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Abstract. Much debateexistswhetherexplicit signallingis eventuallyrequiredto
createareliableandintegratednulti-servicelnternetIf yes furtherdisagreement
exists,howsuchsignallinghasto becarriedout. In this paperwe adoptthe point
of view that signalling of Quality of Service(QoS)requestsnustnot be aban-
doned giventhehigh level of uncertaintyaboutthe futuretraffic mix in aninte-
gratedcommunicatiometwork.We presenta flexible architecturepasedon an
extendedrersionof RSVP,for signallingQoSrequestsWe approachthe ques-
tion of RSVP’ssuitability for this purposefrom two directions First, we present
thedesignof aQoSsignallingarchitecturalescribinglexible, yetefficientinter-
facesbetweerparticipatingentities.Secondye reportpracticalexperiencérom
our ongoing effort to implement key components of this architecture.

1 Introduction

The inventionof RSVP[1] andthe IntegratedServices(IntServ)architecturd2] has
createdsignificantexpectationsboutthe migrationof the Internettowardsanintegrat-
ed multi-servicenetwork. Afterwards, objectionsagainstthe resultingsignallingand
dataforwardingcomplexityhaveledto theestablishmentf anewworkingareacalled
Differentiated Services(DiffServ) [3], in which much simpler solutionsare sought.
However,recentresults[4,5,6] haveshownthat only by installing staticservicelevel
agreementgSLA), the theoreticalworst-caseperformanceguaranteesor providing
per-flow servicesmight exhibit a largerconflict with the objectiveto utilize resources
asefficientaspossiblethanoftenassumedwe concludethatbuildingend-to-endserv-
icesoutof DiffServ Per-Hop-BehavioufPHB)forwardingclassesvill notbefully suf-
ficient to satisfythe diverseend-to-endequirementgor a future Internet.Insteadwe
favouracombinatiorof signallingservicerequestsvith avarietyof topologicalscopes.
Ontheotherhand we alsoquestiortheusefulnessf precipitousstandardizatioof new
signallingmechanismsheforethefull potentialof existing(yet maybeextended)ro-
posals has been investigated and exploited.

In thispaperwetry to showhowstringentdecouplingf serviceinterfacedrom service
creation(ase.g.initially intendedior RSVPandIntServ)cancreateanewpointof view
onservicesignalling.Themaingoalfor ourwork is to designandrealizeaflexible QoS
signallingarchitecturewhich is composedut of a few basicbuilding blocks.At the
sametime, we try to adhereo existingstandardizatioproposalsasmuchaspossible.
This work is intended to be aligned with the recent IAB draft on QoS for IP [7].

*, This work is partially funded by the European Commission, 5th FW, IST, Project M3l (11429).
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The paperis organizedas follows. We presentan overall signalling architecturein

Section2 aswell ascertainextensiongo the currentRSVP specificationin Section3.

In Sectiond, we present simpleusecaseanalysisto demonstrat¢he flexibility of our
proposedarchitecture Afterwards,in Section5, we presentexperiencesnd quantita-
tive resultsof our RSVPimplementatioro illustratethe point of view that,althoughits

theoreticacomplexity,RSVPis notasinefficientasoftenassumedwe relateourwork
to otherapproachem Section6, asfar aspossibleandconcludethis paperin Section7

with a summary and an outlook to future work items.

2 Proposed Architecture

Onemustclearly distinguishtwo rolesof a signallingprotocollike, e.g.RSVP.It has
beeninitially designedasadistributedalgorithmto enablemultiple entitiesto coopera-
tively delivera certainservice,i.e., multiple routerscreatinga reservation-baseeénd-
to-endtransmissiorservice Ontheotherhand,it canbeconsideredsaninterfacespec-
ification to requestservicesregardlesof how the serviceis technicallyconstructed.
The mostimportantrequiremento considemwhenassessinghe basicarchitecturahl-
ternativesisto considelinterfacegespeciallyinterfacegso end-usersasstableandhard
to changeThereforeserviceinterfacesnustbechosercarefullyto beveryflexible, ro-
bustandcompatiblewith future developmentsOn the otherhand,a certainservicein-
terfacemustnotinhibit the performantrealizationof servicesThe bestway to accom-
modate these goals is to make interfaces as lean yet expressive as possible.

