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Abstract

We proposearequirements-dven approacho thedesignandveri cation of Webservices.
The proposedmethodologystartsfrom a requirementsnodel, which de nes a business
domainata“stratagic” level, describingheparticipatingactors theirmutualdependencies,
goals,requirementsand expectations. This businessequirementsnodelis thenre ned
into a businesgrocesanodel. In this re nement,de nitions of the processesarriedout
by theactorsof thedomainareaddedo themodelin theform of BPEL4WScode.We shav
how to exploit modelcheckingtechniquedor the veri cation of the speci cation,both at
therequirementandattheprocessevel. At therequirementtevel, modelcheckings used
to validatethespeci cationagainst setof queriesspeci ed by thedesigneratthe process
level, it is usedto verify if the BPEL4WSprocessesatisfythe constraintglescribedn the
requirementsnodel.

1 Intr oduction

BPEL4WS][1] is quickly emeging asthelanguageof choicefor Webservicecom-
position. It providesa coreof procesgdescriptionconceptghatallow for the def-
inition of businesgprocessemteractions. This core of conceptss usedboth for
de ning the internalbusinesgprocesse®f a participantto a businessnteraction
andfor describingand publishingthe external businessprotocol that de nes the
interactionbehaior of a participantwithout revealingits internalbehaior.
BPEL4WSopensup the possibility of applyinga rangeof formal techniques
to the veri cation of the behaior of Web services.For instance|t is possibleto
checkthe internal businessprocessof a participantagainstthe external business
protocol that the participantis committedto provide; or, it is possibleto verify
whetherthecompositiorof two or moreprocessesatis esgenerapropertiegsuch
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asdeadlockireedom)or application-speci cconstraintge.g.,temporalsequences,
limitations on resources).Thesekinds of veri cations areparticularlyrelevantin
thedistributedandhighly dynamicworld of Web serviceswhereeachpartnercan
autonomouslyede ne businessprocessesnd interactionprotocols. In the long
term,we ervision an ervironmentwherean agentexecutingoneor morebusiness
processesanautonomouslhydiscover new typesof servicesand extendsits own
processeaccordingly Beforebeingintegratedin theactor's processesjiscovered
resourcesnustbeveri ed againstheagents own requirementgandconstraints.

Differenttechniquesave beenalreadyappliedto the veri cation of business
processeésee.e.g.,[4,6,7,8]). However, currentapproachesdo notaddressheis-
suesof how to modeltherequirementshatthe BPEL4WSprocessearesupposed
to satisfy andof how to managethe evolution of processeandrequirementsTo
this purpose we proposeto extenda BPEL4WSspeci cationwith a businesge-
quirementsmodel This providesa “strategic” descriptionof the differentactors
in the businessdomainwith their goalsand needsand with their mutual depen-
denciesandexpectationsandprovidesthe motivationsbehindbusinesgprocesses.
The businesgequirementsnodeldrivesthe designof businesgprocessesandthe
veri cation thatthey achieve desiredgoals. It allows for the selectionof partners
andexternalserviceghatsatisfythe expectedconstraints Also, it permitsto trace
changesn therequirementgandin theprocessedn thelongterm,it will givease-
manticdescriptiornto anautonomousgentof whatit hasto achieve andwhatmay
be providedby externalpartnersthusenablingdynamiccompositionof services.

Thispapempresentsomepreliminaryresultsof our rst stepgowardsthevision
outlined above. Our startingpoint is a modelinglanguage called Tropos[10],
whoseobjectie is to capturethe businesgequirement®f the actorsof a domain,
their dependencieand expectations. The formal counterparof Tropos, Formal
Tropos|[5] supportsthe de nition of temporalconstraintson the evolution of the
modeleddomain,andenableghe applicationof a whole setof formal techniques
to Troposmodels. In this paper we shov how a businessrequirementsnodel
expressedn Troposcanbe progressiely re ned into a businesgprocessnodel.
In this re nement, BPEL4AWS codeis addedto de ne the processesarriedout
by the actorsof the domain. This BPEL4WS codeis a proceduralcounterpart
of the temporalconstraintsof the requirementsnodel. We shov how to apply
modelcheckingtechniquedor verifying thatthe re ned processactuallysatis es
theoriginal requirements.

