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Prel払ce

ThetelecommmicationnetworksoftodayareevoIvingrapidly・Theinportanceoftelecom－

mmicationsfortheindustryandtheuserha8beenreco鮮血ed）andtelecomnmicationBis

consideredasoneofthcdriversforournewglobalintemationalsociety・JThrough011tthe

間Tldt鮎匹山icia鮎hmtakeni出血扇Ⅴ朗bcon或mdaso－C迅dIn払m誠0皿Ⅲ由w町

orInformation hfrastr11ぐture．

Theanswerもoth併妃i山ti扇iv朗誌abroadband丑etWO止wi他山血act行eser扇c朗・Tbk

broadbandnetworkcantranSPOrttelecomnunicationservice＄，likedigitalTV，digitalH

（HighDefinitionTV），highqudityvideophony，high叩eeddatatranS知，videoondemand，

etc，WhidlareeXPeCtedtobeveryattractive・hdu8tryanduniversitieshadalreadyworked

morethanadecadeto＄01vethetechnicalproblemsofthisbroadbandnetwork・Togain

experiencewiththosenewservices〉reSearCher8hadbeenexperlnentingwithbroadband

networksandse一雨c朗血00t血eもe由血gofeigb扇朗・

Them－Texpertsibrbroadbandnetworksstartedwiththedehitionofthebroadba・nd
tran血mode．h1988therewasonlyaveryred11Cedrecommendationwithrespectto
broadbandISDN．ItwaBakeadyagreedthenthatATM（AsynchronousTlansferMode）

wouldbethetransfermodefbrthefuturebroadbandISDN（BISDN）・TwoyeaJSl雨erin

1990，ITU－Thadalreadyprepared13recomnendations）uSingtheacceleratedprocedure・

Theserecommendaiionsde血ethebasicsofATManddeterminemostofitspaごameterS・

ATMtran8fermodecanbeqsedforavarietyofbitr扇etransmission，fromtheorder

ofkilobitsperSeCOnduptomegaandgigabitspersecond・ATMdividesthedatato

betransferedintosmallfij（ed－Sizedpadets（530CtetS）cal1edce鮎andthosecellsare

statistical1ymultiplexedontoonevirtualchannel（VC）／virtualpath（VP）・Thisstatistical

mdtiplexing，unPredicta・blestatistical餌ctuaiionsoftra瓜c丑owsorねultconditionswithh

ATMnetworkmayleadtoexcessivecelllossesorunacceptableend－tO一組dcentran血

ddays．Thk或tu扇ioni5Cdkda㌢∝nge誼on・でもetra氏ccontTOlrefb指tOaSdofactiom

takenbythenctworktoavoidcongestion・Anadditionalroleoftra凪ccontrolistooptimize

theuseofnetworkresotLrCeSforthepurposeofachievingreahsticnetworke伍ciency・

The鮎stobjectiveofthisdissertationistoinvestigaievariouscongestioncontroIschemes

l



andtheissuesconcermngCOngeStioncontrol・InChapter2wepresentacomprehensive

studyofthenostofthecongestioncontroIschemesandtheksueswhichnluStbeconsidered

whendesigninganewalgorithmormodi＆inganexistingalgorithm・WefindEnLanced

proportionalRaieControIAlgorithm（EPRCA）asparticularlyhterestingduetoitslow

implementationcomplexity・

Thesecondobjectiveofthi＄dissertationistoproposeaneWOrmOdi＆anexitingtraふ

・fic／congestioncontrolalgorithminordertoachievema血mthroughputperformanceand
fairnessinbandwidthutnizationamongcontendingsources・hthisconnectionwefound

tha七theEnhancedProportionalRaieControIAlgorithm（瓦PRCA）haslowinplementa－

tioncomplexitybutduetoit＄tyPicalhandlingofthehighcongestionandsub8equentnO

controlinnocongestionitproduce＄Substantialunhirnessinbandwidthutinzationbythe

end－tO－end七ra凪c（Section3・5）・WesoIvedtLiβPrOblemofEPRCAbysuggestingsome

modification＄a皿dcal1ednewalgorithmasModiBedEnhancedProportionalRateCo皿trOl

Algorithm（EPRCAM）whichkdescribedinSection3・6・Acomprehen＄ivepe血mance

comparisonbetweenEPRCAandEPRCAMi8alBOgiveninChapter3・

weinvestigateExphcitRatehdicationforCongestionAvoidance（ERICA）algorithm

whichisbeingextensivelydiscussedatpresent・Wepresentsomeoftheproblemsthaigive

risetounfaimessinbandwidthutihzationbythecontendhgsource畠whicharealready

identi且edbyitsoriginalproposer・Weestablishthattheleveloftheunfaimessdueto

theseproblem8WaBhigh1yundercstimated・WealsofoundnewproblemsinERICAwhich

produceⅦnfairness（seeSection4・4）・Duetotheseproblensanditshighimplementation

complexity）Wee8tablishinChapter4thatERICAisoutperformedbyourproposedalgo－

rithmEPRCAM．WegiveperformancecomparisonofEPRCA，EPRCAMa皿dERICAin

仙is血apter・

Thethirdobjectiveofthisdissertationistoi皿VeStigaterobustnessofEPRCAMinterms

ofthroughputandfairnessparticularlywhenlargeamountofbadldwidthissuddenlyused

orrelinquishedbythehigherpriorityserviceclaBSeS（VBR／CBR）・We血dthatunfort廿－

naielythethroughputandfaimessperformanceofEPRCAMgetsseverelyafFectedwhena

largeamountofbandwidthisusedorrelinquishedbytheVBR／CBRconnections・Further

modi且cationsi皿EPRCAMareproposedinSection5・4hordertohandletheaboveprob－

1em．ItisshowninSection5・6thaiafterproposedchanges，theperfomanceofEPRCAM

ishigh1ysa尤isfactoryagainstothercongestioncontrolalgorithms，

weconchdethisdissertationi皿Chapter6andgivesomeguidelinesforfutureresearch・

Keywords：ATMSwitching，ABRCongestionControl，ABRTrancControl，High

SpeedCommu皿ication）DataCommunicatio11
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Chapterl

Introduction

1．1　B＿ISDN

Uptothepresent）mOStnetWOrksa＝ededica＾edtospecificpurposesliketelephony，TV

distribtltion，Circuit－8witchedorpadeti紀ddatatran血【4】・Usingpre－eXistingnetworks

fornewapplicaAion8mayleadtocharacteristicdramback8・a＄StlChnetworksamnohLSuauy

tailored毛Otheneedsofservicesthatwereunknownwhennetworkswereimplemented・So

dahtransfbr＆e，thetelephonenetworkislimitedbyalackofbandwidth，血exibihtyand

quahtyofanalogvoicetranSmisionequipment・Telephonenetworkswereengineeredfora
constantbandwidthservice，anduBingthemforvariablebitratedatatra瓜crequirescostly

血p七山ion．

h1984，thePlenaryAssemblyoftheCCITT（htemationalTuegraphandTelephone

ConsultativeCommittee，WhichhaBbecomethehtem誠onalTbleconmunicationUnion

Telec。mmunicati。nStandardizationsector，ITUrTaBOfthebeginningof1993）adoptedthe

Iseriesrec。mmendationsdea血gwithhtegratedServicesDigitalNetwork（1SDN）maners・

TheCCITTstatedthataJlISDNisanetwork，ingeneralevoIvingfromatelephonyIDN，

thatprovidesend－tOqenddigitalconnectivitytosupportawiderangeOfservices・induding

voiceandnon－VOiceservice＄，tOWhichuser8haveaccessbyalimitsetofstandardmulti－

purposeuser一皿etWOTkinterfacest6］・OneofISDNstandardinterhceswasdefinedandcalled

basicacct5S，COmprisingtwo64kbit／sBchanneladlda16kbit／ssignal1ingDchannel・

Anothertypeofinterhce）theprimaryrateaccess，withagro∬bitrateofaboutl・5

Mbit／sor2Mbit／8，0触sthe負exibilitytoallocatehigh－SPeedHchannelsormixtureofB

血m由，H血am由弧da64kbi七／s軸n誠ingdlamd・

Thisoriginal柑DNisbasedonthedigitizedtdephonenetwork［6］whichiBCharacterized

bythe64kbit／schannel．The64kbit／sISDNisbasical1yacircuitswitchednetⅧk，butit

canofferaccesstopacket－Switchedservices・ISDNBarebeinginplementedinthisdecade・

1
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Theirbene＆tsfortheuserandnetworkproviderinclude‥

●COmmOnuSer一皿etWOrkin七erfaJCeforaccesstoavarietyofservice8

．enhanced（out－OibaJld）sig71al1hgcapabilities

●SeⅣicei雨egration

●prOVisionofnewandimprovedservices

ISDNscanofFerusersaninte血cewithcapacityofvptoabout2Mbit／s・However｝

c。nneCtionofLocalAreaNetworkB（LANs）ortranSmisionofmovingiふageswithhigh

resohtionmayrequlreCO皿Siderablyhigherbitrate・Con8equently，theconceptionand

re出血。n。fabI。adbandISDN（夙∬皿呵wa5de血able・

ITU＿TRec。mm。ndati。nI．113［7】de且nes‘broadband，aB‘aserviceorsystemrequirJ

ingtran弧issionchannCIscapableofsupporthgratesgreaterthanthepnmaryrate）・

Armbr温sterandRothamelt2］triedtocompnetechnicalcharacteristicsformajorB－ISDN

applications・TheresultsaseglVenin恥blel・1・

Tablel．1：Cb揖aCte一迫ticsofbTOdbandservices

Fromthistal）1e，itisfoundthatthebitrateava肋bletoabTOadbanduserisupto

hndredsofMbit／s・Thehigherbitrateon64kbit／sbasedISDNwa£realizedbymixing

Bchannel，HchannelaJndDchannel・However，Thiscoddnotmanageabitrategradually

existingfrom64kbit／stelephonytohundredsofMbit／sHDTVdistribution・Furthermore｝

channelstruCtureSarefiⅩedatsubscriptiontineaJldnotdynamicallychanged・Thisdead－

lockwasfinal1yovercomebyadoptinganinterfacemodelbasedonacompletebreakdown

ofitspayloadcapacityintosmallpiecescal1edcells，eaChofwhichcanserveanyPurPOSe・

Theymaybe？mployedtocarryi血mationrelatingtoanytypeOfconnections：this

teclmiqueis，云ferredtoastheAsynchronou5Tra鮎ferMode（ATM）・
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1．2　ATM

l．2．1　B＿ISDNbasedonATM

Theasynchonoustransfermode（膿M）isconsideredthegroundonwhichB－ISDNisto

bebuilt［8］．Thetemtran＊rconprisc＄bothtransm撼onandswitchingaspeCtS，anda

transfermodeisthusaspeciAcwayoftranSmittingandswitchinginfornationinanetwork・

・hATM〉aninfornationtobetrinsftrredispackedintofixd－Sizedot8Cal1edcell＄・

Th。SeCe鮎havea48。Ctetinformation丘eldanda50Ctetheader（seeFig・1・1）・Whereas

theinformaiion丘eldiBaVanal）1efortheuser？theheaderfieldcarriesinfomationthal

pertahstotheAmlayerfunctionalityitself，mainlytheidentiLcationofceu＄byme

ofalabel．ATMusesalabelfieldinsideeachcellhcadertodefineandrecognizeindividual

communication8．hthisrespect，ATMresemblesFOnVentionalpackettrans知modes・Like

packetswitchingteclmiques）ATMcazIPrOvideiconnunicationwithabitrateindividual1y

tailoredtotheact血need，includingtime－Variantbitrates・hAでMbasedB－ISDN，abit

rateofabo11t155Mbit／sor622Mbit／swi11betypicallyo触edtotheuseracrossthe
brodbandu紀r－netWOrkinterh00．

Header lnformationfieLd

50CtetS　　　　　480CtetS

Fi卯托1・1：Amc亜或mctm

Theterma9ynChrvnousreferBtOthefactthat†inthecontextofmdtiplexedtranSmission，

cellsallocatedtothe8ameCOnneCtionmayexhibitanirre卯hrrecurrencepattern－aSthey

axefi11edaccordingtotheactualdemand・Themultiplemgandswitchingofce118are

independentoftheactualapplication・Thus，theBanePleCeOfeq扇pmentscadlhandlea

l。WbitraieconnectionaBWellashighbitra鹿COnneCtion，doitofstreamorburstnature・

DynamicbandwidthallocaiionondemandwithahedegreeofgTanAnrityispro扇ded・

TheAexibilityoftheAm－baBedB－n5DNnetworkaccessresdtingfromthecelltransport
conceptstronglysllPPOrtStheideaofauniqlleinterfaLXWhichcanbeenployedbyavariety

ofcustomerswithquitedilZbrentserviceneeds・

ATMcombinesadvadltageOu8fea血esofbothconnection－andpacketdrientedtech－

niques・Theformerrequiresonlylowoverheadadldproce8Shg，and，OnCeaCOnneCtion

i8eStablished，thetranSferdelayoftheinfomaiionislowandconstant・ThelanerismllCh

ギ
：ジ

上

j

‡

1



4
cガAPTERユ．エⅣmO工）UCrrOⅣ

more且exibleintermsofthebit■rateassignedtoindividual（virtual）connections・ATMisa

connection－0riented，hardware－COntrOlled）low－OVerheadconceptofvirtualchannelswhich

haveno且owcontfOlore汀OrfeCOVery・

1．2．2　ATMIJayerFunction

Managem即tPはne

C霊　u訳汀Pはne

川gh8rLayers HlgherLayer＄

ATMAdaptatjonLayer，AAL

ATMLayer

Figurel・2：B－ISDNprotocolre知encemodel

Figurel・2showstheB－ISDNprotocolre知encemodel・FunCtion80fea血planeandlayer

inFig．1．2aredefinedin［9】・IwinonlyexplainthefunctionofATMlayerbasedonceu

headerdescriptionintheremainderofthissectibnandalsoshowthatofATMAdaptation

Layer（AAL）inSectionl・3inordertoclari＆themotivationofthisdissertation∴

TheATMlayeri＄theoneabovethephysical1ayer・Itschasacteristicfbaturesarein－

dependentofthephysicalmedium・FiguTel・3depictsthece11headerstruCture・Four

functi。nS。fthislayerLaNebeenidenti丘edasfo1lows【4］・

．In仙etr弧Smitdire。ti叫CenS鮎mindividndVi加dCbannel（yqandV抽出

path（VP）anemultiplexedin七00nereSultingceustreambythece11mdtiplexing

function．ThecompositestreaJmisnormal1yanon－COntinuousccllaow・Atthe

receivlngSide）thece11dem山tiplexingfunctionspht＄theamvmgceustreami山o

individualceu且owsappropriatetotheVCorVP・

TheATMlayerhastwohierarchical1evels；Virtualchannellevelandvirtualpathlevel，

andbo也＝弧ede丘nedin【7】‥
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8　　7　　6　　5　4　　3　　2　1【b呵

GFCNPI VPl

V円　　　　　　　　　　VCl

VCl

1

2

vcI PTJ CL占4

HEC　　　　　　　　　　　5

【oct珂

5

Figwel．3：C亜be山erstmctm

Virt血1chaLnnd：‘AconceptusedtodescribeunidirectionaltransportofAmceusaBSOCi－

aiedbyacommozluniqueidentiiervalue・〉ThisidentiReriscal1edthevirttlalchznel

identifier（VCI）andispartofthecellheader・TheVCIisaBSignedha丘eldof16bits

Of嶋．ecenheaderfbrrouting．

Virtualpath：‘Aconceptusedtodescribemidirectionaltransportofcellsbelongingto

v出血cbI皿ek也ata托誠SOda鳥dbyacommonidenti五併Ⅴ血e・）Thside丑山五訂誌c劇d

thevirtualpathiderLtiRer（VPI）andispartofthecellheader・TheVPI甲・dattheB－

ほDNUNI（Us餌Netwo止血te血00）鵬適如of8bitswhue仙atatNNI（NetⅦrkNet湘rk

hte血ce）comprisestheArst12bitsofthecellheadcr，thusprovidinge血cedrouthg

Capab山嶺朗．

Atransmi8Sionpathmaycompn詑SeVeralVPs〉andeadVPmaycarryseveralVCs・

TheVPcozICePtanOWSthegroupmgofseveralVCs・

●VPIandVCItranslationamperfomedatATMswitchingnodesand／oratcross－

connectnodes．WithinaVPnode，thevalueoftheVPI五eldofeachincomlngCell

i＄tran8LatedintoanewVPIval11efortheoutgohgcell．ThevalueoftheVPIand

VCIaqetranslatedintoanewvalueataVCswitdl．

●Thecellheadergeneration／extractionfundioni8apPliedamhetermination

pointsoftheATMlayer・hthetranSmitdirection，afterreceivingthece11informaiion

丘eld丘omtheAAL，thecenheadergenerationaddstheappropriateÅmcellheader

exceptfortheHeaderErrorControl（HEC）・htheoppositedirection，thecell

headcrextractionfunctionremovesthecellheader．OnlythecellhfomatioAfieldis

paBSedtotheAAL・

㌢

l

㌍

」≡

二・

守
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●TheGFC（GenericFloふcontrol）functionisonlydefinedattheB－ISDNUNI・

GFCsupportscontrOloftheATMtrafRc且owhacustomernetWOrk・Itcanbeused

toal1eviateshort－temOVerloadconditionsattheUNI・TheGFCfieldinthecen

headerconsistsof4もit乱

ThreeheaderbitsaReuSedforthepayloadtypeidentincation（PTI）・Thepayload

・ofhserhformationceuscontainsserviceadaptationfunctions・TheleftbitofPTiis

usedtodistinguishbetweenuserceuSandF5ceuswhichsupportOAM（Operationand

Management）ofVCCs（VhtualChannelConnection）・Thecenterbitisallocatedtothe

ATM－1ayer－11Ser－tO－ATM－1ayer－tJSer（AUU）hdicatioAWhichisusedbyAALtype5

（seeSectionl・3），Therightbitisusedforthecongestionindication（CI）bitwhich

maybemodifiedbyanycongestednetworkelementtoinfomtheend－ⅦSeraboutitsstaie

（seeSectionl・4）・

Thecelllosspriority（CLP）fieldconsistsofonebitwhichisusedexp止citlytoindi－

catetheceulosspnority・IfthevalueoftheCLPbitis‘1，，theceuissubjecttodiscard，

dependingonthenetworkconditions・＝owever，theagreedqualityofservice（Qos）par

rameterswiunotbeviolated．htheothercase（CLP＝・0，），theceuhashighpriority■and

thereforesuncientnetworkresourceshaNetObeallocatedtoit・TheCLPbitmaybeset

bytbenserort血eseTVicepTOVi血（血0＄eeSect血1・4）・

The舐C五eldispastofthece11header）butitisnotusedbytheATMlayer・TheHEC

sequenceisprocessedbythephysical1ayerandisspecifiedi皿ITU－TRecom皿endaiion

I．432【1叫

1．3　AAL：ATMAdaptationLayer

TheAALisbetweentheATMlayerandhigherlayers・It8basicfunctionistheenhanCed

adaptationofservicesprovidedbytheATMlayerstotherequlrementSOfthehigherlayer

［10］・AALfunctionsareorganizedintwosublayers：Segmentationa皿dreas5embly

（SAR）如blayerandconvergencesublayer（CS）・Theesse皿tialfunctionsoftheSAR

sublayerare，amhetransmittingside，Segmenta＊ionofhigherlayerPDUs（ProtocoIDaね

units）intoasuitablesizefortheinforma＊ionfieldoftheATMceuand，atthereceiving

side，reaSSemblyofthcparticularinformation五eld8intohigherlayerPDUs・TheCSis

servicedependent・

In。rdert。mi血mizethenumberofAALprotocoIs，ITU－Tproposeda8erViceclassi一

息cationspecifictotheAAL・Thisclassi丘cationwasmadewithrespecttothefouowing

parameters：
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●timingrelationbetweensourcea皿dde如ination（requiredornotrequird）

