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Abstract

We believe that tool support is very important for any
methodology. In this paperwe describePDT (Prometheus
DesignTool) which supportsthe designof an intelligent
agent systemusing the Prometheusmethodology. We de-
scribehowPDT supportsthevariousstagesof Prometheus
throughvariousmeanssuch as consistencychecking, sup-
port for entitypropagation,andhierarchical views.We will
also describework that is currently in progresswhich in-
volvesthe developmentof a plug-in for Eclipsewith the
aim of creating a single integrated developmentenviron-
mentwhich will supportthecompletedevelopmentcycleof
anagentsystemfromdesignto deployment.

1. Intr oduction

Prometheus [6] is an intelligent agent develop-
ment methodology. A key feature of this methodology
is that it covers all phasesof development - speci�-
cation, design, implementation and testing/debugging.
Like most modern software engineering methodolo-
gies, Prometheusis intendedto be applied in an itera-
tive manner. Oneconsequenceof this is thatwhenchanges
are madeto the designother parts of the designare of-
ten affected,andneedto be updated.However, it is virtu-
ally impossibleto manuallyensurethat thedesignremains
consistent.Thereforesomeform of tool supportfor consis-
tencychecking is highly desirable.This needfor tool sup-
port was also con�rmed by feedbackfrom studentsand
others who used Prometheusprior to tool support be-
ing available.

ThePrometheusDesignTool (PDT) is developedto sup-
port the Prometheusmethodology. In its currentstate,the
tool providesthesystemdeveloperwith agraphicaluserin-
terfacethat supportsthe developmentof the variousarte-
facts within the Prometheusmethodologyand assistsin
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maintaininga consistentdesignby providing crosscheck-
ing betweenthevariousdiagrams,automaticpropagationof
designelementswhenpossibleandappropriate,andname
lookup assistance.The �le producedby the tool can be
transformedinto anagentprogramminglanguage(work has
beenreportedthat transformsthis output �le into a Jadex
agentde�nition �le [10]). The currentversionof PDT is
Java basedandhenceis platform independent.The tool is
freelyavailableat http://www.cs.rmit.edu.au/agents/pdt.

We have usedPDT to developsomeof our researchap-
plicationsandit hasalsobeenusedby bothundergraduate
andpostgraduatestudentsto developagentapplicationsfor
assignmentsin a classcoveringagentdesignandprogram-
ming. It hasbeenvery clearthat thequality of studentde-
velopedagentsystemshasimprovedsubstantiallysincethe
introductionof a well de�ned agentdevelopmentmethod-
ology. Useof the methodologyis far lesstedious,andde-
signdocumentationhasbeennoticeablyimprovedsincethe
PrometheusDesignTool hasbeenavailable.

PDT only supportsthe systemspeci�cationanddesign
stages.Oneof our ambitionsis to developanIDE thatsup-
ports the completedevelopmentof an agentsystem,from
speci�cationanddesign,to implementation,testingandde-
bugging.To this end,we have starteddevelopinga plug-in
for Eclipse1, which is apopularopensourceworkbenchfor
developing integratedtools, that usesPDT to supportthe
designof anagentorientedsystemandis ableto automati-
cally generate,from the design,skeletoncodeof an agent
programminglanguagesuchas JACK [2]. The codecan
then be edited,compiled,tested,debuggedand packaged
for deploymentfrom within Eclipse.Creatingthis plug-in
within Eclipseallows theinheritanceof thewell developed
featuresof EclipsesuchasCVS integration,ANT Integra-
tion, refactoringcapabilities,andmany otherprojectman-
agementfeatures.Wecall thisplug-inADTP (AgentDevel-
opmentTool Plug-in).

In section2 we will provide a brief overview of the
Prometheusmethodologyand then in section3 describe
somedetailof thesupportthatPDTprovidesto themethod-

1 http://www.eclipse.org



ology. Wethendiscussourvisionof ADTP in section4 and
�nally discussthecurrentworkonbothPDTandADTPand
someotherrelatedtoolsdevelopedby others.

