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Abstract

This paperdescribeshefirst proof-of-conceptmplementatiorof the IndiQoSarchitecturea system
thatintendsto supportthe seamlesgtegrationof QoSprovisionin publish-subscribeystemsA unique
featureof the IndiQoS architecturejs that applicationsare structuredfollowing the publish-subscribe
paradigmand expressQoS parametersvith constructssimilar to thoseusedto handleotheraspectof
thedataflow, suchasthe onesusedto expressinterestin a particularsubjector content.

Althoughwe aim to build a systenthatis ableto managaifferentQoSmechanismsit the network
andoperatingsystemlevel, the currentpaperfocuson the useof RSVP andintegratedservicesin the
IndiQoSarchitecture. Two main aspectsare studied: definition of QoS parameter$or useby publish-
subscribeapplicationsand optimal assignmenbdf datanetwork resourcedor a given configurationof

publishersandsubscribers.

1 Intr oduction

Theindirectcommunicatiormodel(supportedy publish-subscribeystemspwnsa numberof attractve
characteristicthatcannotbefoundin thedirectcommunicatioomodel(supportedy mechanismsuchas
socletsor remoteinvocations).In particulay theindirectcommunicatiormodeloffersaweakcouplingof
participantsn distributed computationthat simplifiesreconfiguratiorof applicationsaswell asre-useof
componentsn new applications.

Unfortunately mostexisting publish-subscribarchitecturesndimplementationssuchasfor instance,
the CEA (CambridgeEvent Architecture)[3], SIENA (Scalablelnternet Event Notification Architec-
tures)[6], CORBA EventServicg9], CORBA NotificationServiceg8] or IMS(JavaMessag&ervice)13],
offer very limited supportto QoSprovision. For instance the specificationof bandwidthor lateng/ con-
straintsis typically not consideredn thesearchitecturesThis is a significantdravback,sinceQoSparam-

etersareanimportantcomponenbf modernapplications.



We haverecentlysketchedanarchitectureapableof guaranteein@oSto publish-subscribapplications[2
ThisarchitecturecalledIindiQoS,hastheinterestingeatureof supportinghedefinitionof QoSparameters
constructssimilar to thoseusedto handleotheraspectof the dataflow, suchasthe onesusedto express
interestin a particularsubjector content. In the samepaper we have alsoidentified the principlesthat
shouldguidethe developmenbf the IndiQoSmessagéroker themainchallengesn its implementation.

In this paper we presenta particularinstantiationof the IndiQoS architecturefor the casewhere
RSVP[4] with IntegratedServiceg5] areusedasthe underlyingnetwork mechanismso supportthe pro-

vision of QoSparametersin particular we concentraten two problems:

¢ selectionof meaningfulQoSparametes for publishes and subscribes. Qosparametergor appli-

cationsmustbe chosercarefullyto allow their translationinto integratedservicegparameters;

e mappingproblem givena concretesetof QoS adwertisementsand subscriptionshow shouldthe

messagéroker configurethe underlyingnetwork. Thisis anoptimizationproblem.

We mustemphasizehatthe goal of the IndiQoSarchitecturds to supportdifferentlow-level mecha-
nisms,andnot only RSVPwith Integratedservicesandto hide from the applicationghe detailsof these
underlyingmechanisms.Therefore,we seekfor genericsolutionsand assumehat the messagéroker
itself mustbe responsibldor managingthe necessarQoS connectionr resenationsand QoS control
traffic on behalfof applicationsQoSconnections/reseationsareseenas‘resources’of themessagéro-
ker. In particular aswe intendto useRSVPin our QoSpublish-subscribarchitectureRSVPresenations
area particulartype of resourceso be managedy the IndiQoSmessagéroker. For instancewhennew
subscriptionwith QoS parameteis made,the messagéroker may decideto allocatenew resourcedy
settingup a new resenationor it maydecideto sharean existing resourceo supportthe disseminatiorof
notifications.

