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ABSTRACT: 
 

“The 

telecommunicationinetworksiareiexperiencingiaidramaticiincreaseiinidemandiforicapacity,imuchiofiitirelateditoithei

exponentialitakeiupiofitheiInternetiandiassociatediservices.iToisupportithisidemandieconomically,itransportinetwork

siareievolvingitoiprovideiaireconfigurableiopticalilayeriwhich,iwithiopticalicross-

connects,iwillirealiseiaihighibandwidthiflexibleicore.iAsiwelliasiprovidingilargeicapacityithisinewilayeriwillibeirequ

ireditoisupportinewiservices,itherefore,iwilliprovideiaicircuitiswitchediopticalilayericharacterisedibyihighicapacityia

ndifasticircuitiprovisioning.iThisipapericonsidersipossibleinetworkiapplicationiscenariosiforiopticalipacketiswitchin

g.iIniparticulariitifocuses 

ionitheiconceptiofianiopticalipacketirouteriasianiedgeinetworkidevice,ifunctioningiasianiinterfaceibetweenitheielectr

oniciandiopticalidomains.iInithisiapplicationiiticaniprovideiaiscalableiandiefficientiIPitrafficiaggregatorithatimayipr

ovideigreateriflexibilityiandiefficiencyithanianielectroniciTerabitirouteriwithireducedicost.iTheidiscussioniconsidersi

theimainitechnicaliissuesirelatingitoitheiconceptiandiitsiimplementation.” 

 

KeyiiTerms:iOpticalicommunications,iopticalipacketiswitching,opticaliilinks. 

 

 

1. BRIEFiiINTRODUCTION 

 

Theirapidlyiincreasingibandwidthidemand,idrivenibyitheiInternet,ihasileditoiaiparadigmishiftiinitheitelec

ommunicationsiindustryifromivoice-optimiseditoiIP-

centricinetworks.iInithisiscenario,itheiroleiofiSDH/SONETiwillidiminishianditheiopticalitransportinetwo

rkiwillidirectlyiprovideiaiglobalitransportiinfrastructureiforilegacyiandinewiIPiservices.iTheiutilisationiof

iopticalinetworkingiemployingidenseiwavelengthidivisionimultiplexingi(DWDM)iiniconjunctioniwithiop

ticalicross-

connectsi(OXCs),ipresentsimanyinewiopportunitiesiforisupportingifasteriandimoreiflexibleiprovisioniofil

egacyiandiIPiservices.iAimajoridriveriforirealizingithisievolutioniisitheipotentialiabilityiofisuchinetworks

itoiprovideifastiautomaticiset-upianditear-

downiofipathsiacrossitheiopticalinetwork,withitheicapabilityiofisupportingidiverseclientisignals 

ionitheipaths.iTheimainfocus,itherefore,iofitoday’siopticalnetworkplanningiliesinimplementingiadynamic

allybacceptable, 

reconfigurableopticalitransportilayeribasedonifastiOXCsicouplediwithiaisuitablecontroliandimanagement

iarchitecture.iThusinitheinearifutureianiopticalitransportnetworki(OTN)iwillibeirealisedicapableofsupport

ingilargeinumbersiofihighicapacityopticalichannels,iwithibitiratesiinitheorderiof i10-

40iGb/s.iThisimodeliofithenetworkiisiillustratediiniFigure 

i1.iThediagramipresentsiaipossibleiOTNistructure,whichicomprisesitheiinterconnectioniofianumberiofiO

XCsiiniaimeshitopology.iAseachiinterconnectingifibreimayisupportmanyiwavelengthsi(egi>100)iandither

emayibeimanyifibresi(eg i32),itheiOXCsirequireitheicapabilityitoisupportitheicross-

connectioniofimanyithousandsiofiwavelengthichannels.iThisiopticalitransportinetwork,itherefore,iwillipr

ovideiwavelengthipathsitoiclientsisuchiasiIPirouters,iSONET/SDHinetworkielements,iATMiswitchesietc,

iandiFigure i1iillustratesitheinetworkimightiinterconnectitwoiIPirouters. 

