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Abstract
Locating suitableserviceswithin a dynamicdistributed systemis a computa-
tionally intensie processwith no guaranteeof quality and suitability of the
discoveredservices. This is especiallytrue for transientservicesj.e. services
which arelikely to exist over shorttime frames.A significanteffort hasalready
beenspenibndevelopingdistributedregistry systems-suchastheUDDI registry
in Web services- to enableserviceso be published,andsubsequentlgiscor-
ered. Regardlesf thetype of registry beingusedi,it is neverthelessmportant
to cateyoriseservicedasedn their particularproperties- a procesghatshould
alsoaidthesubsequendiscovery of the service.A mechanisnior groupingser
viceshasedon a particularsetof propertieds investigatechere— leadingto the
formationof servicecommunities.Eachsuchcommunityis basedon the exis-
tenceof commonparametevaluesbeingsharedoy membersf the community
The structureof sucha communityis describedanda particulartype of com-
munity establishean the basisof Quality of Servicepropertieds subsequently
developed.

1. I ntroduction

Therehasbeeranincrea®in interestrecertly withinthe Grid community [8] to-
wards*ServiceOriented”Computing.Servicesareoftenseerasanaturalpro-
gressionfrom componentasedsoftware development[13], andasa means
to integratedifferentcomponentdevelopmentframeavorks. A servicein this
context may be definedas a behaiour thatis provided by a componentfor
useby ary othercomponenbasednanetwork-addressablmterfacecontract
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(generallyidentifying somecapabilityprovided by the service).A servicein-
terfacestressemteroperabilityandmaybe dynamicallydiscoreredandused.
Accordingto Fosteretal. [7], the serviceabstractiormay be usedto specify
accesso computationatesourcesstoragaesourcesandnetworksin aunified
way. How theactualserviceis implementeds hiddenfrom theuserthroughthe
serviceinterface. Hence acomputeservicemaybeimplementednasingleor
multi-processomachine- however, thesedetailsmay not bedirectly exposed
in the servicecontract. The granularityof a servicecanvary — anda service
canbe hostedon a singlemachineor it may be distributed. The “TeraGrid”
project[14] providesan exampleof the useof servicesfor managingaccess
to computationahnddataresources.In this project,a computationatluster
of Intel IA-64 machinesmay be viewed asa computeservice,for instance-
hiding detailsof the underlyingoperatingsystemandnetwork. A developer
would interactwith sucha systemusingthe OpenGrid ServicesArchitecture
(OGSA)toolkit [7], derived from the Globus system[2], and consistingof a
collectionof servicesandsoftwarelibraries.

A key aspecbf mary existing Grid computingapplicationds thedistributed
sharingof services- often organisedinto a “Virtual Organisation"(VO) [7].
Basedonthisidea,servicedrom differentprovidersmaybedynamicallycom-
binedbasedndemandalthoughthelocaion of aseviceisoftenpre-spedfied),
to enablethe compositionof theseservicedor solvingasinglelarge problem.
Eachservicemay be sharedconcurrentlybetweera numberof VOs. Thedis-
covery of suitableserviceglaysa significantrole in organisingandmanaging
suchorganisations.

In caseswherethelocationof servicess not pre-definedthe notion of dis-
coverybecomescritical andoftentime-consumingrocess Servicediscovery
imposesanoverheadn network accessasthetime to undertalk discovery in-
creasesasthe numberof serviceproviders/usergpeers)increase. Grouping
servicesandrestrictinginteractiongo be betweera setof peerss akey factor
to scalethe resourcediscovery problem. Any initial costusedin cateyoris-
ing peerscanprovide benefitsfor discovering preferablepeerswithout alarge
discovery costsubsequently therebyleadingto the developmentof “commu-
nities". A similarproblemin Grid Computingis the“connectionproblem"[5],
wherepeerseedto find othersuitablepeerdo co-operatavith, assistor inter
actwith. “FocusedAddressing'T12]is onesolutionto the connectiorproblem
whererequestaresentto particularsubsef peersbelieved to assisthe re-
qguestingpeer Individual peers althoughselfish,areexpectedto interactwith
eachotherin someway. If this wasnot the case,it would be impossibleto
establishvOs — or allow sharingof servicesbetweendifferentapplications.
Co-operatiorof oneform or anotherthereforebecomesessential. Eachpeer
prefersto bein anenvironmentwhereit maybeeasilydiscoreredby asuitable
serviceuser andcanlocateotherpeerswith minimum effort/cost. To assist
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discovery, peergroviding servicesnaybegroupedogethebasedncommon
attributessuchas: type of service resourceswned,anddomainof operation,
forinstance Weassuméhateachcommuniy hasamanagerertity ora“Setrvice
Peer"responsibldor sustainingthe community andinteractingwith Service
Peersin othercommunities. Sucha hierarchy(wherebyindividual peersare
notallowedto interactdirectly with peersin othercommunities)js alsouseful
to restrictthe numberof messageexchangedetweerncommunities.

Existingwork in supportingservicediscorery usingregistry servicessuch
asUDDI, differsfrom ourwork. Currentwork in Web Servicesloesnot spec-
ify how UDDI registriesmustinteractwith eachother or how they may be
organisednto a hierarchy Althoughtherehave beensomeefforts toward the
establishmenof “BusinessRegistries"— essentiallyinvolving a collection of
UDDI registries,the exactinteractionbetweersuchUDDI registriesis noten-
forced. Ourfocusoncommunitiesalsoallows theexistenceof registry services
within eachcommunity-to recordsenicesavailablewithinacommunty. Such
a registry may be managedy a ServicePeer and supportservicediscovery
within thecommunity Anotherrelatedwork is thereferralmechanisnior ser
vice discorery foundin systemssuchasChordand Tapestry[4]. Theserely
on the useof overlay networks to minimise the numberof searchmessages
thatneedto be propagatedo discover a service.Messagesareoftenbroadcast
with a limited hop countor Time To Live (TTL) setting,to ensurethatmes-
sagetraffic is constrainedo the vicinity of the requestingpeer Onceagain,
we may establisranoverlay network over our ServicePeergo supportservice
discorery betweencommunities. Our approachdoesnot precludethe useof
suchmessagéorwardingtechniques.