The paperis structuredasfollows. In Section2 we first presentan overview of our framework for a
publish-subscribarchitecturevith supportfor QoS.In Section3 we defineQoSparameterfor useby QoS
publish-subscribapplications.In Section4 we point out the problemsthatwill arisewhenimplementing

themessagéroker. Section5 concludeghe paper

2 A QoSPublish-SubscribeAr chitecture

We haverecentlyproposedheIndiQoSarchitecturea publish-subscribarchitecturevith supportfor QoS
guaranteeR?]. In thisarchitecturepublishersareresponsibldor characterizinghe QoS propertiesof the
streamof notificationsthey produce Ontheotherhand whensubscribersegistertheirinterestn receving
certaintypesof notifications,they canspecifyfilters that expressQoS constraints.The interpretationof

thesefilters depend®on the QoSprofilesadwertisedby publishers.



ThelndiQoSarchitecturerequiresproducerof informationto disseminatadwertisementshatinclude
the QoS profile of the notificationflow. Theseadwertisementsrerequiredfor two mainreasons Firstly,
subscribersieedto be aware of the QoS parameter®f the informationthey wish to receve. It would
not make much sensefor a subscriberto ask for someQoS constraintswith no correspondence ary
publishers generatedraffic. Secondlyit is necessaryo ensureQoSto notificationsin transit. Hence the
messagéroker needdo resere the necessaryesourceso supportthe notificationflow.

In the IndiQoSarchitecturethe profile of the notificationstreamis adwertisedin thefollowing way:

Publishemp = new Publisherof <Type> withPr ofile(X) withQoSProfile(Y)

Where X describeghe contentsof the informationandY is its QoS characterization.For instance,
considera provider of informationthatcollectsanddisseminatedatafrom atemperatursensorwe could
have X = (room="lab1”, tempeature=any, precision=0.01) Y describegshe QoSpropertieghatshould
be guaranteedo the setof notificationscoveredby X. How to expressthesepropertiesis oneof the core
issuef this paperandits discussiorns postponedo section3.

Onthesubscribeside,QoSattributesareexpressedvith afiltering conditionsimilar to filters usedon

informationcontents:
Subscribes = subscribe< Type> where (filter(< Type>)) withQoS (Y)

<Type> shouldbe the sametype presentin the adwertisement.A subscribeldimits the setof notifi-
cationsit recevesof that particulartype with a function (filter) that dependson the particulartype. An
additionalconstraintis introducedin our architecturewith termY’ thatexpresse€oS.Discussiorof this
termY’ is alsopostponedo section3.

To publisha notification,the publisherwould thendo:

e=new<Type>(X1)
p.publish(e)

Wherewe would have, for instance X; = (room="lab1”, tempeature=22, precision=0.01) The QoS
propertiesenforcedat run-timearederived dynamicallyfrom the combinationof the profile Y adwertised
by the publisherandfrom thefilter Y’ specifiedby the subscriber(s)ThereforetheactualQoSparameters
of eachnotification, are not explicitly specifiedin the publish operationbut computedby the IndiQoS
messagdroker which is alsoresponsibldor makingthe appropriateresenation of network resourceso
supportthem.

As in ary systemsupportingindirectcommunicationin the IndiQoSarchitecturean applicationdoes
not needto be awareof the numberor locationof its peers.Instead the applicationneedsonly to be con-

cernedwith the propertiesof the informationbeingproducedor consumed.The samereasoningapplies



to QoSconsiderationsthe applicationneedsonly to be concernedvith expressingQoSprofilesandcon-
straintswithout dealingexplicitly with theresenationof the underlyingresourcegthat, naturally depend
onthenumberof publishersaandsubscribers).

In the IndiQoS architecture,compleity of selectingthe appropriateset of resenationsof network
resourcess delegatedon a QoS-avare messagédroker. To supportQosS,the messagdroker mustuse
datanetworks and operatingsystemswith provision for QoS and useresourcedrom theseunderlying

infrastructuresin this paperwe studya particularcasethatconsidersxclusively RSVPresources.

