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Abstract

We are developing a methodolgy, called Tropos, for
building agent-orientedsoftwae systems. The methodol-
ogy coversfivesoftwae developmenphasesearly require-
mentsanalysisJate requiementsanalysis architectural de-
sign, detaileddesign,andimplementationThroughoutthe
conceptofferedbyi* are usedio modelboththestalehold-
ersin thesystenms ervironmentandthesystenitself. These
conceptsncludeactors whocanbe(social)agents(organi-
zational,humanor softwae), positionsor roles,goals and
socialdependencie®r definingtheobligationsof actorsto
otheractors (calleddependeeanddependesrespectively
Dependenciemayinvolvea goal to befulfilled by the de-
pendeeon behalfof the dependera taskto be carried out
by the dependegor a resourceto be delivered. The pa-
per presentsa casestudyto illustrate the featuesand the
strengthsof the Troposmethodolgy.

1. Introduction

The explosive growth of applicationareassuchaselec-
tronic commercegnterpriseresourceplanningand mobile
computing has profoundly and irreversibly changedour
views on software and Software Engineering. Software
mustnow be basedon openarchitectureshatcontinuously
changeand evolve to accommodatenen componentsand
meetnew requirementsSoftwaremustalsooperateon dif-
ferentplatforms,without recompilation,andwith minimal
assumptionsboutits operatingervironmentandits users.
As well, softwaremustbe robustandautonomousgapable
of servinga naive userwith a minimum of overheadand
interference Thesenaw requirementsin turn, call for new
conceptstoolsandtechniquedor engineerincandmanag-
ing software.

For thesereasons- and more— agent-orientedgoftware
developments gainingpopularityover traditionalsoftware

developmenttechniques,ncluding structuredand object-
orientedones(seefor instanceg[6]). After all, agent-based
architectureslo provide for an open,evolving architecture
which canchangeatrun-timeto exploit the serviceof new
agentspr replaceunderperformingones.In addition,soft-
ware agentscan, in principle, cope with unforeseercir-
cumstancebecause¢hey includein theirarchitecturegoals,
alongwith a planningcapabilityfor meetingthem. Finally,
agenttechnologieshave maturedto the point where pro-
tocolsfor communicatiorand negotiationhave beenstan-
dardized1].

We aredevelopinga softwaredevelopmenimethodology
for agent-basedoftwaresystemsThemethodologyadopts
ideasfrom multi-agentsystemtechnologiesmostly to de-
finetheimplementatiorphaseof ourmethodology Theim-
plementatiornplatform we useis JACK Intelligent Agents
[2], acommerciahgentprogrammingplatformbasednthe
BDI (Beliefs-Desires-Intentiong)gentarchitecture We are
alsoadoptingideasfrom Requirement&ngineeringwhere
agentsandgoalshave beenheavily usedfor early require-
mentsanalysis[5, 11] . In particular we adoptEric Yu's
i* modelwhich offers actors(agents,roles, or positions),
goals, and actor dependenciess primitive conceptsfor
modellingan applicationduring early requirementsanaly-
sis. Thekey assumptionvhich distinguishe®urwork from
othersin Requirement&ngineerings thatactorsandgoals
areusedasfundamentatonceptdor modellingandanaly-
sisduringall phaseof softwae developmentnotjustearly
requirementst

Our methodologynamedTropos,is intendedto support
five phaseof softwaredevelopment:

Early Requirements, concernedwith the understanding
of a problemby studyingan existing organizational
setting; the output of this phaseis an organizational
modelwhichincludesrelevantactorsandtheirrespec-
tive dependencies;

1Analogouslyto the useof conceptssuchasobject class inheritance
andmethodn object-orientedoftwaredevelopment.



