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Abstract

Service-orientedarchitectues and Web serviceinfras-
tructure provide the ideal framavork for interconnecting
organizationsandfor de ning distributedbusinessapplica-
tions. Thepossibilityto exploit businesgprocessde nition
andexecutionlanguagesis particularly relevantfor captur
ing the process-orientedature of theseapplications.How-
ever, businessprocessedy themselvesre not enoughto
manaye the changesand to allow an organizationto con-
tinuouslyadaptits businessmodelto the typical needsof
distributed applications. To achieve this exibility, it is of
uttermostimportanceto link the businessgprocesseso the
organizationalstrategy andto the businesgyoalsthat moti-
vatethe needof theseprocesses.

In this paperwe proposea framevork for representing
strategiesandgoalsof an organizationin termsof business
requirementsTheframeavorkallowsto describehowan or-
ganizationalstrategy is opemationalizedinto activitiesand
implementedy businesgprocesseslt also allowsto rep-
resentthe assumptionsn the interactionsbetweerthe dif-
ferentbusinessapplications.Finally, this framevork allows
for the usage of formal analysistechniques,in particular
Model Cheding, to pinpoint problemsandto identify pos-
siblesolutionsin this domain.

1. Intr oduction

Thegrowing useof informationtechnologyandthehigh
level of dynamicsandinteroperabilityintroducedoy the In-
ternetprovide new waysfor interconnectingnterpriseand
customersghatwherenot possiblein the past.In particular
Web servicetechnologyis rapidly emepging asone of the
mostpracticalapproachefor theintegrationof customers',
vendors',andbusinesgartners'applications.The number
of individual Web serviceamadeavailableby companiess
continuouslygrowing, but the real valueto an organization
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comesonly whenthesecompaniesreableto connectser
vicestogether This forcestransactiorandintegrationcosts
to bedrivendown andmakesthetraditionalstatichierarchi-
calstructurdessattractize bothfrom astratgic andfroman
economicalperspecties. Organizationshouldbe consid-
eredin termsof businesprocessegtherthanfunctions,in-
tegratingactvities in cross-functionahnd cross-enterprise
chains[16]. This integrationis mademoredif cult by the
factthat,while aimingto work togethemlandto provideinter-
enterprisebusinessapplicationsusually companiesio not
wantto uncovertheinternalstructureof their businesspro-
cesseso eachother Moreover, they wantto keepthe abil-
ity to rethink and reomganizetheir businessprocessesind
to modify accordinglytheimplementatiorin orderto adapt
their stratgy to changesndinnovations.

Web servicegrovide the basictechnologyfor obtaining
the loosely coupledintegration requiredby businesspro-
cesseslndeedbusinesprocesdescriptionlanguagedik e
BPELAWS[1] provide meansto describeserviceswith-
out necessarilyrevealingthe internal structureof the pro-
cessesHowever, in orderto beeffectively usedfor compos-
ing businesprocessegshetechnologicalnfrastructurgro-
vided by Web servicesneedgo be enrichedwith toolsand
methodologieshatsupporthedevelopmenbf thiscompo-
sition and that permitto managethe changesand adapta-
tionsof businessnodelsandof businesgprocessesThisin-
troduceghe necessityof determiningheimplicationof the
businesstratey andgoalschangesn the softwaresystem.
To this purpose businesggoalsand businessequirements
needto be madeexplicit in the businesgprocessnodel. A
“strategic” descriptionneedsto be provided of the differ-
entactorsin the businesslomainwith their goalsandwith
their mutualdependencieand expectations.Furthermore,
a tight integration of the businesgequirementsand of the
businesgprocesspeci cationis necessaryT his permitsre-
guirementgraceabilityi.e.,to seehow themodi cations of
requirement®r processspeci cationsaffect eachother

One of the major prerequisitedor an effective process
integrationis reliability. The procesdde nition thatis ob-
tainedfrom thebusinessequirementsnodelshouldbecon-



sistentwith the requirement@andwith the goalsit aimsto
achieve. And, whenever processesf differentpartnersare
composednto anew businessapplicationprocessthecom-
position shouldrespectthe goalsand constraintsof every
participant.In otherwords,the businessapplicationshould
matchthe businessequirementsnodel. Automaticformal
analysisand veri cation tools are necessaryo verify this
matchingandto checkthatthis matchis maintainedwhen
requirement®r processeshange.

In this work, we describea frameawork for the business
procesgequirementsnodelingthatwe arecurrentlyde n-
ing. The designprocessstartsfrom a descriptionof the
stratgyic goalsandneedsof anorganization.Thesearere-
ned andoperationalizeihto tasksandactvities, whichare
thentransformedn turn into businesgprocessesind Web
services.Formalannotationsreusedat all levelsto de ne
constraintgo businessequirementsindto businesprocess
models. For modeling businessrequirementsve exploit
the Tropossoftwaredevelopmentmethodology{3]. Tropos
providesthe notationsto capturethe businesgequirements
of theparticipantsn thedomain theirmutualdependencies
andexpectationsWe alsoexploit the formal counterparbf
Tropos,the Formal Troposlanguagg?9], thatprovidesrich
notationsfor the de nition of constraintsand propertiesof
themodeleddomain,andthatis amenabldor formal veri -
cation. TroposandFormal Troposareextendedo targetthe
speci ¢ aspectof Web servicestechnology In particulay
to dealwith businesgprocessesBPEL4WSspeci cations
arelinkedto therequirementsnodels.

The paperis organizedasfollows. In Section2 we de-
scribethe businesgprocessnodelingcapabilitieofferedby
Web servicesand discussthe necessityto explicitly intro-
ducerequirementandto integratethemwith theprocesses.
In Section3 we shav how the businessprocessrequire-
mentscan be modeledin Troposand how theserequire-
mentsspeci cationsmay be presentedormally. Section4
describeshe way the requirementsnodelsare integrated
with businessprocessmodelsand speci cations. Formal
analysisand veri cation of the requirementsand process
modelsis describedn Section5. We concludethe paper
with a briey review of relatedworks and with somere-
markson futurework.

