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Abstract. Tropos, a novel agent-orientedsoftwareengineeringmethodology, is
heavily characterized,amongotherfeatures,by thefactthatit paysgreatattention
to the activities that precedethe speci�cation of the prescriptive requirements,
suchasunderstanding how the intendedsystemwould meetthe organizational
goals.This is obtainedby meansof the two requirementphases:the early re-
quirements analysisandthe late requirements analysis. Moreover, Troposuses,
alongthesephases,a uniform notationandanhomogeneous, smooth,incremen-
tal, anditerativeprocess, basedon a setof progressive transformationalsteps.
This paperwill take into accounttheapplicationof theTroposmethodology to a
self-motivatingcasestudy:thede�nition of asupporttool for theTroposmethod-
ology itself. The focushereis on the early requirements andon how to manage
thetransitionfrom themto thelaterequirementanalysis.

1 Intr oduction

Tropos[19, 13,11] is anovel agent-orientedsoftwareengineering methodology charac-
terizedby threekey aspects[18]. First, it paysattentionto theactivitiesthatprecedethe
speci�cationof theprescriptive requirements,like understanding howandwhythe in-
tendedsystemwouldmeettheorganizationalgoals1. Second, it dealswith all thephases
of systemrequirementanalysisandall thephasesof systemdesignandimplementation
in a uniform andhomogeneous way, basedon common mentalisticnotionsas those
of actors, goals, softgoals, plans, resources, andintentional dependencies. Third, the
methodologyrestsontheideaof building amodelof thesystem-to-bethatis incremen-
tally re�ned andextended from a conceptuallevel to executableartifacts,by means of
a sequenceof transformational steps[3].

Oneof themainadvantagesof theTropos methodologyis that it allows to capture
notonly thewhator thehow, but alsothewhyapieceof softwareis developed.This,in
turn,allows for a more re�ned analysisof thesystemdependenciesand,in particular,
for amuchbetteranduniform treatment notonlyof thesystemfunctionalrequirements,
but alsoof its non-functional requirements.Tropos,although notexclusively, addresses
particularly well theAgentOrientedProgramming[18]. In fact, thedecisionof using
mentalisticnotionsin all theanalysisphaseshasimportant consequences.In particular,
1 In this,Troposis largely inspiredby Eric Yu's framework for requirementsengineering, called

i � , which offersactors,goals,andactordependenciesasprimitive concepts [23,24,26].



agentorientedspeci�cationsandprogramsusethesamenotions andabstractionsused
to describethebehavior of human agentsandthe processesinvolving them;thus,the
conceptual gapbetweenusers'speci�cations (in termsof why andwhat) andsystem
realization(in termsof whatandhow), is reducedto a minimum.

Tropos supports � ve phasesof software development.The early requirements
analysisis concernedwith theunderstanding of a problemby studyinganexisting or-
ganizationalsetting.Theoutput of thisphaseis anorganizational model whichincludes
relevant actorsandtheir respective dependencies.Actors in the organizational setting
arecharacterizedby having goalsthateachsingleactor, in isolation,would beunable
—or notaswell or aseasily—to achieve. Thegoalsareachievable in virtueof recipro-
cal means-end knowledgeanddependencies.During the late requirements analysis,
the system-to-be is describedwithin its operational environment, alongwith relevant
functionsandqualities.Thisdescriptionmodelsthesystemasa(relatively small)num-
ber of actors,which have a number of socialdependencieswith otheractorsin their
environment. The architectural designphasedealswith the de�nition of the system
globalarchitecture in termsof subsystems,thatarerepresentedasactors,andtheirdata
dependencies,that arerepresentedasactordependencies.The detailed designphase
aimsat specifying eacharchitectural componentin furtherdetail (adopting a subsetof
theAUML diagrams [17,1]) in termsof inputs, outputs,control andotherrelevant in-
formation.Finally, during theimplementation phase,theactualimplementationof the
systemis carriedout,consistentlywith thedetaileddesign.Moredetailsandmotivation
about these� vephasescanbefound in [12, 11,13,19].