・bitrate（constadltOrVariable）

●COnneCtionmode（connection－0rientedorconnectionless）

CIassA ClassB CLassC CLassD

llmingrelation Required Notrequired

B旺rate Constant Variable

c。nneCti。nmbde Connectiononented　慧芸

7

Figurel・4‥ServicedaBSificationforAAL

Figurel・4depictstheAALclasses）andseveralAALprotocoltypesaredehedinfo1low－

hg紺bsections・EachtypeconsiBtSOfaspeci＆cSARsubhyerandCS，Thiscla占Si丘cation

fitstheAALserviceclasses．Ⅱowever，nOStrictrelationshipbetweentheAALservice

classesandtheAALprotocoltypesisrequested，OthercombhakionofthedescribedSAR

andCSprotocoIsmaubeusedtosupportspeci＆cservices・

1．3．1AAIJTypel

Con虞犯tBitRate（CBR）services（daBSA）useAALtypelbecauseitreceives／delivers

daiawithaconstantbitratefrom／tothelayerabove・TimingirLformationisaho

transferredbetweensourceandde8thation・hdicationoflostorerroredinforznaiionis

聞nttOthehigherlayerifthese鮎1tlreSCannOtberecoveredwithintheAAL・

SARs11blayer

TheSAR－PDUconsistsof480CtetSanditsformatisshcwninFig・1・5・Thefirstoctet

hcludestheProtocoIControlInform誠on（PCI）andal1otheTOCtetSareaVahbleforthe

SAR－PDUpayload．ThePCIissubdividedintoa4bitsequencenumber（SN）anda4

bitsequence山mberprotection（SNP）鮎1d・TheSNconsistsofaLCOnVergenCe8ublauer

indicaiion（C）bitanda3bitsequencecount（SC）field・TheSNP＆eldcontAnsa3bit

CRCwhichprotectstheSNfieldandadleVenParitybit・TheSCvalueoftheSNmakesit

possiblctodetectthelossormisinsertionofceus・

ほ

〔い

！

≒㍉
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4bits　　4bits

⊂車」l早竺」

同職小型止

］SAR－PDUheader

C＃AアT眉R」．上ⅣTROかひCTJOⅣ

470CtetS

SAR－PDUpay10ad

SAR－PDU

I

l

1

1

1

1

1

1

Figurel・5：SARrPDUformatfbrAAIJtyP寧1

ConvergenceSublayer

ThefunctionoftheCSdependsstronglyontheservicetobesupported・Someofthese

伽皿Ction8afelistedin仙efouowing・

●SouTCeClockkequencyrecoveryuSingthesynchronousre8idualtimestampmethod

（SRTS）．Fordetai1softhismethodsee［11］・

●T出血SfbrofstrtlCtureinformationbetweensourceanddestinaiion・

．F。，Wa，dEr，。，C。，reCti。n（FEC）maybeusedtoensurehighqtlalityforsomevideo

andaudioapplications・ThismaybecombinedwithoctetinterleaNingtobvemore

secureprotectionagansterror8・

1．き．2　AAI－Type2

ATMAdaptationLayerType2：ThisAALisstiuⅦnde且nedbytheInternaiionalStandards

bodies．Itisaplaceholderforvariablebitratevideotransmision・

1．3．3　AAI－Type3／4

ThenameofthisAALreBectsitsdevelopment‥aStheserviceclasseswerespecified，SeP－

araieAALswereallocatedforclaBSCandcla8＄Dservices，namelyAALtype3a皿dAAL

type4・TheAAL3waBintendedtoprovide丘amlngServicebrconnection－Orienteddata

protocoIslikeX・25IandtheAAL4wasintendedtoprovidethatforconnectionlesspro－

tocoIslikeIP．TheAALisusedforconnectionorientedaBWe11asforconnectionlessdata
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commmicahion，However，theAALitselfdoeBnOtPerfomal1function8requiTedbyacon－

nectionlessBervice，Sincefunctionshkero11tingandnetworkaddresdngareperformdon

thehigherlayerorthenetwムrkone・Therefore，bothtypeshaNemerged，therebysupporting

加地service classes．

SARsdblayer

Fi即rel・6ilhstraiestheSAR－PDUformat・hgeneral，CS－PDUsa3eOfvariablelength・

WhenacceptingstLChaPDU，theSARsublayergeneratesSAR－PDU＄COntainingupto44

0CtetSOfCS－PDUd扇a．TheCS－PDUispreservedbytheSARsubl叩er・Thisrequires

aseghenttype（ST）indication・TheSTindicatiozlidentifiesaSAR－PDUaBbeing

beginningofmessage（BOM），COntimationofmessage（COM），endofmessage

（EOM）orsingle－SegmentmeSSage（SSM）・

MultiplexingofmdtipleCS－PDUsonasingleVCl／VPIissupportedbyalObitxndir

plexingide血ifier（加ⅡD）．ThetLSeOftheMrD負eldallowBthemultipl血gof210AAL－

user－tO－AAL－ⅦS訂COnneCtiononasizlgleuser－tO－tLSerATMlayerconnectionforconnection－

。rienteddaねCOmnunication．Forconnectionles＄datacommunication，theMIDfieldallows

hterleaNingSAR－PDU5uPtO210cs－PDUsontLesamesemi－permanentATMlayerVC・

LaBtSegmentandsingleoneSAR－PI）Usmaycontainle8SPayloadoctetsthanthenaxi－

mumof44，andthu＄ahneedanhdicahonofthenunberofvalidoctetsina6bitlehgth

hdicator（1Ⅰ）鮎1d・

2bns　4b鹿10b始　　　440CtetS　　6b托SlO餌ts

ロ汗IsNllM町SAR－PDUpayIoadトLりIc甲」

：sAR－PDUheader：　　　：守設FDUl
T I sAR－PDU

F和代1．6：SA払PDUformatforAALty匹3／4

1．3．4　AAL Type5

AALtype5wi11beappliedtoVBRsourceswithoutatimingrelationbetweensotuce

anddestinaiion．Itprovidesservicessimi1ad・tOAALtype3／4andwumainlybeused

fordataapplicationB・ThereasonfordefiningthisadditionalAALtypewasitsredⅦCed

1
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。Verh。ad（i．e．，SAR，PDUpayloadfieldcontainsonly440CtetSOutOfa竺80CtetSAR－PDU

fbrAALtype3／4tra頒・C）・ItsfunctionandservicenodeareidenticaltothoseforAALtype

3／4・＝owever，OneeSSentialdilrerence由thatAALtype5dosenot8uPPOrtamultiplexing

function，andth11SthereisnoMIDfield・

．SARs11blayer

TheSARsⅦblayeracceptsserVicedatatnit（SDU）whidlisofanintegermultiple

of480CtetSfromtheCS・NoadditionaloverheadisaddedtothereceivedSDUsatthe

sARsublayer・Onlysegmentationand，inthereversedirection，reaBSemb血gfunctions

areperformed・FortherecognitionofthebegimingandendofaSAR－SI）U（whichis

corTe＄POndtoCS－PDU），AALtype5makesuseoftheAUUparameter，Whichispartof

thePTfieldintheATMheader（cf．5eCtionl・2）・AnAUUparanetervalueof‘1’indicateB

theendofaSAR－SDU，W姐eavalueof‘0，hdicatesthebeginnlngOrCOntinuationofa

sAR＿SDU．ThuBaSTfieldprovidedi皿AALtype3／4isnotrequired・

1．4　Tfa侃cControlandCongestionControlinATM

Ne七works

AccordingtoITU－TRecommendationI・371［12】，theprinaryroleoftraBiccontrolin

B－ISDNistoprotectthenetworkandtheuserinordertoachieveprede五nednetwork

pe血manceobjectiveshtermSOfqualityofservices（QOS）suchasCenLossRatio

（CLR），CenTranSferDelay（CTD）andCenDelayVariation（Cbv）・Tra侃ccontrolrefersto

thesetofactionstakenbythenetworktoavoidcongestion・However，COngeStionmayoccur

becau＄eOfmisfunctioningoftra鮎controlfunctionscausedbyunpredictablestatistical

A11Ctuationsoftra侃cflowsorofnetworkfai1ures）pOSSiblyleadingtoexcessivecel1lossesor

unacceptableend－tO－endceutransferdelays・Therefore，functionsreferredtoaBCOnge＄tion

controlonesareintendedtoreactnetworkcongestioninordertominimizeitsintensity，

spreadandduration・Fu血ermOre｝anadditionalroleoftranccontrolistoutilizenetwork

resollrCeSe餓ciently．

1．4．1　Tra伍cControIFunctions

In［12］，thefonowing8ixfunctionsaredehedindetauastrafRccontrolfunctionsinATM

network8．Here，Ⅰwinbrie負yintroduceeachfunction・
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Connect，ionAdm由sionControもCAC

CACrepresentsthesetofaLtionstakenbythenetworkatcal1set－uPPhaBeinorderto

acceptorrqiectanATMconnection・Aconnectionreque8tforaglVenCal1isaccepted

onlywhensuiRcientresotucesareavai1abletocarrythenewconnectionthroughthewhole

networkaiitsrequegtedQOSwhilemaintaimigtheagreedQOSofalreadyestabhshed
connedionshthe皿etWOrk

Usage／NetworkParameterControl，UPC／NPC

UPC／NPCueperformedatthetmr－netWOrkinte血00（UNI）andthenetwork－netWOrk

hte血∝（NM），reSp血ivdy，弧d托pT既nttbe紀tOfadions址血by伽ne七ⅦTkb
monitorandcontroltra伍conanATMconnectionintern”fcelltra伍cvolumea鳳dcen

routingvalidity・Thisfunctionis壷ocalled‘pohcefunction〉・Themainpqrposeisto

enforcethecomp払nceofeveryATMconn血iontoitsnegotiatedtra應ccontrad・

NetworkResowceMムnagement

ozletOOlofnetworkresourcemana＄ementWhichcanbeemployedfortramccontrolisthe

virtllalpaAhtechniqtle・Bygroupingseveralvirtualchanne18tOgetherhtoavirtualpath，

CACandUPC／NPCcanbesimplifiedaBOnlyaggregaiedtraBicofanentirevirt血1path
hastobehandled．

Pdor辻yCoⅡはql

ATMcellshaveanexplicitcelllosspri0rity（CLP）bitintheheaderaLSPreviou81ymentioned

inSectionl．2，andatleasttwodifEhentATMprioTitycl乱SSeSCanbedistinguished・Kr6ner

【16］describesdifFerentb伽gmechanisnsforswitching／m山tiple血gsystem5with

cenlo∬priorities：

●Commonbu触withpushoutmechanism‥Ce1180fbothpri0ritiesshareacommon

bufFe，．Iftheb血isfullandahigh－Prioritycellarrives，aCellwithlowpri0rity（if
訓省力able）wⅢbp血dont弧dlo如・

●PartialbufFersharing：Low－Prioritycellscanonlyaccessthebufferiftllequeuelength

。fthebufferisleBSthanagiventhreshold（＜totalbuffercapadty）・mgh－priority

cdkcana∝e∬thewも01eb血．

パ

㍗

ト

‡



12
c＃APTERユ．JⅣTROヱ）UCTfOⅣ

●B血separation：Diiferentb血sareusedforthetwopriorities・ThismechBLnisn
issimpletoinplementbutcellsequenceintegritycanonlybemaihtainedUasingle

priorityi5・as＄ignedtoeaJChconnection・

Trancshapingaltersthetra慮cchracteristicsofastreamofcensonaVPCbrVCCinorder

tore血cethepeakrate？血ittheburstlengthorreducethecendelaywiationbysuitably

spacingceusintime・ItmustmahtainthecensequenceintegrityofadlATMconnection・

Itisalsousedinco由mctionwithsdtableUPCfunctions，prOVidedtheadditionaldelay

rcmainswithintheacceptableQOSnegotiatedatcallset－uP・

F鮎tR£早01ⅣCeManageme血

FaBtreSOurCemanagementisatoolthatenable＄theimmedia加allocationofnecessary

capacity，SuChaBbna七eorbufferspace，tOindivi血alburst－typeCOnneCtionBforthe

durationofaburst．Indicationofaburstbytheuserandallocationacknowledgementby

thenetworkcouldbesignal1edin－bandviaspeci丘cATMlayermessages・

1．4．2　ABR取a伍cControIMecba山sm

TheConstantBitRate（CBR）andVariableBitRate（VBR）bearercapd）ihties

havebeende五nedbytheATMForunfor云onnectionsrequiringspeci鮎dATMlayerQuality

ofService（QOS）commitmentsasregardsCLR，CTDandCDV・The＄eQOSguarantees

canbedeliveredbythenetworkbymean80fabandwidthresourceallocationprocess，

execu七edatconnectionset－uPtimeanddenotedaBtheCACfunction・

However，thetr逓cgenera加dbydataapphcaAionsishigh1yunpredictableandofan

extremelyburstyn血re（seeTablel・1），i・e・，ahigh1yvadablepacketgenerationrateand

withvaryingpacketsizes・Itfo1lowsthatthe血aneworkofafiⅩedstatictr血contract

asde丘nedforconnectionsusingtheCBRorVBRbearercapa仙tyisnotideal1ysuited

forthistypeofipplications・Sincedataapp迫cationsarerathersensitivetocenlossbut

cantoleratesubsta皿tialvariationsindelay〉thereisaneedforthenetworktoinformthe

userviafeedbackofanimpendingexhaustionofresourceswhichcouldllltimatelyresult

incellloss．Therefore7additionalATMlayertralRcmanagementfacilitiesarenecessaryin

ordertoefFectivelytransporttralRcfromsuchsourcessothatnetworkoperatorscanmake

themostofanyunusedlhkcapacitywithout瓜cthgtheperformanCeOftheCBRand
vBRconnections．Tothisend，theATMFbrumand曲otheITU－Tarede且ninganovel

ATMlayerbearefCaPabihty，referredtoaBtheAvai1ableBitRate（ABR）one［18］・On

F
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thcotherhand，thebearercapabnity，Whoseconnectionisnotsensitivetoceulossa5Well

asdelay，isspecifiedasUnspecifiedBitRate（UBR）one：ABRorUBRaretLStlal1y

specifiedinthetra伍ccontra・CtWhentheATMnetworkisprovidingbest－e肋rtservice・

Thus，thesetwoclassesoftra伍carereferredtoa占best－ef肋ttra瓜c［19］・Therefore，AAL

type3／4andtype5tra伍cmaycorre5pOndwithbest－e鮎rtone・

TheATMForumadoptedarateba5ed■approach［3］，aSOPPOSedtoa．creditbased

approachwithbu肋allocation［17］，withclosedlooptra瓜ccontrolmechanismforpro－

vidinganend－tO－endABRbearercapability・ThisABRtra凪ccontrolnechanismwi11

allowtheSotwceEndSystem（SES）todynamical1yadjustitscellsendingratebaBed

onfeedbackcontrolhformationreceived駐omthenetwork，indicatingitsavai1al）ilitysta加s

ofbandwidthresotLrCeS．

Tbobtahthisinformation，theABRconnection’8SESi丑jectsResoluCeManagement

（RM）cellsintoitsinformaiioncenstrea皿Onareglllarbasis，inordertoprobethenetwork，

i・e．，theRMceuswillaLtual1yfulfi1theroleofnetworkbandwidthscolltS・ForanABR

tra伍ccontrolmechanismthaioperatesonap11reend－tO－endbaBis）theseRMcellsare

thenretumedbytheDestinationEndSystem（DES）・Thus，fortheABRinfomaiiozl

且owfromSEStoDES，thereexiststwoRMcellAows：Oneintheforwarddirectiozlfrom

SEStoDESandanotherinthebackwarddirectionfromDEStoSES．

Moreover，theadoptedratebasedpo弘cybaBedonthe8eRMcell且owsalsoprovidesthe

optiontosa鮎1ycrea加SePara＾elycontrolledABRseg皿entS・Theintroductionofthecon－

ceptofa・VirtualdestinationandofavirtualsolnCeallowstheinformationcontrol

looptobesegmentedatanyconvenientpoi且talongtheend－tO－endpath・ForanyABR

connection，anintermediatenetworkmaythereforecreateitsownindependentlya血din－

ternal1ycontrolledsegmentbyterminatingtheloop・FurthermOre，itispossibletocreate

alink－by－1inkclosedloopratecontrolmechanism・
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1．5　0verviewoftheDissertation

sofar，”aNePreSentedageneraloverviewofATMtechique，forrealizingbroadband－

ISDN（B－ISDN）inSectionl・17eSPeCial1yATMlayerfunctions（inSectionl・2）andAAL

oneswhicharedependentonservicetypesucha8VOiceoncircuitemdationmode，COnStant

andvariablebitrateaAdio）video）datatransferandsoonhSectionl・3・

Again，ATMnetworkhandlesthetranSferofsmanfixed－SizecellsonATMlayer・ATM

enablesustotransmittraBicofawiderangeofbitrates，fromtheorderofkbit／sto

hundredsofMbits／s，inuniquenetworkinte血e・Therefore，inATMnetworks，itis
expectedthatthesta＾isticalmultiplexingofcellBfrondiirerentserviceclassesofhigher

layermayadieveefBcientutihzationofnetworkresources（i・e・，bandwidthandswitch

bulfers）・QntLcotherhand｝itmaycausecenlo＄SeVena鳥anyplacessuchasUNI，

NNI，internediateATMswitchorcross－COnneCtpOi皿talongend－tO－endconnection・Ceu

lossisconsideredaBOneOfmainproblemsordrawbacksi皿HrMnetworks・Therefore，

tranccontroliB血ohtelyrequiredinATMnetworktoavoidcongestiona8preSentedin
ITU＿TRcc。mmendati。nI．371【12】．ThesummaryoftrafRccontrol氏mctionsingivenin

Sectionl．4．

ItisconsideredthatCACandUPCarefundamentaltra茄ccontrolfunctionstopre－

veniivelyavoidcongestion・Thesecontrolfunctionsarebasedonnetworkcontract＄and

declaredparametersoftr血fromusersatthecallset－uPtime・However，uSertranChaB
highlycorrelatedn血renamelyhighburstines＄（seeTablel・1）andmayhaveunpredictable

statistical餌ctuationduTingcstablishedcon皿eCtionphase，thatis，Short－termCOngeStion

maystinoccur・hordertorenevesuchcongestionandtominimieitsi皿tenSity，Spread

andduraiion，COngeStioncontrolisalsorecommendedin［12］・Itsspecificationisnotclar－

ifiedf。rWh。1eAALserviceclass，butonlyfoTaVai1ablebitrate（ABR）claBS，anditha8

beensummaRizedinSectionl・4】inwhichitisrequiredtoapplynotonlypreventive

（or，OPen－loop【20，49］）cohtroIsuchaBCACandUPC，butalsorate－baBed，Closed－loop

reactivecontTOl．

hordertoachievethisgoal）Ⅰwi11concentrateontheclosed－loopcongestio71COntrOl

forABRtraBicinATMNetworks・ForthiBPurPOSe，Ⅰfir5tmadeacomprehen5ivesurvey

ofmostofthecongestioncontroIschemespreseQtedtilltodateandidentifiedtheissues

relatedwiththecongestioncontrol（seeChapter2）・Idiscoverthatatthetimeofproposal

ofmostoftheseschemes｝itisclaimedtohaveresoIvedsomeoralloftheissuesofcongestion

controlandyetaftersometimeanuPdateofthatschemeoranewschemeispresentedto

resoIvethesamei8SueS．

AftercaJefu1andcontinuousreseaTChIRndthattheEnhancedProportionalRateCon－

】

】
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troIAlgorithm（EPRCA－）isaveryinterestizlgandpromiingalgorithminthetermSOf
performanCeaChievementsandimplementability・However，d11etOitstypicalhandlingof

thehighcongestion，Isuspectthaiitwi11haNeSOmeunfAmnessinbandwidthallocationto

tbecontendhgsom朗．

Onfurtherresearchanddoi皿g或mulationsofamultihopwideareanetworkmodel，I

discoverthatinEPRCA，thetypicalhandhgofhighcongestionstaie＆ndthensubsequent

n？COntrOli皿thenocongestionstateresultedinsubstantialunfaim鰯tOW加send－tO側d

tra伍c（Section3．5）．IsoIvethisproblemofEPRCAbys喝geStingsomemodifications

弧dc劇化enew叫押出皿鮎Mod追d臥b弧CedPr叩OrtionaユR扇eConな01Al酢成仏皿

（EPRCAM）whichi8describedinS6ction3・6・Acomprehmiiveperfornancecomparison

betweenEPRCAandEPRCAMisgivenhChapter3・

Asthenext8tePIinvestigateExplicit払出ehdicationforCongestionAvoidance（ER－

ICA）algorithnwhichisbeingextensivelydiscussedatpresent・Ipresentsomeofthe

problemsthatgiveriseto血essinbandwidthutuizationbythecontending
whicharealreadyidenti且edbyitsoriginalpropos併・‾However，Wediscoveredthatthelevel

of叫eunfhes＄ishigh1ytLnderestinaied・Ⅰ壷0血dnewproblemsinERICAwhich

prodtlCeunfaimess（seeSection4・4）・Duetotheseproblensa皿ditsLighinplementaiion

complexity，IestabhshinChapter4thatERICAisoutperformedbyourproposedalgo－

rithmEPRCAM・Ⅰ濾ogiveperfbmancecomp血onofEPRCA，EPRCAMadldERICA

h＝地心＝止ほpter．

AnycongestioncoAtrOlalgoTithmfortheABRservicehastoberobuBtSOthatwhenlasge
amountofbandwidthissuddenlyuBedorre肋quishedbythehigherpri0rityserviceclasses

（VBR／CBR），itsperformanCeintermsofthroughp甘tandfaimessmuBtnOtbehigh1y

曲ctd．A蝕汀h∽叩Or扇i喝VBR／CBR伽nction誼tyi皿別汀由m山雨ionpfOgram弧dddng

furthersimulations，ⅠfindthatunforhmatdythethroughputandfaimessperformanCeOf

EPRCAMgotseverelya鮎ctedwhenalargeamountofbandwidthi8uSedorrelinquishedby

theVBR／CBRconnections・FurthermodiLcationsinEPRCAMareproposedinSection5・4

inordertohandletheaboveproblem・Itis shownin Section5・6that afterproposed

血ange＄，theperfomanceofEPRCAMwaBhigh1ysatiぬctoryagainstothercongestion

∽ntrOldgo正tbms・

hChapter6）8OmeCOnChdingremark8andsuggestionsforfutureresearchiueglVenin

ter鮎Ofs仙diesin止血dksertation．

宗
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Chapter2

ASurveyofCoIlgeStionControI
Schemes＆Issues

2．1CongestionControIApproaches

Twocongestionco71trOlapproacheshavebeendiscussed：Credit－baBedapprdad（open－loop

control）andrate－basedapproad（dosed－loopcontrol）・

2．1．1　Credit－BasedApproach

Thkwa占tbe鮎融Of仙etwoconge摘皿00血01a押rOa血朗Wbicbwaspmposd，皿dy封姐，

弧d血pl弧孤七d・T弘eapp血cons納of匹r戎皿k，叩－VC，Whdow且ow00ntml・鮎血

hnkc。nSists。fasendernode（whichcanbeasourceendsystemoraswitcL）andareceiver

node（whichcanbeaswit血oradestinaiionendsysten）・Eachnodemaintainsa8eParate

qtleueforeachVC・ThereceivermonitorsqtleuelengthsofeachVCanddeteminesthe
numberofce11＄thaithesendercantransmitonthatVC・ThisI川mberiscal1edncredit乃・

Thesendertran血tsonlyasmanycellBaSallowedbythecredit・
TheschemeaBdescribedinitial1yi＄Cal1ed”FlowControlledVirtualCimit（FCVC）”

8Cheme．TherearetwoproblenswiththisinitialgtaticverBion・First，ifthecreditsare

lost，thesenderwunotknowit・Second，eadVCneedstoreservetheentireroundtrip

w。rth。fb血seventhoughthe肋kissharedbymanyVCs・TheseproblensweresoIved

byintroducingacreditresynchronintionalgorithmandanadaptiveversionofthescheme・

Thecreditresynchronizatiqnalgorithnconsistsofbothsenderandreceivermaintaining

cotLntSOfcellssentandreceivedforeachVCandperiodical1yexchangingthe8eCOuntS・The

differencebetweentheceussentbythesenderandthosereceivedbythereceiverrepresent＄

thenumberofce11sIostonthe血k・Thereceiverrei8Sue＄thatmanyadditionalcreditsfor

仙at VC．

17



18　C方APT且R2・A5珊堰yOアCOⅣGESⅢ0ⅣCOⅣmO乙gC月召購g＆β5柑5

TheadaptiveFCVCalgorithil［17】consistsofgivhgeachVConlyafractionofthe

roundtripdelayworthofb血allocation・Thefractiondependsupontherateatwhich
theVCuse＄thecredit・Forhigh1yactiveVCs，thefractionislargerwhLeforlessactive

vcs，thefractionbsmal1cr・hactiveVCsgeta＄nal1fiⅩedcredit・IfaVCdoesnotuseits

credits｝itsobservedusagerateoveraPeriodklow・anditgetssmal1erbuGerallocationin

thenextcycle・TheadaptiveFCVCre血ceBthebuGerrequirementsconsiderablybutalso

intro血cesaramp－uPtime・IfaVCbecomesactive，itmaytakesometimebeforeitcan

usethefuucapacityofthehnkeveniftherearenootherusers・

2．1．2　RaterBasedApproach

Thisapproacb，Whichwaseventual1yadoptedasthestanda＝dwaBPrOpOSedoriginal1y

byMikeHhchyjandwa£eXtenSivelymodiBedlaterbyrepresentativesfron22di触ent

originalproposalcon由tedofarate－based8Chemeofcnd－tO－endcontrolusingasingle－

bitfeedbackfrom七henetwork・Intheproposal，theswitchesmonitortheirqueuelengths

andifcongestedsettheEFCIbitintheceus・Thedestinationmonitorsthesebitsfora

pedodicintervalandifanybitsareseenset，itsendsanRMceubacktothesource・The

souTCeSuSeanadditiveincreaseandmultipucativedecreasealgorithmtoadjusttheirrates・

Thispartic血algorithmusesa”negaiivcpohrityoffeedback】，hthesensethatRM

censaresentonlytodecreasetheratebutnoRMceusaTerequiredtoincreaBetherate・A

positivepolarity）OntheotheThand，WOuldrequlreSendingRMcensforincreaBebutnot

ondecreaBe．IfRMcellsaresentforbothincreaseanddecrease，thealgorithmwouldbe

canedbipolaf・

2．1．3　Credit－BasedvsRa七e－Based

Afteraconsiderabledebate〉Whichlastedforoverayear，ATMforumadoptedtherate－

baBedappTOaChandrdectedcredit－basedapproach・ThisdebatewaBquite，，rehgious”

inthesensethatbelieversofeachapproachhadquitediiferentgoalsinmindandwere

unwi11hgtocompromise・Tbadievetheirgoals，theywere祀ingtomaketradeofBthat
wereunaCCePtabletotheotherside・Someofthekeypointsmiedduringthisdebateare

givenbelow・

●Per－VCQue11eing：Credit－basedapproachrequiresswitchestokeepaseparate

queueforeachVC・ThisappliestoeveninactiveVCs・Per－VCqueuelngmakesswitch

complexityproportionaltothenumberofVCs・GiventhaAsomelargeswitcheBwiu
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supportmi11ionsof・VCs7thiswouldcauseconsiderablecomplexityintheswitche＄・