 

 

http://www.jetir.org/


© 2019 JETIR January 2019, Volume 6, Issue 1                                                    www.jetir.org (ISSN-2349-5162) 

JETIRDW06235 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1458 
 

 
 

Figure i1:iOpticalitransportinetworki(OTN) 

 

AisignallingichannelibetweeninodesiensuresithatieachiOXCihasiknowledgeiofitheinetworkiresourceistatus,

ipathsiavailableietc.iCurrentiresearchifocuses 

ionitheiuseiofidistributedimanagementischemesisuchiasimulti-

protocolilabeliswitchingi(MPLS)itoiprovideitheicontroliplaneinecessaryitoiensureifastipathiset-

up.iInithisitypeiofiapplicationitheilabeliisitheiwavelengthiofitheiincomingisignaliandihenceitheitermimulti-

protocolilambdaiswitchingiisimoreicommonlyiused.iThisidynamicallyireconfigurableiopticalitransportinet

work,itherefore,iwillienableitheifastiallocationiofihighicapacityipathsitoilinkiclients.iAlsoitheipaceiofideve

lopmentiisisuchithatitheitechnologyi(ofitransmissioniandiswitching)iwillisupportihugeinumbersiofiopticali

channelsi(wavelengths).iItimightiseemithereforeithatiinithisifutureinetworkibandwidthiisinotianiissueiandi

opticalicircuitiswitchingi(theitechniqueiweihaveibeenidiscussing)iwillimeetiallifutureirequirements.iHowe

verithisiisinotitheicaseiforiainumberiofireasons.iTheiopticalitransportinetwork,iforiexample,ioffersigranula

rityionlyiatitheiwavelengthilevelitoitheiclients.iThusiifitheitrafficisourceiisiburstyitheichannelicapacityima

yibeiunderusediandithisiwillihaveianiimpact 

ionitheidimensioningiofitheinetworkianditheisizeiofitheiOXCs.iThisiargumentiisiparticularlyistrongiasithei

networkimovesitoibecomeidatairatherithanivoice-

centric.iEconomicsiwillialwaysidemandithatitheinetworkiresourcesiareiusediefficiently.iAimajoriadvantage

iofielectronicipacketiswitchingiisiitsibandwidthiefficiencyiandiabilityitoisupportidiverseiservices,ihenceire

searchiisinowifocusing 

ionibringingitheipacketiswitchingiconceptiintoitheiopticalidomain,ithatiisiopticalipacketiswitchingi(OPS).i

InithisiarticleitheiuseiofiOPSiinitheifutureinetworkiisidiscussed.iFirstiaigeneralilookiatiitsiapplicationiarea

siisiconsidered,ihoweveriitiisibelievedithatitheifirstiapplicationiwillibeiasianiedgeirouteriinterfacingitheiele

ctroniciIPidomainianditheiOTN.iInitheisucceedingisectionsitheitechnicaliandiimplementationiissuesirelatin

gitoithisiconceptiareidiscussed. 

 

2. OPTICALiPACKETiSWITCHINGi 

 

Researchiintoiopticalipacketiswitchingihasibeeniconductedioveriainumberiofiyears.iPureiopticalipacketisw

itchingiiniwhichipacketiheaderirecognitioniandicontroliareiachievediinianiall-

opticalimanneriisistillimanyiyearsiaway.iForimediumiterminetworkiscenarios,iopticalipacketiswitchingiusi

ngielectronicicontroliandiheaderiprocessingiisimoreirealistic;iindeediitiisinoticleariwhatimajoriadvantagesi

theiall-opticaliapproachihasitoiofferioverithisiopto-electroniciapproach.iThisiarticleifocuses 

ionitheiapproachiiniwhichitheiopticalipacketicomprisesianiopticalilabeli(oftenirealisediusingisub-

carrierimodulationitechniques)iattacheditoiaipayload,iwhichimayibeiofifixediorivariableidurationi(otheriap

proachesisuchiasiburstioriflowiswitchingiareinoticonsideredihere).iTheiclientisignal,isuchiasiIPipackets,ifo

rmsitheipayload,ianditheiopticalipacketientityiisiroutedithroughitheinetwork.iWithinianiopticalipacketiswit

chi(OPS)itheipacketiheaderiorilabeliisireadiandicomparediwithiailook-

upitable.iTheipayloadiisithenirouteditoitheiappropriateioutputiportiwithiainewilabeliattachedi(labeliswappi

ng).iAniimportantifeatureiisithatitheipayloadiisitransparentlyiroutedithroughitheiswitch,ii.e.istaysiwithinith
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eiopticalidomain,ibutitheilabeliprocessingiandiswitchicontroliareielectronic.iSomeiofitheseiissuesiare to 

bediscussediinimoreidetaili. 

