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Abstract
Locating suitableserviceswithin a dynamicdistributedsystemis a computa-
tionally intensive process,with no guaranteeof quality and suitability of the
discoveredservices.This is especiallytrue for transientservices,i.e. services
which arelikely to exist over shorttime frames.A significanteffort hasalready
beenspentondevelopingdistributedregistrysystems–suchastheUDDI registry
in Webservices– to enableservicesto bepublished,andsubsequentlydiscov-
ered. Regardlessof thetypeof registry beingused,it is neverthelessimportant
to categoriseservicesbasedontheirparticularproperties– aprocessthatshould
alsoaidthesubsequentdiscoveryof theservice.A mechanismfor groupingser-
vicesbasedon a particularsetof propertiesis investigatedhere– leadingto the
formationof servicecommunities.Eachsuchcommunityis basedon theexis-
tenceof commonparametervaluesbeingsharedby membersof thecommunity.
The structureof sucha communityis described,anda particulartype of com-
munity establishedon thebasisof Quality of Servicepropertiesis subsequently
developed.

1. Introduction

Therehasbeenanincreasein interestrecently withintheGridcommunity [8] to-
wards“ServiceOriented”Computing.Servicesareoftenseenasanaturalpro-
gressionfrom componentbasedsoftwaredevelopment[13], andasa means
to integratedifferentcomponentdevelopmentframeworks. A servicein this
context may be definedasa behaviour that is provided by a componentfor
useby any othercomponentbasedonanetwork-addressableinterfacecontract



2

(generallyidentifying somecapabilityprovidedby theservice).A servicein-
terfacestressesinteroperability, andmaybedynamicallydiscoveredandused.
Accordingto Fosteret al. [7], theserviceabstractionmaybe usedto specify
accessto computationalresources,storageresources,andnetworksin aunified
way. How theactualserviceis implementedishiddenfromtheuserthroughthe
serviceinterface.Hence,acomputeservicemaybeimplementedonasingleor
multi-processormachine– however, thesedetailsmaynot bedirectly exposed
in theservicecontract. Thegranularityof a servicecanvary – anda service
canbe hostedon a singlemachine,or it maybe distributed. The “TeraGrid”
project [14] providesan exampleof the useof servicesfor managingaccess
to computationalanddataresources.In this project,a computationalcluster
of Intel IA-64 machinesmay be viewed asa computeservice,for instance–
hiding detailsof the underlyingoperatingsystemandnetwork. A developer
would interactwith sucha systemusingtheOpenGrid ServicesArchitecture
(OGSA) toolkit [7], derived from the Globus system[2], andconsistingof a
collectionof servicesandsoftwarelibraries.

A key aspectof many existingGrid computingapplicationsis thedistributed
sharingof services– often organisedinto a “Virtual Organisation"(VO) [7].
Basedonthis idea,servicesfrom differentprovidersmaybedynamicallycom-
binedbasedondemand(althoughthelocationof aserviceisoftenpre-specified),
to enablethecompositionof theseservicesfor solvinga singlelargeproblem.
Eachservicemaybesharedconcurrentlybetweena numberof VOs. Thedis-
covery of suitableservicesplaysasignificantrole in organisingandmanaging
suchorganisations.

In caseswherethelocationof servicesis not pre-defined,thenotionof dis-
coverybecomesacriticalandoftentime-consumingprocess.Servicediscovery
imposesanoverheadonnetwork access,asthetimeto undertake discovery in-
creasesas the numberof serviceproviders/users(peers)increase.Grouping
servicesandrestrictinginteractionsto bebetweenasetof peersis akey factor
to scalethe resourcediscovery problem. Any initial costusedin categoris-
ing peerscanprovide benefitsfor discoveringpreferablepeerswithout a large
discovery costsubsequently– therebyleadingto thedevelopmentof “commu-
nities". A similarproblemin Grid Computingis the“connectionproblem"[5],
wherepeersneedto find othersuitablepeersto co-operatewith, assist,or inter-
actwith. “FocusedAddressing"[12]is onesolutionto theconnectionproblem
whererequestsaresentto particularsubsetof peers,believed to assistthere-
questingpeer. Individual peers,althoughselfish,areexpectedto interactwith
eachother in someway. If this wasnot the case,it would be impossibleto
establishVOs – or allow sharingof servicesbetweendifferentapplications.
Co-operationof oneform or anotherthereforebecomesessential.Eachpeer
prefersto bein anenvironmentwhereit maybeeasilydiscoveredby asuitable
serviceuser, andcanlocateotherpeerswith minimum effort/cost. To assist
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discovery, peersproviding servicesmaybegroupedtogetherbasedoncommon
attributessuchas: typeof service,resourcesowned,anddomainof operation,
for instance.Weassumethateachcommunity hasamanagerentity ora“Service
Peer"responsiblefor sustainingthecommunity, andinteractingwith Service
Peersin othercommunities.Sucha hierarchy(wherebyindividual peersare
notallowedto interactdirectlywith peersin othercommunities),is alsouseful
to restrictthenumberof messagesexchangedbetweencommunities.

Existingwork in supportingservicediscovery usingregistry services,such
asUDDI, differsfrom ourwork. Currentwork in WebServicesdoesnotspec-
ify how UDDI registriesmust interactwith eachother, or how they may be
organisedinto a hierarchy. Althoughtherehave beensomeefforts towardthe
establishmentof “BusinessRegistries"– essentiallyinvolving a collectionof
UDDI registries,theexactinteractionbetweensuchUDDI registriesis noten-
forced.Ourfocusoncommunitiesalsoallowstheexistenceof registryservices
within eachcommunity–torecordservicesavailablewithin acommunity. Such
a registry may be managedby a ServicePeer, andsupportservicediscovery
within thecommunity. Anotherrelatedwork is thereferralmechanismfor ser-
vice discovery found in systemssuchasChordandTapestry[4]. Theserely
on the useof overlay networks to minimise the numberof searchmessages
thatneedto bepropagatedto discover aservice.Messagesareoftenbroadcast
with a limited hop countor Time To Live (TTL) setting,to ensurethat mes-
sagetraffic is constrainedto the vicinity of the requestingpeer. Onceagain,
wemayestablishanoverlaynetwork overourServicePeersto supportservice
discovery betweencommunities.Our approachdoesnot precludethe useof
suchmessageforwardingtechniques.