2. Overview of the PrometheusMethodology

The Prometheusmethodology contains three main
phases:(i) System Speci�cation, (ii) Architectural De-
sign, and (iii) Detailed Design. Each of thesecontains
a number of structuredprocessesand results in speci-
�ed design artefacts. We describethem brie�y , indicat-
ing in particular the artefacts that are producedat each
stage.

2.1. SystemSpeci�cation

Thesystemspeci�cationprocessconsistsof thefollow-
ing steps,whichareinterleavedanditerateduntil thespeci-
�cation is consideredsuf�ciently complete2:

� Identi�cation of actors andtheir interactionswith the
system,in theform of perceptsandactions;

� Developingscenariosillustrating the system's opera-
tion;

� Identi�cation of thesystemgoalsandsub-goals;

� Identifyingany externaldata;

� Groupinggoalsandotheritemsinto thebasicroles3 of
thesystem.

Actorsareany personsor roleswhich will interactwith
the system,aswell asany otherstakeholderswhosegoals
shouldbe considered.Actors may be other software sys-
tems,aswell ashumans.Interactionscenariosaretheniden-
ti�ed for eachactorthatwill interactwith thesystem,sim-
ilarly to the identi�cation of use-casesin object oriented
analysis.Inputs from actor to agentsystemarethen iden-
ti�ed aspercepts, while outputsfrom the systemto actors
are identi�ed as actions. In someagentsystems,particu-
larly thoseinvolving interactionwith a physicalenviron-
ment,managementof perceptsandactionsis quitecomplex
andrequiressubstantialwork.

Eachscenarioidenti�ed alsogeneratesagoalof thesame
name.This is similar to theGoal-Scenariocouplingframe-
work of Rollandet al. [9] which is basedaroundthenotion
of aRequirementChunk(apairof hGoal,Scenarioi ). How-
ever Prometheususesa a unidirectionalcoupling, rather
thanthe bidirectionalcouplingof Rollandet al. Eachsce-
narionecessarilyhasa goal which is linked to it (with the
samename),but themorespeci�c goalsmaynot requirea
scenario.

2 Notethat this descriptioncorrespondsto subsequentwork [8], not to
whatis describedin thebook[6].

3 In previouspublicationstheterm“functionalities”wasused.

Eachidenti�ed scenariois developedwith a numberof
detailedsteps,whereeachstepis a goal, scenario,action
or percept.4 With thecouplingidenti�ed above,any nested
scenarioidenti�ed, automaticallyintroducesa goal. Goals
introducedasstepsmaywarrantdevelopmentof ascenario,
in which casethegoalstepis automaticallymodi�ed to be
ascenariostep.

Initial goalsareidenti�ed via theinitial scenariosasde-
scribedabove,andalsoby examiningtheinitial systemde-
scription.Furthergoalsarethenidenti�ed by a processof
abstractionandre�nement [11]. For eachgoal,we askthe
questionhow?andwhy?, thus identifying new goals,and
forminga goalhierarchy.

Goalre�nement(accordingto vanLamsweerde[11], and
alsoin Prometheus)canbe of two kinds: AND-re�nement
andOR-re�nement, If a goalis AND-re�ned, we meanthat
subgoals(or answersto the questionhow?) are stepsin
achieving the overall goal, and eachstep must be done.
If it is OR-re�ned, then subgoalsare alternative ways of
achieving the goal, and doing any one of them is suf�-
cient.Agentsystemstypically have boththesekindsof re-
�nements.OR-re�nementsallow for choicein the way of
achievinggoals,while AND-re�nementsallow for breaking
down into smallerpieces.Theuseof AND andOR re�ne-
mentsalsosupportscalculationsfor scopingasdescribedin
[8].