L ate requirements, wherethe system-to-bes described
within its operationalervironment, along with rele-
vant functions and qualities; this descriptionmodels
the systemasa (small) numberof actorswhich have
a numberof dependenciewith actorsin their ervi-
ronmentthesedependenciedefinethe systems func-
tional andnon-functionakequirements;

Architectural design, wherethesystem$ globalarchitec-
tureis definedin termsof subsystemsnterconnected
throughdataandcontrolflows; within our framework,
subsystemarerepresentedsactorsand data/control
interconnectiongrerepresenteds(system)actorde-
pendencies;

Detailed design, whereeacharchitecturalcomponents
definedin further detail in termsof inputs, outputs,
control,andotherrelevantinformation;our framework
adoptslementof AUML [8], to complementhefea-
turesof i*;

Implementation, wherethe actualimplementatiorof the
systemis carriedout, consistentlywith thedetailedde-
sign.

The motivations behind the Tropos project and an early
glimpseof how the methodologywould work for particu-
lar examplesaregivenin [7, 3]

This paperreportsonacasestudywhich appliesthe Tro-
pos framework to all phasesof analysis,designand im-
plementatiorfor fragmentsof a systemdevelopedfor the
governmenbf Trentino(Provincia Autonomadi Trento,or
PAT). Thesystem(whichwe will call throughouthe eCul-
ture Systenis intendedas a web-basedroker of cultural
informationandservicedor the provinceof Trento,includ-
ing information obtainedfrom museumsgxhibitions, and
othercultural organizations.It is a governments intention
that the systembe usableby a variety of users,including
Trentinosandtouristslooking for thingsto do, or scholars
andstudentdooking for materialrelevantto their studies.

Section2 of the paperintroducesthe key featuresof i*
andillustratesits useduring early requirementsanalysisin
Tropos. Sections3, 4 and5 cover late requirementsnal-
ysis, architecturadesignanddetaileddesign,respectiely.
Section6 describesheimplementatiorphaseduringwhich
the detaileddesigndevelopedin termsof i* andAUML di-
agramsaremappedonto the skeletonof a multi-agentsys-
tem using the JACK agentprogrammingplatform. Con-
clusionsanddirectionsfor furtherresearctarepresentedn
section?.

2. Early Requirements Analysis

During earlyrequirementsinalysistherequirementgn-
gineermodelsandanalyzegheintentionsof the stalehold-
ers. Intentionsaremodeledasgoalswhich, througha goal-

orientedanalysis gventuallyleadto the functionalandnon-
functionalrequirement®f the system-to-b¢5]. In Tropos,
earlyrequirementsreassumedo involve socialactorswho
dependon eachotherfor goalsto be achieved, tasksto be
performed,andresourcedo befurnished.In analogywith
i*, Troposincludesactor diagramsfor describingthe net-
work of socialdependeng relationshipsamongactors,as
well asrationale diagramsfor analyzinggoalsthrougha
means-endanalysisin orderto discover waysof fulfilling
them? Theseprimitiveshave beenformalizedusinginten-
tional conceptsfrom Al, suchas goal, belief, ability, and
commitment.Thei* framavork hasbeenpresentedh detail
in [11] andhasbeenrelatedto differentapplicationareas,
including requirementsengineering10], businesgprocess
reengineeringl3], andsoftwareprocessefl2].

An actordiagramis agraph,whereeachnoderepresents
an actor, and eachlink betweentwo actorsindicatesthat
oneactordependson the otherfor somethingn orderthat
the former may attain somegoal. We call the depending
actorthedependeandtheactorwho is dependediponthe
dependeeTheobjectaroundwhichthedependengcenters
is calledthe dependumBYy dependingn anotheractorfor
adependumanactoris ableto achiese goalsthatit is other
wiseunableto achieve onits own, or notaseasily or notas
well. At the sametime, the dependebecomesrulnerable.
If the dependedails to deliver the dependumthe depen-
derwould be adwerselyaffectedin its ability to achieve its
goals. The list of relevant actorsfor the eCultureproject
includes,amongothers thefollowing staleholders’:

e Provincia Autonomadi Trento (PAT) is the govern-
mentageny funding the project; their objectivesin-
cludeimproving public informationservicesjncreas-
ing tourismthroughnew informationservicesalsoen-
couraginginternetusewithin the province (andkeep-
ing citizenshapyy, of course!)

e Museums, who are major cultural information
providers for their respectie collections; museums
wantgovernmentfundsto build/improve their cultural
informationservicesandarewilling to interfacetheir
systemswith the eCultureSystem.

e Tourist, who will wantto accessultural information
beforeor duringhervisit to Trentinoto make her visit
interestingand/orpleasant.

e (Trentino)Citizen, who wantseasilyaccessiblénfor-
mation,of ary sort,and(of course)goodgovernment!

