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Abstract

In this paperwe describea novel approach for the for-
mal speci�cation and veri�cation of distributedprocesses
in a Web serviceframework. The formal speci�cation is
providedat twodifferentlevelsof abstraction.Thestrategic
level describestherequirementsof theWebservicedomain,
in termsof thedifferentactorsparticipatingto it, with their
goals and needsand with their mutual dependenciesand
expectations.Theprocesslevel showshow theserequire-
mentsare operationalizedinto communicatingprocesses
runningon thedifferentWebservers. We modelthestrate-
gic level exploitingFormalTropos(FT), a languagefor the
formal de�nition of therequirementsof agent-orientedsys-
temswhich is basedon Linear Time Logic. We modelthe
processlevel using Promela, a language designedto de-
scribecommunicatingconcurrentprocessesandamenable
to formalveri�cation. Weexploit theSPIN modelchecker to
performV&V tasks.At thestrategic level,requirementsare
validatedagainstqueriesformulatedby thedesigner, while
at theprocesslevel thePromelaspeci�cationsare veri�ed
againsttherequirements.Theimplementationof theseV&V
tasksrequiresthede�nition of a novel procedure to encode
theFT requirementsin Promela.Theexperimentsdescribed
in the papershowthat the approach is effectivein reveal-
ing possible�aws both in the strategic and in the process
models.

1. Intr oduction

Requirementsengineeringis thevery �rst stepof a sys-
temdevelopmentprocess.It concernsthepreciseidenti�ca-
tionof stakeholders'needsaboutthesystem-to-be,andaims
to mapthemto speci�cationsof the requiredsoftwarebe-
haviors. Errorsandambiguitiesin requirementshave been
widely recognizedasoneof themajorsourcesof problems
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in software development. Despiteits criticality, require-
mentsareoftendescribedonly in naturallanguageandre-
quirementsanalysistechniquesarerarelyapplied.

The Tropos project (http://www.troposproject.org/)
aims to develop a requirementsdriven software engineer-
ing methodologyfor agent-oriented,distributed systems.
Troposprovidesgraphicalnotationsfor requirementsmod-
els,basedon conceptslike actors,goals,anddependencies
amongactors. Moreover, it adoptsa variety of tools and
techniquesto supporttheanalysisof therequirementsmod-
els. In particular, Troposprovides a formal speci�cation
language,calledFormal Tropos(hereafterFT). FT supple-
mentsthegraphicalnotationswith a �rst-order LinearTem-
poral Logic (LTL) suitablefor automatedveri�cation. In
FT, thegraphicalnotationsallow for thedescriptionof the
“structural”aspectsof therequirementsmodel,for instance
in termsof the network of relationshipsanddependencies
amongactors.Thetemporallogic permitsto representalso
the“dynamic” aspectsof themodel,describingfor instance
when an actor's goal can be consideredful�lled, or how
the network of dependenciesamongactorsevolves over
time. Thislogicalspeci�cationconsistsof asetof LTL con-
straints“anchored”to thedifferentstructuralcomponentsof
themodel.In previousworks[7] wehaveshown how to use
themodelcheckingtechniquesprovidedby NUSMV [2] to
performdifferentkindsof formal analysis,suchasconsis-
tency checking,animationof thespeci�cation,andproperty
veri�cation. In our experience,this formal analysisallows
for amorepreciseunderstandingof therequirementsmodel,
andcanrevealgapsandinconsistenciesin therequirements
thataredif�cult to discover in aninformal setting.

A problem left openby the previous investigationsis
how to extendthe formal analysisof a FT speci�cationto
the later phasesof the softwareengineeringprocess,such
as architecturaland detaileddesignand implementation.
In this paperwe do a step in this direction by consider-
ing a speci�c applicationdomain, namely Web services.
This domainis particularly interesting,sinceit allows for
somesimplifying assumptions.First, the architecturalde-



sign phaseis simpli�ed by the fact that Web servicesal-
readyassumea speci�c (service-oriented)softwarearchi-
tecture. Second,in many casesthe detaileddesignof the
Webservicesis limited to thede�nition of theprocessesim-
plementingthem. This canbedoneusingprocessdescrip-
tion languageslike BPEL4WS[3], an emerging standard
for specifyingandexecutingdistributedWebservices.

In thepaperwe show how a FT requirementsspeci�ca-
tion of a Web servicesystemcanbe stepwisere�ned into
a detaileddesignby extendingit with processdescriptions.
We alsoshow how modelcheckingtechniquescanbe ex-
ploited to validatethe requirementsmodel, as well as to
verify theprocessesagainsttheserequirements.More pre-
cisely, we exploit the Promela[9] languagefor the de�ni-
tion of theWebserviceprocesses.Promelais aformalspec-
i�cation languagefor distributedsystemswhichofferscom-
municationandconcurrency primitivesinspiredby process
algebras.Moreover, its speci�cationscanbeveri�ed using
theSPIN [9] modelchecker. Promelaallows for a descrip-
tion of Web serviceprocesseswhich is similar to the one
thatcanbewritten in languageslike BPEL4WS.

In orderto verify FT modelsenrichedwith Promelapro-
cesses,we have extendedthe veri�cation tool for FT de-
scribedin [7] with a new back-endbasedon SPIN. While
translatingFT into Promela,we modeleachFT component
asa separateprocess.Following the standardapproachin
SPIN, theLTL constraintson the“dynamics”of themodel
aretranslatedinto Promelacode,which is thencomposed
with the otherprocessesin orderto carry out the veri�ca-
tion tasks.In thetranslationweneedto facetheproblemof
thesizeof theLTL formulasthatneedto betranslated.In-
deed,theseformulasaregeneratedastheconjunctionof the
constraintsassociatedto thedifferentcomponentsof theFT
model. While eachconstraintis a small LTL formula, the
composedformulais hugeandthestandardapproachesfor
LTL veri�cation providedby SPIN do not work on it. The
solutionthatwe have adoptedis to translateseparatelythe
differentconstraintsthatappearin theFT speci�cationand
to join thegeneratedpiecesinto a specialprocessaimedto
checkconstraintsatisfactionat eachsystemstep.

In thepaperwedescribesomeexperimentswehavecon-
ductedon a small case-studyin the Web servicedomain.
Theexperimentstesttheeffectivenessof theapproach,and
comparethe resultswith thoseobtainedusing NUSMV.
Theresultsshow thatSPIN is ableto carryout mostof the
consideredveri�cation tasks,bothat therequirementslevel
andat theprocesslevel. NUSMV hasa betterperformance
andcanhandlelargerveri�cation tasks,but its applicability
is limited to theveri�cation of therequirementsmodel.