Thiswasthe＄inglebiggestobjectiontothecredit－basedapproachandthemainrea－

sonforitnotbeingadopted・Rate－basedapproachdoesnotrequlreper－VCqtLeuelng・

Itcanworkwithorwitho11tp6r－VCqueu血g・Thechoiceislefttotheinplementers・

●ZeroCellLoss：Thecredit－baBedapproachcanguad・antee2；erOCelllossunderideal

conditions．Evenunderextremeoverloads，theque11elengthscannotgrowbeyozldthe

creditsgranted・Therate－basedapproachcannotgllaranteeCel1loss・Underextreme

overloads，iti5pOSSibleforqueuestogrowlaTgereSultinginbuhrover且owandcell

loss．Thera七e－basedcampcon＄ideredthelossacceptal）1eafgulngthatwithlarge

bu鮎rs，theprobabilityoflossissmal1・AIso，theyarguedthaAinrealitytherei8

alwayssome．lossdtLetOerrOrSandItherefore，theuserhastoworryaboutlosseven

げ仏erei会名erocongestionloss・

●Ramp－upTime：Thestaticcredit－baBedapproachallowsVCstora皿PuPtOthefu11

rateveryfaBt．h払ct）anyfreecapacitycanbellSedimmediaiely・Somerate－baBed

schemesandtheadaptivecredit－basedapproachcazltakeseveraユroundtripdelays

toTampnp・

●IsolationandMisbehavingUsers‥Asidebenefitoftheper－VCq11e11elngistht

misbehavhg－u＄erSCannOtdismpttheoperaiionofwell－behavhgusers・However，this

islesstmefortheadaptiveschemethanforthestaiiccreditscheme・Intheadaptive

scheme，amisbehavingusercangetahighershareofbu馳rsbyincreaslngitsraAe・
Notethaiisolationisattainedbyper－VCqlleuelngandnotsomuchbycredits・TlmsI

ifrequired）ara血－basedswitchcanalsoachieveisolationbyimplementingper－VC

●Bu飴rReqtlirements‥Theb臆rrequlrementSibrthecredit－basedscheme占were

foundt。belessthanthoseintherate－basedschemewithbinaryfeedback・However，

thisdisadvantagedisappearedwhenexplicitrateschemeswereadded・IncreditT

basedapproachIPer－VCbufFerrequre皿entisproportionaltolinkdelay，Whilein

therate－basedapproach，tOtalhfFbrrequlrementiBPrOPOrtionaltotheend－tO－end

delay・NotethatthequeueingdelayshavetobeaddedinbothcaBeS血ceitdelays
thefeedbaJCkandaddstothereactiontine．

●DelayEstimate：SettingthecongestioncontroIparameter8inthecredit－baBed

approachrequiresknowledgeoflinkroundtripdelay・Atleast，thelhklengthand

speedⅡ1uStbehown・Thisknowiedgeisnotrequiredforrate－baBedapproaches

（d仙0喝hi七m叩bebelpfnl）・



20　C打APr鼠R2Aβt′RⅧyOダCOⅣGEg耶0ⅣCOⅣm乱5C即腫g＆βg柑β

●SwitchDesignFlexibility：Theexplicitrateschemesprovideconsiderable且exi－

bihtytoswitchesindecidinghowtoalloca＾etheirresources・DifEbrentswitchescan

usedi触entmechanisn8andstillinteropeTaieinthesamenetwork・Forexample，
someswitchescanOPtformininizingtheirq11etlelength，Whiletheotherscanop－

timizetheirthroughp叫Whnelstinotherscanoptimietheirpro＆ts・Ontheother

haLnd，thecredit－basedapproa£hdictaAedthateachswitchuseper－VCqueuelngwith

ro11ndィobinseTVice．

●SwitchvsEnd－SystemComplexity：Thecredit－basedapproachintroducescon－

plexityintheswitchesbutmauhavemadetheend－SyStem，sjobabitsinpler・The

proponentsofcredit－baBedappTOaCharguedthahtheirhostnetworkhterfacecard

（NIC）ismuchsimplersincetheydonotscheduleeachandeverycemAslongaB

creditsaJeaVailal）1e，thecellscanbesentatthepeakrate・Theproponentsofthe

rate－basedapproachcounteredtha＾NICcardshaNetOhaNeSChedulerBfortheirCB

andVBRtra瓜candusingthesamemechanisnforABRdoesnotintroducetoo皿11Ch

COmPlexity・

TheTate－basedapproachwonbyavoteof7tolO4・

2．2　CongestionControISchemes

variouscongestioncontroIschemeshaNebeenproposedtintoday・hthefonowingsections

Idescribesomeoftheprominentones・

2．2．1FastResollrCeManagement

ThisproposalfromFranCeTelecom［21］，requiressourcestosendaresourcemanagement

（RM）cenrequesthgthede＄iredbandwidthbeforeactuallysendingtheceus・Ifaswitch

caJlnOtgranttherequestitsimplydropstheRMceu・Afterthetineout，SOurCereSends

therequest・Ifaswitchcansatis＆therequest，itpaBSeStheRMcellontothenextswitch・

Fin叫，thedestinationreturnsthecellbacktothesourcewhichcanthentransmitthe

Asdescribedabove，thebursthastowaitforahleaBtOnerOundtripdelayatthesource

。Venifthen。tW。，kisidle（asisoftenthecase）・TbaNOidthisdelay，an”immediate

tran＄mi＄ion（IT）う，modewaBalsoproposedhwhichtheburstis・tranSmittedimmediately

fonowingtheRMcen・Ifaswit（：hcannOt＄aAi5＆therequest，itdropsthece11a瓜dthe

burstandsendsanindicationtotheso11rCe・
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Ifcellloss，ratherthanbandwidthisofconcern，theresourccrequestcouldcontainthe

burstsize．Aswitchwouldacceptthereque＄tOnlyifithadthatmanybuffer8aVai1able・

ThefhBtreSOurCemanagementprOpOSalwasnotajCCePteda尤theATMForunPrimari1y

beca11Seitwoddeithercauseexcessivedelaydmingnormaloperationorexcessiveloss

duringcongestion・

2．・2．2　Delay－BasedRateControI

Thi8PrOPO8almadebyFqjitstl［22］requiresthanhesourcemmitortheroundtripdelayby

periodicanysendingresourcemanagement（RM）cell＄thaicontaintimesta皿P・Thecells

asereturnedbythedestination・Thesotuceu＄eSthetimesta皿ptOmeaSuretheround

tripdelayadldtodeducethelevelofcongestion・Thi8aPprOaChwhichis8imi1artothat

describedin【23］，haBtheadvant喝ethatnoexphcitfeedbackisexpected丘omthenetwork

adld，therefore，itwiuworkevenifthepathcozltainedn9n－ATMnetworks・

AlthoughtheproposalwaBPreSenteda鳥the／ATMForum，itwa占nOtfo1lowedtLPand

theprecisedetailsofhowthedelaywillbellSedwercnotpresentcd・Also，thismethod

doe8nOtreal1yrequireanyStandardization〉Shceany日OurCe－destinationpalrCandothis

witも0雨involvhgthenetwork・

2．2．3　BackwardExplicitCongestion甲Otification（BECN）

Thismethodpresentedin［24，25，261andconsistsofswitchesmohitoringtheirqueuelength

andsendinganRMceubaL：ktosourceifcongested・Thesourcesreducetheirratesbyhalf

onthereceiptoftheRMcell・IfnoBECNcell8arereCeivedwithina・reCOVeryperiod，the

ratefrothatVCisdoubledonceeachperioduntilitreacbesthepeakrate・Tbachieve

fairness，thesotlfCereCOVeryPeriodwasmadeproportionaltotheVC？sratesothatlower

thetransmissionratetheshorterthesourcerecoveryperiod・

ThisschemewaBdroppedbecauBeitwasfotlndtobeunfair・Thesourcesreceivlng

BECNswerenotdwaystbe9neSCanSi喝COn酢Stion［27］・

2．2．4】如IyPacketD阜SCard（EPD）

ThismethodpresentedbySllmMicTOSy8temS［28］isbaBedontheobservationthaAapacket

consistsofseveralcells．ItiBbettertodropal1cellsofonepacketthentorandomlydrop

censbelonglngtOdi肋entpackets・Themethodusesabitinthecellheadertoi皿dicate

”endofnesβage（EOM）”．ATMadaptationlayer5（AAL5）doesprovidethisbit・When

switch，squelleS＄taXtgettingfu11，itlook8fortheEOMma止eranditdropsal1futurecel18

0ftheVC11ntiltheEOMmarkeri5Seenaga皿・
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ItwaBPOintedout［29］thdt■hemethodmaynotbefairinthesensethatthecellto

arriveatafuuhffermaynotbelongtotheVCcausingconge＄tion・

Notethatthismethoddoesnotrequlreanyinter－SWitchorsource－Switchcommmicaiion

and，therefore，itcanLbeusedwithoutanystandardization・Manyswitchvendorsare

implementingit・

2．2．5IJinkWi血dowwithEnd－tO－EndBinaryRate

ThismethodpresentedbyTzengandSiut32］，COnSkteqofcombhinggoodfeaAuresof

thecredi竜一basedandrate－ba5edproposalsbeingdiscussedatthetime・Itconsi8tSOf血g

window且owcontroloneverylhka皿dtousebinary（EFCI－based）end一七0－endratecontrol・

Thewindowcontrolisper－hk（aAdnotper－VCasincredit－basedscheme）・Itis，therefore，

scalableintermSOfnvmberofVCsandguaJanteeS2ierOCellloss・Unfortunately，neither

thecredit－basednortherate－ba占edcampfounditacceptable血ceitcontainedelement＄

fromtheoppositecamp・

2．2．6　地queueingwithRateandBll肋fbedback

ThisproposalfromXeroxandCisco囲consistsofsourcesperiodical1ysendhgRMcellsto
determinethebandwidthandbu触usagea＊theirbottleneck＄・Theswitche＄COmPⅦte址

shaueofVCs．Themi血umoftheshareatthisswitchandthat丘ompreviousswitchesis

placedintheRMcells・TheswitchesalsomonitoreachVC，squeuelength・Thcma血um
ofqueuelengthatthhswitchandthosefrompreviousswitchesisplacedi皿thesameRM

cen．Eachswitchimplementsfairq11euelng，WhichconsistsofmaintainlngaSeparatequeue

foreachVCandcomputhgthetineatwhichtheceuwould血ishtranSmissionifthe

queueweretobeservedround－rObinone－bitatatime・Thecelharescheduledtotransmit

in比iscomp－1tedtimeorder・

ThefairshareofaVCi＄deteminedastheinvcrseoftheintervalbetweenthecellarrival

anditstransmission．Theintervalre鮎ctsthenumberofotherVCsthatareadive・Since

thenumberandhencetheint占rvalisrandom，itwasrecommendedthattheaverageof

seveTalobservedintervalsbetLSed・

2．2．7　ProportionalRateControIAlgorithm（PRCA）

ThisalgorithmpresentedbyMikeHl血yjsoIvedthe”negativepolarityofftedba£k”prob－

1emofitsprecedingversion・TheproblemwaBSOIvedby”positivepolarityofkedback乃・

ThesourcessetEFCIbitsoneveryceueXCeptthenthceu・Thcdestinaiionwi11send
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an”increaBe”RMcelltoso11rCe・iftheyreceiveandce11swiththeEFCIbitcleat・The

sourceskeepdecreasingtheirrateⅦntiltheyreceiveapositivefeedback・Sincethesources

decreaBetheirrateproportionaltothecurrentrate〉thisschemewaBCal1ednproportional

ratecontrolalgorithm（PRCA）［34】”

PRCAwaB如undtoLhaNea血imessproblem．Giventhesamelevelofcongestion，at

al1switches，theVCstravellingmorehopshaNeahigherprobabilityofhaNingtheirbit

s寧tthanthosetrBNenhgsmal1ernumberofhops・Th118longpathVCshaNeaVeryfew

opportunitie8tOincrea5eandad・ebeatendownmoTeOftenthanshortpa瓜VCs・Thi8Wa8

called仙e”beat－downproblem【35】”・

2．2．8　The MIT Sc血eme

InJuly1994，Jain【36］aTguedthatthebinaryfeedbackwastooslowforrate－basedcontrol

hhigh－Speednetwork＄andthatanexplicitrateindicationwouldnotonlybehstcrbtlt

woddo鮎rmore丑exibilitytoswitchdesigner8・

Thesingle－bitbinaryfeedbackcanonlytellthesourcewhetheritshouldgoupordown・

Itwasdesignedin1986forcon皿eCtionlessnetwork＄inwhichtheintermediatenode＄had

noknowledgeof且owsortheirdemands・TheATMnetworksareconnectionoriented・The

switchesknowexactlywhoistほingtheresourcesandthe且owpathsareratherstatic・This

increaBedinformationisnotllSedbythebharyfeedba止scheme・

Secondlyandmoreimportantly，thebinary飴edbaJ：kschemesweredesignedforwindow－

baBedcontroIsandaretooslowforrate－baBedcontroIs．Withwindow－basedcontrolaslight

di鮎rencebetweenthecurrentwindowandtheoptimalwindowwinshowupasaslight

increaBeinqlletlClezlgth．Withrate－ba£edcontrol，Ontheotherhand，aSlightdifference

hcurrentrateandtheoptimalratewi11＄howupascontint10uSlyincreaBingquellelength

【15，37］．Th占rea£tiontineshaNetObefaBt・Weca皿nOlonger曲rdtotake＄eVeralround

tripsthatthebinaryfeedbackreqt11reStOSettletotheoptimaloperaiion・Theexplicitrate

feedbackcangetthe＄OurCetOtheoptinaloperatingpointwithinafewroundtrips・

Theexplicitra尤eschemeshaNeSeVeraladditi6naladvaAtageS・First，POlicingisstraight

forward．TheentryswitchescanmonitortheretumingRMce11sandusetheratedirectly

intheirpolici喝algoritlm・SecondwithfaBtCOnVergenCetine，thesystemcometothe

optinaloperatingpointquickly・hitialratehaslessinpact・Third，theschemesarerobllSt

againsterrorsinorlossofRMcells・Thenextcorrec電RMcellwi11bringthesystemtothe

COrreCtOpCratingpoint・

Jainsubstantiatedhisargumentswithsinulatio刀・reSults払ranexplicitraiescheme

designedbyAnnaChamydminghermaBterthesisworkattheMa8SaChusettsInstittlteOf
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Tbchology（MIT）［361・TheMiTschemecon＄istsofeaLhsourcesendin草anRMceuevery

nthdataceu．TheRMcencontainstheVC，scurrentcellTate（CCR）anda”desiredrate・”

Theswitchesmonitoral1VC？sratesandcomputea”fhirshaJe・”AmyVC）swhosedesired

Tatei8lessthantLehirshaJeisgrantedthede8iredra＾e・IfaVC｝sdesiredratei8mOre

thanthefairshare，thedesiredrate丘eldisreducedtothe払irshareanda叩reducedbitn

issetintheRMcen・Thede8tinationretumstheRMcellba£ktothe80urCe，Whichthen

adjustsitsratetothatindicatedintheRMcen・Ifthereducedbitisclear，thesource

codddemandahigherdesiredrateinthenextRMcell・Ifthebitisset，thesourceuse

thecurrentrateaBthedesiredrateinthenextRMcell・

c血mydsosbowed仙attbeMIT通emeachieve皿弧一血op血勅h魂ro皿dtdps，

whereた誌thenⅦmberofbottlenecks・

Thisproposalwaswenreceivedexceptthatthecomputationof鮎rsharerequlreSOrder

noperations，Whereni＄thenumberofVCs・SearchforanO（1）schemeledtotheEPRCA

山gori仙md誌cⅦSSednext・

2．2．9　伽han。edPr。pOrtiondRateControIAlgorithm匹PRCA）

ThemergerofPRCAwithexpncitrateschemeleadtothe”EnhancedPRCA（EPRCA）’’

schemea鳥theend。fJ山y1994ATMForummeethg【59，61］・hEPRCA，thesourcessend

datacellswithEFCIsettoO・AftereveryndaねCenS，theysend封1RMcell・TheRMcen＄

cont血desiredexphcitra七e（ER），CurrentCellrate（CCR），andacongestionindicaiion

（CI）bit・ThesourcesinitializetheERfieldtothehpeakceurate（PCR）andsettheCI

TheswitchescomputeahirshareandreducetheER丘eldintheretumingRMceuBtO

the触shareifnecessary，Usingexponentialweightedaveraglngameanallowedcellrate

（MACR）iscomputedandtheihirshaJeissetataBactionofthisavera＄e：

MACR　＝（1－a）＊MACR　＋a＊CCR

＿1

l

l

【

L

て

Fair Sbare　＝DPF＊MACR

Herc，ai＄theexponentialaveragingfactorandDPFisamultiplier（cal1eddownpressure

fador）setclosetobutbelowl・ThesuggestedvaluesofaandDPFarel／16and7／8，

respectively・

ThedestinakionsmonitorthcEFCIbitsindatacens・Ifthelast＄eendaねCe11hadEFCI

bitset，theyma3ktheCIbitintheRMcell・

Inadditiontosettingtheexplicitrate，theswitchescanalsosettheCIbitintheretllrn軸
RMcensiftheirqueuelengthismorethanacertmithTeShold・
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Theso11rCeSdecreaBetheirrate＄COntint10u51yaStereverycell・

ACR＝　ACR＊　RDF

Here，RDFisthereduction鮎tor・WhenasourcereceivestherettLrnedRMcell，it

increasesitsratebyanamountAIRifpermitted・

IF CI＝O TbenⅣe甘ACR＝Hin（ACR＋AIR，ER，PCR）

IfCIbitiBSet，theACRisnotchazlged・

Noticetht EPRCAallowsboth binary－feedback switchesand the explicitfeedback

switche岳Onthepath・ThemainproblemwithEPRCAasdescribedhereistheswitch

congestiondetectionalgorithn・ItisbaBedonqtleuelengththreshold・Ifthequeuelength

exceedsacertainthreshold，theBwitchissaidtobeconge8ted・Ifitexceedanotherhigher

threshold，itsaidtobeveryhigh1ycongested・Thismethodofcongestiondetectionwas
showntOreSultizlunhimess．Sourcesthatstartllpla加Werefotlndtogetlowerthroughptlt

thanthosewhi血st打tearly．

Theprol）1emwaBfixedbychangingtoqueuegTOWthTateaBtheloadindicator・The

changei皿theqlleuelengthiBmOteddownafterprocessing】SaV〉Kce11B・Theoverloadis

indica加difthequellelengthincreasest30，31］・

2．2．10　0StTTime－basedCongestionAvoidance

Jain，Kalyanara皿an，adldViswaLna仙anattheOhioStateUniversity（OSU）haNedeveloped

a8eriesofexplicitratec？ngeStiona〝Oidanceschemes・The丘rstscheme［38739）cal1edthe

OSUschemeconsistsofswitchesmeaBuringtheirinputrateoverafixednaveraglngintcrval乃

andcompanngitwiththeirtargetratetocomp11tethecllrrentLoadfaL：tOrZ＝

Inp11t rate

Load Factor　　2：＝　－－－－－－－－一一－－－

Ta工gやt Rate

Thetargetrateisseta七snghtlybelow，Say，85－95bandwidth・Unlesstheloadfactoris

clo＄etOl，al1VC8ad・eaSkedtochange（divide）theirloadbythisfactorz・Forexample，

iftheloadfactorisO．5，al1VCsaLreaBkedtodividethei＝a・tebya払ctorofO・5，thaiis）

dollbletheirrates．Ontheotherhand，iftheloa・dfactoris2†allVCswollldbeaskedto

h山ve七hekra七es．

Notethainoselectivefeedbackistakenwhenthe8witchiseitherhigh1yoverloadedor

high1yunderloaded・However，iftheloadfactoriBClosetoone，betweenl－6andl＋6
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如aBmal16，theswitchgivesdiiferentfeedbacktounderloadhgsourcesandoveTloading

sotmes．Afairshareiscomputedasfollowsニ

Target Rate

Fair Share　＝　一－－－‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

AllsotlrCeS，Whosera＾ei＄mOrethanthefairsharead｛aSkedtodividetheirraieBby

z＝（1＋∂）w旭eth胱届ow仙e触血∽∽叔dto山南de仙血f血毎z＝（トけ

Thh軸0rithmcalled”TargetUtihEaiionBand（TUB）algorithm”waBdainedtoleadto

血ime∬【呵・
肌eOSU血弧ehび仙恍軸鑓i鴫鮎tⅧ胤F油，i摘aconge如読瓜ヱⅣdda皿α

通弧e．It由咽h砂山0頑pnta皿dlowdd叩・Bykeep軸tbeta聯tr血軸如1y

belowthecapacity？thealgoritlmenstLreSthdthequeue＄areVerySmal1，tyPical1ydose

tol｝reSultingi且lowdelay・Second，theswitcheshaveveryftwparameterSCOmparedto

EPRCAandaJeeaBytOSet・Third）thetimetoreadthesteadystateiBVerySmanThe

sourcereachtheirfinaloperatingpointlOto20tinesfhsterthanthaiwithEPRCA・

hthe・0riginalOSUscheme，thesourceswererequiredtosendRMcellsperiodical1y

如触d伍me血er血甘地me弧ttbattもeRMcdoⅧh血叩紺mW誠紘d弧d

hc托睨dぴtben皿玩rof肌r増hcTe泄S・T貼w益鮎Ⅶ止b玩nn弧eptめ1elea血g

t。thecount－basedschemedescribednext・

htheco血b緋d血弧e【38】，thesoⅦr掴紀ndRMcdka払即eV叩乃dぬCe眠誠h

EPRCA．Theswitchrateadjustmentalgorithnischangedbencouragequickrise・SotLrCeS

belowthehirshareaseaBkedtocomeuptothefairshaJeregardlessoftheloadleveland

仙脱above仙e鮎rsb∽∽血db硝血t誠一r扇田bytもel血如tor・T貼仙）耶伽

schemetokeepthethreedistinguishingfeaiurewhuemakingtheoverheadindependentof

number。fVCs．N。WCrVerSi。nSOftheOSUscheme，皿aned”ERJCA”（ExplicitConge如on

hdicationforCongestionAvoidance）and”ERICA＋”arecount－based［41，42］・

2．2．11CongestionAvoidanceusingProportionalControl（CAPC）

血dy触血t免on凱めe頗em5血叩Op融asc血ec亜d”伽ng融皿Avo血α

頑gPropo血血Cm血1（CAPC）t43］”・bt貼血狐e，追払OSUsdはme，tbe如触血郎

託tata聯tu仙血i皿軸tlybdowl・T旭hdpsk呵theq皿elen帥smdLlme
鵬tche8meaStLretheinputrateandloadfactorz，aBinOSUschem寧，anduseittoupdak