2. Community Formation

Servicebasedcommunitiescanbeof many differenttypes,with considerable
researchalreadyhaving beenundertaken in this areain thecontext of Multi-
AgentSystems(MAS). Thenotionof whatconstitutesa community differs –
with anemphasisrangingin scopefrom“functional" communities(thosebased
on a particularapplicationor problemdomain)to thosebasedon community
“characteristics"(suchas performance,trust/reputation,securitypolicy etc).
Anotherdistinguishfeatureis whetherthecommunitystructureis centeredon
the capabilityof individual participants,or the overall objectives/goalof the
communityin its entirety. Work in HolonicMAS sharesmany similaritieswith
the formationof communities[6], and involves the establishmentof a com-
munity asa self-similar structurethat canbe repeatedmultiple times. Each
peerin sucha communityundertakes a similar activity, althoughpeerscan
exist at differentlevelsof a hierarchy. Otherdescriptionsof communitiesare
basedon the typesof activities undertaken by its participants.Whenpartici-
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pantsarecooperative, thecommunitycanbea “congregation”, a “coalition”,
or a “team”. A congregation generallyconsistsof a meetingplace,and the
agentsthat assemblethere(taken from the analogyof a club, a marketplace,
a university departmentetc. in the context of humansocieties). Generally,
membersof sucha congregationhave expendedsomeinitial effort to organise
anddescribethemselvessothat they areconsideredto beusefulpartnerswith
whom otherscan interact. Hence,within a communityof this kind, agents
somewhatknow aboutthecapabilitiesof others,andtake ‘for granted’someof
theattributesthattheotheragentsmaypossess.BrooksandDurfee[3] outline
how suchcongregationsmay form, andvariousother infrastructureservices
that needto be madeavailable(suchasa MatchMakingservice,the location
of a congregationmeetingplaceetc). Theusefulnessof a congregation-based
communityis thelimited effort eachagentwithin sucha communityneedsto
expendonceit hasestablisheditself intoacongregation.Suchcommunitiesare
thereforelikely to involve repeatedinteractionsandmay generallyexist over
long time frames– asthewholepoint of developingsuchcongregationsis to
allow anagenttohaveagreaterlevelof trustin otherparticipants(andtherefore
devote lessresourcesto finding suitablepartnersfor interaction). Panzarasa,
JenningsandNorman[11] exploreaformalmodelfor specifyingcollaborative
decisionmaking,in which agentscoordinatetheir mentalmodelsto achieve a
commongroupobjective. They indicatethat sucha decisionmakingwill be
impactedby thesocialnatureof agents,which alsomotivatestheir particular
behaviour. Theformationof suchacommunityinvolvesagentswhichprovide
somecommitmentto thegroupin which they belong.

For thework presentedhere,a communitymaybedefinedasa “collection
of agents/peersworking towardssomecommonobjectives, or sharingsome
setof commonbeliefs". An agentmaysimultaneouslybelongto oneor more
communities,andmustmakeacommitmentto remainwithin acommunityfor
a particularduration.Eachcommunitymaythereforebegovernedby a setof
policy rulesthatall participantswithin thecommunitymustadhereto. These
policy rules aremanagedby the ServicePeerin the community– which is
alsoresponsiblefor ensuringthat theserulesarebeingadheredto. A policy
maybepresentedto eachjoining peerduringthecommunityformationphase,
and must be acceptedprior to the peerbeing allowed to operatewithin the
community. The ServicePeermay also mediateinteractionbetweenpeers
within a community, and may supporta numberof commonservices(such
asan “EventService",a “NameService",a “Resolver Service"etc). Groups
may be defined,asillustratedin Figure1 – the C5 communityincludesC1–
C4. Similarly, a communitymanagermay sharecommonservicesfrom a
communityat higherlevelsof thehierarchy(for C1,C2for instance).In such
a hierarchy, the communitymanagersalsoact asgatewaysbetweenmultiple
communities,and may facilitate inter-group query forwarding. Community
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Figure 1. HierarchicalCommunities

managersat a higher layer caninteractanddelegateactivities to community
managersatlowerlayers,andalsoregistertheaddressof lowerlayercommunity
managers.Serviceandparticipantinformationis not replicatedathigherlayer
communitymanagers– simply the namesof communitymanagerswho may
thenbeabletoprovideadditionaldetailsaboutparticipantswithin acommunity.
Thestructureof sucha communityis significant,asit impactsthesearchtime
for locatingparticularservicesandpeers.It is assumedthatonceanagenthas
agreedto participatewithin a communityby agreeingto a policy, the agent
is given a higherlevel of trust by otheragents,andthe communitymanager.
However, enforcementof policy rulesis not consideredhere– andtherefore
thecasewhereagentsaremaliciousandviolatepolicy rulesis not considered.
Hierarchicalcommunitiesprovideauseful waytostructureinteractionsbetween
peers,with eachServicePeeractingasmessagerelayto othercommunities–
constrainedby thepolicy rulesoperatingin thecommunity.

The existenceof a ServicePeeris the minimum requirementto establish
a community– asit allows the registrationof new services,andkeepstrack
of which peer is presentwithin the community. We identify two concepts
to illustratehow peersmay be admittedto a newly formedcommunity. The
first of theseis Expertise or Capability – andrefersto oneor moreservices
that a particularpeeroffers. The fact that a peerhasthe ability to provide
suchservicesto others,allows us to associatesuchExpertisewith the peer.
Thesecondconceptrelatesto theInterests of peerswithin a community– and
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representsparticularactivitiesthatapeerwouldlikeaccomplished,butdoesnot
directly possesstheExpertiseto carrytheseout. Collaborationbetweenpeers
is thereforealsonecessaryto enablethe Interestsof a peerto be carriedout
(providedthatthereareotherpeerswhichprovidetheExpertisetodoso). A new
peerwishingto join acommunitymustsimilarly meetthepolicy requirements
(consistingof Expertiseand Interests)identifiedby the ServicePeer. If the
Interestsof a ServicePeeraredifferent from the Expertisebeingofferedby
a peerrequestingmembership,thenthenew peeris referredto otherService
Peer/s,or thenew peertriesto locatealternativeServicePeer/swith compatible
Interests.

A ServicePeermanagesall peerswithin thecommunityandcommunicates
with neighbouringServicePeerson thebehalfof its members.A ServicePeer
is alsoessentialfor thebootstrappingof a new peer, asit providessupportfor
anew peerto discover enoughnetwork andcomputeresourcesto sustainitself
within a community. A ServicePeermay interactwith a monitoringservice
within acommunityto achieve this. Moregenerally, aServicePeermaythere-
fore make useof otherinfrastructureservices(suchasmonitoring,directory,
security/certificateauthority, etc)within eachcommunity. Suchcommonser-
vicesmaybesupportedwithin acommunity, ormaybeexternaltoacommunity
andshared.Figure1 illustrateshow theseservicesareorganisedbothwithin
andoutsideacommunity.