 

 

3. APPLICATIONS 

 

TheiattractiveifeatureiofiOPSiisithatiiticaniappeariasiainaturalievolutioniofitheiOTN.iIniparticularitheiOX

CsidevelopediforitheiOTNicanisupportianiopticalipacketiswitchinetworkilayer.iFigure 

i2iillustratesiainetworkicomprisingiOXCiandiOPSielements.iAsishowniinitheidiagramiresourcesicanibeius

ediiniainumberiofiways.iForiexampleisomeiopticalichannelsi(wavelengthipaths)imayiinterconnectihighica

pacityipointsiwhichiwillifullyiutiliseichannelicapacity,isuchiasiSDHirings.iOtherichannelsimightibeiusedit

oisupportiopticalipacketitransmissioniforiefficientiuseiofibandwidth,ieitheritoioptimiseiresourceiutilisationi

withinitheinetworkior,iforiexample,itoisupportianiend-to-

endipointiandiclickiprovisioningiserviceiwhereigranularityimayibeianiissue.iFigure 

i2ithereforeiillustratesitwoikeyiOPSiapplicationiscenarios.iOneiisitheiapplicationiasiaicoreiswitch.iPacketsi

travellingithroughitheinetworkiundergoiswitchingiaticoreinodesiwhereiongoingirouteiselectioniandilabelis

wappingitakeiplace.iInithisimodeiOPSimaximisesiutilisationiofitheinetworkiresources,iminimisingitheitota

linetworkicapacityirequired,ireducingitheisizeiofitheiOXCs.iTheisecondiapplication,itheimainisourceiofidi

scussioniinithisiarticle,iisithatiofianiedgeirouteriinterfacingitheielectroniciIPidomainitoitheiOTN.iThisiisiill

ustratediiniFigure 

i2iwhichishowsitheipacketiswitchipositionediasianiedgeirouteriinterfacingitoibothitheiOTNiandiIPidomain

s.iInithisiapplicationitheiOPSiprovidesiainumberi 

ofikeyifunctionsirequirediofitheifutureiOTN,iasihighlightedibelow. 

 
Figure i2:iApplicationsiofiOPSiasicoreiandiedgeirouters 

 

3.a iControliPlanesi 

 

Asidiscussediabove,itheifirstigenerationiofiOXCsiwillinotiperformipacketileveliprocessing.iTheientireitraff

ic 

ionianyiopticalichanneliatianiinputiportiinianiOXCiisiswitcheditoianioutputiport,ithusitheiopticalichannelis

upportsicontinuousidata.iIPitraffic,ihowever,icannotibeiconstructediasicontinuousidata-

streamsiandithereforeithereiisiaipressingirequirementitoidevelopitheiframeworkiforiaidata/IPiawareioptical

itransport.iAtipresentiData/IPiservicesiareiprovidedithroughinetworksithatimayiincludeithreeiorifouridiffer

entielectronicimultiplexingiandiswitchingilayersi(e.g.iIP, 

iframeirelay,iATM,iSONET).iTheimultiplicityiofilayersiproducesiinefficiencies,iadditoitheilatenciesiofico

nnectionsiandiinhibitsitheiprovisioningiofiqualityiofiserviceiassurances.iWorse,itheilayersiareilargelyiuna

wareiofieachiother,icausingiduplicationiofitransportiprotocolsiandimanagementitasks.iTheifirstistepitoward

siopticalidatainetworkingiisitheiimplementationiofiainetworkicontroliplane,ibased 

ionidistributedilabeliswitchedimanagementiprinciplesisuchiasitheiMulti-
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protocoliLabeliSwitchingi(MPLS)icontrolimodel,iandiassociatediwithitheiOXC.iTheifunctionsiofithisicont

roliplaneiwillibeiinitiallyitoiestablishiandimaintainiopticalipathsiwithinitheinetworkiandiinitheilongitermito

idetermine,idistribute,iandimaintainistateiinformationiassociatediwithitheiopticalitransportinetworki(OTN).