2.1 Concept

Our proposalfor an overall QoSsignallingarchitectureconceptuallyconsistsof three
layersasdepictedn Figurel. It is assumedhata basicconnectivitymechanisnexists,
whichis givenby aroutingprotocolandpacketforwardingnodescalledrouter. Thisis

describedspacket layer in thepicture.TheactualQoStechnologyis representetly an

intermediateQoS layer. An entity that, besidescarrying out routerfunctionality, also
performspacket-basetbad managemeny policing, shaping,schedulingor marking
packetsfor a certainschedulingobjectiveis called QoS enabler. A pureQoSenabler,
however,doesnot participatein end-to-endsignalling. Advancedend-to-endservices
thatallow to dynamicallyspecifyperformanceharacteristicarerealizedusinga com-

plementarynterfaceontheservicelayer. Theentitiesof thislayer,whichhandleservice
signallingand potentially flow-basedload control (admissioncontrol) are denotedas
service enabler. A serviceenablercanalsoperformtherole of aQoSenablerOf course,
in a future QoS-enablednternet,further openissuessuchasQoSrouting haveto be

addressedaswell. However,their eventualprecisedefinition is currentlybeyondthe

scope of a QoS signalling architecture.

Thefocusof thiswork is to flexibly realizea servicelayerthatallowsto integratea
variety of QoSlayers.In the conceptuabrchitecturethe layerscanbe consideredas
roles.Comparedo previouswork, therole or functionality of eachlayeris not bound
to certainnodesin the networktopology.Instead,it dependn a networkoperator’s
particularchoiceof QoStechnologyandfurthermore pn the serviceclass,which node
carries out the role of a certain layer. Detailed use cases are presented indSection
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Figure 1: QoS Signalling Architecture - Conceptual View

2.2 Topological View

When consideringthe topologicalview  Table 1: Service wareness of Netork Nodes
on this signallingarchitecturejnterme-
diatenodeshaveto bedistinguishede- Service
tweenedgeroutersandinterior routers. Awareness
Servicesignalling takesplace between
at leastedgerouters.Dependingon the
service class and the particular QoS
technology,intermediaterouters might partially RSVP-capablesupport
participate in the signalling, as well. service-ware | for some service classes
Furthermore, subnets might employ
bandwidthbrokersto carryoutresource
allocation for the completesubnetfor
certainserviceclassesln thiscaseservicerequestganbeforwardedfrom edgerouters

to thebandwidthbroker.All nodesareclassifiedaseitherservice-aware, partially serv-
ice-aware or service-unaware asdepictedin Tablel. Note thatthe term service-una-
ware doesonly denotethat a nodedoesnot participatein servicesignalling.It might
neverthelessarry out therole of a QoSenablerandthus, performpacket-base®oS-
enablingmechanismdn caseof partially service-awar@aodesthesenodeshaveto dis-
tinguishwhetherto proces®r justforwardaservicerequestThemaincriterionfor this
distinction is very likely to be the service class. This is further discussed in Séction

Description

service-avare RSVP-capablesupport
for all service classes

service-unware not RSVP-capable

2.3 RSVP as General Mechanism

In orderto satisfybothgoalsof flexibility andoptimizationfor highly demandingserv-
iceswhenrealizinga servicelayer,a solutionis givenby a uniform extendedRSVPin-
terfacefor advancederviceslUsingsuchaninterfaceasservicdayerentity ateachtraf-
fic exchanges both sufficientand effectiveto realizethe conceptuahrchitecturefor
multiple topologicalandQoStechnologyalternativesandto createmeaningfulend-to-
endservicesThis designrepresentshe choiceto carry on with the Internetservicear-
chitectureand employ RSVP (including the extensiongpresentedn Section3) asthe
primary signallingmechanismespeciallyfor inter-domainsignalling. Initially, it can
thenbeusedasaserviceinterfacebetweerbandwidthbrokerg(particularlyfor dynamic
DiffServ SLAS).