2.1 Types of Communities

Individual autonomouspeershave Expertiseand Interestsin specificre-
source/s.BasedontheseExpertiseandInterests,peersmaybegroupedtogether
within a singlecommunity. It is thereforepossibleto divide communitiesinto
thefollowing types:

CompetingCommunity: In sucha communityeachpeerhasthe same
Expertise– althoughsomeserviceattributesmay vary. Similarity in
servicesmaydevelopcompetitionamongstmemberpeers,leadingto a
competitionamongstpeersto be selectedfor offering a serviceby the
ServicePeer. Competingcommunitiesenablethegroupingof common
services,and requirea serviceprovider to identify ways in which its
own Expertisemaybedistinguishedfrom thosebeingofferedby others
in the samecommunity. Eachpeerwithin sucha communitymay be
self-contained(i.e. beableto executeits own services).

Cooperative Community:In suchacommunitypeerseitherprovidedif-
ferentExpertise,or mayoffer anon-overlappingsetof services.In such
communities,eachpeerrequiresinteractionwith anotherlocal or external
peerto executeservicesit manages.Hence,whenonepeeris selected,
thenthepossibilityof selectinganothermemberpeeris increased.There
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maythusbea mutualdependencebetweenpeerswithin sucha commu-
nity.

Goal OrientedCommunity: Sucha communityis similar to a Cooper-
ative community, andpeerswork togetherto achieve a particulargoal.
Membershipin sucha communityis only allowed if theperceived Ex-
pertiseofferedby thejoining peerallows thecommunityto accomplish
its goal. Suchcommunitiesmaybeimportantin self-organisingsystems,
whereinteractionsbetweenmemberpeersarenot pre-defined,but the
servicesrequiredare.In suchinstances,memberpeersmayinteractwith
eachotherin arbitrarywaystoachieveagivenendresult.A goaloriented
communitydiffersfrom a cooperative communityin thatthegoalbeing
pursuedmaychangeover time – whereastheExpertisepossessedby a
cooperative communityareexpectedto bemorestatic.

Ad Hoc Community:Herepeerscanbein a co-operative or competing
community, but needto work togetheras a team. In ad hoc commu-
nities, peersinteractdirectly with eachotherwithout interferenceand
involvementof aServicePeer. Peersbelongingto differentcommunities
providing differentbut supportingservicesform thebasisof anad hoc
community, aslong asbothconcernedcommunitieshave agreedto use
eachother’s service.

Domain-OrientedCommunity: Sucha communityis formed by link-
ing togethersimilar-mindedorganisationsandinstitutions,insteadof the
servicesthey provide, suchasa musicsharingcommunity, a research
community, andanopen-sourcecommunityfor aparticulartypeof soft-
ware.Hencethesecommunitiesaredomain-orientedratherthanservice-
oriented.

Describingcommunitiesin termsof their ExpertiseandInterestsin this way,
allowsusto mapotherrelatedconceptsto these.Hence,aVirtual Organisation
(VO)maybemappedtoaCooperativeor Goalorientedcommunity –depending
onhow oftentheenvironmentwithin whichsuchacommunityexistschanges.
Similarly, a “market place”maybemappedto acompetingcommunity, where
differentsellersandbuyersoperateto reachmarket equilibrium.

Theeffectivenessof a communitymaybecharacterisedvia its “rating" by
other ServicePeers. Ratingcanbe inter-community(i.e. the rating of one
ServicePeerby anotherServicePeer),or may be intra-community(i.e. the
rating of the Expertiseof a peerbelongingto a particularcommunityby the
ServicePeer).We baseour ratingmeasurefor a communityon thenumberof
requestssentto a peerby others. Hence,the greaterthe numberof requests
forwardedto a peer, the greaterwill be its rating. Sucha metric providesa
usefulmeansto evaluateandcomparecommunitiesofferingsimilarExpertise.
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Theuseof a “Ratings"index is thereforeasubjective measureof effectiveness
– seenfrom theperspective of aserviceuser.

3. QoS-enabled Communities

As mentionedin section1.2, a communityis basedon the Expertiseand
Interestsof theServicePeer(actingasa communitymanager).Expertiseand
Interestscanbe“functional" – i.e. basedon thenamesandparametertypesof
theservicesbeingprovidedor requested.If WebServicetechnologiesarebeing
used,thesenamesandparametersaregenerallyencodedin theWebServices
DescriptionLanguage(WSDL), andassociatedwith particular 1%243,565�781%9%: .
An alternativesetof ExpertiseandInterestsrelateto the“non-functional"prop-
erties,suchasperformance,trust/reputationandcost(for instance).Often,such
non-functionalpropertiesareignored,eventhoughthey maybesignificantin
choosinganddiscoveringa peer. We utilise particulartypesof non-functional
propertiesrelatedto theQuality of Service(QoS)offeredby a peer. We may
now extendthe ExpertiseandInterestsof peerswith QoSattributes; thereby
impactingall thedifferenttypesof communitiesdiscussedpreviously. Hence,
in a cooperative community, peersmaysearchfor serviceswhich enablethem
to completetheexecutionof their servicewithin pre-definedtime constraints
(therebynecessitatingthe needto evaluatethe Expertiseof otherpeerswith
referenceto their QoSattributes). Similarly, in competingcommunitiespeers
maybeableto distinguishthemselvesbasedon theQoSattributesthey offer.
QoSattributesin this context relateto network parametersassociatedwith ac-
cessingaservice,andexecutionparametersin runningaservicemanagedby a
peer. For instance,network parametersinclude:

Delay: this representsthetime takento deliver amessagefrom asource
to adestinationpeer

Jitter: this representsthevariationin thedelayof messagesbeingsent,
alongthesameroute,from asourceto adestinationpeer

Throughput:thisrepresentsthenumberof messagesthatarereceivedby
adestinationpeerwithin aparticulartime frame

Lossrate: thisrepresentsthenumberof messagesthatarelostor become
corruptedwithin aparticulartime frame

Eachof theseparameterscanbemonitoredby theServicePeer. Similarly, pa-
rametersassociatedwith serviceexecutionarerelatedto thepercentageof CPU
timebeingallocatedto agivenservice[1]. Weassumethatby default commu-
nitiesarenot QoS-enabled– asproviding QoSsupportwithin a communityis
anoverheadfor theServicePeer. In thiscontext, aQoSguaranteeis essentially
anagreementto provide a serviceaccordingto aninitially negotiatedcontract
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betweena communitymanager(the ServicePeer)andan externalpeer. An
additionalsetof managementactivities arenow requiredwithin a community
to enableaServicePeerto offer suchguarantees.

A structureof acommunityisnotstatic,andtheServicePeerwill try toadopt
the structurebasedon changesin the environmentin which the community
exists. This is achieved by controlling the membershipof peersthat belong
to the community. Communitieswhich fail to adaptthemselveswill endup
reducingtheir overall rating. As our rating measureis basedon the number
of forwardedrequeststo a community, we can make useof QoS attributes
to measurehow effectively theseadditionalrequestsarebeinghandled. As
a communityhasa limited numberof physicalresources(network andCPU
capacity),increasingthenumberof requestswill alsodegradethecommunity
QoS.Communitieswhich areQoSenabledarebettersuitedto providing such
assurances–asthechangein QoSdueto increasingworkloadcanbemonitored.
A ServicePeer, for instance,mayrefuseto acceptany additionalrequestsif its
QoSis likely to degrade.