Thepresentpapermainly focuseson theanalysisof theearlyrequirementanalysis
phaseand,partially, on the late requirementanalysis phase.In particular, concerning
theearlyrequirementsanalysis,thetaskof encoding initial informal requirementsinto
thediagrammaticformatusedin themethodology, aswell astheincremental transfor-
mationalprocessthat is at thebasisof theconstruction of thecompletemodel,will be
addressed.With respectto previouspapers[3], this revision mechanismwill bemoti-
vatedin its high level aspectsandappliedto a casestudy, ratherthananalyzedin its
fundamentaldetails.Anotheraspectthatwill beaddressedin thispaperis thetransition
processfrom theearlyto thelaterequirements.Theexample thatwill beusedalongall
thepresent paper to illustratetheaboveaspectsis thede�nition of asupport tool for the
Tropos methodology itself, called,sincenow on,theTropostool.

The restof the paperis structuredasfollows. Section2 describestheTropos tool
problem andsomebackground motivating someearly choices.Section3 shows how
thesechoicescanbeembodied into actorandgoaldiagrams.Section4 developsa pre-
liminary actordiagramfor late requirementswith theonly aim to provide a glanceon
the transitionfrom early to late requirements.Conclusions anddirections for further
researcharepresentedin Section5.

2 The problem

Asof today, theTroposmethodologylacksatoolwhichsupportsboththeanalystduring
theprocessof acquiring, modeling, andanalyzingrequirementsandthedesignerduring
theprocessof softwareengineering. Of course,theavailability of a tool thatsupports



alongthewholedevelopment processwould beof greatimpacton theapplicabilityof
themethodology. Althoughrelevant efforts havealreadybeenmadein orderto provide
atool for managingdiagramsin i � [15], therealizationof anintegratedtool thatsupports
all thephasesof Tropos(or at leastthe�rst four) in auniform andintegratewayhasnot
beenanalyzed,yet.

In orderto startwith the de�nition of the Tropos tool, someobservationsmay be
useful.First, let usrecall thatearlyandlaterequirementanalysisandarchitecturalde-
sign in Tropos are aimedat producingdomain andsystemconceptual and architec-
tural models. Theseconceptual models must conform to a preciseTropos modeling
language[20]. Of course,theTropostool shallsupport for syntaxchecking during the
conceptualmodelconstruction.

Anotherpoint to betakenunderconsiderationis that,duringtheprocessof building
actoranddependenciesmodels,resultingfrom theanalysisof socialandsystemactors,
theanalystmayneedto lookatmorediagramsfrommany perspectivesatthesametime.
For example, shemaywant to look backwhy sheintroducedsomesubgoalsandhow
shedid it. Therefore,the Tropos tool shall allow us to analyze the conceptual model
from severalpoints of view at thesametime.

Oneimportant checkthathasto beperformedduring theanalysisandbefore it may
be considered completed, is the closureof all the alternative or conjunctive decom-
positions(of goals,softgoals,andplans)andthe evaluationsof the goal andsoftgoal
contributions.This processmaybegraphically visualizedby puttingandpropagating
ticksfromtheleafsupto theroot (goal,softgoal, or plan)of theanalysistree,alsousing
weightedpropagationmechanismsfor thequalitative (NFR) analysis[6]. This process
will belaterreferredasthecapabilityof managing ticks.

In addition, it may alsobe the casethat the projectmanager wantsto usea com-
mon graphical interfacefor viewing and analyzing documents(feasibility study, re-
quirementsmodel,capability diagrams,andso on) generatedduring different phases,
suchasthe analysisphaseandthe designphase.Thus,it is desirablethat the Tropos
tool adoptsacommon interfacefor differentphasesof themethodology, speciallywhen
adopting similar graphicalnotations,which is a pervasivecharacteristic of Tropos.