However,the main motivationis given by the advantagehata future migrationto
employRSVPin its initially intendedstyle asdistributedalgorithmto requesendpro-
vide per-flowandpotentiallyper-nodeserviceguaranteewill bealleviatedf thebasic
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mechanismarealreadyin place.In suchafuturescenarioRSVPthenactsasa signal-
ling mechanisnbetweeneachnode,aswell. Consequentlyit is intendedthata router
employingthis extendedrersionof RSVPcanefficiently handleboth per-flow andag-
gregatedserviceinvocationsof multiple serviceclassesThe alternativedo inventdif-
ferentsignallingmechanisméor per-flow andaggregatedervicerequest®or different
mechanism$or end-to-encandbackbonesignallingseenxclearlyinferior, especiallyif
RSVP can be applied beyond its initial scope without introducing a large overhead.

3 RSVP Extensions

Therearemainly two shortcomingsn the currentlyspecifiedversionof RSVP,which
aggravate its application as a general service interface:

« Traffic flows areeitheridentified by hostor a multicastaddresses.g.,the spec-
ification of subnets as source or destination address is not possible.

* Pathstateinformationhasto be storedfor eachserviceadvertisemenin orderto
ensure correct reverse routing of service requests.

In orderto appropriatelyextendRSVP’sfunctionality, existingideas[8,9] havebeen
takenup for this work andaugmentedo designa generalprocessingnginefor alean
andflexible serviceinterface.The major goalis to achievea high expressivenes®or
serviceinterfacesTheextensionaremainly dedicatedor, butnotrestrictedo, unicast
communicatior{(includingcommunicatiorbetweersubnetspndcovercasewherethe
per-flow model of traditional RSVP signalling, which eventuallyexhibits quadratic
statecomplexity[9], seemsnefficient,becaus¢herequestedransmissiomperformance
characteristicdonotrequireflow isolationateachintermediatenode.In thatsensethe
extensionaretargetedo aggregatedervicerequest®nthecontrolpath.This hasto be
distinguishedrom theissueof aggregatindglows onthedatapath.Forthelatter,careful
networkandtraffic engineeringe.g.usingMPLS[10], is requiredor alternatively strict
performanceyuaranteemightbegivenby applyingnetworkcalculusto multiple flows
[11]. For bothmulticastin generalandnon-aggregategderformance-sensitiv@g.e. ine-
lastic) unicastcommunicationthe currentversionof RSVPcanbe consideredsvery
well-suited especiallyif recentproposaldo increaseheoverallefficiencyof RSVPop-
eration[12] arerealized.Note thatthefollowing extensionganbeimplementedvith-
outincreasinghe complexityof anRSVPengine.However,they do extendthe appli-
cationscenariogo covera variety of new alternativesThis is demonstratethy a use
case analysis in Sectidn

3.1 Compound Prefix Addressing

The currentspecificationof RSVPsupportonly hostandmulticastaddressedn order
to specifyservicerequestdor traffic aggregatebetweersubnetsthenotionof address-
eshasto be extendedo coverCIDR prefixesfor networkaddressesA respectivepro-
posalhasbeenmadein [8]. In thefollowing, thetermgeneralized addressis usedto re-
fer to eitheranend-system’sdddres®r a network’saddresexpresse@sCIDR prefix,
extendedy classA networkaddresseandthespecialaddresprefix 0.0.0.0/0denoting
completewildcarding.Additionally, it mightbenecessario specifyseverabf suchad-
dressesvithin asinglesessioror sendedescriptionthusthe notionof a compound ad-
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dressis introducedwhich consistf a setof generalizecddresse<Of coursea dedi-
catednodemustexistwithin anend-subneto receiveandrespondo suchservicere-
quests. In principle, any node can emit such requests as long as they are authorized.