iThisicontroliplaneiwillialsoibeiresponsibleiforiupdatingitheiinformationiinitheilocaliswitchicontrolleri(Fig

ure 

i1).iAsiairesult,itheiOXCsiwithinitheiOTNiwilliswitchiopticalichannels,iinisimilariwayiasiLabeliSwitching

iRoutersi(LSRs)iswitchipacketsiinianielectroniciIPinetwork.iLSRsiperformipacketilevelioperationsiusingii

nformationicarried 

ionitheilabelsiattacheditoitheidataipackets,iwhileiwithiOXCsitheiswitchingiinformationiisiinferredifromith

eiwavelengthi(MPlS)ioritheiopticalichannelioverhead.iIninetworkingisystemsiinvolvingiainumberiofidataic

lientsiandiOXCs,iMPLSicaniprovideiaiuniformicontroliplaneistrategyiiniorderitoireduceitheicomplexityiof

imanagingidissimilarinetworkingisystems.iInitheseifutureinetworkiscenariositheiquestioniofiwhereitheibou

ndaryibetweenitheiserviceianditransportilayeriliesiisistilliunanswered,ibutithereiisiclearlyiaineeditoimaintai

nitopologyiandicontroliisolationiasiwelliasitoicreateianiefficientiinterfaceibetweenitheiopticalitransportiand

itheiserviceilayers.iThereiareimanyireasonsitoseparateinetworkitopologiesiandicontrol,iwhetheriitiisiphysic

aliorilogicaliforitheiOTNianditheiserviceilayer.iSomeiofitheireasonsiareidueitoiainumberiofiimportantidiff

erencesibetweenielectronicidatairoutersiandiopticaliwavelengthiroutersithatinecessitateispecialifeaturesitoi

beiimplementediinitheicontroliplane.iTheifirstidifferenceiwouldibeitheibandwidthigranularity,iwhichiisimu

chicoarseriforianiOXCithanithatiforianiIPirouteri(wavelengthsiratherithanipackets).iBecauseiofitheihighiba

ndwidthinatureiofianiopticaliconnection,ioneiwouldiexpectithemitoipersistiforiaimuchilongeridurationiandi

involveirelativelyiinfrequenticonnectionirequestsiwhenicompareditoiperipacketiroutingioperations.iAifurth

erispecificirequirementiforitheicontroliplaneiwillibeitoimaintainiOTNiinfrastructureiinformationiiniorderit

oifacilitateipathiselectioniforiopticalichannels.iInformationiwilliincludeifibreicharacteristics,iamplifieriposi

tionsiandisignalievaluationidata.iThisiinformationicanibeicollectedithroughiopticalisupervisoryichannelsia

ndiopticalichannelioverheadiprocessingiandicanibeiactivelyiusediforisettingiupiopticalipathsiandifaultiloca

lisation.iTheimostiimportantireason,iperhaps,iforiisolatingitheitwoilayersiisithatitheyiareilikelyitoibeiunder

idifferentiadministrativeicontrolsi(oriownership)iandipolicies.iUnderisuchicircumstancesitheiserviceiprovi

deriwhoiownsitheiOTNiwilliwishitoimaintainifullicontroliofitheinetwork.iSuchianioperatoriwouldinotiwis

hitoigiveiaiclientiinsightiintoitheistructureiofitheiOTNilayeriasithisiisihisibusinessivalue.iAlthoughitheiser

viceiprovideridoesinotiwishitoigiveitheiclientiknowledgeiofitheiOTN,ithereiareiclientiservicesithatidepend 

ionihavingiaiviewiofitheiinternalistructureiofitheiOTN.iThreeiexamplesiareisuggested. 

Theifirstiinvolvesiconnectionsidiverselyiroutediforiprovisioningiandirestorationipurposes.iTheisecondiinvo

lvesiaiconnectionirequirediatiaifutureitime,iwhileitheithirdiinvolvesibeingiableitoiknowiwhichinodesicanib

eireachediviaitheiOTN.iThus,inetworkimanagementifeaturesiareirequiredithatiallowilimitediinternaliOTNii

nformationitoibeiaccessediorimanipulatedibyitheiclientiserviceilayeriiniaimannerithatidoesinoticompromis

eitheisecurityiofitheioperatorsinetwork.iCurrentlyithereiareinoirouterisolutionsithaticanisatisfyiallitheiabov

eipointsiandifitiiniairealisticifutureinetworkisolutioniableitoicarryiefficientlyiaimixtureioficircuitiswitchedi

andipacketiswitcheditrafficiintoitheiOTN. 