2. Community For mation

Servicebasedcommunitiesanbeof mary differenttypes with considerable
researchalreadyhaving beenundertakn in this areain the context of Multi-
Agent SystemgMAS). The notion of what constitutesa community differs —
with anemphasisangingin scopgrom “functional” communitiegthosebased
on a particularapplicationor problemdomain)to thosebasedon community
“characteristics'{suchas performancefrust/reputationsecurity policy etc).
Anotherdistinguishfeatureis whetherthe communitystructureis centerecn
the capability of individual participants,or the overall objectves/goalof the
communityin its entirety Work in Holonic MAS sharesnary similaritieswith
the formation of communities[6], andinvolves the establishmenof a com-
munity asa self-similar structurethat can be repeatednultiple times. Each
peerin sucha communityundertaks a similar actwity, althoughpeerscan
exist at differentlevels of a hierarchy Otherdescriptionf communitiesare
basedon the typesof actvities undertaken by its participants. When partici-
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pantsare cooperaire, the communitycanbe a “congregation”, a “coalition”,
or a“team”. A congr@ation generallyconsistsof a meetingplace,andthe
agentghat assembléahere (taken from the analogyof a club, a marletplace,
a university departmenttc. in the context of humansocieties). Generally
memberof sucha congrgationhave expendedsomeinitial effort to organise
anddescribethemselessothatthey areconsideredo be usefulpartnerswith
whom otherscaninteract. Hence,within a communityof this kind, agents
somavhatknow aboutthe capabilitiesof othersandtake ‘for granted’someof
theattributesthatthe otheragentamay possessBrooksandDurfee[3] outline
howv suchcongrgationsmay form, and variousotherinfrastructureservices
that needto be madeavailable (suchasa MatchMakingservice,the location
of acongrgationmeetingplaceetc). The usefulnes®f a congrgation-based
communityis thelimited effort eachagentwithin sucha communityneedsto
expendonceit hasestablishedtselfinto acongrgation. Suchcommunitiesare
thereforelikely to involve repeatednteractionsand may generallyexist over
long time frames— asthe whole point of developingsuchcongrgationsis to
allow anagento have agreatettevel of trustin otherparticipantgandtherefore
devote lessresourcedo finding suitablepartnersfor interaction). Panzarasa,
JenningsandNorman[11] exploreaformal modelfor specifyingcollaboratve
decisionmaking,in which agentscoordinatetheir mentalmodelsto achieve a
commongroupobjective. They indicatethat sucha decisionmakingwill be
impactedby the social natureof agentswhich alsomotivatestheir particular
behaiour. Theformationof suchacommunityinvolvesagentsvhich provide
somecommitmentto thegroupin which they belong.

For the work presentedhere,a communitymay be definedasa “collection
of agents/peerworking towards somecommonobjectives, or sharingsome
setof commonbeliefs". An agentmay simultaneoushpelongto oneor more
communitiesandmustmake acommitmento remainwithin acommunityfor
a particularduration. Eachcommunitymay thereforebe governedby a setof
policy rulesthatall participantswithin the communitymustadhereto. These
policy rules are managedoy the ServicePeerin the community— which is
alsoresponsibldor ensuringthattheserulesare beingadheredo. A policy
may be presentedo eachjoining peerduringthe communityformationphase,
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 “Name Service",a “Resoler Service"etc). Groups
may be defined,asillustratedin Figure1 — the C5 communityincludesC1—
C4. Similarly, a community managermay sharecommonservicesfrom a
communityat higherlevels of the hierarchy(for C1,C2for instance).In such
a hierarchy the communitymanagerslso act as gatavays betweenmultiple
communities,and may facilitate inter-group query forwarding. Community
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Figurel. HierarchicalCommunities

managerat a higherlayer caninteractand delggateactvities to community
manageratlowerlayers,andalsoregistertheaddress of lowerlayercommunity
managersServiceandparticipantinformationis notreplicatedat higherlayer
communitymanagers- simply the namesof communitymanagersvho may
thenbeableto provide additionaldetailsaboutparticipantswithin acommunity
Thestructureof sucha communityis significant,asit impactsthe searchime
for locatingparticularservicesandpeers.It is assumedhatonceanagenthas
agreedto participatewithin a communityby agreeingto a policy, the agent
is given a higherlevel of trustby otheragentsandthe communitymanager
However, enforcemenbdf policy rulesis not considerechere— andtherefore
the casewhereagentsaremaliciousandviolate policy rulesis notconsidered.
Hierarchicatommunitieprovideausdul wayto structureinteradionsbetwean
peerswith eachServicePeeractingasmessageelayto othercommunities-
constrainedy the policy rulesoperatingn thecommunity

The existenceof a ServicePeeris the minimum requiremento establish
a community— asit allows the registrationof new servicesandkeepstrack
of which peeris presentwithin the community We identify two concepts
to illustrate how peersmay be admittedto a newly formedcommunity The
first of theseis Expertise or Capability — andrefersto one or more services
that a particularpeeroffers. The fact that a peerhasthe ability to provide
suchservicesto others,allows us to associatesuch Expertisewith the peer
Thesecondconceptelatesto the Interests of peerswithin acommunity— and
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representparticularactvitiesthatapeemouldlike accomplishedyut doesnot
directly possesshe Expertiseto carrytheseout. Collaborationbetweerpeers
is thereforealsonecessaryo enablethe Interestsof a peerto be carriedout
(providedthatthereareotherpeaswhichprovidethe Expertiseto doso). A new
peerwishingto join acommunitymustsimilarly meetthe policy requirements
(consistingof Expertiseand Interests)identified by the ServicePeer If the
Interestsof a ServicePeerare differentfrom the Expertisebeing offered by
a peerrequestingnembershipthenthe new peeris referredto otherService
Peer/sprthenew peertriesto locatealternatve ServicePeer/svith compatible
Interests.