Oneof themainadvantagesof theTroposmethodologyis thatthesoftwareengineer
canalsocapturethewhyasortof analysisis carriedonorhasbeenmade.Thisimportant
featuregivesan extraordinary, although not yet fully explored,valueto the notion of
traceability . Traditionally, traceability is the property that a methodology or a CASE
systemexhibits whenartifactsproducedduring laterphasescanbeclearlyreferredback
to artifactsor requirementsproducedearlier. In Tropos, this featureassumesan extra
valuedue to two aspects.First, Tropos is aimedat uniformly covering development
activities ranging from earlyrequirementsanalysisdown to theactualimplementation;
thus,traceability in Tropos may be thought asspanningover several phasesandvery
distantpointsin the development process.Second,the earlyandlate requirementsof
Tropos providesan intentionalanalysis of the problem, facingthe descriptionof the
why, togetherwith that of the what andthe how. In this context, tracinglate artifacts
backto requirements—both early andlate— providesa powerful method for giving
strongmotivations to all the developedartifacts,virtually even to eachsingle line of



the producedcode,andjustifying themwith respectto the original requirements.Of
course,theTropos tool mustgive full support for traceability .

Finally, asalwaysdesired, the Tropos tool hasalsoto be friendly, understandable
and,aboveall, usefulfor all theusers,liketheanalyst,theformalengineer, thedesigner,
thedeveloper, andsoon. Usefulmeansthat theuserhasnot to wastetime in orderto
understandhow thetool works,giving hermoretimefor depicting andinvestigating the
bestway to modeltheactors,theirgoals,andtheir strategic dependencies.

In thefollowing section,thesepreliminaryrequirementswill bedetailedandfurther
analyzed, by meansof anearlyrequirementanalysis.

3 Early Requirement Analysis

In Tropos,during theearlyrequirementanalysis,therequirementengineer modelsand
analyzesthe intentions of the stakeholders. Thesearemodeledasgoalsthat, through
someform of analysis[16,8], suchasAND-OR decomposition,means-endsanalysis,
andcontribution analysis,eventually leadto thefunctional andnon-functional require-
mentsof the system-to-be.To this end,actor diagramsfor describingthe network of
socialdependency relationships amongactors,aswell asgoal diagramsfor analyzing
andtrying to ful�ll goals,areproduced.

Startingfrom our common understandingof theTropostool problem,asdescribed
in theprevioussection,the following list of moredetailedissuesto beaddressedmay
beprovided:

– Fundamentalfeaturesof Tropos:
� softwareengineersupport for all thephasesof thesoftwaredevelopment pro-

cess(at leastthe�rst four);
� support for thetransformationalapproachasin [3];
� goal/plananalysis[16,8] andnon-functional analysis[6].

– Systemmanagement:
� modelandviews storage;
� multi-usersmanagement.

– Extensibility:
� integration with tools for formal analysis(e.g., NuSMV [10,7]) andversion

management(e.g.,CVS [9]);
� integration with debugging tools.

– Userinteraction:
� visualizationof differentpossibleviews on theconceptual model, which may

beneededbothbecauseof thedifferentrolesplayedby theuser, andbecause
of herchanging designfocus alongthedifferentphases;

� subgraph visualizationandzooming in order to manage visualcomplexity;
� support for multiple decompositionof the samegoal from the perspective of

oneactor, thusallowing for moregoaldiagrams of thesamegoal;
� veri�cation thatthefunctionalandnon-functional (or quality)requirementsare

achieved(manageticks).
– Helpanddocumentation:



� userguide for theTroposlanguageandits concepts (ontology, metamodel for
theinformal language [20], formal language[10], andsoon);

� automaticgenerationof thedocumentationaboutaparticularview onthemodel
or a setof diagrams(i.e.,staticdiagrams,dynamic diagrams);

� export of theconceptualmodelor someviewsin severalformats(e.g.,Scalable
VectorGraphics (SVG) [21]).

3.1 The analysis

After thede�nitions of thehighlevel requirements,theprocessproceedsby identifying
themostrelevantstakeholdersof theenvironment. In particular, thepotentialusersof
the tool, their goals,andthe respective dependenciesareidenti�ed andthenmodeled
by meansof a �rst actordiagram.