 

 
Figure i3:iInterfacingiofiOPSiwithiOXC 
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TheiOPSiisipositionediinitheiadd-

dropiportsiofitheiOXCiandiaccessesiwavelengthichannelsidedicateditoipacketiswitching.iTheiexternalielec

troniciroutersianditheiOPSiwillihandleitheisameigranularityi(peripacketibasis),iwhichiwillileaditoianiintegr

atedicontroliplaneibetweenitheiIPianditheiOPSidomains.iAtitheisameitime,itheiOPSiwillimaintainiinformat

ion 

ionitheiconfiguration,itheiphysicaliinfrastructure,itheitopologyiandiscaleiofitheiOXCitransport.iTherefore,i

theiproposediOPSiwillibeiableitoiisolateitheiOTNifromitheiserviceilayeriwhileiinterfacingifullyiwithibothil

ayers:i 

a)iwithitheiData/IPidomainithroughiintegratedimanagementicontrol,iandi 

b)iwithitheiOTNibyimaintainingiinformation 

ionitheiconfiguration,itheiphysicaliinfrastructure,itheitopologyiandiscaleiofitheiOXCitransport.iAniadditio

nalibenefitiofitheiOPSiwillibeidueitoitheiincreasedigranularityioveripureiDWDMinetworks,iwhichipermits

imoreiefficientiuseitoibeimadeiofitheicoreinetwork.iOneiofitheimainidisadvantagesiofianiOTNiisithatithere

iisicurrentlyinoimechanismitoiprovideidirectiaccessitoitheiOTNiwithibandwidthigranularityithatiisifinerith

aniaiwholeiwavelength.iProvidingithisifinerigranularityiisicentralitoicreatingiainetworkithatiisiefficient,ifro

mitheiperspectiveiofitheioperator,iandicostieffective,iforitheioperator'sicustomer.iAischematicidiagramiofit

heiOPSifunctionalityiasianiedgeiaggregator/routeriisipresentediiniFigure 

i4.iHereitheiOPSiwilliprovideianiaggregationimechanismiinitheiexternaliOTNinodesithaticaniacceptipacke

titypeitransporti(i.e.iIPiandiATM)ifromiainumberiofisourcesiandimapiontoiopticalipackets.iTheseiopticalip

acketsiwillibeiofivariableilength,iwhichiwillibeianiintegralimultipleiofiaichosenitimeiunit.iTheiaggregating

inodesiwillithenimapitheiopticalipacketsiontoiappropriateiwavelengthsiforitransportioveritheiOTNitoideag

gregatinginodesithaticanieitheribeiegressipointsifromitheinetworkioriintermediaryinodesithatifurtherimapit

heiopticalipacketsiontoinewiwavelengthipaths.iDuringithisiprocess,itheiOPSiwilliruniaiprotocolicapableiof

idiscoveringitheiOXCinetworkitopology,iandithusiwillibeiableitoicombineiaggregationiwithiQoSiprovision

ingiwithinitheiOTN. 

 

 
 

Figure i4:iOPSifunctionalityiasiedgeiaggregator/router 

 

TheiopticalirouteriproposedihereiwilliprovideiaimoreiscalableiandiefficientiIPitrafficiaggregatoricompared

iwithisimilarielectroniciTerabitirouterisolutions.iFurthermore,iitiwillitakeifulliadvantageiofitheicapacity,isc

alabilityiandifunctionalityiprovidedibyitheiopticalilayer,iaifunctionithaticannotibeiprovidedibyianielectroni

cirouterisolution. 

