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Abstract. Troposis a novel agent-orientedsoftwaredevelopmentmethodology
foundedontwo key features:(i) thenotionsof agent,goal,planandvariousother
knowledgelevel conceptsarefundamentalprimitivesuseduniformly throughout
the softwaredevelopmentprocess;and(ii) a crucial role is assignedto require-
mentsanalysisandspecificationwhenthesystem-to-beis analyzedwith respect
to its intendedenvironment.This paperprovidesa (first) detailedaccountof the
Troposmethodology. In particular, wedescribethebasicconceptsonwhichTro-
posis foundedandthe typesof modelsonebuilds out of them.We alsospecify
the analysisprocessthroughwhich designflows from externalto systemactors
throughagoalanalysisanddelegation.In addition,weprovideanabstractsyntax
for Troposdiagramsandotherlinguistic constructs.

1 Introduction

New applicationareassuchaseBusiness,applicationserviceprovisionandpeer-to-peer
computingcall for softwaresystemswhich have open,evolving architectures,operate
robustly andexploit resourcesavailable in their environment.To build suchsystems,
practicingsoftwareengineersarediscoveringthe importanceof mechanismsfor com-
munication,negotiation,and coordinationbetweensoftware components.We expect
that many will be turning to multi-agentsystemtechnologiesandmethodologiesfor
guidanceandsupportin building thesoftwaresystemsof thefuture.

Wearedevelopingacomprehensivesoftwareengineeringmethodology,namedTro-
pos, for multi-agentsystems.

In a nutshell,thetwo key featuresof Troposare:(i) theuseof knowledgelevel [9]
concepts,suchasagent,goal,plan andotherthroughall phasesof softwaredevelop-
ment,and (ii) a pivotal role assignedto requirementsanalysiswhenthe environment
andthesystem-to-beis analyzed.

Thephasescoveredby theproposedmethodologyareasfollows.
Early Requirements: during this phasetherelevantstakeholdersareidentified,along
with their respective objectives;stakeholdersarerepresentedasactors,while their ob-
jectivesarerepresentedasgoals;



Late Requirements: thesystem-to-beis introducedasanotheractorandis relatedto
stakeholderactorsin termsof actordependencies;theseindicatetheobligationsof the
systemtowardsits environment,also what the systemcan expect from actorsin its
environment;
Architectural Design: moresystemactorsareintroducedandthey areassignedsub-
goalsor subtasksof thegoalsandtasksassignedto thesystem;
Detailed Design: systemactorsaredefinedin furtherdetail,includingspecificationsof
communicationandcoordinationprotocols;
Implementation: duringthisphase,theTroposspecification,producedduringdetailed
design,is transformedinto a skeletonfor the implementation.This is donethrougha
mappingfrom the Troposconstructsto thoseof anagentprogrammingplatformsuch
asJACK [2]; codeis addedto theskeletonusingtheprogramminglanguagesupported
by theprogrammingplatform.

TheTroposmethodologyhasbeenmotivatedandillustratedwith casestudies,see
for instance[11,12]. Thepurposeof thispaperis to presentthemethodologyin further
detail. The rest of the paperis structuredas follows. Section2 presentsthe Tropos
primitiveknowledgelevel conceptsusedfor building thedifferenttypesof models,and
illustratesthem with examples.Section3 describesthe analysisprocessthat guides
modelevolution throughdifferentdevelopmentphases.TheTroposmodelinglanguage
is thendefinedin Section4 in termsof UML diagrams,while relatedwork is discussed
in Section5. Conclusionsanddirectionsfor furtherresearcharepresentedin Section6.

2 Concepts and Models

TheTroposconceptualmodelsanddiagramsaredevelopedasinstancesof thefollowing
intentionalandsocialconcepts:actor, goal,dependency, plan,resource,capability, and
belief.Below we discusseachonein turn.
Actor. Thenotionof actormodelsanentity thathasstrategic goalsandintentionality.
An actor representsa physicalagent (e.g.,a person,an animal,a car), or a software
agentaswell asaroleor aposition. A role is anabstractcharacterizationof thebehavior
of anactorwithin somespecializedcontext, while a positionrepresentsa setof roles,
typically playedbyoneagent.An agentcanoccupy aposition,while apositionis saidto
coverarole.Noticethatthenotionof actorin Troposis ageneralizationof theclassical
AI notionof softwareagent.
Goal. A goal representsthe strategic interestsof actors.Our framework distinguishes
betweenhardgoalsandsoftgoals,thelatterhaving noclear-cutdefinitionand/orcriteria
asto whetherthey aresatisfied.Softgoalsareusefulfor modelingsoftwarequalities[3],
suchassecurity, performanceandmaintainability.
Dependency. A dependency betweentwo actorsindicatesthat oneactordependson
anotherin order to attain somegoal, executesomeplan, or deliver a resource.The
formeractoris calledthedepender, while the latter is calledthedependee. Theobject
(goal, plan resource)aroundwhich the dependency centersis called dependum. By
dependingon other actors,an actor is able to achieve goalsthat it would otherwise
be unableto achieve on its own, or not as easily, or not as well. At the sametime,
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Fig. 1. Actor diagramof thestakeholdersof theeCulture System.