In order to employ

the full flexibility of session: A . TN
compound address- | sender: B,C L S @ EEEN
es, it is inevitableto service: 2 MBit/s RESV o '

introduce a further S0 WY Y
generalization  to @ @\ BR |— -
specifytheirhandling W .

atcertainnodesDur- BR: border router
ing the transmission
of RSVP messages,
targetedto a com-
poundaddresstheborderroutertowardsthespecifiedsubnet(swill behit. In thatcase,
it hasto bedecidedwhetherthe messagés forwardedtowardsmultiple destination®r
not. If themessagés notforwarded thentheresultingserviceessentiallycoversonly a
portionof theend-to-endpath.If however the messagés forwardedinto multiple sub-
nets,t is notimmediatelyclearhowto interpretanyquantitativeexpressiorf perform-
ancecharacteristicsThetermscoping styleis usedto describehealternativeghatsuch
amessagés forwardedto multiple nexthops(open scope) or not (closed scope). To this
end,it is anopenissuewhetherthe scopingstyle shouldbe choserby the nodeissuing
arequesbrwhetheiit is determinedy thenetworkproviderdependingnits local pol-
icy howto providecertainservicesAs this is a matterof strategyandnot mechanism,
it is beyondthescopeof thiswork to extensivelyinvestigatehis questionNevertheless,
someusecaseexamplesregivenin Sectiord. In Figure2, anexampleRESVmessage
is shown to illustrate the choice between both alternatives.

If RSVP’saddressingchemds extendedo include compoundaddressesiew chal-
lengesarepresentedo the dataforwardingengineof arouter.In orderto supportflows
targetedo or sentfrom anend-systenatthesamdime asasessionnvolving thesubnet
of thisend-systemalongest-prefixnatchon bothdestinatiorandsourceaddressnight
be necessaryo distinguishwhich packetshelongto which sessionHowever,it canbe
expectedhatanyserviceestablishingperformanttommunicatiorfor traffic aggregates
betweersubnetss goingto bebuilt usingapacketmarkingschemease.g.the DiffServ
model.In the DiffServ architecturesucha cases alreadyconsideredndalleviatedby
thefactthatonly edge-routerareexpectedo do thefull classificatiorto isolateaggre-
gateservicecontractsfrom individual flows. In the coreof the network,traffic belong-
ing to aggregatess forwardedaccordingto its DiffServ markingandindividual flows
requiringtotal isolationcanbe appropriatelyservicedusinga dedicatediffServ mark
andfull packetclassification.The samemarkingschemecanbe appliedto RSVPmes-
sagethemselvessuchthatper-flowrequestnessagearetransmittedo theappropriate
end-subnethut not processedby nodesalongatrunk flow. This allowsfor transparent
end-to-end signalling, even in case of intermediate flow mapping.

A somewhatlifferenttreatmenbf port numberds necessaryo incorporatecompound
addressemto RSVP.It might be usefulto specifya port numberif e.g.,theresulting

Figure 2: Compound Addresses and Scoping Style
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serviceis usedfor asingleapplicationwhich canbeidentifiedthroughtheportnumber.
In anyothercasetheportnumbershouldbesetto zeroandeffectivelydenotewildcard-

ing. Analogousto the descriptionin the previousparagrapha classificationchallenge
exists, which will be alleviated by employing a DiffServ-like marking scheme.

A schemeof compoundaddresses combinationwith the choiceof scopingstyleis
moreappropriatdor servicerequestbetweersubnetshantheinitial approacho CIDR
addressingf RSVPmessagef8], becausé overcomeghe limitationsinducedby re-
strictingsourceanddestinatiorto asingleaddresprefix each Furthermorethescoping
style providesa controllableway to dealwith the resultingflexibility. Therebyiit is
well-suitedto especiallyprovidea signallingmechanismandinterfacebetweenband-
width brokerswhich controlthe establishmenof SLAs thatareeventuallyprovidedto
traffic aggregates by means of DiffServ code points.