3 RSVP Resources

This sectionis concernedvith definingthe parameterso be usedby the publisherso specifythe profile
of the notification stream,and by the subscriberavhen specifying QoS filters. The definition of these

parametersmustconciliatethefollowing goals:

¢ it shouldbe possibleto translateheseparameterinto thelow-level parametersisedby theunderly-

ing RSVP[4] with IETF integratedserviced5] mechanisms;

¢ they shouldbegenericjn thesensdhatits useshouldnot preventanapplicationto beportedto other

networks,usingdifferenttypesof mechanismso enforceQoS.

Thereforeto definegenericQoSparameterfor IndiQoSwe needfirstto beawareof integratedservices

QoSparametersi-or commoditywe summarizehemhere(see[14]):

e Thesenderspecifieghetraffic it is goingto generaten RSVP SENDERTSPECobjects. A token
bucket with someadditional parametersiescribesQoS parameters:token bucket rate (r), token
bucket size (b), peakdatarate (p), minimum policedunit (m) andmaximumpaclet size (). For
a comprehensie foundationon token bucket seefor instance[11]. Peakrate parametelp) is the
senders peaktraffic generatiorrateor, if not controlled,physicalinterfaceline rate (it may be set
to infinity if no othervalueis available);the minimum policedunit paramete(m) is the sizeof the
smallestpacket generatedby the application'; the maximumpaclet sizeparamete(M) is the size
of the largestpaclet generatedy the application. SENDER TSPECobjectsdo not dependon the
classof the service. This meansthatthey have the sameQoS parametergor both controlled-load

andguaranteedervices.

e The recever RSVP FLOWSEPCobject differs from controlled-loadto guaranteedservice. For
Controlled-Loadservicethe QoS parametersire (TSpec): token bucket rate (r), token bucket size
(b), peakdatarate(p), minimumpolicedunit (m) andmaximumpaclet size(M). Theseparameters

look like thosefor SENDER TSPECobjectsexceptthati) M is now setfor the smallestMaximum

includingall protocolheadersabave the IP level.



TransmissiorJnit (MTU) existingonthepathconnectingsendemandrecever;ii) descriptionof (m)

is muchmorecomplicatedandis notincludedhere.For guaranteedervice additionalQoSparame-

tersarerequired(RSpec)rate(R) andslackterm(S). Rate(R, p > R > r) isavaluethatrepresents

thebandwidththata dedicatecchannelkshouldprovide betweernsourceandrecever to achieve end-

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

to thedelay Theslackterm (S) is addedto the so calculateddelayto provide the final delaythe

applicationis requesting.

Hence,to createa publish-subscribarchitectureon top of RSVP with Integratedserviceswe must

considertthefollowing:

e QoSparameterspecifiedby publishersn adwertisementsnustbetranslatedo tokenbucket param-

eterstogethewith a peakdatarate.Limits for adwertisemen{paclet) sizesshouldalsobeprovided;

e QoSparameterspecifiedn subscriptionsnustalsobe translatedo the sametokenbucketandpeak

datarate parametersHowever, subscriberganaddlateng requirementslf they do this, the class

of serviceshouldbe guaranteedf they do not, theclassof serviceshouldbe controlled-load.

From[12], which describeghe guaranteederviceit is easyto seethatthe only QoS parametershat

are guaranteedhre bandwidth(for both services controlled-loadand guaranteedand maximumlatencg

(for guaranteederviceonly). It is thereforepointlessto try to guaranteetherparameterdik e jitter, loss

ratio or availability.

Table 1 shows the QoS parametershat are supportedby this instantiationof the IndiQoS architec-

ture. Both publishersand subscriberdave to expressthe size of the notificationsand notification rate.

Subscribersnay alsowish to addanotherconstraintconcerningnaximumlateng.

Tablel: QoSparametersor publish-subscribapplications

Publisher

Subscriber

size

rate

size& rate

latencgy

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

averagenumberof notificationsper
time unit and (if known) maximum
numberof notificationson somepe-
riod of time or (if the producedn-

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 admittwo simpleclassesf service:with andwithout QoS.If applicationsdo

notrequireQoS,then,QoSparameterslo not needto bepresenin eitheradwertisementsr subscriptions.




