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Abstract

This paperdescribesa methodolgy for agent oriented
softwae engineering called Tropos. Troposis basedon
three key ideas. First, the notion of agentand all the re-
lated mentalisticnotions (for instance: goals and plans)
are usedin all phasesof softwae developmentfrom the
early analysisdownto the actualimplementationSecond,
Troposcovers also the very early phasesof requirements
analysis,thus allowing for a deeperundesstandingof the
ervironmentwhele the softwae mustoperate and of the
kind of interactionsthatshouldoccurbetweersoftwae and
humanagents.Third, Troposadoptsa transformationabp-
proach to processartifactsrefinementThemethodolgy is
partially illustratedwith the help of a casestudy

1. Introduction

Advancedsoftwareapplicationscall mostoftenfor open
architectureghat continuouslychangeand evolve to ac-

commodatenew componentsand meetnew requirements.

More and more, software must operateon different plat-
forms, without recompilation,and with minimal assump-
tions aboutits operatingervironmentand its users. One
of the most critical dimensionof compleity of this type
of software is communicationbetweencomponents. In
otherwords, this type of software applicationsrequireto
dealwith aspectghat traditionally have beenascribedto
multi-agentssystems. Similar considerationsan be pur-

1Fromthe Greek“tropé”, which means‘easily changeable’also“eas-
ily adaptable”.

suedat the systemspecificatiorievel. Theseintuitions mo-
tivatesrecentefforts in adaptingconceptsand methodolo-
giesfor Agent OrientedProgrammingAOP) to the devel-
opmentof complex softwaresystemsin analogywith what
happenedvhenconceptsof ObjectOrientedProgramming
(OOP)werediscoreredto beusefulfor theanalysisandde-
sign of softwaresystemsindependentlyof the useof OOP
asimplementatiortechnology

To qualify asan agent,a software or hardware system
is often requiredto have propertiessuchasautonomy so-
cial ability, reactvity, proactvity. Otherattributeswhichare
sometimesequestegremobility, veracity rationality, and
soon. Thekey featurethatmakesit possibleto implement
systemswith the above propertiess that,in this paradigm,
programmingis done at a very abstractlevel, more pre-
cisely, following Newell, attheknowledg level [12]. Thus,
in agentorientedprogrammingwe talk of beliefsinstead
of machinestatespf plansandactionsinsteadof programs,
of communicationnegotiationandsocialability insteadof
interactionand!/O functionalities,of goals,desiresandso
on. Abstractmentalnotionsare essentiain orderto pro-
vide, at leastin part, the software with the extra flexibil-
ity neededo dealwith thecompleity intrinsicin the men-
tionedapplications.Theexplicit representatioandmanip-
ulation of goalsand plansallows, for instance for a run-
time “adjustment”of the systembehaior neededn order
to copewith unforeseerircumstancesyr for amoremean-
ingful interactionwith otherhumanandsoftwareagents.

Agent oriented programmingis often introducedas a
specializatioror asa “natural development”of objectori-
entedprogramming,seefor instance[16, 10, 17]. In our
opinion, the step from object oriented programmingto
agentorientedprogrammings morea paradigmshift than
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Figure 1. An actor diagram specifying the project stakeholders and their main goal dependencies.

a simple specialization. Also thosefeaturesof agentori-
entedprogrammingwhich canbe found in objectoriented
programminglanguagesfor instance,mobility andinher
itance,take, in our contet, a differentand more abstract
meaning.

Severalapproachego agent-orientedoftwareengineer
ing have beendeveloped,rangingfrom structured,infor-
mal methodologiesto formal ones asdescribedn arecent
overview [1] andin [2] , mostof themfocusingbasicallyon
architecturatesign.

We proposeasoftwaredevelopmentmethodologycalled
Tropos[14], whichwill allow usto exploit all theflexibility
providedby agentorientedprogrammingln a nutshell,the
threekey featuresf Troposarethefollowing:

1. Thenotionof agentandall the relatedmentalisticno-
tions are usedin all phaseof software development,
from the first phasef early analysisdown to the ac-
tualimplementation.

2. A crucialroleis givento theearlieranalysisof require-
mentsthat precedegprescriptve requirementspecifi-
cation.We considethereforemuchearlierphasesvith
respectto standardobjectorientedmethodologiess,
for instancethosebasedntheUnified ModelingLan-
guage(UML) [6], whereusecaseanalysisis proposed
asanearlyactvity, followedby architecturalesign.

3. Themethodologyestsontheideaof building amodel
of the system-to-behatis incrementallyrefinedand
extendedfrom a conceptuallevel to executablear
tifacts. This processadoptsa transformationalap-

proach:a setof transformatioroperatorswvhich allow
theengineeto progressiely detailthehigherlevel no-
tionsintroducedin the earlierphasesreproposed.It
must be noticed that, contrarily to what happensin
mostotherapproachese.g., UML basedmethodolo-
gies,thereis no changeof graphicalnotationfrom one
steptothenext (e.g.,from usecasedo classdiagrams).
Therefinemenprocesss performedn amoreuniform
way.