The paperis structuredasfollows. In the section2 we
brie�y discusssomeaspectsof Webservicetechnologythat
arerelevantfor understandingtheapproachproposedin the
paper. Section3 introducestheFormalTroposmethodology
on a casestudy. Section4 describeshow we encodean

FT speci�cation into SPIN, while in Section5 we report
theresultsof theexperiments.Finally, Section6 discusses
relatedwork, drawsconclusionsandoutlinesfuturework.

2. WebServices

Web servicesare an emerging technologyfor building
complex distributed systemsfocusingon interoperability,
support for ef�cient integration of distributed processes,
anduniformapplicationsrepresentation.Differentservices,
provided by different organizations,perform basicactivi-
tiesthat,combinedin suitableways,allow for thede�nition
of complex businessprocesses.Using Web servicetech-
nology, companiescandescribeandpublishtheir services,
togetherwith the informationon how they canbe invoked
andcomposed.Moreover, Webservicessupporttheinterac-
tionsamongthedifferentpartnersby providing a modelof
synchronousor asynchronousexchangeof messages.These
messagesexchangescanbe composedinto longerinterac-
tionsby de�ning protocolsconstrainingthebehavior of all
partners.

The terms orchestrationand choreographyare often
usedto refer to the two key aspectsof processcomposi-
tion. In an orchestration the composedprocessis con-
sideredfrom the perspective of one of the businesspar-
ties,while thechoreographydescribestheinteractionsfrom
a global, neutral perspective, in terms of valid conver-
sationsor protocols among the different parties. Web
serviceshave developed different languagesfor orches-
tration and choreography(BPEL4WS,WSFL, WSCI.. . ).
Among them, BPEL4WS [3] is quickly emerging as the
languageof choicefor the descriptionof processinterac-
tions. BPEL4WSprovidescoreconceptsfor thede�nition
of businessprocessin animplementation-independentway.
It allows both for the de�nition of internal businesspro-
cessesandfor describingandpublishingtheexternalbusi-
nessprotocolthatde�nes thevalid interactions.Therefore,
BPEL4WSpermitsto describeboth the orchestrationand
thechoreographyof a businessdomainwith anuniformset
of conceptsandnotations.

While aiming to work togetherand to provide inter-
enterpriseWeb service-basedapplications,companiesdo
notwantto disclosetheir internalprocessesandtry to keep
theability to reorganizetheir processesin orderto adaptto
thestrategy changes.In orderto managethesechangesthe
requirementsshouldbetightly integratedwith theWebser-
viceprocesses.Moreover, in orderto providereliableappli-
cations,theformal veri�cation of conformanceof thebusi-
nessprocesswith thecorrespondingrequirementsmodelis
of vital importance. The high level of abstractionintro-
ducedby Webservicesandtherelatedtechnologiesfor ser-
vicecompositionenabletheseintegrationandanalysisin an
implementation-independentway.

In thefollowing sectionswe will show how therequire-
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Figure 1. Tropos model of the case­stud y

mentsmodelsmayberepresentedin theTroposframework,
how theprocessdescriptionmaybe integratedwith there-
quirementsmodel,andhow formalanalysisof thesemodels
is carriedout.

3. Modeling Requirementsand Processes

We considera case-studyin the �eld of public welfare,
extractedfrom alargerdomainconcerningthelocalgovern-
mentof Trentino(Italy). In thecase-studya seniorcitizen
aims at being assisted,e.g., receiving serviceslike trans-
portationor mealsat home. The assistanceto citizensis
managedby theHealth-careAgency, that is run by theLo-
calGovernment,andthataimsatprovidingfair assistanceto
citizens.TheHealth-careAgency delegatesto externalser-
viceproviderstheactualdeliveryof theassistanceservices.
The�nancial aspectsof theLocal Governmentarehandled
by a Bankthat is in chargeof payingtheserviceproviders
andof askingthe citizen for the fee correspondingto the
usedservice.Theinteractionamongthedifferentpartiesis
requiredto happenvia Webservicesandto bespeci�edand
implementedusingBPEL4WS.

3.1. SpecifyingRequirementsin Formal Tropos

TheTroposmodelinglanguageprovidesgraphicalnota-
tions for modelingrequirements[15]. It focuseson mod-
elingandunderstandingthestrategic aspectsunderlyingthe
organizationalframeworkwithin whichthesoftwaresystem
will eventuallyfunction.Thusit allowsto betteridentify the
motivationsfor thesoftwaresystemandtherole thatit will
playinsidetheorganizationalframework. Figure1 is aTro-
posdiagramthatdescribetheactors (circles)participating
to the case-study, and their strategic high-level goals (the
ovals attachedto the actors). For instance,in the diagram
wehave Citizen thataimsatbeingassisted;HealthcareAgency

thataimsat providing a fair assistanceto thecitizens;Ser-

viceProvider which goal is to provide a speci�c service;and
Bank which handlesthe government's �nances. Troposal-
lowsfor thedescriptionof theinteractionsamongthediffer-
entpartiesof thedomainat thestrategic level relyingonan

intent/offermatchingmechanism.Thismechanismis repre-
sentedin thediagramby meansof dependencies(theovals
linked to two different actors). For instance,the Citizen
dependson theHealth-careAgency for beingassisted,and
this is formulatedin the model with the ReceiveAssistance

dependency.
Startingfrom this high-level view of the organizational

or businesssystem,Troposproceedswith an incremental
re�nement.Goalanalysistechniquesareusedto transforms
thehigh level goalsof oneof theactorsinto sub-goalsand
eventuallyto operationalizetheminto tasks(seeFig.2, left).
In our case-study, the goal analysisis simple: the Citizen

re�nes the goal BeingAssisted into the DoRequest and Pay

tasks(hexagons),thegoalReceiveService, andthesoft-goal
(cloud) QualityService. The tasksaresupposedto be imple-
mentedby softwaremodules,while the goalsthat remain
in themodelafterthegoalanalysisrepresentactivities that
are not carriedout electronically(e.g., the assistanceser-
vicesaredeliveredphysically).Finally, soft-goalsareused
to describenon-functionalconditions,with noclear-cutcri-
teriaasto whenthey areachieved(e.g.,thecitizenhassome
constraintson thequality of thedeliveredservices).