D血喝皿derlo適（z＜1），昆rsb∽始hcre胱d追払uoⅥ：

【

【

t

F

チ

【享



2．2．COⅣG月βTrOⅣCOⅣmOエ′ざC仔EM苫β 27

Fair s血are＝Fair5bare＊Mim（ERV，1＋（1一之）＊R11p）

Here，R叩i8aSIopeparameterintherangeO・025toO・1・ERUisthemaxinumincrease
amowedandwa£SettOl．5．

Dmingoverload（z＞1），fhirshaJeisdecrea8edaBfo1lows：

Fair sba工e＝Fair sbare＊Hax（ERF，1－（z－1）＊Rdn）

Here，RdnisaslopeparameterintherangeO・2toO・8andERFiBtheminimundecreaBe

req血eda皿dw揖Set七00．5・

The払irshaxeisthenaximumratethattheswitchwi11granttoanyVC．

Inadditiontotheloadhctor，theschemealsousesaq－1e－1ethreshold・Wheneverthe

que11elengthisoverthisthreshold，aCOngeStionindication（CI）bitisseti皿al1RMcells・

Thispreventsal1sources血omincreasingtheirrateandallowstheqlleueStOdrainout・

Thedistingui＄hingfbatureofCAPCisoBCillaiion一缶eesteadystateperfoTmanCe・The

丘equencyofoscillationsi＄afunctionofl－Z）Wherezistheloadfador・hsteadystate，Z

＝1，thefreque皿Cyis2；erO）thatisItheperiodofosc辻1ationsi5infinite・

2．2．12　ExplicitRateIndicationforCongestionAvoidance（ER－

ICA）

ERICA匝3，54，55，561i8aCOngeStionavoidancealgorithmforABRtra凪cwhichcompute8

explicitratetobeindica＾edtosourcesinRMceus・ERICAcon8istsofafewoption8beside8

thefo1lowingbaBicsteps・

AnERICA8witchperiodical1ymonitoT＄loadoneachlinkanddeteminesaloadfactor〉

z，theavaihblecapacity）andthe山mberofcurrentlyactiveVCs・Theloadfactoris

calcdatedaBtheratioofthemeasllredinp11trateattheporttothetargetcapacityofthc

O11tplltlink：

z＝＝（ABRhputRate）／（ABRCapacity），

where：ABRCapacity＝恥rgetUtuizationxLinkBandwidth，VBRUsage－CBRUsage

Theinputra＾eismeaBuredovcranintervalcal1edtheswiichmeasurementinterval・In

ba8icERICAalgorithm，thetad・getⅦtilizationissettoafraction（closeto，butle8Sthan

lOO％）oftheavailablecapacity・However，inERICA＋，thetargetutilizationisdynamical1y

changeddependingonthefi11ingofswitchqueues，ItistheERJCA＋thaiwearetargethg

hourpapersothaiweshal1denoteERICA＋aBERICAforBimplicityinthispaper・

Theloadfactor，Z，isanindicatorofthecongestionleveloftheli皿k・Theoptimal

operatingpoi皿tisataload払ctorvd厄eofone・
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The鮎rshareofeacbVC，凡壱r助αre，誌comp甘もeda昌仙lowsン

FairShare＝（ABRCapacity）／（NumberofActiveConnections）・

EachconnectioncansendatarateuptoFbirShare・Ifaconnectiondoesnotuseallof

itsEbirShare，thentheswitchfbirlyallocatestheremaAnlngCaPaCitytootherconnections

usingaquantitycalledVCSharecomp甘tedaBfo1lows：

VCSIlare＝CCR／z・

Theexplicitrate（Exp迫cit一鮎te）iscalculateda£：

ExplicitJhte＝Max（FairShad・e，VCShare）・

Ifthel′aSharevalueisgrea＾erthadlPbirSharevalue，thesourceisallowedtosendat

2．3　CongestionControlIssues

2．3．1　Scalabi弘ty

Netw。rksaGegeneral1yclaBSi丘edbasedonextent（coverage），numberofnodes，SPeed，Or

nunberofusers．SinceATMnetworksareintendedtocoverawiderangCalongal1these

dimensions，iti8neCeSSarythattheschemebenotlimitedtoaparticulaJrangeOfspeed，

distance，numberofswitches†OrnumberofVCs・hparticulax，thiBenSureSthaAthesame

s。hemecanbeusedfoTl。Calareanetworks（LANs）BLSWell－aBwideareanetwoTks（WANs）・

2．3．2　0ptimdity

Ina8hacedenvi，。nmentthethroughputforasourcedependsllPOnthedemandsbyother

source＄．ThemostcommonlyusedcriterionforwhatisthecorrectshaReOfba，ndwidthfor

as。．1rCeina∴netW。rkenvironment，isthesocal1ed”max－mi皿allocation［14］・”Itprovides

themaximumpo8Siblebandwidthtothesourcereceivingthelea£tamOnganCOntending

sotlrCeS．Mathenatical1y，itisde五nedasfollows・GivenaconfigtLrationwithncontending

sources，SuPPOSetheithsourcegetsabandwidth3i・Theallocaiionvectorcl，32，・・・，3nis

feaBibleifal11inkloadlevelsarelessthanorequaltolOOin血ite・Foreachallocationvector，

thesourcethaiisgettingtheleastallocationi＄insomesen＄e，the門unLappiestsource・乃

Giv。ntheset。fal1飴asiblevectors，findthevectorthatgivesthemaxinumallocationto

thisunhappleSt＄OurCe・Actual1y，thenumberof811Chvectorsisalsoi血itealthoughwe

hawenarr。W。dd。Wnthesearchregionconsiderably・Nowwetakethis”unhappiestsource”

outandre血cetheproblemtothatofremalnlngn－1sourcesoperatingonanetworkwith

⊥
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reduced血kcapacities・Again）Wepfindthellnhappiest80urCeamOngthesen－1sources，

glVethatsotLrCethemaximumallocationandTedllCetheproblembyonesoⅦrCe・Wekeep

repeatingthisproee＄Stntilal1sourceshavebeenglVenthemaximllmthattheycouldget・

2．3．3　RobⅦ5tneSS

Thcschemesh。111dbeinsensitivetominordeviaiions．Forexample，S追ght‾mistuningof

paiameter80rlossofcontrolmessagesshouldnotbringthenetworkdown・Itsho山dbe

possibletoisolatemisbehaNingu＄erS＿andprotectotheru8erSfromthem・

2．3．4Implementabi追ty

Thescも．eme血0111dnotdictateaparticularswitcha3Chitect11re・Thi8isaverylmpOT－

tantpointinfinalselectionsincemanyscheme＄arefoundtobetoocomphcatcdtobe

implemented．
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Chapter3

ProposalofModifiedEPRCA

（EPRCAM）

3．1　Introduction

Theprin鑑yrOleoftraBiccontrolinATMnetworksistoprotectthenetworkadldthe11Ser

inordertoa血ievepredefinednetworkperformanCeObjectiveshtemsofce11lossra七io，

celltransfbrdelaysandceudelayvariance【12】・Basical1y，tra伍ccontrolreferstoasetof

aLCtionsbythenetworktoavoidandrelievecongestion・Thecongestionoflongduration

mayrestLltincenloss，POOrthroughputandtLnderutilizationofnetwork［49］・Hence，itis

high1ydesirabletorelievethenetworkofcongestionassoonaBPOSSible・

Thecongestionrelief）hturn？depend＄OnCOngeStioncontroIscheme・Theperfornance

ofanetworkizltermBOfthro11ghp11tandfairnessinbandwidthallocationamOngCOntending

sourcesdependsonthecongestiozICOntrOlorthecongestionavoidancealgorithmemployed・

IinvestigaieEnhancedProportionalRateConbTOIAborithm（1汗甥Cu）whichisoneofthe

candidatestobcemployedinATMnctworksandi5reCOmmendedbytheATMforumaSOne

oftlleeXPlicitratecontrolalgorithmsi可48］・IshowthatEPRCAhaBCertainde丘ciencies

which result h unfaimessin bandwidth utili2；ation．We s11ggeSt SOme mOdi五ca七ionin

EPRCAandcal1itM。卿edEnha■んcedProportionalRaieControIAborithm〔妻戸月CA叫．

IshowthroughargumentsthatEPRCAMleadstobetterperformancebothhtermSOf

throughputandfairnessinutnizaAionoftheaNai1ablebandwidthbytheABRsources・To
stlbstantia加ourclaimsIgiveaperformancecomparisonbetwee皿EPRCAandEPRCAM

血gc。mPuterSimulati。nSOfamultihopwideareanetふrk（WAN）・
IshowthaAEPRCAMgives5－10％betterthroughputperformancethanthatofEPRCA・

＝owever，themostimportantachievementofEPRCAMisitsfairnessinbandwidthllti－

1i諭tionwhichi白arotmd30％i皿PrOVementOVerthcEPRCA・

31
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TherestofthechapterisstruCturedasfouows・Afterexplaimigbasic皿eChanismof

co皿geBtioncontrolinsection3・27WedescribetheEPRCAalgorithmiムsection3・3・The

simulationenvironmentiscxplainedinsection3・4・Section3・5identifiesthede五cicnciesh

EPRCAandsection3．6explainsourproposedmodification・Section3・7givesperformance

comparisonofEPRCAandEPRCAMalgorithm＄throughsimulaiionresults・Lastly，I

3．2　CongestionControl：BasicMechanism

BeforeexplaimingproblemsofEPRCA，Idescribethebasicmechmismofconge＄tioncontrol

andsometerminologydefinedin［48］andtL8edhere・

．Afterev占ry凡m－1（＝31）datacensora触ed中einterval加（＝100mi11iseconds），
as。u，CeSendsares。．uCemanagemen七（RM）ce11whichtr卯elBfromthesollrCetO

des血ationandbacktothesourcecarrymgcongeStionhformationofthenetworkin

it．hitsforwarddi，e。ti。n，iti5Cal1edhrwardRM（FRM）cellandinthebadwaJd

血ectiona5あαCたび血相RMcell（BRM）・

●Aswitchmayreducetheexphcitrate（ER）inFRMadld／orBRMcellstotherateit

cansupp。rt（cauedfairshare）forthesourcetowhichtheRMcellbelongs・

．Aswitchmayalsosetthecongestionindication（CI）bitintheRMcell・

●ThecalculationofthehirshareandCIbitisdoneinaccoTdanCewithsomecongestion

3．3　EnhancedProportionalRateControIAlgorithm

（EPRCA）

3．3．1　SwitdlBebavior

InEPRCAalgorithmaswitchmintainsthreecongestionstatesnamelynocon9eStion

（NCONG），lowcongestion（LCONG）andhi9hcon9eStion（HCONG）state・Thecongestion

statesaredecidedaccordingtothefbllowlngrulesdependingupontwothre血01dsonthe

lengthofqueuei皿theswitch（SWQ）・Theyare，alowthreshold（IHH）andahighthreshold

（HTH）・

IF SWq＞＝ETH THEⅣHCDⅣG＝TRVE

IF SWq＞＝LTHAⅣD SWqくHTHTHEⅣLC8ⅣG＝TRUE

■：
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AswitchakomaintaiⅡSaneXpOnentialaverageofCCR（CurrentCellRate）vallleSOf

sourcestakenfromtheFRMce11softhevirtualconnections（VCs）pa＄Si喝throughit・This

aver喝eiscal1edMeanofAllowedCellRates（MACR）andiscalculatedaccordingtothe

鮎山owingexpression．

ⅢACR＝（1－a）＊軋ACR＋a＊CCR

where，thcrecommendedvalueof”d，isl／16［48］・

OnarrivalofaBRMcell，ifaswitchiseitheri刀・aloworahighcongestionstate，it

calc山atese巧言虐c盲f和ね（ER）払rthatVCu血gtheMACRvahe・

ThebehaNiorofaswitchemployingEPRCAalgorithmnainlyconsistsofthefonowing

mles二

IF（nCDⅣG）AⅣD（m＞＝HACR珊RF）THEⅣ

CI＝1

m＝Min（ER，MACR＊HRF）

ELSEIF（LCOⅣG）AⅣD（m＞可仏CR■DPF）

CI＝1

ER＝Min（ER，ⅢACR＊ERF）

EⅣD（＊IF＊）

TherecommendedvalueBOfe呼Iicitreduclion舟cior（瓦RF）andmqiorreduclionJhclor

（MRF）aJe15／16andl／4respec扇vely【4町

Theabovealgoritlmmeansthattheswitchprovidesnoresponseinthenocongestion

statewhilei皿lowcongestionandhighcongestionstatesaswitchnotifiesitssource＄tO

redtlCetheirratesbyasmal1andaverylarge丘actionIeSpeCtively・

3．3．2　So11rCe Behavior

WhenasourcereceivesaBRMcell，itadjustsitsrateoftransmissionaccordingtothe

血皿owingrl11es・

1．Ifnocongestionisindicatedbytheswitch，thenallowedcellrate（ACR）isincreaseや

byPCR＊RJF．Therecommendedval11eOfRIF（ratei皿CreaBefaJCtOr）isl／16t48］・

2・IfcozlgeStionisindicatedbytheswitch，ACRisreducedbyACR＊RDFandminimum

。fACRandERisselected．Therecommcndedval11eOfRDF（ra七edecreasefactor）

isl／16【4外
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3．4　NetworkSim111ationMode1

3．4．1DescriptionofModel＆＝ParameterSetting

AsdepictedinFigure3・1）OurnetWOrksimulationmodelisamultistagewideareanetwork

withfour＄Witches（4x4，Outputbuffertype），thirteensonTCeSandthreedesthationswith

eachlinkof120K皿．ThenamesofoutputbufFer8ineachswitchareQO，Ql，Q2andQ3・

Thesourcesaredividedintofourgroups・ThedaLBhedlinesshowthetraBic且ow・The

p叩OSeOfchoosingsuchacomplexmodelistomakeitasrealisticaspossible・

Gro叩－A：SourceTOtoSourceT3（end－tO←endtra鮎）

Gr。uP－B：SourceT4toSourceT6（two－hoptranc）

Gronp－C：S肌rCeT7toSouceT9（twひもoptra鮎）

G，011P－D：SotLrCeTlOtoSotLrCeしT12（one－hoptraEic）

ThevalueB（fparaneterSuSedaJeglVenbelow・OtherpasametersaretakenaBTeCOm－

mendedbyATMFommt48］・

＿l。Wthresも．01d：20cells，highthre＄hold：100cells・

一迫止c叩aCity＝155・52Mもps

3．4．2　F誼rnessDe丘nition

shce，aStrictde触tionofunfairnessisnotaNai1able，Ⅰgivemyowndefinitionofunfinness

a占fbllow5．

凡（％）＝（孔一苅）苗＊100

sncbthat　　7；≦雪　Foり＝0，1，・‥‥，Ⅳ

wbeTe，凡＝Un血血nes＄h％払rsoⅦrCe几，

and，孔＝Norma鮎eda血dthronghputofsoⅦrCe乱

Intheab。VeeXPreSSion，FL（％）givesthedifFerencebetweenthethroughputofasource

andthatofthesourceachievingminimumthroughput・Theconditioninthenwhere卯clause

state8thtthefaimesscomparisoncanOnlybedonebetweenthesourceswhichexpectthe

samethr。ughpⅦt（誠COrdi喝tOmaX－mincriteriain［48］page9・0）・

了

【

【

‡
■
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Figure3．1：NetworkSim血tionModel

35

3．4．3　DescriptionofFiguresandTables

Belowisa．descriptionofthefiguresandtal）1e＄giveninthischapter・Someofthecaptions

describedbelowmentiozIEPRCAMwhichisde触edinscction3．6．

T嵐ble3．1s皿a血朗tkmⅦ由p11tand血e∬reS山bof劇so甘m治S∂血dsome追nb

（L8，L12pandL16）forEPRCAandBPRCAMalgorithmswhenthePCRvalueofal1the

sourcesis30Mbps・ThecorrespondingresultswhenPCRvalueofallthe引）urCeSis60Mbps

are血owni皿恥ble3．2．

mle3．3givesthroughputandunfaimessresdtsforEPRCAMalgorithmfordilrerent
valtle＄OffuFS．TheRIFSisanewparaneterintrodllCedintheEPRCAMalgorithm・

LookingatthenodeldepictedinFigtm3・1）thetra凪cpattemisselectedinsuchaway

仙凪七光VenVCspa∬七山o喝bea血ofthe血kIJ8，い2andL16・

Figures3・2a＆3・2bBhowra詫朗OfGroup－AsotLrCeSforEPRCAandEPRCAMrespec一

也vdy・nera七郎a托騨Ⅴ蝕h仙eⅧitofce止sp併Se∽nd・Howev即，Fi酢汀朗3・ぬ＆3・3b

8howthroughputctmeBOfonlyGroup－DsotLrCeSforEPRCAandEPRCAMalgorith

respectively・HerethePCRvalueofal1sotLrCeSis30MbpsexceptTlOwhosePCRvalue

誌60Mbps．

Fi酢1reS3・4a＆3・4bre肋toEPRCAandEPRCAMschemer由pectively・Eadfig11re

showssourcetransmissionfat朗OfTO（end－tO鴻ndtra伍c）＆T4（crosstra侃c）forPCR
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valuesof30Mbps・ThecorrespondingresultsforPCRvaluesof60Mbpsareshowninin

Figures3・5a＆3・5b・Figures3・4＆3・5correspondtoonlyaportionムfsimulationtime

whichis血omtimeslotllO）000totimeslot120，000・

3．5　ProblemIdentification

Now，Idescribeandidenti＆theproblemswiththeEPRCAandtheirpossibleinpa£tOn

thethroughputandfbirneSSpeTfornanceofanetwork・

3．5．1Ⅱighcongestionstateproblem

Ifthehighcongestionstateisbriefwhichismorelikelyduetomajorreduction＄insource

r血es，thcnthereisapossibihtythatonlysomeun1uckysourceswhoseRMcell”aSS

throughtheswitchinthatstateandnotallofthesourcesarenotifiedtoreducetheirrates・

since，aLighcongestionstateisusual1yfonowedby・anOCOngeStionstate，thesources
whichar。n。tn。tifieddllringhighcongestionstatetoreducetheirrates，StartreCOVery

fr。mmuChhigherrates，Whichleadsto8ubstantialunfairne＄S・

3．5．2　No－Control－In－No－Congestion－Stateproblem

Mosthkelythehighcongestionstatewulbefonowedbyanocongestionstatewithswitch

queuesalmostemptyduetosubBtantialreductioninsourccrates，SuggeStingundemtilizar

tionofthenetwork．InthenocongestionstatetheEPRCAalgorithndoesnotprovide

expncitra尤enoti五cationandreuesonsourcestogradqal1yhcreasetheirrates［48］［49］which

leadstollnde用心鮎融ionof仙enetworkreso11rCeS・

3．5．3　PCRdependentrateincrementproblem

AccordingtocurrentrecommendationofATMFornmforEPRCAt48】（section3・3），al1

sollrCeSShouldincreasetheirratesbyafactoroftheiTPCRswhentherei＄nOCOngeStion

attheswitch．Obviouslythose＄OurCeSWhosePCRsarehighwi11getbiggerchunkofthe

bandwidth，tも・erebycausingun払irness・

加ゎr豆鳴仇em頑Orre血c如れdo乃e盲乃肌rCe和お血血夕柚んc叩e由れβねね∽d触れ

β血e曾祝e乃れoco融和ge㌍e祀edあy伽相互壬c九盲几触れ川叩eざ如乃血如拙ざeゆ盲meざ川れd

Ⅶ乃dem‘f五言壱zαfわ軋

ユ
＿＿＿と

て

l

l

岳

［

†

≒
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3・6　ProposedSol11tion：EPRCAM

3．6．1　Modi且ed EPRCA

Itisalreadyan．estal）1ishedfactthatswitchqlle41eBbelowathresholdindicateunderload・

Inca占eOfEPRCA，thesourcesareauowedtoincreaBetheirratesbya払ctorofPCRina

situaJ；ionofllnderload．Asaresult，SOllrCeSmaylnCrCaLSetheirratesfromdi董艶rentpoints

andpos＄iblywithdilferentamountofincrementdependizlgOntheirPCRvalue・IstlggeSt

thaiforsyzIChronizationandhime＄SPtLrPOSeS，eVenWhentheswitchqllelleSarebelowa

thresholdindicatingnocongestio皿）itshouldbetheswitchandnotsource5Whichshould

controltheincrementintheso11rCerateS．

Hence，Iproposetha＾innocongestionstaieaswe11IaSwitchshouldcalclllateanexplicit

rateforsourcespaBSingthroughit．Theratecanbecalcuhtedbyu8izlgMACRvalue

眈COrdingtotbe氏・uOWhgexpre5Sion・

ERニMin（ER，旺ACR＊（1＋RIFS））

wbere，月∫ダg＝R扇eIncrea5e払ctor放げSwit血・

Icanthepropo8edalgori仏masModifiedEPRCA（EPRCAM）・HereistheswitchaAd

SOurCebehaviorhEPRCAMaユgorithm．

3．6．2　SwitcbBe血avior

TheMeanofAllowedCellRatesiscalc111atedasfollows．

MACR＝（1－a）＊MACR＋a＊CCR

where，therecommendedvalueof”a”isl／16・

IF（11COⅣG）AND（ER＞＝MACR＊MRF）THEN

ER；ニ別in（ER，MACR＊HRF）

EⅣD（＊IF＊）

IF（LCOⅣG）AⅣD（ER＞＝旺ACR＊DPF）THEⅣ

ER＝世in（ER，MACR＊ERF）

EⅣD（＊IF＊）

IF（ⅣCOⅣG）THEⅣER＝Ⅲim（ER，MACR＊（1＋RIFS））
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3．6．3　SowceBe血avior