the dependerbecomesvulnerable.If the dependeefails to deliver the dependumthe
dependerwould beadverselyaffectedin its ability to achieve its goals.

Plan. A planrepresentsaway of satisfyinga goal.

Resource. A resourcerepresentsa physicalor an informationalentity that oneactor
wantsandanothercandeliver.

Capability. A capabilityrepresentstheability of anactorto define,chooseandexecute
a planto fulfill a goal,givena particularoperatingenvironment.

Belief. Beliefsareusedto representeachactor’s knowledgeof theworld.

Noticehow thenotionsof belief,goal(or desire),andplan(or intention)arethekey
conceptsof theBDI framework. Thenotionof dependency, instead,is quiteinteresting
andnovel, andit turnsout to be very importantwhenmodelingthe intentionalinter-
dependenciesbetweenactors

Theseconceptscanbe usedto build differenttypesof modelsthroughoutthe de-
velopmentprocess.We illustratethesewith examplesextractedfrom asubstantialsoft-
waresystemdevelopedfor thegovernmentof Trentino(ProvinciaAutonomadi Trento,
or PAT), andpartially describedin [11]. The system(which we will call throughout
the eCulture system) is a web-basedbroker of cultural information and servicesfor
the province of Trentino,including informationobtainedfrom museums,exhibitions,
andotherculturalorganizationsandeventsto beusedby a varietyof users,including
Trentinocitizensandvisitors.

We consider, in turn, examplesof actor, dependency, goalandplanmodels.Other
typesof modelsarenot discussedherefor lackof space;see[12] for moreexamples.
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Fig. 2. An actordiagramincludingPAT andeCulture System anda goaldiagramof theeCul-
ture System.

2.1 Actor and Dependency models

Actor anddependency modelsresultfrom the analysisof socialandsystemactors,as
well asof theirgoalsanddependenciesfor goalachievement.Thesetypesof modelsare
built in theearly requirementsphasewhenwe focuson characterizingtheapplication
domainstakeholders,their intentionsandthedependenciesthat interleave them.Actor
anddependency modelsaregraphicallyrepresentedthroughactor diagramsin which
actorsaredepictedascircles,theirgoalsasovalsandtheirsoftgoalascloudshapes.The
network of dependency relationshipsamongactorsaredepictedastwo arrowed lines
connectedby a graphicalsymbolvaryingaccordingto thedependum:a goal,a planor
aresource.Figure1 showstheactordiagramfor theeCulturedomainasresultingfrom
a first early requirementanalysis.In particular, the actorCitizen is associatedwith a
singlerelevantgoal:get cultural information, while theactorVisitor hasanassociated
softgoalenjoy visit. Along similar lines,theactorPAT wantsto increase internet use
for Trentinocitizens,while theactorMuseum wantsto provide cultural services.

Actormodelsareextendedduringthelaterequirementsphaseby addingthesystem-
to-beasanotheractor, alongwith its inter-dependencieswith socialactors.For exam-
ple, in Figure2 the actorPAT delegatesa setof goalsto the eCulture System actor
throughgoaldependenciesnamely, provide eCultural services, which is a goal that
contributesto themaingoalof PAT increase internet use andsoftgoalssuchasex-
tensible eCulture System, flexible eCulture System, usable eCulture System,
anduse internet technology.

Actor modelsat the architecturaldesignlevel provide a moredetailedaccountof
thesystem-to-beactorandits internalstructure.This structureis specifiedin termsof
subsystemactors,interconnectedthroughdataandcontrol flows that aremodeledas



dependencies.This modelprovidesthe basisfor capabilitymodeling,an activity that
will start later on during the architecturaldesignphase,along with the mappingof
systemactorsto softwareagents.