As not all communitiesare likely to be QoSenabled,it is necessarythat
ServicePeersof only QoSenabledcommunitiesrateeachother. A particular
communitymaydecideto becomeQoSenabledwhenit hasenoughresources
to work effectively evenathighintra-communityloads.If acommunitycannot
copewith thisextraoverhead,thenit maybadlyaffect theoverallperformance
of thecommunity. Furthermore,it is importantthata communityshouldhave
enoughresourcesto provide the sameservicethroughdifferentmechanisms,
sothatits QoScannotbecompromiseddueto thefailureof a singlepeer.

3.1 Properties of QoS-enabled Communities

QoSEnabledCommunitiesonly grantmembershipto peerswhich support
QoSassurance.Whenapeerwishesto join aQoSenabledcommunity, it must
provide its initial QoSproperties,andtheassociatedperformanceinformation
aboutits services.This informationis storedin theServiceProfileRepository
(SPR),andactivatesamembershipprotocol.Figure2 illustratesaQoSenabled
community– offering additionalmanagementservicesto enablethe Service
Peerto monitorandenforceQoSattributes.In suchacommunity:

1 Peersarecreatedto provide specialistservice/s(to enablethemeasure-
mentof QoSattributes)alongwith basic/coreservices.

2 Peersarephysicalhardwareresourcesattachedtothenetwork. Twopeers
cannotrepresentasinglehardwareresourceandviceversa.

3 Peerswhich do not provide supportfor measuringandmonitoringQoS
attributesmaynotbeallowedtoparticipatein aQoSenabledcommunity.
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Figure 2. QoSenabledCommunity

4 Peersnormallydecideto becomeQoSenabledbasedonthetypeof com-
munity(ies)to which they belong.

5 A QoSenabledpeermayparticipatein any community.

6 A communitymaydecideto becomeQoSenabledto improve its rating.
Theratingof a communityis relatedto thenumberof requestsreceived
by acommunityoveraparticulartime frame.

As illustratedin Figure2,QoSenabledcommunitieshavefour additionalcom-
ponents:

TheServiceProfileRepository(SPR):canbea databaseor servicereg-
istry. Its main role is to hold QoS relatedpropertiesabout services
offered by a designatedpeer. For example, the servicedurationand
serviceresourcerequirementsareQoSproperties.Thesepropertiesare
recorded/updatedin theSPRin two forms: (a)Onacceptingmembership
of a new peerinto theQoSenabledcommunity– thepeermustprovide
QoSpropertiesof servicesoffered,andthesepropertiesareenteredin the
SPRin theform of profilesfor services.(b) On completionof a service
by aclient– in thiscasetheQoSMonitor (QM) updatestheprofilein the
SPRfor this particularservice. The updatemechanismusesa propor-
tionalapproachof number(s)of serviceusage(s)vs. resourcesconsumed
in every usage,andthedurationof serviceexecution.

The QoSScheduler(QS): in a QoSenabledcommunity, theQS works
togetherwith theservicepeerandtheQoSSupportmoduleof a desig-
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Figure 3. QoSNegotiation

natedpeerto provide serviceswith QoSguarantees.Its main role is to
receive requestsfrom theservicepeer, for servicesproviding QoSassur-
ance.TheQSalsoindicatesto a peerwhethertheservicerequestedcan
beimmediatelyhonoured,or whenit is likely to behonoureddepending
on theexistingschedulethatit maintains.TheQSundertakesaQoSne-
gotiationprocesswith thedesignatedpeer, with QoSpropertiesobtained
from theServiceProfileRepository(SPR)for therequestedservice.The
resultof thenegotiationprocessis thereplyto theservicepeer, whichthe
servicepeercanthenuseto admit,or reject,aclient’sQoS-basedservice
request.Figure3 illustratesthenegotiationprotocol.

QoSMonitor (QM): this is usedto track the executionpatternof each
serviceandgatherperformancecharacteristicsfor QoSrequirements.It
usesthis informationto updateprofiles in the SPR,for useby the QS
whenneeded.

The QoSModule: this residesin the peernodeandit is, in essence,a
QoSmanagementsystemwhich supportsQoSnegotiation,providesad-
vance/immediateresourcereservation, supportsresourceallocation/release
andan agreementprotocol to confirm resourcereservation. The QoS
Module providesa guaranteedexecutionenvironmentfor services,de-
scribedin termsof resourcerequirements,thestartingtime of theexe-
cution, andthe likely durationfor which a particularresourcemay be
needed.Theresourcerequirementscanbeexpressedin termsof ‘com-
pute’,or CPUspecifications– suchaCPUspecificationis supportedby:
(a) the total computepower, or (b) a specificcomputeslot offeredby
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thepeer. Thefour QoSmanagementsubsystemsproviding therequired
assurancesare:

1 QoSManager:thisistheinterfacefor theQoSmanagement system.
TheQoSScheduler(QS)interactswith theQoSsystemthroughthis
interface.It acceptsrequestsfor QoSservicesandorchestratesthe
requestbetweenthecomponentsof thesystem,andthengenerates
a reply to theQS.

2 Policy Manager: this provides the requireddynamicinformation
aboutresourcecharacteristicsofferedby thepeer, andpolicy infor-
mationof when,whatandwho is authorisedto usethecommunity
resources.This informationmaybeupdatedby thepeerowneror
theServicePeer.

3 ReservationManager:anabstractdatastructurethatholdsreserva-
tion entriesfor aparticularresource(s).It doesnot interactdirectly
with theresources,but obtainsresource(s)characteristicsfrom the
Policy Manager. Whena reservation requestis received from the
QoS manager, the reservation managerundertakes an admission
control testto checkthepossibilityof a reservationpromiseto the
requester. Similarly, for serviceexecution,theQoSmanagerchecks
thereservationdatastructurefor thereservation,and,subsequently,
instructstheallocationmanagertoallocatethereservedresource(s).

4 Allocation Manager:this moduleis usedto interactwith resource
managersfor allocationandde-allocationof resources,basedon
requestsfrom the QoSmanager. A variety of resourcemanagers
canbe used;for example,a DynamicSoft RealTime Scheduler
(DSRT) [10] for allocatingcomputeor CPUresource(s).