This paperis structuredasfollows. In Section2 we introducethe Troposlan-
guage;we shav how to useit to model businessrequirementsandwe describe
how modelcheckingtechniquesreappliedto the validationof the requirements.
In Section3 we illustratethere nementof therequirementsnodelinto a business
processmodel; we alsoshov how model checkingtechniquescan be appliedto
verify whetherthe BPEL4WSprocessesatisfythe requirements Section4 ends
the paperwith concludingremarksandfuturework directions.
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ansporiA Payed

Fig. 1. High level businesgequirementsnodel.

2 BusinessRequirementsModeling in Tropos

In this sectionwe proposea languagefor describingbusinessrequirementsn a

Web Serviceframenork. This language called Tropos[10], providesgraphical
notationsanda formal speci cationlanguagehathave beenspeci cally designed
for requirementslit hasbeenadoptedo modelrequirement®f a variety of soft-

wareandorganizatiorsystemgseehttp://www.troposproject.org/ for

someexamples).

2.1 ModelingBusinesfRequiementsA Case-Study

The Troposmodelinglanguagds foundedon the premisethat during the require-
mentsanalysisphaseof the softwaredevelopmeniprocesst is importantto under
standandmodelthe stratgic aspectsinderlyingthe organizationakettingwithin
whichthesoftwaresystemwill eventuallyfunction. By understandinghesestrate-
gic aspectspne can betteridentify the motivationsfor the software systemand
therole thatit will play inside the organizationalsetting. For instance,in order
to develop a software systemthat supportsthe eldercitizensin receving sanitary
assistancérom the public administrationwe need rst to understandhe interde-
pendenciesmongthe citizensandthe differentactorsin the public administration
thatunderlytheproces®f receving assistancedn this papemwe consideranexten-
sion of Tropos,which is called Tropos4WS andwhich is suitablefor integration
with businesgprocessnodels.

We introduceTropos4WSin the context of a case-studyn the eld of public
welfare,extractedfrom alarger domainanalysisconcerninghe local government
of Trentino (Italy). Figure 1 is a Troposdiagramthat provides a high-level de-
scriptionof the case-studylomain. It representshe main actors andgoalsof the
domain:thecCitizen thataimsatbeingassistedthe SanitaryAgency ~ whichaims
at providing a fair assistanceo the citizens;the Transportsinc ~ which provides
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Fig. 2. Requirementsnodelre nement.

transportatiorservicesthe Mealsinc - which deliversmealsat home;andthe Bank
which handlesthe governments nances. The picture also describeghe depen-
denciesand expectationghat exist amongtheseactors. For instance the citizen
dependson the sanitaryageng for being assistedandthis is formulatedin the
modelwith dependengReceiveAssistance ~ from Citizen  t0 SanitaryAgency

Startingfrom this high-level view of the organizationabr businessystemthe
Troposmethodologyproceedswith an incrementalre nement process(seeFig-
ure 2). Goalsare decomposedhto sub-goalsor operationalizednto tasks,tak-
ing into accountthe dependenciesxisting amongthe different actors. For in-
stancethe goalsBeingAssisted  andProvideFairAssistance arere ned in or-
der to re ect the “contract” that governsthe way the assistances provided by
the SanitaryAgency ~ to the Citizen . More precisely the Citizen  re nes the
goalBeingAssisted  into the threesub-taskof DoRequest , ReceiveService — and
Pay. DoRequest is furtherre ned into InitialRequest , Providelnformation ,
WaitAnswer . On the other side, the SanitaryAgency re nes the goal
ProvideFairAssistance into thetaskHandleAssistanceRequest , Whichis fur-
therre ned into ReceiveRequest , EvaluateRequest  andActivateAssistance

The re nement procedureendsonce we have identi ed all basictasksthat
de ne the businesgrocess.To thesebasictaskswe associatanessageshat de-
scribethe basicinteractionsamongactors. For instance task InitialRequest
requiresto senda messag®equest to the SanitaryAgency . This messagés re-
ceived and processedy the SanitaryAgency ~ task ReceiveRequest . The task
AskAdditionallnfo requiresto senda messageanfoRequest to the Citizen
which receves and processest with task Providelnformation and responds
with an Info message. Once sufcient information has been gathered,the
SanitaryAgency ~ Sendsa Response messageo the Citizen . Figure2 showsthe
re nementfor the interactionsbetweencitizen  and SanitaryAgency . Similar
re nementsneedto bedonealsofor the othertasksandinteractionsn thedomain.
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ENTITY AssistanceNeed
ENTITY Query