Finally, after goalsandscenariosaresuf�ciently devel-
oped,goalsaregroupedinto roles,wheresimilar goalsare
groupedtogether. Actionsandperceptsarealsoallocatedto
roles.Scenariosarethenannotatedwith informationabout
which role eachstepbelongsto, anddatarequirementsare
identi�ed.

2.2. Ar chitectural Design

TheArchitecturalDesignphaseusesartefactsproduced
in theSystemSpeci�cationPhaseto determinewhatagent
typeswill beincludedin thesystemandtheinteractionbe-
tweentheseagents.Thestepsin thisphaseare:

� Determinetheagenttypes

� Developtheinteractionprotocols

� Developthesystemoverview diagram

Variousmechanismscanbeusedto analysepotentialgroup-
ings of roles for forming agents.Theseincludedata cou-
pling diagramsand agent acquaintancediagrams, which
assistthe user in identifying agent types which are not
too tightly coupled.Scenariosfrom the systemspeci�ca-
tion canbe usedas a guidelineto develop interaction di-
agramswhich in turn can be usedto develop interaction

4 A stepotheris alsoallowedwithin Prometheus,if needed.



protocolswhich fully de�ne the allowable agentinterac-
tions.Theoverall systemstructureis capturedusinga sys-
temoverview diagram,which showsagenttypes,protocols
specifyinginteractionsbetweenthe agenttypes,the inter-
faceto the environmentin termsof percepts,actions,and
any external data.Data storeswhich are sharedbetween
agentsarealsoshown.

2.3. DetailedDesign

TheDetailedDesignphaseusesartefactsproducedin the
ArchitecturalDesignPhaseto de�ne the internalsof every
agentin thesystemandto specifyhow agentsaccomplish
theiroveralltasks.Eachagentis re�ned in termsof its capa-
bilities, internalevents, plans, anddatastructures. Eachca-
pability hasacapabilityoverview diagramthatcapturesthe
structureof the planswithin this capabilityandthe events
thatareassociatedwith theseplans.Thedynamicbehaviour
is describedby processdiagramsbasedon the interaction
protocolsidenti�ed in thepreviousphase.

3. PrometheusDesignTool (PDT)

Figure1, showsa samplescreen-shotof PDT. As canbe
seenin the�gure, theDiagramview of theleft handcolumn
in PDTprovidesarangeof diagramsorganisedby thethree
main phasesof the methodology:systemspeci�cation,ar-
chitecturaldesignanddetaileddesign.

Below thedesigndiagramson the left handcolumnis a
scrollablelist of all theindividual entitiesof thesystemor-
ganisedby entity type. This list can be �ltered by entity
type, for example,to only displaythegoalsof thesystem.
Whenanindividualentity is selectedfrom this list, or from
any of thediagramsdescribedabove, its descriptorform is
displayedonthebottomright handcolumnof PDT. Thede-
scriptorform describestheattributesof a givenentity. For
exampleif it is a role thenthedescriptorwill have thefol-
lowing attributes:nameof the role, a brief description,the
perceptsthatit respondsto, theactionsthatis produced,the
informationused,the informationproduced,andthe goals
associatedwith it.

Thefollowing subsectionsdescribesomeof thefeatures
of PDTandhow they supportthePrometheusmethodology.

3.1. DesignDiagram Support

PDT providesthedeveloperwith a graphicaluserinter-
faceto enterandedit designdiagramsalongwith appropri-
atedescriptorsfor eachentity.

In the systemspeci�cation stagethe stakeholders dia-
gramallowsaddingactors,scenarios,percepts,actions,and
their relative associations.This formsthetop level view of
thesystem.Thedevelopercanthendevelopthescenariosin

the scenariosdiagram.The goal overview diagramshows
thesystemgoalsandtheir sub-goals.Therolesdiagramal-
lows thegroupingof goals,perceptsandactionsinto roles.

