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Abstract

Semanticwebservicesframeworksneedto supportdynamic
cooperation,negotiationandcoordinationbetweenwebser-
vicesfor ef�cient resourceandtaskallocationandexecution.
AlthoughtheOGSIstandard includesa webservicesagree-
mentmodel,thereis noconceptof negotiationthroughproto-
colsandstrategies.Evenallowableactionsarelimitedto two
types.In this paper, wediscussour recentwork on adapting
andre�ning someof theextensiveresearch in themulti-agent
systemscommunityto facilitate dynamicandadaptivenego-
tiation betweensemanticwebservices.

1. Intr oduction

Grid computingresearchis startingto researchon applica-
tionsof virtual organisationsfor enabling�e xible,secureand
coordinatedresourcesharingamongdynamiccollectionsof
individuals, institutionsand resources.The aim is to sup-
port globallydistributedcollaborationbetweenwebservices
throughinformationmanagementanda serviceorientedap-
proach[4]. Addingontologiesandnegotiationcapabilitiesto
grid serviceswouldhelpin resourcebrokering,inter-grid in-
teroperationandagent-likeplanningfor scheduling.

However, currentwebserviceswork fails to bene�t from
the agentcommunitiesresearchin negotiationfor coalition
formation betweenpartieswith heterogeneousinformation
needs.In current grid applications,heterogeneityand dy-
namicprovisioningarelimited, anddynamicvirtual organi-
sationsarerestrictedto thosepartieswith aprioriagreements
to commonpoliciesandpractice.Cooperation,coordination
andnegotiationareissuesthatGrid usersandGrid resource
providersneedto addressin orderto successfullyinteroper-
ate[3]. Given the view that multi-agentsystemsaregroups
of agentsthatinteractthroughcooperation,coordinationand
negotiationto satisfytheir individual or commongoals,grid
and agenttechnologycan complementeachother for ef�-
cientprovisioningandmanagementof services.

The Ontogridproject[6], startedin October2004,is in-
vestigating on how to shareand deploy knowledgein grid
computing for the rapid prototyping and developmentof
knowledge-intensive distributedopenservices.The seman-
tic grid architecturethatresultsfrom thisprojectwouldstand
asasoundmethodologyfor developinggrid systemsthatop-

timize cross-process,cross-company andcross-industrycol-
laboration.A principleof OntoGridis to adoptandin�uence
standardsin SemanticGrid andGrid Computing,in partic-
ular the OpenGrid ServiceArchitecture[6]. The Ontogrid
project aims to develop opendistributed knowledge-based
solutionsin thegrid over theOpenGrid Services.Thus,the
project's aims include developing knowledgeservicesthat
aregrid aware,enablinga selectionof grid servicesto be-
comeknowledgeawareandto developasemanticgrid archi-
tecturethat incorporatespeer-to-peerandagenttechniques.
In this paperwe focus on two objectives of the Ontogrid
project:1) to apply grid computingarchitecturesin frame-
worksinvolving virtual organizationsformedby autonomous
entitieswith con�icting goals.We take theseentitiesto be
autonomousand rational (goal-oriented)agents,and 2) to
demonstratethat SemanticGrid computingsystemscanbe
exploitedsuccessfullyin e-businessapplications.

Sinceautomatednegotiation can effectively help in re-
solvingcon�icts typically over resourceallocationsandset-
ting up agreementssuchas for serviceprovision between
autonomousentities,we develop similar negotiationmech-
anismsbetweenweb services.Our mechanismsaddressthe
current limitation of semanticweb servicesto supportdy-
namicnegotiationstrategiesfor taskandresourceallocation.
Ouraimis to successfullydeploy negotiationandinteraction
mechanismsbetweengrid servicesin thesameway thatau-
tonomousagentsnegotiatein a collaborative or competitive
distributedsystem.Therefore,ourinterestin theW3Cframe-
worksfor semanticwebservicesworkshopresidesin thefol-
lowing topics: businessprocesses,negotiation betweense-
manticwebservices,andautomatingtasksbasedon seman-
tic descriptionsandintegrationin theWebArchitecture.