ACTORCitizen
ACTOR SanitaryAgency

GOAL DEPENDENCYReceiveAssistance
Mode maintain
Depender Citizen
Dependee SanitaryAgency
Creation  condition EXISTS ba: BeingAssisted (ba.actor = depender)

Invariant F EXISTS pfa: ProvideFairAssistance (pfa.actor = dependee & Fulfilled(pfa))
Fulfillment condition FORALL dr:  DoRequest (
(dr.actor = depender & Fulfilled(dr) & dr.result) ->
F EXISTS rs: ReceiveService (rs.actor = depender & Fulfilled(rs)))

TASK DoRequest
Mode achieve
Actor  Citizen
Super BeingAssisted
Attribute constant need: AssistanceNeed

result: boolean

Invariant F EXISTS ir:  InitialRequest (ir.super = self)
Invariant EXISTS ir:  InitialRequest (ir.super = self & Fulfilled(ir))

-> F EXISTS pi: Providelnformation (pi.super = self)
Invariant EXISTS pi:  Providelnformation (pi.super = self & Fulfilled(pi))

-> F EXISTS wa: WaitAnswer (wa.super = self)
Invariant Fulfilled(self) -> EXISTS wa: WaitAnswer

(wa.super = self & Fulfilled(wa) & (result <-> wa.result))
Fulfillment definition EXISTS wa: WaitAnswer (wa.super = self & Fulfilled(wa))

TASK InitialRequest
Mode achieve
Actor  Citizen
Super FareRichiesta

Invariant F EXISTS r: Request (r.sender = actor & r.need = super.need)
Fulfillment definition EXISTS r. Request (r.sender = actor & r.need = super.need)
MESSAGERequest

Sender Citizen

Receiver  SanitaryAgency

Attribute constant  need: AssistanceNeed

Creation  condition Exists dr: DoRequest (dr.actor = sender & dr.need = need)

Fig. 3. FormalTroposspeci cation.

2.2 Formal Speci cationof Businesfkequiements

The Troposgraphicalmodelshave a formal counterpardescribedn the Formal
Troposspeci cationlanguage Formal Tropos(hereaftef=T) hasbeendesignedo
supplemeniroposmodelswith a precisedescriptionof their dynamicaspectsin
FT the focusis on the circumstances which the goalsandtasksarise,and on
the conditionsthatleadto their ful llment. In this way, the dynamicaspectof a
requirementspeci cation are introducedat the strateic level, without requiring
an operationalizatiorof the speci cation. A precisede nition of FT and of its
semanticcanbe foundin [5]. Herewe presentthe mostrelevant aspectof the
languagebasedon the case-studyAn excerptof its FT speci cationcanbe found
in Figure3.

An FT speci cationdescribesherelevantobjectsof adomainandtherelation-
shipsamongthem. The descriptionof eachobjectis structuredn two layers.The
outerlayeris similarto a classdeclaratiorandde nesthestructureof theinstances
togethemith their attributes. Theinnerlayer expressegonstrainton the lifetime
of the objects,usingatyped rst-order lineartime temporallogic (hereaftelLTL).
Severalinstance®f eachelementmayexist duringthe evolution of the system.To
distinguishamongthe differentinstancesa list of attributesis associatedo each
class.Eachattribute hasa sort which canbe eitherprimitive (boolean,nteger...)
or classes.For instance booleanattributeresult  of taskDoRequest determines
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whethertheresponséo therequesbf thecitizenhasbeenpositive or not. Attribute
need Of goalDoRequest is usedto distinguishbetweenthe differentneedsof the
samecitizen. Entity  classedik e AssistanceNeed —areaddedto the FT speci ca-
tion to representhe “passve” elementsf the domainthat are usedasattributes
in otherclasses An attribute may be marked asconstant , which meanshatthe
valueof theattribute doesnot changeduringthelifetime of the classinstance.

