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Abstract

Thispaperdescribesthefirst proof-of-conceptimplementationof theIndiQoSarchitecture:asystem

thatintendsto supporttheseamlessintegrationof QoSprovision in publish-subscribesystems.A unique

featureof the IndiQoSarchitecture,is that applicationsarestructuredfollowing the publish-subscribe

paradigmandexpressQoSparameterswith constructssimilar to thoseusedto handleotheraspectsof

thedataflow, suchastheonesusedto expressinterestin a particularsubjector content.

Althoughwe aim to build a systemthat is ableto managedifferentQoSmechanismsat thenetwork

andoperatingsystemlevel, the currentpaperfocuson the useof RSVPandintegratedservicesin the

IndiQoSarchitecture.Two main aspectsarestudied:definitionof QoSparametersfor useby publish-

subscribeapplicationsandoptimal assignmentof datanetwork resourcesfor a given configurationof

publishersandsubscribers.

1 Intr oduction

Theindirectcommunicationmodel(supportedby publish-subscribesystems)ownsa numberof attractive

characteristicsthatcannotbefoundin thedirectcommunicationmodel(supportedby mechanismssuchas

socketsor remoteinvocations).In particular, theindirectcommunicationmodeloffersa weakcouplingof

participantsin distributedcomputationthat simplifiesreconfigurationof applicationsaswell asre-useof

componentsin new applications.

Unfortunately, mostexistingpublish-subscribearchitecturesandimplementations,suchasfor instance,

the CEA (CambridgeEvent Architecture)[3], SIENA (ScalableInternet Event Notification Architec-

tures)[6], CORBA EventService[9], CORBA NotificationService[8] orJMS(JavaMessageService)[13],

offer very limited supportto QoSprovision. For instance,thespecificationof bandwidthor latency con-

straintsis typically not consideredin thesearchitectures.This is a significantdrawback,sinceQoSparam-

etersareanimportantcomponentof modernapplications.



Wehaverecentlysketchedanarchitecturecapableof guaranteeingQoStopublish-subscribeapplications[2].

Thisarchitecture,calledIndiQoS,hastheinterestingfeatureof supportingthedefinitionof QoSparameters

constructssimilar to thoseusedto handleotheraspectsof thedataflow, suchastheonesusedto express

interestin a particularsubjector content. In the samepaper, we have also identifiedthe principlesthat

shouldguidethedevelopmentof theIndiQoSmessagebroker themainchallengesin its implementation.

In this paper, we presenta particular instantiationof the IndiQoS architecturefor the casewhere

RSVP[4] with IntegratedServices[5] areusedastheunderlyingnetwork mechanismsto supportthepro-

vision of QoSparameters.In particular, we concentrateon two problems:

� selectionof meaningfulQoSparameters for publishers andsubscribers: Qosparametersfor appli-

cationsmustbechosencarefullyto allow their translationinto integratedservicesparameters;

� mappingproblem: given a concretesetof QoSadvertisementsandsubscriptions,how shouldthe

messagebrokerconfiguretheunderlyingnetwork. This is anoptimizationproblem.

We mustemphasizethat thegoalof the IndiQoSarchitectureis to supportdifferentlow-level mecha-

nisms,andnot only RSVPwith Integratedservices,andto hide from theapplicationsthedetailsof these

underlyingmechanisms.Therefore,we seekfor genericsolutionsandassumethat the messagebroker

itself mustbe responsiblefor managingthe necessaryQoSconnectionsor reservationsandQoScontrol

traffic onbehalfof applications.QoSconnections/reservationsareseenas“resources”of themessagebro-

ker. In particular, aswe intendto useRSVPin our QoSpublish-subscribearchitecture,RSVPreservations

area particulartypeof resourcesto bemanagedby theIndiQoSmessagebroker. For instance,whennew

subscriptionwith QoSparameteris made,the messagebroker may decideto allocatenew resourcesby

settingup a new reservationor it maydecideto shareanexisting resourceto supportthedisseminationof

notifications.

Thepaperis structuredasfollows. In Section2 we first presentan overview of our framework for a

publish-subscribearchitecturewith supportfor QoS.In Section3 wedefineQoSparametersfor useby QoS

publish-subscribeapplications.In Section4 we point out theproblemsthatwill arisewhenimplementing

themessagebroker. Section5 concludesthepaper.