3.2 QoS-enabled Peers

As previously discussed,peersarenotQoSenabledby default,but mayde-
cideto becomeQoSenabledwhenthecommunitiesto which they belongstart
to supportQoSconstraints.This is achieved by the ServicePeerwithin the
communitydecidingto supportadditionalservicesmentionedin section1.3.1
above. QoSenabledcommunitiescanonly haveQoSenabledpeers,andif any
peerdecidesto not supportthis functionality, its membershipmay be termi-
natedby theServicePeer. Eachpeerthatbelongsto aQoSenabledcommunity
mustagreetoprovideperformancedatatooneormoreservicesmanagedby the
ServicePeerin thesamecommunity. This performancedataincludesparam-
etersrelatedto executiontime/resourceusage,andnetwork parameters(such
asbandwidth/latency. A peermay be a memberof two communitiesin two
situations,asfollows:
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Case1: In this case,a peeris a memberof both a QoSenabledandan un-
enabledcommunity. As amemberof two communities,servicerequests
areexpectedfromtwo differenttypesof ServicePeers.A servicerequest
receivedfromaServicePeerof theun-enabledcommunitywill betreated
ona‘best-effort’ basis,with theserviceexecutedwhenresourcesbecome
available–in thisinstance,noassuranceonserviceexecutionisprovided.
Thefollowing scenarioscouldoccur:

A requestis received while no otherservicesare runningon the
peer, andthe ‘besteffort’ mechanismwill make useof theall the
availableresourcesto executetheservice.

A requestis receivedwhile a ‘guaranteed’service(s)is/arerunning
on the peerbelongingto the QoSenabledcommunity. The new
requestis now scheduledto run on the remainingresources– if
any areavailableafterrespondingto therequestsfrom theQoSen-
abledcommunity. Theimplicationis thatunpredictableexecution
patternsmayoccurfor servicesthatdo not provide QoSdata;for
example,theservicemight take a long timebecauseof insufficient
resources,or might run normallyastheavailableresourceis suffi-
cient – no prior guaranteeasto which modeof executionis used
canbemade.

A requestis receivedwhile aguaranteedservice(s)isutilising close
on 100%of the computeresource.Herethe ‘best effort’ service
will not be immediatelyexecuted,andwill have to wait until the
resourceis releasedby the’guaranteed’service.

Case2: In thiscase,apeermaybeamemberof twoQoSenabledcommunities,
andrequestsareexpectedfromtwodifferentQoSSchedulers(QSs).The
QoSmanagementsystemoperateson the conceptof a ‘First In - First
Out (FIFO)’ schedulingmechanism.Wheneitherof the QSsattempts
to negotiatefor QoSrequirements,theQoSmanagerpassestherequest
to thereservationmanager, which in turn runsanadmissioncontrol test
to checkthefeasibility of grantingthis request.If therequestcannotbe
admitted,a rejectmessageis sentto theQSwith aproposalfor thenext
availabletime, andit is up to theQSto acceptor discard.On theother
hand,if therequestis granted,anacceptmessageis returnedto theQS
for confirmationor rejection.

Although QoSguaranteeis a desirablefeatureit hasassociateddrawbacks–
viewed astrade-offs for the promisedassurance.The QoSoverheadcanbe
classifiedinto:
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Figure 4. Protocolfor joining a QoSenabledcommunity

Requestprotocoloverhead:Therequestprotocoloverheadis whenthe
ServicePeerreceivesarequestfor servicebut therequestdoesnotprop-
agatedirectlyto thepeerwhoprovidestheservice;it goesto theQS.The
QS thengoesthroughthe negotiationprocessasoutlinedabove. The
negotiationprocessmay succeedor fail. This negotiationprocessis a
requestprotocoloverhead.

Executionprotocoloverhead:Similarly, duringserviceexecution,when
theQoSmanagerreceivesa serviceexecutionrequest,it doesnot start
theservicedirectly, but goesthoughanexecutionadmissiontest,which
checksif the requiredresourceshave beenreserved. This is viewed as
anexecutionprotocoloverhead.

It canbearguedthat this protocoloverheadis a compromiseto theassurance
promised,otherwiseif the ‘best effort’ executionis chosen,no guaranteeon
executiontimescanbe provided. We envision associatinga costmodelwith
the‘guaranteed’services,sothis costfactorwill play a majorrole in assisting
clientsto selecttheir bestoption – andis usedto influencetheservicerating
mentionedin section1.2.1.Figure4 illustratesthe ;<2�=0> protocol.

4. Implementation Status

ThecentralideaofacommunityisimplementedusingtheJXTA library[15] from
SunMicrosystems– whichenablesthedevelopmentof Peer-2-Peersystemsin
Java. In our implementation,eachcommunityis thereforeessentiallya JXTA
group,consistingof a collectionof peersanda Rendezvouspeer(which pro-
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Figure 5. A JXTA CommunityManager:UserInterface

videssomeof thefunctionalityof theServicePeer),alongwith acollectionof
commonservices(suchasa registry service).Eachpeeron joining thecom-
munityregistersits expertise– asacollectionof servicesignaturesspecifiedin
XML with theServicePeer. At any point in time, theServicePeerhasa list
of all theservicesthatareavailablewithin theparticulargroupthatit manages
– thereforeeachpeerregistrationwithin the group leadsto an updateof the? 9�983�@,3�2<A,1 advertisementmanagedby theServicePeer. Thepeerjoining the
JXTA Groupisalsoallocatedauniqueidentityby theServicePeer. EachJXTA
Grouphasa sortedlist of its memberpeers,andeachpeerpresentwithin this
grouphasa sortedlist of Groupsto which it belongs.

Externalpeersapplyfor membershipby sendingtheirserviceadvertisement
to theServicePeer(this is donewhena peeris first created– or whena peer
wishesto changeits currentgroup),andselectionis thenbasedon thetypeof
communitythattheServicePeerismanaging(competitive,cooperative,etc–as
outlinedin section1.2.1).Therateatwhichadvertisementsarebeingsentfrom
apeermaybeonaperiodicbasis,or maybestimulatedby eventssuchasanew
peerjoining/leaving thepeerGroup,or geographicalinformationindicatingthe
otherservicesthat areofferedat a particularlocation,etc. Eachpeerhasits
own threadof control,anddecisionsregardingwhenanadvertisementshould
bepublishedis left to thepeerowner/developer. Eachpeermustalsoprovide
a listenerinterfacethat canbe implementedand registeredwith the Service
Peer. Using the listenerinterface,a peercanregister interestin otherpeers
thatarealsoregisteredwith theServicePeer(within thesamecommunity)–
andthe identity of the registeringpeeris usedto propagatesubsequentevent
informationto it.

A ServicePeermayterminatethemembershipof apeeratany time– anda
peermaydecideto leaveagroupatany time. Weassumein ourimplementation
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thattheidentity of apeer(andagroup)doesnot changeover time. To support
groupmanagement,we provide an interfacethatenablesa developerto view
thecurrentstateof thegroupat any time – this is illustratedin figure5. Each
Peeradvertisement(provided in CodeSegment1) containsbothoptionaland
mandatoryelements. The mandatoryelementsare

?CBD
(peeridentity), @ B0D

(group identity), E�FGC9 (peername),and
D 9%:4H (summaryof peerexpertise).