Somespecialattributesareassociatedio eachkind of classin the FT speci ca-
tion. Goalsandtasksareassociatedo the correspondin@ctorwith the specialat-
tributeActor . Similarly, Depender andDependee attributesof dependencie®pre-
sentthetwo partiesinvolvedin adelegationrelationship Attribute Super for goals
andtasksdenoteghe parentgoal or task. For messagewsve usespecialattributes
to characterizéhe actorinstancesorrespondingo the sender(Sender ) andto the
recever (Receiver ). All thesespecialattributesareconstanby de nition.

An importantaspectof FT is its focuson the conditionsfor the ful liment of
goalsandtasks. Theseare characterizedy a Mode, which declareshe modal-
ity of their ful llment. The two most commonmodalitiesare achieve (which
meanghattheactorexpectsto reacha statewhere e.g.,thegoalhasbeenful lled)
andmaintain  (which meanghatthe ful Iment conditionhasto be continuously
maintained) For instancedependengReceiveAssistance IS of typemaintain,to
capturethe factthatthis “contract” betweercitizen andsanitaryageng hasto be
maintainedover time. Onthe otherhand,taskDoRequest is of type achiese, since
thecitizenaimsatreachinga statewherethis taskis terminated.

Theinnerlayerof anFT classdeclarationconsistsof constraintdhatdescribe
the dynamicaspectf entities, actors,goals,and dependenciesin FT we dis-
tinguishamongCreation , Invariant , and Fulfillment constraints.Creation
constraintsde ne conditionsthat should be satis ed when a new instanceof a
classis created.In the caseof goalsandtasks,the creationis interpretedasthe
momentwhen the associatedactor begins to desirethe goal or to perform the
task. Invariant ~ constraintsde ne conditionson the life of all classinstances.
Fulfillment constraintshouldholdwheneeragoalis achieredor ataskis com-
pleted. Creationandful lIment constraintsare further distinguishedas sufcient
conditions(keyword trigger ), necessarygonditions(keyword condition ), and
necessarandsufcient conditions(keyword definiton ).

In FT, constraintaredescribedvith formulasin atyped rst-order lineartime
temporallogic. Besidesthe standardoooleanandrelationaloperatorsthe logic
providesthe quanti ers Forall andExists , which rangeover all the instances
of a given class,anda standardsetof lineartime temporaloperators.The latter
include operatorx, which de nes a conditionthat hasto hold in the next stateof
the evolution of the system operatorr, which de nes a conditionthathasto hold
eventuallyin thefuture,andoperatorG, which de nesa conditionthathasto hold
in all future states.

In the FT speci cationof Figure 3, the rst threeinvariantsof taskDoRequest
describethe expected evolution of the task and its relations with the sub-
tasks. Namely if the task DoRequest is started, then eventually sub-task
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POSSIBILITY P1
Exists dr: DoRequest (Fulfilled(dr))

ASSERTION A1
Forall c: Citizen (
Forall r. Response (r.receiver =c -> ! rresult) ->
Forall rs: ReceiveService (rs.actor = ¢ -> | Fulffilled(rs)))
ASSERTION A2
Forall dr: DoRequest (
(Exists  ra: ReceiveAssistance (ra.depender = dr.actor & Fulfilled(ra)

& Forall . Request (r.sender = dr.actor & rneed = drneed -> r.receiver = ra.dependee)))
-> (F Fulfilled(dr)))

Fig. 4. Validationpropertieson therequirementsnodel.

InitialRequest is entered1stinvariant).After InitialRequest hasendedsub-
taskProvidelnformation is eventuallyentered2ndinvariant). And afteralsothis
sub-taskhasended,waitAnswer is eventually started(3rd invariant). The fourth
invariantconstrainsthe value of attribute result ~ of the taskto the value of the
sameattribute of sub-taskwaitAnswer oncethis sub-taskhasended.Finally, the
Fulfillment definition tells usthatthe sub-taskwaitanswer hasto complete
beforewe canconsidetheDoRequest taskful lled (necessargondition)andthat,
if WaitAnswer hascompletedthenDoRequest will eventuallybe ful lled (suf-
cientcondition).