A ServicePeemmanagesill peerswithin thecommunityandcommunicates
with neighbouringServicePeerson the behalfof its members A ServicePeer
is alsoessentiafor the bootstrappingf a nev peer asit providessupportfor
anew peerto discorer enoughnetwork andcomputeresourceso sustaintself
within a community A ServicePeermay interactwith a monitoringservice
within acommunityto achieve this. More generallya ServicePeemaythere-
fore make useof otherinfrastructureservices(suchasmonitoring, directory
security/certificateuthority etc)within eachcommunity Suchcommonser
vicesmaybesupportedvithin acommunity or maybeexternalto acommunity
andshared.Figurel illustrateshow theseservicesare organisedooth within
andoutsidea community

2.1 Types of Communities

Individual autonomougpeershave Expertiseand Interestsin specificre-
source/sBasedntheseExpertiseandinterestspeeranaybegroupedogether
within a singlecommunity It is thereforepossibleto divide communitiesnto
thefollowing types:

»  CompetingCommunity: In sucha communityeachpeerhasthe same
Expertise— althoughsomeserviceattributes may vary. Similarity in
servicesmay develop competitionamongsimemberpeersJeadingto a
competitionamongstpeersto be selectedor offering a serviceby the
ServicePeer Competingcommunitiesenablethe groupingof common
services,and requirea serviceprovider to identify waysin which its
own Expertisemay be distinguishedrom thosebeingofferedby others
in the samecommunity Eachpeerwithin sucha communitymay be
self-containedi.e. be ableto executeits own services).

= Cooperatte Community:In suchacommunitypeerseitherprovide dif-
ferentExpertise or may offer anon-overlappingsetof services.In such
communitieseachpeerequiresnteradion with andherlocd or exterral
peerto executeservicest managesHence,whenonepeeris selected,
thenthe possibilityof selectinganothemembelpeeris increasedThere
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maythusbe a mutualdependencbetweerpeerswithin suchacommu-
nity.

m  Goal OrientedCommunity: Sucha communityis similar to a Cooper
ative community and peerswork togetherto achiere a particulargoal.
Membershipin sucha communityis only allowed if the perceved Ex-
pertiseofferedby thejoining peerallows the communityto accomplish
its goal. Suchcommunitiesnaybeimportantin self-oganisingsystems,
whereinteractionsbetweenmemberpeersare not pre-defined but the
servicegequiredare. In suchinstancesmembelpeeranayinteractwith
eachotherin arbitrarywaysto achiere agivenendresult. A goaloriented
communitydiffersfrom a cooperatte communityin thatthe goalbeing
pursuedmay changeover time — whereaghe Expertisepossessetly a
cooperatre communityareexpectedto be morestatic.

= Ad Hoc Community: Herepeerscanbein a co-operatre or competing
community but needto work togetherasa team. In ad hoc commu-
nities, peersinteractdirectly with eachotherwithout interferenceand
involvementof a ServicePeer Peerdelongingto differentcommunities
providing differentbut supportingservicesform the basisof anad hoc
community aslong asboth concerneccommunitieshave agreedo use
eachothers service.

= Domain-OrientedCommunity: Sucha communityis formed by link-
ing togethersimilarmindedorganisationgndinstitutions,insteadof the
servicesthey provide, suchasa music sharingcommunity a research
community andanopen-sourceommunityfor a particulartype of soft-
ware. Hencethesecommunitiesaredomain-orientedatherthanservice-
oriented.

Describingcommunitiesin termsof their Expertiseand Interestsin this way,
allows usto mapotherrelatedconceptdo these.Hence aVirtual Organisation
(VO) maybemappedo aCooperadtweor Goaloriertedcommurity —dependng
on how oftenthe environmentwithin which sucha communityexistschanges.
Similarly, a“market place”maybe mappedo acompetingcommunity where
differentsellersandbuyersoperateio reachmarket equilibrium.

The effectivenessof a communitymay be characterisedia its “rating" by
other ServicePeers. Rating can be inte-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 rating measurdor a communityon the numberof
requestsentto a peerby others. Hence,the greaterthe numberof requests
forwardedto a peer the greaterwill beits rating. Sucha metric providesa
usefulmeando evaluateandcomparecommunitiesoffering similar Expertise.
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Theuseof a“Ratings"index is thereforea subjectve measuref effectiveness
—seenfrom the perspectie of aserviceuser

3. QoS-enabled Communities

As mentionedin sectionl.2, a communityis basedon the Expertiseand
Interestsof the ServicePeer(actingasa communitymanager).Expertiseand
Interestscanbe “functional” —i.e. basedon the namesandparametetypesof
theservicedeingprovidedorrequestedlf WebServicetechnologiesrebeing
used,thesenamesandparametersre generallyencodedn the Web Services
DescriptionLanguaggWSDL), andassociatedvith particularport types.
An alternatve setof Expertiseandinterestgelateto the“non-functional“prop-
erties suchasperformancetrust/reputatiomndcost(for instance) Often,such
non-functionalpropertiesareignored,even thoughthey may be significantin
choosinganddiscovering a peer We utilise particulartypesof non-functional
propertiegelatedto the Quality of Service(QoS)offeredby a peer We may
now extendthe Expertiseand Interestsof peerswith QoS attributes; thereby
impactingall the differenttypesof communitiesdiscussegbreviously. Hence,
in acooperatie community peersmay searchor servicesvhich enablethem
to completethe executionof their servicewithin pre-definedime constraints
(therebynecessitatinghe needto evaluatethe Expertiseof other peerswith
referenceo their QoSattributes). Similarly, in competingcommunitiespeers
may be ableto distinguishthemselesbasedon the QoSattributesthey offer.
QoSattributesin this context relateto network parametersissociatedavith ac-
cessingaservice andexecutionparameterg runningaservicemanagedy a
peer For instancenetwork parametericlude:

= Delay: thisrepresentshetime takento deliver amessagérom a source
to adestinatiorpeer

m Jitter: this representshe variationin the delayof messagebeingsent,
alongthe sameroute,from a sourceto adestinatiorpeer

= Throughput:thisrepresentthenumberof messagethatarerecevedby
adestinatiorpeerwithin a particulartime frame

m Lossrate: thisrepresentthenumberof messagethatarelostor become
corruptedwithin aparticulartime frame

Eachof theseparametersanbe monitoredby the ServicePeer Similarly, pa-
rameter@ssociatedvith serviceexecutionarerelatecto thepercentagef CPU
time beingallocatedto agivenservice[1]. We assumehatby default commu-
nitiesarenot QoS-enabled- asproviding QoSsupportwithin acommunityis
anoverheador theServicePeer In this context, aQoSguaranteés essentially
anagreemento provide a serviceaccordingto aninitially negotiatedcontract
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betweena communitymanageli(the ServicePeer)and an externalpeer An
additionalsetof managemenactvities arenow requiredwithin a community
to enablea ServicePeerto offer suchguarantees.

A structureof acommunityis notstatic,andtheServicePeemill try to adopt
the structurebasedon changesn the ernvironmentin which the community
exists. This is achieved by controlling the membershipof peersthat belong
to the community Communitieswhich fail to adaptthemseleswill endup
reducingtheir overall rating. As our rating measuras basedon the number
of forwardedrequestdo a community we can make useof QoS attributes
to measurehow effectively theseadditionalrequestsare being handled. As
a communityhasa limited numberof physicalresourcegnetwork and CPU
capacity) increasinghe numberof requestwill alsodegradethe community
QoS.Communitiesvhich areQoSenabledarebettersuitedto providing such
assurancesasthechangen QoSduetoincreasingvorkloadcanbemonitored.
A ServicePeerfor instancemayrefuseto acceptary additionalrequestsf its
QoSis likely to degrade.

As not all communitiesarelikely to be QoS enabled,it is necessaryhat
ServicePeersf only QoSenabledcommunitiesateeachother A particular
communitymay decideto becomeQoSenabledvhenit hasenoughresources
to work effectively evenathighintra-communityloads. If acommunitycannot
copewith this extra overheadthenit maybadlyaffectthe overall performance
of thecommunity Furthermoreit is importantthata communityshouldhave
enoughresourcego provide the sameservicethroughdifferentmechanisms,
sothatits QoScannotbe compromisediueto thefailure of asinglepeer

31 Properties of QoS-enabled Communities

QoS EnabledCommunitiesonly grantmembershifgo peerswhich support
QoSassuranceWhenapeerwishesto join aQoSenableccommunity it must
provide its initial QoSpropertiesandthe associategerformancenformation
aboutits services.This informationis storedin the ServiceProfile Repository
(SPR),andactvatesamembershiprotocol. Figure2 illustratesaQoSenabled
community— offering additionalmanagemenservicesto enablethe Service
Peerto monitorandenforceQoSattributes. In suchacommunity:

1 Peersarecreatedo provide specialistservice/qto enablethe measure-
mentof QoSattributes)alongwith basic/coreservices.

2 Peersrephysicahardwareresaircesattachedto thenework. Two peers
cannotrepresena singlehardwareresourceandvice versa.

3 Peerswhich do not provide supportfor measuringand monitoringQoS
attributesmaynotbeallowedto participatan aQoSenableccommunity
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Figure2. QoSenabledCommunity

4 Peermormallydecideto becomeQoSenabledasednthetypeof com-
munity(ies)to which they belong.

5 A QoSenabledpeermay participaten ary community

6 A communitymaydecideto becomeQoSenabledo improve its rating.
Therating of acommunityis relatedto the numberof requestseceved
by acommunityover a particulartime frame.

Asillustratedin Figure2, QoSenableccommunitieshave four additionalcom-
ponents:

»  The ServiceProfile Repository(SPR).canbe a databaser servicereg-
istry. Its main role is to hold QoS related propertiesabout services
offered by a designatedbeer For example,the servicedurationand
serviceresourcaequirementgare QoSproperties.Thesepropertiesare
recorded/updated the SPRin two forms: (a) Onacceptingnembership
of anew peerinto the QoSenabledcommunity— the peermustprovide
QoSpropertienf serviceoffered,andthesegropertiesareenteredn the
SPRin the form of profilesfor services.(b) On completionof a service
by aclient—in this case¢he QoSMonitor (QM) updatesheprofilein the
SPRfor this particularservice. The updatemechanisnusesa propor
tionalapproachof number(spf serviceusage(sys. resourcesonsumed
in every usageandthe durationof serviceexecution.

» The QoS Schedule(QS):in a QoS enabledcommunity the QS works
togetherwith the servicepeerandthe QoS Supportmoduleof a desig-
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natedpeerto provide serviceswith QoSguaranteeslts mainrole is to

receve requestgrom theservicepeer for serviceproviding QoSassur

ance.TheQSalsoindicatesto a peerwhetherthe servicerequestedan
beimmediatelyhonouredpr whenit is likely to behonoureddepending
ontheexisting schedulghatit maintains.TheQSundertaksa QoSne-

gotiationprocessvith thedesignategeer with QoSpropertieobtained
from the ServiceProfileRepositorySPR)for therequestedervice. The

resultof thenegotiationprocesss thereplyto theservicepeer whichthe

servicepeercanthenuseto admit,or reject,aclient's QoS-basedervice
request.Figure3 illustratesthe negotiationprotocol.

