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Abstract

Service-orientedarchitectures and Web serviceinfras-
tructure provide the ideal framework for interconnecting
organizationsandfor de�ning distributedbusinessapplica-
tions. Thepossibilityto exploit businessprocessde�nition
andexecutionlanguagesis particularly relevantfor captur-
ing theprocess-orientednatureof theseapplications.How-
ever, businessprocessesby themselvesare not enoughto
manage the changesand to allow an organizationto con-
tinuouslyadapt its businessmodelto the typical needsof
distributedapplications. To achieve this �exibility, it is of
uttermostimportanceto link the businessprocessesto the
organizationalstrategyandto thebusinessgoalsthatmoti-
vatetheneedof theseprocesses.

In this paperwe proposea framework for representing
strategiesandgoalsof anorganizationin termsof business
requirements.Theframeworkallowsto describehowanor-
ganizationalstrategy is operationalizedinto activitiesand
implementedby businessprocesses.It also allows to rep-
resenttheassumptionson the interactionsbetweenthedif-
ferentbusinessapplications.Finally, this frameworkallows
for the usage of formal analysistechniques,in particular
ModelChecking, to pinpointproblemsandto identifypos-
siblesolutionsin this domain.

1. Intr oduction

Thegrowing useof informationtechnologyandthehigh
level of dynamicsandinteroperabilityintroducedby theIn-
ternetprovidenew waysfor interconnectingenterprisesand
customersthatwherenot possiblein thepast.In particular,
Web servicetechnologyis rapidly emerging asoneof the
mostpracticalapproachesfor theintegrationof customers',
vendors',andbusinesspartners'applications.Thenumber
of individual Webservicesmadeavailableby companiesis
continuouslygrowing, but therealvalueto anorganization

� This work has beensupportedin part by the FIRB-MIUR project
RBNE0195K5“Astro”.

comesonly whenthesecompaniesareableto connectser-
vicestogether. This forcestransactionandintegrationcosts
to bedrivendown andmakesthetraditionalstatichierarchi-
calstructurelessattractivebothfrom astrategic andfrom an
economicalperspectives. Organizationsshouldbe consid-
eredin termsof businessprocessesratherthanfunctions,in-
tegratingactivities in cross-functionalandcross-enterprise
chains[16]. This integrationis mademoredif�cult by the
factthat,while aimingto work togetherandto provideinter-
enterprisebusinessapplications,usuallycompaniesdo not
wantto uncover theinternalstructureof their businesspro-
cessesto eachother. Moreover, they want to keeptheabil-
ity to rethink and reorganizetheir businessprocessesand
to modify accordinglytheimplementationin orderto adapt
their strategy to changesandinnovations.

Webservicesprovide thebasictechnologyfor obtaining
the loosely coupledintegration requiredby businesspro-
cesses.Indeedbusinessprocessdescriptionlanguageslike
BPEL4WS [1] provide meansto describeserviceswith-
out necessarilyrevealingthe internalstructureof the pro-
cesses.However, in orderto beeffectivelyusedfor compos-
ing businessprocesses,thetechnologicalinfrastructurepro-
videdby Webservicesneedsto beenrichedwith toolsand
methodologiesthatsupportthedevelopmentof thiscompo-
sition and that permit to managethe changesandadapta-
tionsof businessmodelsandof businessprocesses.This in-
troducesthenecessityof determiningtheimplicationof the
businessstrategy andgoalschangesin thesoftwaresystem.
To this purpose,businessgoalsandbusinessrequirements
needto bemadeexplicit in thebusinessprocessmodel. A
“strategic” descriptionneedsto be provided of the differ-
entactorsin thebusinessdomainwith their goalsandwith
their mutualdependenciesandexpectations.Furthermore,
a tight integrationof the businessrequirementsandof the
businessprocessspeci�cationis necessary. Thispermitsre-
quirementstraceability, i.e., to seehow themodi�cationsof
requirementsor processspeci�cationsaffecteachother.

Oneof the major prerequisitesfor an effective process
integrationis reliability. The processde�nition that is ob-
tainedfrom thebusinessrequirementsmodelshouldbecon-



sistentwith the requirementsandwith the goalsit aimsto
achieve. And, whenever processesof differentpartnersare
composedinto anew businessapplicationprocess,thecom-
positionshouldrespectthe goalsandconstraintsof every
participant.In otherwords,thebusinessapplicationshould
matchthebusinessrequirementsmodel. Automaticformal
analysisandveri�cation tools arenecessaryto verify this
matchingandto checkthat this matchis maintainedwhen
requirementsor processeschange.

In this work, we describea framework for the business
processrequirementsmodelingthatwe arecurrentlyde�n-
ing. The designprocessstartsfrom a descriptionof the
strategic goalsandneedsof anorganization.Thesearere-
�ned andoperationalizedinto tasksandactivities,whichare
thentransformedin turn into businessprocessesandWeb
services.Formalannotationsareusedat all levelsto de�ne
constraintsto businessrequirementsandto businessprocess
models. For modelingbusinessrequirementswe exploit
theTropossoftwaredevelopmentmethodology[3]. Tropos
providesthenotationsto capturethebusinessrequirements
of theparticipantsin thedomain,theirmutualdependencies
andexpectations.We alsoexploit theformalcounterpartof
Tropos,theFormalTroposlanguage[9], thatprovidesrich
notationsfor thede�nition of constraintsandpropertiesof
themodeleddomain,andthatis amenablefor formalveri�-
cation.TroposandFormalTroposareextendedto targetthe
speci�c aspectsof Web servicestechnology. In particular,
to dealwith businessprocesses,BPEL4WSspeci�cations
arelinkedto therequirementsmodels.