Thegoalanalysisphaseis followedby a taskre�nement
phase,wherethehigh-level tasksaredecomposedinto sub-
tasks. In Fig. 2, task DoRequest is further re�ned into Ini-

tialRequest, ProvideInformation, WaitAnswer. In this case,the
threesub-tasksarecomposedsequentially, but otherforms
of taskdecompositionarealsopossible,e.g.,parallelcom-
position,choice,iteration.. . The taskdecompositionpro-
cedureendsoncewe have identi�ed all basictasksthatde-
�ne the process. As a last stepin the de�nition of busi-
nessrequirements,we associateto thebasictasksthemes-
sagesthatdescribethebasicinteractionsamongactors.For
instance,task InitialRequest requiresto senda messageRe-

quest to HealthcareAgency. Thismessageis receivedandpro-
cessedby the taskReceiveRequest of HealthcareAgency. The
taskAskAdditionalInfo is implementedby sendinga message
InfoRequest to the Citizen which receives and processesit
within taskProvideInformation andrespondswith an Info mes-
sage. Oncesuf�cient information hasbeengathered,the
HealthcareAgency sendsa Response messageto theCitizen.

Thesere�nementstepsarerepresentedin Fig. 2 at three
levels: a strategic level, an activity level, and a message
level. All theselevels arepart of the requirementsmodel,
in thesensethatthey de�ne differentaspectsof therequire-
mentsa valid implementationis supposedto respect.We
remarkthat Fig. 2 representsthe point of view of the Cit-

izen. Only the interfaceof the HealthcareAgency is consid-
ered,andno descriptionof the internal structuringof the
HealthcareAgency is representedin thediagram,sincethis in-
formationis notavailableto theCitizen.

Formal Troposhasbeendesignedto supplementTropos
modelswith a precisedescriptionof their dynamicaspects.
In FT the focusis on thecircumstancesin which goal,ex-
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Goal Dependenc y ReceiveAssistance Mode maintain
Depender Citizen Dependee HealthcareAgency
Ful�llment condition 8 dr: DoRequest (

(dr.actor = depender ^ Ful�lled (dr) ^ dr.result) !
F 9 rs: ReceiveService (rs.actor = depender ^ Ful�lled (rs)))

Task DoRequest Mode achieve
Super BeingAssisted Actor Citizen
Attrib ute result : boolean
Ful�llment de�nition

9 wa:WaitAnswer(wa.super = self ^
Ful�lled (wa) ^ (result $ wa.result))

Task InitialRequest Mode achieve
Super DoRequest Actor Citizen

Task ProvideInformation Mode achieve
Super DoRequest Actor Citizen
Ful�llment de�nition

G (8 ir: InfoRequest(Received (ir) ! 9 i: Info(Sent (i)))

Task WaitAnswer Mode achieve
Super DoRequest Actor Citizen
Attrib ute result : boolean
Ful�llment de�nition

9 r:Response(Received (r) ^ (result $ r.result))

Figure 2. Formal Tropos speci�cation

pectations,anddependenciesarise,andon the conditions
that leadto their ful�llment. In this way, the dynamicas-
pectsof a requirementsspeci�cationare introducedat the
strategic level, without requiring an operationalizationof
the speci�cation. A precisede�nition of FT canbe found
in [7]. Here we presentthe most relevant aspectsof the
languagebasedon thecase-study. An excerptof theFT an-
notationsassociatedto the DoRequest taskcanbe found in
Fig. 2 (right).

An FT speci�cation describesthe relevant objectsof a
domainandtherelationshipsamongthem.Thedescription
of eachobject is structuredin two layers. The outerlayer
is similar to a classdeclarationandde�nes thestructureof
theinstancestogetherwith their attributes.Theinner layer
expressesconstraintson the lifetime of the objects,using
a typed�rst-order Linear Temporallogic (hereafterLTL).
It hasto be noticedthat several instancesof eachelement
mayexist duringtheevolution of thesystem.For instance,
differentDoRequest tasksmayexists for differentCitizen in-
stances,or for different typesof medicalproblemsof the
sameCitizen.

Eachobjecthasanassociatedlist of attributes.Eachat-
tributehasasort (i.e.,its type)whichcanbeeitherprimitive
(boolean,integer. . . ) or anobject.For instance,attributere-

sult of taskDoRequest determineswhethertheresponsefrom
the HealthcareAgency was successfulor not. Attributesof
primitivesortusuallyde�ne therelevantstateof aninstance.
Goalsand tasksareassociatedto the correspondingactor
with thespecialattributeActor (e.g.,taskDoRequest). Sim-

ilarly, DependerandDependeeattributesof dependencies
representthe two partiesinvolved in a delegationrelation-
ship.TheSuperattributesof goal/taskelementsrepresenta
decompositionof the primary elementsinto sub-elements.
In particular, InitialRequest, ProvideInformation andReceiveRe-

sponse aresubtasksof theDoRequest task,whichis re�ected
in theirSuperattribute.

In FT thefocusis on theconditionsfor theful�llment of
goals,tasks,anddependencies.Thesearecharacterizedby
a Mode, which declaresthe modality of their ful�llment.
Examplesof modalitiesareachieve (which meansthat the
actorexpectsto reacha statewheree.g.,thegoalhasbeen
ful�lled) and maintain (which meansthat the ful�llment
condition hasto be continuouslymaintained). The inner
layerof anFT classdeclarationconsistsof constraintsthat
describethe dynamicaspectsof the domainelements.In
FT we distinguishamongInvariant , Creation, and Ful-
�llment constraints. Invariant constraintsde�ne condi-
tions that shouldhold throughoutthe lifetime of all class
instances.CreationandFul�llment constraintsde�ne con-
ditionson the two critical momentsin the lifetime of class
instances,namelytheir creationandful�llment. Creation
constraintscan be associatedwith any class. Such con-
straintsshouldbesatis�edwheneveraninstanceof theclass
is created.In thecaseof goalsandtasks,thecreationis in-
terpretedas the momentwhenthe associatedactorbegins
to desirethegoal or to performthe task. Ful�llment con-
straintscanbeassociatedonly with goals,tasks,anddepen-
dencies.Theseconstraintsshouldhold whenever a goal is



Possibility P1 /* It is possible to ful�ll request */
9 dr: DoRequest (Ful�lled (dr))

Asser tion A1 /* Service is received only upon a positive response */
8 c: Citizen (

8 r: Response (Received (r) ^ r.receiver = c ! : r.result) !
8 rs: ReceiveService (rs.actor = c ! : Ful�lled (rs)))

Asser tion A2 /* If some agency provides assistance and the citizen
requests a service then the request should be ful�lled */

8 dr: DoRequest (9 ra: ReceiveAssistance (ra.depender =
dr.actor ^ Ful�lled (ra) ^ 8 r: Request (r.sender =

dr.actor ! r.receiver = ra.dependee )) ! F Ful�lled (dr))

Figure 3. Formal Tropos Proper ties

achieved,or a taskis completed.
Constraintsin FT aredescribedwith formulasin LTL.