Figure 1 shows theseactors and their respectie goals.
In particulay Citizen is associatedvith a single relevant

2In i*, actordiagramsare called strategic dependencynodels while
rationalediagramsarecalledstrategic rationalemodels.

3Thelist hasbeenscaleddown from a longerlist which includedthe
organizationgesponsibldor the developmentof the systemaswell asthe
developers.
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Figure 1. The stakeholder s of the eCultural
project

goal: get cultural information, while Visitor hasan as-
sociatedsoftgoalenjoy visit. Softgoalsare distinguished
from goalsbecausé¢hey don't have aformal definition,and
areamenabldo a different(morequalitative) kind of anal-
ysis [4]. Along similar lines, PAT wantsto increase in-

ternet use while Museum wantsto provide cultural ser-

vices. Finally, the diagramincludesone softgoaldepen-
deng/ where Citizen dependson PAT to fulfil the taxes

well spent softgoal. It should be notedthat the starting
point of the earlyrequirementsnalysisis higherlevel than
in most other projects,whereinitial goalsare more con-
crete. This is dueto the fact that the eCultureprojectis

anR&D projectinvolving governmentand universities,as
opposedo a business-to-bsinesgproject. Oncethe stale-

holdershave beenidentifiedalongwith their goals,analy-
sisproceeddy analyzingthrougha rationalediagrameach
goal relative to the staleholderwho is responsiblefor its

fulfillment. Figure 2 shavs fragmentsof suchan analysis
from the perspectie of Citizen andVisitor. Therationale
diagramdor eachactorareshovn asballoonswithin which
goalsareanalyzedanddependenciet otheractorsarees-
tablished For theactorCitizen, thegoalget cultural infor-

mation is decomposedhto visit cultural institutions and
visit cultural web systems. The lattergoalis fulfilled by
the task (showvn asa hexagonalicon) visit eCulture Sys-

tem, andthis taskis decomposethto sub-tasksise eCul-

ture System andaccess internet. At this point, Citizen

canrely onotheractorsnamelyPAT to deliverontheeCul-

ture System andmalke it usabletoo. The analysisfor Vis-

itor is simpler: to enjoy a visit, the visitor mustplanfor it

andfor this sheneedghe eCulture System too. Museum

isassumedbo rely onfundingfrom PAT to fulfil its objective
to offer goodculturalservices.

The exampleis intendedto illustrate how means-ends
analysigs conducted Throughouttheideais thatgoalsare
decomposeihto subgoalsandtasksareintroducedor their
fulfillment. Notethatagoalmayhave severaldifferenttasks
thatcanfulfil it. Asin otherframeworkswherethesecon-
ceptsapply, goalsdescribewhatis desired tasksdescribe
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Figure 2. Means-ends analysis for Citizen and
Visitor

howgoalsareto befulfilled. Theresultof the means-ends
analysisfor eachgoalis a setof dependenciebetweerthe
actor and other actorsthroughwhich the goal can be ful-
filled. Oncea goal dependeng is establishedrom, say
Citizen to PAT, the goalis now PAT responsibilityandthe
goal needsto be analyzedfrom PAT perspeciie. Portions
of the means-endanalysisfor PAT areshavn in Figure 3.
The goalsincrease internet use and eCulture System
available arebothwell sened by the goal build eCulture
System. The softgoaltaxes well spent getspositive con-
tributions,which canbethoughtasjustificationsfor the se-
lectionof particulardependencies.