The paperis organizedasfollows. In Section2 we de-
scribethebusinessprocessmodelingcapabilitiesofferedby
Web servicesanddiscussthe necessityto explicitly intro-
ducerequirementsandto integratethemwith theprocesses.
In Section3 we show how the businessprocessrequire-
mentscan be modeledin Troposand how theserequire-
mentsspeci�cationsmaybe presentedformally. Section4
describesthe way the requirementsmodelsare integrated
with businessprocessmodelsand speci�cations. Formal
analysisand veri�cation of the requirementsand process
modelsis describedin Section5. We concludethe paper
with a brie�y review of relatedworks and with somere-
markson futurework.

2. BusinessProcessesand BusinessRequire-
ments

2.1. BusinessProcesses

Thedescriptionof thestructureandbehavior of thedif-
ferent businessactivities within an organizationhasbeen
deeplyinvestigated,for instancein the framework of busi-
nessprocessmodeling. However, the integrationof busi-

nessprocessesthataredistributedamongdifferentorgani-
zationsis still a challengingproblem.

Web servicesare an emerging technologyfor building
complex distributed systemsfocusingon interoperability,
supportfor ef�cient integrationof distributedprocesses,and
uniform representationof applications.They allow compa-
niesto describetheexternalstructureof theirprocessesand
how they canbeinvokedandcomposed.Webservicesup-
porttheinteractionsamongthedifferentpartnersby provid-
ing a modelof synchronousor asynchronousexchangeof
messages.Theseexchangesof messagescanbecomposed
into longerbusinessinteractionsby de�ning protocolscon-
strainingthebehavior of all partners.

Thetermsorchestrationandchoreographyareoftenused
to referto thetwo key aspectsof processcomposition[14].
In orchestration, the compositionis consideredfrom the
perspective of one of the businessparties. The focus is
on the interactionthat the businessprocessunderconsid-
erationperformswith internalandexternalWebservicesin
orderto carryout its task. Orchestrationis usuallyprivate
to thebusinessparty, sinceit containsreservedinformation
on the speci�c way a givenprocessis carriedout. Chore-
ography, on theotherhand,describestheinteractionsfor a
global,neutralperspective, in termsof valid conversations
or protocolsamongthe differentparties. Choreographyis
usuallypublic,sinceit de�ned thecommonrulesthatde�ne
a valid compositionof thedistributedbusinessprocessesin
thebusinessdomain.

Web services have developed different languages
for orchestrationand choreography(BPEL4WS, WSFL,
WSCI.. . ). Amongthem,BPEL4WS[1] is quickly emerg-
ing as the languageof choice for the descriptionof pro-
cessinteractions. BPEL4WS provides core conceptsfor
the de�nition of businessprocessin an implementation-
independentway. It allows both for the de�nition of in-
ternalbusinessprocessesandfor describingandpublishing
the externalbusinessprotocol that de�nes the behavior of
the interaction. Therefore,BPEL4WSpermitsto describe
both the orchestrationandthe choreographyof a business
domainwith anuniformsetof conceptsandnotations.

2.2. BusinessRequirements

While developingdistributedbusinessservices,the de-
signersusuallyfocusonthe“how”, thatisonthewayabusi-
nessprocessis implementedby meansof standardbusiness
processdescriptionlanguages.However, theselanguages
arenot ableto describethebusinessgoalsandstrategiesof
anorganization,its expectationsoverexternalservices,and
thelinks existingbetweenthesegoalsandexpectationsand
thecorrespondingbusinessprocesses.

By businessrequirementswe meanall thoseaspectsof
the descriptionof businessprocessthat are relatedto the



strategy andtherationaleof onorganization(the“why” and
the“what”), andthatprecedeandmotivatethede�nition of
speci�c processes(the“how”).

Similarly to whathappensfor businessprocesses,alsoin
businessrequirementswe candistinguishan orchestration
anda choreographyperspective. In the orchestration per-
spective, thepoint of view of a particularbusinessparty is
taken,its strategic goalsaredescribed,thede�nition of the
businessprocessesneededto achieve thesegoalsis made
evidentalongwith the decisionof what servicesto imple-
mentinternallyandwhat externalservicesto exploit. The
requirementsfrom the choreography perspective, on the
otherhand,aimtodescribetheinteractionopportunitiesthat
are presentin the businessdomains. Theseopportunities
arede�ned in termsof possiblematchesbetweenthe ser-
vicesrequiredby certainactorsand the servicesprovided
by otheractors.Along with theseintent/offer matches,the
choreographicalbusinessrequirementsalsode�ne thebusi-
nessrules of the domain,namelythe sharedassumptions
andconstraintson the correctinteractionsinsidethe busi-
nessdomains. Orchestrationis supposedto be private to
the party, as it containsinformationon the businessstrat-
egy that theparty may not want to discloseto externalor-
ganizations,while choreographyis supposedto bepublicly
availableto all participants.Correctbusinessprocessesof
a partyshouldrespectgoalsandconstraintsbothof its own
orchestrationandof the sharedchoreographyof the busi-
nessdomain.

2.3. A Case­Study

We considera case-studyin the �eld of public welfare,
extractedfrom a larger domainconcerningthe local gov-
ernmentof Trentino(Italy). In thecase-studyweconsidera
seniorcitizenthataimsatbeingassisted,e.g.,receiving ser-
viceslike transportationor mealsat home. The assistance
to citizensis providedby a Health-careAgency, that is run
by the Local Government,and that aimsat providing fair
assistanceto citizens.TheHealth-careAgency dependson
externalproviders for the actualdelivery of the requested
services. The �nancial aspectsof the Local Government
arehandledby a Bank that is in charge of payingthe ser-
vice providersandof askingthecitizento coverpartof the
costsof the usedservices.The interactionamongthe dif-
ferentpartiesis requiredto happenvia Web services.The
businessgoalof thecitizenconsistsin receiving assistance,
while the Health-careAgency is willing to provide assis-
tanceonly to citizenthatsatisfygiveneligibility criteria.