Besidesthe standardbooleanandrelationaloperators,the
logic providesthequanti�ers8 and9, which rangeoverall
the instancesof a given class,anda setof temporal oper-
ators. In the examplesin this paperwe useoperatorsF,
which de�nesa conditionthathasto hold eventuallyin the
future,andG, which de�nesa conditionthathasto hold in
all future states. Moreover, specialpredicatescanappear
in the FT temporal logic formulas (i.e., JustCreated(t),
Ful�lled (t), or JustFul�lled (t)). Additionally, for message
classesReceived(t) andSent(t) predicatesmaybeused.

In anFT model,we canalsospecifypropertiesthatare
desiredto hold in the domain,so that they canbe veri�ed
with respectto themodel. We distinguishbetweenAsser-
tion propertieswhich aredesiredto hold for all valid evo-
lutions of the FT speci�cation, andPossibility properties
which shouldhold for at leastonevalid scenario.In Fig. 3
somepropertiesfor thecase-studyarereported.

For lack of spacewe referto [6] for a completedescrip-
tion of the semanticsof FT. Here we recall only that the
valid behaviors of a model are thosesequencesof states
that respecta set Ci with i 2 I of temporalconstraints.
Theseconstraintsareobtaineddirectly from theInvariant ,
Creation, andFul�llment declarationsthat appearin the
FT model. Checkingif assertionA is valid correspondsto
checkingwhetherthe implication

V
i 2 I Ci ) A holds in

themodel,i.e., if all valid scenariosalsosatisfytheasser-
tion A. Checkingif possibility P holdsamountto check
whether

V
i 2 I Ci ^ P is satis�able,i.e., if thereis somesce-

nariothatsatis�estheconstraintsandtheproperty. In both
cases,theveri�cation of anFT speci�cationis translatedto
the veri�cation of an LTL formula. In [7] we have shown
how to exploit NUSMV for thisveri�cation.

3.2. ProcessRepresentationin Formal Tropos

Oncethe requirementsof a Web servicedomainhave
beenspeci�ed and analyzed,we needto extend thesere-
quirementswith thede�nition of theprocessesimplement-
ing them. Here we show how the FT requirementscan
be furthermorere�ned into executablecodeby meansof

bool waitResponse;
atomic{

CREATE ri: InitialRequest;
ri.super = self;
waitResponse = true};

atomic{
CREATEMESSAGEvRequest: Request;
Request_channel ! vRequest};

atomic{
FULFILL ir: InitialRequest [ir.super == self];
CREATE pi: ProvideInformation; pi.super = self};

do::atomic{ waitResponse ->
if::InfoRequest_channel ? vInfoRequest;

CREATEMESSAGEvInfo : Info;
vInfo.reference = vInfoRequest;
Info_channel ! vInfo;

::Response_channel ? vResponse;
FULFILL pi: ProvideInformation [pi.super==self];
CREATE wa: WaitAnswer; wa.super = self;
waitResponse = false;
self.result = vResponse.result;

fi};
::else break;

od;
atomic{

FULFILL wait: WaitAnswer [wait.super == self];
FULFILL self};

Figure 4. DoRequest process speci�cation

thePromela[9] language.In particular, Promelaprocesses
areusedto describethe behavior of the servicesthat will
constitutethe distributed application. We remark that in
the Web service framework theseprocesseswould have
beenwritten in languageslike BPEL4WS.Promelapro-
vides communicationand control constructsfor de�ning
theseprocessesthatareverysimilar to theonesprovidedby
BPEL4WS,thereforeit is averynaturalcandidatefor map-
pingBPEL4WSinto alanguagesuitablefor formalveri�ca-
tion. At thetimeof writing wearedevelopinganautomated
translatorfrom BPEL4WSspeci�cationsinto Promela.

In orderto link the operationalmodelwith the require-
mentsmodelwehaveextendedPromelawith asetof macro
commands.In particular, theCREATE andCREATEMESSAGE

macrosspecifyan instancecreationeventof a subtaskor a
messagerespectively. The FULFILL macrospeci�esa suc-
cessfultask completionevent with optional guardingex-
pressionin squarebrackets.

Figure4 representstheprocessspeci�cationof the task
DoRequest. The processbehavesasfollows. First, initial-
izationstepsareperformed.Within thesestepsthevariable
waitResponse is set to true, an instanceof the InitialRequest

taskis created,themessageRequest is preparedandsent,the
InitialRequest is completedandthe ProvideInformation task is
started.Hereafter, a loop is enteredandits bodyis repeated
until variablewaitResponse becomesfalse.Thebodyof the
loop consistsof a if instructionwhich suspendsthe execu-
tion of theprocessuntil a InfoRequest or aResponse message
is received. If a InfoRequest messageis received, a corre-
spondingInfo messageis preparedandsent. If a Response

messageis received,thentheresult variableof theprocessis
setto re�ect the result �eld of thereceivedmessage.More-
over, thewaitResponse variableis setto false,sothatwecan



Task DoRequest typedefDoRequestTypef
Actor Citizen byte actor;
Super BeingAssisted byte super;
Attrib ute result: Boolean bool result;

bool justcreated,exists;
bool justful�lled, ful�lled;

g
DoRequestTypeDoRequest[2];

Figure 5. DoRequest task representation in
FT and Promela

exit from the loop. Immediatelyafter the loop, two ful�ll-
menteventsaregeneratedspecifyingthat the WaitAnswer is
completedaswell as the DoRequest task itself. A process
modelspeci�ed in this way is automaticallytranslatedinto
purePromelacode. In particular, all themacrocommands
arereplacedwith the correspondingPromelacode,where
thenecessarydatamodi�cation is performed.