2. BusinessProcessesand BusinessRequire-
ments

2.1 BusinessProcesses

The descriptionof the structureandbehavior of the dif-
ferent businessactiities within an organizationhasbeen
deeplyinvestigatedfor instancen the framework of busi-
nessprocessmnodeling. However, the integration of busi-

nessprocesseshat are distributedamongdifferentorgani-
zationsis still achallengingproblem.

Web servicesare an emeging technologyfor building
complex distributed systemsfocusing on interoperability
supporffor ef cient integrationof distributedprocessesand
uniform representationf applications.They allow compa-
niesto describehe externalstructureof their processeand
how they canbeinvoked andcomposedWeb servicesup-
porttheinteractionsamongthedifferentpartnersy provid-
ing a model of synchronour asynchronougxchangeof
messagesTheseexchange®f messagesanbe composed
into longerbusinessnteractionsby de ning protocolscon-
strainingthe behavior of all partners.

Thetermsorchestratiomndchoreographwreoftenused
to referto thetwo key aspect®f processomposition14].
In orchestation, the compositionis consideredfrom the
perspectie of one of the businessparties. The focus is
on the interactionthat the businessgprocessunderconsid-
erationperformswith internalandexternalWeb servicesn
orderto carry out its task. Orchestratioris usually private
to thebusinesgarty; sinceit containsreseredinformation
on the speci c way a given processs carriedout. Chore-
ography, on the otherhand,describeghe interactiondor a
global, neutralperspectie, in termsof valid corversations
or protocolsamongthe differentparties. Choreographys
usuallypublic, sinceit de nedthecommorrulesthatde ne
avalid compositionof the distributedbusinesgprocessem
thebusinesglomain.

Web services have developed different languages
for orchestrationand choreography(BPEL4AWS, WSFL,
WSCI...). Amongthem,BPEL4WS[1] is quickly emeg-
ing asthe languageof choicefor the descriptionof pro-
cessinteractions. BPEL4WS provides core conceptsfor
the de nition of businessprocessin an implementation-
independentvay. It allows both for the de nition of in-
ternalbusinesgprocesseandfor describingandpublishing
the external businessprotocol that de nes the behaior of
the interaction. Therefore BPEL4WS permitsto describe
both the orchestratiorandthe choreographyf a business
domainwith anuniform setof conceptsandnotations.

2.2 BusinessRequirements

While developingdistributed businessservices the de-
signerausuallyfocusonthe“how”, thatis ontheway abusi-
nessprocesss implementedy meansof standardusiness
processdescriptionlanguages.However, theselanguages
arenot ableto describethe businesgoalsandstrateiesof
anorganizationjts expectation®ver externalservicesand
thelinks existing betweerthesegoalsandexpectationsand
thecorrespondindpusinesgprocesses.

By businessequirementsve meanall thoseaspectof
the descriptionof businessprocessthat are relatedto the



stratgy andtherationaleof on organizationthe“why” and
the“what”), andthatprecedeandmotivatethede nition of
speci ¢ processefthe “how”).

Similarly to whathappengor businesgprocesseslsoin
businesgequirementsve candistinguishan orchestration
anda choreographyerspectie. In the orchestation per
spectve, the point of view of a particularbusinessartyis
taken, its stratgic goalsaredescribedthe de nition of the
businesgprocessesieededo achiese thesegoalsis made
evidentalongwith the decisionof what servicesto imple-
mentinternally andwhat externalservicesto exploit. The
requirementsrom the choreagraphy perspectie, on the
otherhand,aimto describeheinteractionopportunitieghat
are presentin the businessdomains. Theseopportunities
arede ned in termsof possiblematchesetweenthe ser
vicesrequiredby certainactorsandthe servicesprovided
by otheractors. Along with theseintent/ofer matchesthe
choreographicdbusinessequirementsilsode ne thebusi-
nessrules of the domain, namelythe sharedassumptions
and constrainton the correctinteractionsinside the busi-
nessdomains. Orchestrationis supposedo be privateto
the party, asit containsinformation on the businessstrat-
egy thatthe party may not wantto discloseto externalor-
ganizationswhile choreographys supposedo be publicly
availableto all participants.Correctbusinesgrocessesf
aparty shouldrespecgoalsandconstraintdoth of its own
orchestratiorand of the sharedchoreographyof the busi-
nessdomain.

2.3 A Case-Study

We considera case-studyn the eld of public welfare,
extractedfrom a larger domainconcerningthe local gov-
ernmenbf Trentino(ltaly). In thecase-studyve considera
seniorcitizenthataimsat beingassistede.g.,receving ser
viceslike transportatioror mealsat home. The assistance
to citizensis provided by a Health-careAgengy, thatis run
by the Local Government,andthat aims at providing fair
assistanco citizens. The Health-careAgeng dependon
external providersfor the actualdelivery of the requested
services. The nancial aspectf the Local Government
arehandledby a Bankthatis in chage of payingthe ser
vice providersandof askingthe citizento cover partof the
costsof the usedservices. The interactionamongthe dif-
ferentpartiesis requiredto happervia Web services.The
businesgyoalof thecitizen consistdn receving assistance,
while the Health-careAgeng is willing to provide assis-
tanceonly to citizenthatsatisfygiveneligibility criteria.