= QoS Monitor (QM): this is usedto track the executionpatternof each
serviceandgatherperformancecharacteristicéor QoSrequirementsit
usesthis informationto updateprofilesin the SPR,for useby the QS
whenneeded.

m The QoS Module: this residesin the peernodeandit is, in essencea
QoSmanagemergystemwhich support€QoSnegotiation,providesad-
vance/immediateesourceesavation, sugportsresaurceallocaion/release
and an agreemenprotocolto confirm resourcereseration. The QoS
Module provides a guaranteeaxecutionervironmentfor servicesde-
scribedin termsof resourcerequirementsthe startingtime of the exe-
cution, andthe likely durationfor which a particularresourcemay be
needed.Theresourceequirementganbe expressedn termsof ‘com-
pute’, or CPUspecifications- sucha CPUspecificatioris supportedy:
(a) the total computepower, or (b) a specificcomputeslot offered by
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the peer The four QoSmanagemerdubsystemgroviding therequired
assuranceare:

1 QoSManager:thisistheinterfacefor theQoSmanagmern systan.
TheQoSSchedulefQS)interactsvith theQoSsystenthroughthis
interface. It acceptsequestsor QoSservicesandorchestratethe
requesbetweerthecomponent®f the systemandthengenerates
areplyto theQS.

2 Policy Manager: this providesthe requireddynamicinformation
aboutresourcecharacteristicsfferedby thepeer andpolicy infor-
mationof when,whatandwhois authorisedo usethe community
resourcesThis informationmay be updatedby the peerowneror
the ServicePeer

3 ReserationManager.anabstractatastructurethatholdsresenra-
tion entriesfor aparticularresource(s)It doesnotinteractdirectly
with theresourceshut obtainsresource(sgharacteristicérom the
Policy Manager Whena resenration requests receved from the
QoS managerthe reseration managermndertaks an admission
controltestto checkthe possibility of aresenation promiseto the
requesterSimilarly, for serviceexecution theQoSmanagechecks
theresenationdatastructurefor theresenation,and,subsequently
instructgheallocationmanageto allocatehereseredresource(s).

4 Allocation Manager:this moduleis usedto interactwith resource
managerdor allocationand de-allocationof resourcesbasedon
requestdrom the QoS manager A variety of resourceananagers
canbe used;for example,a Dynamic Soft Real Time Scheduler
(DSRIT) [10] for allocatingcomputeor CPUresource(s).

3.2 QoS-enabled Peers

As previously discussedpeersarenot QoSenabledoy default, but mayde-
cideto becomeQoSenabledvhenthe communitieso which they belongstart
to supportQoS constraints. This is achiezed by the ServicePeerwithin the
communitydecidingto supportadditionalservicesmentionedn sectionl1.3.1
abore. QoSenableccommunitiexanonly have QoSenabledbeersandif ary
peerdecidesto not supportthis functionality its membershipmay be termi-
natedby the ServicePeer Eachpeerthatbelonggo aQoSenableccommunity
mustagreeto provide performancelatato oneor moreservicesnanagedy the
ServicePeerin the samecommunity This performancedataincludesparam-
etersrelatedto executiontime/resourcaisage andnetwork parametergsuch
asbandwidth/latenc A peermay be a memberof two communitiesin two
situationsasfollows:
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Casel: In this case,a peeris a memberof both a QoS enabledandan un-
enableccommunity As amembetrof two communitiesservicerequests
areexpectedrom two differenttypesof ServicePeers A servicerequest
recevedfrom aServicePeernf theun-enabledommunitywill betreated
ona‘best-efort’ basiswith theserviceexecutedvhenresourcebecome
available—in thisinstancenoassurancenserviceexecutionis provided.
Thefollowing scenariozouldoccur:

= A requests receved while no otherservicesare runningon the
peer andthe ‘besteffort’ mechanisnwill make useof the all the
availableresourceso executethe service.

= A requests recevedwhile a‘guaranteedservice(s)s/arerunning
on the peerbelongingto the QoS enabledcommunity The new
requestis nov scheduledo run on the remainingresources- if
ary areavailableafterrespondingo therequestérom the QoSen-
abledcommunity Theimplicationis thatunpredictablexecution
patternsmay occurfor serviceshatdo not provide QoSdata;for
exampletheservicemighttake along time becausef insuficient
resourcespr mightrun normally asthe availableresourcas suffi-
cient— no prior guaranteeasto which modeof executionis used
canbemade.

= A requestsrecevedwhile aguaranteedervice(s)s utilising close
on 100% of the computeresource. Herethe ‘best effort’ service
will not be immediatelyexecuted,andwill have to wait until the
resources releasedy the’'guaranteedservice.

Case&: Inthiscaseapeemaybeamembeiof two QoSenabledommunities,
andrequestareexpectedrom two differentQoSScheduler$QSs). The
QoS managemensystemoperateson the conceptof a ‘First In - First
Out (FIFO)’ schedulingmechanism.When eitherof the QSsattempts
to negotiatefor QoSrequirementsthe QoS managepasseshe request
to theresenation managerwhichin turn runsanadmissiorcontroltest
to checkthefeasibility of grantingthis request.If therequestannotbe
admitted,arejectmessagés sentto the QSwith a proposalor the next
availabletime, andit is up to the QSto acceptor discard. On the other
hand,if therequesis granted,anacceptmessagés returnedto the QS
for confirmationor rejection.

Although QoS guarantees a desirablefeatureit hasassociatediravbacks—
viewed astrade-ofs for the promisedassurance.The QoS overheadcanbe
classifiednto:
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Figure4. Protocolfor joining a QoSenableccommunity

m Requesprotocoloverhead:Therequesiprotocoloverheads whenthe
ServicePeemrecevesarequesftor servicebut therequestoesnot prop-
agatdirectlyto thepeerwho providestheservicejit goesotheQS.The
QS then goesthroughthe negotiation processas outlined above. The
negotiation processmay succeedr fail. This negotiation processs a
requesprotocoloverhead.

= Executionprotocoloverhead:Similarly, duringserviceexecution,when
the QoS managerrecevesa serviceexecutionrequestjt doesnot start
the servicedirectly, but goesthoughan executionadmissiortest,which
checksif therequiredresourcedave beenresered. Thisis viewed as
anexecutionprotocoloverhead.