We call “sporadic”to this classof service. In RSVPwith Integratedservicesthis correspondso a best-
effort service.If applicationgequiresomeQoS,thentheresultingRSVPclassof servicedependon QoS
parameterpresenpn bothadwertisementandsubscriptionsFigure1l shavs all possiblecombinationsn

Karnaughmap-likeform. An’X’ is usedwheneerthe combinationmakesno sense.

subscriber specifies QoS

pu_bl_lsher Controlled- Guaranteed X Best-effort
specifies QoS load
X X X Best-effort

subscriber specifies latency
Figurel: Correspondence IntegratedServices

Translatingapplicationlevel QoS parameterso integratedservicegparameterss straightforvard, be-
causehey have analmostdirect correspondence-lowever, thereare somescenarioghatdesere further
attention.Wheneer notificationsizeis not available,maximumnotificationsize shouldbe used because
this representshe worst-casesituation. Maximum notificationrateshouldalsobe usedto provide a value
for peakdatarate(p).

A slightly moredifficult scenaricoccurswhensubscribersmposerestrictionson lateng. In this case,
it is necessaryo determingherate(R) andslackterm(S). By [12] we have inequalitiesl, whered is the
end-to-endlelayand! therequestedateng. C,; andD,,, areratedependenandrateindependentdlelays
acrossentirepath,respectiely. [12] doesnot specifyhow Cy,; andD;,; areobtainedby the application.
It just ensureghatthereshouldbe a mechanisnfor it. Consideringonly the lateng inequalitywe may

derive alower boundfor R in inequality2.

b—M xp—R+M+Ctot

d< i3 b1 i + Dot <1 1)
b—M
B> pjp+M+Ctot @
~ =Dyt + b=M

p—r
If we considettheslackterm S, theresultwill begivenby inequality3, instead.This equationgivesR

asafunctionof S, afterfixing theremainingvariables.

R> bp__AT/IP‘i‘M‘FCtot
_l—Dtot—S+l’p_TA;[

(3)

Noticethatit makesno sensdo havel < D,,; + S, sinceit is not possibleto requirea lateng smaller
thatafixedend-to-endielayplusagivenslack.
GiventheseQoSparameterso be usedby publish-subscribapplicationsve have the following prob-

lem to solve: how to determinethe optimal correspondencbetweenQoSrequestedy applicationsand



RSVPresourceresenations. By optimal solutionwe meana solutionthat minimizesnetwork utilization
basedn somecriterionwhile still satisfyingapplicationsrequests.

For now, we will considerthe following input variablesto our problem: locationof publisherg(sub-
scribers)andtheir respectie adwertisementg (subscriptions)existing QoS parameterdoth for applica-
tionsanddatanetwork, availablelP multicastaddresseand,possibly the datanetwork topology We keep
QoSparametergsaninput variableto reducecostsin changingbothnetwork infrastructure@ndAPIs.

The desiredoutputnecessarilydepend®on the network infrastructure.In the caseof RSVPwith Inte-
gratedservicesthe outputis expressedn termsof RSVPresourceresenations. Theseresenationsmay
belongto unicastor multicastsessionsnd have specificQoSesalsoto be determinedassolutionsto the

globalproblem.

4 Mapping QoS Subscriptionsinto RSVP Resewations

In this sectionwe addresghe problemof determiningthe mappingbetweenra given configurationof pub-
lishersand subscribergwith the associategbrofilesandfilters) andthe requiredRSVPresourceresena-
tions.

As notedbefore, this mappingis establisheddynamically by the QoS-avare messagéroker. The
IndiQoS messagdroker is a distributed entity. In the instantiationthat is describedhere,all mapping
decisionsareestablishedy a centralizedcontrol componenthat executesn a givennodeof the system.
Thereforejn thisparticularcasethemessagérokerhasonly two maintypesof componentstocal proxies,
thatexecuteat every nodeof the systemandthe centralizedcontrolmodule. The messagéroker proxies
areresponsibldor forwardingto the control moduleinformationaboutadwertisement&nd subscriptions
andfor establishingherequiredresenationasinstructedby the controlmodule. Theseactionsaretrans-
parentto publisheror subscribempplicationsthat usethe messagdroker. The proposedarchitectureis
depictedn figure 2.