The＄OurCebehaNioristhesamea8describedinsection3・3・2・However，theRJFissetto

linorderforthe＄0ⅦrCetOalwayssetitsACRtotheERvalueintheretumingRMcens・

3．6．4　AdvadagesofEPRCAM

●極れeββ血eわ坤c叩e血叩和独me桁血書edご恥…n址ne＄SCaⅦ＄ed血e

tothehighcongestionstateproblemdescribedinsection3・5wi11beminimizeddue

toourproposedmodiRcaiion・ThisisbecauseusuaAyahighcongestionstateis

fouowedbyanocongestionstateandinthenocongestionstateal1sourceratesaJe

synchronizedaccordingtotheoptimaloperatingpohtofanetwork（MACR）evenif

someofthesource＄StartreCOVeTyfromrateswhicharewidely叩art・

●［／ゆ加eββ血eねP00d甲e陀deれ孟血αemeれ孟e～盲m加ねd：Tbeu血血e∬Ca胱d血e

tothedependenceonPCRvaluesofsourcesforincrementinnoconge8tionstatehaB

been曲ctivelyehmhatedduetothefacttha＾thc80urCeSareeXplicitlynotifiedof

tradlSmi5Sionrateseveninthenocongestionstatebytheswitchr

3．6．5ImpactofRIFS

TheRIFSIparameterisusedtocomputeincrementwhenaswitchisinnocongestion

sta加．Si皿Ce｝Ⅰknowthatend－tO－endtra鮎isslowertorespondtochangesduetoIonger

roundtrippropagationdelaythanthecrosstra恥IexpectthatsmallervaluesofRIFS
winproducebetterfaimessinbandwidthutihzationonthecostofsomedegTadationin

bandwid仙ntuization．

TheimpactofRIFSisexaminedthrough＄imulaiionsinsection3・7・4・

3．7　PerfbrmanceComparison（EPRCAMv／sEPRCA）

3．7．1UnfhirneSSduetohighcongestionproblemeliminated

Duetothehighinitialcellratevaluesandnocontrolexertedbythenetworkforthe＆rst

roundtripafterthesinulationisstarted，Switchesdefinitelygointohighconge＄tionstaie・

ThisgivesusanopportunitytoobservethebehzwiorofEPRCAandEPRCAMintem8

0ftheproblemsdiscussedinsections3・5・1and3・5・2・ThissituationisdepictedinFigure

3．2a，inwhichduetoahighcongestionandthesubsequentnocongestionstahe，thereis

1ThereiBnOeXtrahardwarerequlrementforEPRCAM・
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ahugegaplnreCOVeryPOhtsbetweensourceT2andtherestofGroup－Asources・For

tlleremalnl皿gPeriodofnocongestion，al1sourcesarerecoverlngSlowly・・However，T2is

recoveringfromamuchlowerra．tethanothersouTCe＄，Whichcausesveryhighunfaimess・

ObviouslythiBSituationdidnotoccurinEPRCAMIbeca－1SeOfexplicitnotificaiionofraies

inal1statesduetowhichsollrCeratebecomesynchronizedeveniftheystartrccoveryfrom

differentrates．

3．7．2　UnfhirneSSduetoPCRdependentincrementeliminated

A simulationwaBrunOn netWOrkmodeldescribed earlierwith PCRofea血so11rCeSet

to30MbpsexceptforsourceT12whosePCRi＄SettO60Mbps・ThePCRofT12isset

highertounderlineunhimesscal18edbydi鮎rentPCRvalueB・Figure＄3・2a＆3・2bshow

sourcerate8（ACR）ofGroup－AsmrcesforEPRCAandEPRCAMalgorithmre8PeCtivelyニ

Whereas，FigⅦre83．3a＆3．3bBhowthroughp11tC11rVeSOfGro11p－DsollrCeS・

We canclearly8eetheinpactofhighervalueofPCRofsollrCeT12inFig11re3・3
incaseofEPRCAalgorithn．Herethroughp－1tCⅦ∫VeOf＄011rCeT12ismtlChabovethe

throughp11tCurVeSOfothersollrCeSOfthesamegro11p・Wecanobservecorrespondingrest11ts

forEPRCAMalgorithm阜nFiguTe3．3b・Asexpectedal1ctlrVeSarealmostcoincidingwith

eachotherindicahgthaithereisno－1nhirnessdlletOhigherPCRval11eOfsollrCeT12・

3．7．3　Betterandf、誼rThrougも．pnt

Table3．1providesa511mmaryOfthroughputand払irnessTeSultsofal1sourcesforEPRCA

andEPRCAMalgorithm8forlhkdiBtanCeSOf120KmandPCR＝30Mbps・

Compa・ringcolⅦmnSOfunfhirnessresultswecanseethatincaBeOfEPRCA〉umfaimess

h badldwidthtltiliEationisaround20％infaNOrOfcrosstrafRc．Ontheotherhand，for

EPRCAM，itisonlyaroundlO％infhvorofcros5tra蝕＝・Now，lookingattherowswith

labcIs乃IJ8日，門L12刀and乃L16？†）WeObservethatthemaximtlmlinkutilizationforEPRCAi＄

91．4％，however，iti＄97．4％fbrEPRCAMalgorithm，reS－11tingina6％g血inthroughput・

Tbfurthe，Clari＆theimpactoftheproblemsofEPRCAdiscussedinsection3．5，an－

othersimulaiionwasmnwithpeakce11rateofeachsourceqllitelargethatis60Mbps

80thaisourcescouldizICreaSetheirratesa．＄muCIlaSallowedinthenocongestionstate・

TIlethroughputandfairnessresultsforbothEPRCAandEPRCAMforthisscenarioare
snmmadzedi皿Table3．2．

Wecan8ee丘omthistablethatincreasingPCRvalue80fsources企om30Mbpsto60Mbps

doesnotaffectperfomanceofEPRCAM，however，incaseofEPRCAlln払irnesstoⅧds

end－tO－endtra伍cincrea畠eS．Forexample，OnaVerage，CrOSStraiRcutilizes20％moreband－
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widththantheend－tO－endtrajRcwhensourcePCRvaluesare30Mbps・Ontheothcrhand，

whensourcePCRvAmesareincreaBedto60Mbps，thebaJldwidthutili去aiionbythecross

tra鮎becomesaround40％morethantheend－tO－endtr血・ThereasonbehindthislaJge

unfairnessinfavorofcrosstraiRcincaseofEPRCAisclearfromFigtlreS3・4＆3・5・Ead

oneof仙ese£卯eSShow＄SOⅦrCer血S如TO（end－ね－end七ra叫弧dT4（cro如a叫

wecanobservefromFig11reS3・4a＆3・5atha＾hca駅OfEPRCA，thecrosstra鮎keeps

onincreaslngitsratesuptoPCRvaluesinnocongestionsta加WhereaBend－tO－endtraBic

scldomgetsachancetoreachitsPCRvalue・OntheotherhandweseethatincaBeOf

EPRCAMalgorithm）allsoufCerahe＄arem血tainedclosetotheoperahgpointofthe

netw。rkevcninn。COngeStionstate（FigtlreS3・4b＆3・5b）・

3．7．4ImpactorRIFS■

Toclari＆inpactofthenewiyintroducedRⅣSparaneterin寧PRCAM，Simulationswerc

repeatedforfourdi触entvaluesofRIFSpaJaneter；thaiisl／8，1／16，1／32andl／64・・The
thr。ughputandunfairneSSreSults（ofEPRCAM）aqe由veninTable3・3・

Asexpected（rehrsection3・6・5）weseethaiaBthevalueofRIFSisdecreased缶oml／8

tol／64，theunlhirnessinfavorofcrosstr血decrea＄eS・Forexadnple，lookinga七thetable・

thema3dmunu血nesshhvorofcrosstrancforfuFS＝1／8is14％，however，itis8％for

fuFS＝1／16・Atthesametine，WeSeethamotal1hkutiuzationhaBdegTadedfrom97・8％

to96．8％（1％degradation）・Though，theoptinal叫1eOfRIFSmaydependonnetwork

topology，WereCOmmendavalueofl／16forRIFSwhichs？emStOprOducc皿eaSOptimal

3．8　Summary＆Concl11Sion

hthischapter｝Iidentifiedproblem8withtheEPRCAalgorithnwhichcausepoorthro

putandfaimessperformanceandproposedaModi丘edEPRCA（EPRCAM）・TheEPRCAM

wasevaluatedagainstEPRCAand－itshowedmuchbetterthroughputandfhimessper－

formance．TheimpactofthenewlyintroducedparaneterRIFS（RatehcfeaSeFactorfor

switch）hasminimalimpactonboththroughputa£Wellasfairnessperfomanceofthe

n。tW。rk．Ir。C。mmendavalueofl／160fRIFSfornead・OPtinalperfomanCe・

IhaNeeXtenSivelyevaluatedtheperformanCeOfEPRCAMagainstcongestionaⅣOidance

algorithshkeERICAandhavesubmittedthemanuscripttoanintemationalcon知ence

forpTeSentaiion・

Iconcllldea8払uows．
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●EPRCAcau8eS11Zlder11tilization and11nfaimess dueto acombinationofnocontrol

exertedbytheswitchhnocongestion5ta元eandhighreductionsdoneinthehigh

COngeS七io皿Sta加，

●ThiscanbeavoidedbytheModifiedEPRCA（EPRCAM）wも・ichletsa8witchcontrol

ratesofso11rCeSincongestionstatesaBWellashnocoIlgeStionstaterestlltingln

COmPletesynchlOni2；ationofsollrCeTateS・

恥ble3．1：ThroughputandUn払irnessRc＄111tsofEPRCA＆EPRCAM（PCR＝30Mbp8，

Link＝120Km）

乃和昭毎伽‡　　　　仁7γめ如Ieβタ

VC　且P屈CA　且P月CA〟　属P月CA　且P点CA凡才

TO O．124　　・0．134

Tl O．120　　　0．133

T2　　0．120　　　0．133

T3　　0．121　　　0．134

03　　　　　01

00　　　　　00

00　　　　　00

01　　　　　01

T4　　0．144　　　0．144

T5　　0．144　　　0，143

T6　　0．142　　　0．145

20　　　　　08

20　　　　　08

18　　　　　09

T7　　0．140　　　0．147　　　11　　　11

T8　　0．143　　　0．146　　　19　　　　10

T9　　0．143　　　0．147　　　19　　　　11

TlO O．136　　　0．148

Tll O．145　　　0．147

T12　　0．140　　　0．146

13　　　　　11

21　　　　11

17　　　　　10

L8　　0．914　　　0．964

L12　　0．910　　　0．974

L16　　0．905　　　0．974
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恥ble3．2：ThroughputandU血nessResultsofEPRCA＆EPRCAM（PCR＝60Mbps，

Link＝120Ⅹm）
とゆ塩川eβざ

且P月CA　且P兄CA〝

Dl O2

10　　　　02

10　　　　00

00　　　　01

27　　　　11

35　　　　10

25　　　　09

36　　　　09

31　　　11

35　　　　11

32　　　　11

43　　　　11

38　　　　12

刀汗・－町内困†

VC　且P兄CA　且P属CA〟

TO O．111　　0．134

Tl O．121　　0．135

T2　　0．121　　0．132

T3　　0．110　　　0．133

T4　　0．140　　0．146

T5　　0．148　　0．145

T6　　0．137　　　0．144

T7　　0．150　　　0．144

T8　　0．144　　　0．146

T9　　0．148　　0．147

TlO O．145　　　0．147

Tll O．157　　0．146

T12　0．152　　　0．148

L8　　0．888　　　0．968

L12　　0．904　　　0．971

L16　　0．917　　　0．975
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Tもble3．3：ThroughputandUnfairneSSResultsofEPRCAMshowinglmPaC七ofRIFSPar

rameter（PCR＝60Mbps，Li止＝120Km）

とJゆ豆meβg

J〃βJ／望g
2　　　1

2．　1

0　　　0

2　　　2

6　　　3

6　1　2

5　　　5

7　　　4

7　　　5

6　　　5

6　　　6

8　　　5

8　　　7
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Chapter4

Improved馳irnessPerformance

4．1　Ⅰ皿trOd11Ction

TheAvaiIa．bleBitRate（ABR）azldUnspecifiedBitRate（UBR）servicesofAsynchronous

nan8ferMode（ATM）networksaredcsignedtodivide鮎rlyande伍cientlythebandwidth

notl柑ed byotherserviceclaBSeS．Both ofthesescrvicesaredesignedfordatatra慮c，

however，ABRprovidesbetterand払irdistrib11tionofbandwidthamongcontendingso－1rCeS

a皿densuresmi血umcelllossbecatlSeOfitstra缶ccontrol．

Thetra伍ccontrolmechanismbasical1yconsiBtSOfasetofmles（congestionco皿trOl／awoidance

algorithm）tLBedbyswitchestocalculatcrateoftTanSmissionforsollrCeSPaBSingthro11gh
themtoensurefairande侃cientutiliEationofavailableba丑dwidth．

Manyexplicitratenoti丘cation（congestioncontrol／avoidance）algorithmshavebeenpro－

posed．Themo＄thmousandextensivelydiscllSSedatpresentareEPRCA（EI血anCedPro－

portionalRateControIAlgorithm）andERICA（ExplicitRateIndicationforCongestion

Avoidance）・

Iidentifiedsomede五ciencieswithEPRCAalgorithmandsuggestedthatitneed＄SOme

Change＄tOimpfOVePerformance・Ical1edthemodi五edalgorithmasEPRCAM（Modified

EnhancedProportionalR由eCozltrOIAlgorithm）・Ishowedthatthemodi丘edalgorithm

achievesbetterandfairavanablebandwidthutilization［44】．

Inthischaptcr，ⅠfurtherourstudytoERICAandwi11establisも・thaithetuningproblem

ofmeasureme血intervalandque11eCOn七rol払ctorofERICAmaycausehighvariance

in鱒eaBurement80floadfactorandaNai1ableABRcapacityvhichresultsinunfhirness・

Wewillshowthatllnlikeclaimsofthepropone鳳t＄OfEfuCA，itdoe8nOtaChieveMax－Min

払irneSS．Ihavediscovered11nfAmnessinfavorofcrosstra用．cinERICA．Ishowthat，dlletO

contimo11SmOnitori皿gOfthenetworkstatebyEPRCAMi皿thefomofMACR（Meanof

A1lowedCellRates），aneXPOnentialaverageofcurrentcellra加＄OftransmittingsoJurCCS，it

49
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produceslessunhirnes＄infavorofcrosstranc・WewnlalsoshowthatEPRCAMismuch

simplertoimplementthanERICA・

Therem血derofthischapterisorganizedasfonows・hsection4・2，Ⅰwinbrie且ydescribe

EPRCAandit＄m血de丘ciencies・hsection4・3，ⅠwindescTibeEPRCAMalgorithm・The

t血gproblemofintervalproblemandqueuecontroljhctorofERICAwhichcausehigh
varianceinmeaBurementOfessentialparametersaLndthusresultsinun址nessinfaNOrOf
cro岳StrafBcwulbe・describedinsection4・4・EPRCAMandERICAwinbeevaluaiedand

comparedinsection5・6・Final1y，Ⅰwi11summarizein8eCtion4・6・

4．2　EnhanCedProportionalRateControIAlgorithm

（EPRCA）

hEPRCA，aSwitchmintain8amOvingexponentialaNerageOfCCR（CurrentCenRaie）
vAneBtakenf，。mthcF。，ⅧdRe＄OurCeManagement（FRM）censofal1thevirtualconnecJ

tion5（VC）passingthroughit・Thhaverageiscal1edMeanofAnowedCeuRaAes（MACR）・
WhenBackwardRM（BRM）cell＄CrOSSaSwitchandiftheswitchisconge＄ted，itcalculates

explicitratefortheVCofthepassingBRMushgMACRvalue・

The＄witchmaintainsthreesta＾esnamelyNo－Con9eSiion，Low－Con9eStionandBi9h－Con9e血

baBedontwothresholdsthatis，alowthreshold（Low－77げeShold）andahighthreshold

（鞠h－Threshold）・Thestatesofaswitcharedccideddependhgonthelengthofqueuein
theswitch（Switch＿Queue）aBPerfo1lowingexpression

IF（Sぬ七Cb＿恥eⅦe＞＝HigLTbre軸01d）T舐Ⅳ

High＿Congestion＝TRけE

IF（Switch＿queue＞＝L吼ThresholdAⅣDSwitch－Queue＜High－Threshold）THEW

Lo甘＿Conge如ion＝TRUE

Theexplicitrate（Exphcit－BJate）forasourceiscalculatedaccordingtothefo1lowing

軸oTi払m・

IF（Higb＿Congestion）AⅣD（Explicit－Rate瑚AC糾明貯）THEⅣ

Explicit＿Rate＝Min（Explicit－Rate・MACR＊MRF）

ELSEIF（Congestion）AⅣD（Explicit－Rateわ朝ACR＊D押）

E叫icit＿Rate＝鮎n（Expucit一肋te，ⅢACR＊ERF）

ThetypicdⅦhes如拙e弧F（駄plicitRe血ctionF血Or）弧dMRF（MajorRednc血

Factor）are15／16andl／4respectively・TheabovealgorithmmeanSthanheswitchprovides
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noresponseintheNo＿Congestidnsta尤ewhileinLow－CongestiozlandHigh－Co皿geStion

細雨朗a訓戒t血not迫田ib＝和≠ⅨeStOrdnαtb血相tesby血誠tio皿SOfERF and MRF

re8p∝tivdy．

4．2．1　No－Control－hrNo－Congestion－StateProblem

hanstableandasynch。nizeds。urCerateS，nOExphcitRateindicationin由0－CongeBtion

stateseenstobelogicalbutintherealworld，therearesourceswith肋entpropagation
delaysresultinghd騰rentsotLrCeraies・Moreover，dlletOmajorreductionsinsourceraies

inHigh＿Congestionstate，thereisapossibihtyofhigh1ydiverBeSOurCerate8Whenaswitch

goesintotheNo＿Congestionstatewhichoftenfo1lowsaHigh－CongestiozIState・Thewhole

phenomeno皿PrOducesunfhimessinbandwidthallocation・

Anotherproblemca血sedbytheNo－Control－h－No－Congestion－StaAeapproadisthati皿

NoJhngestionstate，帥tuCeSincreasetheirr由esasa鮎ctionoftheirpeikcellraie（PCR）・

Th誌htmcau駅S血me∬hb弧dwidthⅦ七山弘也onifdi肋ent＄0Ⅶ∫C朗hⅣe肋ent

PCRⅥ止ⅦeS．

Notethattheproblemscau＄dbytheapproachofNo－Control－h－No－Congestion－State

a托desdbdhde七山h匝4ト

4．3　ModiRed Enhanced ProportionalRate ControI

Algorithm（E■pRCAM）

TbsoIveproblemsofEPRCAcausedbytheNo－Control－h，No－Congestion－Statedescribed

insection4．2，Iproposedin［44］tomodi＆EPRCAsothataswitch＄ho山dnoti＆Ex－

plidt」む血toitssotLrCeSinal1stateshchdingNo－Congestionstate・Ical1thisalgorithm

ModifiedEPRCA（EPRCAM）・Thecompletemodiaedalgotithmisgivenbelow：

IF（High＿Congestion）Am（E叩1icit－ねte＞＝鮎C如肌F）T耶∬

E叩1icit＿Rate＝m血（E甲1icit＿R戒e，伽侃＊mF）

ELSEIF（Lo甘＿Congestion）Am（E叩1icit＿随七e＞＝m侃＊DPF）

Explicit＿Rate＝Min（Explicit－Rate，MACR＊ERF）

ELSEIF（E叩1icit＿Rateくm侃＊DPF）

E叩1icit＿払te＝鮎m（E叩1icit－ぬte，鮎m＊（1＋RIF釘）

m（＊IF＊）

where，R貯S＝鮎tehcreaseFactorforSwitch・
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nemod姐d軸odtbme触血dys耶th鵬hNo－Cong戚ion血te，aS油血sh血d

noti＆thesourcespaBSingthroughittobringtheirTateStOMACR＊（1＋fuFS）・Thebehavior

htheothertwostatesnamely，＝igh－Congestibn8tateandLow－Congestionstateisthesame

Thegeneralbehaviorof瓦PRCAMiBSuChthatinstableenvironnent，Switchqueue8

adX！madeto伽血ateneartheLow皿esholdbyincreasinganddecreaBingtheirraies・

Eowever，duetosomesta＾istical伽血ationorintroductionofnewsources，aSwitchmay

gointo＝igh－Conge8tionsta＾e・Hereduetonoti丘cationofmajorreductionsandreaBO

specifiedh［44］，the＄OurCerateSmaybe8igni＆cantlydi触entevenincaBeOfthesame

蝕血M”皿冊乱bNo＿Conge誼onsねtew出血血1yfbnoⅥa印gLCong戚ionst叫

tもebめ血e肌r囲祁W亜びlow血eso00CeSa作劇no絨edtos叩血0血e仙血血朗b

MACR＊（1＋fuFS）・Rememberthataftermajorreductionshsotmerate＄，theswitchshould

alreadyhaNeadjuited（reduced）itsMACRtothevalueitcansupport・Thiseliminates

unfairnesswhichmaybccausedduetodiversificdsourceraLteS・

4．3．1　軌道r皿eSSIssⅦe

Iestabhshedin［44］throughargt皿emiandsinulationresultsthatduetoitsexpncitrate

noti＆cationinanthreestates）EPRCAMehzAnated血esscansedduetoNo，Control－
h－No－Congestion－StateproblemofEPRCA・

Inowfurthermy血dytohdtLdeERICAadldpre8entinthesubsequentsectionsthe

problemsofBRICAwhichca脱血esstoward5end－tO－endtramcinbandwidthal1
cationandcompanethe触nessperformanCeOfERICAwithEPRCAM・

4．4　ExplicitRateIndicationforCongestionAvoid－

ance（ERICA）

ERICA【53，54，55，56］isacongestionavoidancealgorithmforABRtra鮎whichcompute＄

exphcitra＾etobeindicatedtosourcesinRMcells・EfuCAconsist80fafewoptionsbesides

仙e允〉uOWingb誠icste匹・

AnERICAswitchperiodical1ymonitorsloadoneachlinkanddeteminesaloadfactor，

2，theavai1ablecapadtyIandthenumberofclmntlyactiveVCs・Theloadfattoris
calculateda占theraiioofthemeasuredinputrateatthcporttothe叫酢tCaJPaCityofthe

olltpllt鮎k：

z＝（ABRInputRate）／（ABRCapacity），
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Where：ABRCapacity≦T征getUtilizationxLi皿kBandwidth・VBRUsage－CBRUsage

