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Abstract

Semantiavebservicesrameavorksneedto supportdynamic
coopeation, nggotiationand coordinationbetweerwebser

vicesfor efcient resouceandtaskallocationandexecution.
Althoughthe OGSlstandad includesa webservicesagree-
mentmodel thereis no concepbf negotiationthroughproto-
colsandstrategies.Evenallowableactionsare limitedto two
types.In this paper we discussour recentwork on adapting
andre ning someof theextensivereseach in themulti-agent
systemgommunityto facilitate dynamicand adaptivenego-
tiation betweersemantiovebservices.

1. Intr oduction

Grid computingresearchs startingto researcton applica-
tionsof virtual organisationsor enabling e xible, secureand
coordinatedesourcesharingamongdynamiccollectionsof

individuals, institutions and resourcesThe aim is to sup-
port globally distributedcollaboratiorbetweenveb services
throughinformationmanagemendnda serviceorientedap-

proach[4]. Adding ontologiesandnegotiationcapabilitiesto

grid servicesvould helpin resourcebrokering,inter-grid in-

teroperatiorandagent-lile planningfor scheduling.

However, currentweb serviceswork fails to bene t from
the agentcommunitiesresearchin negotiationfor coalition
formation betweenpartieswith heterogeneoumformation
needs.In currentgrid applications,heterogeneityand dy-
namicprovisioning arelimited, anddynamicvirtual organi-
sationsarerestrictedo thosepartieswith aprioriagreements
to commonpoliciesandpractice.Cooperationgcoordination
andngyotiationareissueshat Grid usersandGrid resource
providersneedto addressn orderto successfullyinteroper
ate[3]. Giventhe view that multi-agentsystemsare groups
of agentghatinteractthroughcooperationcoordinatiorand
negotiationto satisfytheir individual or commongoals,grid
and agenttechnologycan complementeachother for ef-
cientprovisioningandmanagementf services.

The Ontogrid project[6], startedin October2004,is in-
vestigating on how to shareand deploy knowledgein grid
computing for the rapid prototyping and development of
knowledge-intensie distributed openservices.The seman-
tic grid architectureghatresultsfrom this projectwould stand
asasoundmethodologyfor developinggrid systemghatop-
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timize cross-processross-companandcross-industrycol-
laboration A principle of OntoGridis to adoptandin uence
standardsn SemanticGrid and Grid Computing,in partic-
ular the OpenGrid ServiceArchitecture[6]. The Ontogrid
projectaimsto develop opendistributed knowledge-based
solutionsin the grid over the OpenGrid Services.Thus,the
projects aims include developing knowledge servicesthat
are grid aware, enablinga selectionof grid servicesto be-
comeknowledgeawareandto developasemantigrid archi-
tecturethat incorporategeerto-peerand agenttechniques.
In this paperwe focus on two objectives of the Ontogrid
project: 1) to apply grid computingarchitecturesn frame-
worksinvolving virtual organizationgormedby autonomous
entitieswith con icting goals.We take theseentitiesto be
autonomousand rational (goal-oriented)agents,and 2) to
demonstratehat SemanticGrid computingsystemscan be
exploitedsuccessfullyn e-tusinessapplications.

Since automatednegotiation can effectively helpin re-
solvingcon icts typically over resourceallocationsandset-
ting up agreementsuch as for serviceprovision between
autonomousentities,we develop similar negotiation mech-
anismsbhetweenweb services Our mechanismsiddresshe
currentlimitation of semanticweb servicesto supportdy-
namicnegotiationstratgiesfor taskandresourceallocation.
Ouraimis to successfullydeploy negotiationandinteraction
mechanismbetweengrid servicesn the sameway thatau-
tonomousagentsngyotiatein a collaboratve or competitive
distributedsystemThereforepurinterestin theW3Cframe-
worksfor semantiavebservicesvorkshopresidesn thefol-
lowing topics: businessprocessesnegotiation betweense-
manticweb servicesandautomatingasksbasedon seman-
tic descriptionsandintegrationin the Web Architecture.