Thefinal resultof this phasds a setof stratgic depen-
denciesamongactors, built incrementallyby performing
means-en@nalysison eachgoal, until all goalshave been
analyzed. The later it is added,the more specifica goal
is. For instancejn the examplein Figure3 PAT goal build
eCulture System is introducedastand,therefore hasno
subgoalsandit is motivatedby the higherlevel goalsit ful-
fills.?

3. Late Requirements Analysis

During late requirementanalysisthe system-to-bgthe
eCultureSystemin our case)is describedwithin its oper
atingervironment,alongwith relevantfunctionsandquali-
ties. Thesystemis representedsoneor moreactorswhich
have a numberof dependenciewith the otheractorsof the
organization.Thesedependenciedefineall functionaland
non-functionarequirementgor the system-to-be.

Figure4 includesthe eCulture System, introducedas
anotheractor of the actor diagram. PAT dependson the

4In rationalediagramsone canalsointroducetasksandresourcesand
connecthemto thefulfillment of goals.
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Figure 3. Means-ends analysis for PAT

eCulture System to provide eCultural services, which
is a goal that contributesto the main goal of PAT, namely
increase internet use (seeFigure3). TheeCulture Sys-
tem is expectedo fulfil for PAT softgoalssuchasextensi-
ble eCulture System, flexible eCulture System, usable
eCulture System, anduse internet technology. In order
to exemplify the processlet’s concentratdnereon ananal-
ysisfor the goal provide eCultural services andthe soft-
goal usable eCulture System. The goal provide eCul-
tural services is decomposedAND decompositionjnto
four subgoals:make reservations, provide info, educa-
tional services andvirtual visits. As basiceCulturalser
vice, theeCulture System mustprovide information(pro-
vide info), which canbe logistic info, and cultural info.
Logistic info concernsfor instance timetablesand visit-
ing instructionsfor museumsyvhile cultural info concerns
theculturalcontentof museumsandspecialculturalevents.
This contentmayincludedescriptionandimagesof histor
ical objects thedescriptiorof anexhibition, andthehistory
of aparticularregion. Virtual visits areserviceghatallow,
for instance Citizen to pay a virtual visit to a city of the
past(Romeduring Caesas time!). Educational services
includespresentatiorof historical and cultural materialat
differentlevels (e.g., high schoolor undegraduateuniver-
sity level) aswell ason-lineevaluationof thestudentsgrasp
of this material. Make reservations allows the Citizen
to make resenationsfor particularcultural events,suchas
concertsgxhibitions, andguidedmuseunvisits. The soft-
goal usable eCulture System hastwo positive (+) con-
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Figure 4. Rationale diagram for the eCulture
System

tributionsfrom softgoalsuser friendly eCulture System
andavailable eCulture System. The former contritutes
positively becausea systemmust be user friendly to be
usable whereaghe latter contributespositively becauset
makes the systemportable, scalable, and available over
time (temporal available).

Once thesesystemgoals and softgoalshave beende-
fined, new actors (including sub-actors)are introduced.
Eachnew actortakeson the responsibilityto fulfil oneor
more goalsof the system. Figure 5 shows the decompo-
sition in sub-actorof the eCulture System andthe goal
dependencebetweenthe eCulture System and its sub-
actors. The eCulture System dependson the Info Bro-
ker to provide info, on the Educational Broker to pro-
vide educational services, on the Reservation Broker
to make reservations, on Virtual Visit Broker to provide
virtual visits, andon System Manager to provide inter-
face. Additionally, eachsub-actorcanbeitself decomposed
in sub-actorgesponsibldor thefulfillment of oneor more
sub-goals. In Figure5, System Manager, a position, is
decomposeihto two roles® System Interface Manager
andUser Interface Manager, eachof whichis responsible
for aninterfacinggoal.