2.2 Goal and Plan models

Goalandplanmodelsallow thedesignerto analyzegoalsandplansfrom theperspec-
tive of a specificactorby usingthreebasicreasoningtechniques:means-endanalysis,
contributionanalysis, andAND/ORdecomposition. For goals,means-endanalysispro-
ceedsby refiningagoalinto subgoalsin orderto identify plans,resourcesandsoftgoals
that provide meansfor achieving the goal (the end).Contribution analysisallows the
designerto point out goalsthat cancontributepositively or negatively in reachingthe
goal beinganalyzed.In a sense,contribution analysiscanbe consideredasa special
caseof means-endanalysis,wheremeansarealwaysgoals.AND/OR decomposition
allowsfor acombinationof AND andORdecompositionsof arootgoalinto sub-goals,
therebyrefiningagoalstructure.

Goalmodelsarefirst developedduringearlyrequirementsusinginitially-identified
actorsandtheirgoals.Figure3,showsportionsof thegoalmodelfor PAT, relativeto the
goalsthatCitizen hasdelegatedto PAT throughanearliergoalanalysis.Goalandplan
modelsaredepictedthroughgoal diagramsthatrepresenttheperspective of a specific
actor as a balloon that containsgraphswhosenodesare goals(ovals) and /or plans
(hexagonalshape)andwhosearcsrepresentsthe different typesof relationshipsthat
canbe identifiedbetweenits nodes.In Figure3, thegoalsincrease internet use and
eCulture System available arebothwell served(througha contributionrelationship)
by thegoalbuild eCulture System. Within anactorballoon,softgoalanalysisis also
performedidentifyingpositiveor negativecontributionsfrom othergoals.Thesoftgoal
taxes well spent getspositivecontributionsfrom thesoftgoalgood services, andthe
goalbuild eCulture System

Goalmodelsplay ananalogousrole in identifying (andjustifying) actordependen-
ciesduring late requirementsandarchitecturaldesign.Figure2 shows a goaldiagram
for theeCulture System, developedduringlaterequirementsanalysis.In theexample
weconcentrateonthegoalprovide eCultural services andthesoftgoalusable eCul-
ture System. The goal provide eCultural services is AND-decomposedinto four
subgoalsmake reservations, provide info, educational services andvirtual visits.
The goal (provide info) is further decomposedinto (the provision of) logistic info,
concerningtimetablesandvisiting informationfor museumsandcultural info. Virtual
visits areservicesthat allow Citizen to pay a virtual visit to a city of the past(e.g.,
RomeduringCæsar’s time!). Educational services includepresentationof historical
andculturalmaterialatdifferentlevelsof detail(e.g.,atahighschoolor undergraduate
university level) aswell ason-line evaluationof the student’s graspof this material.
Make reservations allowsCitizen to make reservationsfor particularculturalevents,
suchasconcerts,exhibitions,andguidedmuseumvisits.
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Fig. 3. Goaldiagramfor PAT.

3 The Development Process

In this sectionwe focus on the genericdesignprocessthroughwhich thesemodels
areconstructed.Theprocessis basicallyoneof analyzinggoalson behalfof different
actors,andis describedin termsof anondeterministicconcurrentalgorithm,including
a completenesscriterion. Note that this processis carriedout by software engineers
(ratherthansoftwareagents)at design-time(ratherthanrun-time).

Intuitively, theprocessbeginswith anumberof actors,eachwith alist of associated
root goals(possiblyincludingsoftgoals).Eachroot goal is analyzedfrom theperspec-
tive of its respective actor, andassubgoalsaregenerated,they aredelegatedto other
actors,or theactortakeson theresponsibilityof dealingwith themhim/her/itself.This
analysisis carriedout concurrentlywith respectto eachroot goal.Sometimesthepro-
cessrequirestheintroductionof new actorswhicharedelegatedgoalsand/ortasks.The
processis completewhenall goalshavebeendealtwith to thesatisfactionof theactors
who wantthem(or thedesignersthereof.)