Theinp－1trateismeaBuredoveranintervalcal1edtheswitchmeasurementinte門JaL h

basicERICAalgorithm，thetarget甘tilizationis＄ettOa鮎ction（closeto，butlessthan

100％）oftheavailablecapaJCity．However，inERICA＋，thetargetutili2；ationisdynamical1y

Changeddependi皿gOntheGllingofswitchqueues・ItistheERICA＋thatIam七argeting

inthischaptersothatI8hal1denote五RICA＋asERICAforsimplicity・

・Theloadhctor，Z，1Sanindica血rofthecongestionlevelofthelink・The optimal

Operatingpointisataload払ctorvalueofone・

The払ir血areofe∝lVC，凡血弘α柁，誌comp雨eda占払uows＝

FairShare＝（ABR（〕apacity）／（NunberofActiveConzleCtions）・

EachconnectioncansendataraiellPtOPbirShare．IfaconnectiondoesnottlSeallof

itsFhirShare，thentheswitchfairlyallocajtestheremalnmgCaPaCitytootherconnections

uslngaq11aZltitycal1edVCngharecomp－1teda占fo1lows：

VC馳甜e＝CCR／z・

Theexplicitrate（ExplicitJiahe）iscalculatedas：

Explicit＿Rate＝Max（FairShare，VCShare）・

Ifthe VC＄harevalueisgrcaterthadlj屯irSharevallle，thesourceisallowedtosendat

VC弘αγ℃．

4．4．1　F扇rneSSProblemDlletOⅡighVむiance

Unlikeinitialclainsofbetterandfairthroughptlt bytheproponentsofERICA，it ha＄

nowbeenadmittedtohavetunln寧Ofmeasurementiniervalproblemwhichmaycause

un鮎mess．Ihavefoundthatacombinationofthemeasurementintervalproblemandquelle

controlfaぷtOrleadstohighvarianceinthemeaBurementOfimportantparameterSlikeload

hctorandavai1ablecapacity．IwindescribetheseproblemsrelatedwithERICAinnext

subsection＄．Insectio皿4．5，Ⅰwi11qllantitativelyevaluateERICAandshowthattheseverity

of払imessproblemmaybemorethananticipatedandtha・tEPRCAMmayoutperform

ERICAinternsoffhimes＄inbandwidthutili2；atio皿andimplementationcomplexity．

ⅠⅡ岬aCtOfMeaswemen七Ⅰ血ervd

ERICAmea甜re8qtLantitieslikeloadfactor，Z，theavai1ablecapacity，aZldthen－1mber

ofcllrrentlyactiveVCsoverconsecutiveintervalBandusesthesemea孤redq11antitiesin

eachintervaltocalc111atefeedbackinthenextinterval．PerformanceofERICAlaJgely
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dependsontheaccuraqofthemeaBtLrenentOfth胱qtnntitieswhichhttmdependson

伽s血of仙emeαβ仰亡血ね血h岡，仙ea血oradm元s頂はt；ガ血巧打盲乃加ぬ

〆d∽k伽α卿咽び，抽血血肌和ね扉御免肋er加納ぬ伽y閻鵡盲陀
〝抑e…血知れ血me拙僧乃銅お，α扇伽yCO乃血物心繭m血卯0祝融伽fe娩e

TTMredquantities”・Theestinahonofthes近eofidervalkanextremelycomplextaik

ForexamPle）thes鹿oftheintervaldependsonthe血kspeedandthe－nunberofVCs・

The血kspeedmaybeknowninadvancebutthenu皿berofVCsmaynotbekn0wn・Even

anestinateofVCsmaybedifBcdttomakebecatLSetheadiventLnberofVCsm

dihentdmingmoming，afternoonandnighttineinanetwork・

Though，aneWalgorithmhaBbeenpropo8edint47］forestinationofnⅧberofa£tive

vcsbydividingVC5intounderloadingandoverloadiTUOnthebasisoftheiractivity励eL
itbnotcompletdyi脱戚血ebm肌醐fれねr血MoreoⅦ，thenew軸⊃dt加

r叫丑山溺5印e血iぬ血）m如00rr雨e菰m血皿・

InpactofQⅥ肌eCo血01払ct併

Theauthorsaysin［47】，that”assu＝hgthatthe即a5Ⅶremedsdonotexhibithigh

Ⅴ如ia皿代α扇鮎m肌醐fれ加d由わ叩eW呼九わが凝mαね伽乃鮎m如扉Ⅴαク加

ゎd匝α混血αγα嗣わ叩αC軸，鮎即妙撼且即以∽明朗ね紳士叩e血m
jわdJcαβ朗〃．

IconsiderthiBaSSumPtionaBaVeryinportantoAe・NotethatintheoriginalERICA，

5－10％ofaNanableABRcapacityiB恨edfordrainingofqueues・However，inERJCA＋

軸0正七山叫仙esb∽brdr血相Ofq肌鰭dy血劇y壷朗扇tb仙e血eofs南仏

queuesdependingonafactorcalledqueuecontzdhctor，Whichintumnakesthe
avauableABRcapadtyvarydynanically・・Now，ifthequeuecontrolfactorisnotttmed

properly，thismayresulti皿highvarianCeintheaNai1dleABRcapacitywhichmayre

hnns扇is加ory鮎me㍍皿d七山o喝bput一朗山鹿・

M。re。Ver，amrdhgtoJain［47］，Vα‰reainsatbringingthesystentoanenCient

pointwhichmaynotnecessari1ybehir・Notethatthehighvaria皿CeCauSedbyapossible

impropertuningofqueq云controlfactorwillresultin丘equentchangesintheloadfactor

andtlmsinth。l／α弘αre．Since，theend－tO側dtraiRcpaBSe8throughalloftheswitches

inanetworkadldfaceslongerdelay8）itmaynotbeableto闇eitsVα弘αreaLSquicklyas

仏ecro紗tra鮎恥闇Ⅴ動作m濾鰭Cr澗tf撼ctoo評edyandprodu増血m鰯h

thek加工，

hthesecti。n4．5Ⅰwi1lexaminetheinpactoftheVC訊mandhighvariancedueto

queuecontrolhctoronthe址nes＄performanceofERICAusingsinuh七ionsoftheparking

l。tn。tW。rkm。delaBShowninFigtLre4．1．Ⅰ鑓owthalhighvarianceca闇edinestimation
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of Vα弘α柁dlletOaCOmbin融ionofmeαβ制作me†lf盲乃ね叩αJandヴ祝e祝e eOれか‘，J舟cわγmay

leadtolargeanountofunfairneSSinfavorofcros8traEic・

4・5　ComparisonbetweenEPRCA！EPRCAMandER－

ICA

4■．5．1Implenenta七ionComplexity

Asalreadystaiedinsection5・2，thedifEbrenceofEPRCAMffomEPRCAiBtheexplicit

noti丘caJ；iongivenbyanBPRCAMswitchintheNo－CongestionBtatea点Well・Si皿Ce，the

baBicopera＾ionsrequiredbybothofthealgorithm＄arethesame？therei8nOdi触encein

theimplementationcomplexityofEPRCAamdEPRCAM・

Let118nOWCOmpareEPRCAMwithERICAintemBOfproce8Sl喝pOWerandother

reqⅧ1rementS．

ThebasicoperationBrequiredbyEPRCAMare：

●TomaintainamovlngaVerageOfCCRvaluestal（en致omFRMcells・

●Tbdeterminestateofswitchbymonitoringtwothresholdsontheswitchqlユelle・

●TocalculaJ；eeXPlicitrateforaVCllSingasimplemultiplicaiion・

ThebaBicoperationsreq11iredbyERICAare：

●MeaBurementinterval：requiresmaintenanceofatiner・

●NumberofactiveVCs：reqlllreSatable，COunter5andexponezltialaveraglng・

●Load払ctor：requlreSadivisionandexponentialaveraglng・

●ABRcapacity：requlreSadivision・

●Fairs血are：req11iresadiv誌ion．

●VCshare：req11iresadivision．

・Q11eueCOntrOl払ctor：requiresInOnitoringofquetleS・

●CCR：atablei5七obemd血tahed．
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obviouslythenunberofopera＾ionsismuchgreaterforEfuCAthanEPRCAM・Itis

wenestablishedthata七thecurrentstateOftechnologythe且oatingpointdivision8uSe

more皿umberofbasicprocessoroperaiionsthanmultiplications・ObviouslyERICAusesa

numberofdivisions，WhereasEPRCAMusesonlya鎚w－multiplications・

Moreover，tWDPerVCtableshaNetObemintainedbyERJCA，OneeaChforactiveVC＄

andCCRvalues．TheseねblesaJeeSSentialbec肌Sem？aBurementSare・doneattheend

ofintervaladldth8＄七血SOfeachVChaBtOberecordedusingthesetables・Notethat

whetheTtheCCRiscalculaiedbytheswitchortaken丘omRMcellsdocsnotmakeany

di触enceonthenecessityoftables・Thesizeofthesetableshcreasewiththen血berof

vcs．ontheotherhand，EPRCAMdoesnotrequi王eacCRtablebecauseitusesCCR

valuesforthecomputationofMACRonlyandtheCCRisnotneededforlater11Se・

hthefouowingsubsectionIwindescribethenetworkmodelonwhichIperforned

sim血tionsinordertocompareperformanceofEPRCA，EPRCAM＆EⅢCA・

4．5．2　Ne七workSiⅡ川血如ionModel

DescriptionofModel＆・ParaLmeterSetting

A8depictedinFigⅦre4・170uTnetWOrksimulationmo4elisamultihopwideaJea∴netWOrk

withfourswitches（4x4，Outputbu肋type），thirteensourcesandthreede＄tinaiions・The

so址rCeSaJedividedintofourgroups・Thedashedhnesshowthetr血且ow・ThepllrPOSe

ofchoosingsuchacomplexmodelis・tOmakeita8realistica叩OSSible・

Gr。uP－A：SotlrCeTOtoSourceT3（end－tO－endtranc）

Gronp－B油血rceT4toSourceT6（tw止optTa鮎）（cros計tra鮎）

G肌p－C：So即CeT7toSourceT9（tⅥ）－hoptr血）（cross－tra鮎）

Group－D：SourceTlOtoSourceT12（one－hoptra鮎）（cros＄－tranC）

Thevaluesofpacametcrs偲edasegivenbelow・

＿Low．皿reshold：20cells，Ⅱigh∫bresbold：100cells

一触kcapacity＝155・52Mbps

rpeakCellRate（PCR）＝30Mbps，60Mbps

－hitialCellRate（ICR）＝PCR／2

＿Ea血Link＝60Km

＿Sim山ationTi皿e＝5secs
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Figure4・1：NetwoTkSimulationModel
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′

Notes：

－Greadyso－1rCemOdel：SOllrCeSalwaushavedatatobesent・

－Lookingat址etra凪cpatte一皿，mαエーm血塊仰視g毎叫48］of弧80nrCeS誌0・143・

－Lookingatthetra侃cpattem，SeVenVCspassthro11gheachofL8，L12andL16hk＄・

－OtherparameterSaretakena占reCOmmendedbytheATMForumin［48］・

Q11eu．eCo皿trOIFactori皿ERICA

AccordingtothespecificationofERICA【56］，theqneuecontrolfactorcanbeuserdepen－

dentsoweu＄edthreesiznplemethodstocalclllaiequeuecontrolfaL：tOrandtoseetheir

impactontheperformanceofERICA・

Methodl：QtLeueCOntrOlfactorisdesignedinsuchawaythatasznal1portion（5％）of

availableABRcapacityisusedfordrainingofq11e11eSWhenswitchque－1e＄arebetween

Low＿ThresholdadHigh1hreshold．OntheotherhandaverylargerABRCapa£ity（75％）

isallotatcdtoqtlicklydrainswitchqlleueSWhenBWitchquetleSareaboveHigh1hreshold・

Thiscanbesllmmarisedbythefo1lowingexprc＄5ions・

IF（恥eueく＝Lov＿mreSh01d）THEⅣ
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ABR＿Capacity＝100％0董ABR－Capacity

IF（queue＞Lov＿ThreBholdAⅣDqueueくHigh－Thre6hold）THEN

ABR＿Capaci七y〒95％ofABR－C叩aCity

IF（恥eⅦe＞Higb＿nreShold）T旺Ⅳ

ABR＿Capacity＝25％0董ABR－Capaci七y

Method2：hthismethodwereserveacomParativelylargerportion（10％）ofcapacity

whenqueuearebetweenLow－Thresholda皿dHigh1hresholdw姐eonly50％ofABRcar

pacityhrcservedwhenqueueareaboveHighJhreshold・Theassumptionbehindthk
methodisthat5％capcitymaynotbesu伍cientinWANenvironmentstoquicklydrain

q11elleS・

IF（恥eneく＝Lov＿mreSbold）THEⅣ

ABR＿Capaci七y＝100％of AもR－Capacity

IF伽eue＞加⊥伽e血01dAWD恥eneくHigb－mre5bold）ⅧEⅣ・

A8R＿Capacity＝90％of ABR－Capacity

Iア（quene＞High＿Thr由加1d）THEⅣ

ABR＿C叩aCity＝50％0董ABR－Capacity

Method3；LikeMeaod2，10％ofavanableABRcapacityisusedforqueuedrainagewhen

switchqueueBaJeal”VeLowlhreBhold・However，High－Thre8holdisnottakenintoac－

IF（queueく＝Low＿ThreBhold）THENABR－Capacity＝100％0董ABR－Capacity

IF伽ene＞加＿Tb工eSb01d）T脚ABR－Capacityニ90％ofAm－Capacity

4．5．3　Per払rmanceComparison

InthissectionIwindoaperibrmanceevaluationofEPRCA，EPRCAM＆ERJCA・Though

ⅠwinprovideresultsofEPRCA，OurdiscussionwulmainlyreminfocusedonEPRCAM

＆ERICA．Forcompa由ona皿ddiscu＄SionbetweenEPRCA＆EPRCAM，pleaserefer［叫

4．5．4　蝕rness

Defizdtion：Since，a8trictdefinitionofunhirneSSisnotavai1able，Ⅰgivemyowndefinition

a5永Ⅲows．

凡（％）＝（㍍一℃）／弟＊100
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SⅦ血tha七　　封≦乃　馳り＝0，1，…‥，〃

where，凡＝Un鮎rnessin％払rsollrCeケ1，

and，　TL＝NormalizedactllalthrotLghputofso11rCen・

hthea．boveexpressi云n，FL（％）・givesthedi肋encebetweenthethroughputofa＄OurCe

andthatofthesotLrCeaChievhgminimumthroughput・Theconditioni聾the”where”

claiuSeStateSthatthefbimesscompaJisoncanonlybedonebetweensollrCeSWhichexpect

thesamethroughpllt（accordingtomax－mincriteriaint48］page90）・

4・5・5Impact・OfMeaswementI皿terVd

Tbseetheinpactofmeasu柁mentintervalaBdescribedi皿SeCtion4・4・lonthefaimess

perfornanCeOfERICAswitch）Simtllation8Wererunformea・Surementintervalsof20，40，60，

80，100，200andlOOOILSeC．Thethrollghputandhirnessresultsobtainedarcstlmmarized
inTable4．1．

Duringsindation）itwaBOb5erVedthatforameaBurementintervalof20p＄eC，the

e8timaJ；ionofthentLmberofactiveVC8throughthelinksL8，L12andL16waBrangl11g

丘omlto6VCs．WhereaB，WhenthemeasurementintervalwaBdo11bledto40psec〉

theestimationimprovedandwasfrom4to7VCs・NotethattheactualnunberofVCs

passingthrollghL8，L12andL16iB7・Furtherincreaseinthemeasurementinterval，

improvedestinationoftheactiventLmberofVCsanda七arotlnd80tolOOpsec，COrreCt

n11mberofVCswasbeingestimated・

Inidealconditions，meaBurementintervalcanbecalculatedas）

Interval∋CellTime＊ⅣⅦmber of SeⅢp VCs

＝2．72（micro－5eC）＊7＝19．04micro－SeC

However，duetosourceswithdi魚汀entPrOpagationdelaysanddilrerenttransmission

rates，thesizcofintervalrequiredtocorrectlye＄timateactivenumberofVC8maybe

large・InoursimulationitseemstobearoundlOOp㌍C・

Lookingatthe恥ble4・1〉IcanobservethaAthelln鮎messexistshfaNOrOfcrosstra伍c
鮎ral1mea鈍rementi皿terVals．Thi8isduetovariationsinestimation＄（nⅦ皿berofactive

VCs，ABRcapacity，LoadFactor）・IncaBeOfvariation，CrOSStra伍cisquicktorespond，and

inparticularbecomesverygreedyduetotheVCShare・Notethamheend－tO－endtra組c

duetoitslongdelayandpaBSingthroughanhopsmayz10tbeabletollSeits VC勤are

soqldckly・However〉aSthee＄timationofn皿mberofactiveVCsimproves，SOdoesthe

unfhimes＄．Forexample，COlⅦmn20fTable4・1showsthatGro11P－Dsourcesgetaround
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40％morethroughputthantheGroup－AsourceswhenthemeasurementinteTValis20y

sec．ontheotherhanditisonlyaround20％morewhenthemeasurem■entintervalislOO

Hence，fairnessperfoma皿CeOfERICAdependsonthepfOPertuningofthcmeasurement

interval．OntheotherhandEPRCAMdoesnotdependonanytimeintervalandmonitors

thenetworkstatebymaintaininganexponentialaNeraEeWhosccomputationisquitesimple

－andisdo71einrealtine（section5・2）・

4．5．6ImpactofQ11elleCon七roIFactor

Toelininaievariancei皿theestinationsofn血berofactiveVC白，ABRcapacityandLoad

FaKtOr，themeaBⅦrementhtervalwaBmades政ientlyla聯r（1000psec）thantheoptiJnal

estinateoflOOpseca占discoveredinsection4・5・5・Sinulationwa8mnfbrtwodifFeren七

valuesofsourcePCRBthatis；（i）EachsourcePCR＝30Mbps，（n）EachsotLrCePCR＝

60Mbps・TheresdtsofallofthethreealgorithmsareglVeninTable4・2・

Icanseefromcohmns3＆60fEPRCAMtLatthereisnoimpa£tOfPCRval11eS

of＄OurCeSOnthTOughputor址nessperformanCeOfsources・However，theTeis・alO％

uniaimesstowardsend－tO－endtrafRchbothcaBe＄duetolongdelaysandpas血gthrough

al1hops・Notetha＾sinceEPRCAMdoe＄＝nOtuSeCCRvalueofasonrcewhendeciding

exp追citrate）SOurCerateSdonotob＄erVelargediversityi皿rateallocahions・

ontheotherhand，COlunns4＆70fERJCA5howthaitheunfhime8Sinfavorof

crosstraiRcincreasedfromaround15％toaround畠0％whensourcePCRBWereincreased

from30Mbpsto60Mbps・OncaJefulobservationofdifFerentparameteTSOfERICAdu血g

simulati。nWefoundthefo1lowingexplanation・Methodl（section4・5・2）wasqsedtocompute

queuecontrolhctorforresultsgiveninTable4・2・hMeaodlonly5％capacityisallocaied

todrainqueuewhenqueuesarebetweenLowlhresholdandHigh1hresholdwhichproved
t。beins臆cientinourmodeltopreventqueueStO611beyondHigh1hreshold・When

queuesareaboveHigh1hreshold，75％ofaNailablecapacityisusedtodrainqueue・This

typicalapproachofMethodln止esavai1ablecapacityvaryhe血1y・Since，OtherparaneteTS

likeloadfactorandVCSharearedependenton都aihblecapacity，theytooobservelarge

vaxianCe．Asaheadydescribedintheprevioussection，VaJianceinVCShareresultsin

Ⅶnhimessinf抑OrOfcrosstra鮎・

AbovestatedphenomenoncanbeseeninFigぴeS4・2＆4・3・Theyshowsourceratesfrom

timeslotllOOOOtotimeslot1200000nly・Theportionwas＄electedrandomly・Figures

4，2a，bandcgivesourcera加SOfTO（end－tO－endtranc）aJldT4（cross－trafRc）forEPRCA，

EPRCAMandERICA／ERICA＋respectivelywhenPCRvaluesofsourcesare30Mbpsor
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74191cps（cell＄PerSeC）．JCorrespondingre8ultsforPCRvaluesof60Mbpsor148383cps

areglVeninFigures4．3a，bandc・

Wecanclearlyseethaiforallalgorithmsmostoftimet亨ecurvesforcross－tra鮎（T4）

鮎ataboveend－tO－endtra侃cshowinglargerallocationsforcross－tra凪c・LookingatFigures

4．2band4．3bforEPRCAMwecanseetha七thereisalmostnodi鮎renceofallocationwhen

thesollrCePCRischangedffom74191cpsto148383cps・TheallocationsforTOandT4

repainaround60000cps・LetusnowexaminetheratebehaNiorforERICAinFigures

4・2c＆4．3c・hthese五gllreS，WeCanSeethatthecurveofT4goesuptothePCRvalue＄

thaiis74191cpsand148383cpsrespectively，＄howingthatVα弘arehasbeenlargerthan

evenpcRvaluewhilethecllrVeforTOremainsaroundorbelow凡irShare・ThiscleaJ・1y

＄howstheimpactofhighvarianceduetoqueuecontrolhctorozIVα弘areandi皿tumOn

臨irnessperformanceofthenetwork・

Tbfurtherinve＄tigateourargtlment？Werana・SindationforERICAforal1threemeth－

od8（Meihodl，Meihod2efMethod9）withotltChzLgingotherparameters・hMethod2＆

Method3，10％ofavai1ablecapacityisallocatedtodrainqueueswhichqueuesfromfi1血g

beyondHigh1hresholdandthussubsta，ntial1yreducesvarianceofotherpaJameterB・The

resultsaresummarizedinTable4．3．Lookingatcol11mnS7，8＆9，WeCanSeethatll血－

nesshasbeensubstantial1yreducedffomaround80％tojtlStarOund15％in払vorofcross

tra伍c．

4．6　Summary

InthischapterI且rstidenti丘edproblemswithEPRCAalgorithmwhichleadtounfairness

inavailal）1ebandwidthutilizatio皿bythecontendingA】∋Rso11rCeSinfavorofcrosstra凪c・

IdescribedModifiedEPRCA（EPRCAM）algorithmwhicheliminatesthe＄ePrOblemsand

leadstosubstantialgaininthroughputand鮎rnes8perfoma・nCe・

IthenexaminedtheERICAalgorithmwhichisoneofthemostextensivelydiscllSSed

ABRtra瓜ccontrolalgorithnatpresent．Weestablishedthroughad’gumentSandsimulation

result＄thatERICAalgorithm皿aUCa11SeSubstantialtlnhirnessin払vorofcrosstra瓜c・I

stlggeStedthanhefo1lowingtwoparametcrsarepnmarycau8eOfresultinginhighvariance

intheestimationofVCshareandthusprodu血gl皿faimessizl払vorofcrosBtra且c・

●DilRcultyintu血gthelengthofmeasure皿entinterval・

●QuelleCO皿tfOl払ctor・

IcomparedandcontrastedERICAandEPRCAMalgorithmsandq11antitativelyshowed

thaiEPRCAMgivesbetterfaime＄Sandthroughp11tperibrmancethanERICAmainlydue
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恥♭1e4．1：ResultsforERICAfordifFerentmeaBurementinterval（MI）values
pcR＝30Mbps，QueueControIFaLCtOr＝Methodl

