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Abstract: Deflectionrouting and burst segmentationare two techniquesfor resolvingcontentionin
optical burst-switchechetworks. By selectvely applyingthesetechniquego burstswith differentQoS

requirementswe canoffer arangeof differentiatedservicesatthe opticallayer.
(© 2001 Optical Societyof America
OCIS codes:(060.4250)Networks

1 Intr oduction

Theamountof raw bandwidthavailableon fiber optic links hasincreasediramaticallywith advancesn densewave-
lengthdivision multiplexing (DWDM). In orderto efficiently utilize this bandwidth,an all-optical transportmethod,
which avoids optical buffering while handlingburstytraffic, andwhich supportsastresourceprovisioningandasyn-
chronoustransmissionof variable sized paclets, must be developed.Optical Burst Switching (OBS) is one such
methodfor transportingtraffic directly over a bufferlessoptical WDM network. In optical burst switchednetworks,
burstsof dataconsistingof multiple pacletsare switchedthroughthe network all-optically. A control messagédor
header)s transmittedaheadof the burstin orderto configurethe switchesalongthe burst’s route. The control mes-
sagemay specifythe durationof the burstin orderto let a nodeknow whenit mayreconfigurets switchfor the next
burst,atechniqueknown asDelayedReservatior{DR) [1].

A majorconcernin optical burstswitchednetworksis contentionwhich occurswhenmultiple burstscontendfor
the samelink. In this paper we will referto the burstwhich arrivesto the switch first asthe original burst, andthe
burstwhicharrivesto theswitchlaterasthecontendingourst Oneapproachio resolvingcontentions to usedeflection
routing, in which the contendingburstis sentto analternateoutputport. Prioritized routingis anapproachin which
the choiceof paclet/turstto deflectis madebasedon priority [3].

In existing contentiorresolutionschemesor opticalburstswitchednetworks,whencontentiorbetweertwo bursts
cannotbe resolhed throughother means,one of the burstswill be droppedin its entirety eventhoughthe overlap
betweerthetwo burstsmaybe minimal. For certainapplicationswhich have stringentdelayrequirement$ut relaxed
paclet lossrequirementsit may be desirableto lose a few pacletsfrom a given burstratherthanlosing the entire
burst. An approactio reducingthe pacletlossesduring contentionis burst segmentationin which only thosepaclets
of the original burst which overlapwith a contendingburstwill be dropped[2]. To further reducepaclet loss, the
overlappingpacletsmaybe deflectedatherthandropped.

Anotherimportantissuein optical burst-switchedhetworks is how to provide differentiatedservicein orderto
supportthe various quality of service(QoS) requirementf differentapplications.In [1], an offset schemewas
proposedor isolatingclassef bursts,suchthatlow-priority burstsdo not causecontentionlossesor high-priority
bursts;fixed andvariablefiber delayline buffers werealsoutilized to further reduceblocking. In this paper we will
combineburst segmentationwith prioritized deflectionrouting in orderto offer differentiatedservicesat the optical
layer. We will assumehattherearetwo priority classesandthata high-priority burstis onewhich haslow delayand
losstolerancewhile alow-priority bursthashigherlevel of delayandlosstolerance.

2 Burst SegmentationAnd Deflection

To overcomesomeof the limitations of optical burst switching, burst sggmentationcanbe usedto minimize paclet
loss during contention.When contentionoccurs,a burstis divided into multiple sggments,and only thosepaclets
of a given burstwhich overlapwith segmentsof anotherburstwill be dropped.If switchingtime is non-nagligible,

thenadditionalpacketsmay be lost whenthe outputportis switchedfrom oneburstto another Segmentatioris used
primarily to minimize lossof high priority bursts.Therearetwo approache$or sgmentinga burstwhencontention
occurs.Thefirst approactis to sggmentthetail of the original burst,andthe secondapproachs to sgmentthe head
of the contendingburst. A significantadvantageof segmentingthe tail of burstsratherthan seggmentingthe headis

thatthereis a betterchanceof in-sequencealelivery of packetsat the destinationassuminghat droppedpaclketsare
retransmittecat a later time. In this paper we will assumehatthetail of the original burstwill be segmentedvhen
segmentatiortakesplace(Fig. 1). Whenaburstis sggmentedijts controlmessagés updatedaccordingly For thecase
in which sgmentatioroccursin themiddle of a paclet, thefractionalpacletis lost.



Burstsggmentatiorcanalsobeimplementedvith deflection.Ratherthandroppingthetail sggmentof the original
burst, we caneitherdeflectthe entire contendingburst, or we candeflectonly the tail segmentof the original burst.
Implementingsegmentatiorwith deflectionincreaseshe probability thata burst’s packetswill reachthe destination,
and henceimproves performance At eachnode, one or more alternatedeflectionports can be specifiedfor each
destinationTheorderin which thealternatedeflectionportsareattempteds determinedy a shortest-patipolicy.
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Fig. 1. Sgmentatiorpolicy for two contendingdoursts. Fig. 2. NSFNETtopologywith 14 nodes.
TheQoSschemas implementedy selectvely choosingwhich burst(original or contending}o segmentor deflect
during contetion We definethefollowing policiesfor handlingcontentionbetweertwo bursts:
e S@gmentFirst and DeflectPolicy (SFDP): The contendingburst wins the contention.The original burst is
segmentedandits sgmentedail maybedeflectedf analternateportis free,otherwisethetail is dropped.
¢ DeflectFirst and Drop Policy (DFDP): The contendingourstis deflectedio an alternateport, if no alternate
portis freethe contendingourstis dropped.
¢ DeflectFirst, Sgmentand Drop Policy (DFSDP): The contendingourstis deflectedo afree portif available,
otherwisethe original burstis sggmentedandits tail is droppedwhile the contendindourstis transmitted.
The decisionof which of thesethreepoliciesto implementwhena contentionoccursis basedon the priorities of
thetwo burstsinvolved,aswell asthelengthsof the bursts,asshovnin Tablel.