3. BusinessRequirementsModeling in Tropos

Troposis a goal-driven,agent-orientedsoftwaredevel-
opmentmethodologythataimsto coverall thephasesof the
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Figure 1. High level requirements model.

developmentprocessstartingfrom early requirements[3].
It is foundedon thepremisethatduringearlyrequirements
it is importantto understandandmodelthestrategic aspects
underlyingtheorganizationalsettingwithin which thesoft-
ware systemwill eventually function. By understanding
thesestrategic aspectsonecan betteridentify the motiva-
tions for the softwaresystemandthe role that it will play
insidethe organizationalsetting. The methodologyallows
for the incrementalre�nement of the strategic modelsvia
goal/taskdecompositionandoperationalizationbothat the
informalandformal level.

In this paperwe show that(a suitableextensionof) Tro-
poscanbeusedto de�ne businessrequirementsandto inte-
gratethemwith thecorrespondingbusinessprocesses.We
will usethe health-careassistancecase-studyto illustrate
theapproach.

3.1. Troposfor Web Services

Figure 1 is a Troposdiagramthat describethe actors
(circles)participatingto the case-study, andtheir strategic
high-level goals (the ovals attachedto the actors). For in-
stance,in thediagramwehavetheCitizen thataimsatbeing
assisted;theHealthcareAgency thataimsatproviding a fair
assistanceto thecitizens;theServiceProvider whichgoalis
to provide therequestedservices;andtheBank which han-
dlesthegovernment's�nances.

Tropos allows for the descriptionof the interactions
amongthe differentpartiesof the domainat the strategic
level relyingon theintent/offer matchingmechanismrepre-
sentedin thediagramby meansof dependencies(theovals
linkedto two differentactors).For instance,theCitizende-
pendsontheHealth-careAgency for beingassisted,andthis
is formulatedin themodelwith dependency ReceiveAssis-
tance from Citizen to HealthcareAgency. This diagramcan
beseenasaveryhigh-level choreographyrepresentationof
therequirementsof our case-study.

Startingfrom this high-level view of the organizational
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Figure 2. Requirements model re�nement.

or businesssystem,Troposproceedswith an incremental
re�nement process(seeFigure 2). This re�nement starts
with a goal analysis,wherethe high level goalsof oneof
the actorsarere�ned into sub-goalsandeventuallyopera-
tionalizedinto tasks. In our case-study, the goal analysis
is very simple: the Citizen re�nes the goal BeingAssisted
into thetwo tasks(hexagons)DoRequest andPay, thegoal
ReceiveService, and the soft-goal (cloud) QualityService.
Thetasksaresupposedtobeimplementedbysoftwaremod-
ules,while thegoalsthatremainin themodelafterthegoal
analysisrepresentactivities that are not carriedout elec-
tronically (e.g.,theassistanceservicesarephysicallydeliv-
eredto thecitizen). Finally, soft-goalsareusedto describe
non-functionalrequirements,with noclear-cutcriteriaasto
whenthey areachieved(e.g.,thecitizenhassomerequire-
mentson thequalityof theservicesdeliveredto him).

Thegoalanalysisphaseis followedby a taskre�nement
phase,wherethehigh-level tasksaredecomposedinto sub-
tasks.In Figure2, taskDoRequest is furtherre�ned into Ini-
tialRequest, ProvideInformation, WaitAnswer. In thissimple
case,the threesub-tasksarecomposedsequentially. Other
formsof taskdecompositionarealsopossible,correspond-
ing to theothertypical waysof combiningactivities in ac-

tivity diagrams(parallelcomposition,choice,iteration...).
The task decompositionprocedureendsoncewe have

identi�ed all basic tasksthat de�ne the businessprocess.
As a laststepin thede�nition of businessrequirements,we
associateto the basictasksthe messagesthat describethe
basicinteractionsamongactors. For instance,task Initial-
Request requiresto senda messageRequest to theHealth-
careAgency. Thismessageis receivedandprocessedby the
task ReceiveRequest of the HealthcareAgency. The task
AskAdditionalInfo of theHealthcareAgency is implemented
by sendinga messageInfoRequest to theCitizen which re-
ceivesandprocessesit within taskProvideInformation and
respondswith an Info message.Oncesuf�cient information
hasbeengathered,theHealthcareAgency sendsaResponse
messageto theCitizen.

The stepsof the re�nement arerepresentedin the Fig-
ure2 asthreelevels:astrategic level, anactivity level anda
messagelevel. All theselevelsarepartof therequirements
model,in thesensethatthey de�ne differentaspectsof the
requirementsavalid implementationis supposedto respect.

We remarkthatFigure2 representsthepoint of view of
the Citizen, thereforeit can be seenasan “orchestration”
requirementsdiagram. Clearly, the “internal” re�nement



donefor goal BeingAssisted hasto take into accountand
to re�ect the“contract” thatgovernstheway theassistance
is providedto theCitizen by theHealthcareAgency (andby
theotheractorsof thediagram).Indeed,thediagramin Fig-
ure2 showsalsothelinks thatexist betweentheCitizen and
theHealthcareAgency, bothat thegoallevel andat themes-
sagelevel. However, nodescriptionof theinternalstructur-
ing of theHealthcareAgency is representedin thediagram,
sincethis informationis notavailableto theCitizen.

It is worth to be noticedthat in this examplewe have
adopteda top-down strategy for transforminghigh-level
goalsinto interactions.Otherstrategies,e.g.,a bottom-up
approachfrom the messagesto the goals,or a middle-out
approachstartingfrom the activities, are also possiblein
this framework.