4. EncodingFormal Troposinto Promela

In this sectionwe show how anFT speci�cationcanbe
translatedinto Promela.Thetranslationmanagesseparately
the outerlayer andthe inner layer of the FT speci�cation.
The outer layer, consistingof FT classesandattributes,is
mappedinto Promelaprocessesanddatastructures.Thein-
nerlayer, consistingof thetemporalconstraints,assertions,
andpossibilities,couldin theoryberepresentedasaunique
LTL speci�cationandmappedinto a “never claim”. How-
ever, thisapproachdoesnotwork dueto thehugesizeof the
composedLTL speci�cation. Therefore,we proposeanal-
ternativeencodingthatis compositionalon theconstraints.

4.1. Formal TroposClassRepresentation

Figure5 containstheFT de�nition of taskDoRequest and
thecorrespondingPromelaencoding.We associateto each
FT classa Promeladatatype (DoRequestType in our case)
andanarrayof elementson thisdatatype(DoRequest in our
case).The sizeof thearrayde�nes the maximumnumber
of instancesfor the class. This boundis necessaryto ob-
tain a �nite-statemodelandto applymodel-checkingtech-
niques.In theexamplewe allow for at most2 instancesof
classDoRequest. Attributesof basicsorts(i.e.,boolean) are
translatedinto thecorrespondingPromelatype. Attributes
referringto FT classes(e.g.,attributeactor) aredeclaredas
�elds of type byte. This �eld is usedas index in the ar-
ray of thereferencedclass(e.g.,arrayCitizen in thecaseof
attributeactor).

Additional �elds areintroducedin theuser-de�ned data
typesto modelthe life-cycle of theFT classinstances.At-
tributeexists modelsclasscreation.Initially it is falseandis
setto true whentheclassis created.Attributesjustcreated,

proctypeDoRequestProc(byte id) f
Exists:

do :: atomic /* if thechild subtaskis notstartedyet,
assignrelevantattributesandstart it */

f (!InitialRequest[0].exists)! systemstep();
InitialRequest[0].super= id;
InitialRequest[0].actor = DoRequest[id].actor;
InitialRequest[0].exists = true;
InitialRequest[0].justcreated = true;
run InitialRequestProc(0);g;

. . . /* otherchild subtaskmaybestartedhere */

:: atomic /* Modifynon-constantattributes*/
f systemstep();
if :: DoRequest[id].result= true;

:: DoRequest[id].result= false;
� ; /* Theinstanceis ful�lled nondeterministically*/
if :: DoRequest[id].ful�lled= false;

:: DoRequest[id].ful�lled= true;
DoRequest[id].justful�lled= true; gotoFul�lled;

� ;g
od;

Ful�lled:
do :: atomic /* Modify non-constantattributes*/

f systemstep();
if :: DoRequest[id].result= true;

:: DoRequest[id].result= false;
� ;g

od;
g

Figure 6. DoRequest task process de�nition

ful�lled and justful�lled areusedto encodethe JustCreated,
Ful�lled andJustFul�lled predicatesrespectively.

The life-cycle of the classinstancesis encodedusing
Promelaprocesses. Figure 6 depicts the processcorre-
spondingto the DoRequest task. Differentinstancesof the
processareusedto modelthebehavior of thedifferentclass
instances.Thebyteargumentpassedto theprocessde�nes
theindex of thespeci�c classinstancein arrayDoRequest.

Dependingon thetypeof theFT class,the life-cycle of
theinstancesconsistsof differentphases,which is re�ected
in thecorrespondingprocess.In particular, Actor classin-
stancesinitially arein a “NotExists” state.A possibilityfor
an instanceis to benever createdthusterminatingthecor-
respondingprocess.Anotherpossibility is thattheinstance
eventually entersthe “Exists” phase. The “NotExists” to
“Exists” transitionis only enabledif suitableinstancesexist
for theattributesreferringto otherclasses.In this case,the
classattributesareinitialized,in particularjustcreated andex-

ists aresetto true. In the“Exists” phasetheprocessnonde-
terministicallymodi�es valuesof its non-constantattributes
(if any). Additionally, Actor classesmay nondeterminis-
tically createchild goals,tasksanddependencies(e.g.,in-
stancesof goalBeingAssisted in thecaseof Citizen). Thechild
classattributesareinitializedandthecorrespondingprocess
is started.

Processesmodelingthebehavior of goals,tasks,andde-



proctypeconstraintveri�er() f
byte label[n] = 0; bool accepted[n] = false; byte next = 0;
do :: constraintsdone! break;

:: elseatomic
f all accepted= true; valid step= false;
... /* All constraintsautomatagohere */
valid step= true; constraintsdone= true;
if :: accepted[next] ! /* Lookfor acceptanceagain */

next accepted= true; next = (next+1) % n;
:: else

� ;g
od;

Figure 7. The constraint veri�er process

pendenciesarequite different. They startalreadyin state
“Exists” sincethey arecreated“on demand”by their par-
entactorsor goals. Similarly to actors,they alsomaycre-
atechild instanceswhenthey arein the“Exists” phase(see
e.g.,the creationof subtaskInitialRequest in Fig. 6). These
instancesmaynondeterministicallymove to the“Ful�lled”
phase,assigningtrueto attributesjustful�lled andful�lled . The
valuesof non-constantattributes can changealso in the
“Ful�lled” phase. If thereare no suchattributesthe pro-
cessterminatesits execution.We remarkthatall operations
doneduring a phasetransitionareperformedin an atomic
section,in orderto respecttheFT semantics.

A specialroutinesystem step() is calledwhenever a pro-
cessperformsa step. This routineperformsa setof tasks
that needto be donewhenever the systemevolves. It is
responsibleto resetthe attributes justcreated and justful�lled

of eachFT class,sothatthese�ags maybetrueonly in the
statethatimmediatelyfollowsthecreationor theful�llment
of aninstance.As we will seein thefollowing, this routine
is alsousedin theveri�cation of thePromelaspeci�cation.

4.2. Representationof Logic Speci�cations

Thelogic speci�cationsin FT areexploitedto verify as-
sertionsandpossibilitieson the conditionsde�ned by the
constraints.Thestandardsolutionofferedby SPIN for ver-
ifying assertionsandpossibilitiesconsistsof generatinga
“never claim” describingtheautomatonfor the formula to
verify (e.g.,formula

V
i 2 I Ci ) A for assertionA) andof

askingSPIN to verify it. However, this solutionturnsout to
be infeasible. Indeed,the large sizeof the global formula
preventsthe possibility of verifying the never claim. Also
for rathersimplespeci�cations(for instance,a reducedFT
speci�cationswith only 5 classesand3 simpleconstraints),
theC �le which is generatedby SPIN andthatcontainsthe
modelcheckingcodeis socomplex thatgcc fails to com-
pile it (amemoryout is obtainedevenwith 1GB available).