The remainderof this paperis structuredin the follow-
ing way. Section2 presentsa usagescenarioin the insur
ancesectorto shav negotiationbetweeninsuranceservices
for sharinginformation.Section3 critically analysesurrent
work on grid-basedmodelsfor servicenegotiationand ser
vice level agreementSection4 discussediow we develop
negotiationmechanisms$or dynamiccoordination taskand
resourcellocationin thesemantigrid. Sections concludes.

2. Insurance UsageScenario

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



tweenthemin claims handling.For example,servicesthat
can be invoked in processingclaims may be provided by

lawyers, medicaldoctors,banlers and car mechanicsCur-

rently, theinsurancenarket mostlyreliesontraditionalways
of handlingclaims,which canbe slow andcostlybecaus®f

the inter-dependeng betweenthe multiple partiesinvolved

in expediting a claim. Thus, automatingthe various steps
in claims handlingcan help save costsand time, integrate
chainsof servicesgxchangesubstantiatiatavia securereli-

ableandrobustchannelsaindencouragénteractionsdetween
insuranceompaniesvhichwould otherwiseéhave nottrusted
eachother The variousactorsare consideredas being part
of a grid andoffering grid or web servicesA grid comput-
ing approachs takenbecausé¢he heterogeneoysartiesmay
maintainlong-termrelationshipsexchangdarge amountf

data and participatein long-lived transitions.To illustrate
the interactionswhenhandlingclaimsfor caraccidentswe

presenthe casefor detectingfraudulentclaims[12]. Insur

ancecompaniegommunicatevith oneotheraboutquestion-
ableclientsandclaimsto detectduplicateclaimsat different
companies.

Fraudulentclaims may occur when the sameclaim is
madeat two or more(internationalnsurancecompaniesin
currentsystemstheseclaimsare often not detectecbecause
insurancecompaniesespeciallyif locatedin differentcoun-
tries, do not shareinformation with eachother abouttheir
clients and reporteddamagesInsurancecompaniesplace
high importanceon preservingprivagy of informationabout
their customerdgor commercialreasonr becausehey can
be liable to violating privagy laws. They can also be sued
for badfaith or maliciousprosecutionf they pursuesuspi-
ciousclaims.Thereforejnsurersarenot allowedfreeaccess
to the dataof otherinsurancecompaniesbut ratherthey can
only askspeci c questionaboutaspeci c customerTheac-
torsin thisscenariaretheinsuranceservicesgustomerspo-
lice authoritiesandthe FraudGridManageiThe FraudGrid-
Managerhelpsthe insuranceservicesto communicatewvith
one otheraboutquestionablelientsand questionablelam-
agereportsin arapidandlow pro le wayto avoid encroach-
ing privagy laws.
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Figure 1. Detecting fraudulent claims

Beforedealingwith a claim, aninsuranceservices; may
negotiatewith the FraudGridManageabouts; queryingthe
FraudGridManageregarding a particular customerin re-
turn of s; providing informationto the FraudGridManager

aboutothercustomersTwo casesareconsideredor detect-
ing fraud: 1) when a customerwishesto becomea client

with aninsuranceserviceand2) whenaninsuranceservice
receves a claim. In the rst case,whena customerwants
to registerasa client, the insurancecompay if doubtful of

the customers intentionsmay askthe FraudGridManageto

checkwhetherthe customelis blacklistedor hasa question-
able history with otherinsurancecompaniesOn receving

the FraudGridManages' report, the insuranceservicemay
choosewvhetherto acceptrejector nggotiatethetermsof the
insurancewith the customerin the seconccaseof theinsur

ancecompan receving a doubtful claim, the interactions,
shavnin gure 1, areasfollows:

i1: A customeisendsa claimto theinsuranceservice.

i»: If the insuranceservicedoubtsits client's claim, it
requestshe FraudGridManagetio checktheclaim.

i3: TheFraudGridManagetontactsotherregisteredn-
suranceservicesand performs a bilateral negotation
with themto decidehow muchinformationcanbe ex-
changedindwould be enoughfor detectingvhetherthe
claim hasalreadybeenreportedelsavhere.

i4: The FraudGridManagesendsts conclusionsabout
whethera fraudwasdetectedo theinsuranceservice.

is: Theinsuranceserviceeitheracceptsor rejectsthe
client's claim. The authoritiesmay alsobe contactedn
casefraudsaredetected.