3.2. Formal BusinessRequirementsSpeci�cation

The Troposmethodologyallows for extendingthe Tro-
posdiagramswith formal annotationsexpressedin Formal
Tropos(hereafterFT). TheFT annotationsspecifythevalid
behaviors andthe relationsamongthedifferentactors,de-
pendencies,goals,tasksandmessagesin themodel.At the
strategic level theFT annotationsspecifytheconditionson
goalcreationandful�llment, andassume/guaranteecondi-
tionson delegations.At theactivity level, they de�ne pre-
andpost-conditionson tasksandsub-tasks.Evenmoreim-
portant,FT annotationsallow to link thesetwo levels and
the underlyingmessagelevel. The key advantageof FT
with respectto other approachesis that it de�nes the dy-
namicaspectsof a modelandsupportsits formal veri�ca-
tion alreadyat therequirementslevel, without requiringan
operationalizationof thespeci�cation,e.g.,into BPEL4WS
processes.A precisede�nition of FT andof its semantics
canbe found in [9]. Herewe presentthemostrelevantas-
pectsof the languagebasedon thecase-study. An excerpt
of theFT annotationsassociatedto theDoRequest taskcan
befoundin Figure3.

FTgivesadescriptionof thedifferentobjectsin themod-
eled domain, which is similar to a classdeclaration. In
particular, a list of attributesis associatedto eachof these
classes.Eachattributehasa sort which canbeeitherprim-
itive (boolean,integer. . . ) or can be a referenceto other
class.Somespecialattributesareassociatedto eachkind of
classin theFT speci�cation.Goalsandtasksareassociated
to thecorrespondingactorwith thespecialattributeActor.
Similarly, Depender andDependee attributesof dependen-
ciesrepresentthetwo partiesinvolvedin a delegationrela-
tionship. Attribute Super for goalsand tasksdenotesthe
parentgoalor task.

An importantaspectof FT is its focuson theconditions
for the ful�llment of goalsandtasks. Thesearecharacter-
ized by a Mode, which declaresthe modality of their ful-

�llment. The two most commonmodalitiesare achieve
(which meansthat theactorexpectsto reacha statewhere,
e.g.,thegoalhasbeenful�lled) andmaintain (whichmeans
that the ful�llment conditionhasto be continuouslymain-
tained). For instance,dependency ReceiveAssistance is of
type maintain,to capturethe fact that this “contract” be-
tweencitizenandhealth-careagency hasto be maintained
over time. On theotherhand,taskDoRequest (asmostof
thetasks)is of typeachieve,sincethecitizenaimsat reach-
ing astatewherethis taskis terminated.

Behavioral aspectsof the objectsin the model and re-
lationsamongthemareannotatedin the FT speci�cations
asconstraints.They allow to capturetheconditionson the
goalscreationandful�llment andpre-andpost-conditions
on tasksand sub-tasks.Creation constraintsde�ne con-
ditions that shouldbe satis�ed when a new instanceof a
classis created.In thecaseof goalsandtasks,thecreation
is interpretedasthemomentwhentheassociatedactorbe-
gins to desirethegoal or to performthe task. Fulfillment
constraintsshouldhold whenever a goal is achieved or a
taskis completed.Creationandful�llment constraintsare
furtherdistinguishedassuf�cient conditions(keywordtrig-
ger), necessaryconditions(keywordcondition), andneces-
saryandsuf�cient conditions(keyworddefinition).

In FT, constraintsaredescribedwith formulasin a typed
�rst-order linear-time temporal logic. Besidesthe stan-
dardbooleanandrelationaloperators,thelogic providesthe
quanti�ers∀ and∃, which rangeover all theinstancesof a
givenclass,anda standardsetof linear-time temporalop-
erators.ThelatterincludeoperatorX, whichde�nesa con-
dition that hasto hold in the next stateof the evolution of
thesystem,operatorF, whichde�nesaconditionthathasto
holdeventuallyin thefuture,andoperatorG, whichde�nes
aconditionthathasto hold in all futurestates.

In theFT speci�cationof Figure3, thede�nitions of task
DoRequest andits subtasksmodelthe life-cycle of theac-
tivity. For instance,the ful�llment de�nition of ProvideIn-
formation speci�esthatthistaskaimsto sendaninformation
messagein replyof everyincominginformationrequestand
it is ful�lled if all informationrequestshavebeenanswered.
TheDoRequest taskis consideredto beful�lled whenever
the responsemessageis received (i.e., the WaitResponse
taskis ful�lled) andthe valueof the resultattributecorre-
spondsto theonecontainedin themessage.

AlthoughtheFT annotationsarevery expressive, in the
typicalcasesonly a limited amountof theexpressivepower
of FT is actuallyused. For instance,pre-/post-conditions
are typically propositional. However, in somecasesit is
useful to have the possibility of expressingmorecomplex
conditions.for instance,in thecaseof thepost-conditionof
theProvideInformation taskwe usetemporaloperatorG to
specifythat this taskcanonly be consideredful�lled once
all information requestshave beenprocessed.This high-
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Goal Dependency ReceiveAssistance Mode maintain
Depender Citizen Dependee HealthcareAgency
Fulfillment condition 8 dr: DoRequest (

(dr.actor = depender ^ Fulfilled (dr) ^ dr.result) !
F 9 rs: ReceiveService (rs.actor=depender ^ Fulfilled (rs)))

Task DoRequest Mode achieve
Super BeingAssisted Actor Citizen
Attribute result:boolean
Fulfillment definition

9 wa:WaitAnswer(wa.super = self ^
Fulfilled (wa) ^ (result $ wa.result))

Task InitialRequest Mode achieve
Super DoRequest Actor Citizen

Task ProvideInformation 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))

Figure 3. Formal Tropos speci�cation.

level condition is appropriatefor the requirementsmodel
even if a speci�c mechanismwill needto be usedin the
implementationto actuallycheckwheninformationrequest
messagesareended(seeSection4). We remarkthat some
temporalconstraintsareimplicit in thesemanticsof FT and
do not needto appearexplicitly as annotations. For in-
stance,an implicit creationconstraintfor eachsub-goalis
that theparentgoalhasnot yet beenful�lled — if thegoal
hasbeenful�lled thereis no reasonto createthesub-goal.
Also theorderin which thesub-tasksof a givencomposed
taskareinvokedis implicit in theFT semantics.