 

4.IREALISATION IISSUES I 

 

Theiopticalipacketirouteriwilliswitchiandibufferientitiesiwhichimayicompriseimultipleiorisingleidatagrams

,ioriindeedionlyiaipartiofione.iToifinditheioverallioptimumipacketitransportisolutioniforitheiopticaliedgeia

ggregator,iainumberiofiissuesineediconsideration,iasidescribedibelow.i 
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4. A. TheiOpticaliPacket 

 

Iniorderitoireduceitheinumberiofientitiesithatitheiswitchimustiprocessiperiunititime,isingleiorimultipleipac

ketsiwithitheisameidestinationiandiqualityiofiservicei(QoS)iclassimayibeigroupeditogetheriformingianiopti

calipacketiatitheiedgeiofitheinetwork.iTheiopticalipacketiwillibeiofivariableilength,iwhichiwillibeiintegrali

multipleiofiaiunitilength.iWhileithisireducesitheicomplexityiofitheipacketiswitches,iitiincreasesitheicomple

xityiofitheiinterfaceiatitheiedgeiofitheinetwork,iinifactitheicomplexityiofiformingitheiopticalipacketiisicom

parableitoiimplementingisomeiofitheifunctionsiofianiIPirouter.iGreaticareimustibeitakeniwhenidesigningia

ipacketischedulingialgorithmiforithisitypeiofiswitch,itoiensureithatitheialgorithmicanibeiimplementediinire

al-

timeibyielectronicicontrolihardware.iTheiopticalipacketiswitchedinetworkinowilooksiveryimuchimoreilike

iaiburstiswitchedinetworki,itheimajoridifferenceibeingithaticontroliinformationiisistilliin-

band.iTheimplementationiofitheiopticalipacketicanibeiadvantageousiforitheiedgeirouteriapplication,iwhere

itheiopticalirouteriwilliperformiandireplaceisomeiorialliofitheiTerabitirouterifunctionality.iWithithisiappro

ach,itheiheaderimustialsoibeiread,ianditheilabelimustibeitranslatedielectronically,iinitheiusualiway.iIniani

MPLS-

basediapproachisuchiasithaticonsideredihere,itheiheaderitranslationihardwareiwillisearchiiniaitableiforithei

labeliheldiinitheipacketiheader.iTheientryiinitheitableiforithatiparticularilabeliwillicontainitheinewilabeli(

whichimustitheniover-

writeitheiexistingilabeliinitheiheader),ianditheioutputitoiwhichitheipacketimustibeiforwarded.iLabelistacki

ngiisiveryidifficultitoiimplementiinisuchianiopticalipacketiswitchisinceisuchianioperationieffectivelyiinvol

vesichangingitheilengthiofitheiheader. 

 

 
Fig. 

i5iProbabilityithatiairandomlyichosenibyteiwilliexperienceiaidelayigreaterithanitheigivenivalueiinianioutpu

t-bufferediswitch,iforiself-similaritraffic,iwithiaimeanitrafficileveliof i80%. 

 

 

4.B. Schedulingiandicontroli 

 

Sinceiopticalimemoryiisiimplementediwithidelay-

linesiandinotiRAM,itheielectronicischeduleriforitheiarchitectureimustidirectitheipacketsioveritheicorrectid

elay-

linesitoimakeitheiarchitectureiperformitheisameifunctioniasioneiconstructedifromiRAMibuffers.iTheipack

etischedulingialgorithmsiforitheitransportisolutionsidiscussediaboveicanibeiimplementediusingihigh-

speedielectronics,iandimusticonsideriissuesisuchiasifairness,iimplementationiofiQoSiclasses,iqueueistabilit

yiandiqueueistarvation.Theitrade-

offibetweenielectroniciandiopticalibufferingimustibeidetermined,basediuponicosticonsiderations.iInitialires

ultsidemonstrateithatiusingianiOPSitoiinterfaceiwithielectroniciroutersicaniproduceicostisavingsiinitheinet
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work.iDueitoitheibulkinessiandiexpenseiofilargeiamountsiofidelay-

lineifibre,itwoitechniquesimayibeiuseditoireduceitheitotalilengthiofifibreirequiredi-

ithisiimpactsiuponitheicontrolialgorithm: 

 

1.iMultipleipackets 

ionidifferentiwavelengthsimayipassialongiaispecificidelayipathisimultaneously.iForiexample,itheitotalileng

thiofifibreidelay-lineirequiredicouldibeireducedibyiaifactoriof i16ibyiusingioneidelay-lineiwith 

i16iwavelengthsiinsteadiof 

i16idelayilinesiofiequalilength;iinibothicasesitheisameinumberiofiwavelengthiconvertersiareirequired,iie 

i16. 