We remarkthat sometemporalconstraintsareimplicit in the semanticof FT
and do not needto appearexplicitly in the classdeclarations. For instance,an
implicit creationconstraintfor eachsub-goalis that the parentgoal hasnot yet
beenful lled — if thegoalhasbeenful lled thereis no reasorto createthe sub-
goal. Also, we do not allow two identicalinstancef the samegoalfor the same
actor

2.3 BusinesfRequiementsvalidation

In FT it is possibleto validatearequirementspeci cationby allowing thedesigner
to specifypropertieghatthe requirementsnodelis supposedo satisfy We distin-
guishbetweenassertion  propertieswhich describeconditionsthat shouldhold
for all valid evolutions of the speci cation, and Possibility properties,which
describeconditionsthatshouldhold for atleastonevalid evolution.

Figure4 reportsan excerptof desiredpropertiesor the consideredase-study
PossibilityP1laimsatguaranteeinghatthe setof constraint®of theformal business
requirementspeci cationallow for the ful llment of the taskof doing a request
in somescenaricof themodel. AssertionAl requiresthatit is not possiblefor the
citizentoful Il its goalof receving assistancservicesinlessapositiveansweto a
requestfrom the sanitaryageng hasbeenreceved. Finally, assertiomA2 requires
thatthe task of doing a requestis eventuallyful lled alongevery scenariounder
the conditionthat: thereis a sanitaryageng thatis boundedo provide assistance
to the user(citizen's dependengReceiveAssistance  ); and,thecitizensendgshe
requestdo thatparticularsanitaryageng.

The veri cation of the FT businessequirementsnodelagainstthe properties
speci ed is performedwith the T-TooL [5]. The T-TooL usessymbolic model
checkingtechniquedo performthe veri cation. It is basedon the NUSMV [2]
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state-of-the-arsymbolicmodelchecler. The T-TooL translatesan FT speci ca-
tion into theinputlanguageof NUSMV, whichis thenasledto performtheactual
veri cation. Sincemodel checkingrequiresa nite statemodel, for translation
purposesupperboundsneedto be speci edto the numberof instanceof the dif-
ferentclasseghatappeairin the formal speci cation. Giventhesebounds,a nite
stateautomatons built. Its statesdescribevalid con gurationsof classinstances,
accordingto the classsignaturesand attributesthat appearn the formal speci -
cation. Its transitionsde ne valid evolutionsof thesecon gurationsaccordingto
somegenericconstraintghat capturethe semanticof FT, e.g., that constantat-
tributesshouldnot changeover time, or that, onceful lled, a goal staysful lled
forever. The creation,invariant,andful llment constraintsf the variousclasses
arecollectedin asetfC; j i 2 | g of temporalconstraints.In this way, the valid
behaiors of a modelare thoseexecutionsof the nite-state automatonthat sat-
isfy all temporalconstraintsC;. Gheckingif assertionA is valid correspondso
checkingwhethertheimplication ;,, C; ) A holdsin themodel,i.e.,if all valid
scenariosalsov\tisfytheassertiorA. Checkingif possibility P holdsamountto
checkwhether ,, C; * P is satis able,i.e., if thereis somescenariahat satis-
es the constraintsandthe property In both casesthe veri cation of a property
is translatedo theveri cation of anLTL formula. In [5] we have shovn how this
veri cation canbe performedef ciently usingNuSMV.

All the propertiesin Figure 4 aretrue on the nal versionof the formal re-
guirementsnodelof the consideredtase-studyHowever, this resulthasrequired
severalrevision stepswhereboththe modelandthe propertieshave beenadjusted
to capturethe intendedbehaiors of the domain. For instance assertiorA2 hada
crucialrole in the procesof preciselyde ning the mutualexpectationsncarnated
by dependeng ReceiveAssistance , and capturedby the ful liment constraints
speci edfor this dependengasit canbeseenn Figure3.

3 From BusinessRequirementsto BusinessProcesses

3.1 AddingProcessSpeci cations

In this sectionwe shov how to re ne the businessrequirementsnodeldescribed
in the previous sectioninto a businessprocessmodel. The key ideais to asso-
ciate BPELAWS codeto the high-level tasksof the actorsof the domain(e.qg.,
task DoRequest Of actor Citizen , or task HandleAssistanceRequest of the
SanitaryAgency ).