2 A QoSPublish-SubscribeAr chitecture

WehaverecentlyproposedtheIndiQoSarchitecture,apublish-subscribearchitecturewith supportfor QoS

guarantees[2]. In this architecture,publishersareresponsiblefor characterizingtheQoSpropertiesof the

streamof notificationsthey produce.Ontheotherhand,whensubscribersregistertheir interestin receiving

certaintypesof notifications,they canspecifyfilters that expressQoSconstraints.The interpretationof

thesefilters dependson theQoSprofilesadvertisedby publishers.
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TheIndiQoSarchitecture,requiresproducersof informationto disseminateadvertisementsthatinclude

theQoSprofile of thenotificationflow. Theseadvertisementsarerequiredfor two mainreasons.Firstly,

subscribersneedto be awareof the QoSparametersof the information they wish to receive. It would

not make much sensefor a subscriberto ask for someQoS constraintswith no correspondenceto any

publisher’sgeneratedtraffic. Secondly, it is necessaryto ensureQoSto notificationsin transit.Hence,the

messagebrokerneedsto reserve thenecessaryresourcesto supportthenotificationflow.

In theIndiQoSarchitecture,theprofile of thenotificationstreamis advertisedin thefollowing way:

Publisherp = new Publisherof � Type� withPr ofile(X ) withQoSProfile(Y )

WhereX describesthe contentsof the informationandY is its QoScharacterization.For instance,

consideraproviderof informationthatcollectsanddisseminatesdatafrom atemperaturesensor:wecould

have X = (room=“lab1”, temperature=any, precision=0.01). Y describestheQoSpropertiesthat should

beguaranteedto thesetof notificationscoveredby X. How to expressthesepropertiesis oneof thecore

issuesof this paperandits discussionis postponedto section3.

On thesubscriberside,QoSattributesareexpressedwith a filtering conditionsimilar to filters usedon

informationcontents:

Subscribers = subscribe � Type� where (filter( � Type� ) ) withQoS (Y’ )

� Type� shouldbe the sametype presentin the advertisement.A subscriberlimits the setof notifi-

cationsit receivesof that particulartype with a function (filter) that dependson the particulartype. An

additionalconstraintis introducedin our architecturewith termY’ thatexpressesQoS.Discussionof this

termY’ is alsopostponedto section3.

To publisha notification,thepublisherwould thendo:

e = new � Type� (X � )
p.publish(e)

Wherewe wouldhave, for instance,X� = (room=“lab1”, temperature=22,precision=0.01). TheQoS

propertiesenforcedat run-timearederiveddynamicallyfrom thecombinationof theprofile Y advertised

by thepublisherandfrom thefilter Y’ specifiedby thesubscriber(s).Therefore,theactualQoSparameters

of eachnotification, are not explicitly specifiedin the publish operationbut computedby the IndiQoS

messagebroker which is alsoresponsiblefor makingthe appropriatereservationof network resourcesto

supportthem.

As in any systemsupportingindirectcommunication,in theIndiQoSarchitectureanapplicationdoes

not needto beawareof thenumberor locationof its peers.Instead,theapplicationneedsonly to becon-

cernedwith the propertiesof the informationbeingproducedor consumed.The samereasoningapplies
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to QoSconsiderations:theapplicationneedsonly to beconcernedwith expressingQoSprofilesandcon-

straintswithout dealingexplicitly with thereservationof theunderlyingresources(that,naturally, depend

on thenumberof publishersandsubscribers).

In the IndiQoS architecture,complexity of selectingthe appropriateset of reservationsof network

resourcesis delegatedon a QoS-awaremessagebroker. To supportQoS,the messagebroker mustuse

datanetworks and operatingsystemswith provision for QoS and useresourcesfrom theseunderlying

infrastructures.In this paper, we studya particularcasethatconsidersexclusively RSVPresources.

3 RSVPResources

This sectionis concernedwith definingtheparametersto beusedby thepublishersto specifytheprofile

of the notification stream,andby the subscriberswhenspecifyingQoS filters. The definition of these

parametersmustconciliatethefollowing goals:

� it shouldbepossibleto translatetheseparametersinto thelow-level parametersusedby theunderly-

ing RSVP[4] with IETF integratedservices[5] mechanisms;

� they shouldbegeneric,in thesensethatits useshouldnotpreventanapplicationto beportedto other

networks,usingdifferenttypesof mechanismsto enforceQoS.