To overcometheseproblemswe proposean alternative
solution.WeencodeeachLTL formulade�ning aconstraint
in a separateautomaton,andgeneratea new processcon-

straint veri�er whereall theseautomataareexecutedin par-

if
:: label[n]==0 ! goto Cn acceptinit
:: label[n]==1 ! goto Cn T0 S2
� ;

/* G(p ! F q) */ /* G(p ! F q) */
accept init: Cn accept init:

if if
:: (: p)jj q ! :: (: p)jj q ! label[n] = 0;

gotoacceptinit accepted[n] = true;
:: (1) ! :: (1) ! label[n] = 1;

gotoT0 S2 accepted[n] = false; all accepted= false;
� ; � ; goto Cn checked;

T0 S2: Cn T0 S2:
if if
:: q ! :: q ! label[n] = 0;

gotoacceptinit accepted[n] = true;
:: (1) ! :: (1) ! label[n] = 1;

gotoT0 S2 accepted[n] = false; all accepted= false;
� ; � ; goto Cn checked;

Cn checked:

Figure 8. Automaton generated by LTL 2BA

and its post­pr ocessed representation

allel. This processis thenaddedto the �nal speci�cation.
Weenforceexecutionof all automatacorrespondingto con-
straintsafter eachsystemstep,andrestrict the veri�cation
to theexecutionsequenceswhereall theconstraintsholds.

The translationof eachconstraintinto an automatonis
doneusingeitherthebuilt-in LTL2SPIN converteror exter-
nal tools like LTL2BA [8]. Thesetoolsgeneratea Promela
“neverclaim” whosebodyrepresentstheautomatonfor the
correspondingconstraint. All theseautomataare joined
in the body of the specialprocessnamedconstraint veri�er ,
which guaranteesthatall of themareexecutedin turn (see
Fig. 7). Somemodi�cations on the bodiesare necessary
beforethey canbe joined. For instance,Fig. 8 shows the
automatongeneratedby LTL2BA (on theleft) andthemod-
i�ed automatonfor constraintG(p ! F q), with n beingthe
index of the constraint. The accept labelsof the automa-
tonrepresenttheacceptingstatesof theautomaton.Usually
theselabelsaremanagedautomaticallyby SPIN, in orderto
guaranteethatacceptancestatesarevisitedin�nitely often.
In our case,acceptancestatesneedto be managedexplic-
itly. Therefore,all acceptlabelsarerenamed,anda special
arrayaccepted is usedto storethe informationwhetherthe
automatonis visiting anacceptingstate.Moreover, aglobal
variableall accepted storesthe informationwhetherall au-
tomataarevisiting anacceptancestate.Finally, in orderto
preservethepositionreachedby everyautomatonaftereach
step,thispositionis storedin aspecialarraynamedlabel. A
switchat thebeginningof themodi�ed body is usedto re-
storethestateof theautomaton.

Due to the ad-hoc managementof acceptancestates,
someeffort is neededin orderto restricttheveri�cation to
thevalid executions.This is achievedif thefollowing con-
ditions aresatis�ed: (i) Whenever any processperformsa



inline systemstep()f
if :: constraintsdone! constraintsdone= false;

:: elsevalid step= false;
� ;
next accepted= false;
... /* Resetjustcreatedandjustful�lled �a gs*/
DoRequest[0].justcreated= false; DoRequest[0].justful�lled= false;

g

Figure 9. The system step routine

step,everyconstraintautomatonhasto beexecuted.If some
constraintautomatonis blocked,theexecutionpathshould
beexcludedfrom theveri�cation. (ii) On every in�nite ex-
ecutionpathall the constraintsautomatashouldvisit their
acceptancestatesin�nitely often. (iii) If theexecutionpath
is �nite and all the processeshave �nished execution,all
theconstraintautomatashouldbein theiracceptancestates
thussatisfyingfairnessconditions.

In order to encodetheseaspectswe introduceseveral
globalvariables.We usethevalid step variableto verify that
theexecutionis correctandnot blocked,andto checkthat
systemstepsandstepsof theconstraintautomataareinter-
leaved. The next accepted variableis usedto checkthatall
theconstraintsautomataeventuallyvisit acceptancestates.
The all accepted variableis set to true if all the constraints
automatavisit acceptancestatessimultaneously.

The requirementson the valid executionpathsarecap-
turedby the following formula,statingthatconstraintsau-
tomataarenot blocked,that they visit acceptancestatesin-
�nitely often,andthat if thevalueof variablenext accepted

remainstrue forever (which happensonly if the execution
pathis �nite) thenvariableall accepted will staytrueforever:

G(valid step ^ F next accepted^
(G next accepted ! G all accepted)) :

The valuesof booleanvariablesvalid step, next accepted

andall accepted arede�nedin partin processconstraint veri�er

(seeFig. 7) andin part in functionsystem step (seeFig. 9),
which is executedduringeachvisible stepof everyprocess
in thesystem(see,e.g.,Fig.6). Variablevalid step is initially
trueandkeepsthisvalueif everysystemstepis followedby
exactlyonestepof processconstraintveri�er. Thisbehavior
is obtainedthroughauxiliaryvariableconstraints done which
is setto trueevery time processconstraintveri�er evolves,
andis setto falseeverytimethesystemevolves.If asystem
stepis donewhenconstraints done is alreadyfalse,thentwo
consecutive systemstepsaredetected,and valid step is set
to false(seeFig. 9). Analogously, if a constraintveri�ca-
tion stepis donewhenconstraints done is alreadytrue, then
two consecutive constraintveri�er stepsaredetected,and
theconstraint veri�er processis �nished (seeFig. 7). Variable
next accepted is set to true if variableaccepted[next] associ-
atedto the next constraintto be executedis true. In this
casenext is updatedsothatall theconstraintsareconsidered

in turn. In thesystem step routineits valueis againresetto
falseso this variablecanremaintrue forever only on �nite
paths.Analogously, if all theconstraintautomatahave vis-
ited their acceptancestatessimultaneously, thevalueof the
variableall accepted is true.