We areawarethatto rely onasinglecentralizeccontrolmodulehasanumberof dravbacks.Not only it
representa singlepointof failurebut it representalimiting factorfor thescalabilityof thebroker. There-
fore, in the future we planto studytheimplementatiorof decentralizedrersionof the controlcomponent.
Ontheotherhand,the useof a centralizedcontrolapproactin thefirst prototypeprovidesuswith anidea
of thequality of the solutionsthatcanbeachieved: it is likely thatversionsusingdistributedcontrolwould
approximatebut notreach the samequality of a solutionthatrelieson globalknowledge.

A naive solutionfor themappingproblemwould consistin establishinga point-to-pointresenationbe-
tweenary pair of matchingpublisherandsubscriber Althoughtrivial to implement,suchsolutionwould
not promotea satishictory usageof availableresources.In fact, when several similar subscriptionsoc-
cur, it is possibleto obtainimportantbenefitsin termsof reducednetwork traffic by supportingseveral

subscriptionaisinga singlelP multicastaddress.

2K eepin mind thatadwertisementsaswell assubscriptionsiow carry QoSinformation.



- Data Network

Figure2: Outline of acentralizedpublish-subscribarchitecture

On the otherextreme,one could groupall subscriptionson the samemulticastaddressregardlesof
thefilters specifiedoy eachindividual subscriberFromthe point of view of thenumberof RSVPsessions,
this solutionwould be optimal sinceit would promotea maximalshareof resourcesUnfortunately this
solutionis alsonot satisactory becausevery notificationwould be sentto all subscribersndependently

of their subscriptions.

Neitherof thetwo previousextremesolutions(point-to-pointfor eachsubscriptiorandsinglemulticast
addresdor all subscriptionsyequiresa messagéroker sincethe mappingis pre-defined.However, the
type of solutionwe are seekingconsistsin mappingrelatedsubscriptiongi.e., subscriptionghat sharea
significantnumberof commonparameterspn a singlelP multicastaddress$ut to usedifferentaddresses
to subscriptionghat are unrelated. Given that the numberof available multicastaddressess typically
scarcq7], it is importantto adequatelygistributethe availableaddresseamongall existing subscriptions.
To solve this problem,calledthe “mappingproblem”, oneneedsa messagédroker with a controlcompo-

nents,evenif notnecessarilcentralized.

Notethatnotall subscriptionsieedto be supportedy multicastaddressest is possibleghatsomesub-
scriptionsarebetteraddressedsingpoint-to-pointresenations.Subscriptionshatarefrequentlymadeby
alargenumberof subscribersarebettersupportecby multicast,sincetherearemary opportunitiesfor re-
sourcesharing,andsubscriptiorthatareuncommorarelik ely to be senedby a point-to-pointresenation.
The advantageof having a messagéroker is that the applicationsdo not needto be concernedvith the
optimizationissuegelevantto the mappingdecision.It is up to the messagérokerto find the appropriate
mappingon their behalf. Sincethe broker triesto optimizethe resourcausageat the globallevel (i.e., on
behalfof mary publishersandsubscribers)it may happerthatsomemulticastaddressesene nodesthat
arenotinterestedn receving all notificationsdeliveredto thataddress.Theseextra notificationshave to

befiltered by the proxy of the messagéroker at the affectednode.
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Thepairingproblem,asdescribedsofarhasalreadybeenaddresseih the context of publish-subscribe
systemswithout QoSfeaturegl, 10]. Theinterestingaspecibof addressinghis problemin the context of
aQoS-avarebroker, is thatthe problembecomesnorecomplex, andnew algorithmsor heuristicsneedto
bederived. Table2 shavs anexamplewith a numberof matchingadwertisementg&ndsubscriptionsTwo
differentsetsof QoSparametersreprovidedasanexample.In thesetwo sets,only tokenbucket rate (r)
in bpsis considered.