Therefore,to definegenericQoSparametersfor IndiQoSweneedfirst to beawareof integratedservices

QoSparameters.For commoditywesummarizethemhere(see[14]):

� Thesenderspecifiesthe traffic it is going to generatein RSVPSENDERTSPECobjects.A token

bucket with someadditionalparametersdescribesQoS parameters:token bucket rate ( � ), token

bucket size( � ), peakdatarate(� ), minimumpolicedunit ( � ) andmaximumpacket size( � ). For

a comprehensive foundationon token bucket seefor instance[11]. Peakrateparameter(� ) is the

sender’s peaktraffic generationrateor, if not controlled,physicalinterfaceline rate(it may be set

to infinity if no othervalueis available);theminimumpolicedunit parameter( � ) is thesizeof the

smallestpacket generatedby theapplication1; themaximumpacket sizeparameter( � ) is thesize

of the largestpacket generatedby theapplication.SENDERTSPECobjectsdo not dependon the

classof the service. This meansthat they have the sameQoSparametersfor both controlled-load

andguaranteedservices.

� The receiver RSVP FLOWSEPCobject differs from controlled-loadto guaranteedservice. For

Controlled-Loadservicethe QoSparametersare(TSpec):token bucket rate( � ), token bucket size

( � ), peakdatarate(� ), minimumpolicedunit ( � ) andmaximumpacketsize( � ). Theseparameters

look like thosefor SENDERTSPECobjectsexceptthat i) M is now setfor thesmallestMaximum

1Includingall protocolheadersabove theIP level.
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TransmissionUnit (MTU) existingonthepathconnectingsenderandreceiver; ii) descriptionof ( � )

is muchmorecomplicatedandis not includedhere.For guaranteedservice,additionalQoSparame-

tersarerequired(RSpec):rate( 	 ) andslackterm( 
 ). Rate( 	 , ����	�
�� ) is avaluethatrepresents

thebandwidththata dedicatedchannelshouldprovide betweensourceandreceiver to achieveend-

to-endbehavior conformingto themodeldefinedin [12]. This valueis usefulto determinea bound

to the delay. The slackterm ( 
 ) is addedto the so calculateddelayto provide the final delay the

applicationis requesting.

Hence,to createa publish-subscribearchitectureon top of RSVPwith Integratedserviceswe must

considerthefollowing:

� QoSparametersspecifiedby publishersin advertisementsmustbetranslatedto tokenbucketparam-

eters,togetherwith apeakdatarate.Limits for advertisement(packet)sizesshouldalsobeprovided;

� QoSparametersspecifiedin subscriptionsmustalsobetranslatedto thesametokenbucketandpeak

datarateparameters.However, subscriberscanaddlatency requirements.If they do this, theclass

of serviceshouldbeguaranteed,if they do not, theclassof serviceshouldbecontrolled-load.

From[12], which describestheguaranteedserviceit is easyto seethat theonly QoSparametersthat

areguaranteedarebandwidth(for both services,controlled-loadandguaranteed)andmaximumlatency

(for guaranteedserviceonly). It is thereforepointlessto try to guaranteeotherparameterslike jitter, loss

ratioor availability.

Table1 shows the QoS parametersthat aresupportedby this instantiationof the IndiQoS architec-

ture. Both publishersandsubscribershave to expressthe sizeof the notificationsandnotification rate.

Subscribersmayalsowish to addanotherconstraint,concerningmaximumlatency.

Table1: QoSparametersfor publish-subscribeapplications

Publisher Subscriber
size rate size& rate latency

size of notifications
or (if notification
size varies) mini-
mum and maximum
notificationsize

averagenumberof notificationsper
timeunit and (if known) maximum
numberof notificationsonsomepe-
riod of time or (if theproducedin-
formation is strictly periodic) pe-
riod of time betweentwo consec-
utive notificationsor token bucket
parameters

identicalto publisher
may or may not be
specified

At this stage,we only admit two simpleclassesof service:with andwithout QoS.If applicationsdo

not requireQoS,then,QoSparametersdo not needto bepresentin eitheradvertisementsor subscriptions.
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We call “sporadic” to this classof service. In RSVPwith Integratedservicesthis correspondsto a best-

effort service.If applicationsrequiresomeQoS,thentheresultingRSVPclassof servicedependson QoS

parameterspresenton bothadvertisementsandsubscriptions.Figure1 showsall possiblecombinationsin

Karnaughmap-like form. An ’X’ is usedwhenever thecombinationmakesnosense.