3.2 Hop Stacking

To reducethe quadraticamountof statethathasto be keptby routersin caseof tradi-
tional RSVPsignalling,it is quitetrivial to extendits specificationsimilar to [9]. Usu-
ally, PATH messagearesentalongthe samepathasthe dataflow andstatecontaining
reverseaoutinginformationis keptateachnodeto allow forwardingof aRESVmessage
alongthereversepathtowardsthe senderin orderto alleviatethis effectfor intermedi-
ate nodes,a mechanismgermedhop stacking canbe incorporatednto RSVP.Each
routerhastheoptionto replacethe RSVP_HORobjectby its own addresgndstoreap-
propriatestateinformationin PATH messagefraditionaloperation) Alternatively,the
addres®f the outgoinginterfaceis storedasadditionalRSVP_HOPobjectin front of
existingones.During the servicerequesiphasethefull stackof suchhopaddresses
incorporatednto RESV messageandusedat respectivenodesto forward the service
requesto previoushops,if no PATH statehasbeenstored Ontheway upstreamsuch
a noderemovesits RSVP_HOPobjectandforwardsthe messagédo the nextaddress
foundin the stack.This mechanisnallows to install stateinformationfor servicere-
questswithout the necessityto keepPATH statefor eachserviceannouncementhis
specificationintroducesvenfurtherflexibility ascomparedo otherapproachem that
stackingof hopaddresseis optionalandcanbemixedwith traditionalprocessingvith-
in a singlesessionA nodemight evenremovethe full stack,storeit locally together
with the PATH state,andinsertit into upstreamRESV messagessuchthat the next
downstreamnodedoesnot haveto dealwith hopstackingatall. Figure3 illustratesthe
flexibility of hopstackingIn this picture,nodesC andD performhop stackinginstead
of storinglocal statewhereamodeE removeshe full stackandstoresit locally, such
thatnodeF doesnot realizethe existenceof stackedhopsat all. An accordingRESV
messagéravelling alongthe reversepath,canfind its way backto the sendeiby local
state or stacked hop information.

Fromanode’spointof view, hopstackingprovidesatransparenmethodto employoth-
er approachegor QoS provision without per-flow stateat intermediatenodes,e.g.,
RSVPover DiffServ-capablenetworks[13]. However,from an overall system’spoint
of view, hop stackingdefinesa genericmechanismio carry out RSVPsignallingwith-

OoutPATH stateateachnode.lt canbeusedfor trunk signalling,tunnellingandprovides
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Figure 3: Hop Stacking for RSVP Messages

for anopeninteractionwith traffic andnetworkengineeringln thatsenseslightly more
freedom is taken to extend the existing RSVP specification than other approaches.

3.3 Interface Semantics

While theextensiongpresente@dboveform the procedurapartof this proposaljt is im-
portantto definecoherensemanticst a serviceinterface . Theinherentmeaningof ac-
ceptingatraditionalRSVPmessagés to appropriatelyprocessandforwardtherequest,
establishingan end-to-end-esourceaeservationin our architecturethe semanticsare
changeduchthatthe meaningof acceptingaservicerequests a (legal)commitmento
deliverthisservice regardlessf its actualrealization Forexamplecompoundaddress-
ing providesan interfaceto transparentlyincorporatelP tunnelsas presentedn [14].
Similarly to thenotionof edge pricing [15], this createsa notion of edge responsibility
for the end-to-endserviceinvocation.Effectively, anapplication’sdataflow might be
mappedonto severalconsecutivenetworkflows in the notion of traditionalRSVP.In
thatsensejntermediatenodescarryingout that mappingmight actuallybe considered
as “RSVP gateways” or “service gateways".

4 Use Case Analysis

In this sectionacollectionof usecasess describedo conceptuallyshowtheflexibility
of the RSVP-basedignalling architectureto integratediverseQoStechnologiesand
createavarietyof servicescenariobeside®RSVP’sinitial designatiorfor IntServ.The
usecasegocusonthemechanismsf servicelayersignallingbetweerserviceenablers.
In caseof multiple alternativesit is left opento furtherwork to determinethe optimal
strategies to map service requests onto the underlying QoS technology.