The remainderof this paperis structuredin the follow-
ing way. Section2 presentsa usagescenarioin the insur-
ancesectorto show negotiationbetweeninsuranceservices
for sharinginformation.Section3 critically analysescurrent
work on grid-basedmodelsfor servicenegotiationandser-
vice level agreement.Section4 discusseshow we develop
negotiationmechanismsfor dynamiccoordination,taskand
resourceallocationin thesemanticgrid.Section5 concludes.

2. InsuranceUsageScenario

We analysea scenario[12] from the car insurancesector
becauseit involvesvariousactorsandinformation�o w be-



tweenthem in claims handling.For example,servicesthat
can be invoked in processingclaims may be provided by
lawyers,medicaldoctors,bankersandcar mechanics.Cur-
rently, theinsurancemarketmostlyreliesontraditionalways
of handlingclaims,whichcanbeslow andcostlybecauseof
the inter-dependency betweenthe multiple partiesinvolved
in expediting a claim. Thus, automatingthe various steps
in claims handlingcan help save costsand time, integrate
chainsof services,exchangesubstantialdatavia secure,reli-
ableandrobustchannelsandencourageinteractionsbetween
insurancecompanieswhichwouldotherwisehavenottrusted
eachother. The variousactorsareconsideredasbeingpart
of a grid andoffering grid or webservices.A grid comput-
ing approachis takenbecausetheheterogeneouspartiesmay
maintainlong-termrelationships,exchangelargeamountsof
data and participatein long-lived transitions.To illustrate
the interactionswhenhandlingclaimsfor car accidents,we
presentthe casefor detectingfraudulentclaims[12]. Insur-
ancecompaniescommunicatewith oneotheraboutquestion-
ableclientsandclaimsto detectduplicateclaimsatdifferent
companies.

Fraudulentclaims may occur when the sameclaim is
madeat two or more(international)insurancecompanies.In
currentsystems,theseclaimsareoftennot detectedbecause
insurancecompanies,especiallyif locatedin differentcoun-
tries, do not shareinformation with eachother abouttheir
clients and reporteddamages.Insurancecompaniesplace
high importanceon preservingprivacy of informationabout
their customersfor commercialreasonsor becausethey can
be liable to violating privacy laws. They can also be sued
for badfaith or maliciousprosecutionif they pursuesuspi-
ciousclaims.Therefore,insurersarenot allowedfreeaccess
to thedataof otherinsurancecompanies,but ratherthey can
only askspeci�c questionsaboutaspeci�c customer. Theac-
torsin thisscenarioaretheinsuranceservices,customers,po-
lice authoritiesandthe FraudGridManager. The FraudGrid-
Managerhelpsthe insuranceservicesto communicatewith
oneotheraboutquestionableclientsandquestionabledam-
agereportsin a rapidandlow pro�le way to avoid encroach-
ing privacy laws.
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Figure 1. Detecting fraudulent claims

Beforedealingwith a claim,aninsuranceservices1 may
negotiatewith theFraudGridManagerabouts1 queryingthe
FraudGridManagerregarding a particular customerin re-
turn of s1 providing information to the FraudGridManager

aboutothercustomers.Two casesareconsideredfor detect-
ing fraud: 1) when a customerwishesto becomea client
with an insuranceserviceand2) whenan insuranceservice
receives a claim. In the �rst case,when a customerwants
to registerasa client, the insurancecompany if doubtful of
thecustomer's intentionsmayasktheFraudGridManagerto
checkwhetherthecustomeris blacklistedor hasa question-
able history with other insurancecompanies.On receiving
the FraudGridManager's report, the insuranceservicemay
choosewhetherto accept,rejector negotiatethetermsof the
insurancewith thecustomer. In thesecondcaseof theinsur-
ancecompany receiving a doubtful claim, the interactions,
shown in �gure 1, areasfollows:

� i 1: A customersendsaclaim to theinsuranceservice.

� i 2: If the insuranceservicedoubtsits client's claim, it
requeststheFraudGridManagerto checktheclaim.

� i 3: TheFraudGridManagercontactsotherregisteredin-
suranceservicesand performs a bilateral negotation
with themto decidehow muchinformationcanbeex-
changedandwouldbeenoughfor detectingwhetherthe
claimhasalreadybeenreportedelsewhere.