The other elements,suchas
D4I�J

(debug) and K8L%H (servicedescription)are
optional– hence,it is possiblein our schemeto have peerswhich provide no
service.A peermaynotprovideany servicewhenit first joinsacommunity, for
instance– andthereforethe K8L%H elementsmaybeblank. Subsequently, once
a peerhasbeenpart of a communityfor a particularduration,it may issuea
new peeradvertisement(usingthesame

?CBD
asbefore)andadvertiseits new

services.Theuseof blank K8L%H elementswithin a peeradvertisementmaybe
usefulwhenbootstrappingacommunity. Thepeeradvertisementis seenby all
thepeerswithin thesamecommunity, andalsoby theServicePeer– restricted
by the @ BD . Eachpeeradvertisementcancontainmultiple K8L%H elements.The
Servicesectionmay alsooptionally containan element =�:8M8N�N meaningthat
this serviceis disabled.This elementis usedto convey a configurationchoice
madeby the owner of the peer. The K8L%H elementmay containdetailsabout
a particularexpertiseheld by the peer, or may be a referenceto a service
maintainedin somerepository. For instance,sucha referencemaypoint to a
servicemaintainedin a UDDI registry. Eachof theseK8L%H elementsdescribe
the associationbetweena groupservicedenotedby its O"P BD (Module Class
ID), andarbitraryparametersencapsulatedin a

? F83�FG element.The O"P BD is
essentiallya serviceidentity that uniquely identifiesa given service– even
thoughtheservicemaybeprovidedby differentpeers.The O�P B0D mayalsoacts
asaservicename– andis generatedby arunningafactoryservicewith aURL
referenceto theservicelocation–whichreturnsauniqueidentityfor theservice
at thespecifiedlocation. The

? F<3�F0G elementsshouldspecifytheexactsetof
parameters(andtheirordering)thatneedto besentto aservice– andmustalso
specifythe typesof returnparametersthat aresentin response.Thereis no
mechanismin JXTA to specifywhich parametersareinputsor outputsin the
Peeradvertisement(CodeSegment1),andit is thereforenecessaryfor aservice
provider to specifythis informationin theModuleSpecificationadvertisement
(CodeSegment3). A Module Specificationadvertisementmay alsospecify
how to invoke anduseaservice.

CodeSegment2 and3 identify a way to describeModuleClassIDs. Each
suchID musthave a nameanduniquedescription,andmustspecifya way to
invoketheservice– throughaJXTA “pipe" (equivalenttoanamedcommunica-
tion channel).Therearealsootherwaysin whichtheservicecouldbeinvoked
(otherthantheuseof aJXTA pipe– althoughthis is assumedto bethedefault
mechanism),suchasuseof Java RMI or via a SOAP message.In thecaseof
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invocationusingSOAP, a URL to the locationof theserviceneedsto bepro-
vided. EachModuleSpecificationAdvertisement(CodeSegment3) canhave
multiple Module Implementations(CodeSegment4). It is thereforepossible
to havemultiple implementationsfor aservice(with aparticularO�P B0D to exist.
Whereasthe Module Specification(CodeSegment3) only providesa higher
level specificationof theservice,theModuleImplementation(CodeSegment
4) needsto providedetailsof theexactbindingsfor invoking theservice.Each
serviceimplementationfor aparticularO�P B0D musthaveauniqueO%K B0D (Module
ServiceID) – asillustratedin CodeSegment4. In this way, it is possibleto
uniquelyidentify animplementationfor aparticularservicespecification.
Q�RTSVU
WYX�Z\[�]�^`_Va�b
c\degf�chZ`a�i\_Tj�^+a�k�b
c+l�m\n�o\p�cVR�qQ\r\S�s�t<uwv�xySVU
WVa�]!ugr\S�s�t\b
c�z�s�sT{,u}|�|\r\S�s�t<e}_T[�k
cVqQ`v�~V��q�e�e�e}Q�|`v�~V��q�QT��~V��q�e�e�e}Q�|T��~V��qQT��t�U�Z�q�e�e�e}Q�|T��t�U�Z�q�Q`�\��k�q�e�e�e}Q�|`�\��k�qyQ`��Z�]�i\q�e�e�e}Q�|`��Z�]�i\qYQ\�\X�i\qQ`����~V��q�e�e�e}Q�|`����~V��q�Q`v�t\[�t�U
q�e�e�e�Q�|`v�t\[�t�U
q�Q�|\�\X�i\qQ�|\r\S�s�t<uwv�x�q

CodeSegment1: PeerAdvertisement

Q�RTSVU
WYX�Z\[�]�^`_Va�b
c\degf�chZ`a�i\_Tj�^+a�k�b
c+l�m\n�o\p�c�R�qQ\r\S�s�t<uw���\x�qQ`����~V��q�e�e�e}Q�|`����~V��q�QT��t�U�Z�q�e�e�e}Q�|T��t�U�Z�q�Q`��Z�]�i\q�e�e�e}Q�|`��Z�]�i\qQ�|\r\S�s�t<uw���\x�q

CodeSegment2: ModuleClassAdvertisement

Q�RTSVU
WYX�Z\[�]�^`_Va�b
c\degf�chZ`a�i\_Tj�^+a�k�b
c+l�m\n�o\p�c�R�qQ\r\S�s�t<uw���\x�qQ`����~V��q�e�e�e}Q�|`����~V��q�QT��t�U�Z�q�e�e�e}Q�|T��t�U�Z�q�Q\�\[�s�[�q�e�e�e}Q�|\�\[�s�[�qQ\�Tl���~\q�e�e�e}Q�|\�Tl���~\q�Q`��Z\[�]\q�e�e�e}Q�|`��Z\[�]\q�Q`��Z�]�i\q�e�e�e}Q�|`��Z�]�i\qQ`v�t\[�t�U
q�e�e�e}Q�|`v�t\[�t�U
qQ\r\S�s�t<uwv
^+{�Z\x�j�X�Z\[�s�^T]TZ�U�Z`a�s�q�e�e�e}Q�|\r\S�s�t<uwv
^+{�Z\x�j�X�Z\[�s�^T]TZ�U�Z`a�s�qQ`v�[�_TS���q�e�e�e}Q�|`v�[�_TS���qYQTxT��sTz�q�e�e�e}Q�|TxT��sTz�qQ�|\r\S�s�t<uw���\x�q