4.1 Supporting Diver se Subnets

In thefollowing it is briefly presentedhow variousQoSsubnetechnologiesanbein-

tegratedby this QoSsignallingarchitectureTherehasbeenalot of work to supportdi-

versdink-layermechanismdiffServ cloudsandATM subnetsMostof thesearewell-

known andtreated(togethemwith link layertechnologiespy the IETF ISSLL working

group(se€[16] for alist of documentsandcoveredby anumberof otherpublications,
as well. However, there’s an additional scenario explained below.

Service Signalling across ECN-priced Subnet. A somewhatspeculativeproposalto
provideQoShasbeenmadein [17]. It is basedon intermediatenodescarryingout sta-
tistical ECN-marking,which are interpretedas small chargesat edgesystems.lt is
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claimedthattheresultingeconomicsystemprovidesa stableresourcellocationwhich
thencouldbeconsideredo resemble certainQoS.In orderto mimic theall-or-nothing
characteristiof regularadmissiorcontrol,theingressof the subnetactslike arisk bro-
keranddecidesvhetherto accepir rejectaserviceinvocation.Thisrisk brokersubse-
quentlyundertakeshe economicrisk of guaranteeinghe acceptederviceevenin the
presencef rising congestiorandthus,chargesAnotheroptionis for theingressnode
to adaptthe sendingrateto the currentcongestiorsituation.Sincethe ECN mechanism
is anend-to-endnechanisnandusuallyrequiresatransportprotocolto carrythefeed-
backfrom the receiverto the sender,t is not immediatelyobvioushow suchan ap-
proachshouldberealizedfor apartialpathin thenetwork.However if RSVPsignalling
is employedbetweenthe end nodesof sucha partial path, the periodic exchangeof
RSVPmessagesanbeusedby theegressodeto provideatleasta somekind of feed-
back to the ingress node.

4.2 Flexible Service Signalling Techniques

The following scenariopresenta variety of serviceinvocationsthatcanbe supported
usingtheRSVP-base@oSsignallingarchitectureNotethatall thescenariopresented
below can be carried out at the same time in the same infrastructure.

Reduced State Service Signalling in Backbone Networks. In this scenario,a back-
bonenetworkis assumedyhich allows to establishtrunk reservationdbetweenedge
nodes,which are dynamicin size and routing path. Becauseof a potentially large
numberof edgenodesthatadvertiseserviceso eachother,it may be inappropriateo
potentially keepstatefor eachpair of edgenodesat routers.Furthermorethe service
classdoesnot providepreciseserviceguaranteedyut ratherlooselydefinedbandwidth
objectivesRSVPsignallingcanbecarriedoutbetweereachpair of nodesncludingthe
hop stackingextensionPathstateis not storedat intermediatenodesandreservations
towardsa commonsenderare aggregateat eachnode.Consequentlythe worst-case
amountof statethathasto bekeptateachrouteris linearto thenumberof nodesjnstead
of quadratic. This example resembles the basic state reduction technique of BGRP [9].

Service Mapping of Flow Serviceto Trunk Service. The notion of compoundprefix

addresseallowsto expresservicemappingof individual flows into aggregatedrunk

servicesIndividual flow requestshatarrive at theingressendof thetrunk serviceare

incorporatednto asingleservicerequestwhichis describedy a compoundprefix ad-

dressandtransmittedo the otherendof thetrunk. In Section3.1, it is discussedhow

to distinguishtrunk traffic from otherpacketswvhich might be exchangedetweerthe

correspondingend systemsAlternatively, a tunnelmight establishedor the aggrega-
tion partof thedatapath[14] andeligible packetsareencapsulatethto thetunnel.Nev-

erthelessit is usefulto havea notionto describethe aggregateraffic flow, suchthat

signalling can be carried out across multiple autonomous systems.

Lightweight Service Signalling. Onemight evengo one stepfurtherandconsideran
RSVPPATH messagasservicerequestwhile RESV messagesnly confirmthe cur-
rently availableresourcesin thatcase the end-systemkeeptrack of the networkstate
alongthedatapathandno stateinformationis storedatintermediatenodes Suchasce-
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nario canbe realizedby a specificserviceclassinstructingeachintermediatenodeto
reportits currentload situationandservicecommitmentsbut without carryingout any
particularactivity for this requestPATH messagesecordtheir way throughthe net-
work by hop stackingand RESV messagesre initiated by receiversincluding the
amountof servicethatthisreceiverequestsOntheirwaybackto thesendertheRESV
messagés usedto collecttheinformationwhetherthis serviceis currentlypossibleln-
termediatenodesarefree to storeasmuchstateinformationasneededandfeasibleto
report best-effort estimates of the current load situation.