� i 4: TheFraudGridManagersendsits conclusionsabout
whethera fraudwasdetectedto theinsuranceservice.

� i 5: The insuranceserviceeither acceptsor rejectsthe
client's claim.Theauthoritiesmayalsobecontactedin
casefraudsaredetected.

In this scenario,there are negotiationsbeforehandbe-
tween the partiesto contractrelevant services.On receiv-
ing a claim or a requestto register as a client, the insur-
anceservices(throughthe FraudGridManager)have to ne-
gotiateaboutwhat information they are willing to passto
oneother. Theinsuranceserviceshavedifferentwaysto ver-
ify client registrationsandcarclaims.For example,in order
to verify a claim to an insuranceserviceI 1, the FraudGrid-
Managerasksthe insuranceserviceI 2 to checkits records.
I 2 requeststhenameandaddressof theclient andhis car's
mileage,to whichI 1 refusesandoffersthecar's licenseplate
anddateof accidentinstead.As canbeseenin this scenario,
informationis sensitive andvaluable,giving riseto negotia-
tion betweentheservicesregardingtheexchangeof clients'
information.

3. Frameworks Facilitating WS Negotiation

In this sectionwe discussexisting work thatproposeto con-
verge the web servicesand agentcommunitiesfor service
provision andproblemsolving in opendistributedsystems.
Thereareanumberof projectsinvestigatingusingintelligent
agents-like solutionsfor supporting�e xible andinteropera-
blewebservices.

3.1. WS-Agreement

WS-Agreementspeci�es an XML-basedlanguagefor cre-
ating contracts,agreementsandguaranteesfrom offers be-



tweena serviceprovider anda client. In this case,anagree-
mentmay involve multiple servicesand includes�elds for
the parties,referencesto prior agreements,servicede�ni-
tionsandguaranteeterms.Heretheservicede�nition is part
of the termsof theagreementandis establishedprior to the
agreementcreation.In moredetail,anagreementis de�ned
asbeingcomposedasfollows.Nameidenti�es theagreement
and is usedfor referencein other agreements.Context in-
cludespartiesto anagreement,referenceto theservicepro-
videdandto possiblyotherrelatedor prior agreements.Ser-
viceDescriptionTermsprovide informationto instantiateor
identify a serviceto which theagreementpertains.Guaran-
teeTermsspecifytheservicelevelsthatthepartiesareagree-
ing toandmaybeusedtomonitorandenforcetheagreement.
Termsincludethe list of servicesthe agreementappliesto,
the list of variablesrepresentingdomain-speci�cconcepts,
optionalconditionsthat have to be met for the guaranteeto
be enforced,conditionsto satisfythe guaranteeand,oneor
morebusinessvalues(e.g. the penaltyuponfailure to meet
the objective or the strengthof a commitmentby a service
provider).

An agreementtemplatefollowstheabovestructure.A ser-
viceproviderpublishesanagreementtemplatedescribingthe
serviceand its guarantees.Negotiation then involvesa ser-
vice consumerretrieving the templateof agreementfor a
particularservicefrom theprovider and�lling in theappro-
priate�elds. The �lled templateis thensentasan offer (of
type wsag:offer ) to the provider. The provider decides
whetherto accept(of type wsag:agree ) or reject the of-
fer, dependingon its resources.

There are a numberof signi�cant shortcomingsin the
WS-Agreementspeci�cation. Limited Message Types.The
�rst signi�cant weaknesslies in the fact that messagesin
WS-Agreementare limited to two types– offer andagree,
accordingto a templatepublishedby a serviceprovider. The
WS-Agreementspeci�cation is only usedat the last stage
in a transactionwherethe partiesareclosing their interac-
tion with a contractspeci�edasa WS-Agreement.Theoffer
andagreetemplatesarenotsuf�cient or appropriatefor mod-
elling thenegotiationsdescribedin theinsurancescenario.