4. Integrating Business Requirements and
BusinessProcesses

The Web servicebusinessprocessspeci�cationmay be
easilyderived from thebusinessrequirementsmodel. The
FT model alreadycontainsseveral piecesof information
that can be exploited to generatea BPEL4WSspeci�ca-
tion. For instance,it is possibleto automaticallygenerate
thede�nition of messages,ports,andservicesfor thebusi-
nessdomains— theseelementsde�ne theWSDLdocument
associatedto theBPEL4WSspeci�cation. Thedescription
of the processmodelhasto be completedby de�ning the
bodyof thebusinessprocesscorrespondingto the task. In
our framework, this is achieved by associatingto the task

a businessprocessde�ned in theBPEL4WSlanguage.For
instance,thebusinessprocesscorrespondingto the taskof
submittinga requestis describedby theBPEL4WSspeci�-
cationin Figure4.

Besidesthe result variable, which is already present
in the formal requirementsspeci�cation, the processcon-
tains additional variables waitResponse, vRequest, vIn-
foRequest, vInfo, andvResponse. The processbehavesas
follows. First, an initialization stepis performed,during
whichthevariablewaitResponse is setto true,andthemes-
sageRequest is preparedby settingits need �eld. TheRe-
quest messageis sentin thefollowing hinvoke i command.

In order to ful�ll the requirementthat all incoming in-
formationrequestsshouldbe satis�ed until an answerhas
beenreceivedby the health-careagency, a hwhile i loop is
entered. Its body is repeateduntil variablewaitResponse
becomesfalse. The body of the loop consistsof a hpick i

instructionwhichsuspendstheexecutionof theprocessun-
til a InfoRequest or aResponse messageis received.Every
incoming information request,arrived with a InfoRequest
message,is answeredwith a correspondingInfo message.
The emittedInfo messagerefersto the query containedin
thereceived InfoRequest message.If a Response message
is received, thenthe result variableof the processis setto
re�ect the result �eld of the received message.Whenthis
messageis received, the citizen doesnot expectany other



<sequence name="DoRequestBody">
<assign name="Initialization"

event=" Create ir:InitialRequest(ir.super=self) ">
<copy>

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

</copy>
</assign>
<invoke operation="oRequest" inputVariable="vRequest"/>

<empty name="PhaseSwitch"
event=" Fulfill ir:InitialRequest(ir.super=self) &

Create pi:ProvideInformation(pi.super=self) "/>

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

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

<reply operation="oInfo" variable="vInfo"/>
</onMessage>

<onMessage operation="oResponse" variable="vResponse"
event=" Fulfill pi:ProvideInformation(pi.super=self) &

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>

Task InitialRequest
Mode achieve
Super DoRequest
Actor Citizen

Task ProvideInformation
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.

informationrequestsandthePorvideInformation taskcanbe
consideredcompleted.Therefore,variablewaitResponse is
setto false,sothatthehwhile i loop is left.

Someadditional attributes, which are speci�c for FT,
are addedto the BPEL4WScommands.Theseattributes
areusedto connecttheevolution of theBPEL4WSprocess
with the evolution of the requirementsmodel. The event
attributesdescribewhich sub-tasksof DoRequest aresup-
posedto be createdor ful�lled in the requirementsmodel
whena givenpoint is reachedin theBPEL4WScode. For
instance,sub-taskInitialRequest is createdduring the ini-
tialization stepand is ful�lled after the Request message
hasbeensent(theBPEL4WScommandhempty i is usedto
placethis ful�llment event in the right positionof thepro-
cess).Theconstraint attributesde�ne additionalconstraints
betweentherequirementslayerandtheprocesslayer. They
aretypically usedto de�ne thevaluesof theattributesof the
sub-tasks.For instance,theconstraint attributeof Figure4
bindsthevalueof attributeresult of theWaitAnswer sub-task
to thevalueof variableresult of theBPEL4WSprocess.

5. Formal Veri®cation

The framework hereproposedenablesfor several for-
mal veri�cation activities over the businessrequirements
andbusinessprocessesmodels.First, it is possibleto verify
therequirementsmodel,e.g.by checkingits consistency, or
by verifying it againstpropertiesdescribingbehavior that
the model is supposed(or not supposed)to exhibit. This
permitsto discoverinconsistenciesanderrorsin theearliest
phases,beforehaving an actualimplementation.As far as
businessprocessesareconcerned,furtherkindsof analysis
canbe thoughtof. For instance,we cancheckfor absence
of deadlocksor livelocksin thedevisedprotocolamongthe
differentpartiesinvolved in the businessprocess.That is
we can verify that the describedprocessnever blocks or
it is never stuck in a loop. We can also verify business
processesagainstbusinessrequirementsandstrategic goal
models,thusproviding an evidencethat the given process
actuallyimplementsandful�lls the requirements.Finally,
wecanverify whethertheBPEL4WSprotocolis consistent



with the publishedone. Moreover, in the inter-enterprise
applications,notonly separatebusinessprocessesshouldbe
analyzedbut alsoprocesscompositions,for instancerepre-
sentedwith BPEL4WScode.Theimplementationof these
veri�cation activities is still ongoingwork.

In this sectionwe presenttheT-Tool, a veri�cation tool
able to deal with FT speci�cation, and we show how the
functionalitiesit providescanbeusedto tacklesomeof the
veri�cation problemswe envisaged.

5.1. The T­Tool Veri�cation Tool

TheT-Tool [9] supportsthekindsof formal analysisde-
scribedpreviously. Here we highlight someof its func-
tionalitiesandwe refer the readerto [9] for additionalde-
tails. TheT-Tool is basedon�nite-statemodelchecking[5].
Model checking allows for an automaticveri�cation of
a speci�cation with the generationof (counter-)example
tracesto witnessthevalidity (or invalidity) of thespeci�ca-
tion. A limit of �nite statemodelcheckingis thatit requires
amodelwith a�nite numberof states.Thusanupperbound
onthenumberof classinstanceshasto bespeci�edin order
to performmodelchecking.