In this scenario,there are negotiations beforehandbe-
tweenthe partiesto contractrelevant services.On recev-
ing a claim or a requestto register as a client, the insur
anceservices(throughthe FraudGridManagerhave to ne-
gotiate aboutwhat information they are willing to passto
oneother Theinsuranceserviceshave differentwaysto ver-
ify client registrationsandcar claims.For example,in order
to verify a claim to aninsuranceservicel 1, the FraudGrid-
Managerasksthe insuranceservicel , to checkits records.
I, requestghe nameandaddresof the client andhis car's
mileageto whichl; refusesandoffersthecar'slicenseplate
anddateof accidentinstead As canbe seenin this scenario,
informationis sensitve andvaluable giving rise to negotia-
tion betweenthe servicegegardingthe exchangeof clients'
information.

3. Frameworks Facilitating WS Negotiation

In this sectionwe discussexisting work thatproposeto con-
verge the web servicesand agentcommunitiesfor service
provision and problemsolving in opendistributed systems.
Thereareanumberof projectsinvesticgatingusingintelligent
agents-lile solutionsfor supporting e xible andinteropera-
ble webservices.

3.1. WS-Agreement

WS-Agreementpeci es an XML-basedlanguagefor cre-
ating contracts,agreementsnd guarantee$rom offers be-



tweena serviceprovider anda client. In this case anagree-
ment may involve multiple servicesandincludes elds for
the parties, referencego prior agreementsservicede ni-
tionsandguarantegéerms.Herethe servicede nition is part
of thetermsof the agreemenandis establishegbrior to the
agreementreation.In moredetail,an agreementis de ned
asbeingcomposedsfollows.Nameidenti es theagreement
andis usedfor referencein otheragreementsContext in-
cludespartiesto anagreementreferenceo the servicepro-
videdandto possiblyotherrelatedor prior agreementsSer
vice DescriptionTermsprovide informationto instantiateor
identify a serviceto which the agreemenpertains. Guaran-
teeTermsspecifythe servicelevelsthatthepartiesareagree-
ingto andmaybeusedo monitorandenforcetheagreement.
Termsincludethe list of servicesthe agreemenappliesto,
the list of variablesrepresentinglomain-speci cconcepts,
optional conditionsthat have to be metfor the guarantedo
be enforced,conditionsto satisfythe guaranteeand,oneor
more businessvalues(e.g.the penaltyuponfailure to meet
the objective or the strengthof a commitmentby a service
provider).

An agreementemplatefollowstheabove structure A ser
vice provider publishesanagreementemplatedescribinghe
serviceandits guaranteesNegotiationtheninvolves a ser
vice consumerretrieving the templateof agreemenftor a
particularservicefrom the provider 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 rejectthe of-
fer, dependingnits resources.

There are a numberof signi cant shortcomingsin the
WS-Agreementpeci cation. Limited Messge Types.The
rst signi cant weaknesdies in the fact that messagesn
WS-Agreementre limited to two types— offer and agreeg
accordingto atemplatepublishedby a serviceprovider. The
WS-Agreementspeci cation is only usedat the last stage
in a transactionwherethe partiesare closing their interac-
tion with a contractspeci ed asa WS-AgreementThe offer
andagreetemplatesrenotsufcient or appropriatédor mod-

elling the nggotiationsdescribedn theinsurancescenario.

No Interaction ProtocolsEven with a morevaried setof
messagedVS-Agreementtill suffersfrom thelack of anin-
teractionprotocolspeci ed betweerparties.This is the sec-
ondsigni cant weaknessThereis only atwo stepcorversa-
tion, an offer followed by anagree Without anadequateset
of speech-actandspeci cationof how to constructinterac-
tion protocolsthe usefulnes®f a WS-Agreemenexchange
is limited to casesuchasbuying from catalogueswith take-
it or leave-it offers from the selleror buyer. Evenif we in-
creaseéhe WS-Agreemenschemawith variousspeech-acts,
thereis no conceptof how to sequencenessageto form a
valid corversation.