Assumethat actorList includesa finite setof actors,alsothat the list of goalsfor
actor is storedin goalList(actor). In addition,we assumethatagenda(actor)includes
thelist of goalsactorhasundertakento achievepersonally(with nohelpfrom otherac-
tors),alongwith theplanthathasbeenselectedfor eachgoal. Initially, agenda(actor)
is empty. dependencyListincludesa list of dependenciesamongactors,while capa-
bilityList(actor) includes oqpsrutsv�w"xyv"t{z}| pairsindicatingthemeansby which theac-
tor canachieve particulargoals.Finally, goalGraphstoresa representationof thegoal
graphthat hasbeengeneratedso far by the designprocess.Initially, goalGraphcon-
tainsall root goalsof all initial actorswith no links amongthem.We will treatall of
theaboveasglobalvariableswhichareaccessedand/orupdatedby theprocedurespre-



sentedbelow. For eachprocedure,weuseasparametersthosevariablesusedwithin the
procedure.

global ts~���r��u��������w�p�rutsvJ��������w�t�p���z��{t�w��{��xy��z�����z�~�����������w�~�t�xyt����%v��4������������w�p�rutsvJ���ut�x����
procedure �urur�����rutsvJ ¡z�tsvJ��������¢Jts~���r��u��������w�p�rutsvJ��������w�psrutsvJ���ut�x���£

begin
�urur�����rut�v"�������¥¤ nil �
for ts~���r�� in ts~���r��u������� do

for �urur�����rutsv in psrutsv"��������¢Jts~���r��¦£ do
�urur�����rutsvJ��������¤§ts���y¢J��rur�����rutsv�w��urur�����rutsvJ��������£��
�urur�����rutsv�¨ t�~���r��©¤ªts~���r��s�

end �
end �

end �
concurrent for
�urur�����rut�v in �urur�����rutsvJ������� do
psrutsv" ¡z�tsv��«�����{¢J�urur�����rut�v�w�ts~���r��u��������£

end concurrent for �
if z�r���¬ ��t�������­�������¢��urur�����rutsvJ��������w�p�rutsvJ���ut�x���£%® then ­¯t���v��

end procedure

TheprocedurerootGoalAnalysisconductsconcurrentgoalanalysisfor everyrootgoal.
Initially, root goal analysisis conductedfor all initial goalsassociatedwith actorsin
actorList. Lateron,morerootgoalsarecreatedasgoalsaredelegatedto existingor new
actors.Notethattheconcurrent for statementspawnsaconcurrentcall to goalAnalysis
for every elementof the list rootGoalList. Moreover, more calls to goalAnalysisare
spawn asmore root goalsareaddedto rootGoalList. concurrent for is assumedto
terminateswhenall its threadsdo.Thepredicatesatisfiedcheckswhetherall rootgoals
in goalGrapharesatisfied.This predicateis computedin termsof a labelpropagation
algorithm suchas the one describedin [8]. Its detailsare beyond the scopeof this
paper. rootGoalAnalysissucceedsif thereis asetof non-deterministicselectionswithin
theconcurrentexecutionsof goalAnalysisprocedureswhich leadsto thesatisfactionof
all rootgoals.

TheproceduregoalAnalysisconductsconcurrentgoalanalysisfor everysubgoalof
agivenrootgoal.Initially, therootgoalis placedin pendingList. Then,concurrent for
selectsconcurrentlygoalsfrom pendingListandfor eachdecidesnon-deterministically
whetherit will be expanded,adoptedasa personalgoal, delegatedto an existing or
new actor, or whetherthegoalwill be treatedasunsatisfiable(’denied’). Whena goal
is expanded,moresubgoalsareaddedto pendingListandgoalGraph is augmentedto
includethenew goalsandtheir relationshipsto theirparentgoal.Notethattheselection
of an actor to delegatea goal is also non-deterministic,and so is the creationof a
new actor. Thethreenon-deterministicoperationsin goalAnalysisarehighlightedwith
italic-bold font. Thesearethe pointswherethe designersof the softwaresystemwill
usetheir creative in designingthesystem-to-be.Finally, we have to specifytwo of the
sub-proceduresusedin goalAnalysis. For the lack of space,we leave theseandothers
to theimaginationof thereader.



During early requirements,this processanalyzesinitially-identified goalsof exter-
nalactors(”stakeholders”).At somepoint(laterequirements),thesystem-to-beis intro-
ducedasanotheractorandis delegatedsomeof thesubgoalsthathave beengenerated
from this analysis.During architecturaldesign,moresystemactorsareintroducedand
aredelegatedsubgoalsto system-assignedgoals.Apart from generatinggoalsandac-
torsin orderto fulfill initially-specifiedgoalsof externalstakeholders,thedevelopment
processincludesspecificationstepsduringeachphasewhichconsistof furtherspecify-
ing eachnodeof a modelsuchasthoseshown in Figure3. Specificationsaregivenin
a formal language(Formal Tropos) describedin detail in [7]. Thesespecificationsadd
constraints,invariants,pre-andpost-conditionswhichcapturemoreof thesemanticsof
thesubjectdomain.