Before moving to the architecturadesignphasejet de-
scribein moredetail a portion of the rationalediagramfor
theeCulture System. Figure6 shavs the analysisfor the

5An actorcanbe anagent,arole, or a position (see[11] for morede-
tails).
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eCulture System

fulfillment of the goal get cultural information that the
Citizen dependson the eCulture System for. The anal-
ysis startsfrom aroot goal search information which can
be fulfilled by four differenttasks: search by area (the-
matic area),search by geographical area, search by
keyword, and search by time period. The decomposi-
tion into sub-taskds almostthe samefor all four kind of
search.For example,to searchinformationabouta partic-
ular thematicarea,the Citizen providesinformationusing
anarea specification form. Suchinformationwill beused
to classify the area, get info on area, and synthesize
results. The sub-taskget info on area is decomposed
in find info sources, thatfinds which informationsources
aremoreappropriateo provide informationconcerninghe
specifiedarea,andquery sources, that queriesthe infor-
mation sources. The sub-taskfind info sources depends
on the museumdor the descriptionof the informationthat
the museumscan provide (info about source), and syn-
thesize results depend®n museumdor query result.

4. Architectural Design

Thearchitecturatlesignphaseconsistof four steps:ad-
dition of new actors actordecompositioncapabilitiesden-
tification andagentsassignment.

In thefirst stepnew actorsareaddedto the overall actor
diagramin orderbothto make systeminteractwith the ex-
ternalactorsandto contribute positively to the fulfillment
of somenon-functionalrequirements. The final result of
this stepis the extendedactor diagram,in which the new
actorsandtheir dependenciewith the otheractorsarepre-
sented. Figure 7 shavs the extendedactor diagramwith
respecto the Info Broker. The User Interface Manager
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Figure 6. Rationale diagram for the goal get
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Figure 7. Extended actor diagram w.r.t. the
Info Broker (step 1)

andthe Sources Interface Manager are responsiblefor
interfacing the systemto the external actorsCitizen and
Museum. To facilitate actor interactionsinside the sys-
tem, we have introducedtwo more actors: the Services
Broker andSources Broker®. Services Broker manages
a repositoryof descriptionsfor servicesoffered by actors
within theeCulture System. Analogously Sources Bro-
ker managesa repositoryof descriptionsfor information
sourcesavailable outsidethe system. The introduction of
theServices Broker andSources Broker contributespos-
itively to soft-goalextensible eCulture System thatthe
PAT hasdelggatedto the eCulture System (seeFigure4).
In fact,the Services Broker supportextensionof the sys-
tem throughnew services(possibly provided by new ac-
tors),whereashe Sources Broker allowsthesystento use
new information sources. The soft-goalanalysisfrom the
systenperspectiecanbehelpfulfor thearchitectureefine-

6Theseactually correspondo the Directory Facilitator andthe Agent
ResourceBroker in the FIPA recommendationfd].



ment; in particular for characterizingnew actorsin terms
of functionalitiesto beinsertedinto thearchitectureln our
eCulture System, for example,we canthink of addinga
new actorcalledUser Profiler whichdeterminesndmain-
tainsuserpreferencegprofiles) and makes suggestiongo
the Info Broker accordingly This actor could contribute
positively to thesoft-goaluser friendly eCulture System.

The secondstepconsistdn the decompositiorof actors
in sub-actorsTheaim of thedecompositions to expandin
detailseachactorwith respecto its goalsandtasks. Fig-
ure 8 shaws the Info Broker decompositiorwith respect
to the goal of searchingnformation,andin particular the
tasksearch by area reportedin Figure6. The Info Bro-
ker is decomposeih threesub-actorsthe Area Classifier,
the Results Synthesizer, andthe Info Searcher. Area
Classifier is responsibldor the classificationof the infor-
mation provided by the user It dependsn the User In-
terface Manager for interfacing to the users, andonthe
Service Broker to haveinformationabouttheservicegpro-
videdby otheractors.Thelnfo Searcher depend®n Area
Classifier to have informationaboutthe thematicareathat
the useris interestedn, on the Source Broker for thede-
scription of the information sourcesavailable outsidethe
systemandon the Sources Interface Manager for inter-
facing to the sources. TheResults Synthesizer depends
on the Info Searcher for the information concerningthe
querythatthe Info Searcher asled, andon the Museum
to have thequeryresults.