4.3 Application Scenarios

In additionto thesimpletechniqueslescribedn theprevioussection thefollowing ex-
amples describe more complete application scenarios which employ these techniques.

Service Signalling for Dynamic Virtual Private Networks. Considera corporateln-
ternetuserwishingto establisha virtual privatenetwork(VPN) betweermultiple loca-
tions.Eachof thesdocationsoperatesan|P networkwith adifferentsubnetaddrespre-
fix. Furthermoreit is deemedmportantto dynamicallyadaptherequested/PN capac-
ity accordingto eachlocationscurrentdemand|n this examplejt is examinechowthe
resultingservicerequestsare handledby a backbonenetwork B, which is crossedoy
traffic from multiple locations.The scenariais illustratedin Figure4. The corporate
subnetsaredenotedwith Sy, S,, S; andS,. Theedgeroutersaredepictedask;,, E, and
Es5. Eachcorporatesubnetemitsserviceadvertisementée.g.from a bandwidthbroker
or dedicatedgateway)towardsthe other subnetsgither separatelyor bundledwith a
compounddestinationaddressThe correspondingservicerequestamight be treated
separatelyr alsobeaggregatedtcertainnodesandtargetedowardsacompoundsend-
er address.

As an example,S; advertisesa

certaintotalamountof traffic to-

wards the other subnets hence
thereis no specific description
for eachsubnet.The advertise-
mentis processetby E; andfor-

wardedto the otheredgedevic- @
es.If thebackboneQoStechnol- — _p» service advertisement fromS

ogy is given by a combina-tion Figure 4: Virtual Private Network Scenario
of staticSLAs anda bandwidth

broker, E; obtainsthe informa-

tion aboutmultiple egresedgedevicesrom the bandwidthbrokerandsplitsup there-
questaccordingly If intermediatenodesalsoactasserviceenablersthe advertisement
is forwardedasabundle,until anintermediatenodecontaingwo routingentriesfor the
different destinationsubnetsThis is similar to multicastdistribution and appliesthe
servicemappingtechniquedescribedn theprevioussection.Thecorrespondergervice
requestsrom S,, Sz andS, traversebackto S; establishinghe subnet-to-subneterv-
ice. Becauseof the dynamicnatureof RSVPsignalling,the dimensioningof the VPN
service can be adapted over the time.
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Inter-Domain Service Signalling. A scenarioof inter-domaintrunk reservationsig-
nallinghasbeendescribecdandcarefullyanalysedn [9]. Thesameadvantageasreport-
edfor BGRP canbe obtainedby employingthe reducedstatesignallingtechniquede-
scribedin the previoussection.If combinedwith arecentproposako bundleandrelia-
bly transmitrefreshmessagefgl 2], RSVP providesa functionally equivalentsolution
havingthe samecomplexity asdescribedhere.However,there’sno completelynew
protocol needed.

5 Experiencesfrom Implementing RSVP

As a mainbuilding block for our architectureve haverealizeda newimplementation
of RSVP,whichis designatedo clearlyexpresfRSVPmessag@rocessingonceptsn
thecode behighly flexible andextensibleFurthermorewe haveusedanobject-orient-
eddesignandimplementatione.g.,to separateontaineimplementationgrom therest
of thecode.Thisapproachallowsto experimentvith differentdatastructuresandalgo-
rithmsfor thosecontainerghatcanbecomdargeand/orcrucialfor efficientexecution.
Detailsof theimplementatioraredescribedn [18] and[19]. The full sourcecodecan
be downloaded ahttp://www.kom.e-technik.tu-darmstadt.de/rsvp/.