3. BusinessRequirementsModeling in Tropos

Troposis a goal-driven, agent-orientedgoftware devel-
opmentmethodologythataimsto coverall thephase®f the
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developmentprocessstartingfrom early requirementg3].
It is foundedon the premisethatduring early requirements
it isimportantto understan@ndmodelthe stratgyic aspects
underlyingthe organizationakettingwithin whichthe soft-
ware systemwill eventually function. By understanding
thesestratgjic aspectne can betteridentify the motiva-
tions for the software systemandthe role thatit will play
insidethe organizationaketting. The methodologyallows
for the incrementalre nementof the stratgjic modelsvia
goal/taskdecompositiorand operationalizatiorboth at the
informal andformallevel.

In this paperwe shaw that(a suitableextensionof) Tro-
poscanbeusedto de ne businessequirementandto inte-
gratethemwith the correspondindpusinesgprocessesWe
will usethe health-careassistancease-studyto illustrate
theapproach.

3.1 Troposfor Web Sewices

Figure 1 is a Troposdiagramthat describethe actors
(circles) participatingto the case-studyandtheir stratayic
high-level goals (the ovals attachedo the actors). For in-
stancejn thediagramwe havetheCitizen thataimsatbeing
assistedtheHealthcareAgency thataimsat providing a fair
assistanc#o thecitizens;the ServiceProvider which goalis
to provide therequestedervicesandthe Bank which han-
dlesthegovernments nances.

Tropos allows for the descriptionof the interactions
amongthe different partiesof the domainat the strateyic
level relying ontheintent/ofer matchingmechanisnmepre-
sentedn the diagramby meansof dependencie@he ovals
linkedto two differentactors).For instancethe Citizende-
pendsontheHealth-careAgeng for beingassistedandthis
is formulatedin the modelwith dependengReceiveAssis-
tance from Citizen to HealthcareAgency. This diagramcan
be seemasavery high-level choreographyepresentationf
therequirement®f our case-study

Startingfrom this high-level view of the organizational
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or businesssystem,Tropos proceedswith an incremental
re nement process(seeFigure 2). This re nement starts
with a goal analysis,wherethe high level goalsof one of

the actorsarere ned into sub-goalsand eventuallyopera-
tionalizedinto tasks. In our case-studythe goal analysis
is very simple: the Citizen re nes the goal BeingAssisted

into the two tasks(hexagons)DoRequest andPay, thegoal

ReceiveService, and the soft-goal (cloud) QualityService.

Thetasksaresupposedo beimplementedy softwaremod-

ules,while the goalsthatremainin the modelafterthe goal

analysisrepresentactiities that are not carried out elec-
tronically (e.g.,the assistanceervicesarephysicallydeliv-

eredto the citizen). Finally, soft-goalsareusedto describe
non-functionakequirementsyith no clearcutcriteriaasto

whenthey areachieved (e.g.,the citizenhassomerequire-
mentson the quality of the servicegdeliveredto him).

Thegoalanalysisphases followedby ataskre nement
phasewherethe high-level tasksaredecomposehto sub-
tasks.In Figure2, taskDoRequest is furtherre ned into Ini-
tialRequest, Providelnformation, WaitAnswer. In this simple
case thethreesub-tasksarecomposedequentially Other
formsof taskdecompositiorarealsopossible correspond-
ing to the othertypical waysof combiningactiities in ac-

tivity diagramgparallelcompositionchoice,iteration...).

The task decompositiorprocedureendsonce we have
identi ed all basictasksthat de ne the businessprocess.
As alaststepin thede nition of businessequirementsye
associateo the basictasksthe messagethat describethe
basicinteractionsamongactors. For instance task Initial-
Request requiresto senda messag®equest to the Health-
careAgency. Thismessagés recevedandprocessetby the
task ReceiveRequest of the HealthcareAgency. The task
AskAdditionallnfo of the HealthcareAgency is implemented
by sendinga messagénfoRequest to the Citizen which re-
ceivesandprocesse#t within task Providelnformation and
respondsvith aninfo messageOncesufcient information
hasbeengatheredtheHealthcareAgency sendsaResponse
messagéo the Citizen.

The stepsof the re nementarerepresented the Fig-
ure2 asthreelevels: astratayic level, anactiity level anda
messagéevel. All theselevelsarepartof therequirements
model,in the sensehatthey de ne differentaspectof the
requirementavalid implementations supposedo respect.

We remarkthat Figure 2 representshe point of view of
the Citizen, thereforeit canbe seenas an “orchestration”
requirementgdiagram. Clearly, the “internal” re nement



donefor goal BeingAssisted hasto take into accountand
to re ect the“contract” thatgovernsthe way the assistance
is providedto the Citizen by the HealthcareAgency (andby
theotheractorsof thediagram).Indeed thediagramin Fig-
ure2 shawvs alsothelinks thatexist betweerthe Citizen and
theHealthcareAgency, bothatthegoallevel andatthemes-
sagedevel. However, no descriptionof theinternalstructur
ing of the HealthcareAgency is representeih the diagram,
sincethis informationis not availableto the Citizen.

It is worth to be noticedthatin this examplewe have
adopteda top-dovn strategy for transforminghigh-level
goalsinto interactions.Other stratgjies, e.g.,a bottom-up
approachfrom the messageto the goals,or a middle-out
approachstarting from the actiities, are also possiblein
this framework.

3.2 Formal BusinessRequirementsSpeci cation

The Troposmethodologyallows for extendingthe Tro-
posdiagramswith formal annotationsxpressedn Formal
Tropos(hereaftelFT). TheFT annotationspecifythevalid
behaiors andthe relationsamongthe differentactors,de-
pendenciegyoals,tasksandmessages the model. At the
stratgjic level the FT annotationspecifythe conditionson
goal creationandful llment, andassume/guarantendi-
tionson delggations. At the actiity level, they de ne pre-
andpost-condition®n tasksandsub-tasksEvenmoreim-
portant,FT annotationsallow to link thesetwo levels and
the underlyingmessagdevel. The key adwantageof FT
with respectto otherapproachess thatit de nes the dy-
namicaspect®of a modelandsupportsits formal veri ca-
tion alreadyat the requirementsevel, without requiringan
operationalizatiomf thespeci cation,e.g.,into BPEL4AWS
processesA precisede nition of FT andof its semantics
canbefoundin [9]. Herewe presenthe mostrelevantas-
pectsof the languagebasedon the case-studyAn excerpt
of the FT annotation@ssociatedo the DoRequest taskcan
befoundin Figure3.