No Interaction ProtocolsEven with a morevariedsetof
messages,WS-Agreementstill suffersfrom thelackof anin-
teractionprotocolspeci�edbetweenparties.This is thesec-
ondsigni�cant weakness.Thereis only a two stepconversa-
tion, anoffer followedby anagree. Without anadequateset
of speech-actsandspeci�cationof how to constructinterac-
tion protocols,theusefulnessof a WS-Agreementexchange
is limited to casessuchasbuyingfrom catalogues,with take-
it or leave-it offers from the selleror buyer. Even if we in-
creasetheWS-Agreementschemawith variousspeech-acts,
thereis no conceptof how to sequencemessagesto form a
valid conversation.

Lack of SemanticsOn the whole, WS-Agreementis
a complex speci�cation, with vague and unclear seman-
tics.TheWS-Agreementspeci�cationonly de�nesahigher-
level templatefor agreementsandoffers.Thereis the need
of a languageto expressthe elementsin the Service

Description Terms and Guarantee Terms . Thus
thereis no indication of how to accessor provision a ser-
vice from anagreement.

3.2. Grid ResourceManagement

Grid ResourceManagement(GRM) concernsmanagement
of userrequeststhroughresourceand task schedulingand
oneof the issuesGRM mustaddressis negotiationbetween
resourceusersandresourceproviders.Thei2CAT project[2]
proposesan agent-basedarchitecturefor GRM basedon an
agentmarketplace.Agentsrepresentinggrid users�nd and
meetagentsrepresentinggrid services,negotiatewith them
aboutaserviceandthetasksatisfyingtheserviceis executed
ontheGrid node.Thepartiesnegotiateaccordingto thecon-
tractnetprotocol[11], a well-known negotiationprotocolin
theagentcommunity. A broker (or normallymanager)agent
makesa call for proposalto a setof contractorsto executea
task,contractorssendbackproposalsor bidsregardingexe-
cuting that task,the broker selectsandacceptsoneor more
proposalsand�nally acceptedcontractorssendbackthere-
sultsof thetaskexecution.In thei2CAT thenegotiationsare
in�uencedby theutility assignedto thepossiblegrid con�g-
urations,which recordsthe stateof the resources,expected
taskcompletiontime. A broker agentcheckthe utilities to
choosesellerbids.TheagentsareimplementedusingJADE
and Globus Toolkit 3 is usedas Grid middleware.The is-
suein this architectureis again this is a one-shotnegotia-
tion wherethereis no scopeof thepartiesiteratively chang-
ing their bidsandconverging to anagreementabouthow to
manageresources.Theotherweaknessliesin thatthenegoti-
ationstrategiesusedin theprojectarequitesimpleanddoes
not exploit thesigni�cant work donein botheconomicsand
automatedagentnegotiation.

3.3. Negotiation for Routing in Grid

Ayienga et al. [1] proposesto useagentmediatedelectronic
commercetechniquesfor the provision of QoS at the net-
work level in a grid environment.Self-interestedagentsne-
gotiatein order to establishandmaintaina certainlevel of
QoSin the Grid network [1]. They addressthe problemof
thefacedby theInternetfor supportingGrid applicationsre-
quiring high bandwidthand low latency. In their architec-
ture,agentscomputessolutionslocally basedon limited in-
formation(andthusadecentralisedarchitecture)andusethis
informationin asocialway. Link agentsareproducersof re-
sourcesandaimto maximisetheir incomeby sellingnetwork
resourcesto pathagents.Path agentskeepnegotiatingfor a
lnk with the Link agents,in order to form a routewith the
right QoSparametersto satisfya servicerequest.However,
noneof thenegotiationcomponenthasbeenimplementedyet
andit wouldbeinterestingto seehow theprojectevolves.



4. Developing Negotiating SemanticWeb Ser-
vices

In order to negotiateand set up agreements,web services
needprotocolsthatgovernandstructureinteractionsbetween
them.In this section,we presentsa negotiationmechanism
for cooperationandagreementin the SemanticGrid in the
Ontogrid project.Suchinteractionis to enablegrid proce-
sesto bettermanagetheir activities and resourcesat run-
time, with a reducedrequirementfor designtime coordina-
tion andallocationregimes.Similary the grid canfacilitate
agentcommunication,life-cycle managementandaccessto
resourcesfor agents[13]. Theendaim is to develop:

� Brokering algorithmsfor dynamiccoalition formation
in thesemanticregistryandin theinsurancescenario

� Englishauctionwith timeoutsfor resourceallocation.