肋mαg盲zed伽叩毎鮎f〝〟血〝βeり

死¶「訂Tlβ「頂ワ1都トト些
TO O．119　0．123

で1　0．119　0．123

T2　0．118　0．123

T3　0．118　0．123

T4　0．1510．150

T5　0．1510．150

T6　0．1510．149

T7　0．159　0．158

T8　0．159　0．158

T9　0．158　0．158

TlO O．164　0．162

Tll O．163　0．163

T12　0．163　0．162

18　0．928　0．941

L12　0．9510．967

L16　0．964　0．978

0．127　0．129　0．130

0．127　0．129　0．129

0．127　0．129　0．129

0．128　0．129　0．129

0．1510．1510．151

0．1510．1510．151

0．1510．1510．151

0．156　0．154　0．153

0．156　0．154　0．154

0．156　0．154　0．154

0．157　0．155　0．155

0．157　0．155　0．153

0．157　0．155　0．155

0．963　0．968　0．970

0．977　0．977　0．978

創和Ij輸鋸

0．129　0．130

0．130　0．130

0．130　0．130

0．130　0．131

0．1510．147

0．150　0．148

0．150　0．148

0．152　0．149

0．153　0．151

0．153　0．150

0．153　0．150

0．15き　0．150

0．154　0．154

0．970　0．964

0．977　0．971

0．980　0．980　0．9帥　0・979　0・975

坤かれeββ「琴ノ

J（ノ．1Jl）l・ヾl）

00　　00　　00

00　　00　　00

00　　00　　00

00　　01　　00

22　　19　　17

22　　19　　17

21　19　　17

28　　23　　19

28　　23　　19

28　　23　　19

32　　24　　20

33　　24　　20

32　　24　　20

Jβββ

00

00

00

01

13

14

14

15

16

15

15

15

18

00

01

01

01

17

16

16

18

19

19

19

19

19

Jβ∂

01

00

00

00

17

17

17

19

19

19

20

19

20

2β

01

01

00

00

VC

TO

TI

T2

T3

T4

T5

T6

T7

T8

T9

TlO

Tll

T12

28

28

28

35

35

34

39

38

38
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Table4．2：ThroughputandUnfairne防ResultsforEPRCA，EPRCAM＆ERICA

hERICAunfaimessisduetohighvarianceinVCshareca雨dbyQlleueControIFactor

QuelleCozltrOIFactor＝Methodl，MeasurementInterval＝1000psec

NormanEedThroughput
Pcr ββ〟砂β　　　　　　　ββ〟陶β

e門℃α

0・P97

0．097

0．097

0．097

0．170

0．171

0．172

0．174

0．172

0．174

0．173

0．172

0．175

0．901

0．909

0．908

叩rCαleprC（1m

O．116　0．137

0．118　0．137

0．117　0．136

0．115　0．136

0．145　0．149

0．145　0．148

0．147　0．148

0．151　0．148

0．150　0．148

0．149　0．148

0．151　0．149

0．151　0．148

0．153　0．148

0．903　　0．991

0．916　0．991

甲n：m eγ血

0．136　　0．130

0．136　　0．130

0．136　　0．130

0，136　　0．131

0．149　（）．147

0．148　　0．148

0．148　　0．148

0．148　　0．149

0．149　　0．151

0．149　　0．150

0．149　　0．150

0．149　（）．150

0，149　　0．154

0．錮1．　0・964
0．992　　0．971

VC　甲柁α

TO O．131

Tl O．132

T2　0．132

T3　0．131

T4　0．145

T5　0．145

T6　0．145

T7　　0．147

T8　0．148

T9　0．147

TlO O．147

Tll O．148

T12　0．148

18　＿0．962

L12　0．968

L16　0．968 0．992　　0．975　　0．920　0．992

Un血ime∬（％）

A〃ふ川肌eβⅣ＝タβ〟物g AJJβ仙γCeアcr＝紺〟卸ざ

甲m e叩m er血VC

TO

TI

T2

T3

T4

T5

T6

T7

T8

T9

TlO

Tll

T12

叩　卿℃αm emα

01

01

00

00

10

09

09

09

09

09

10

09

09

01

03

02

00

26

26

28

31

30

30

31

31

33

00

00

00

01

13

14

14

15

16

15

15

15

18

00

00

00

00

75

76

77

79

77

79

78

77

80

00

00

00

00

10

09

09

09

10

10

10

10

10

00

01

01

00

11

11

11

12

13

12

12

13

13
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恥ble4．3：Res111tsofERJCAshowing11nfaimessduetohighvananCe

hVCS血ecansedbyQneueControIF血0Ⅰ（Methodl，Method2＆Method3）
Mea占皿renentIn七er血＝1000JISeC

タC兄

l′C

TO

TI

T2

T3

T4

T5

T6

T7

T8

T9

TlO

Tll

T12

L8

L12

L16

NorndizedThroⅡgbpllt

ββ〟わpざ　　　　　卯物β
面融通十肋血畑十膿瘍適＝必準些
0．130　　0．097　　0．133

0．130　　0．097　　0・132

0．130　　0．097　　0．132

0．131　　0．097　　0．131

0．147　　0．170　　0・150

0．148　　0．171　0・147

0．148

0．149

0．151

0．150

0．150

0．150

0．154

0．964

0．971

0．975

0．172　　0，152

0．174　　0．150

0．172　　仇150

0．174　　0．151

D．173　　0．149

0．172　　0．153

0．175　　0．151

0．901　　仇977

0．908　　0．979

0．908　　0．981

0．132

0．133

0．133

0．133

0．148

0．147

0．153

0．151

0．150

0．148

0．153

0．149

0．149

0．979

0．980

0．982

J－√）八八J・∧

肋仇odJ

OO

OO

OO

Ol

13

14

14

15

16

15

15

15

18

Unね血n彷S（％）

β山蕗pβ

．リ．、Jムー，

00

00

00

00

75

76

77

79

77

？9

78

77

80

（りiユJJJJ川／、一

02

01

01

00

15

12

16

15

15

15

14

17

15

肋娩odβ

00

01

01

01

12

11

16

14

14

12

16

13

13
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′mble4．4：Res111tsofERICAshowingllnfaimessdlletOhighvariance

inVCShぴeC弧SedbytheQueⅦeCo山roIF誠tOr（Metbodl）

CaBel：ExplicitJbte＝Max（FairShare，VCShare），Case2：ExplicitJhte＝FairShad・e

Meastlrementhterval＝1000psec

NornalizedThro11ghput Un鮎mess（％）
タcγ 卯〟も卵　　　　　　β勒β

yC　（九βeJ Cαβeβ　　　CαざeJ Cαβeg

TO O．097　　　　0．139

Tl O．097　　　　0．138

T2　　0．097　　　　0．139

T3　　0．097　　　　0．139

00　　　1

00　　　　0

00　　　1

00　　　1

T4　　0．170　　　　D．140　　　　　75　　　1

T5　　0．171　　　0．140　　　　　76　　　1

T6　　0．172　　　　0．141　　　　77　　　2

T7　　0．174　　　　0．141

T8　　0．172　　　　0．141

T9　　0．174　　　　0．141

79　　　　2

77　　　　2

79　　　　2

TlO O．173　　　　0．142

Tll O．172　　　　0．141

T12　0．175　　　　0．141

78　　　　3

77　　　　2

80　　　　2

も8　　0．901　　　　0．976

L12　0．908　　　　0．978

L16　0．908　　　　0．979
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toabovetwoproblemsofERICA・Furthermore，IcomparedEfuCAandEPRCAMintems

ofimplementationcomplexityandshowedthatEPRCAMisnuchsimplertoimplement・



Chapter5

Efficient Use ofABRBandwidth

5．1　Introduction

TheAsynchronousTtansferModc（ATM）zletWOrkBareSuPPOSedtosupportantlmber

service8址evideo，audio，anddatatransmission．Tbachievethisobjective，ATMde払es

mdtipleservicedassesnamely；realtinevariablebitrate（rt－VBR），nOZl－realtimeVBR

（nrt－VBR），COnStantbitrate（CBR），aVailablebitrate（ABR），andunspeci丘edbitr山e

（UBR）．Thert－VBR，d－VBRandCBRareusedforserviceswhichneedguaradlteeOf

画tyofseⅣice（Q虚）．Howm，ABR弧dUBRa托Ⅶ把d知d雨a七r皿血南仏dmo如

no訂1a剋七餌OfQoS．

ThemainpurposeoftheABRserviceistofairlydigtriblltetheaNaihblebandwidth

amongcontendhgsotuceswithminimumcel1loss・TbadievethisobjectiveofABRservice，

80meCOngeStioncontrolmechanismisnecessary・Manyconge鵬oncontrolalgorithnshaNe

beenproposedtilltoday・OneofthewellknowandreconnendedbytheATMforuni8

theE血cedProportionalRateControlAlgorithn（EPRCA）・
ⅠfouzldthaAEPRCAhassoneproblemswhidlhsonecaBeSeVerelyafrbctitsperfor－

manceinterm80ffaimc∬Ofbandwidthallocationtocontendingsources・Toovercome

thescproblemsIpropo8edsonemodi丘caiionsinEPRCAazldcalledthenewalgoritlmaB

ModifiedE血cedProportionalRateControIAlgorithm（EPRCAM）［44］・

ThollghEPRCAMl）erfom8VefyWellintermsofthroughputandfairneSSWhennone

oronlyasmal1肋ctionoftotalhkbandwidthisbeingusedby仙eVBR／CBRsources・

However，itisdiscoveredthaiifVBR／CBRsourceBStOPtranSmitthgandaverylarge

amountofbandwidthbecomesavai1able，EPRCAMi＄tLnabletoutihzethcrelhquished

bandwidthveryquicklyresdtinginverypoorthroughp11tandfairnessperfomance・

hthischapter，IproposesomechangesintheoriginalEPRCAMalgorithminorder

tomakeitsperfornanCerObusteveninpresenceofhigh1yvariantVBR／CBRbackground

69



70
c且APr月見占．甜ⅢC躇ⅣTt侶EOアA且RβAⅣかⅥ任Dr仔

馳eTeShft貼血p血k描angedび払nows・k＝把dion5・2，Ide附i加地eo碩血

EPRCAMalgorithSection5・3givesadetai1eddescriptionofsimul誠onenvironment・

Idescribeinsection．5．4，thepTOblemofEPRCAMwhichcausespoorthroughputa皿d

faimessperformanceinhigh1YVariantVBR／CBRtrafBc・ThepTOPOSedsohtionofthe

problemandcompleteEPRCAMalgorith皿afterproposedmodiacationsisgivenhsection

5・5・Ipresentacomprehensiveperfomancccomparisonof瓦PRCA，EPRCAM（odginal），

EPRCAM（a触血岬）弧dERICA和正比即hs血on5・6・Note血tERICAin沌血

chapterreibrstoERJCA＋軸0rithn・Thisalgorit血kaweukn0Ⅵ1COngeStionnotification

algorithmrecommendedbytheATMfomm・Final1yIsⅦnm血配andconchdethischapter

5．2　ModifiedEnhancedProportionalRate Con七roI

Aigorithm（EPRCAM）

TheE血cedProportionalRateControlAlgorithn（EPRCA）isoneoftheTeCOmmended
alg血thm＄forconge8tionco皿trOlbytheATMfortLnt48］・Iidenti且edthatduetonocontrol

bytheswitchinthenocohgcstionstaieinEPRCA，血essis血Sedhbandwidth
utiuzationbythecontendingABR＄OtLrCeS・IproposedsomemodiRcationshEPRCAand

calleditM。di＆edEPRCA（EPRCAM）【44］．Belowistheco皿pletedescriptionofEPRCAM

dgo止血皿・

LikeEPRCA，血EPRCAMaswitchmaintahsthreecongestion血teBnamelynocon－

9eStion（NCONG），tOuCOn9eSiion（LCONG）andhi9hcon9eStion（HCONG）state・The

congestionst血aredecidedaccordingtothefonowingrules・Theserulesusetwothresh－
。1dscauedaわびthreshou（LTH）andahighihnshold（ⅡTH）onthelengthofquelleinthe

5W紬血（SWQ）・

IF SWq＞＝m THEⅣHCOⅣG＝mVE

ⅣSWq＝LTBAm）引用くm）T肛ⅣLCOⅣ鍵Tm

As血chaki。mitain＄aneXPOnentialmovingaverageofCCR（CtlrrentCellRate）

Ⅶ血e∽fs。mStab氾加m仙eFoⅣadRe組meManag弧弧tCelk（FRM）of他e肌rCe

virtualconnection8（VCs）passingthroughit・Thisexponentialmovingaveragei＄Caned

M。an。fAu。W。dCb11Rates（MACR）andiscalculaiedac00rdingtothefouowingexpres－

sion．

鳳凰CR＝（1－a）＊班ACR＋a＊CCR
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OnarrivalofanBRMcell，aSwitchcalculatesexplicitrate（ER）forthesollrCetOWhich

theBRMcellbelongs・TheERiscalculatedaccordi皿gtOthefo1lowingru1es・

IF（ⅡCOⅣG）AⅣD（ER＞＝HACR＊MRF）THEⅣ

ER＝Min（ER，MACR相見F）

IF（LCロⅣG）AⅣD（ER＞＝旺ACR＊DPF）THEⅣ

ER＝Hin（ER，MACR＊ERF）

IF（ⅣCOⅣG）THEⅣ

m＝打in（m，MACR＊（1十RIFS））

l払ere，叩ぽ＝ぬjor Re血ction Fac抽r

ERF＝Explicit Rednction Factor

DPF＝Do甘n Pres6Ⅶre Factor

Therecommendedval11eSOf”a”，MRF，ERFandDPFarethesameasthoseusedby

EPRCAa8由venin【48］・

The RIFfaJCtOraAtheso11rCei8SettOlinorderfortheso11rCetOalway8Setit8ACR

totheERvalu90ftheretwningRMceus．Moreover，aValucofl／16isrecommendedfor

乱貯Si皿【叫・

5．3　Network Simulation Mode1

5．3．1　DescriptionofModel＆ParameterSetting

hordertoobservetheperformanceofEPRCAMinpresenceofhigh1yvariantVBR／CB

backgro11ndtra侃c，COmpllterSimulatio皿SWereperformedusinganetwork皿Odelas8hown

inFigure5．1．Thisnodelcon＄istsofawideareanetworkwithfouroutputb111fertype

Switches（4x4），thirteensourcesandthreedestinations・Theoutp11tbufEbrsineachswitch

arein五nitesize，andaJedonatedbyQO，Ql，Q2andQ3・ThesotLrCe＄aredividedintofour

gro11pS．ThedaBhedlinesshowthetra伍c且ow・

GrollP－A：SourceTOtoT3（end－tO－endtra侃c）

Gro11p－B：Sonrceで4toT6（tvo－boptra伍（：）

Group－C：So11rCeT7toT9（two－hoptra氏c）

GroⅦPD：SoⅦrCeTlOtoT12（one－hoptfd五c）
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ThevalqesofpaJameterSuSedaregivenbelow・OtherparametersaretakenaBreCOm一

皿endedbyATMFornm【48】・

＿low七山朗bold＝20、Celk

一九igh也re血01d＝100cdb

－1hkcapacity＝155・52Mもps

・＿PCRofea血source＝60Mbps

＿ea血追nk＝120Km

＿8i皿ulaiiontime＝1．00sec

－VBR／CBRtran＄missionduration＝Fromtimeslot30，000totimeslot60，000

Byper由tentsoⅦrCeSImeantha＾汀allowedbytheallowedcenrate（ACR）values，

sollrCeS・haNe仙thetimeceutotran＄mituptotheACRval11eS・

Note：Da＄hed（inesshowtrafficfIow・

GroupA

′′蒜症0
′

三Tl［i半1

lT2□妄L2SWO

、、ご3⊂∃／L3

Dest．＃3　　　　　Dest・＃2

′

－　■■‾‾ン‾　‾

′　L8

L5　　し　．′1　9

′

も路－－7′－－－一一　も17、、

′L12

′

L6　夢Ⅳ1　　工■10≡卿2

′

′

′　　　117

′

L16

L13

L14SW3　　　ノ

′
′

15．′

＿′　＿＿　　　　　　　　　　　　　　　　　　一－　‾一

増勢訪瑠常軌頂揚幕
Group－B Group－C Group－D

Figtlre5・1‥Ne七workSimulationModel

est．＃1
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ThesesimulationswerecaJriedotltforthefo1lowingtwocasesofbackgroundtra凪c．For

theconvenienceofsimt11ationitis・aSSunedthateachVBR／CBRsource－1tilize8aband一

雨d仙of64Mbps．

Casel；OnlytwosotlrteS（TOandTl）oftheend－tO－endtraEica・reVBR／CBRsourceBand

therestareABR＄OnrCeS．

Case2：hthiscaseonesollrCeeaChfromtheend－tO－endandcrosstra瓜c（TO，T4，T7，and

TlO）istheVBR／CBRsourcea皿dtherestareABRsollrCe8・

NotethaltheloadcreatedbytheVBR／CBRtra覿cateach8witchexceptswitchSwOin

ea血caBeiBthesamethati＄，128Mbpsoftotallizlkcapacityof155Mbps．ThesecaBeSaqe

designedinsuchaway80aStOeValuatetheperforma皿CeOfa・COngeStioncontrolalgorithm

incasewhenalaJgea皿OuntOfbandwidthbecome811naVai1able／avai1al）1eforABRtra伍c・

5．3．2　軌道rness De丘nition

Sinceastrict definitionoftnfairnessisnotavai1able，OurOWndefinitionof11nLaimessis

辞Venby．

鳥（％）＝（n－耶）／耶＊100

SⅦCh他出　　窄≦彗　恥rブ＝0，1，…‥，〃

Where，凡＝Un血irnessin％払rsoⅦrCe†l，

and，　TL＝Nornalizedthroughp11tOfsotLrCen・

htheabovecxpression，凡（％）givesthedi丘brencebetweenthethroughp11tOfasource

andthaiofthesourcewhichachievedminimllmthrotlghpllt．Theconditioninthe”where”

cla11SC＄tateSthatthefairnesscomparisoncanonlybedonebetweenso11rCeSWhichexpect

samethroughp11t（accordingtomaエーmincriteriain［48］）・

5．4　ProblemIdentification

In［44］，IidentiRedthata8witchwllichusesEPRCAforcongeBtioncontrolnotifiesits

sourcestheraJ，eitcansupport＄incasetheswitchisconge＄ted．However，Whentheswitch

isnotcongested〉itdoesnotprovideanynotificationtoitssourceBandthussourceskeep

onincreasingtheirratesoftransmissionbafactoroftheirPCRvaluestillthenetwork

beco皿eSCOngeStedagain・Weshowedthatnocongestioncontroli皿nOCOngeStionstate
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leadstounfaimeBSd11etOPOSSiblediversesourceTa鳥es・ThisapproachalsoreqlllreSPrOPer

tuningofsourceparameterSlikeR王F，RDFandPCR・

IpropoBedthateveninthenocongestionstateaswitchshouldnoti＆itssotucesof

theexp迫citrateoftransmissionwhichshoulddependonMACR（section5・2）・Ishowed

throughsinulationresdtsthatthefaines8andthroughputperfomanceofEPRCAMis
mllChbetterthnthatofEPRCA・Moreover）itdidnotreqqiretuningofsourceparameterS

ofRエF，RDF弧dPCR・

unfor血atelyEPRCAMwaBnOteValuatedinanenVironmentwherelargeamountof

bandwidthbec。me8una，ailable／availd）1cvcryquicklyduetobackgroundVBR／CBRtraf’

且c．IhBLVefoundthatinsuchascenado，PerfomanceofEPRCAMi山ern＄‾ofthroughput

becomesextremelypoor・The鮎rnessperfornance，however，mayalsobecomepoor・The

re。S。nbehindthispoorperformadlCeisa8giveAbelow・

5．4．1PoorBandwid地口ti追zation

When．alargeamountofbaAdwidthbecomesa祀able，MACRwhichi＄thcavera＄eOf

cn汀entCen一雨彷Of誠帥u∫Ce8pa血gthro喝haswitcも誌slowtoTeaCt血etoitsn血fe

ofexponentialaNeraging・DependingontheamountofthebaAdwidthwhichha＄become

aNai1able，itmighttakealaRgenumberofroundtTipsbeforeMACRandthesourcerates

becomeadjusted・Ofcourse，dmingal1thoseroundtrips，thenetworkisbeingunnecessaJuy

underutilized．TheunderutilizaiiondependsontheamountOfba皿dwidththathadbecomc

hst弧tlyaⅦil止1eandtbeMACRⅦ血e扇thati刀眉tant・

5．4．2　PoorF誼rnessPer払rmance

whenVBR／CBRtra鮎isoverandalargeamountOfbandwidthbecome8aVailable，＄OurCe＄

arenotiBedtoincreaBetheirratesbyahctoTOfMACRval11eOfthemostconge8ted

switchhtheirpath．Ifゆrentroundtripdelay膵R／CBRsourcesatdifferentswitches
stoptransmitting）MACRvaluesa＾d肋entswitchesbecomediversi＆edwhichleadsto

diversifiedsotuceratesandobviotlSlyresultsinunfhirness・RemembeTthatthcsource

ra加SandMACRvaluesareinterdependent・Thisunfdrnesscontinuestill，80urCerate＄are

increasedtoapointwherealloftheavai1ablebandwidthbecome”tihzeda皿dthenetwork

becomescongestedonceagain・AtthispointsourceratesandMACRvaluesatdi肋ent
8witchesbecomeadjusted，
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5・5　ProposedSolution