Ladk of SemanticsOn the whole, WS-Agreementis
a comple speci cation, with vague and unclear seman-
tics. TheWS-Agreemenspeci cationonly de nesahigher
level templatefor agreementsnd offers. 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 Resource Management

Grid ResourceManagemen{GRM) concernsmanagement
of userrequestghroughresourceand task schedulingand
oneof theissuesGRM mustaddresss negotiationbetween
resourcaisersandresourceroviders.Thei2CAT project[2]
proposesan agent-basedrchitecturfor GRM basedon an
agentmarketplace. Agentsrepresentinggrid users nd and
meetagentsrepresentingyrid servicesnegotiatewith them
abouta serviceandthetasksatisfyingtheserviceis executed
ontheGrid node.The partiesnegotiateaccordingo the con-
tractnetprotocol[11], a well-known negotiationprotocolin
theagentcommunity A broker (or normallymanagerpgent
makesa call for proposalto a setof contractorso executea
task,contractorssendbackproposalor bids regarding exe-
cuting that task, the broker selectsandacceptoneor more
proposalsand nally acceptedontractorssendbackthere-
sultsof thetaskexecution.In thei2CAT thenegotiationsare
in uenced by the utility assignedo thepossiblegrid con g-
urations,which recordsthe stateof the resourcesexpected
task completiontime. A broker agentcheckthe utilities to
choosesellerbids. The agentsareimplementedisingJADE
and Glohus Toolkit 3 is usedas Grid middlewvare. The is-
suein this architectureis again this is a one-shotnegyotia-
tion wherethereis no scopeof the partiesiteratively chang-
ing their bids andconverging to an agreemenabouthow to
manageesourcesTheotherweaknessiesin thatthenegoti-
ationstrat@giesusedin the projectarequite simpleanddoes
not exploit the signi cant work donein both economicsand
automatedgentnegotiation.

3.3. Negotiationfor Routing in Grid

Ayienga et al. [1] proposego useagentmediatedelectronic
commercetechniquedor the provision of QoS at the net-
work level in a grid ervironment.Self-interestecdigentsne-
gotiatein orderto establishand maintaina certainlevel of

QoSin the Grid network [1]. They addresghe problemof

thefacedby theInternetfor supportingGrid applicationge-
quiring high bandwidthand low lateng. In their architec-
ture, agentscomputessolutionslocally basedon limited in-

formation(andthusadecentralisedrchitecturepndusethis
informationin a socialway. Link agentsareproducersf re-
sourcesandaimto maximisetheirincomeby sellingnetwork

resourceso pathagentsPath agentskeepnegotiatingfor a
Ink with the Link agents,jn orderto form a routewith the
right QoS parameterso satisfya servicerequestHowever,

noneof thengyotiationcomponenhasbeenmplementeget
andit would beinterestingto seehow theprojectevolves.



4. Developing Negotiating Semantic Web Ser-
vices

In orderto neyotiate and setup agreementsweb services
needprotocolsghatgovernandstructuranteractiondetween
them.In this section,we presentsa negotiation mechanism
for cooperationand agreementn the SemanticGrid in the
Ontogrid project. Suchinteractionis to enablegrid proce-
sesto better managetheir actvities and resourcesat run-
time, with a reducedrequiremenfor designtime coordina-
tion andallocationregimes.Similary the grid canfacilitate
agentcommunicationlife-cycle managemenandaccesdgo
resourcegor agentg13]. Theendaimis to develop:

Brokering algorithmsfor dynamiccoalition formation
in thesemantiaegistry andin theinsurancescenario

Englishauctionwith timeoutsfor resourceallocation.
Contractnetprotocolfor taskallocation.
Bilateralalternatingoffersprotocolfor baigaining.

Coordinationontologyfor detectingandresolvingcon-
icting interactionin accessingesources.