Tablel. QoSpoliciesfor variouscontentionsituations.
[ Condition || Original BurstPriority [ ContendingBurstPriority | LongerRemainingBurst || Schemel Palicies || Scheme 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 Table 1 shav the variouscontentionsituationsin a two priority network. Longer RemainingBurst
indicateswhich of the two contendingburst hasa greaternumberof pacletsremainingto be transmittedfrom the
point of contentionlIf all elseis equal,the burstwith fewer remainingpacketswill be givenslightly lower priority in
orderto minimize the numberof pacletslost or deflected.

To betterunderstandhetable,let usconsiderCondition2. Theoriginal bursthashigh priority while thecontending
bursthaslow priority, andthe contendindourstis longerthanthe original burst. This contentionis resohedby DFDPR,
wherewe first attemptto deflectthe low-priority burst,andthendrop the low-priority burstif no deflectionportsare
available.On the otherhand,in Condition7, a high-priority contendingourst contendswith a low-priority original
burst, andthe numberof pacletsin the high-priority burstis lessthanthe numberof pacletsin the tail of the low-
priority burst.In this case we sggmentthetail of the low-priority burstandattemptto deflectthetail if a deflection
portis available;otherwise thetail is dropped(SFDP).

We definetwo differentQoSschemeghatdiffer in the handlingof Conditionsl1 and4, i.e., whenthe contention
is betweentwo burstsof the samepriority, andthe contendingourstis longerthanthe original burst. Schemel will
first attemptto deflectthe contendingourst,andwill segmentthe original burstonly if no deflectionportis available
(DFSDP).Scheme will alwayssegmentandattemptto deflectthetail of the original burst(SFDP).

3 Simulation Results

In orderto evaluatethe performancef the sggmentatioranddeflectionschemesa simulationmodelwasdeveloped.
Burst arrivals to the network are Poissonwith rate A. Burst lengthis exponentially distributed with averageburst
lengthof 1/u = 100ms. Transmissiomrateis 10 Gbps.Paclket lengthis 1500bytes.Switchingtime is 10 us. Thereis
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Fig. 3. Paclet lossprobability versusioad for differenttraffic ratiosusing(a) Schemel, (b) Scheme2, and(c) Schemel with differentnumberof
alternatedeflectionports.(d) Averagepaclet delayversusoad usingSchemelandScheme2.

no buffering or wavelengthcorversionatnodesBurstarrivalsareuniformly distributedover all sendetrecever pairs.
Dijkstra shortest-pathouting algorithmis usedto find the pathbetweenall nodepairs. Figure 2 shovs the 14-node
NSFNETonwhich the simulationwasimplementedThedistanceshowvn arein km.

Figures3(a) and 3(b) plot the paclet loss probability versusload for high-priority (priority 0) and low-priority
(priority 1) packets,usingSchemel andScheme? respectiely. Eachshaws pacletlossedor the casein whichthere
is anequalamountof high-priority andlow-priority traffic, andthecasan which 20%of thetraffic is high priority and
80% of thetraffic is low priority. We obsene thatthe lossof high-priority packetsarelower thanthatfor low priority
paclets.We alsoobsenethatSchemel performsbetterthanScheme? atthesdoads;thus,atlow loads,it is betterto
attemptdeflectionbeforesegmentationvhentwo burstsareof equalpriority.

Figure 3(c) plots total packet loss probability versusload for differentnumberof alternatedeflectionportswith
20%of high-priority and80% of low-priority traffic. We obsenre thatthereis a significantimprovementwhenwe use
two alternatedeflectionportsinsteadof onealternateports,while thereis lessimprovementfrom two to four alternate
deflectionports. This resultis dueto thelow nodaldegreeof NSFNET (Figure2) andmay differ for othernetworks.

Figure3(d) plotstotal delayversudoadwith 20% of high-priority and80% of low-priority traffic for thetwo QoS
schemesScheme2 haslower delayscomparedo Schemel, as Scheme follows the segment-firstapproachrather
thanthe deflect-firstapproachThe delayfor high-priority burstsremainsin a consistentange while the low-priority
burstshave higherdelaydueto multiple deflectionsAt very high load, burstswhich arefartherfrom their destination
arelesslikely to reachtheir destinatiorcomparedo thoseburstswhich arecloseto their destinationthus,theaverage
delaywill eventuallydecreasasloadincreases.

4 Conclusion

In this paperwe applythe conceptf burst segmentatiorandpriority-baseddeflectionrouting algorithmsto provide
differentiatedservicesn optical burst-switchechetworks. The high-priority burstshave significantlylower lossesand
delaythenthelow-priority bursts,andthe policieswhichincorporateleflectiontendto performbetterthanthe policies
with limited deflectionor no deflection.
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