It canbe arguedthatthis protocoloverheads a compromiseo the assurance
promised,otherwiseif the ‘besteffort’ executionis chosenno guaranteen
executiontimescanbe provided. We ervision associatinga costmodelwith
the ‘guaranteedservicessothis costfactorwill play amajorrolein assisting
clientsto selecttheir bestoption— andis usedto influencethe servicerating
mentionedn sectionl.2.1. Figure4 illustratesthe Join protocol.

4, Implementation Status

Thecentraideaof acommunityisimplementdusing the JXTA library[15] from
SunMicrosystems-which enableshedevelopmenibf Peer2-Peersystemsn
Java. In our implementationeachcommunityis thereforeessentiallya JXTA
group,consistingof a collectionof peersanda Rendezwus peer(which pro-
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ol
Group Peer Management

Create Create Join Group

Remove Remove Leave Group

Search Search All Groups

Properties Properties All Peers

Figure5. A JXTA CommunityManager:UserInterface

videssomeof the functionality of the ServicePeer)alongwith a collectionof
commonservicegsuchasa registry service). Eachpeeron joining the com-
munity registersits expertise— asa collectionof servicesignaturespecifiedn
XML with the ServicePeer At ary pointin time, the ServicePeerhasa list
of all theserviceghatareavailablewithin the particulargroupthatit manages
— thereforeeachpeerregistrationwithin the groupleadsto an updateof the
PeerGroup adwertisementmanagedy the ServicePeer The peerjoining the
JXTA Groupis alsoallocatecauniqueidentity by the ServicePeer EachJXTA
Grouphasasortedlist of its memberpeers,andeachpeerpresentwithin this
grouphasa sortedlist of Groupsto whichit belongs.

Externalpeersapplyfor membershigy sendingheir serviceadwertisement
to the ServicePeer(this is donewhena peeris first created- or whena peer
wishesto changeits currentgroup),andselectionis thenbasedon the type of
communitythattheServicePeelis managingcompetitve, cooperatie, etc—as
outlinedin sectionl.2.1). Therateatwhich adwertisementgrebeingsentfrom
apeemaybeonaperiodicbasis or maybestimulatecby eventssuchasanew
peerjoining/leaving the peerGroup,or geographicaihformationindicatingthe
otherservicesthat are offered at a particularlocation, etc. Eachpeerhasits
own threadof control,anddecisiongegardingwhenan adwertisemenshould
be publishedis left to the peerowner/deeloper Eachpeermustalsoprovide
a listenerinterfacethat can be implementedand registeredwith the Service
Peer Using the listenerinterface, a peercanregisterinterestin otherpeers
thatarealsoregisteredwith the ServicePeer(within the samecommunity)—
andthe identity of the registeringpeeris usedto propagatesubsequentvent
informationto it.

A ServicePeemayterminatethe membershipf apeeratary time—anda
peemaydecideto leave agroupatary time. Weassumen ourimplementation
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thattheidentity of a peer(anda group)doesnot changeovertime. To support
groupmanagementye provide aninterfacethat enablesa developerto view
the currentstateof the groupat ary time — thisis illustratedin figure5. Each
Peeradwertisemeniprovided in CodeSegmentl) containsboth optionaland
mandatoryelements. The mandatoryelementsare PID (peeridentity), GID
(groupidentity), Name (peername),andDesc (summaryof peerexpertise).
The other elements,suchasDbg (delug) and Svc (servicedescription)are
optional— hence,t is possiblein our schemeo have peerswhich provide no
service.A peemaynotprovide ary servicewhenit firstjoinsacommunity for
instance- andthereforethe Svc elementanay be blank. Subsequent|yonce
a peerhasbeenpart of a communityfor a particularduration,it mayissuea
new peeradwertisemeniusingthe samePID asbefore)andadwertiseits new
services.The useof blank Svc elementswithin a peeradwertisemeninay be
usefulwhenbootstrapping community Thepeeradwertisements seerby all
the peerswithin the samecommunity andalsoby the ServicePeer-restricted
by the GID. Eachpeeradwertisementancontainmultiple Svc elements.The
Servicesectionmay also optionally containan elementis0ff meaningthat
this serviceis disabled.This elements usedto convey a configurationchoice
madeby the owner of the peer The Svc elementmay containdetailsabout
a particularexpertiseheld by the peer or may be a referenceto a service
maintainedn somerepository For instance sucha referencemay pointto a
servicemaintainedn a UDDI registry. Eachof theseSvc elementdescribe
the associatiorbetweena group servicedenotedby its MCID (Module Class
ID), andarbitrary parametergncapsulateth a Param element. The MCID is
essentiallya serviceidentity that uniquely identifiesa given service— even
thoughtheservicemaybeprovidedby differentpeers. TheMCID mayalsoacts
asaservicename-andis generatedby arunningafactoryservicewith aURL
referenceotheservicdocation—whichreturnsauniqueidentityfor theservice
at the specifiedlocation. The Param elementshouldspecifythe exact setof
parametergandtheir ordering)thatneedto be sentto a service- andmustalso
specifythe typesof return parametershat are sentin response.Thereis no
mechanisnmn JXTA to specifywhich parameterareinputsor outputsin the
Peeradwertisemen{CodeSegmentl), andit is thereforenecessarfor aservice
providerto specifythisinformationin the Module Specificatioradwertisement
(CodeSagment3). A Module Specificationadwertisementmay also specify
how to invoke anduseaservice.

CodeSgment2 and3 identify a way to describeModule ClassIDs. Each
suchlD musthave a nameanduniquedescriptionandmustspecifya way to
invoke theservice-throughaJXTA “pipe"” (equivalentto anameccommunica-
tion channel).Therearealsootherwaysin which theservicecouldbeinvoked
(otherthanthe useof a JXTA pipe— althoughthis is assumedo bethe default
mechanism)suchasuseof Java RMI or via a SOAP messageln the caseof
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invocationusing SQAP, a URL to thelocationof the serviceneedso be pro-

vided. EachModule SpecificatiorAdvertisemen{CodeSegment3) canhave

multiple Module Implementation§CodeSegment4). It is thereforepossible
to have multiple implementation$or a service(with a particularMCID to exist.