The main supportfor the architectural designstageis
in thesystemoverview diagram.PDT maintainstheconsis-
tency of this diagramandthe protocolspeci�cationswith
respectto interactionsbetweenagents.InteractionProtocols
arenotyetsupported,but thereis aseparateprototypetool5

whichallowsAUML interactionprotocolsto bedrawn, and
weareworking onaddingprotocolsupportto PDT.

Thedetaileddesignbuilds theinternalsof eachagentin
termsof their capabilities,plans,events,andsoon, which,
whencomplete,canbemappedinto anagentprogramming
languagesuchasJACK [2].

3.2. ConsistencyChecking

The Prometheusdesignis an iterative processand the
variousdesignstagesare linked to eachother. Therefore
when changesare madeto one aspectof the designthe
changemayaffectotheraspects.It is oftendif�cult to know
all theaspectswherethechangesneedto bepropagatedto,
andthereforeanautomatedprocessthatchecksfor consis-
tency betweenthe designstagesis required.Consistency
checkingwithin PDT hastwo aspects.One aspectthat is
continuouslyactive is the userinterfacepreventingcertain
errorsfrom occurring.Someof preventederrorsare:

� De�nition: it is notpossibleto havereferencesto non-
existententities.This is becausein PDT if a reference
to anentity is createdthentheentity is alsocreatedif
it doesnot exist, andwhenanentity is deletedall ref-
erencesto it aredeletedaswell.

� Naming:it is not possiblefor two entitiesto have the
samename,for examplea goalanda planbothcalled
DetermineStocksTo Buy, nor canyou have two goals
with samename(duplicateentriesof thesametype).

� Simpletypeerrors:whenlinks arecreatedbetweenen-
tities, only valid links areallowed.For example,it is
notpossiblein PDTto connectanactionto anaction.

� Inconsistency betweendifferentlevelsof detail:for ex-
ample,it is not possibleto createanincomingpercept
to aplanwithin anagent,without thatperceptalsobe-
ing shown on thesystemoverview diagram,asincom-
ing to theagentwhoseplanit is. Similarly if anagent
is speci�ed only asreadinga belief set,it cannotcon-
taina planwhichwritesto thatbelief set.

Theotheraspectis aconsistency checkthatis performed
on demand,usingthe Tools menu(seeFigure1) with the
Crosscheck option.Thisgeneratesa list of errorsandwarn-
ings that can be checked by the developer. Examplesof

5 Availablefrom http://www.cs.rmit.edu.au/� winikoff/auml



Figure 1. Screen-shotof PDT.

a warning are writing of internal data that is never read,
while an exampleof an error is a mismatchbetweenthe
interactionprotocol speci�ed betweentwo agentsand the
messagesactually sent and received by processeswithin
thoseagents.Furtherdetailson consistency checkingcan
be found in previous work [5]. The consistency checking
is basedon therelationshipsbetweendesignartefactsdoc-
umentedin the Prometheusmethodology, not on a meta-
model.

3.3. Scoping

PDT alsoprovidessupportfor threedifferent levels of
scoping,essential, conditionalandoptional. This allows a
largeprojectto bemanagedin suchawaythatthemostim-
portantaspectsof the systemcanbe fully developed,in a
consistentmanner, prior to startingwork on lesshighly pri-
oritisedaspects.Thisaspectis describedin detailin apaper
alsoat thisworkshop[8].

Scopingis donebasedonscenarios,rankedby thedevel-
operon a � ve point scale,andis thenpropagatedto other
entities.Thedevelopercanalsospecifytherelativesizesof
thethreepartitions(levels)of thesystemin termsof theal-
lowablepercentageof scenariosin eachpartition.

When the developer requests scoping to be ap-
plied (availablefrom the tool menuin PDT) the scenarios

arepartitionedin a way thatis ascloseto thespeci�edpar-
tition sizesaspossible.All otherentitiesarethenassigned
to the appropriatepartition in order to maintain over-
all consistency. A button in the diagramwindow allows
selection of the three different scoping partitions. En-
tities that are at a lower scoping level are shown faded
out. This guidesthe developer to designprioritised enti-
ties �rst. Scopingcanbe appliedor re-appliedat any time
duringsystemdevelopment.