CodeSegment3: ModuleSpecificationAdvertisement

Q�RTSVU
WYX�Z\[�]�^`_Va�b
c\degf�chZ`a�i\_Tj�^+a�k�b
c+l�m\n�o\p�cVR�qQ\r\S�s�t<uw��~`x�qQ`����~V��q�e�e�e}Q�|`����~V��q�Q\��_�U�{�q�e�e�e}Q�|\��_�U�{�q�Q\��_Tj�Z�q�e�e�e}Q�|\��_Tj�Z�qQ`v�l���~\q�e�e�e}Q�|`v�l���~\q�Q`v�[�_TX�q�e�e�e}Q�|`v�[�_TX�q�Q`��Z�]�i\q�e�e�e}Q�|`��Z�]�i\qQ`v�t\[�t�U
q�e�e�e}Q�|`v�t\[�t�U
qQ�|\r\S�s�t<uw��~`x�q

CodeSegment4: ModuleImplementationAdvertisement
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As indicatedin codesegments1–4, eachpeerbelongsto oneor moreJXTA
groups– andsupportsoneor moreservices.A servicemay be directly pro-
videdby a peerandspecifiedin its serviceadvertisement,or alternatively the
propertiesof a servicemayberegisteredwithin a UDDI registry servicealso
providedwithin thesamecommunity. In the lattercase,theadvertisementof
a peercontainsa referenceto the UDDI registry containingelementsof the
WSDL documentfor theservice.

Considerapeerwithin acommunityprovidinga K85�2�H0����A�245"9 service.This
serviceshouldhaveanXML basedadvertisementsothatotherpeers(within the
samecommunity)or theServicePeercandiscover it, andforwardrequeststo
it. CodeSegment5 providesa userdefinedStockQuoteAdvertisement.This
descriptionof a servicediffers from CodeSegment2, asonly oneinstanceof
suchauserdefinedservicecanexist within acommunity. Hence,theformatfor
servicespecificationin CodeSegment2 is thedefaultformatexpectedbyJXTA
– however CodeSegment5 illustrateshow a userdefinedformatcanbeused
instead(with constraintsonthenumberof implementationsthatcanco-exist –
in thecaseof CodeSegment5 this is restrictedto one).
Q�RTSVU
WYX�Z\[�]�^`_Va�b
c\degf�c�Z`a�i\_Tj�^+a�k�b
c+l�m\n�o\p�c�R�qQ\�\s�_�iV���V��_Ts�Z\x�j�X�Z\[�s�^T]TZ�U�Z`a�s�qYQT��t�U�Z�q�e�e�e}Q�|T��t�U�Z�qYQ`��Z�]�i\q�e�e�e}Q�|`��Z�]�i\qQ\�\s�t\sT��]\q�e�e�e}Q�|\�\s�t\sT��]\qQ�|\�\s�_�iV���V��_Ts�Z\x�j�X�Z\[�s�^T]TZ�U�Z`a�s�q

CodeSegment5: StockQuoteServiceAdvertisement

The E"F0G�9 elementis usedto encodea developerdefinednamefor theservice,
the

D 9�:,H elementa (humanreadable)text string indicatingwhat the service
does,andthe K<5�F<54A�: a developerdefinedelementencodingthecurrentstate
of the service. A peercreatesa serviceadvertisementby using an abstract
class,mainly providing :<985 and

J 985 methodsto accesstheelementsdefined
in theadvertisement.Usingthesemethods,it is possibleto assignandretrieve
valuesfor particularelementswithin theadvertisement.Theabstractclassmust
makeuseof aparserto analysethestructureof theadvertisementin XML (i.e.
retrieve theorderin which XML elementsareto beparsed,andsubsequently
processed).

Theabstractclassandtheparseraremainly usedto processtheadvertise-
ment. Additional codeis neededto be able to publish and respondto dis-
covery requests/queriesfrom other peers. This is achieved by defining the
1,A I%� =�:���K4943�L%=�H<9 , andthe �%=�:4H828L"943,7��,L"9<>�5 methods.Finally, animplemen-
tation is associatedwith theservice(andis similar to thedescriptionin Code
Segement4). Only a single implementationcannow be associatedwith the
serviceadvertisement.

Figure 6(a) illustrateshow a requestto discover a serviceis propagated
acrossdifferent communities. Eachpeerwithin a community (including a
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(a) (b)

Figure 6. (a) Advert propagationbetweendifferent ServicePeers,(b) Sequencediagram
indicatingmessageexchangesbetweenServicePeers

ServicePeer)cansupportanadvert cache– which is searchedbeforearequest
to discover a serviceis propagatedto the ServicePeer(intra-community)or
to anothercommunity. As indicatedin figure 6(b), oncea servicehasbeen
discoveredin anothercommunity(via ServicePeer3), it is now necessaryto
locatethepeerprovidingthematchedservice–thisisachievedbythe �"9%:<2 � L�943
�!A%983�7 message.The responsemessagecontainsthe

?CBD
of the requesting

peerandthe ��F�>�� � 983�E�FGC9 – the ��F�>"� � 983�E"F0GC9 is an aggregationconsisting
of a

?CBD
, the O�P B0D andthe O�K B0D , anduniquelyidentifiesa particularservice

implementationbeingofferedby a particularpeer. CodeSegment6 illustrates
thestructureof the ��9�:<2 � L"983��!A%943,7 message.
Q�RTSVU
WYX�Z\[�]�^`_Va�b
c\degf�c�Z`a�i\_Tj�^+a�k�b
c+l�m\n�o\p�cVR�qQ\r\S�s�t<uw��Z�]\_�WTX�Z\[��V��Z\[��YSVU
WVa�]!ugr\S�s�t\b
c�z�s�sT{,u}|�|\r\S�s�t<e}_T[�k
cVqQ`��t`a�j�W\Z\[���t�U�Z�q�e�e�e}Q�|`��t`a�j�W\Z\[���t�U�Z�q�Q\�\[�Z\j�Z`a�s�^Vt�W�q�e�e�e}Q�|\�\[�Z\j�Z`a�s�^Vt�W�qQ��V��Z\[���~V��q�e�e�e}Q�|��V��Z\[���~V��qYQ\�\[�iVv�Z�Z\[�~V��q�e�e�e}Q�|\�\[�iVv�Z�Z\[�~V��qQ��V��Z\[���q�e�e�e}Q�|��V��Z\[���qQ�|\r\S�s�t<uw��Z�]\_�WTX�Z\[��V��Z\[���q

CodeSegment6: Resolver Querymessage

In orderto now makeuseof aservice,apeersendsaqueryeitherdirectlyto the
peerproviding theservice(in anAd-Hoccommunity)or to theServicePeer(in
theothertypesof communities).Thequeryshouldbewrappedin the ��9�:<2 � L"983
�!A%983�7 message(CodeSegment6), in our implementationwehavejavaclasses
to allow querymessagesto containboth optionalandmandatoryparameters.
Thismessageshouldnow containtheexactsetof parametersneededto initiate
thisrequest– for the K85�2�H0����A�245"9 service,this is illustratedin CodeSegment