The third stepof the architecturaldesignconsistsin the
identificationof the capabilitiesneededy theactorsto ful-
fill their goalsandtasks. Capabilitiescanbe easilyidenti-
fied by analyzingthe extendedactordiagram. In particu-
lar eachdependeng relationshipcan give placeto oneor
morecapabilitiestriggeredby externalevents. Tablel lists
the capabilitiesassociatedo the extendedactordiagramof
Figure8. They arelisted with respecto the system-to-be
actors,and then numberedin orderto eliminate possible
copieswhereas.

Thelaststepof the architecturadesignis the agentsas-
signmentjn which a setof agenttypesis definedassigning
to eachagentone or more differentcapabilities(agentas-
signment). Table 2 reportsthe agentsassignmenwith re-
spectto the capabilitieslisted in Table 1. The capabilities
concernexclusively the task search by area assignedo
the Info Broker. Of course,mary other capabilitiesand
agenttypesareneededn casewe considerall thegoalsand
tasksassociatedo the completeaxtendedactordiagram.

In generalthe agentsassignmenis not uniqueandde-
pendson the designer The numberof agentsandthe ca-
pabilities assignedo eachof them are choicesdriven by
the analysisof the extend actor diagramand by the way
in which the designerthink the systemin term of agents.
Someof the actiities donein architecturaldesigncanbe
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comparedo what Wooldridgeet al. proposeto do within
the Gaiamethodology{9]. For instancewhatwe doin ac-
tor diagramrefinementanbecomparedo “role modeling”
in Gaia. We insteadconsideralso non-functionalrequire-
ments. Similarly, capability analysiscan be comparedo
“protocolsmodeling”, evenif in Gaiaonly externalevents
areconsidered.

5. Detailed design

The detaileddesignphaseaims at specifyingagentca-
pabilitiesandinteractions.The specificatiorof capabilities
amountso modelingexternalandinternaleventsthattrig-
gerplansandthebeliefsinvolvedin agentreasoningPrac-
tical approacheso this stepare often used’ In the paper
we adapta subsebf the AUML diagramsproposedn [8].
In particular:

1. Capabilitydiagrams The AUML activity diagramal-
lows to modela capability (or a setof correlatedca-
pabilities), from the point of view of a specific ac-
tor. Externaleventssetup the startingstateof a ca-
pability diagram,activity nhodesmodel plans,transi-
tion arcsmodelevents beliefsaremodeledasobjects.
For instanceFigure 9 depictsthe capability diagram
of thequery results capability of theUser Interface
Agent.

2. Plandiagrams Eachplannodeof acapabilitydiagram
canbefurtherspecifiedoy AUML actiondiagrams.

"For instancethe Data-Event-Plardiagram usedby JACK developer
RalphRonnquistpersonatommunication.



Actor Name Capability
Area Classifier get area specification form
classify area

provide area information
provide service description

Info Searcher get area information
find information source
compose query
query source
provide query information

provide service description

OCoOo~NOJ~WNRZ

Results Synthesizer | 10 get query information

11 get query results
12 provide query results
13 synthesize area query results

provide service description

Sources Interface 14 wrap information source

Manager provide service description
Sources Broker 15 get source description
16 classify source
17 store source description
18 delete source description
19 provide sources information
provide service description
Services Broker 20 get service description
21 classify service
22 store service description
23 delete service description
24 provide services information
User Interface 25 get user specification
Manager 26 provide user specification

27 get query results
28 | present query results to the user
provide service description

Table 1. Actor s’ capabilities

Agent Capabilities
Query Handler 1,3,4,5,7,8,9,10, 11, 12

Classifier 2,4
Searcher 6,4
Synthesizer 13,4
Wrapper 14, 4

Agent Resource Broker 15, 16, 17, 18,19, 4

Directory Facilitator 20, 21, 22, 23,24,4

User Interface Agent 25, 26, 27,28, 4

Table 2. Agent types and their capabilities

. Agent interaction diagrams Here AUML sequence
diagramscan be exploited. In AUML sequencelia-
grams,agentscorrespondso objects,whoselife-line
is independenfrom the specificinteractionto bemod-
eled (in UML an object can be createdor destryed
during the interaction); communicationacts between
agentscorrespondo asynchronousnessagercs. It
canbeshavn thatsequenceliagramsmodelingAgent
InteractionProtocols proposedy [8], canbestraight-
forwardly appliedto our example.