The formal businesgequirementsnodelalreadycontainssereral piecesof in-
formationthatcanbeexploitedto generate BPEL4WSspeci cation. For instance,
it is possibleto automaticallygenerateéhe de nition of messagegyorts,andser
vicesfor the businesslomains— theseelementde ne the WSDL documentas-
sociatedo the BPEL4WSspeci cation. The descriptionof the processnodelhas
to be completedby de ning the body of the businesgprocessorrespondingo the
task. In Tropos4WSthis is achiezed by associatingo thetaska businesgrocess
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<variables>
<variable name="need" messageType="Need"/>
<variable name="result" type="boolean"/>
<variable name="vRequest" messageType="Request"/>
<variable name="vinfoRequest" messageType="InfoRequest"/>
<variable  name="vinfo"  messageType="Info"/>

<variable name="vResponse" messageType="Response"/>
<variable name="waitResponse" type="boolean"/></variables>

<sequence name="DoRequestBody">

<assign name="Initialization" event="Create i InitialRequest (ir.super = self)">

<copy><from expression="true()"/><to variable="waitResponse"/></copy>

<copy><from variable="need"/><to variable="vRequest" part="need"/></copy></assign>

<invoke name="SendRequest’ operation="oRequest" inputVariable="vRequest"/>

<empty name="PhaseSwitch"

event="Fulfill i InitialRequest (ir.super = selff & Create pi: Providelnformation (pi.super = self)"/>

<while name="Cycle" condition="getVariableData(‘waitResponse")">
<pick name="WaitMessage">
<onMessage name="InfoRequest" operation="oInfoRequest" outputVariable="vinfoRequest">
<sequence name="AnswerTolnfoRequest">
<assign name="Preparelnfo">

<copy><from variable="vinfoRequest" part="query"/>
<to variable="vInfo" part="query"/></copy></assign>
<invoke name="Info"  operation="olnfo" inputVariable="vInfo"/>
</sequence></onMessage>
<onMessage name="Response" operation="oResponse" outputVariable="vResponse"
event="Fulfill pi:  Providelnformation (pi.super = selfy & Create wa: WaitAnswer (wa.super = self)">
<assign name="Leaveloop">
<copy><from expression="false()"/><to variable="waitResponse"/></copy>
<copy><from variable="vResponse" part="result"/><to variable="result"/></copy></assign></onMessage>
</pick>
</while>
<empty name="DoRequestFulfilled" event="Fulfill wa: WaitAnswer (wa.super = self)"
constraint="Forall wa: WaitAnswer (wa.super = self -> G (wa.result <-> self.result))"/>
</sequence>

Fig.5. BPEL4WSprocesdor taskDoRequest of actorCitizen

de nedin theBPEL4WSlanguageFor instancethebusinesgprocessorrespond-
ing to thetaskof submittinga requesis describedy the BPEL4AWSspeci cation
in Figureb.

The processcontainsthe variablesneed and result , which are already
presentin the formal requirementsspeci cation, and the additional variables
waitResponse , vRequest , vinfoRequest , vinfo , andvResponse . The process
behaesasfollows. First, aninitialization stepis performedduringwhichthevari-
ablewaitResponse is setto true,andthe messag®equest is preparedy setting
itsneed eld. TheRequest messagés sentin thefollowing hinvoke i commandA
twhile i loopis thenenteredandits bodyis repeatedintil variablewaitResponse
becomedalse. The body consistsof a tpick i instructionwhich suspendshe ex-
ecutionof the processuntil a InfoRequest  Or a Response messages receved.
If ainfoRequest mMessages receved,acorrespondingnfo messagés prepared
andsent. Theemittedinfo messageefersto thequery containedn thereceved
InfoRequest messagelf a Response messagés receved,thentheresult  vari-
ableof theprocesss setto re ect theresult  eld of therecevedmessageMore-
over, thewaitResponse Vvariableis setto false,sothatwe canexit from thehwhile i
loop.

Someadditionalattributes,which arespeci ¢ of Tropos4WSareaddedto the
BPEL4WScommands.Theseattributesare usedto connectthe evolution of the
BPEL4WSprocessawith the evolution of the requirementsnodel. The event at-
tributesdescribewhich sub-task®f DoRequest aresupposedo be createdor ful-
lled in therequirementsnodelwhena given point is reachedn the BPEL4AWS
code. For instance sub-taskinitialRequest is createdduring the initialization
stepandis ful lled aftertheRequest messagéasbeensent(the BPEL4WScom-
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mandrempty i iS usedto placethis ful lment eventin the right position of the
process).Theconstraint  attributesde ne additionalconstraintdbetweenthe re-
quirementsayerandtheprocesdayer. They aretypically usedto de ne thevalues
of the attributesof the sub-tasks.For instance the constraint  attribute of Fig-
ure5 bindsthe valueof attributeresult  of the waitAnswer sub-taskio the value
of variableresult  of theBPEL4WSprocess.