In thefollowing sectionwe give an overview of the Tro-
pos methodology partially illustrated with examplesex-
tractedfrom a case-studylescribedn [14]. Someconclu-
sionsarepresentedn Section3.

2. The Tropos M ethodology

The Troposmethodologyis intendedto supportall the
analysisanddesignactiities from the very early phaseof
requirement&ngineeringdown to implementationandor-
ganizegheminto five main developmentphasesearly re-
qguirementnalysisjaterequirementanalysisarchitectural
design detaileddesignandimplementatioA.

The Troposmodelinglanguagés derivedfrom the Eric
Yu’'s i* paradigm[18] which offers actors,goals,and ac-
tor dependencieasprimitive conceptdor modelinganap-
plication during early requirementsnalysis. Tropos’ lan-

2The conceptof phasein Troposdenotesa setof actiities of the soft-
ware developmentprocesswith a logical coherence Elsavherethis con-
ceptis denotedasworkflow, for instancein the RationalUnified Process

(RUP)[S]



internet
infrastructurg
avai l abl e

good

of fer
i nexpensi ve
infrastructurge

/

services

easonabl e
expenses

f undi ng
nuseuns for

provi de
eCul tural
services

Figure 2. A goal diagram for PAT. The analysis shows goal decomposition and softgoal (positive)

contribution.

guageis intendedto supportboth aninformal modelspec-
ification and a formal one, allowing for automaticcheck-
ing of modelpropertied15]. A setof diagrammatiaepre-
sentationof the model are provided. Eachelementin the
modelhasits own graphicalrepresentatiortaken from the
i* framework. Two main typesof diagramsare provided
for visualizing the model: the actor diagran?®, wherethe
nodes(the actors)are connectedhroughdependencieda-
beledarcs),andthegoal diagrant, representedsaballoon
labeledwith a specificactornameandcontaininggoaland
plananalysisconductedrom thepointof view of theactor
In the rest of this sectionwe briefly describethe five
Troposphasesspecifyingthe main actvities of eachphase
andthe procesartifacts. The exampleareextractedfrom a
case-studyvhich refersto the developmentbof aweb-based
brokerof culturalinformationandserviceghereineCultue
systemfor the Province of Trentino,includinginformation
obtainedfrom museumsexhibitions,andothercultural or-
ganizations. It is the government$ intention that the sys-
tem be usableby a variety of users,including citizens of
Trentinoandtouristslooking for thingsto do, or scholars

3Seethei* stratgic dependenciediagram.
4Seethei* rationalediagram.

andstudentdooking for materialrelevantto their studies.
2.1. Early Requirements

The main objective of the early requirementnalysisin
Troposis the understandingf a problemby studyingan
existing organizationalsetting. During this phase the re-
guirementengineemodelsthe staleholdersas actorsand
analyzegheir intentions,that are modeledas goalswhich,
througha goal-orientedanalysis arethendecomposethto
finer goals, that eventually can supportevaluation of al-
ternatves. Goal analysiscan be concludedby identifying
plansthat,if performedby theactor, allow for goalachieve-
ment. Theanalysiscanalsoleadto theidentificationof fur-
ther dependenciewith otheractors. When necessarywe
distinguishbetweerhardandsoft goals,thelatterlackinga
clearcutdefinitionand/orcriteriafor decidingwhetherthey
aresatisfiedor not. Softgoalsareamenabléo a morequal-
itative kind of analysisthat, when moving to later phases
concerningthe systemdefinition, may leadto the identifi-
cationof non-functionakequirementsTheresultingmodel
canbedepictedasanactordiagram.

Figure 1 shows the actorsinvolved in the eCulture
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Figure 3. A fragment of the actor diagram including the PAT and the eCul t ure Syst emand the goal

diagram for the eCul t ure System

projectandtheir respectie goals. In particular the actor
PAT representshe local governmentand hasbeenrepre-
sentedwith a singlerelevantgoal: i ncrease inter-
net use. TheactorsVi si t or and Museum have as-
sociatedsoftgoals,enj oy vi sit andprovi de cul -
tural services respectiely. The actorCitizen
wantsto get cultural information and dependson PAT to
fulfill the softgoalt axes wel | spent, a high level
goal that motivates more specific PAT’s responsibilities,
namelyto provide an Internetinfrastructureto deliver on
theeCul t ur e syst emandmakeit usabletoo. Someof
thedependenciem Figurel arisefrom arefinemenbf the
preliminarymodelobtainedby performinggoalanalysisas
depictedfor instancejn Figure2.