Whereaghe Module Specification(Code Segment3) only providesa higher
level specificationof the service the Module ImplementatioCodeSegment
4) needdo provide detailsof the exactbindingsfor invoking theservice.Each
serviceaimplementatiorior aparticulanMCID musthave auniqueMSID (Module
ServicelD) — asillustratedin CodeSegment4. In this way, it is possibleto

uniguelyidentify animplementatiorfor a particularservicespecification.

<?xml version="1.0" encoding="UTF-8"7>

<jxta:PA xmlns:jxta="http://jxta.org">

<PID>...</PID> <GID>...</GID>

<Name>...</Name> <Dbg>...</Dbg> <Desc>...</Desc> <Svc>
<MCID>...</MCID> <Param>... </Param> </Svc>

</jxta:PA>

CodeSegmentl: PeerAdvertisement

<?xml version="1.0" encoding="UTF-8" 7>

<jxta:MCA>

<MCID>...</MCID> <Name>...</Name> <Desc>...</Desc>
</jxta:MCA>

CodeSegment2: Module ClassAdvertisement

<?xml version="1.0" encoding="UTF-8" 7>

<jxta:MSA>

<MSID>...</MSID> <Name>...</Name> <Crtr>...</Crtr>
<SURI>...</SURI> <Vers>...</Vers> <Desc>...</Desc>
<Param>...</Param>
<jxta:PipeAdvertisement>...</jxta:PipeAdvertisement>
<Proxy>...</Proxy> <Auth>...</Auth>

</jxta:MSA>

CodeSagment3: Module SpecificationAdvertisement

<?xml version="1.0" encoding="UTF-8"7>

<jxta:MIA>

<MSID>...</MSID> <Comp>...</Comp> <Code>...</Code>
<PURI>...</PURI> <Prov>...</Prov> <Desc>...</Desc>
<Param>...</Param>

</jxta:MIA>

CodeSgment4: Module ImplementatiomAdvertisement
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As indicatedin codesegmentsl—4, eachpeerbelongsto oneor more JXTA
groups— and supportsone or more services. A servicemay be directly pro-
vided by a peerandspecifiedin its serviceadwertisementpr alternatvely the
propertiesof a servicemay be registeredwithin a UDDI registry servicealso
provided within the samecommunity In the latter case the adwertisemenof
a peercontainsa referenceto the UDDI registry containingelementsof the
WSDL documenfor theservice.

ConsidepeemwithinacommunityprovidingaStock Quote service.This
serviceshouldhaveanXML baseddwertisemensothatotherpeergwithin the
samecommunity)or the ServicePeercandiscover it, andforward requestgo
it. CodeSegment5 providesa userdefinedStockQuoteAdvertisement.This
descriptionof a servicediffers from CodeSeggment2, asonly oneinstanceof
suchauserdefinedservicecanexist within acommunity Hence theformatfor
servicespecificatiorin CodeSegment2 is thedefaultformatexpectedoy IXTA
— however CodeSegments5 illustrateshow a userdefinedformatcanbe used
insteadwith constraintn the numberof implementationshatcanco-exist —
in the caseof CodeSegment5 thisis restrictedio one).

<?xml version="1.0 "encoding="UTF-8" 7>
<StockQuoteAdvertisement> <Name>...</Name> <Desc>...</Desc>
<Status>...</Status>

</StockQuoteAdvertisement>

CodeSgment5: StockQuoteServiceAdvertisement

TheName elements usedto encodea developerdefinednamefor the service,
the Desc elementa (humanreadable)ext string indicatingwhat the service
does,andthe Status a developerdefinedelementencodingthe currentstate
of the service. A peercreatesa serviceadwertisementy using an abstract
class,mainly providing set andget methodsto accesshe elementsefined
in theadwertisementUsingthesemethodsit is possibleto assignandretrieve
valuedfor particularelementsvithin theadwertisementTheabstractlassmust
malke useof aparsetto analysehestructureof theadwertisementn XML (i.e.
retrieve the orderin which XML elementsareto be parsedandsubsequently
processed).

The abstracitlassandthe parserare mainly usedto procesghe adwertise-
ment. Additional codeis neededto be able to publish and respondto dis-
covery requests/querieBom other peers. This is achieed by defining the
publishService, andthediscoveryEvent methods Finally, animplemen-
tationis associateavith the service(andis similar to the descriptionin Code
Sggement4). Only a singleimplementationcannow be associatedvith the
serviceadwertisement.

Figure 6(a) illustrateshow a requestto discover a serviceis propagated
acrossdifferent communities. Each peerwithin a community (including a



Community |

Quality of Service Based Grid Communities 19

Peer: member

Cache [senicePeer? ‘ ‘SEI\'IDEPEEE Bl

ServicePeer: P3 ‘

(advertisernent)

| guerybrsenice |

checkits cache

| |

resultofquery ; | |
| |

|

inforam tion ofservice rom Peer Group
1

response for service information

ResalverQueryMessage

| check local repository
I

Cache
(advertisement)

brward ResolverQueryMessage

(a)

Community 2 | ResolerResponse Message

forward Resolver Responze Message

I
|
(advenisement) T |
|
|

Community 3

(b)

Figure 6.  (a) Advert propagationbetweendifferent ServicePeers,(b) Sequenceliagram
indicatingmessagexchangedetweerServicePeers

ServicePeer)cansupportanadwert cache-whichis searchedbeforearequest
to discover a serviceis propagatedo the ServicePeer(intra-community)or
to anothercommunity As indicatedin figure 6(b), oncea servicehasbeen
discoveredin anothercommunity(via ServicePeer3), it is now necessaryo
locatethepeemproviding thematdedservice—thisisachievedbytheResolver
Query message. The responsamessageontainsthe PID of the requesting
peerandthe HandlerName — the HandlerName iS an aggr@ation consisting
of aPID, theMCID andtheMSID, anduniquelyidentifiesa particularservice
implementatiorbeingofferedby a particularpeer CodeSegment6 illustrates
the structureof theResolver Query message.