FT givesadescriptiorof thedifferentobjectsn themod-
eled domain, which is similar to a classdeclaration. In
particular a list of attributesis associatedo eachof these
classesEachattribute hasa sort which canbe eitherprim-
itive (boolean,integer...) or canbe a referenceto other
class.Somespecialattributesareassociatetib eachkind of
classin the FT speci cation. Goalsandtasksareassociated
to the correspondingctorwith the specialattribute Actor.
Similarly, Depender andDependee attributesof dependen-
ciesrepresenthetwo partiesinvolvedin a delggationrela-
tionship. Attribute Super for goalsandtasksdenoteshe
parentgoalor task.

An importantaspecbof FT is its focuson the conditions
for the ful iment of goalsandtasks. Theseare character
ized by a Mode, which declareghe modality of their ful-

lIment. The two most commonmodalitiesare achieve

(which meanghatthe actorexpectsto reacha statewhere,
e.g..thegoalhasbeerful lled) andmaintain (whichmeans
thattheful llment conditionhasto be continuouslymain-

tained). For instance dependeng ReceiveAssistance is of

type maintain,to capturethe fact that this “contract” be-
tweencitizen and health-careageng hasto be maintained
overtime. On the otherhand,taskDoRequest (asmostof

thetasks)is of typeachiese, sincethe citizenaimsatreach-
ing a statewherethis taskis terminated.

Behavioral aspectsof the objectsin the modelandre-
lationsamongthemare annotatedn the FT speci cations
asconstraints.They allow to capturethe conditionson the
goalscreationandful Iment andpre-andpost-conditions
on tasksand sub-tasks. Creation constraintsde ne con-
ditions that shouldbe satis ed whena new instanceof a
classis created.In the caseof goalsandtasks.the creation
is interpretedasthe momentwhenthe associate@ctorbe-
ginsto desirethe goal or to performthe task. Fulfillment
constraintsshould hold whenever a goal is achieved or a
taskis completed.Creationandful Iment constraintsare
furtherdistinguishedassufcient conditions(keywordtrig-
ger), necessargonditions(keyword condition), andneces-
saryandsufcient conditions(keyword definition).

In FT, constraintaredescribedvith formulasin atyped
rst-order lineartime temporallogic. Besidesthe stan-

dardboolearandrelationaloperatorsthelogic providesthe
guanti ersv and3, which rangeover all theinstancef a
givenclass,anda standardsetof lineartime temporalop-
erators.ThelatterincludeoperatorX, whichde nesacon-
dition that hasto hold in the next stateof the evolution of
thesystempperator, whichde nesaconditionthathasto
hold eventuallyin thefuture,andoperatoiG, whichde nes
aconditionthathasto holdin all future states.

In the FT speci cationof Figure3, thede nitions of task
DoRequest andits subtasksnodelthe life-cycle of the ac-
tivity. For instancethe ful lment de nition of Provideln-
formation speci esthatthistaskaimsto sendaninformation
messagen reply of everyincominginformationrequesand
it isful lled if all informationrequesthave beenanswered.
The DoRequest taskis consideredo beful lled whenever
the responsemessages receied (i.e., the WaitResponse
taskis ful lled) andthe value of the resultattribute corre-
spondgo theonecontainedn themessage.

Althoughthe FT annotationsarevery expressve, in the
typical casenly alimited amountof the expressve power
of FT is actually used. For instance pre-/post-conditions
aretypically propositional. However, in somecasesit is
usefulto have the possibility of expressingmore complex
conditions for instancein the caseof the post-conditiorof
the Providelnformation taskwe usetemporaloperatorG to
specifythatthis taskcanonly be consideredul lled once
all informationrequestshave beenprocessed.This high-
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9 r:Response(Received (r) * (result$ r.result))

Figure 3. Formal Tropos speci cation.

level conditionis appropriatefor the requirementsnodel
evenif a speci c mechanisnwill needto be usedin the
implementatiorio actuallycheckwheninformationrequest
messageareended(seeSection4). We remarkthatsome
temporalconstraintareimplicit in thesemantice®f FT and
do not needto appearexplicitly as annotations. For in-
stance animplicit creationconstraintfor eachsub-goalis
thatthe parentgoal hasnot yet beenful lled — if thegoal
hasbeenful lled thereis no reasono createthe sub-goal.
Also the orderin which the sub-task®of a givencomposed
taskareinvokedis implicit in the FT semantics.

4. Integrating Business Requirements and
BusinessProcesses

The Web servicebusinesgprocessspeci cation may be
easilyderived from the businesgequirementsnodel. The
FT model alreadycontainsseveral piecesof information
that can be exploited to generatea BPEL4AWS speci ca-
tion. For instance|t is possibleto automaticallygenerate
thede nition of messagegorts,andservicesfor the busi-
nesglomains— theseelementsle ne theWSDL document
associatedo the BPEL4WSspeci cation. The description
of the procesamodel hasto be completedby de ning the
body of the businesgprocesscorrespondindo thetask. In
our framework, this is achieved by associatingo the task

abusinesgrocessie ned in the BPEL4WSlanguage For
instancethe businesgrocessorrespondindo the taskof
submittingarequesis describedy the BPEL4WSspeci -
cationin Figure4.