3.4. Entity Propagation

Wheneverpossibleandwhenappropriate,informationis
propagatedfrom onepartof thedesignto another. For ex-
ample,if a goalis associatedwith a role,andtherole is as-
sociatedwith anagent,thenthegoal is automaticallyasso-
ciatedwith theagent.Graphicalrepresentationsof entities
arealsopropagated.For example,if a new goal is created
in therolediagram,thenagraphicaliconfor thisgoalis au-
tomaticallyaddedto thegoaloverview diagramalongwith
any subgoalassociationsthatwerecreated.

3.5. Hierarchical views

The tool allows for eachagentto be developedwith as
many layersof abstractionas neededto keepeachlayer



manageablein size.This is achievedusingcapabilitiesand
capabilityoverview diagrams.However bettersupportfor
abstractionis neededatthesystemlevel,whereanimprove-
mentwould be to allow a diagramwhich capturessubsys-
teminteractionratherthansimplyagentinteraction.

3.6. Naming Lookup Assist

Entitiescanbeaddedinto thevariousdiagramsby either
creatingnew entitiesor by selectingonesthat alreadyex-
ist. Whenselectingonesthatalreadyexist, a scrollablelist
of existingentitiesof theappropriatetypeis madeavailable
to theuserfrom which to select.This ensuresthatno nam-
ing errorsoccurandis alsoconvenientratherthanhaving to
referbackto variousotherdiagrams.This is extremelyuse-
ful whendevelopinglargesystemsassuchtrivial errorsare
easyto occurbut dif�cult to debugat laterstages.

3.7. Report Generationand Diagram Printouts

Oneof the useful featuresof PDT is its ability to gen-
eratea designdocumentin HTML format.This document
containsboth �gures and textual information.The textual
informationis obtainedfrom thedescriptorsof eachentity.
The documentalso containsan index (“Dictionary”) over
all thedesignentities.PDTalsoallowseachdesigndiagram
to besavedasan imagein PNGformatwhich canthenbe
printed,or includedinto documents.

4. ADTP - Agent Development Tool Plug-in
for Eclipse

In orderto morefully supportall aspectsof agentsoft-
waredevelopment,we have decidedto integratePDT into
Eclipse6.

Eclipse is an extremely popular, well developed,open
sourceplatform,suitablefor developingcommercialqual-
ity software.It providesaworkbenchthatis fully customis-
ableandextensibleasit is built ona plug-inarchitecture.It
providesarich setof featuresfor supportof programdevel-
opment,suchas:CVS integration,ANT integration,refac-
toring, testinganddebugging(including incrementalcom-
pilesandhotswappingof code),ability to incorporateplug-
ins,fully integratedJava IDE, andfully customisableviews
andperspectives.

In order to support the ongoing improvementof our
agentdevelopmentworkbench,wehavestartedto build the
ADTP plug-in for Eclipse.This plug in containsextension
pointssothat it canbeextendedin a varietyof ways.Cur-
rently PDT is incorporatedinto ADTP astheeditor for the
systemdesign�les. We7 arein theprocessof building anew

6 http://www.eclipse.org

plug in for ADTP which will produceskeletonJACK code
for the implementationof the systemaccordingto the de-
sign�le producedby PDT. It will alsobepossibleto attach
alternative codeproductionplug-insto producecodefor a
varietyof differentagentsystems.

We have taken an approachof incorporatingPDT into
ADTP asan externaleditor for the design�les. We chose
this approachbecauseit allows for PDT (and other tools
developedfor ADTP) to alsobe run in a standaloneman-
ner, withoutEclipse.Thiscanbeadvantageousfor environ-
mentswhereEclipseis not supported,or whereit requires
toomuchof theavailableresourcecapacity. However, when
it is available,the extra supportprovidedby Eclipseis in-
valuablein programdevelopment.Ourapproachalsoallows
for PDT to bedevelopedseparatelyto ADTP.