procedure p�rut�v" ¡z�tsv��«������¢��urur�����rutsv�w�ts~���r��u��������£
x���z��{�%z¯ps�������°¤±ts�{��¢��urur�����rutsv�w nil £��
concurrent for p�rutsv in x���z��{�%z¯ps������� do
�{��~�������r�z²¤ decideGoal ¢�psrutsv"£
case of ����~������%r�z
��³�x�t{z��µ´

begin
z���¶·��rutsvJ�������¥¤§��³�x�t�z��{��rutsv�¢�psrutsv�w�p�rut�v"���ut�x¯�y£��
for z���¶·��rutsv in z���¶·��rutsv"������� do
z���¶¸��rut�v�¨ ts~���r��©¤±psrutsv�¨ ts~���r��s�
t�����¢�z���¶·��rutsv�w"xy��z����%z¯p���������£��

end �
end �

��ruv�¹s��´�ts~�~���xy����rut�v�¢1p�rutsv�w�t{p���z��{t¯¢1p�rutsv�¨ ts~���r��¦£�£��
����v"��pst�����´

begin
ts~���r��©¤ selectActor ¢Jts~���r��u��������£��
����v"��pst�������rutsv�¢1p�rutsv�w�t�~���r��uw��urur�����rutsvJ��������w�����xy��z�����z�~��s��������£��

end �
z���¶· ·~���r��º´

begin
ts~���r��©¤ newActor ¢1p�rut�v4£��
ts~���r��u�������¥¤ªts�{��¢Jts~���r��uw�ts~���r��u��������£��
����v"��pst�������rutsv�¢1p�rutsv�w�t�~���r��uw��urur�����rutsvJ��������w�����xy��z�����z�~��s��������£��

end �
­¯t���v�´up�rutsv�¨ vJt�����v»¤½¼�����z»������¼��

end case of �
end concurrent for �

end procedure

4 The Tropos Modeling Language

Themodelinglanguageis at thecoreof theTroposmethodology. Theabstractsyntax
of the languageis definedin this sectionin termsof a UML metamodel.Following



Table 1. Thefour level architectureof theTroposmetamodel.

Level Description Examples

meta Basiclanguage Attribute,
metamodel structuralelementsEntity
metamodel Knowledgelevel Actor, Goal,

notions Dependency
domain ApplicationdomainPAT, Citizen,

entities Museum
instance Domainmodel Mary: instance

instances of Citizen

standardapproaches[10], themetamodelhasbeenorganizedin four levels,asshown in
Table1. Thefour-layerarchitecturemakestheTroposlanguageextensiblein thesense
that new constructscan be added.Semanticsfor the languageis handledin [7] and
won’t bediscussedhere.

The meta-metamodel level providesthe basisfor metamodelextensions.In par-
ticular, themeta-metamodelcontainslanguageprimitivesthatallows for theinclusions
of constructssuchasthoseproposedin [7]. Themetamodel level providesconstructs
for modelingknowledgelevel entitiesandconcepts.Thedomain modellevel contains
a representationof entitiesandconceptsof a specificapplicationdomain,built asin-
stancesof themetamodellevel constructs.So,for instance,theexamplesusedin section
2 illustrateportionsof theeCulturedomainmodel.The instance modellevel contains
instancesof thedomainmodel.

We focusbelow only themetamodelsfor goals.4

The conceptof goal is representedby the classGoal in the UML classdiagram
depictedin Figure4. Thedistinctionbetweenhardandsoftgoalsis capturedthrougha
specializationof Goal into subclassesHardgoal andSoftgoal respectively.

Goalscanbe analyzed,from the point of view of an actor, performingmeans-end
analysis,contributionanalysisandAND/ORdecomposition(listedin orderof strength).
Let usconsiderthesein turn.
Means-ends analysis is a ternaryrelationshipdefinedamonganActor, whosepoint
of view is representedin theanalysis,a goal(theend),anda Plan, Resource or Goal
(themeans).Means-endanalysisis a weakform of analysis,consistingof a discovery
of goals,plansor resourcesthat can provide meansfor reachinga goal. Means-end
analysisis usedin themodelshown in Figure3, wherethegoalseducate citizens and
provide eCultural services, aswell asthesoftgoalprovide interesting systems are
meansfor achieving thegoal increase internet use.
Contribution analysisis a ternaryrelationshipbetweenanActor, whosepoint of view
is represented,andtwo goals.Contribution analysisstrivesto identify goalsthat can
contributepositively or negatively towardsthefulfillment of a goal(seeassociationre-