� Contractnetprotocolfor taskallocation.

� Bilateralalternatingoffersprotocolfor bargaining.

� Coordinationontologyfor detectingandresolvingcon-
�icting interactionin accessingresources.

In this paperwe show how we adaptfor webservicene-
gotiationcalledtheRubinstein's alternatingoffersprotocol.
Rubinstein's[8] protocolof alernatingoffersis awell-known
strategic negotiationmodel.In thismodeltwo partiesA1and
A2 participatein the negotiation processand makes offers
andcounter-offers. Rubinstein�rst proposedthis modelof
alternatingoffersto describehow two playerscouldshareor
partition a pie of size 1. He assumedthat the playerscan-
not opt out of the negotiation.He consideredsituationsof
�x eddiscountcostsover time and�x eddiscountingfactors.
He later extendedthis protocol to dealwith incompletein-
formation scenarios.In our casealso,we assumethe web
serviceshave incompleteinformationabouttheiropponents'
timepreferences.

The featuresof negotiation include the communication
language,the interactionprotocoland the decisionprocess
usedto determineresponses,concessionsand criteria for
agreement[10]. In the following section,we adapteachof
thesethreecomponentsin thecaseof theRubinstein's alter-
natingoffers protocol to enablinginteractionbetweenweb
services.

4.1. Alter nating Offers NegotiationLanguage

Theactionsin this modelare:offer, counter-offer, agree, re-
ject. Theseactionsare typically calledspeech-acts[9] and
in our XML de�nition we typethemaswssa (for WebSer-
vice SpeechAct). Eachof theseactionshave asparameters
thesender, receiver, servicedescription,theprocessto beex-
ecutedand the agreementtermssuchasdeadlineof carry-
ing out theagreement,penaltyof not meetingtheagreement
or conditionsfor de-committingto theagreement.We show
heretheXML de�nitions of acounter-offer.
<wssa:counter-offer>

<wssa:Name> "xsd:NCName" </wssa:Name>

rejected

X.offer

Y.counter-offerX.counter-offer

offered(Y)

offered(X)
X.agree

X.reject

Y.agree Y.reject

agreed

Figure 2. Alternating Offers Protocol

<wssa:Parties>

<wssa:Sender> xs:anyType </wssa:Sender>+

<wssa:Receiver> xs: anyType </wssa:Receiver>+

</wssa:Parties>

<wssa:service>

wssa:Name=" xs:NCName" wssa:ServiceName=" xs:NCName">

<xsd:any> : : : </xsd:any>

</wssa:service>

<wssa:Agreement wssa:Name=" xs:NCName">

<wssa:Deadline> xs: Time </wssa:Deadline>

<wssa:Penalty> xsd:integer </wssa:Penalty>

<wssa:Reward> xsd:integer </wssa:Reward>

<wssa:Decommitment> xsd:integer </wssa:Decommitment>

</wssa:Agreement>

</wssa:counter-offer>

Theotheractions,offer, agree, rejectcanbesimilarly de-
�ned in XML. In thenext section,we needto show thepro-
tocol for sequencingtheseactions.For example,anoffer can
be followed by a counter-offer but not by anotheroffer, or
thatanagreecannotfollow a rejection.

4.2. Alter nating Offers NegotiationProtocol

The partiescanact in the negotiationonly at discretetime
points in the setT = f 0; 1; 2; : : :g [5]. At eachinstantt in
thenegotiation,if thenegotiationhasnot yet terminated,the
agent,whoseturnit is to respond,maysendanoffer, counter-
offer, agree,or reject.If the offer madeby the agentA1 at
time instantt is acceptedby A2 thenthe negotiationtermi-
nates.If A2 rejectsthenegotiationtheprocessendsin acon-
�ict.

We expressthe bilateral protocol in XML so that it is
in a languagethat web serviceswould understand.A pro-
tocol in XML consistsof a name, a set of state s and
transition s.