 

2.iTheitotalilengthiofifibreidelay-

lineimemoryicanialsoibeireducedibyisharingifibresibetweenidifferentidelayipathsi-

iaisimpleiinstanceiofithisitechniqueiisishowniiniFigure i6.iThisiprincipleicanibeiextended 

isoithatiailargeiarrayiofifibreidelaysicanibeireplacedibyimultipleidelay-

lineistages,iwithiaidramaticireductioniinitheiamountiofifibreithatiisirequired.iPacketischedulingialgorithms

ishouldibeiamenableitoiparalleliimplementationiiniorderitoienableiimplementation 

ioniprogrammableigateiarraysitoiruniinirealitime.iAlso,itheiimplementationimustiscaleitoilargeiswitchesisu

chiasiwouldibeiencounterediinipracticeiinifuture. 

 

 
 

Fig.6iAniexampleiofisharingidelay-lines. 

 

5. SWITCH IIMPLEMENTATION 

i 

Aigenericistructureiofitheiproposedipacketiswitchiconsistsiofianiinputiprocessingiinterface,iaiswitchingian

dibufferingiblockiandianioutputiprocessingimodule,iasiillustratediiniFigure 

i6a.iTheiinputiinterfaceiperformsidelineationi(i.e.iidentificationiofitheipacketistartiandiend),ipacketiformati

adaptationiintoitheiopticalipacket,iclassificationiinitoiforwardiequivalenticlassesidefinediforitheiOTN,iandi

electronicibuffering.i 

Theiswitchingiandibufferingiblocksiareiresponsibleiforitheiroutingiofitheiopticalipacketsitoitheiappropriate

ioutputiportsiandicontentioniresolutionirespectively,iwhileitheioutputiinterfaceiisiresponsibleiforiheaderirei

nsertioniandiperipacketiconditioningisuchiasiwavelengthiconversionitoitheiappropriateiOTNiwavelengths,i

regenerationiandipoweriequalisation.i 

Theiproposediarchitectureiisibased 

ioniaifeedbackibufferingischemeitoienableimaximumiutilisationiandisharingiofitheiavailableibuffers.iTheir

ecirculatingibuffersiusediinithisiarchitectureiofferitheiabilityitoisupportiQoSiclassesiviaipacketipre-

emption.iHeaderidetectioniandiprocessingiareiperformediinitheielectronicidomain.iFastiopticaliswitchingip

eripacketicanibeiperformediusingiaiswitchimatrixibased 

ionisemiconductoriopticaliamplifieri(SOA)igatesiorielectro-

opticitechnology.iHowever,ibothitechnologiesiareiscalableionlyiupitoiailimitediswitchidimensioniandirequ

ireisomeiformiofisynchronisationiatitheiinputiofitheiswitchimatrix.iAnialternativeisolutionithatienablesifas

titransparentiswitchingiofiindividualipacketsienablingiasynchronousioperationiofitheiswitchimatrixiisibase

d ionitunableiwavelengthiconvertersifollowedibyiaiwavelengthiroutingideviceisuchiasianiarrayed-

waveguideigratingi(AWG). 

Inithisicase,iroutingiofitheipacketsitoitheirequiredioutputiportsiofitheiswitchiisiperformedibyicontrollingith

eiwavelengthiofitheiincomingipacketsithroughitheiinputiwavelengthiconversionistageiandisubsequentitrans

missionithroughitheiAWG.iOpticaliwavelengthiconversioniisiperformedithroughiSOAibasediconvertersius

ingieithericross-gainimodulationioricross-

phaseimodulationitechniques.iUsingieitheriofitheitwoischemes,iaicontinuousiwavei(CW)isourceiisineededi
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andiinitheicaseiofitunableiwavelengthiconversionithisisourceiisirequireditoibeieitheriaifastitunableilaseriori

aiswitchableilaseriarray.iTheituningispeediofitheiconverteriisithenideterminedibyitheituningispeediofitheiC

Wisignal,iwhichicanibeiasifastiasiaifew ins,ithusitheiswitchingispeediwillialsoibeiinithe insiregime.i 