Besidesthe result variable, which is already present
in the formal requirementspeci cation, the processcon-
tains additional variables waitResponse, vRequest, vin-
foRequest, vinfo, andvResponse. The processbehaesas
follows. First, aninitialization stepis performed,during
whichthevariablewaitResponse is setto true,andthemes-
sageRequest is preparedy settingits need eld. TheRe-
quest messagés sentin thefollowing hinvoke i command.

In orderto ful ll the requirementhat all incomingin-
formationrequestshouldbe satis ed until an answerhas
beenreceved by the health-careageng, a hwhile i loop is
entered. Its body is repeateduntil variablewaitResponse
becomedalse. The body of the loop consistsof a tpick i
instructionwhich suspendshe executionof the processin-
til aInfoRequest or a Response messagés receved. Every
incoming information request,arrived with a InfoRequest
messageis answeredvith a correspondingnfo message.
The emittedInfo messageefersto the query containedin
thereceved InfoRequest messagelf a Response message
is receved, thenthe result variableof the processs setto
re ect theresult eld of the receved message Whenthis
messages receved, the citizen doesnot expectary other



<sequence name="DoRequestBody">
<assign name="Initialization"
event="Create
<copy>
<from expression="true()"/>
<to variable="waitResponse"/>
</copy>
</assign>
<invoke

ir:InitialRequest(ir.super=self) ">

operation="oRequest" inputVariable="vRequest"/>
<empty name="PhaseSwitch"

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

<while condition="getVariableData(‘'waitResponse’)">
<pick name="WaitMessage">

<onMessage operation="olnfoRequest"
variable="vInfoRequest">

<reply  operation="olnfo" variable="vInfo"/>

</onMessage>

<onMessage operation="oResponse" variable="vResponse"
event="Fulfill pi:ProvideInformation(pi.super=self)
Create wa:WaitAnswer(wa.super=self) ">
<assign name="LeavelLoop">
<copy>
<from expression="false()"/>
<to variable="waitResponse"/>
</copy>
<copy>
<from variable="vResponse"
<to variable="result"/>
</copy>
</assign>
</onMessage>

part="result"/>

</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>

Task InitialRequest
Mode achieve
Super DoRequest
Actor Citizen

Task Providelnformation
Mode achieve
Super DoRequest
Actor Citizen
Fulfillment definition
G (8 ir: InfoRequest(Received (ir) !
9 i: Info(Sent (i)))

Task WaitAnswer
Mode achieve
Super DoRequest
Actor Citizen
Attribute result:boolean
Fulfillment definition
9 r:Response(Received (r) * (result$ r.result))

Task DoRequest
Mode achieve
Super BeingAssisted
Actor Citizen
Attribute result:boolean
Fulfillment definition
9 wa:WaitAnswer(wa.super = self &
Fulfilled (wa) * (result$ wa.result))

Figure 4. BPEL4WS process for task DoRequest of actor Citizen.

informationrequestandthe Porvidelnformation taskcanbe
consideredtompleted ThereforeyariablewaitResponse is
setto false,sothatthehwhile i loopis left.

Some additional attributes, which are speci ¢ for FT,
are addedto the BPELAWS commands. Theseattributes
areusedto connecthe evolution of the BPEL4WSprocess
with the evolution of the requirementsnodel. The event
attributesdescribewhich sub-taskof DoRequest are sup-
posedto be createdor ful lled in the requirementsnodel
whena givenpointis reachedn the BPEL4WScode. For
instance,sub-taskinitialRequest is createdduring the ini-
tialization stepand s ful lled after the Request message
hasbeensent(the BPELAWScommandempty i is usedto
placethis ful liment eventin theright positionof the pro-
cess).Theconstraint attributesde ne additionalconstraints
betweertherequirementsayerandthe procesdayer They
aretypically usedto de ne thevaluesof theattributesof the
sub-tasks For instancethe constraint attribute of Figure4
bindsthevalueof attributeresult of thewaitAnswer sub-task
to thevalueof variableresult of the BPEL4WSprocess.

5. Formal Veri®cation

The framawork here proposedenablesfor several for-
mal veri cation actiities over the businessrequirements
andbusinesgprocessemodels.First, it is possibleto verify
therequirementsnodel,e.g. by checkingits consisteng, or
by verifying it againstpropertiesdescribingbehaior that
the modelis supposedor not supposed}o exhibit. This
permitsto discoverinconsistencieanderrorsin theearliest
phasesheforehaving an actualimplementation.As far as
businesgprocessesareconcernedfurtherkinds of analysis
canbe thoughtof. For instancewe cancheckfor absence
of deadlockr livelocksin the devisedprotocolamongthe
differentpartiesinvolved in the businessprocess.Thatis
we can verify that the describedprocessnever blocks or
it is never stuckin a loop. We can also verify business
processesgainstbusinessequirementsand strategic goal
models,thus providing an evidencethat the given process
actuallyimplementsandful lls the requirements.Finally,
we canverify whetherthe BPEL4W Sprotocolis consistent



with the publishedone. Moreover, in the inter-enterprise
applicationsnotonly separatdusinesgprocesseshouldbe
analyzedout alsoprocesssompositionsfor instancerepre-
sentedwith BPEL4WScode. Theimplementatiorof these
veri cation actwitiesis still ongoingwork.

In this sectionwe presenthe T-Tool, a veri cation tool
ableto dealwith FT speci cation, and we shav how the
functionalitiesit providescanbeusedto tacklesomeof the
veri cation problemswe ervisaged.

5.1 The T-Tool Veri cation Tool

The T-Tool [9] supportghekinds of formal analysisde-
scribedpreviously. Here we highlight someof its func-
tionalitiesand we referthe readerto [9] for additionalde-
tails. TheT-Toolis basedn nite-statemodelchecking5].
Model checking allows for an automaticveri cation of
a speci cation with the generationof (counter)example
tracego witnessthevalidity (or invalidity) of thespeci ca-
tion. A limit of nite statemodelcheckingis thatit requires
amodelwith a nite numberof states Thusanupperbound
onthenumberof classinstance$asto bespeci edin order
to performmodelchecking.

