeflectionports.(d) Averagepacket delayversusloadusingScheme1andScheme2.

nobufferingor wavelengthconversionatnodes.Burstarrivalsareuniformly distributedoverall sender-receiverpairs.
Dijkstra shortest-pathroutingalgorithmis usedto find thepathbetweenall nodepairs.Figure2 shows the 14-node
NSFNETon which thesimulationwasimplemented.Thedistancesshown arein km.

Figures3(a) and3(b) plot the packet lossprobability versusload for high-priority (priority 0) and low-priority
(priority 1) packets,usingScheme1 andScheme2 respectively. Eachshowspacket lossesfor thecasein which there
is anequalamountof high-priorityandlow-priority traffic, andthecasein which20%of thetraffic is highpriority and
80%of thetraffic is low priority. We observe thatthelossof high-priority packetsarelower thanthatfor low priority
packets.We alsoobservethatScheme1 performsbetterthanScheme2 at theseloads;thus,at low loads,it is betterto
attemptdeflectionbeforesegmentationwhentwo burstsareof equalpriority.

Figure3(c) plots total packet lossprobability versusload for differentnumberof alternatedeflectionportswith
20%of high-priorityand80%of low-priority traffic. We observethatthereis a significantimprovementwhenweuse
two alternatedeflectionportsinsteadof onealternateports,while thereis lessimprovementfrom two to four alternate
deflectionports.This resultis dueto thelow nodaldegreeof NSFNET(Figure2) andmaydiffer for othernetworks.

Figure3(d)plotstotaldelayversusloadwith 20%of high-priorityand80%of low-priority traffic for thetwo QoS
schemes.Scheme2 haslower delayscomparedto Scheme1, asScheme2 follows thesegment-firstapproachrather
thanthedeflect-firstapproach.Thedelayfor high-priorityburstsremainsin a consistentrange,while thelow-priority
burstshavehigherdelaydueto multiple deflections.At veryhigh load,burstswhich arefartherfrom their destination
arelesslikely to reachtheirdestinationcomparedto thoseburstswhicharecloseto theirdestination;thus,theaverage
delaywill eventuallydecreaseasloadincreases.

4 Conclusion
In this paperwe applytheconceptsof burstsegmentationandpriority-baseddeflectionroutingalgorithmsto provide
differentiatedservicesin opticalburst-switchednetworks.Thehigh-priorityburstshavesignificantlylower lossesand
delaythenthelow-priority bursts,andthepolicieswhichincorporatedeflectiontendto performbetterthanthepolicies
with limited deflectionor nodeflection.
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