Controlled-

�

load

� Guaranteed


�
Best-effort

�

X

�publisher
�

specifies QoS
�

subscriber specifies QoS
�

subscriber specifies latency
�

Best-effort

�

X

�

X

�

X

�

Figure1: Correspondenceto IntegratedServices

Translatingapplicationlevel QoSparametersto integratedservicesparametersis straightforward,be-

causethey have analmostdirectcorrespondence.However, therearesomescenariosthatdeserve further

attention.Whenever notificationsizeis not available,maximumnotificationsizeshouldbeused,because

this representstheworst-casesituation.Maximumnotificationrateshouldalsobeusedto providea value

for peakdatarate(� ).
A slightly moredifficult scenariooccurswhensubscribersimposerestrictionson latency. In this case,

it is necessaryto determinetherate( 	 ) andslackterm( 
 ). By [12] we have inequalities1, where � is the

end-to-enddelayand � therequestedlatency. ������� and � ����� areratedependentandrateindependentdelays

acrossentirepath,respectively. [12] doesnot specifyhow �����!� and � ����� areobtainedby theapplication.

It just ensuresthat thereshouldbe a mechanismfor it. Consideringonly the latency inequalitywe may

derivea lowerboundfor 	 in inequality2.

�#" ��$%�	
& �'$(	
�'$(�

) � ) � ���!�
	

) � ���!� "*� (1)

	+

,!-/.
0 -21 � ) � ) � �����
�/$%� ����� ) ,!-3.0 -/1 (2)

If weconsidertheslackterm 
 , theresultwill begivenby inequality3, instead.Thisequationgives 	
asa functionof 
 , afterfixing theremainingvariables.

	�

,!-/.
0 -21 � ) � ) �������
�/$(� ���!�4$5
 ) ,!-/.0 -21 (3)

Noticethatit makesno senseto have � � �6���!� ) 
 , sinceit is not possibleto requirea latency smaller

thata fixedend-to-enddelayplusagivenslack.

GiventheseQoSparametersto beusedby publish-subscribeapplicationswe have thefollowing prob-

lem to solve: how to determinethe optimal correspondencebetweenQoSrequestedby applicationsand
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RSVPresourcereservations.By optimal solutionwe meana solutionthatminimizesnetwork utilization

basedon somecriterionwhile still satisfyingapplication’s requests.

For now, we will considerthe following input variablesto our problem: locationof publishers(sub-

scribers)andtheir respective advertisements2 (subscriptions),existing QoSparametersboth for applica-

tionsanddatanetwork, availableIP multicastaddressesand,possibly, thedatanetwork topology. Wekeep

QoSparametersasaninput variableto reducecostsin changingbothnetwork infrastructuresandAPIs.

Thedesiredoutputnecessarilydependson thenetwork infrastructure.In thecaseof RSVPwith Inte-

gratedservicesthe output is expressedin termsof RSVPresourcereservations. Thesereservationsmay

belongto unicastor multicastsessionsandhave specificQoSesalsoto be determinedassolutionsto the

globalproblem.

4 Mapping QoSSubscriptionsInto RSVPReservations

In this sectionwe addresstheproblemof determiningthemappingbetweena givenconfigurationof pub-

lishersandsubscribers(with the associatedprofilesandfilters) andthe requiredRSVPresourcereserva-

tions.

As notedbefore, this mappingis establisheddynamicallyby the QoS-aware messagebroker. The

IndiQoS messagebroker is a distributedentity. In the instantiationthat is describedhere,all mapping

decisionsareestablishedby a centralizedcontrolcomponentthatexecutesin a givennodeof thesystem.