The T-Tool input is an FT speci cation alongwith pa-
rameterghat specifythe upperboundsfor the FT classin-
stances.On the basisof this input, the T-Tool builds a -
nite modelthat representsll possiblebehaiors that sat-
isfy the constraintsof the speci cation. The T-Tool then
veri es whetherthis modelexhibits the desiredbehaiors.
The T-Tool allows for differentveri cation functionalities
including interactive animationof the speci cation, auto-
matedconsisteng checks,andvalidation of the speci ca-
tion againstpossibility and assertionproperties. Through
animation, the user can generatevalid scenariosfor the
speci cation by interactingwith the T-Tool andincremen-
tally extendinga partial evolution of the model. Animation
allows for a betterunderstandingf the speci ed business
domain,aswell asfor the identi cation of trivial bugsand
missingrequirementshatareoftentakenfor granted.Con-
sisteny checksarestandaradheckgo guarante¢hatthe FT
speci cationis not self-contradictory Inconsistenspeci -
cationsoccurquiteoftendueto complecinteractionsamong
constraintsn thespeci cation,andthey areverydif cult to
detectwithoutthesupporiof automatednalysigools. Con-
sisteny checksare performedautomaticallyby the T-Tool
andareindependenbf the applicationdomain. Assertions
propertiedescribeconditionsthat shouldhold for all valid
evolutionsof the speci cation, while possibility properties
describeconditionsthat shouldhold for at leastonevalid
evolution. The veri cation phaseusually generateseed-
backon errorsin the FT speci cationandhints on how to
X them.

The T-Tool performsthe veri cation of anFT speci ca-
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Figure 5. The T-Tool framework.

tion in two steps(seeFigure5). In the rst step,the FT
speci cation is translatedinto an IntermediateLanguage
(IL) speci cation. In the secondstep,the IL speci cation
is givenasinput to the veri cation enginethatis responsi-
ble of the actualveri cation. The T-Tool providesthe user
with two differentveri cation enginesbuilt ontop of state-
of-the-artmodel checlers, that is the NUSMV [4] sym-
bolic modelchecler andthe Spin [10] explicit statemodel
checler.

5.2 Veri cation of BusinessRequirements

Businesgequirementsnodelenabledor differentkinds
of veri cation to be carriedout. In particular the business
requirementsnodel canbe automaticallyveri ed for con-
sistengy. Among the differentkinds of veri cation the T-
Tool providesarenoticeableheveri cation of thepossibil-
ity to createdifferentgoals,andto ful ll themthusshaw-
ing thatthe speci cationis not over-speci ed anddifferent
goalsdonotcon ict with eachother

Besidesthis, our frameawork allows businessanalystto
specifyquerieson the modelin the form of propertieghat
the requirementsnodelis supposedo satisfy We distin-
guishbetweenAssertion propertieswhich describecondi-
tions that shouldhold for all valid evolutions of the spec-
i cation, andPossibility propertieswhich describecondi-
tionsthatshouldhold for at leastonevalid evolution. Fig-
ure 6 reportsan excerptof desiredpropertiesfor the con-
sideredcase-studyPossibilityP1 aimsat guaranteeinghat
the setof constraintsof the formal businessrequirements
speci cationallows for the ful Iment of the taskof doing
arequestin somescenarioof the model. AssertionAl re-
quiresthatit is not possiblefor the citizento ful Il its goal
of receving assistanceservicesunlessa positive response
to arequesfrom the health-careageng hasbeenreceved.
Finally, assertionA2 requiresthat the task of doing a re-
quests eventuallyful lled undertheconditionthatthereis



Possibility P1
9 dr: DoRequest (Fulfilled (dr))

Assertion A1

8 c: Citizen (
9 r: Response (Received (r)  rreceiver = c! : rresult)!
9 rs: ReceiveService (rs.actor = ¢! : Fulfilled (rs)))

Assertion A2
8 dr: DoRequest (
9 ra: ReceiveAssistance (ra.depender = dractor * Fulfilled (ra)
A 8 r1: Request (r.sender = dractor ! rreceiver = ra.dependee))
! FFulfilled (dr))

Figure 6. Formal Tropos proper ties.

ahealth-carageng thatis boundedo provide assistancto
theuserand,the citizen sendshe requesto that particular
health-caregeng.

All the propertiesin Figure 6 are satis ed on the nal
versionof the businessequirementsnodel of the consid-
eredcase-study However, this resulthasrequiredseveral
revisionstepswhereboththemodelandthepropertiehave
beenadjustedo capturethe intendedbehaiors of the do-
main. For instance,assertionA2 hada crucial role in the
procesof preciselyde ning themutualexpectationsncar
natedby dependeng ReceiveAssistance, and capturedby
theful llment constraintsspeci ed for this dependeng as
it canbeseenin Figure3.

It hasto be remarled that, while verifying businessre-
guirementanodels,onecannotprove the businesgequire-
mentsspeci cation is correct, sincethereis no reference
model.However, the queriescarriedout on the businesge-
guirementsspeci cation canprovide feedbackon the cap-
turedbehaviors and catchmisunderstandingsot trivial to
beidenti ed in aninformal setting.