In orderto checkassertionsandpossibilitiesin Promela,
theformulato verify hasto beadaptedto take into account
valid executions. The formula is then model-checked by
transformingit into a neverclaim. For instance,formula

G(valid step ^ F next accepted^
(G next accepted ! G all accepted)) ) A:

is generatedfor assertionA. Indeed,this formula checks
whetherall valid executionssatisfy the assertion.A pos-
sibility propertyP canbe veri�ed by model-checkingthe
formula:

G(valid step ^ F next accepted^
(G next accepted ! G all accepted)) ) : P:

If a counter-exampleis foundfor this property, it is indeed
awitnessexecutionthatshow thatpossibilityP holds.

5. Experimental Analysis

To experimentwith theproposedapproach,we have im-
plementedthe FT to Promelatranslationdescribedin the
previous section(the tools usedin the experimentscanbe
foundathttp://dit.unitn.it/ ft/ws/). Theveri�cation of anFT
speci�cationcannow bedonechoosingbetweentwo back-
ends,theold onewhichexploits NUSMV andthenew one
usingSPIN.

Weconductedthreekindsof experiments.First,weeval-
uatedtheeffectivenessof thecompositionalencodingof the
logical speci�cationw.r.t. thedirectencodingbasedonone
global LTL formula. Second,we testedthe performance
of SPIN on requirementsveri�cation tasksandcomparedit
with NUSMV. Third, we testedtheveri�cation of require-
mentsmodelsagainstthe processesimplementingthem.
Theexperimentswereexecutedon a bi-processorPentium
Xeon 2.4GHz,2Gb of RAM, runningLinux. All the tests
havebeenexecutedwithin a time limit of 1 hourandmem-
ory limit of 2Gb. We marktheteststhat failedto complete
in thetime limit as“TO”, andthetestthatexceedthemem-
ory limits as“MO”. In somecases,theneverclaim genera-
tion phaseproduceda segmentationfault. Thesecasesare
markedwith “SF” in thetables.

Resultsof Logical Speci�cation Translation. To com-
parethe performanceof the compositionallogic speci�ca-
tion translationwe proposewith thedirect translationpro-
vided by SPIN, we considereda set of speci�cationsof
growing size. More precisely, the comparisonhas been
performedon speci�cationswith differentnumbersof con-
straints,and by allowing either up to 1 instancefor each



Table 1. Logic speci�cation translation
Direct Translation CompositionalTranslation

1 instance 1..2instances 1 instance 1..2instances
1 constraint 0,01sec 0,01sec 0,01sec 0,01sec
3 constraints 0,03sec 3,01sec 0,03sec 0,09sec
5 constraints 0,11sec MO 0,04sec 0,14sec
10constraints 10,65sec SF 0,04sec 0,16sec
30constraints MO SF 0,07sec 0,20sec
45constraints SF SF 0,15sec 0,41sec

class(15 instancesin total) or up to 2 instancesfor several
classes(23 instances)1. Table1 summarizesthe resultsof
theexperimentswith SPIN. It reportsthetime requiredfor
thetranslationof theFT speci�cationinto Promela.There-
sultsshow that the compositionalmethodoutperformsthe
directtranslationof thelogic speci�cation.

Results of Property Veri�cation . To test the perfor-
manceof SPIN andto compareit with NUSMV, we per-
formed some veri�cation experimentsbasedon the as-
sertionsand possibilitiesof Fig. 3. To stressscalability,
we have consideredmodelsof differentsizesby allowing
for differentupperboundsto the numberof instancesfor
eachFT class. We consideredthe caseof 1 instancefor
eachclassand a intermediate“1..2” case,where we al-
low 2 instancesfor someclasses. We compareddiffer-
ent optionsof the SPIN modelchecker on the sameprob-
lem. We also comparedthe resultsobtainedwith SPIN

with thoseobtainedusing NUSMV. The Promelamodel
for theFT speci�cationcontains15 processesfor the1 in-
stancecaseand 23 processesfor the 1..2 instancescase.
With SPIN we experimenteddifferentveri�cation options
[9], namelyhash-compactveri�cation (HC4), superstatever-
i�cation (BITSTATE), andwith the SPIN extension,namely
“Triple SPIN” [4]. With NUSMV we experimentedwith
the two model checkingtechniquesprovided by the tool,
namelySAT-basedboundedmodelchecking[1] (“BMC” in
thetables),BDD-basedmodelchecking(“BDD”). Weused
a maximumlengthof 10 for the boundedmodelchecking
experiments2. The resultsof the veri�cation are summa-
rizedin Table2.

The veri�cation provided the following results. Asser-
tion 1 is true andassertion2 is false. Possibility1 is true
anda correspondingwitnesstraceis generated.Indeed,the
dependency ReceiveAssistance is ful�lled whenevereveryas-
sistancerequestacceptedby theHealth-careAgency is fol-
lowedby receiving service.Thedependency ful�lled alsoif
thereareno acceptedrequests.A counterexampledemon-
stratesthefactthat if theagency acceptedtheresponseand

1We recall that theseupperboundsfor the numberof classinstances
arenecessaryto guaranteethatthegeneratedmodelis �nite-state.

2It worth noticing that the resultsprovided by the BMC veri�cation
do not guaranteethe validity of the formula, sincecounter-examplesof
lengthgreaterthanthechosenmaximumlength(10 in ourcase)wouldnot
bedetected.However, our experimentshave shown that, in the modelat
hand,counter-examplesusuallyhave a lengthof 3 to 5. For this reason,
a maximumlengthof 10 guaranteesa high con�dencein theresultof the
veri�cation.

Table 2. Proper ty veri�cation results
SPI N results

1 instance 1..2instances
A1 HC4 TO - 1284steps- 1382Mb TO - 2857steps- 362Mb

BITSTATE Valid( a ) - 21sec- 61Mb TO - 3244steps- 1028Mb
3SPIN Valid( b) - 23sec- 69Mb TO - 3207steps- 1178Mb

A2 HC4 TO - 1393steps- 1382Mb TO - 2857steps- 362Mb
BITSTATE Invalid - 21sec- 52Mb TO - 3244steps- 1058Mb
3SPIN Invalid - 24sec- 64Mb TO - 3417steps- 1173Mb

P1 HC4 Valid - 27sec- 68Mb TO - 2857steps- 362Mb
BITSTATE Valid - 14sec- 41Mb TO - 3099steps- 956Mb
3SPIN Valid - 19sec- 56Mb TO - 3312steps- 1143Mb

Hashfactors:( a ) 1.97– ( b) 3.35

NUSM V results
1 instance 1..2instances

A1 BDD Valid - 9sec- 6,0Mb TO - 235Mb
BMC Undec.( � ) - 7sec- 20,4Mb Undec.( � ) - 106sec- 61,2Mb

A2 BDD Invalid - 11sec- 6,9Mb TO - 235Mb
BMC Invalid - 0,6sec- 3,8Mb Invalid - 2sec- 11,3Mb

P1 BDD Valid - 10sec- 5,8Mb TO - 235Mb
BMC Valid( �� ) - 0,7sec- 5,3Mb Valid( �� ) - 2sec- 16,0Mb

( � ) No counter-examplefoundup to boundlength10
( �� ) Foundexampleof length4 satisfyingP1

senta messageto thecitizentheassertionis violatedif the
messagewasnot receivedby thecitizenandtheDoRequest

taskwill neverbeful�lled.