20

7 – wherethe O�=0> and O�F4  elementsreferto theminimumandmaximumprice
for thestockon a particular

D F85�9 . Subsequently, a �!A%983�7¡��9�:1�2<>�:�9 is sent
to the requestingpeer– illustratedin CodeSegment8 for the K85"2"H!�¢�!A%245�9
service.
Q�RTSVU
WYX�Z\[�]�^`_Va�b
c\degf�c�Z`a�i\_Tj�^+a�k�b
c+l�m\n�o\p�c�R�qQ�~�a�^�s�^Vt\s�Z��\s�_�iV����Z\£T��Z�]`s�qQ\�\s�_�iV����t�U�Z�q�e�e�e}Q�|\�\s�_�iV����t�U�Z�qQ`��t\s�Z�q�e�e�e}Q�|`��t\s�Z�q�Q`�
^+a�q�e�e�e}Q`�
^+a�qQ`��t\S�q�Q`��t\S�qQ�|�~�a�^�s�^Vt\s�Z��\s�_�iV����Z\£T��Z�]`s�q

CodeSegment7: StockRequestQuery

Q�RTSVU
WYX�Z\[�]�^`_Va�b
c\degf�c�Z`a�i\_Tj�^+a�k�b
c+l�m\n�o\p�c�R�qQ\r\S�s�t<uw��Z�]\_�WTX�Z\[\��Z�]�{�_Va�]TZ�SVU
WVa�]!ugr\S�s�t\b
c�z�s�sT{,u}|�|\r\S�s�t<e}_T[�k
cVqQ`��t`a�j�W\Z\[���t�U�Z�q�e�e�e}Q�|`��t`a�j�W\Z\[���t�U�Z�qQ\�\[�Z\j�Z`a�s�^Vt�W�q�e�e�e}Q�|\�\[�Z\j�Z`a�s�^Vt�W�q�Q��V��Z\[���~V��q�e�e�e}Q�|��V��Z\[���~V��qQ`��Z�]�{�_Va�]TZ�qQ\�\s�_�iV����t\s�t�q�Q\�\s�_�iV����t�U�Z�q�e�e�e}Q�|\�\s�_�iV����t�U�Z�qQ\�\s�_�iV���\�VU���_�W�q�e�e�e¤Q�|\�\s�_�iV���\�VU���_�W�qQ�W�^+a���qVz�s�sT{,u}|�|T£T��_Ts�Z<e¥��t`z�_�_�e$i\_�U
|T£�R�]`b��Tl��\¦�Q�|�W�^+a���qQV{�[�^TiTZ�i���[�[�Z`a�i`��b§c�{�_V��a�j�]�cVq\¨�f<eg©�ª�Q�|V{�[�^TiTZ�qQTj�Z\s�t�^`W�q�e�e�e}QTj�Z\s�t�^`W�qQ�|\�\s�_�iV����t\s�t�qQ�|`��Z�]�{�_Va�]TZ�qQ�|\r\S�s�t<uw��Z�]\_�WTX�Z\[\��Z�]�{�_Va�]TZ�q

CodeSegment8: QueryResponsemessage

Therearethereforethreekindsof servicesthatexist within our implementation
of acommunity:

1 Servicesthat are implementedasWeb Services: in this instance,it is
necessaryto provide adescriptionof theservicein WSDL, andrequires
eachpeerto provide a Tomcatserver (anda SOAP client for accessing
servicesonotherpeers).In thiscase,eachpeeris aserviceprovider that
is capableof managingoneor moreservices.Serviceexecutionis now
undertaken by the particularWeb Serviceshostingenvironmentbeing
providedby thepeer. Theinclusionof suchapeerexistswithin a JXTA
groupisprimarilysothatit canbecombinedwith otherpeers–depending
onthetypeof communityit belongsto. Althoughsuchservicesmayhave
QoSconstraintsspecified,thereis noguaranteethattheseconstraintsare
likely to beobserved.

2 Servicesthatareimplementedwith Java CoGCore[9]: in this instance,
eachserviceinterfacemustalsobespecifiedusingaWSDL interface,but
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theexecutionof eachserviceis managedvia the CoG CoreAPI. Each
servicenow generatesoneor more «�F�:� objects– eachof which hasa
unique«�F":0�,�%F�>"� � 943 . Usingsucha «�F":0����F�>"� � 983 it is now possibleto
schedulethesetasksontheresourcesmanagedby asinglepeer, or acol-
lectionof peerswithin thesameJXTA group.Eachsuch«�F�:����F�>�� � 983
may be mappedto an O�P BD (in CodeSegment2). To supportQoS-
enabledservices,theServicePeerinteractswith theDynamicSoft Real
Time Scheduler(DSRT) [10]. If QoSguaranteesareto beprovided, it
is now necessaryfor all serviceswithin thesamecommunityto beman-
agedby DSRT. TheServicePeer, in this instance,relinquishescontrolto
thisschedulingsystem.A ServicePeermaypre-reserve resourcesbased
on likely demandfrom serviceswithin the community. Suchdemands
for reservation are forwardedto the scheduler– which may acceptor
deny thembasedon the availableresourcesandotherservicesthat are
scheduledto runoveraparticulartime frame.

3 Servicesthatareimplementedwith JXTA executionengine: in this in-
stance,eachserviceinterfaceis implementeddirectly usingthe K8L�H el-
ements,andeachpeermustprovide its own executionenvironment.No
guaranteesareavailablethatparticularexecutionquality will beobserved.
Interactionbetweenservicestake placeusingJXTA pipes– andservice
discovery is supportedthroughthe propagationof peeradvertisement
(within thecommunity)or

? 9�983�@,3�2<A,1 advertisementsbetweencommu-
nities.

5. Conclusion

Theconceptof a“community” is ausefulabstractionfor groupingservices.
Communitiescanbe of differenttypes,andmay supporta variety of hosting
environments. Eachcommunityhasa “manager”responsiblefor admitting
and releasingparticipantswithin it. Eachparticipantwithin the community
hasits own threadof control – referredto asa “peer” – andmay belongto
multiple communitiessimultaneously. A communitymanageris responsible
for allocatingresourcepresentwithin it, andfor managinginteractionswith
othercommunities.

Weimplementthisconceptof acommunity asaJXTA groupalongwith some
commonservicesmadeavailableto all participantswithin thegroup.In sucha
group,aRendezvouspeeris responsiblefor cachingadvertisementsgenerated
by peersthat belongto the group. Eachpeercan either directly provide a
service,or may utilise a third party executionengine. We illustrate how a
particulartype of hostingenvironmentis necessaryin order to supportQoS
guaranteeswithin a community. Although,we emphasisethat it is important
thatnotall communitiesmaybeQoS-enabled.
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