6. Implementation Using JACK

The BDI platform chosenfor the implementationis

JACK Intelligent Agents, an agent-orienteddevelopment

EE: inform(SIA, |UIA, query results)

= Query results
evaluate query
results

E:(empty result sef
E:(result set)

resent em
P results ad present query
results

o

Figure 9. Capability diagram using AUML ac-
tivity diagram.

ervironmentbuilt on top and fully integratedwith Java.
Agentsin JACK areautonomousoftwarecomponentshat
have explicit goals(desires)o achieve or eventsto handle.
Agentsareprogrammeavith a setof plansin orderto make
themcapableof achiering goals.

The implementationactivity follows stepby step,in a
naturalway, the detaileddesignspecificationdescribedn

section5.

In fact, the notionsintroducedin that section

have a direct correspondencevith the following JACK's
constructsasexplainedbelow:

Agent A JACK’s agentconstructis usedto definethe
behaior of anintelligentsoftwareagent.Thisincludes
thecapabilitiesanagenthas thetypesof messageand
eventsit respondgo andthe plansit useso achieseits
goals.

Capability. A JACK’s capabilityconstructcaninclude
plans,events,beliefsandothercapabilities.An agent
canbeassignednumberof capabilities. Furthermore,
a given capabilitycanbe assignedo differentagents.
JACK'’s capability provides a way of applying reuse
concepts.

Belief Currently in Tropos,this conceptis usedonly
in the implementationphase,but we are considering
to move it up to earlierphases.The JACK’s database
constructprovides a genericrelational database. A
databasealescribesa setof beliefsthat the agentcan
have.

Event Internalandexternaleventsspecifiedn the de-
tailed designmapto the JACK’s event construct. In
JACK an event describesa triggering condition for
agentsactions.

Plan. Theplanscontainednto thecapabilityspecifica-
tion resultingfrom the detaileddesignlevel mapto the



JACK’s plan construct.In JACK aplanis asequence
of instructiongheagentfollowsto try to achieve goals
andhandledesignedvents.

As an example, the definition for the User Interface
Agent, in JACK code,is asfollows:

public agent Userlnterface extends Agent {
#has capability Get QueryResults;
#has capability ProvideUser Specification;
#has capability GetUser Specification;
#has capability Present QueryResults;
#handl es event | nfornfQueryResults;
#handl es event Resul tsSet; }

The capabilitypresent query results, analyzedn Fig-
ure9 is definedasfollows:

public capability PresentQueryResults
extends Capability {
#handl es external event |nfornueryResults;
#posts event ResultsSet ;
#post s event EnptyResul t sSet
#private database QueryResults ();
#private database Resul tshWodel ();
#uses pl an Eval uat eQueryResul ts;
#uses pl an Present Enpt yResul ts;
#uses plan PresentResults; }}

7. Conclusions

In this paperwe have reportedon a casestudywhich ap-
pliesthe Troposframawork to all phase®nanalysisdesign
andimplementatiorior fragmentf asystendevelopedor
the governmentof Trentino. Troposis a new softwarede-
velopmentmethodologyfor agent-basedoftwaresystems,
whichallows usto exploit theadvantagesndtheextraflex-
ibility (if comparedvith otherprogrammingparadigmsfor
instanceobjectorientedprogramming)comingfrom using
AgentOrientedProgrammingThebasicassumptionvhich
distinguishesur work from othersin Requirement&Engi-
neeringis that actorsand goals are usedas fundamental
conceptsfor modelling and analysisduring all the phases
of softwaredevelopmentnotjust earlyrequirements.

Of course muchremaingto be doneto furtherrefinethe
proposedmethodology We are currentlyworking on sev-
eralopenpoints,suchasthe developmentof formal analy-
sistechniquedor Tropos,andalsothe developmenbf tools
which supportdifferentphase®f the methodology
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