Currently ADTP containsonly PDT, embeddedinto
Eclipse.Howeverour vision for ADTP is:

� A single environment which supportsall phasesof
software developmentfrom speci�cation and design,
throughcodegeneration,versionmanagement,testing
anddebuggingandmaintenance.

� The ability to choosedifferent target platforms for
codegeneration,within the samebasicenvironment.
Differentdesigntoolscouldalsopotentiallybe incor-
porated.

� An environmentwhichmaintainsconsistency between
the designand the code.In addition to initial gener-
ation of skeletoncode,this involvespropagatingany
changesin design,throughto the codebaseandvice
versa (or at least identifying where inconsistencies
havearisen).

� Provisionof basicsupportfor JACK codeeditingsuch
as syntax highlighting and automaticlinking to the
JACK API. This is similar to, but not as rich as, the
support that Eclipse provides for Java code. Since
JACK is a supersetof Java, the supportprovided by
Eclipsefor Javacouldbereused.

� Inclusion of specialiseddebugging tools, some of
which canbe basedon designartefacts.We have al-
readydonework in this area[7] andareplanningto
incorporatethis.

� Ability to compileJACK codeinto Javacodeusingthe
JACK compiler.

� Inclusionof supporttoolsfor designof non-agentcom-
ponentsof a system,for examplea UML editor, or a
databaseschemadesigntool. Thereis anopensource
UML editor plug-in available for Eclipse that could
possiblybea �rst stepin this direction.

7 Actually a studentgroupfrom theUniversityof Melbournearedoing
thisunderourguidance.



� Ability to build the project and packageup binaries
for deployment.This requiresthebuilding of boththe
agentand non-agentcomponents,packagingup the
appropriatebinariesandresources(librariesanddata
�les) in a mannerthat can be installedand run on a
client system.

Thegeneralpurposefeaturesof Eclipseasalreadymen-
tioned will also contribute substantiallyto the value of
ADTP asanagentdevelopmentworkbench.

5. Discussion

Therearea numberof agentdevelopmenttoolkits, but
asfaraswe areaware,therearerelatively few which incor-
poratewell-developeddesigntools suchasPDT. Oneex-
ceptionis agentTool8, whichsupportstheMaSEmethodol-
ogy [3]. However, theMaSEmethodologyviews agentsas
“black boxes”andthusdoesnotsupportthedesignof plan-
basedagents.TheTroposagentdevelopmentmethodology
[1] doeshavesometool support9, but thisconsistsof anum-
berof separatetoolsthatcoverdifferentaspectsof thesoft-
wareengineeringprocess.Theclosesttool to PDTis TAOM
whichalsosupportsacompleteagent-orientedsoftwareen-
gineeringmethodology(tropos [1]) that targets BDI-lik e
agentsystems.TAOM alsousesEclipse,but it doesnot ap-
pearto supportcrosscheckingor hierarchicalviews. The
JACK DesignEnvironment(JDE)10 is also relatedto our
work, sinceit providesdesigndiagrams.However, theJDE
doesnotsupportsystemspeci�cationactivitiesor highlevel
design.

An area of work that is crucial for the industrial
acceptanceof AOSE methodologies is the uni�ca-
tion of methodologiesleading to a smaller number of
more widely-accepted AOSE methodologies, analo-
gous to the emergence of the UML during the 90's.
We have begun work on unifying a numberof method-
ologies, such as Prometheus[6], ROADMAP [4], Tro-
pos[1] andMaSE[3]. Thiscanbeexpectedto leadto some
changesin PDT, but canalsoleadto incorporationof dif-
ferentkindsof toolswithin ADTP.
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