The T-Tool input is an FT speci�cationalongwith pa-
rametersthatspecifytheupperboundsfor theFT classin-
stances.On the basisof this input, the T-Tool builds a �-
nite model that representsall possiblebehaviors that sat-
isfy the constraintsof the speci�cation. The T-Tool then
veri�es whetherthis modelexhibits the desiredbehaviors.
The T-Tool allows for differentveri�cation functionalities
including interactive animationof the speci�cation, auto-
matedconsistency checks,andvalidationof the speci�ca-
tion againstpossibility andassertionproperties. Through
animation, the user can generatevalid scenariosfor the
speci�cationby interactingwith the T-Tool andincremen-
tally extendinga partialevolution of themodel.Animation
allows for a betterunderstandingof the speci�ed business
domain,aswell asfor the identi�cation of trivial bugsand
missingrequirementsthatareoftentakenfor granted.Con-
sistency checksarestandardchecksto guaranteethattheFT
speci�cationis not self-contradictory. Inconsistentspeci�-
cationsoccurquiteoftendueto complex interactionsamong
constraintsin thespeci�cation,andthey areverydif�cult to
detectwithoutthesupportof automatedanalysistools.Con-
sistency checksareperformedautomaticallyby theT-Tool
andareindependentof theapplicationdomain.Assertions
propertiesdescribeconditionsthatshouldhold for all valid
evolutionsof thespeci�cation,while possibilityproperties
describeconditionsthat shouldhold for at leastonevalid
evolution. The veri�cation phaseusually generatesfeed-
backon errorsin the FT speci�cationandhintson how to
�x them.

TheT-Tool performstheveri�cation of anFT speci�ca-
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Figure 5. The T­Tool frame work.

tion in two steps(seeFigure 5). 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 theveri�cation enginethat is responsi-
ble of theactualveri�cation. TheT-Tool providestheuser
with two differentveri�cation enginesbuilt on top of state-
of-the-artmodel checkers, that is the NUSMV [4] sym-
bolic modelchecker andtheSPIN [10] explicit statemodel
checker.

5.2. Veri�cation of BusinessRequirements

Businessrequirementsmodelenablesfor differentkinds
of veri�cation to becarriedout. In particular, thebusiness
requirementsmodelcanbe automaticallyveri�ed for con-
sistency. Among the differentkinds of veri�cation the T-
Tool providesarenoticeabletheveri�cation of thepossibil-
ity to createdifferentgoals,andto ful�ll themthusshow-
ing that thespeci�cationis not over-speci�edanddifferent
goalsdonotcon�ict with eachother.

Besidesthis, our framework allows businessanalystto
specifyquerieson themodelin the form of propertiesthat
the requirementsmodel is supposedto satisfy. We distin-
guishbetweenAssertion properties,which describecondi-
tions that shouldhold for all valid evolutionsof the spec-
i�cation, andPossibility properties,which describecondi-
tionsthatshouldhold for at leastonevalid evolution. Fig-
ure 6 reportsan excerptof desiredpropertiesfor the con-
sideredcase-study. PossibilityP1 aimsatguaranteeingthat
the set of constraintsof the formal businessrequirements
speci�cationallows for the ful�llment of the taskof doing
a requestin somescenarioof themodel. AssertionA1 re-
quiresthat it is not possiblefor thecitizento ful�ll its goal
of receiving assistanceservicesunlessa positive response
to a requestfrom thehealth-careagency hasbeenreceived.
Finally, assertionA2 requiresthat the task of doing a re-
questis eventuallyful�lled undertheconditionthatthereis



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

Assertion A1
8 c: Citizen (
9 r: Response (Received (r) ^ r.receiver = c ! : r.result) !

9 rs: ReceiveService (rs.actor = c ! : Fulfilled (rs)))

Assertion A2
8 dr: DoRequest (
9 ra: ReceiveAssistance (ra.depender = dr.actor ^ Fulfilled (ra)

^ 8 r: Request (r.sender = dr.actor ! r.receiver = ra.dependee))
! F Fulfilled (dr))

Figure 6. Formal Tropos proper ties.

ahealth-careagency thatis boundedto provideassistanceto
theuserand,thecitizensendstherequestto thatparticular
health-careagency.

All the propertiesin Figure6 are satis�ed on the �nal
versionof the businessrequirementsmodelof the consid-
eredcase-study. However, this resulthasrequiredseveral
revisionsteps,whereboththemodelandthepropertieshave
beenadjustedto capturethe intendedbehaviors of the do-
main. For instance,assertionA2 hada crucial role in the
processof preciselyde�ning themutualexpectationsincar-
natedby dependency ReceiveAssistance, andcapturedby
the ful�llment constraintsspeci�ed for this dependency as
it canbeseenin Figure3.

It hasto be remarked that, while verifying businessre-
quirementsmodels,onecannotprove thebusinessrequire-
mentsspeci�cation is correct,sincethereis no reference
model.However, thequeriescarriedouton thebusinessre-
quirementsspeci�cationcanprovide feedbackon thecap-
turedbehaviors andcatchmisunderstandingsnot trivial to
beidenti�ed in aninformalsetting.

5.3. Veri�cation of BusinessProcesses

The de�nition of businessprocesses,togetherwith the
bindingsthatlink themto thecorrespondingtasksandmes-
sagesin the formal requirementsmodel, allow for differ-
ent forms of veri�cation. First, the given processcan be
checkedfor problemstypicalof aprocessspeci�cation,like
the presenceof deadlocksor livelocks. This is achieved
by veri�cation thattheprocessspeci�cationwill eventually
completeonall its possibleexecutions.For instance,in the
case-studythecitizenprocesscanbeblockedif it waits for
theresponsefrom thehealth-careagency while thelatter is
not going to provide it for somereason(a deadlock). Or
ahealth-careagency mayrequestanadditionalinformation
in�nitely andthe citizen processwill stuck in this loop (a
livelock). A further possibility consistsof re-checkingthe
formalqueriesde�ned for therequirementsmodel(e.g.,the
propertiesin Figure6) on the more detailedmodel. This
is achievedby replacinga taskof theFT speci�cation(e.g
task DoRequest) with the correspondingBPEL4WSpro-

cessandby checkingagainthequeries.Anotherpossibility
is checkingthatthere�ned modelsatis�estherequirements
describedby the Creation andFulfillment constraintsen-
forcedin the requirementsmodel for taskDoRequest and
its sub-tasks.