Wehavedonesomeinitial performancevaluationsywhichwe consideiquitepromising
with respecto RSVP’sability to dealwith alargenumberof flows. Theimplementation
hasnotbeensubjecto detailedcode-levebptimization,sofar. However,onaFreeBSD
workstation,equippedwith a singlePentiumlll 450 MHz processorpur implementa-
tion is ableto handlethe signallingfor atleast50,000unicastflows underalmostreal-
istic conditions(see[20] for details).Fromthesenumberswe deducehatthe applica-
bility of RSVPasagenerapurposesignallinginterfaceandprotocolto handlebothag-
gregated and per-flow service requests, is much better than generally assumed.
Besidedts complexityof operationRSVPis oftenobjectedo asbeingoverly complex
for implementation Our own experienceshowsthat RSVP indeedexhibits a certain
complexity.However,we havebeenableto realizeanalmostcompleteandevenmulti-
threadedmplementationof RSVP investinglessthan 18 person-monthsf develop-
menteffort. Giventhelargeapplicabilityandtheinherentcomplexityof theunderlying
problemof providing performantend-to-endserviceswe believethatthis experience
somewhat contradicts those objections.

6 Related Work

Becauseof thefairly broadscopeof this paper,almostall researchn the areaof QoS
for packet-switchedhetworkscanbe consideredasrelatedwork. Here,we haveto re-
strict ourselves to only a few relevant examples.

Veryinterestingvork hasbeencarriedoutin theareaof opensignalling[21]. However,
thefocusof this work goesmuchbeyondour understandingf signallingin both effort
andgoals.lt istargetedowardscreatingorogrammablénterfacesemployingactivenet-
workingnodesIn thatsenseét canbeconsiderednoreheavy-weightindlessevolution-
ary as compared to a simple protocol-based approach.
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Many otherproposahavebeenmadefor so-calledlightweight” signallingprotocols,
e.g.in [12,22,23].While all theseproposalsontaininterestingpropertieswe believeit

is advantageou® approacttheoverallproblemwith asinglehomogeneougrotocolas
comparedo usingmultiple protocolsfor differentservicesandscopesbecausasingle
protocol eliminates functional redundancy.

In comparisorto proposal$owto carryouttheinter-operatiorof multiple QoSmech-
anismswe concentrat®ntheinterfacerole of asignallingprotocolandtakemorefree-
domto extendthe currentRSVPspecification Work asdescribedn [10,13,14]canbe
considerechscomplementaryin thatlow-level detailedaspectof inter-operatiorare
examined and solved.

7 Conclusionsand Future Work

In this paperwe havediscussedndillustratedthe feasibility of anextendedsersionof
RSVPto serveasgenerakignallinginterfacefor multi-servicenetworks We havepre-
sentedaflexible, role-based)oSsignallingarchitecturebasedn anextendedrersion
of RSVP.Thisarchitecturaitilizestheobservatiorthatasignallingprotocolcanbecon-
sideredascarryingouttwo roles,asdistributedalgorithmandinterfacemechanismAf-

terwardswe havepresented usecaseanalysisto demonstratehat sucha systemar-
chitecturecanenablegenerakervicesignallingfor alargevariety of serviceclassesin-

cluding aggregateand per-flow services Experiencegnd performancenumbersirom

creatingthe basicbuilding block, a newimplementatiorof RSVP,havebeenincluded
in this paperto argueagainstcommonprejudicedn this area.Finally, we havebriefly

discussed the relation of this work to other approaches.

We intendto realizethefull systemdescribedn this paper partially in the framework
of a cooperativeEuropearresearctproject.If time permits,further examinationand
tuning of the coreRSVPenginewill be carriedoutin thefuture.A particularfocusof

our researctagendawill be the genericyet efficient realizationof inter-operatiorbe-

tweenRSVPandactualQoStechnologiessuchasDiffServ. Of coursethediscussion
aboutthe bestway to providequantitativeandreliable QoSassurancem the Internet,
to eventuallycreateatruly multi-servicenetwork,is still openandfurtherwork is need-
ed on all aspects.
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