In order to proceedwith a deeperanalysis,it is worth to recallthatanactormaybe
embodiedby themorespeci�c notions of agent, role andposition. An agentrepresents
aconcreteinstantialactorlikeaphysicalagent(e.g., aperson, anhardwaresystem,and
so on), or a software agent; a role correspondsto an abstractcharacterizationof one
speci�c behavior of an actorwithin somespecializedcontext; a positionrepresentsa
setof roles,typically playedby a singleagent.An agentcanoccupy a position,while
a positionis saidto cover oneor moreroles.Also, anagentis saidto playoneor more
roles.For moredetaileddistinctions andexamplessee[24,25].

In the actordiagram depictedin Figure1, Softwa re Profes sional is depicted
as an agentwho may occupy different positions:PRG Manager , Analys t , Forma l
Engin eer , Arch itectu re Design er , Detai ls Design er , andDevelo per .

Although in general it is assumedthat eachpositioncovers several roles,in Fig-
ure1, for lack of space,only onerole is present asanexample: Custom er relat ions
keepe r . Theinterestingaspectto benoticedhereis that this role canbecoveredboth
by theAnaly st positionandby thePRG Manager position, that is, eachagentthatoc-
cupiesoneof theseposition, orpossiblyboth, mustplaytheroleCustom er relat ions
keepe r .

After the introduction of the actors,the dependency analysisfocuseson the de-
pendenciesof eachsingledifferent actor. For example, Custo mer dependson thePRG
Manager for achieving the goal system provi ded . Also, the PRG Manager wants
to manage the different versions of artifactsthat otheractorsdeliver to her (manage
versi ons and doc. ); in addition, she has the softgoal arti facts [$1.. .$6]
easil y unde rstand able 2.

PRG Manager delegates two goals to the Analys t : feas ibilit y study [$1]
deliv ered and requ iremen ts [$2] modeled . The PRG Manager depends on
the Formal Engin eer for the goal formal analy sis [$3] delive red ; in or-
der to ful�ll form al analys is [$3] delive red the Formal Engin eer relies on
the Analy st for the resource Trop os requir ement model . In a resourcedepen-
dency, the depender depends on the dependee for the availability of a physical
2 Note that the place holders $1.. .$6 refer to objects mentioned in particular goals of

the PRG Manager , namely feasibility study [$1] delivered , requirements
[$2] modeled , formal analysis [$3] delivered , architectura l design [$4]
specified , detailed design [$5] specified , andcode [$6] developed .
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Fig.1. An actordiagramspecifyingthestakeholdersof theTropostool project.

or informational entity (dependum). Along a similar path, the PRG Manager de-
pends on the Archi tectur e Desi gner for achieving the archi tectu ral desig n
[$4] specif ied , and Arc hitect ure Desig ner depends on the Anal yst for
the Tropo s requ iremen t model . Another relevant position corresponds to the
Detai ls Design er , who hasto producea detaileddesign(detai led desi gn [$5]
speci fied ); also, she depends on the Arc hitect ure Desig ner for the Tropo s
archi tectur al desig n. Finally, PRG Manager dependson the Devel oper in order
to develop thesourcecode(code [$6] devel oped ).

The next stepin the analysisis the decomposition of eachgoal from the point of
view of the actorwho committed for its ful�llmen t. Goalsandplans(plan represents
a setof actionswhich allow for the satisfactionof oneor moregoals)areanalyzed
from theperspective of eachspeci�c actorin turn,by usingthreebasicanalysistech-
niques:means-endsanalysis, contribution analysis, andAND-ORdecomposition [16,
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6,20]. For goals,means-ends analysisaimsat identifying goals,plans,resourcesand
softgoals thatprovide meansfor achieving thegoal(theend). Contributionanalysisal-
lows thedesignerto point out goals,softgoals,andplansthatcancontributepositively
or negatively at reaching thegoalunder analysis.AND-OR decompositionallows for
a combination of AND andOR decompositionsof a root goal into subgoals,thereby
re�ning a goalstructure.