2.2. Late Requirements

The late requirementanalysisaims at specifying the
system-to-bawithin its operatingervironment,alongwith

relevant functions and qualities. The systemis repre-
sentedas an actor which have a number of dependen-
cieswith the actorsalreadydescribedduring the early re-
guirementsphase. Thesedependencieslefine all func-
tional and non-functionalrequirementdor the system-to-
be. The actor diagramin Figure 3 includesthe eCul -
ture Syst emandshows a setof goalsthat PAT del-
egatesto it through goal dependencies.Thesegoalsare
then analyzedfrom the point of view of the eCul t ur e
Syst emand are shown in the goal diagramdepictedin
the lower part of Figure 3. In the example we concen-
trate on the analysisfor the goal pr ovi de eCul t ur al
ser vi ces andthesoftgoalusabl e eCul ture Sys-
tem The goal provide eCul tural services
is decomposed(AND decomposition)into four sub-
goals:nake reservations, provi de info, edu-
cational servicesandvirtual visits.Asba-
sic eCulturalservice,theeCul t ure Syst emmustpro-
vide information (pr ovi de i nf 0), which canbel o-



gi stic info,andcul tural info. Softgoalcontri-
butions are than identified. So for instance,the softgoal
usabl e eCul ture Systemhastwo positive (+) con-
tributions from softgoalsuser friendly eCul ture
Systemandavail abl e eCulture System The
formercontributespositively becausa systenmustbeuser
friendly to be usable,whereasthe latter contrilbutes pos-
itively becausdt makesthe systemport abl e, scal -

abl e, and available over time (t enporal avail -

abl e).

2.3. Architectural Design

The main objective of the architecturaldesignphaseis
thedefinitionof the systems globalarchitecturén termsof
subsystemsactors),interconnectedhroughdataand con-
trol flows (dependencies)Basically this phaseconsistsof
threesteps:refining the systemactor diagramintroducing
subactorsiponanalysisof functionalandnonfunctionalre-
guirementandtakinginto accoundesignpatterngstepl);
capturingactor capabilitiesfrom the analysisof the tasks
that actorsand sub-actorswill carry on in orderto fulfill
functional requirementg(step 2); defining a set of agent
types(componentsandin assigningo eachcomponenbne
or moredifferentcapabilities(step3). A portion of the ar-
chitecturaldesignmodel of the eCultureproject, resulting
from the first step,is representedby the actor diagramin
Figure4.
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Figure 4. Actor diagram of the architecture of
the eCul ture System(step 1)

2.4. Detailed Design

The detaileddesignphaseaims at specifyingthe agent
(component)capabilitiesand interactions. At this point,
usually theimplementatiorplatformhasalreadybeencho-
senandthis canbetakeninto accountn orderto performa
detaileddesignthatwill mapdirectly to the code. So, for
instance,choosinga BDI (Belief Desire Intention) multi-
agentplatformwill requirethe specificationof agentcapa-
bilities in termsof externalandinternaleventsthattrigger
plans,andthe beliefsinvolved in agentreasoning. These
propertiesarespecifiedhrougha setof diagrams A subset
of the AUML diagramgproposedn [3, 13] areused:theac-
tivity diagrams(capability diagram) to modela capability
(or asetof correlateccapabilitiesfrom the point of view of
a specificactor; actity diagrams(plan diagram) to spec-
ify eachplan nodeof a capability diagram;and sequence
diagrams(agent interaction diagram) to model agentsin-
teractionin termsof communicatioracts.

2.5. Implementation

The implementationactiity follows step by step the
detaileddesignspecification,accordingto the established
mappingbetweenthe implementationplatform constructs
andthedetaileddesignmotions.In our case-studythe JACK
Intelligent Agents[7] platform hasbeenchoserfor imple-
mentation.JACK is a BDI agent-orientedievelopmenten-
vironmentbuilt ontop andfully integratedwith Java, where
agentsare autonomousoftware componentshat have ex-
plicit goals(desires)o achieve or eventsto handle.Agents
areprogrammedvith a setof plansin orderto make them
capableof achieving goals.

3. Conclusions

In this paperwe have proposedTropos,a new software
engineeringnethodologywhich allows usto exploit thead-
vantagesand the extra flexibility (if comparedwith other
programmingparadigmsfor instanceOOP) coming from
using AOR Two mainintuitions underlyingTroposarethe
penasie use,in all phasespf knowledgelevel specifica-
tions,andtheideathatoneshouldstartfrom the very early
phaseof earlyrequirementspecification.This allows usto
createacontinuumwhereonestartswith asetof mentalistic
notions(e.g., beliefs, goals, plans),always presentin (the
why of) early requirementsandto progressiely corverts
theminto the actualmentalisticnotionsimplementedn an
agentwrientedsoftware. This directmappingfrom theearly
requirementslown to the actualimplementatiorallows us

5Notethatagentorientedsoftwareengineeringnethodologiesrerec-
ognizedaspromisingapproacheso the developmentof complex systems
[1], independentlpf the useof AOP asimplementatiortechnology



to develop software architectureswvhich are “well tuned
with the problemsthey solve andhave, therefore the extra
flexibility neededn thecomplex applicationamentionedn
theintroduction.

Severalopenpointsstill remain. Themostimportantare:
completethe definition of the Troposlanguagemetamodel
including useful conceptssuchas beliefs and events; for-
malize the transformationabpproachdefining both prim-
itive transformationsand refinementstratgies[4, provide
themethodologywith a catalogueof architecturaktylesfor
multi-agentsystemswhich adoptconceptsfrom organiza-
tion theoryandstratayic alliancediterature[11].
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