5.3 Veri cation of BusinessProcesses

The de nition of businessprocessestogetherwith the
bindingsthatlink themto thecorrespondingasksandmes-
sagesin the formal requirementsnodel, allow for differ-
ent forms of veri cation. First, the given processcanbe
checledfor problemgaypical of aprocesspeci cation, like
the presenceof deadlocksor livelocks. This is achieved
by veri cation thatthe processpeci cationwill eventually
completeon all its possibleexecutions.For instancejn the
case-studyhe citizen processcanbeblockedif it waits for
theresponsdrom the health-careageng while the latteris
not going to provide it for somereason(a deadlock). Or
ahealth-careageng mayrequestinadditionalinformation
in nitely andthe citizen processwill stuckin this loop (a
livelock). A further possibility consistsof re-checkingthe
formal queriede ned for therequirementsnodel(e.g.,the
propertiesin Figure 6) on the more detailedmodel. This
is achieved by replacinga taskof the FT speci cation(e.g
task DoRequest) with the correspondingBPEL4WS pro-

cessandby checkingagainthe queries. Anotherpossibility
is checkingthatthere ned modelsatis estherequirements
describedy the Creation and Fulfililment constrainten-
forcedin the requirementsnodelfor task DoRequest and
its sub-tasks.

To supportthesekinds of veri cation, we have extended
the T-Tool with a translationof BPEL4WSprocessemto
the languageof the veri cation enginechosen,i.e., into
NUSMYV or SPIN nite statemachinesTransitionsof these
nite statemachinesare de ned accordingto the seman-
tics of the BPEL4AWS constructs. Fairnessconditionsare
addedto the nite statemachineso guarante¢hatthe pro-
cesseventually progressesvhenever the next actionto be
executedis not blocked. In the caseof the processn Fig-
ure 4, for instance,the only point wherethe processcan
be blocked forever is on the tpick i action,andonly if no
InfoRequest andResponse messageareever receved. Fi-
nally, the event andconstraint annotationsare mappednto
asetof temporallogic constraintghatrestrictthe valid be-
haviors of the nite statemachine.

At the time of writing we supportonly a restrictedsub-
setof BPEL4AWS.Somerestrictionsule outthoseoperators
thattheveri cation techniquegurrentlyprovidedby the T-
Tool arenot ableto dealwith. In particular the modelsto
beveri ed haveto be nite state thustheusageof all those
BPEL4WSconstructsghat may leadto anin nite number
is restricted(e.qg. interpretatiorof typesof variablesor cre-
ation of processesind compensation&ult handlerswhich
mayleadto anin nite numberof activeinstances)Another
restrictionconcernghetime constructof BPEL4WS(e.g.,
alarmsandtimeouts) thatourveri cation tool is notableto
manage.We are working to include otherconstructglike
o w, event-handleror correlations)that are currently not
supportedbut thatcanbe easilyintegrated.

The veri cation appliedto the BPEL4WS processof
Figure4 pointedout someinconsistencieamongthe con-
straintsof therequirementspeci cationandtheBPEL4AWS
procesdde nition. For instance the ful liment de nition
of the DoRequest task (seeFigure 4, right part) requires
thatthevalueof thehesult i variablein thistaskshouldbe
equivalentto thevalueof the correspondingariablein the
WaitAnswer task. In the BPEL4WScode(seeFigure4, left
part) the value of this variableis copieddirectly from the
Response messageeceved. Thus,the correspondingari-
ableof the WaitResponse taskremainsunchangedThisis
shawvn in the countergamplerepresentedn the Figure 7.
The countergamplerepresentthe messagsequencehart
of theexecutionof themodel. Thecitizencreategthe DoRe-
quest taskwhich generatethe|nitialRequest subtaskvhere
therequests sentto thehealth-car@geng. In responsethe
latter createsasksReceiveRequest and EvaluateRequest.
Then the subtaskProvideAnswer is createdwherethe re-
sponsemessages createdwith positive result (result=1).



The DoRequest processreceivesthe messageand created
the subprocessvaitAnswer. Thevalueof its variableresult

is initially false.Thenthe valueof thevariableresult in the

DoRequest processs assignedo valuecontainedn there-

ceived messageThus,the valuesof the variablesresult of

the DoRequest taskand WaitAnswer do not coincide. The

constraintbecometrue if we copy the contentof the mes-
sageto thevariableresult of the WaitAnswer task.

As anotherexample,if we modify the codeof the pro-
cess,e.g., by disalloving the receptionof one of the two
messagem the hpick i commandthenthe veri cation de-
tectsproblems.If we disallown the receptionof the InfoRe-
quest messagethe assertiomAl is violated. Indeed,if the
health-careageng is requestingsomeinformation,theciti-
zenis notableto answerto therequestandthe ageng will
not provide responseo the citizen. Thus, it is impossible
to fulll the DoRequest. However, the ReceiveAssistance
dependeng still may be ful lled, asit may be seenfrom
thespeci cation. In this case the veri cation tool provides
acounterexamplesimilarto onerepresenteth Figure7. If
we disallow the receptionof the Response, eventhe pos-
sibility P1 becomedalse. Indeed,if we do not receve the
responseit is notpossibleto ful ll DoRequest.

The veri cation describedso far dealsmainly with the
orchestratiomspect®f theWebservicecomposition How-
ever, otherkinds of analysismay be appliedin this frame-
work. In particular the choreographynodelof severalpar
ticipantsmay be veri ed againstmutual expectationsand
requirementsr even againstglobal domainrequirements
ontheircomposition.

We alsoremarkthattheapproachdescribedn this paper
allows alsofor anotherkind of veri cation. Namely in or-
derto checkthatthe processnodelis correct,onecanshav
thatit is equialentto the requirementsnodelaccordingto
a suitablebehaioral equivalence.The currentT-Tool veri-
cation engineshowever, doesnot supportyet this kind of
veri cation.