Asdepictedin Figure2,thegoalrequir ements [$2] model ed delegatedfromthe
PRG Manager to theAnal yst is the“end” in ameans-endsanalysis;of course,thecho-
sen“mean” is the goal buil d a requi rement s Trop os model , that makesexplicit
our implicit “strong” requirementof building aTroposorientedtool.Thegoalbuild a
requi rement Tropo s model is thenAND decomposedinto thefour subgoals:lear n
Tropo s lang uage , model managed, model documented , andmodel reas oned .

Thesoftgoal exha ustive guide contributespositively atsatisfyingthegoallear n
Tropo s lang uage . In orderto build a requirementsTroposmodel(model managed),
it is indispensable to createanew model, manageanexist model,add/edit/removesome
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elementsof themodelandsoon.All this corresponds to thegoaldiag rams edit ed 3.
In addition, somegoals concerningthemostimportantfeaturesof Tropos,alreadyintro-
ducedin Section3, arealsodepictedhere,thatare:retrot raceab ility managed, in
orderto dealwith backward andmultiple phasestraceability, tick s mark ed, in order
to dealwith theticks mechanism for thecheckof thecompletenessof modelanalysis,
andsyntax of model check ed, to verify thesyntaxof themodel with respectto the
metamodel asdescribedin [20]. Finally, alsomultipleviewsmanagementis considered
(multip le views visua lized ).

For theticksmechanism, it is usefulto take into account thesoftgoalscontribution,
representedby thesoftgoalevalu able softgo al . A �rst proposalfor partially ful�ll-
ing model managed reliedon theuseof DIA 4 graphic tool (DIA used ). Althoughthis
solutioncouldsatisfydiagra ms edite d (notethe positive contribution ��� ), it does
not satisfyticks marke d andsyntax of model check ed (notethenegative contri-
bution � and ��� , respectively).

The subgoals autom atic docu mentat ion gene rated and versi on managed
contributepositively to theachievementof thegoalmodel documented . The�rst sub-
goalconcernswith theautomaticgenerationof thedocumentationabout theconceptual
modeland/orsomeviews on it, while thesecondregardsthemanagementof different
versions for eachanalyst.A meanfor theful�llment of the last subgoal is to integrate
theCVSsoftwaresystemin theTropostool. Finally, thelastsubgoal model reas oned
canbesatis�edwith a Non-Functional Analysis, asproposedin [6] (NFR made).

Figure 3 shows the goal diagram from the point of view of the position
Archi tectur e Desi gner . The goal delegated by PRG Manager (see Figure 1) is

3 Furtherdecompositionof thisandothergoalsarenotprovidedbecauseof spacelimits. See[5,
2] for furtherdetails.

4 Dia is a graphictool thatsupportsmany language like UML, ER,andsoon [14].



labeledwith archi tectur al desig n [$4] speci fied . This is AND decomposed
into threesubgoals:choose patte rn , choo se parad igm , andrequir ement s model
acqui red . This lastsubgoal maybeconsideredasdepending on theresourceTropo s
requi rement s model that, by further analysis, can be assumedas to be delegated
to the Analys t . Choose par adigm concernswith the selectionamong several archi-
tecturalparadigms (e.g.,BDI architecture). Aside the AND decomposition, the root
goal archit ectura l desi gn [$4] specif ied also receives positive contributions
from two goals:under stand system requi remen ts andevalua te contr ibutio n
softg oal . The �rst goal wasoriginally foreseenasa proper goal of Archi tectur e
Desig ner (seeFigure1).This factis evidencedhere,aswell asin analogoussituations
in other�gures,by usinga thickerborderline.

Thesecondcontributinggoalis furtherenabledby NFR evalua ted . Dueto lackof
space,thegoaldiagramsof Detai ls Design , Formal Engine er , andDevelo per are
not reportedhere,but canbefound in [5,2].