Assumethatthe quality of a solutionfor the pairingproblemis evaluatedn termsof wastecbandwidth,
measure@sthe numberof bits deliveredto nodeshathave notregisterednterestin thecorrespondingno-
tifications (therefore thesenotificationsneedto befiltered locally by the proxy of the messagdroker at
thosenodes).To simplify the presentationconsiderthatonly two multicastaddresseareavailableto sup-
portthis setof adwertisementsindsubscriptionsOnepossiblesolutionis depictedn Table3: this solution
wastes2020 bpsfor thefirst setand1290 bpsfor the secondset(thesevaluesareobtainedby summingthe
ratesof all unsolicitednotificationsfor all nodes).Considemow the alternatve mappingof Table4: this
solutionwastesr500 bpsfor thefirst setand845 bpsfor the secondset. This smallexampleclearly shavs
thatthe quality of a solutionis highly dependenbf QoS parametersuchasrequestedandwidth. Thus,

existing algorithms,suchasfor instance1, 10|, shouldbe adaptedor evenreplaced}o copewith QoS.

Table2: Subscriptions

adv. w/ matchingsubs. | subscriber(s) setl set2
a A D, E r =800bps | r=20bps
b B,C r =80bps r =30bps
c A E r =500bps | r =1000bps
d B,CEF r =20bps r =50bps
e D, E r =600bps | r=60bps
f B,CF r =100bps | r=25bps
g D, E r =1000bps | r=100bps

Table3: Multicastmappingaddresses— solutionl

Mulicastaddress| adv w/ matchingsubs.
a=ADE a,c,d,eqg
B8=B,CF b,d,f

Table4: Multicastmappingaddresses— solution2

Mulicastaddress| adv. w/ matchingsubs.
a=AE a,c,d,e,g

8=8B,C,D,F b,d,ef,g

We arecurrentlyworking on deriving algorithmsto solve the mappingproblemin QoS-avaresettings.

We illustrate the shapeof the solutionwith a very simple mappingstratgly. Considerthat N multicast
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groupsare available. The stratgyy consistsin distributing, in a first phase theseN addresseto the N
subscriptionshatrequirehigherbandwidth.Thebandwidthis calculatecconsideringhenatificationtoken
bucket rate times the numberof subscribers.After this first step,the remainingsubscriptionwould be
mappedon oneof the previousaddresseer on unicastaddressesjependingon the degreeof overlapping

with themappingperformedn thefirst phase.

5 Conclusion

This paperhasdescribeda particularinstantiationof the IndiQoSarchitecturea publish-subscribgystem
whereapplicationamay expressefoSrequirementsisingconstructsimilar to thoseusedto handleother
aspectof the dataflow, suchastheonesusedto expressnterestin a particularsubjector content.

The instantiationaddressedh this paperhasconsideredhe useof RSVP andintegratedservicesas
mechanismgo supportthe provision of QoS parametersn IP networks. Two main problemsneedto
be solved whenbuilding a messagdoroker basedon thesenetwork level mechanismsin the first place,
we needto defineQoS parametershat are suitablefor publish-subscribapplicationsandtranslatethem
into integratedservicesparameters.Second,we needto sharenetwork resourcego optimize resource
consumptiorwhile satisfyingthe requirementsf theapplications.

Whendefiningthe QoSparametersye have optedto favor simplicity. Hencewe have definedQoSpa-
rameterghatallow astraightfornardmappingnto integratedserviceQoStokenbucket parameterswhen
addressingheresourceconsumptiorissue we have consideredhe aspecof distributing alimited number
of IP multicastaddresseby existing subscriptions— the “mappingproblem”. This is a known complex
problem,thatit is further complicatedby the presenceof QoS parametersWe claim that QoS parame-
tersshouldbe oneof the determiningfactorswhenfinding adequatesolutionsfor the “mappingproblem”.
As a proof-of-concepta preliminarysolutionto the mappingproblemis given, but more comple, better

solutionswill besubjectof futurework.
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