TheioveralliswitchimatrixiscalesiwithitheidimensioniofitheiAWGirouter,iwhichicurrentlyicanibeiasihighias 

i128x128.iThisiapproachiwasievaluatediiniprojectiWASPNET.iTheiconcatenationiperformanceiofithisicon

figurationiwasievaluatedithroughirecirculatingiloopiexperimentsi[9]iandiFigure 

i6bishowsimeasurediQifactoriforibothiback-to-

backiandisystemi(ieiAWGiandiwavelengthiconverter)iconfigurations.iTheiresultsidemonstrateipenalty-

freeioperationiforiupito i25icascadedinodes.i 

Theibufferingifunctionalityiisiprovidedithroughiaicombinationiofielectroniciandiopticalibufferingi.iTheiwa

velengthiagilityiofferediusingiwavelengthiconversion 

ioniaiperipacketibasisienablesistatisticalimultiplexingiatitheifibreibandwidthicapacityilevel.iTuneableiwave

lengthiconvertersimayisignificantlyireduceitheibufferingirequirementsibyiappropriatelyiwavelengthitransla

tingiopticalipackets 

isoithatitheyicanibeistorediwithinitheisameifibreidelayiline.iThisinotionlyisimplifiesitheibufferingischemes

,ibutialsoihasitheiadvantageiofisuppresseditransferidelayiandipacketidelayivariationidueitoitheireductioniof

itheidepthiofitheiopticalibuffers. 

 

 
 

 

Figure i6(a):iiSchematicidiagramiofitheigenericistructureiofitheiopticalipacketiswitch, 

 

 

 
Figure i6i(b)iConcatenationiperformanceiofitheiwavelengthiconverteriandiAWGiarrangement,iback-

tobackimeasurementishowniforicomparison. 
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6. SUMMARYiANDiCONCLUSIONS 

 

Thisipaperipresentsiainoveliandiefficientisolutioniforiaifullyidata/IPi(i.e.iIPiandiATM)iawareiopticalitrans

portinetworki(OTN).iTheicurrentiproposaliisitoiuseianiopticalipacketiswitchingitechnologyi(OPS)iinorderi

to: 

1.iReduceitheinumberiofinetworkilayers,itoisimplifyinetworkimanagementisoftwareiandiremoveiassociate

ditransportioverheads. 

2.iOfferiefficientitrafficiaggregationiandifineriserviceigranularityi(compareditoicurrentiwavelengthiswitchi

ngitechnology),itherebyiimprovingiOTNiutilisation. 

 

 3.iFacilitateidynamiciQoSi(qualityiofiservice)-basediprovisioningithroughitheiOTN. 

 4.ProvideidomainiisolationibetweenitheiserviceiandiOTNinetworks. 

 

TheiproposediOPSirouteriwillibeiaipredominatelyiedgeinetworkielement,iandiwillifunctioniasiaitopologica

landilogicaliinterfaceibetweenitheiserviceianditransportilayer.iTheiOPSiwillihaveitheicapabilityitoiaggrega

teitheitrafficifromiailargeinumberiofiIPiroutersiandiATMiswitchesiatitheiedgeiofitheinetworkiandigroomit

hemibased ioniQoSitoiainumberiofidedicatediwavelengthsiinitheiOTN.iThisiedge-

OPSideviceihasitheipotentialitoireplaceiTerabitiroutersiasiaimoreiscalable,iefficientiandifutureiproofisoluti

oniinitheimarketiplaceibecauseiitihasitheiabilityitoiprovideiaimoreiscalableiandiefficientiIPitrafficiaggregat

oricomparediwithisimilarielectronicirouterisolutions.iFurthermore,iitiwillitakeifulliadvantageiofitheicapacit

yiandifunctionalityiprovidedibyitheiopticalilayer,iaifunctionithaticannotibeiprovidedibyianielectroniciroute

risolution.iAlthoughithisiarticleihasifocused 

ionitheiapplicationiofiOPSiasianiedgeirouter,iitiisienvisagedithaticoreiOPSinodesiwouldialsoibeiuseditoien

sureiappropriateidataitransporticonsistentiwithiminimisingitheisizeiofitheiOPSinodes.iTheicoreipacketiswit

chiwouldiperformilabeliswappingiwhilstitransparentlyitransferringitheidataipayload. 
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