3.2 Busines$rocessedkri cation

The de nition of businesgrocessegogetherwith the bindingsthatlink themto
the correspondingasksand message the formal requirementsnodel, allow
for differentforms of veri cation. A rst possibility consistsof re-checkingthe
formal queriesthatappeain Figure4 onthe moredetailedmodel. Anotherpossi-
bility is checkingthatthere ned modelsatis estherequirementsiescribedy the
Creation , Invariant , andFulfillment constraintenforcedn therequirements
modelfor taskDoRequest andits sub-tasks.

To supportthesekinds of veri cation, we have extendedthe T-TooL with a
translationof BPEL4WSprocessesh NUSMV nite statemachines At thetime
of writing, this translationconsidersonly a restrictedsubsetof BPEL4WS,which
coversall the constructsusedin Figure 5, but doesnot include o w commands,
event-, fault-, compensation-handlerandcorrelationsets. In the translation the
currentpositionin theexecutionof theBPEL4WSprocesss tracedusingapc vari-
able,rangingoverthename attributesassociatetb thecommandsn theBPEL4AWS
code.Transitionsdhetweerthesestatesarede ned accordingo thesemantic®f the
BPEL4WSconstructs Fairnessconditionsareaddedto the nite statemachinen
orderto guarante¢hatthe processventuallyprogressestheneer the next action
to be executedis not blocked. In the caseof the processn Figure5, for instance,
the only point wherethe processcan be blocked forever is on the tpick i action,
andonly if noInfoRequest andResponse messagearereceved. Theevent and
constraint  attributesof theBPEL4WScommandsremappednto thesetof tem-
porallogic constraintgdhatrestrictthe valid behaiors of the nite statemachine.

By applyingthis approactto the veri cation of the BPEL4WSprocessf Fig-
ure 5 we obtainthatall veri cation tasksare successfulandhencethis processs
a correctimplementatiorof therequirement®f taskDoRequest . If we modify the
codeof the processeg.g.,by disallowving the receptionof oneof the two message
in the pick i commandthenthe veri cation detectgproblems.If we disallow the
receptionof the InfoRequest messagefor instanceassertiorA2 turnsout to be
false.Indeed,if the sanitaryageng is requestingsomeinformation,the citizenis
not ableto answerto the requestand a deadlockin the processs reached.The
counterexampleof Figure 6 is generatedn this case. If we disallow the recep-
tion of the Response , ot only assertiorA2, but alsopossibilityP1 becomedalse.
Indeed,f we do notreceve theresponsei is not possibleto ful Il DoRequest .

We remarkthat the approachdescribedn this paperallows also for another
kind of veri cation. Namely in orderto checkthatthe procesanodelis correct,
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- Assertion A2 is false as demonstrated by the
- following execution  sequence

-> State 3.1 <- Providelnformation_1.fulfilled =0
Citizen_1.exists =1 DoRequest_1.pc = PhaseSwitch
AssistanceNeed_1.exists =1 Query_1.exists =1
BeingAssisted_1.exists =1 ProvideFairAssistance_1.exists =1
BeingAssisted_1.actor = Citizen_1
BeingAssisted_1.fulfilled =0 ProvideFairAssistance_1.fulfilled =1
DoRequest_1.exists =1
DoRequest_1.actor = Citizen_1 HandleAssistanceRequest_1.exists =1
DoRequest_1.fulfilled =0
DoRequest_1.waitResponse =0 HandleAssistanceRequest_1.fulfilled =1
DoRequest_l.answer = 0 ReceiveRequest_1.exists =1
DoRequest_l.pc = Initialization
DoRequest_l.need = AssistanceNeed_1 ReceiveRequest_1.fulfilled =1
DoRequest_1.super = BeingAssisted_1 EvaluateRequest_1.exists =1