The reaBOnbehind theunderutilization andhimessproblemofnetworkwhen alaJge

amollntOfbandwidthbecomesunaNailable／avai1ableduetobackgroundVBR／CBRtra瓜c

（refもrsection5．4）i8thatEPRCAMhasnomechamiBmtOjudgetheexact amount of

aNai1ablebandwidthandthuBCannOtnOti＆adlOPtimalratetosource＄qllickly．hstcad

itkeepsonincrea血gsourceraiesslowiy（dcpendingonMACRvalue）uitilthenetwork

becomesh皿ytltilized．Atthispoint，netWOrkbccomescongestedazldthe8011rCeSWithhigh

tranB皿iBSion rate8are aBkedto redtlCe their rate8and thosewithlowtransmission rates

areaskedtoincreasethcirratcs．Wecanseethatthemainrea占Onbehindlowthrollghpllt

andun払irnessistheslowreactivenessofMACRtojudgenetwork11tilization．

Nowthatweknowthenainca11SeOftheproblemIs11ggeSttha・t，Whencomputingexplicit

rate，EPRqAMsh。ddinc。rp。ratethel。ad血ct。，（LF）t。judgeth這aNai1abl。bandwidth

alongwiththeqlleueね・CtOr（QF）aAdMACRtoavoidcel1loss・Hence，theexplicitrate

（ER）in＿EPRCAMc弧becalculaAedusingthefo1lowingexpression・

ER＝MACR叫F／LF

TbavoidfrequentchaI唱e＄inloadhctorLFandthusinER，eXpOnentialaveraglZlgOfLF

i8tlSed・Tbcalct11ateLF，then－1mberofcellscolnted（CELIJ＿COUNT）i刀・ameaBurement

interⅥ止（MI）kdividedbyMユ．

ⅣLF＝CELI．●COt川T／HI

LF　＝LF＋（ⅣLF－LF）＊AF

Where，AFistheaveragingfactorandIrecommendaval1ユeOfl／4forAF．Notethat

LFgreaterthanlrcpresentsoverloadandLFlessthanlrepresentunderload．Theq11elユe

払ctor（QF）iscalculatedaccordingtothefollowingexpressionswhicharesimi1artothe

OriginalEPRCAMexceptafewminorchangeS．

IF（HCOⅣG A∬D LF＞1）THEⅣqF＝”RF－－－－＞（1）

IF（LCOⅣG）　　　　mⅣqF＝E肝「－－－＞（2）

IFⅧCOⅣG A抑DI∬く1）THEⅣqF＝1＋RIFS一－＞（3）

ForrecommendedvaltleSOfMRFandERFpleasere知［48］・ForRIFSsee【44】．For

HCONG，LCONG，andNCONGpleaserefersection5・2．

h（1），Whenthe8witchisinahighconge5tion（HCONG）stateandtheLFisgreater
thanlthenQFissettomajorreductionfactor（MRF）．Therea＄Onbehindthisisthat
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whnequeuemaystulbeoverhighthreshold，theloadaitheinputlinksnaybediminishi皿g

duetoea班ernotificationsformajorre血ction・hthaicaseanothermaJOrreductionm野

res山tinnn皿eCeSSaryllnderu仙zation・

b（2），肌owconge詭on（もCONG）isobserved，QFissettoexphcitrednction如血

匹RF）・
hexpression（3），Whenthereisnocongestion（NCONG）a＊aswitchand七hereisunder－

load，QFissettol＋fuFS・hca8eOfnocongestionandanoveTloadtherei＄nOneedfor

raieincreaBeWhichmayresdthunneCeSSaryCOngeStionattheswitch・

5．5．1ImpactofMeaswemen七Ⅰ血ervd

Itise叩eCtedtha＾theimpactofthelengthofmeasurementintervalontheperfornance

wi11beminimalbecaASethemeasllrementintervalisusedonlyformeaBuringinputload・

Moreover，themeasuredloadh舶Onlyaweightof25％intheoveral1load・However，Smal1

measurementintervalwiuresdthquickchangesintheoverload・Since，CrOSStra鮎is

qvicktoreadtoanychanges，thisnayresulti皿SOmeunfairnessinhvorofcrosstraBc・

Ⅰwi11evaluatetheinpa£七ofthelengthofmcaB11rementi皿terValandrecommend主tsvalue

insection5．6．4．

5．5．2ImplementationComplexity

RegardingtheinplementationcomplexityoftheEPRCAMalgorithmafterthed通皿geS

proposedinthissection，itscomplexitywinincTeaBe・Thisisbecausethe＄witchhaG

t。C。mPuteloadfactor（LF）and，mOreOVer，LFisalsobei喝takenintoaccountdtlring

calcdationofexplicitrate（ER）・

5．6　PerformanceComparison

Forthesakeofdiscussion，IdenoteEPRCAMaStertheproposedchangesasEPRCAM，・

IdiscussinsubsequentsectionstheperfomanceofEPRCAM，EPRCAM？，EPRCAa皿d

ERJCA．TheERICAisalsoawellknownexplicitcongestionnotificationalgorithm・

Casel：TocompareperformanceofEPRCAM，EPRCAM，，EPRCAandERICAalgo－

rithm＄WhenalargeamountOfbandwidthbecomesunaVailal）1e／avaihbleduetoVBR／CBR

traLRc，aSimdationwaspeTformedi皿WhichsourcesTOandTl（end－tO－endtra鮎）are

vBR／CBR＄OurCeS皿dtherestaTeABRsources・EadVBR／CBRsourcetran弧itsat

arateof64Mbps丘omtimeslot30〉000totineslot60，0000fthetotal＄indationtime
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Ofl．00secwhichis血omOtoaro孔ndlOO，000timeslots．Irefertothi＄＄CenarioaBCaBel．

Tb七山VBR／CBRloadateacbswitcbb128Mbps・

Case2；Tofurtherclari＆theperformance．ofthesealgorithmsanotherpatternofVBR／CB

tra偲cis selectedin．which one sollrCefrom each gro11p Ofsourcesis selected to be a

VBR／CBRsoⅥ∫Ce（で0，で4，T7，andで10）ma最ngaVBR／CBRloadof128甲bpsa鳥each
SwitchwhichiBthesameaBincasel．IrefbrtothisBCenarioaBCaBe2．

5．6．1　QtleueLengtb

Sincetheloada↓al1switchesisthe8ameeXCeptSwOwhichisnotconge＄tCda詫au，bu銑r

OCCupationofonlySwlisshowntoobservethequeue五1111pPatterndlletOhigh1yvariant

VBR／CBRtra凪c．

Note仏ati皿劇評叩血s，tⅢ鮎roccⅦp雨ion誌sbowni皿te一皿Ofn11mberofcelk・

Ca5el：FigⅦreS5．2a，5．2b，5．3a，弧d5．3b血owbd艶rocc叩融ionof＄W如hSwl，qⅦ印e

QOforEPRCAM，EPRCAM，，EPRCAandERICAforcasel（section5．3．1）respectively．

Wecansee丘omthese丘g11reSthaiforeachalgorithm，WhentheVBR／CBRsollrCeSStart

transmittingatarotuldtimeslot30，000，qtleue＄eXPlodeandreachvaluesbetween500to

600cems．

Ca5e2：Thecorre8POndingbll触occupation＄forcase2are血0wninFig11reS5．6a，5．6b，

5．7a‥and5．7b．Thesefiguresshowthatforeachalgorithm，WhentheVBR／Clmsource8

StarttranSmitti皿gatarO11ndtimeslot30，000，qu印eSreaChvaluesbetween600to700cellB．

Discussion：Apoi皿tWOrth皿OtinghereisthatincaBel＆case2，WhenVBR／CBRtra粗c

StOPStranSmittingcellsatarouzldtimeslot60，000，SwitchqueuesforEPRCAMbecome

almost completelyemptyimplyhgunderlユtinzation．OntheotherhandforEPRCAM，，

Switchq11elleSOnCeagainshoottoaJOllnd400cellsd11etOit＄attempttOq11icklyutilizethe

availal）1ebandwidth．IIowever，nOtethatd11etOq11eueCOntrOlfactor，q11e11eSStillremain

undercontrolandoveral1b11鮎rrequirementdoesnotincrease・

5．6．2　TbroⅦghpⅦt

hthissectiozLWeCOmparePerformanCCOfdi瓜汀entCOngeStioncontrolalgorithmsinterms

Oflink11tilizationandthroughp11tOfsources．ThethroughptltOfsourcesiscomparedby

analy2；ingtheircurrentcellratecllrVeSWhichultinatelydeterminethetotaltho－1ghput

∝bievedby仏eso11rCeS・

」
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casel：TheratesofGrouppA（end－tO－endtraBic）forEPRCAM，EPRCAM7，EPRCA

andERJCAforcaselareshowzlinFigures5・4a，5・4b，5・5aand5・5b・

鴨canobservethatw血仙eVBR／CBRsources紬げttr皿血ttinga七び0皿dtimedot

30，000，theratesofsourcesT2＆T3becomesubstantial1yreduced・WhiletheVBR／CBR

trajRci＄tranSmitting）theratesofABRsourcesremainreducedand餌ctuatea鳶avery

Atthetimeslot60，000，VBR／CBRsourcesstoptran＄mittingandthw128Mbps（TO＝Tl＝64Mも

becomesavai1d）1einstantly・HereIWeCanObserve＆omFig11re5・2athaihEPRCAMthe

ABRsourcesarellnibletoquicklyincTeaBetheirrateshtonlyslowlykeeponincreaBlng

forthercmainhgperiodofthesin山a＾ionindica血gsubstantialwaBtageOfpreciou81hk

ontheotherhand，WeSeefromFigure5・2bforEPRCAM，tha＾whenVBR／CBRsour？e8

qⅦittransmitti喝Celk，theABRsourcerate8arequicklyhcreaseddependhgonthe

弧0血ofa血1ablebandvidth弧dq肌eS血勒ca皿Observeth出血ras脚・七山rar

tiontheratesevenoVerShootbutareqllicklybroughttotheoptinalvaluethaicanbe

sⅦppOrtedby仙enetwork・

hcaseofEPRCA，theratecurves（Figure5・3a）showincrement8in8tePS・Thesizeof

thesestepsdependsonthePCRvaluesofthesoⅦrCeS・＝ence，therecoveryperioddepend5

0nthesolげCePCR8．鮎gar血gEⅢCA）tberecov叩遁Veryq血，誠皿beobserved

鉦omFi即re5・3b・

case2：TherateBOfGroup－A（end－tO－tndtrafBc）forEPRCAM，EPRCAM’，EPRCA

andERJCAforcaBe2areshowninFigures5・8a，5・8b，5・9aand5・8b・Thesefiguresshow

thesamekhdofbehaviorasobservedincasel・

Discu5Sion；

T。Ob8erVetheovcral1performanceofeachsourceandth去congestedhnk8（L8，L12，L16）

如theEPRCAM，EPRCAM，，EPRCA，andERICA，throughputresultsaresummarized
inTables5．1a皿d5．2forcaselandcaBe2respectively；Eachtablegrve8throughputand

correspondingu血nesspcrformanCeinfaNOrOfcros＄tranCforthreeportionsofthe
simlllation血rationthatis；

1．Thedurati。n。ftheBinulationbeforeVBR／CBRsourcesstartedtheirtransmission・

Th。，eSult＄forthisdurahi。namegivenunderthecaptionof”BqforeVBR／C8R”・

2．ThetineperiodofthesimulationwhenVBR／CBRsourcesareactive・Thecaption

is，J肋血gl甥月／Cβ月’’・

3．AndthetineperiodofthesinulationaftertheVBR／CBR80tuCeS8tOppedtheir

transmissi。n．Th。r。Sultsaregivenunderthecaption”APerVBR／CBR”・
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Lookingaieprcamcohmnof恥ble5・1（casel），WeSCethatthehkuti肋ionby
EPRCAMisadTOtLnd94％and98％beforeanddu血gVBR／CBRtra抗crespectively，how－

ev餌，the血ba托b血gⅦtili批d扇amⅧdo山y44％a氏併VBR／CBRwhich誌aveⅣhe訓y

lo88（50％）ofthroughput．ThesamecanbeobservedfromTable5■2（caBe2）・Here，thelink

utih2iationafterVBR／CBR，haBeVendroppedtoa′naXlmumofonly32％・Ontheother

hand，ifwelookatthecohm71甲rCam’ofTゝble5・1，WeObservethatthehktltihzationfor

EPRCAM，isamund97％beforeanddudngVBR／CBRtra伍crespectivelyand92％after

VBR／CBR・Thesamepattemofresultscanbeseezlundercohnneprcam’izITable5・2・

Thisclearly血owsthattheperfornanceofEPRCAMafterproposedchangeShaBbeen

弧b如antiamyi皿prOVd．

5．¢．3　ftairness

Casel；Asa止eadydescribedh8eCtion5．6．2，恥ble5．1givesthroughputaswellas

unLhirnes8re如1tsforEPRCAM，EPRCAM’，EPRCAandERICA董brcaBel．

Lookingamhecolumzlqreamand eprcamlwecan8eethatforbothEPRCAMand

EPRCAM，，the血mes＄infavorofcrosstra伍cistLnderlO％before，duringandafter

VBR／CBR七ra凪仁

Case2：Correspondhgun鮎messreBult＄forcaBe2a托givenhTable5．2．

WeobBerVethatforEPRCAM，theunfaimessisasoundlO％beforeaJldafterVBR／CB

はa瓜c，b甘tama由mⅧmOf35％dwi喝VBR／C】∋RtIa瓜c・Ontbeoth併h血d，loo出血gat

thecohnn甲陀αm，We8eethatforEPRCAM，theunfaimesshasbeconeveryhighthat

i8duringVBR／CBRtra抗c，itisamaximⅧ10f99％andafterVBR／CBRamaxinumOf

286％i皿臨vorofcro∬tra伍c．

Discnssion；

．The払imessperformanCedegradationin EPRCAMismainlyd11etOthe reasonthai

WhenVBR／CBRsotlrCeS8tOPtranSmittingcells，theMACRvalue＄atdi鮎rent8witches

becomediversi＆edifthereareVBR／CBRsotLrCeSOfdiLrbrentrotlndtripddayatdi鮎rent

switches．Diversified MACR valueslead to diversi五ed source rates．The source rateB

keeponincreasingti11thenetworkbeconescongestedonceagain・AtthispointMAC

valtleSin肋ent switche＄in the network become a輌ed．Thatis why we observe

地雨hc賦1，tbo喝h，血k山肋at血kv併y．p∞rb血u止止m聞適訂VBR／CBRsou∫Ce8

8tOPtranSmittingremainslow（m拡imumoflO％）・Notethatroundtripdelayofead

VBR／CBRsource（end－tO一組dtra伍c）ateachswitchiBthesame・Ontheotherhandin

C誠e2，WeBeethatduetodi鮎mtroundtripdelavVBR／CBRtra瓜＝atdiEhentswitches，

L
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un址nessin如oTOfcrosstra鮎reachesa皿血mumof286％・

haswitchwithEPRCAM，，impactofdi触entroundtTipdelayVBR／CBRsourcesis

minimunduetothereaBOnthataBSOOnaSalargeadnOuntOfbandwidthbecomesavai1able，

thesourceratesaJehcreaBedaccordinglyandnetworkbecomescongested・Hence，eVenif

MACRvaluesatdi肋entswitcheswerediversified，theybecomeqqicklyadjusted・

s血止血y，COmp血紳eⅦn触nessof甲Ⅶm㌧甲Ⅷ，弧de血如cas鵡∽e2inT劇e

5．1and5．2，WeSeethattheu血nessperfoTmanCeOfEPRCAM，behe，duringandafter
vBR／CBRtra瓜ckbetterthanthatofEPRCAandERJCA・Howevertheperformamceof

EPRCAMisworsethanthaiofEPRCAa皿dERICAduTinganda触VBR／CBRtranc・

5．6．4Ⅰ血pactofMeasweme血Ⅰ血erval

TbclaJibr，theinpactofmeasurementintervalontheperfornanceofEPRCAM，，Simular

tionsforcaseladldcase2arerepeatedforthreed伽entvaluesoftheintervalthatis，1

m皿sec，1／10mi蝕ec，皿dl／100mn鮎ec・

casel；Throughputandhinessre＄ultsforcaselaqegivenin恥ble5・3・Eadcolumn

headingrepresentsthelengthofinterval・

From取血1e5．3，WeCadlSeethatreducingmeaBurementinterval10times，thatisfroml

mi1hsectol／10m山鹿c，increa占eStOtal血kthroughputbyodyl％・Fdherreduchgit

tol／100m皿5eCSdoesnothcreaselinkthroughputatall・Hencesmal1ervaluesofinterval

謬ⅣeOnlyneg堀ble仙TO喝垣仙tg血・

ontheotherhandtheurhirnessresultsinthesanetibleshowthatre血ci皿ginterval

fromlm山鹿ctol／10milusec，almostdoublestheun址nessinfavorofcrosstraBicfrom

ar。und5％tolO％．Sim肋1y，furtherreducingintervalfroml／10minsectol／100mulisec，

once毎血d血blesu血nessin如orofcros＄tr濾c丘αm→汀OundlO％to25％・

case2：CorrespondingthroughputaJldhirnessresultsforcase2aregiveninTable5・4・

Itcanbcobservedthattもeimpactof皿eaSurementintervalhcaBe2issimnaqtothaiof

DisctlSSion：ThereasQnbehindthe11nf血esscatued血etothereductioninmea一

組rementhtervalisthatwhenin七ervalisreduced，Changesinoverloadasemademore

血eq旧tly・Thecrosstr誠cdne七oi七s血ortmoundtdpdelayisdwaysqnicktoreact・

肋．ce，VadanceinloadhctorglVe＄risetounfaimessinfaNOrOfcrosstranc・

wehaveseenthattheintervaloflmi1追secforload如tormeasurementhaBPrOduced

thebestresultsinallofthesituaiionsinoursimulationmodel・ThoughitisdiBicdtto

generalizethisvalueforothernetworkmodelswithdiEerentlhkspeeds，WeeXPeCtthat
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thisval11e8hoddperformfairlywellinnetworkswithlinkBPeedsof155・52Mbps・At

Pre8entWeareanaly痍ngtheimpactoftheizlterValonothernetworkmodelswithdifEbrent

拉nkspee血

5．7　S11mmary＆ConclllSion

hthischapter，Ⅰ負rstdescribedEPRCAMalgorithmwhichisclainedtohave801vedthe

un臨imessproblemofEPRCAalgorithm．Ithenidenti五edthatthethro11ghputand払irne＄S

PerformanCeOfEPRCAMdependsontheMACR（MeanofAllowedCellR扇es）andincaBe

ifalargeamo11ntOfbandwidthbccomesllnaVailable／aNauablesuddenbrd－1etOVBR／CB

tra伍c，EPRCAMisunabletoquicklyllti鮎ethisbandwidthdlletOtheslowreactiveness

OfMACR．Ital80prOdllCeSun払imessinbandwidthalloca瓜ozltOthecontendingABR

IsllggeStedthatthereasonbehindthisi8thaiEPRCAMisunabletoexaL＝tlyestimate

theavai1a，blebaJldwidth．Ipropo＄edthati皿EPRCAM，besidesque11e払ctorandMACR，

loadfhctor＄hollldalsobetakenintoaL：CO11ntWhennoti＆hgso11rCeSOfexplicitrateto

q11icklyandhirlydi5tributeavailablebandwidthamongcontendingA】〕Rsources．Ishowed

throughsimulationresdtsthatthisapproachovercomestheproblem8Sta七edaboveand

re8ultsinmtlChimprovedthroughplltand血imes8perfornance・

L
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伽1e5．3：Tbro嘘putand抽nessRes山tsShowingh甲C七OfMe肌rementI∬細山

（Ca5el）
Un鮎一皿eS＄

11／101／100

0　　0　　　2

0　　0　　　0

4　10　　26

5　　9　　25

4　10　　25

4　　7　　23

5　　7　　25
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T2　0．124　0．134　0・124

T3　0．122　0．134　0・122
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T5　0．153　0．146　0・153
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T7　0．150　0．144　0．150

T8　0．152　0．144　0・152

T9　0．143　0．142　0．14a
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Unhimes8

11／101／100

1　2　　　0

0　　2　　1

2　　0　　　2

6　11　　23

7　11　　20

7　14　　23

6　11　　23

8　11　　27

7　14　　24

Thro11ghp11t

VC ll／101／100
Tl．135．134　．128

T2．134．134　．129

T3．137．132　．130

T5．142．146　．157

T6．143．147　．154

T8．143．150　．158

T9．142．146　．157

Tll．145．147・162

T12．143．150　・159

L8．949．951．957

L12．948．955　・959

い6．950．955　．963

Note：Eachcohmnheadingisthelengthofmea£urementintervalinmnliseconds



Chapter6

ConcludingRemarks

6．1　SummaryofThisDissertation

First ofall，IpresentedageneralovcrviewofATMtechiqlleSPeCial1ytheATMla”

hnctio鮎払rre血gbrodb皿d一指DN（払指DN）hChapte∫1・

hChapter2acomprehensivesurveyofmostofthecongestioncontroIschemesproposd

ti11todaJ；eisgivenandthcissue＄relatedwiththecongestioncontrola托identified・Wefind

thattheE血cedProportionalR血eCo皿trOlAlgorithm（EPRCA）i8aVeryinter由tingand

promisingalgorithmintern80fperformaJICeaChievementa皿dimplementability・However，

d11etOty由d血d血gof坤∽ngeS七山nandno00ntmlinno00nge如on＄t扇e，辻由Ⅴ朗

risetounfaime8Sinbandwidthdloc扇iontothecontendhgsonrces・

hChapter3，itiBStaiedthatinEPRCA，thetypicalhandlingofLighcongestionstate

andthenthes11bsequentnocontrolinnocongestionsta・tereSdtedi皿Sub＄tantialunhirneSB

towar由end－tO一組dtra凪c（Section3．5）・IproposesomemodificatiozIBinEPRCAtosoIve

theseproblemsandcal1thenewalgoritlmasModiBedEnhancedProportionalR扇eControI

AlgorithⅡl（EPRCAM）whichisdescribedinSection3・6・Acomprehensiveperfomance

COmPariBOnbetweenEPRCAandEPRCAMisalsogiveninthischapter．

hChapter4，Ⅰ8tatethataBthenextstep，ExplidtRatehdicationforCongestionAvoid－

ance（ERICA）algorithmisinvestigatedwhichisbeing由止ensivelydiscussedatpre紀nt・I

describesomeproblemBhERICAwhichare止readyidentifiedbyitsoriginalproposerazld

Whichgiveri紀tOunfairnessinbandwidthutnizationbythecontendingsources・However，

itisdiscoveredbyusthatthelevelofunfaimessduetotheseproblemsi＄high1yunder－

estinatedbytheoriginalproposer．Idso丘ndnewproblemsinERICAwhichprodⅦCe

unfaimess（Section4A）・DuetotheBeprOblemsanditBhighimplementationconplexity，I
estabhshinthischapterthatERICAiso11tPerfornedbyEPRCAM・Iah5Ogiveperformance

comparisonofEPRCA，ERICAandEPRCAMinthischapter・
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hChapter5iIexplainthatanycongeStioncontrolalgodthnforABRservicehATM

netⅥ〉rksh誠tOberoもnstso仙WbenlaJgea皿0ⅦntOfbandwidtbissuddedyn㌍doT

relinquhhedbythehigherpriodtyclasses（forexanpleVBR／CBR），itsperformanCein
termsofthroughputandfhimessmustnotbehigh1yafhcted・Ⅰ血dthatunfortunately

thethroughputand触nessperformanCeOfEPRCAMgetsseverely曲ctedwhenalarge

anountofbaAdwidth．isusedorrehnqu血edbytheVBR／CBRconnections・Further
modiBcatio皿SarePrOpOSedinSection5・4tohadldletheabovesaidproblemofEPRCAM・

Itis＄howninSection5・6thataRerproposedchanges，theperfomanceofEPRCAMis

柚1ysat抽ctory御nStO伽COngeS血ncontrolalgo正抽皿胤

6．2　FutⅦreⅥわrk

AlotofreseaJChinthe丘eldofcongestioncontrolintheATMnetwork＄haBdone・The

conceptsdeveloped払Tthecongestionco血01岬h折eeVeni血encedtheproposdsof

8imnasconceptSOfcongestioncontrolintheupperlayers址eTCP／IP・

Though，SunCientstandardizaAionhaBalreadybeendonebythehtemationalStadldard－
izationforunS址etheATMForllnetC，alotofstandard血tionisyettobedone・Here・I

statesomeofthehottopicsofATMnetworksonwhichresearchisgolngOntheseday8・

1．Performa皿CeOfupperlayerprotocoIs（e・gTCP／IP）overATMnetwoTks‥Alotof

reseaJChhasbeendoneonthistopicandmanyneWaNenueSOfresearchhavecome・

Manyproblemsarest肌nresoIvedinthisfield・Forexanple，thedoublecongestion
c。ntTOlthatisoneintheATMlayerandtheotherinTCP／IPlayeTmayreSulti皿

11nPredictableperformanCe・

2．GuaranteeOfQoSintheATMnetwork：ATMnetworksare＄uPPOSedpossessservice

claBSeSWhichprovidegⅦaranteeOfQoS・However，COmPlexunresoIvedissuesstin

exists．Thesei＄SueSmuStberesoIvedtorealizeinplementationofguaranteeofQoS

intheATMnetworks・
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