In this paperwe shav how we adaptfor web servicene-
gotiationcalledthe Rubinsteins alternatingoffers protocol.
Rubinsteins [8] protocolof alernatingoffersis awell-known
stratgic negotiationmodel.In this modeltwo partiesAland
A2 participatein the negotiation processand makes offers
and counteroffers. Rubinstein rst proposedhis model of
alternatingoffersto describehow two playerscould shareor
partition a pie of size 1. He assumedhat the playerscan-
not opt out of the negotiation. He consideredsituationsof
x eddiscountcostsover time and x ed discountingfactors.
He later extendedthis protocolto dealwith incompletein-
formation scenariosin our casealso, we assumehe web
serviceshave incompletenformationabouttheir opponents'
time preferences.

The featuresof negotiation include the communication
languagethe interactionprotocol and the decisionprocess
usedto determineresponsesgoncessionsand criteria for
agreemenfl10]. In the following section,we adapteachof
thesethreecomponentsdn the caseof the Rubinsteins alter
nating offers protocolto enablinginteractionbetweenweb
services.

4.1. Alter nating Offers Negotiation Language

The actionsin this modelare:offer, counteroffer, agree re-
ject Theseactionsare typically called speech-act§9] and
in our XML de nition we typethemaswssa (for Web Ser
vice SpeechAct). Eachof theseactionshave asparameters
thesenderrecever, servicedescriptiontheprocesgo beex-
ecutedandthe agreementermssuchas deadlineof carry-
ing outtheagreementpenaltyof not meetingthe agreement
or conditionsfor de-committingto the agreementWe shav
herethe XML de nitions of a counteroffer.

<wssa:counter-offer>

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

X.agree

agreed
Y.agree Y.reject

Figure 2. Alternating Offers Protocol

offered(X)

X.reject

X.counter-offer Y.counter-offer

offered(Y

<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 rejectcanbe similarly de-
ned in XML. In thenext sectionwe needto show the pro-
tocolfor sequencingheseactions For example,anoffer can
be followed by a counteroffer but not by anotheroffer, or
thatanagreecannotfollow arejection.

4.2. Alternating Offers Negotiation Protocol

The partiescanactin the nggotiationonly at discretetime
pointsin thesetT = f0;1;2;:::9 [5]. At eachinstantt in
the negotiation,if the negotiationhasnotyetterminatedthe
agentwhoseturnit isto respondmaysendanoffer, counter
offer, agree,or reject.If the offer madeby the agentAl at
time instantt is acceptedy A2 thenthe neggotiationtermi-
nateslf A2 rejectsthe negotiationthe processndsin acon-
ict.

We expressthe bilateral protocol in XML so thatit is
in a languagethat web serviceswould understandA pro-
tocol in XML consistsof a name, a set of state s and
transition S.

Firstwe de ne XML templatedor statesandtransitions.
Asin nite stateautomatatransitionsherethroughexchang-
ing WS-Agreementompatiblenessageseadto achangen
states- from sourcestateto tamget state.For example,in the
sourcestateoffered sendingan agree messageriggersthe
target stateagreed We de ne the type state in XML as
having a name,a booleanattribute (whetherthe stateholds



or not), andoptionallyincludesthe servicethattriggeredthe

state therecipientsandary actionneeded.

<xsd:element  name = "State"/>

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

<xsd:sequence>

name="Initiator"

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

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

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

</xsd:element>

Thetype Transition is de ned in XML ashaving at-
tributes name, sourceand tamet states,sender(perpetror)
andrecipientsof the transition.A transitionthat initialises
a corversationmay not have a sourcestateandthereforethe
sourcestateis anoptional eld. In contrastthe target state
is acompulsoryeld. A Transition alsohasanoptional
Process eld to encodeelevantinformationsuchasoffer-
ing to carryoutanaction , wherethetransitionis the mes-
sagetypeand is theprocessttribute.

Using the de nitions of statesand transitions,we shov
a partial speci cation of the salientparts of bilateral pro-
tocol belaw. It can be seenthat we are now ableto spec-
ify which servicesentthe lastmessagandwhoseturnit is
now to respondandwhatarethevalid responses.