6. Related Work

In currentpractice,businessequirementsand their re-
nement into businesprocessess doneinformally, or us-
ing semi-formalnotations. For instancein [11] a method
providing a model-driven transformationgo designbusi-
nessprocessess presented.The businessviews (require-
ments)areexpressedn ADF [6] or in UML2 actiity dia-
grams,which focusonthe o w of informationandcontrol
amongthe differentactuities, whereagheimplementation
is speci edin BPEL4AWS.In otherframeanvorksprocessand
work o w modelinglanguage$ike BPML [2] or XPDL [17]
are usedto model abstractand executablebusinesspro-
cessesand the supportingentities. All theseformalisms
are at the actity level accordingour requirementsnodel

(seeFigure2). Thislevel of descriptiorof businessequire-
mentsis very relevant but it is insufcient to capturethe
compleity of requirementof a distributed businesspro-
cessdomainandto sene asa basisfor automaticcomposi-
tion andveri cation of businesprocessesOnthecontrary
ourapproactallowsto integratetherationalebehindthede-
velopedbusinesgprocesswith its compositestructure thus
allowing for capturingnot only “how” the processs built,

but also“why” the processs structuredn acertainway.

A framework similarin spirit to the oneproposedn this
papethasbeenpresentedh [16], thataddressetheproblem
of usingUML2 for modelingbusinesstrateyy andbusiness
processes.The framavork focuseson the modelingprob-
lem without consideringthe validationof businessequire-
mentsor theveri cation of businesgprocesseagainstbusi-
nessrequirements.In our framewnork thesekinds of anal-
ysis areaimedto supportthe modelingprocessand allow
for identi cation andeliminationof errorsandcon icts in
differentdevelopmenfphases.

Several differentformal speci cation notationsare ap-
plied to the speci cation of the structureand the desir
able behavior of software system. For instance the Dar
win [13] architecturedescriptionlanguagedescribesthe
structureof the systemin termsof componentsinterfaces
and connectors.Moreover, it allows for the formal speci-
cation of the behaior of the system. The requirements-
orientedand agent-orientedhotationsprovided by Tropos
seemmore adequatdor describingbusinessrequirements
thanthearchitecture-orientedotationgprovidedby Darwin
andsimilar languages.

As farasveri cation of businesgprocessess concerned,
thework describedn [12] shavs how to encodéan thelan-
guageof the NUSMV model checler businessprocesses
and how to proceedin re ning the businessprocesseso
satisfy requirementgproperties. However, this pioneering
work lacks of the link amongthe businessrequirements
and the resulting businessprocesseshus making it dif -
cult to tracebacktheresultsobtainedby the veri cation to
businessrequirements.In [7, 8] a model-basedpproach
for verifying Web servicecompositiongs discussed.This
approachprovidesfor early-veri cation of propertiescre-
atedfrom designspeci cationsandimplementatiormodels.
Speci cationsof the designaremodeledasUML Message
Sequenc€harts which thenarecompiledinto Finite State
Processotation (FSP) for formal reasoning. BPELAWS
implementationsre mechanicallytranslatedo FSPto al-
low for checkingequivalenceamongthe implementation
andthe UML speci cation. Theapproachs supportecby a
suiteof cooperatingoolsfor speci cation,formalmodeling
andtraceanimationof thecompositiorof work- o ws. Sim-
ilarly to the otherapproacheghiswork lack of the strateic
analysisphaseandof thelink amongrequirementandthe
actualimplementation.
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Figure 7. A counter -example generated by T-Tool.

Distinguishingfeatureof the approactpresentedhereis
that we startfrom a highetrlevel, stratggic domainmodel,
whereprocessesssucharerepresenteat a very abstract
level and othertypesof requirements- for instance,gen-
eral businessrules on resourceusageor engagementvith
other partners— can be easily represented.This givesus
more e xibility in composingorocessesandlet usperform
a wider rangeof veri cations thandirectly startingfrom a
businesgprocessr from elementaryservicede nitions.

7. Conclusionsand Futur e Work

In thispapemwe proposedmethodologyasednanex-
tensionof Troposfor modelingbusinessequirementsstart-
ing from stratgyic goalsandconstraintghat arefurtherre-

ned andoperationalizedéhto businesprocesseto achiere
thesegoalsandto satisfythe constraintsThe methodology
is alsosupportedy aformal representationf the business
requirementsand businessgprocesseshat enablesfor ser-
eral kind of veri cation actwvities that constitutethe basis
for the automaticcompositionof distributed businessro-
cesses.The veri cation actiities are supportedby a tool,
the T-Tool, basedon modelchecking,which allows to ver-
ify andsuggespossible x to the modelsasto satisfythe
requirements.

The work presentedhereis our rst steptowardsalong
term vision where formal techniquesare applied during
the entirelife cycle of services,from requirementanaly-
sisto execution. In the shortterm, we planto extendthe
requirementsspeci cation languagewe describedto bet-



ter capturethe needsof the applicatve domain, e.g., to
provide for a betterfocus on actiity level descriptionof
businesgequirementsandto allow for a betterintegration
businesgprocesse# the requirementsnodel. Moreover,
we planto experimentwith modelcheckingtools different
from the oneprovidedby the T-Tool for beingableto cope
with all the veri cation taskswe ernvisaged. In the longer
term,we will investigatehow to improve the generatiorof
BPEL4WSprocessskeletonsin orderto capturemorede-
tailsfrom the businessequirementsnodel,suchasthetype
of long-termbusinesgransactiorthatis required. An im-
proved BPEL4WSprocessshouldalsoenableanexecution
engineto relatefaults and exceptionsto speci ¢ goalsor
requirement®f the domainmodel,in orderto take appro-
priateactionor provide feedbacko theuser

Onthelongerterm,we intendto integratein our frame-
work techniquesupportinghechangemanagemeniMore
preciselywe intend to complementthe veri cation tech-
niguesdescribedin this paper which are able to detect
when changesn the requirementdreakthe system,with
automatectodesynthesisand codeadaptatiortechniques,
which areableto reactto thesechanges.In particular we
will exploit synthesistechniquedike the onesdescribed
in [15].
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