Comparingtheresultsproducedby SPIN andNUSMV,
onecanseethattheBMC algorithmsprovidedby NUSMV
give overall the bestresults. In particular, this is the only
techniquethat providesresultsfor the 1..2 instancescase.
We remarkthat the translationof FT to the NUSMV lan-
guageis highly engineeredandoptimized. Moreover, the
NUSMV modelchecker hasbeenextendedto betterhan-
dle modelsresultingfrom FT speci�cations.We expectto
improvetheperformanceof theSPIN back-endwith similar
optimizationtasks.

Resultsof Implementation Veri�cation . Thede�nition
of businessprocesses,togetherwith the bindingsthat link
themto thecorrespondingtasksandmessagesin theformal
requirementsmodel,allow for different forms of veri�ca-
tion. A �rst possibility consistsof re-checkingthe formal
queriesthat appearin Fig. 3 on the more detailedmodel
(�rst threerowsin Table3). Anotherpossibilityis checking
that the re�ned modelsatis�es the requirementsdescribed
by theCreation, Invariant , andFul�llment constraintsen-
forced in the requirementsmodel for task DoRequest and
its sub-tasks.The last row in Table3 describesthe results
of the veri�cation of the DoRequest taskful�llment de�ni-
tion. This constraintis violatedfor the following reasons.
Theful�llment de�nition requiresthatthevalueof theresult

variablein this taskshouldbeequivalentto thevalueof the
correspondingvariablein theWaitAnswer task.In theprocess
implementationcode(seeFig.4) thevalueof thisvariableis
copieddirectly from theResponse messagereceived. Thus,
thecorrespondingvariableof theWaitResponse taskremains
unchanged.



Table 3. Implementation veri�cation results

1 instance 1..2instances
A1 HC4 TO - 516steps- 1442Mb TO - 341steps- 1282Mb

BITSTATE Valid( a ) - 32sec- 83Mb Valid( b) - 169sec- 316Mb
3SPIN Valid( c ) - 14sec- 35Mb Valid( d ) - 74sec- 171Mb

A2 HC4 Invalid - 125sec- 206Mb TO - 341steps- 1162Mb
BITSTATE Invalid - 32sec- 71Mb Invalid - 1285sec- 2003Mb
3SPIN Invalid - 15sec- 32Mb MO - 673steps- 1141sec

P1 HC4 Valid - 2sec- 9,1Mb TO - 341steps- 1282Mb
BITSTATE Valid - 3sec- 10,1Mb Valid - 167sec- 306Mb
3SPIN Valid - 3sec- 12,0Mb Valid - 59sec- 148Mb

C HC4 Invalid - 2sec- 9,1Mb TO - 341steps- 1282Mb
BITSTATE Invalid - 3sec- 11,4Mb Invalid - 166sec- 306Mb
3SPIN Invalid - 3sec- 12,0Mb Invalid - 62sec- 151Mb

Hashfactors:( a ) 2.44– ( b) 1.66– ( c ) 6.06– ( d ) 1.61

6. RelatedWork and Conclusions

In earlierwork [7] wehaveproposedaframework for the
speci�cation and veri�cation of early requirementsbased
on symbolic model checkingand NUSMV. In this paper
we proposean alternative veri�cation approach,basedon
explicit statemodelcheckingandSPIN. Moreover, wehave
extendthescopeof theveri�cation to includethedesignof
distributedprocessesde�ned in Promela.The approachis
basedon a novel, compositionalencodingof theLTL con-
straintsthat de�ne the valid behaviors of the requirements
modelin theveri�cation tasks.Theexperimentsshow that
theapproachis viable,evenif theperformanceis currently
a ratherseriouslimit for its applicability.

In the paper, we have useda casestudy in the �eld of
Web servicesfor illustrating the framework andfor exper-
imentingthe veri�cation techniques.We refer to [14, 11]
for a broaderdiscussionon the relationshipsbetweenthe
proposedframework andWebservicetechnologies.

Formal analysisis often usedto verify correctnessof
speci�cations,but, it is usuallyappliedin laterphases.The
works that aremostrelevant to oursin the sensethat they
also focus on the veri�cation of requirementsmodelsare
Alcoa/Alloy [10], KAOS[12], andthework on“TopoiDia-
grams”[13]. However, asfarasweknow, theseformalisms
have not beenappliedfor Web Services. For a complete
analysisof theseworksw.r.t. FT we referthereaderto [7].

Thereareseveralworks on theveri�cation of Web ser-
vices. The closestto our approachis [5] that providesa
framework for the veri�cation of LTL propertieson the
protocolsspeci�ed in BPEL4WSby translatingtheminto
Promela.Differentlyto ourapproachthisworkconcentrates
on thetranslationandveri�cation of communicationsspec-
i�ed by theprotocol,while in ourapproachweaddressalso
theproblemof verifying modelswhereprotocolsareinter-
leavedwith requirements.

Thereareseveraldirectionsfor furtherresearch.We are
investigatingoptimizationof the modelgeneratorby inte-
gratingadvancedabstractiontechniquesthatexploit, for in-
stance,possiblesymmetriesin thespeci�cation.Thiscould
lead to a betterexploitation of the partial order reduction

capabilitiesprovidedby SPIN. We arealsointerestedin a
deeperinvestigationof thecompositionalapproachfor the
veri�cation of complex LTL propertiesthat we have out-
lined in this paper. Finally, we areinterestedin linking our
approachto theWebservicetechnologies,allowing for in-
stanceto specify the processesusing industrial standards
like theBPEL4WSlanguageinsteadof SPIN.
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