3.2 Revising the analysis

The previous sectionpresented a �rst resultof the activity of requirementsde�nition
andanalysis.It is obviousthatthediagramsdevelopedarenotsuf�ciently detailed.For
thisreason,iterativestepsof incrementalre�nement of themodel haveto beperformed.
As alreadymentionedin the introduction, this way of proceeding is a typical feature
of the Tropos methodology. The �nal settingof eachTropos phasemay be reached
possiblyafterseveral re�nements, in eachof whichnotonly new detailsmaybeadded,
but,also,alreadypresent elementsanddependenciescanberevisedor even deleted[3].
This iterative processnot only mayrequire intra-phasere�nements,but, possibly, also
revisions of artifactsproducedduring earlier phases(inter-phasesre�nements). The
importanceof retrotraceability is, here,evident.

Justasan example of the intra-phasere�nement activity, the revision of the goal
diagramin Figure2 is presentedin Figure4.

The positive contributions from bui ld a requ iremen ts Tropos model to the
goals organ izatio n desc ribed and under stand custom er requir ements are
the �rst relevant differences. The two positively contributed goals —namely,
organ izatio n desc ribed andunde rstand cust omer requ iremen ts — were ini-
tially consideredasoriginal Anal yst 's goal (seeFigure1), but later not further ana-
lyzed(in fact,they arenot takeninto account in Figure2), until therevisiondepictedin
Figure4. Thus,this revision is necessaryto completetheanalysisof therequirements
initially introducedin Figure1.

Among othernew elementsaddedby the revision, let usnotethesubgoal desig n
case tests , considered necessarybecausethe analysthasalso to designthe cases
to be testedin order to validateand verify the functionalities of the software sys-
tem with respectto the functional and non-functional requirements.Anothersource
of revision derives from the observation that the evaluation of the formal analysis
conductedby Forma l Engi neer canprovide morehints to the Anal yst ; thus,Fig-
ure4 alsointroducesa dependencebetweenthe Analys t andtheForma l Engi neer ,
upon the resource resu lt of forma l anal ysis , motivated by the ful�llmen t of
desig n case tests . Another subgoal of build a requir ements Tropo s model ,
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namelymodel documented , hasbeenOR decomposedinto text docu mente d and
graph ic documented . Finally, thegoal feas ibilit y stud y [$1] deliv ered (see
Figure 1), became the end in a means-ends analysiswhere the “mean” is the goal
recor d inte rview , which,also,contributespositively for theful�llmen t of thetext
documented .

4 Late requir ements

During late requirementanalysisthesystem-to-be (theTropos tool in our case)is de-
scribedwithin its operating environment, alongwith relevant functions andqualities.
Thesystemis representedasoneactorwhich have a number of dependencieswith the
otheractorsof the organization.Thesedependenciesde�ne all the functional andthe
non-functional requirementsfor thesystem-to-be.

A very importantfeatureof Troposis thatthetypeof representationsadoptedfor the
earlyrequirements(thatare,theactorandthegoaldiagrams)areusedin thesameway
alsoduring the late requirementanalysis.Theonly differentelementis that,here,the



system-to-beis introducedin theanalysisasoneof theactorsof theglobalenvironment.
Of course,thegoalof theengineer, sincenow on,is to decomposeandanalyzein details
the systemgoals.To do this, a sequence of moreandmoreprecise andre�ned goal
diagrams for the actorTrop os tool , in our case,have to be produced,applyingthe
iterative re�nementprocessalreadyintroducedin theprevioussection.

Of course,during the goal analysisof the system-to-be somedifferenceswith re-
spectto theearlyanalysismaybetakeninto account, as,for example, thefactthatthe
system-to-be is characterizedby a muchdifferent level of intentionality andautonomy
if compared with the socialactors(it may be assumedthat the systemis muchmore
prone to ful�ll thedelegatedgoalsandtasks—it is built for this— thana socialactor,
andthatit hasnobackwarddependency onthesocialenvironment, unlessfor resources
representing I/O �o w)5. Also, the analysisof the systemgoalsshouldbe carriedon
within the scopeof the systemasfar aspossible,trying to minimize revisions of de-
cisionsalreadytaken during early requirementsanalysis.Finally, the system-to-be is
characterized only by delegated goals,which are,then,exclusively generatedby the
earlyrequirementanalysis in this simpli�ed setting.