First we de�ne XML templatesfor statesandtransitions.
As in �nite stateautomata,transitions,herethroughexchang-
ing WS-Agreementcompatiblemessages,leadto achangein
states– from sourcestateto targetstate.For example,in the
sourcestateoffered, sendingan agreemessagetriggersthe
target stateagreed. We de�ne the type state in XML as
having a name,a booleanattribute (whetherthe stateholds



or not),andoptionallyincludestheservicethattriggeredthe
state,therecipientsandany actionneeded.
<xsd:element name = "State"/>

<xsd:complexType>

<xsd:attribute name="xs:Name" type="xs:boolean"/>

<xsd:sequence>

<xsd:element name="Initiator" type="wsag:Initiator"/>

<xsd:element name="Respondent" type="wsag:Respondent"/>

<xsd:element name="Process" type="wsdl:Operation"/>

</xsd:sequence>

</xsd:complexType>

</xsd:element>

ThetypeTransition is de�ned in XML ashaving at-
tributes name,sourceand target states,sender(perpetror)
and recipientsof the transition.A transitionthat initialises
a conversationmaynot have a sourcestateandthereforethe
sourcestateis an optional �eld. In contrast,the target state
is a compulsory�eld. A Transition alsohasanoptional
Process �eld to encoderelevantinformationsuchasoffer-
ing to carryout anaction� , wherethetransitionis themes-
sagetypeand� is theprocessattribute.

Using the de�nitions of statesand transitions,we show
a partial speci�cation of the salientpartsof bilateral pro-
tocol below. It can be seenthat we are now able to spec-
ify which servicesentthe lastmessageandwhoseturn it is
now to respondandwhatarethevalid responses.

<Protocol name="BilateralProtocol"

<States >

<State Name="offered(X)" >

<!-- X sent an offer -->

<Initiator> X </Initiator>

<Respondents> Y </Respondents>

<Process> � </Process>

</State>

<State Name="agreed(Y)" >

<!-- Y sent an agree -->

<Initiator> Y </Initiator>

<Respondents> X </Respondents>

<Process> � </Process>

</State>

</States>

<Transitions >

<Transition Name = Y.counter-offer>

<!-- Y sends a counter-offer from an offered state -->

<SourceInteraction href="offered(X)"/>

<DestinationInteraction href="offered(Y)"/>

<Trigger trigger-process "Y.offer">

<!-- offer for Y itself to perform � -->

<Sender> Y </Sender>

<Recipients> X </Recipients>

<Action> � </Action>

</Trigger>

</Transition>

<Transition Name = X.reject>

<!-- X sends a rejection from an offered state -->

<SourceInteraction href="offered(Y)"/>

<DestinationInteraction href="rejected(X)"/>

<Trigger trigger-process "X.reject">

<!-- rejection from X for Y itself to perform � -->

<Sender> Y </Sender>

<Recipients> X </Recipients>

<Action> � </Action>

</Trigger>

</Transition>

</Transitions>

</Protocol>

4.3. Alter nating Offers NegotiationStrategies

Therearea numberof attributesthat negotiationstrategies
ideally seekto satisfyso that the web servicesinteractpro-
ductively andfairly. Theseattributesincludeef�ciency (no
wastageof resource),stability (no incentive to deviate from
agreedstrategies),simplicity (low computationalandband-
width costs),distribution (no central decisionmaker) and
symmetry(no arbitrarybiais againstany web service).The
setof all possibleagreementsis denotedby S. Theoutcome
of the negotiationis anagreements reachedat time t andis
denotedby theorderedpair (s, t). A disagreementdenotesa
negotiationthatcontinuesforeverwithoutreachinganagree-
mentor rejection.Eachwebservicewouldpreferto agreeon
anoutcomethatis mostfavourableto it. Theutility functions
guidetheservicesin theprocessof distinguishingfavourable
outcomesfrom unfavourableones.An service's negotiation
strategy de�nes what the serviceshoulddo on receiving an
offer. Let Sdenotethesetof all possibleagreementsthatcan
bereachedat time t = 0; 1; 2; : : : andtheoffers thatanser-
vice can receive as f s0; s1; s2; : : :g. The service's strategy
canbede�nedasf : f s0; s1; s2; : : :g ! S[ f r ej ectg where
rejectdenotesrejectinganoffer or counter-offer.