<?xml version="1.0 "encoding="UTF-8"7>

<jxta:ResolverQuery xmlns:jxta="http://jxta.org">

<HandlerName>...</HandlerName> <Credential>...</Credential>

<QueryID>...</QueryID> <SrcPeerID>...</SrcPeerID>

<Query>...</Query>
</jxta:ResolverQuery>

CodeSegment6: Resolher Querymessage

In orderto nowv make useof aservice apeersendsiqueryeitherdirectlyto the
peerproviding theservice(in anAd-Hoccommunity)or to the ServicePeer(in
theothertypesof communities). Thequeryshouldoewrappedn theResolver
Query messag€CodeSegment6), in ourimplementatiorwe have java classes
to allow querymessageto containboth optionaland mandatoryparameters.
This messagshouldnow containthe exactsetof parameterseededo initiate
thisrequest-for theStock Quote servicethisisillustratedin CodeSegment
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7 —wheretheMin andMax elementgeferto the minimumandmaximumprice
for the stockon a particularDate. Subsequent|ya Query Response is sent
to therequestingpeer— illustratedin CodeSegment8 for the Stock Quote
service.

<?xml version="1.0 "encoding="UTF-8" 7>
<InitiateStockRequest>
<StockName>...</StockName>
<Date>...</Date> <Min>...<Min>
<Max><Max>

</InitiateStockRequest>

CodeSgment7: StockRequesQuery

<?xml version="1.0 "encoding="UTF-8" 7>
<jxta:ResolverResponse xmlns:jxta="http://jxta.org">
<HandlerName>...</HandlerName>
<Credential>...</Credential> <QueryID>...</QueryID>
<Response>

<StockData><StockName>. . .</StockName>
<StockSymbol>... </StockSymbol>
<link>http://quote.yahoo.com/q?s=SUNW</link>
<price currency = "pounds">20.59</price>
<detail>...<detail>

</StockData>

</Response>

</jxta:ResolverResponse>

CodeSegment8: QueryResponsenessage

Therearethereforethreekindsof serviceghatexist within ourimplementation
of acommunity:

1 Servicesthat areimplementedas Web Services:in this instance,it is
necessaryo provide a descriptionof the servicein WSDL, andrequires
eachpeerto provide a Tomcatsener (anda SOAP client for accessing
servicen otherpeers).In this case gachpeeris aserviceprovider that
is capableof managingoneor moreservices.Serviceexecutionis now
undertalken by the particularWeb Serviceshostingernvironmentbeing
providedby the peer Theinclusionof sucha peerexistswithin a IXTA
groupis primarily sothatit canbecombinedvith otherpeers-depending
onthetypeof communityit belonggo. Althoughsuchservicesnayhave
QoSconstraintspecifiedthereis no guarante¢hattheseconstraintsare
likely to be obsered.

2 Serviceghatareimplementedvith Java CoG Core[9]: in thisinstance,
eachserviceanterfacemustalsobespecifiedusingaWSDL interface but
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the executionof eachserviceis managedria the CoG Core API. Each
servicenow generate®neor moreTask objects— eachof which hasa
uniqueTaskHandler. UsingsuchaTaskHandler it iS now possibleto
schedulghesdaasksontheresourcesnanagedy asinglepeer or acol-
lection of peerswithin the sameJXTA group. EachsuchTaskHandler
may be mappedto an MCID (in Code Segment2). To supportQoS-
enabledservicesthe ServicePeerinteractswith the DynamicSoft Real
Time Schedulei(DSRT) [10]. If QoSguaranteeareto be provided, it
is now necessaryor all serviceswithin thesamecommunityto beman-
agedby DSRT. TheServicePeerin thisinstancerelinquishesontrolto
thisschedulingsystem.A ServicePeemaypre-reserg resourcedased
on likely demandfrom serviceswithin the community Suchdemands
for resenation are forwardedto the schedule~ which may acceptor
dery thembasedon the available resourcesnd otherservicesthat are
scheduledo run over a particulartime frame.

3 Serviceghatareimplementedvith JXTA executionengine:in thisin-
stance gachserviceinterfaceis implementedlirectly usingthe Svc el-
ementsandeachpeermustprovide its own executionervironment. No
guaranteeareavailabe thatparticularexecuton quality will beobserved.
Interactionbetweerservicedake placeusingJXTA pipes— andservice
discorery is supportedthroughthe propagationof peeradwertisement
(within thecommunity)or PeerGroup adwertisementbetweercommu-
nities.

5. Conclusion

Theconcepbof a“community” is ausefulabstractiorfor groupingservices.
Communitiescanbe of differenttypes,and may supporta variety of hosting
ervironments. Eachcommunity hasa “manager”responsibleor admitting
and releasingparticipantswithin it. Each participantwithin the community
hasits own threadof control — referredto asa “peer” — and may belongto
multiple communitiessimultaneously A communitymanageiis responsible
for allocatingresourcepresentwithin it, andfor managinginteractionswith
othercommunities.

Weimplementhisconcepbfacommunty asaJXTA groupalorng with some
commonservicesnadeavailableto all participantsvithin thegroup. In sucha
group,a Rendezouspeeris responsibldor cachingadwertisementgenerated
by peersthat belongto the group. Eachpeercan either directly provide a
service,or may utilise a third party executionengine. We illustrate how a
particulartype of hostingervironmentis necessaryn orderto supportQoS
guaranteesvithin a community Although, we emphasisehatit is important
thatnotall communitiesmaybe QoS-enabled.
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