4 The metamodelsconcerningthe otherconceptsaredefinedanalogouslywith the partial de-
scription reportedhere.A completedescriptionof the Troposlanguagemetamodelcan be
foundin [12].
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Fig. 4. Thegoalconceptspecifiedby anUML classdiagram.

lationshiplabelledcontributes to in Figure4). A contributioncanbeannotatedwith a
qualitative metric,asusedin [3], denotedby ¾ºw�¾�¾ºw�¿�w�¿�¿ . In particular, if the goal
g1 contributespositively to thegoalg2, with metric ¾�¾ thenif g1 is satisfied,sois g2.
Analogouslyif theplanp contributespositively to thegoalg, with metric ¾�¾ , thissays
thatp fulfills g. A ¾ label for a goalor plancontribution representsa partial,positive
contribution to the goalbeinganalyzed.With labels ¿�¿ , and ¿ we have the dualsit-
uationrepresentinga sufficient or partialnegative contribution towardsthe fulfillment
of a goal. Examplesof contribution analysisareshown in Figure3. For instancethe
goal funding museums for own systems contributespositively to boththesoftgoals
provide interesting systems andgood cultural services, andthelattersoftgoalcon-
tributespositively to thesoftgoalgood services.
AND-OR decomposition is alsoaternaryrelationshipwhichdefinesanAND- or OR-
decomposition of arootgoalinto subgoals.Theparticularcasewheretherootgoalg1
is decomposedinto a singlesubgoalg2, is equivalentto a ++ contribution from g2 to
g1.

5 Related Work

As indicatedin the introduction,the most importantfeatureof the Troposmethodo-
logy is that it aspiresto spanthe overall software developmentprocess,from early
requirementsto implementation.This is representedin Figure5 which shows therela-
tive coverageof Troposaswell asi* [14], KAOS[5],GAIA [13], AAII [4], MaSE[6],
andAUML [1].

While Troposcoversthefull rangeof softwaredevelopmentphases,it is at thesame
time well-integratedwith other existing work. Thus, for early and late requirements
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analysis,it takesadvantageof work donein theRequirementsEngineeringcommunity,
andin particularof Eric Yu’s i* methodology[14]. It is interestingto notethatmuch
of the Troposmethodologycanbe combinedwith non-agent(e.g.,object-orientedor
imperative)softwaredevelopmentparadigms.Forexample,onemaywantto useTropos
for early developmentphasesand then useUMLfor later phases.At the sametime,
work on AUML [1]allows us to exploit existing UML techniquesduring (our version
of) agent-orientedsoftwaredevelopment.As indicatedin Figure5, our ideais to adopt
AUML for the detaileddesignphase.An exampleof how this canbe doneis given
in [11].

Themetamodelpresentedin Section4 hasbeendevelopedin thesamespirit asthe
UML metamodelfor classdiagrams.A comparisonbetweenUML classdiagramsand
thediagramspresentedin Section4 emphasizesthedistinctrepresentationalandonto-
logical levelsusedfor classdiagramsandactordiagrams(theformerbeingat thesoft-
warelevel, the latterat theknowledgelevel). This contrastalsodefinesthekey differ-
encebetweenobject-orientedandagent-orienteddevelopmentmethodologies.Agents
(andactordiagrams)cannotbe thoughtasa specializationof objects(andclassdia-
grams),asarguedin previouspapers.Thedifferenceis rathertheresultof anontological
andrepresentationalshift. Finally, it shouldbenotedthat inheritance,a crucialnotion
for UML diagrams,playsnorole in actordiagrams.

6 Conclusion

This paperprovidesa detailedaccountof Tropos,anagentorientedsoftwaredevelop-
mentmethodologywhich spansthesoftwaredevelopmentprocessfrom early require-
mentsto implementationfor agentorientedsoftware.Thepaperpresentsanddiscusses
(in part) the five phasessupportedby Tropos,the developmentprocesswithin each
phase,themodelscreatedthroughthisprocess,andthediagramsusedto describethese
models.

Throughout,wehaveemphasizedtheuniformuseof asmallsetof knowledgelevel
notionsduringall phasesof softwaredevelopment.We havealsoprovidedaniterative,



actorandgoalbased,refinementalgorithmwhich characterizestherefinementprocess
duringeachphase.This refinementprocess,of course,is instantiateddifferentlyduring
eachphase.
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