To supportthesekindsof veri�cation, wehaveextended
the T-Tool with a translationof BPEL4WSprocessesinto
the languageof the veri�cation enginechosen,i.e., into
NUSMV or SPIN �nite statemachines.Transitionsof these
�nite statemachinesare de�ned accordingto the seman-
tics of the BPEL4WSconstructs.Fairnessconditionsare
addedto the�nite statemachinesto guaranteethatthepro-
cesseventuallyprogresseswhenever the next action to be
executedis not blocked. In thecaseof theprocessin Fig-
ure 4, for instance,the only point wherethe processcan
be blocked forever is on the hpick i action,andonly if no
InfoRequest andResponse messagesareever received. Fi-
nally, theevent andconstraint annotationsaremappedinto
a setof temporallogic constraintsthatrestrictthevalid be-
haviorsof the�nite statemachine.

At the time of writing we supportonly a restrictedsub-
setof BPEL4WS.Somerestrictionsruleoutthoseoperators
thattheveri�cation techniquescurrentlyprovidedby theT-
Tool arenot ableto dealwith. In particular, themodelsto
beveri�ed haveto be�nite state,thustheusageof all those
BPEL4WSconstructsthat may leadto an in�nite number
is restricted(e.g. interpretationof typesof variablesor cre-
ation of processesandcompensation/fault handlers,which
mayleadto anin�nite numberof activeinstances).Another
restrictionconcernsthetimeconstructsof BPEL4WS(e.g.,
alarmsandtimeouts),thatourveri�cation tool is notableto
manage.We areworking to includeotherconstructs(like
�o w, event-handlersor correlations)that arecurrentlynot
supported,but thatcanbeeasilyintegrated.

The veri�cation applied to the BPEL4WS processof
Figure4 pointedout someinconsistenciesamongthecon-
straintsof therequirementsspeci�cationandtheBPEL4WS
processde�nition. For instance,the ful�llment de�nition
of the DoRequest task (seeFigure 4, right part) requires
thatthevalueof thehresult i variablein this taskshouldbe
equivalentto thevalueof thecorrespondingvariablein the
WaitAnswer task.In theBPEL4WScode(seeFigure4, left
part) the valueof this variableis copieddirectly from the
Response messagereceived.Thus,thecorrespondingvari-
ableof theWaitResponse taskremainsunchanged.This is
shown in the counterexamplerepresentedin the Figure7.
Thecounterexamplerepresentsthemessagesequencechart
of theexecutionof themodel.ThecitizencreatestheDoRe-
quest taskwhichgeneratestheInitialRequest subtaskwhere
therequestis sentto thehealth-careagency. In response,the
latter createstasksReceiveRequest and EvaluateRequest.
Then the subtaskProvideAnswer is createdwherethe re-
sponsemessageis createdwith positive result (result=1).



The DoRequest processreceivesthe messageandcreated
thesubprocessWaitAnswer. Thevalueof its variableresult
is initially false.Thenthevalueof thevariableresult in the
DoRequest processis assignedto valuecontainedin there-
ceivedmessage.Thus,thevaluesof thevariablesresult of
the DoRequest taskandWaitAnswer do not coincide. The
constraintbecometrue if we copy the contentof the mes-
sageto thevariableresult of theWaitAnswer task.

As anotherexample,if we modify the codeof the pro-
cess,e.g., by disallowing the receptionof oneof the two
messagesin the hpick i command,thentheveri�cation de-
tectsproblems.If we disallow thereceptionof the InfoRe-
quest message,the assertionA1 is violated. Indeed,if the
health-careagency is requestingsomeinformation,theciti-
zenis not ableto answerto therequestandtheagency will
not provide responseto the citizen. Thus, it is impossible
to ful�ll the DoRequest. However, the ReceiveAssistance
dependency still may be ful�lled, as it may be seenfrom
thespeci�cation. In this case,theveri�cation tool provides
acounter-examplesimilar to onerepresentedin Figure7. If
we disallow the receptionof the Response, even the pos-
sibility P1 becomesfalse. Indeed,if we do not receive the
response,it is notpossibleto ful�ll DoRequest.

The veri�cation describedso far dealsmainly with the
orchestrationaspectsof theWebservicecomposition.How-
ever, otherkindsof analysismaybe appliedin this frame-
work. In particular, thechoreographymodelof severalpar-
ticipantsmay be veri�ed againstmutual expectationsand
requirementsor even againstglobal domainrequirements
on their composition.

Wealsoremarkthattheapproachdescribedin thispaper
allows alsofor anotherkind of veri�cation. Namely, in or-
derto checkthattheprocessmodelis correct,onecanshow
that it is equivalentto therequirementsmodelaccordingto
a suitablebehavioral equivalence.ThecurrentT-Tool veri-
�cation engines,however, doesnot supportyet this kind of
veri�cation.