Therefore,in thisparticularcase,themessagebrokerhasonly two maintypesof components:localproxies,

thatexecuteat every nodeof thesystem,andthecentralizedcontrolmodule.Themessagebrokerproxies

areresponsiblefor forwardingto thecontrolmoduleinformationaboutadvertisementsandsubscriptions

andfor establishingtherequiredreservationasinstructedby thecontrolmodule.Theseactionsaretrans-

parentto publisheror subscriberapplicationsthat usethe messagebroker. The proposedarchitectureis

depictedin figure2.

Weareawarethatto rely onasinglecentralizedcontrolmodulehasanumberof drawbacks.Not only it

representsasinglepointof failurebut it representsa limiting factorfor thescalabilityof thebroker. There-

fore, in thefuturewe planto studytheimplementationof decentralizedversionof thecontrolcomponent.

On theotherhand,theuseof a centralizedcontrolapproachin thefirst prototypeprovidesuswith anidea

of thequalityof thesolutionsthatcanbeachieved: it is likely thatversionsusingdistributedcontrolwould

approximate,but not reach,thesamequality of asolutionthatreliesonglobalknowledge.

A naivesolutionfor themappingproblemwouldconsistin establishingapoint-to-pointreservationbe-

tweenany pair of matchingpublisherandsubscriber. Althoughtrivial to implement,suchsolutionwould

not promotea satisfactoryusageof available resources.In fact, whenseveral similar subscriptionsoc-

cur, it is possibleto obtain importantbenefitsin termsof reducednetwork traffic by supportingseveral

subscriptionsusingasingleIP multicastaddress.
2Keepin mind thatadvertisementsaswell assubscriptionsnow carryQoSinformation.
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Figure2: Outlineof acentralizedpublish-subscribearchitecture

On the otherextreme,onecould groupall subscriptionson the samemulticastaddress,regardlessof

thefiltersspecifiedby eachindividualsubscriber. Fromthepointof view of thenumberof RSVPsessions,

this solutionwould beoptimal sinceit would promotea maximalshareof resources.Unfortunately, this

solutionis alsonot satisfactory, becauseevery notificationwould besentto all subscribersindependently

of their subscriptions.

Neitherof thetwo previousextremesolutions(point-to-pointfor eachsubscriptionandsinglemulticast

addressfor all subscriptions)requiresa messagebroker sincethe mappingis pre-defined.However, the

type of solutionwe areseekingconsistsin mappingrelatedsubscriptions(i.e., subscriptionsthat sharea

significantnumberof commonparameters)on a singleIP multicastaddressbut to usedifferentaddresses

to subscriptionsthat are unrelated. Given that the numberof available multicastaddressesis typically

scarce[7], it is importantto adequatelydistributetheavailableaddressesamongall existing subscriptions.

To solve this problem,calledthe“mappingproblem”,oneneedsa messagebrokerwith a controlcompo-

nents,evenif not necessarilycentralized.

Notethatnotall subscriptionsneedto besupportedby multicastaddresses:it is possiblethatsomesub-

scriptionsarebetteraddressedusingpoint-to-pointreservations.Subscriptionsthatarefrequentlymadeby

a largenumberof subscribersarebettersupportedby multicast,sincetherearemany opportunitiesfor re-

sourcesharing,andsubscriptionthatareuncommonarelikely to beservedby apoint-to-pointreservation.

The advantageof having a messagebroker is that the applicationsdo not needto be concernedwith the

optimizationissuesrelevantto themappingdecision.It is up to themessagebroker to find theappropriate

mappingson their behalf.Sincethebroker triesto optimizetheresourceusageat thegloballevel (i.e., on

behalfof many publishersandsubscribers),it mayhappenthatsomemulticastaddressesserve nodesthat

arenot interestedin receiving all notificationsdeliveredto thataddress.Theseextra notificationshave to

befilteredby theproxy of themessagebrokerat theaffectednode.
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Thepairingproblem,asdescribedsofarhasalreadybeenaddressedin thecontext of publish-subscribe

systemswithout QoSfeatures[1, 10]. The interestingaspectof addressingthis problemin thecontext of

a QoS-awarebroker, is thattheproblembecomesmorecomplex, andnew algorithmsor heuristicsneedto

bederived. Table2 shows anexamplewith a numberof matchingadvertisementsandsubscriptions.Two

differentsetsof QoSparametersareprovidedasanexample.In thesetwo sets,only tokenbucket rate( � )
in bpsis considered.