The utility function assignsa numericalvalueto the ac-
tions of the services.One of the main problemsis to de-
termine a strategy that would yield maximum utility for
theservices.Formally theutility functioncanbede�ned as
U : f S [ f r ej ectg � Tg ! R [5].

For every servicei f i = 1; 2g andtime periodt, Possible
(i ,t) is thesetof all agreementsthatservicei prefersto rejec-
tion. If this setis non-emptythentheagreements (i , t) that
belongsto Possible(i ,t) is called the BestPossibleAgree-
mentif it satis�esU i (s(i; t)) = maxs2 P ossibl e( i;t ) U i (s).

AnalogouslytheWorstPossibleAgreementis de�ned as
s(i, t) if it satis�es U i (s(i; t)) = min s2 P ossibl e( i;t ) U i (s).
If S1 is the strategy adoptedby serviceA1 when the strat-
egy adoptedby serviceA2 then the pair (S1,S2) forms an
equilibrium solution if neithercandeviate from their strat-
egy without losingutility. It is oneof themainobjectivesof
gametheoreticproblems[7] to determineequilibriumsolu-
tions.



5. Conclusions

Theaimof ourwork in thecontext of theOntogridprojectis
to develop semanticweb servicesthat cancooperate,reach
agreementsandself-organisein orderto effectively andcor-
rectly solve overall problems[6]. Having analysedexisting
standardsfor enablingnegotiationbetweenwebservices,we
have theWS-Agreementmodelto belimited andnotexpres-
sive enoughfor pro�table semanticwebservicenegotiation.
Thus,in thispaperweshow ourspeci�cationnegotiationac-
tions andprotocolsto enableinteractionbetweenweb ser-
vicesandwegiveanoverview of ourmodelfor strategic de-
cisionmaking.Futurework will includere�ning andimple-
mentingthesespeci�cations,leadingto the deployment of
semanticwebserviceswith negotiationcapabilities.

References

[1] E. Ayienga, B. Manderick,O. Okello, andA. Nowe. Multi-
agentsystemsfor ef®cientquality of servicerouting in grids.
ERCIMNews, 59:39±42,2004.

[2] I. Chao,R. Sanguesa,andO. Oardaiz.Grid resourcemanage-
mentusingsoftwareagents.ERCIMNews, 59:39±42,2004.

[3] EuropeanResearchConsortiumfor Informaticsand Mathe-
matics.Grids:Thenext generation.ERCIMNews, 59:39±42,
2004.

[4] I. FosterandC. Kesselman.TheGrid2, Blueprint for a new
computinginfrastructure. Elsevier, 2004.

[5] S.Kraus.Strategic Negotiationin MultiaagentEnvironments.
MIT Press,2001.

[6] Ontogrid Project. Paving the way for KnowledgeableGrid
ServicesandSystems. http://ontogrid.net/ .

[7] J. RosenscheinandG. Zlotkin. Rulesof Encounter:Design-
ing Conventionsfor AutomatedNegotiation amongComput-
ers. MIT Press,1994.

[8] A. Rubinstein. Perfectequilibrium in a bargaining model.
Econometrica, 50(1):97±109,1982.

[9] J. R. Searle.Speech acts:An essayin thephilosophyof lan-
guage. CambridgeUniversityPress,1969.

[10] M. SinghandM. Huhns.Service-OrientedComputing. Wiley,
2005.

[11] R. G. Smith. The contractnet protocol:High-level commu-
nication and control in a distributed problemsolver. IEEE
TransactionsonComputers, C-29(12):1104±1113,1981.

[12] J. Smulders,C. Van Aart, P. Van Hapert,V. Fintelman,and
P. Storms. Ontogrid, Deliverable 9.1, BusinesssCasesand
UserRequirementAnalysis. http://ontogrid.net/ .

[13] M. Wooldridgeand V. Tamma. Ontogrid, Deliverable 2.1,
A Framework for Multi-Agent Supportto the SemanticGrid.
http://ontogrid.net/ .