Dueto lackof space,andconsidering, aparttheprincipleddifferenceslistedabove,
thatthereis no technicaldifferencein theprocessof laterequirementanalysiswith re-
spectto theprocessof early requirementanalysis,only a shortdescription of the �rst
stepsis introducedhere.In particular, it is relevant toshow theverybeginningof thelate
requirementanalysis,andhow a setof goalscanbeassignedto thesystem-to-be start-
ing from thepreviousanalyses.In fact,asmentionedabove,thesystemgoals,softgoals
andplanshave to bemotivatedby theunresolvedgoals,softgoalsandplanselicitedin
theearlyrequirements.At thisend,Figure5 highlightswhichgoals,softgoalsandplans
in thesocialactorsgoaldiagrams maybesatis�edby meansof strategic dependencies
on theTrop os tool . It is worth noticingthatnot necessarilyanunresolvedsocialac-
tor goalhasto be resolved through a goal dependency on the system;instead,it may
generatefor example, a plandependency, ashappensfor debugg er integr ated . The
samemayapplyto all thekinds of dependum.

Referring in detail at Figure 5, it can be seenthat Anal yst depends on the
Tropo s tool for NFR suppo rted , aswell astheArch itectu re Design er does,al-
though for ful�lling a different internalgoal (NFR eval uated insteadof NFR made).
Analy st also depends on the goal text /grap hic documentati on suppor ted in
order to contribute to text docu mented and to graph ic documented , on the plan
CVS inte grated in order to ful�ll the plan CVS used , and, �nally , on the soft-
goalsgood user guide andgood help on line . As another example, let us con-
sider the positionFormal Engin eer , whosediagramhad not beenpresentedin the
previous pagesdue to lack of space.She depends on the Tropos tool for the
planNuSMV inte grated , with themotivations of inte rnal stat e visu alized and
count er-exa mple pro vided . Otherexamples,notcommentedhere,areshown in Fig-

5 Actually, somemoredependenciescouldbe introduced, especiallyif we consider thesystem
in relationswith other systemsor its subsystems.This possibility, indeed, allow us for an
interestinglevel of analysisfor, e.g.,thesocalledautonomoussystems. In any case,thechoice
of relatingthesystemwith othersystems,or decomposeit into subsystems,comeslaterin the
process,andfalls out of thescopeof thepresentpaper.
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ure5, which,of course,hastheonly aimof exemplifying theprocess,andhasnot to be
consideredexhaustive.

5 Conclusion

In thepresentpaperthede�nition processof a Tropostool, which is currently in phase
of analysisand designat IRST, hasbeenusedas a casestudy for presentingsome
featuresof theTroposmethodology itself.

First,astrongeremphasiswith respecttopreviouspapers[11, 12,18,19,4] hasbeen
put on theprocessthatleadfrom thevery informal elicitationsof requirementsto their
descriptions in termsof actorandgoaldiagrams.Also, theprocessof goalsde�nition,
analysis,andrevisionhasbeenpresented, pointing out, in particular, how thegoaldia-
gramconstructionhasto beconsideredasanincrementalprocess,basedona sequence
of revisionsteps.

Finally, thelast�gure shown in thepaperis aimedatgiving anintroductivehint on
how thetransitionfrom theearlyrequirementanalysisto thelaterequirementanalysis
canbeseenaspartof a smoothandnatural process.

Themanagementof traceabilityhasbeenraisedasacrucialpointfor correctlydeal-
ing with the revision (speciallythe inter-phaserevision) process.In future works, we
aim at further developing this issuewith otherspeci�cally focusedcasestudiesand
examples.Nevertheless,we believe thatclearlyshowing theconnectingitems(depen-
dums)betweenearlyandlaterequirements,asdone in Figure5, alreadyprovidesfor a
�rst steptowardsthesolution. Of course,thebestsupport canbereachedonly through
thedevelopmentof anappropriatetool: theTropostool.
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