-> State 3.2 <-

SanitaryAgency_1.exists =1 EvaluateRequest_1.fulfilled =0
InitialRequest_1.exists =1 -> State 3.4 <-

InitialRequest_1.actor = Citizen_1 ReceiveAssistance_1l.exists =1
InitialRequest_1.fulfilled =0 ReceiveAssistance_1.dependee = SanitaryAgency_1
InitialRequest_1.super = DoRequest_1 ReceiveAssistance_1.depender = Citizen_1
Request_1.exists =1 ReceiveAssistance_1.fulfilled =0
Request_l.need = AssistanceNeed_1 DoRequest_l.pc = Cycle

Request_1.initiator = InitialRequest_1 -> Loop starts here <-

Request_1.sender = Citizen_1 -> State 35 <-

Request_1.receiver = SanitaryAgency_1 InfoRequest_1.exists =1
DoRequest_1.waitResponse =1 InfoRequest_1.query = Query_1
DoRequest_1.pc = SendRequest InfoRequest_1.ref = Request_1

-> State 33 <- InfoRequest_1.sender = SanitaryAgency_1
InitialRequest_1.fulfilled =1 InfoRequest_1.receiver = Citizen_1
Providelnformation_1.exists =1 ReceiveAssistance_1.fulfilled =1
Providelnformation_1.actor = Citizen_1 DoRequest_1.pc = WaitMessage
Providelnformation_1.super = DoRequest_1 -> Loop <-

Fig. 6. An exampleof counterexamplegeneratedy NUSMV .

onecanshaw thatit is equialentto the requirementsnodelaccordingto a suit-
ablebehaioral equvalence.The NUSMYV veri cation engine however, doesnot
supportthis kind of veri cation.

4 Future Work and Concluding Remarks

This paperhasoutlineda methodologyfor the designandveri cation of Web ser
vices as processegeneratedrom businessrequirementsnodels. The latter are
expressedvith alanguagecalled Tropos,whoseformal counterpartllows for the
precisede nition of goalsandrequirement®f the actorsof the domain. A setof
formaltechniguesireused rst to derive processkeletonan BPEL4WS,andthen
to verify thatthe re nementsperformedby the designerstill satisfythe require-
ments.

A numberof other approacheshat useformal techniquedor the de nition
andcompositionof Webservicesarebeingproposedn theliterature(see[4,6,7,8]
to cite a few). Distinguishingfeatureof the approachpresentechereis that we
startfrom a higherlevel, stratggic domainmodel,whereprocesseassucharerep-
resentedat a very abstractlevel and othertypesof requirements- for instance,
generabusinessuleson resourceusageor engagemenwith otherpartners- can
be easilyrepresentedThis givesus more e xibility in composingorocessesand
let us performa wider rangeof veri cations thandirectly startingfrom a business
processr from elementaryservicede nitions.

The work presentechereis our rst steptowardsa long term vision where
formal techniquesreappliedduringthe entirelife cycle of servicesfrom require-
mentsanalysisto execution. The objective is providing agentswith sufcient se-
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manticknowledgeandcapabilitiesto discover andadaptto servicesandprocesses,
andpossiblyprovide feedbacko designergor remodeling.

In the shortterm, we plan to experimentwith modelcheckingtools different
from NUSMV. In particular we planto adoptveri cation toolsthatarebasedon

-calculus(e.g.,[3,9]). This will allow for modelingBPEL4WSfeatures(most
notably dynamiccreationof new executionthreads)hataredif cult to modelin
NUSMV. Movingtotoolsbasedn -calculuswouldalsoallow for theapplication
of equivalencecheckingtechniquego comparethe businesgprocessnodelwrt the
correspondingequirementsnodel. The mostseriousobstaclen this directionis
thatthe propertyspeci cationlanguagesurrentlyavailablefor the -calculusare
notadequatdor expressinghe Formal Troposconstraints.

In the longer term, we will investigateinto improving the generationof
BPEL4WS processskeletonsin orderto capturemore detailsfrom the domain
model,suchasthetype of long-termbusinesdransactiorthatis required.An im-
proved BPEL4AWSprocessshouldalsoenablean executionengineto relatefaults
andexceptionsto speci ¢ goalsor requirement®f the domainmodel,in orderto
take appropriateactionor provide feedbacko theuser
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