<Protocol name="BilateralProtocol"
<States >
<State Name="offered(X)" >
<l-- X sent an offer -->
<Initiator> X </Initiator>
<Respondents> Y </Respondents>
<Process> </Process>
</State>
<State Name="agreed(Y)" >
<l-- Y sent an agree -->
<Initiator> Y </Initiator>
<Respondents> X </Respondents>
<Process> </Process>
</State>
</States>
<Transitions >
<Transition Name = Y.counter-offer>
<l-- Y sends a counter-offer from an offered state -->
href="offered(X)"/>
href="offered(Y)"/>
"Y .offer">

to perform >

<Sourcelnteraction
<DestinationInteraction
<Trigger  trigger-process
<l--  offer for Y itself
<Sender> Y </Sender>
<Recipients> X </Recipients>
<Action> </Action>
<[Trigger>
</Transition>
<Transition Name = X.reject>

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

<Sourcelnteraction href="offered(Y)"/>
href="rejected(X)"/>

"X.reject">

<Destinationinteraction
<Trigger  trigger-process

<l--  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 Negotiation Strategies

Therearea numberof attributesthat negotiation strategjies
ideally seekto satisfysothatthe web servicesinteractpro-

ductively andfairly. Theseattributesinclude ef ciency (no

wastageof resource)stability (no incentive to deviate from

agreedstratgies), simplicity (low computationabndband-
width costs),distribution (no central decisionmaker) and
symmetry(no arbitrary biais againstary web service).The
setof all possibleagreementss denotedby S. The outcome
of the negotiationis anagreemerd reachedat time t andis

denotedby the orderedpair (s, t). A disagreemendenotesa
negotiationthatcontinuedoreverwithoutreachinganagree-
mentor rejection.Eachwebservicewould preferto agreeon

anoutcomehatis mostfavourableto it. Theutility functions
guidetheservicesn theprocesf distinguishingavourable
outcomedrom unfavourableones.An services negotiation
stratgy de nes whatthe serviceshoulddo on receving an
offer. Let Sdenotethe setof all possibleagreementthatcan
bereachedattimet = 0; 1; 2;::: andthe offersthatan ser

vice canreceve asfs0;sl;s2;:::9. The services stratgy

canbede nedasf :fs0;s1;s2;:::g! S[ frejectgwhere
rejectdenotesejectinganoffer or counteroffer.

The utility function assignsa numericalvalueto the ac-
tions of the services.One of the main problemsis to de-
termine a stratgyy that would yield maximum utility for
the servicesFormally the utility functioncanbe de ned as
U:fS[ frejecty Tg! RI[5].

For every serviceifi = 1;2g andtime periodt, Possible
(i ,t) isthesetof all agreementthatservicei prefersto rejec-
tion. If this setis non-emptythenthe agreemens (i , t) that
belongsto Possible(i ,t) is calledthe BestPossibleAgree-
mentif it satis esU'(s(i; t)) = MaXszp ossivi e(it ) U' (S).

Analogouslythe Worst PossibleAgreemenis de ned as
s(i, t) if it satis esU'(s(i; 1)) = Min s2p ossibl (it ) U' (S)-
If Slis the stratgyy adoptedby serviceAl whenthe strat-
egy adoptedby serviceA2 thenthe pair (S1,S2)forms an
equilibrium solutionif neithercandeviate from their strat-
egy without losing utility. It is oneof the main objectvesof
gametheoreticproblemg[7] to determineequilibrium solu-
tions.



5. Conclusions

Theaim of ourwork in thecontet of the Ontogridprojectis
to develop semantioweb servicesthat can cooperatereach
agreementandself-oganisein orderto effectively andcor
rectly solve overall problems[6]. Having analysedexisting
standardg$or enablingnegotiationbetweenvebserviceswe
have theWS-Agreemeniodelto belimited andnot expres-
sive enoughfor pro table semantioveb servicenegotiation.
Thus,in this paperwe shav our speci cationnegotiationac-
tions and protocolsto enableinteractionbetweenweb ser
vicesandwe give anoverview of our modelfor stratgyic de-
cisionmaking.Futurework will includere ning andimple-
mentingthesespeci cations,leadingto the deployment of
semantiaveb serviceswith negotiationcapabilities.
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