6. RelatedWork

In currentpractice,businessrequirementsand their re-
�nement into businessprocessesis doneinformally, or us-
ing semi-formalnotations. For instancein [11] a method
providing a model-driven transformationsto designbusi-
nessprocessesis presented.The businessviews (require-
ments)areexpressedin ADF [6] or in UML2 activity dia-
grams,which focuson the �o w of informationandcontrol
amongthedifferentactivities, whereasthe implementation
is speci�edin BPEL4WS.In otherframeworksprocessand
work�o w modelinglanguageslikeBPML [2] or XPDL [17]
are usedto model abstractand executablebusinesspro-
cessesand the supportingentities. All theseformalisms
areat the activity level accordingour requirementsmodel

(seeFigure2). This level of descriptionof businessrequire-
mentsis very relevant but it is insuf�cient to capturethe
complexity of requirementsof a distributed businesspro-
cessdomainandto serveasa basisfor automaticcomposi-
tion andveri�cation of businessprocesses.Onthecontrary,
ourapproachallowsto integratetherationalebehindthede-
velopedbusinessprocesswith its compositestructure,thus
allowing for capturingnot only “how” theprocessis built,
but also“why” theprocessis structuredin acertainway.

A framework similar in spirit to theoneproposedin this
paperhasbeenpresentedin [16], thataddressestheproblem
of usingUML2 for modelingbusinessstrategy andbusiness
processes.The framework focuseson the modelingprob-
lem without consideringthevalidationof businessrequire-
mentsor theveri�cation of businessprocessesagainstbusi-
nessrequirements.In our framework thesekinds of anal-
ysis areaimedto supportthe modelingprocessandallow
for identi�cation andeliminationof errorsandcon�icts in
differentdevelopmentphases.

Several different formal 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 components,interfaces
andconnectors.Moreover, it allows for the formal speci-
�cation of the behavior of the system. The requirements-
orientedandagent-orientednotationsprovided by Tropos
seemmoreadequatefor describingbusinessrequirements
thanthearchitecture-orientednotationsprovidedby Darwin
andsimilar languages.

As farasveri�cation of businessprocessesis concerned,
thework describedin [12] showshow to encodein thelan-
guageof the NUSMV model checker businessprocesses
and how to proceedin re�ning the businessprocessesto
satisfy requirementsproperties. However, this pioneering
work lacks of the link amongthe businessrequirements
and the resultingbusinessprocessesthus making it dif�-
cult to tracebacktheresultsobtainedby theveri�cation to
businessrequirements.In [7, 8] a model-basedapproach
for verifying Web servicecompositionsis discussed.This
approachprovides for early-veri�cation of propertiescre-
atedfromdesignspeci�cationsandimplementationmodels.
Speci�cationsof thedesignaremodeledasUML Message
SequenceCharts,which thenarecompiledinto Finite State
Processnotation(FSP)for formal reasoning. BPEL4WS
implementationsaremechanicallytranslatedto FSPto al-
low for checkingequivalenceamongthe implementation
andtheUML speci�cation.Theapproachis supportedby a
suiteof cooperatingtoolsfor speci�cation,formalmodeling
andtraceanimationof thecompositionof work-�o ws.Sim-
ilarly to theotherapproaches,thiswork lackof thestrategic
analysisphaseandof the link amongrequirementsandthe
actualimplementation.
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SanitaryAgency_1
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ProvideFairAssistance_1
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Request_chan!0,0
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Response_1
created

Response_1.result=1

Response_chan!0,0

Response_chan?0,0

ProvideInformation_1
fulfilled
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WaitAnswer_1.result=0
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WaitAnswer_1
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DoRequest_1
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Figure 7. A counter ­example generated by T­Tool.

Distinguishingfeatureof theapproachpresentedhereis
that we start from a higher-level, strategic domainmodel,
whereprocessesassucharerepresentedat a very abstract
level andother typesof requirements– for instance,gen-
eral businessruleson resourceusageor engagementwith
other partners– can be easily represented.This givesus
more�e xibility in composingprocesses,andlet usperform
a wider rangeof veri�cations thandirectly startingfrom a
businessprocessor from elementaryservicede�nitions.

7. Conclusionsand Future Work

In thispaperweproposedamethodologybasedonanex-
tensionof Troposfor modelingbusinessrequirements,start-
ing from strategic goalsandconstraintsthatarefurther re-

�ned andoperationalizedinto businessprocessesto achieve
thesegoalsandto satisfytheconstraints.Themethodology
is alsosupportedby a formal representationof thebusiness
requirementsandbusinessprocessesthat enablesfor sev-
eral kind of veri�cation activities that constitutethe basis
for the automaticcompositionof distributedbusinesspro-
cesses.The veri�cation activities aresupportedby a tool,
theT-Tool, basedon modelchecking,which allows to ver-
ify andsuggestpossible�x to themodelsasto satisfythe
requirements.

Thework presentedhereis our �rst steptowardsa long
term vision where formal techniquesare applied during
the entire life cycle of services,from requirementsanaly-
sis to execution. In the short term, we plan to extendthe
requirementsspeci�cation languagewe describedto bet-



ter capturethe needsof the applicative domain, e.g., to
provide for a better focus on activity level descriptionof
businessrequirementsandto allow for a betterintegration
businessprocessesin the requirementsmodel. Moreover,
we plan to experimentwith modelcheckingtoolsdifferent
from theoneprovidedby theT-Tool for beingableto cope
with all the veri�cation taskswe envisaged. In the longer
term,we will investigatehow to improve thegenerationof
BPEL4WSprocessskeletonsin orderto capturemorede-
tailsfrom thebusinessrequirementsmodel,suchasthetype
of long-termbusinesstransactionthat is required. An im-
provedBPEL4WSprocessshouldalsoenableanexecution
engineto relatefaultsand exceptionsto speci�c goalsor
requirementsof thedomainmodel,in orderto take appro-
priateactionor providefeedbackto theuser.

On thelongerterm,we intendto integratein our frame-
work techniquessupportingthechangemanagement.More
preciselywe intend to complementthe veri�cation tech-
niquesdescribedin this paper, which are able to detect
whenchangesin the requirementsbreakthe system,with
automatedcodesynthesisandcodeadaptationtechniques,
which areableto reactto thesechanges.In particular, we
will exploit synthesistechniqueslike the onesdescribed
in [15].
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