Assumethatthequalityof asolutionfor thepairingproblemis evaluatedin termsof wastedbandwidth,

measuredasthenumberof bitsdeliveredto nodesthathavenot registeredinterestin thecorrespondingno-

tifications(therefore,thesenotificationsneedto be filtered locally by theproxy of the messagebroker at

thosenodes).To simplify thepresentation,considerthatonly two multicastaddressesareavailableto sup-

port thissetof advertisementsandsubscriptions.Onepossiblesolutionis depictedin Table3: thissolution

wastes:<;=:<; bpsfor thefirst setand >?:<@A; bpsfor thesecondset(thesevaluesareobtainedby summingthe

ratesof all unsolicitednotificationsfor all nodes).Considernow thealternative mappingof Table4: this

solutionwastesB<CD;D; bpsfor thefirst setand E<FGC bpsfor thesecondset.Thissmallexampleclearlyshows

that thequality of a solutionis highly dependentof QoSparameterssuchasrequestedbandwidth.Thus,

existingalgorithms,suchasfor instance[1, 10], shouldbeadapted(or evenreplaced)to copewith QoS.

Table2: Subscriptions
adv. w/ matchingsubs. subscriber(s) set1 set2

a A, D, E � = 800bps � = 20 bps
b B, C � = 80 bps � = 30 bps
c A, E � = 500bps � = 1000bps
d B, C, E, F � = 20 bps � = 50 bps
e D, E � = 600bps � = 60 bps
f B, C, F � = 100bps � = 25 bps
g D, E � = 1000bps � = 100bps

Table3: Multicastmappingaddresses— solution1
Mulicastaddress adv. w/ matchingsubs.H(I A, D, E a,c, d, e,gJ I B, C, F b, d, f

Table4: Multicastmappingaddresses— solution2
Mulicastaddress adv. w/ matchingsubs.HKI A, E a,c, d, e,gJ I B, C, D, F b, d, e, f, g

Wearecurrentlyworkingon deriving algorithmsto solve themappingproblemin QoS-awaresettings.

We illustrate the shapeof the solutionwith a very simplemappingstrategy. Considerthat L multicast
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groupsareavailable. The strategy consistsin distributing, in a first phase,theseL addressesto the L
subscriptionsthatrequirehigherbandwidth.Thebandwidthis calculatedconsideringthenotificationtoken

bucket rate times the numberof subscribers.After this first step,the remainingsubscriptionwould be

mappedon oneof thepreviousaddressesor on unicastaddresses,dependingon thedegreeof overlapping

with themappingsperformedin thefirst phase.

5 Conclusion

This paperhasdescribeda particularinstantiationof theIndiQoSarchitecture:a publish-subscribesystem

whereapplicationsmayexpressesQoSrequirementsusingconstructssimilar to thoseusedto handleother

aspectsof thedataflow, suchastheonesusedto expressinterestin aparticularsubjector content.

The instantiationaddressedin this paperhasconsideredthe useof RSVPandintegratedservicesas

mechanismsto supportthe provision of QoS parametersin IP networks. Two main problemsneedto

be solved whenbuilding a messagebroker basedon thesenetwork level mechanisms.In the first place,

we needto defineQoSparametersthataresuitablefor publish-subscribeapplicationsandtranslatethem

into integratedservicesparameters.Second,we needto sharenetwork resourcesto optimize resource

consumptionwhile satisfyingtherequirementsof theapplications.

WhendefiningtheQoSparameters,wehaveoptedto favor simplicity. Hence,wehavedefinedQoSpa-

rametersthatallow astraightforwardmappinginto integratedservicesQoStokenbucketparameters.When

addressingtheresourceconsumptionissue,wehaveconsideredtheaspectof distributinga limited number

of IP multicastaddressesby existing subscriptions— the“mappingproblem”. This is a known complex

problem,that it is further complicatedby the presenceof QoSparameters.We claim that QoSparame-

tersshouldbeoneof thedeterminingfactorswhenfinding adequatesolutionsfor the“mappingproblem”.

As a proof-of-concept,a preliminarysolutionto themappingproblemis given,but morecomplex, better

solutionswill besubjectof futurework.
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