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Abstract

We believe that tool supportis very importantfor any
methodolgy. In this paperwe describePDT (Prometheus
Design Tool) which supportsthe designof an intelligent
agent systemusing the Prometheusmethodolgy. We de-
scribehowPDT supportsthe variousstagesof Prometheus
throughvarious meanssud as consistencyheding, sup-
port for entity propagation,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 developmenterviron-
mentwhich will supportthe completedevelopmentycleof
an agentsystenfromdesignto 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/debgging.
Like most modern software engineering methodolo-
gies, Prometheuds intendedto be appliedin an itera-
tive mannerOneconsequencef this is thatwhenchanges
are madeto the designother parts of the designare of-
ten affected,and needto be updated However, it is virtu-
ally impossibleto manuallyensurethatthe designremains
consistentThereforesomeform of tool supportfor consis-
tencycheding 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.

ThePrometheu®esignTool (PDT)is developedto sup-
port the Prometheusnethodology In its currentstate,the
tool providesthe systemdeveloperwith agraphicaluserin-
terfacethat supportsthe developmentof the variousarte-
facts within the Prometheusmethodologyand assistsin
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maintaininga consistendesignby providing crosscheck-
ing betweerthevariousdiagramsautomatigpropagatiorof
designelementsvhenpossibleand appropriateand name
lookup assistanceThe le producedby the tool can be
transformednto anagentprogrammindanguaggwork has
beenreportedthat transformsthis output le into a Jade
agentde nition le [10]). The currentversionof PDT is
Java basedandhenceis platform independentThe tool is
freely availableat http://www.cs.rmit.edu.au/agents/pdt.

We have usedPDT to develop someof our researctap-
plicationsandit hasalsobeenusedby both undegraduate
andpostgraduatstudentgo developagentapplicationgor
assignment# a classcoveringagentdesignandprogram-
ming. It hasbeenvery clearthatthe quality of studentde-
velopedagentsystemsasimprovedsubstantiallysincethe
introductionof a well de ned agentdevelopmentmethod-
ology. Use of the methodologyis far lesstedious,andde-
signdocumentatiomasbeennoticeablyimprovedsincethe
Prometheu®esignTool hasbeenavailable.

PDT only supportsthe systemspeci cation and design
stagesOneof our ambitionsis to developanIDE thatsup-
portsthe completedevelopmentof an agentsystem,from
speci cationanddesign to implementationtestingandde-
bugging.To this end,we have starteddevelopinga plug-in
for Eclipsé, whichis a popularopensourceworkbenchfor
developingintegratedtools, that usesPDT to supportthe
designof anagentorientedsystemandis ableto automati-
cally generatefrom the design,skeletoncodeof an agent
programminglanguagesuch as JACK [2]. The codecan
then be edited, compiled, tested,dehiggedand packaged
for deploymentfrom within Eclipse.Creatingthis plug-in
within Eclipseallows theinheritanceof the well developed
featuresof EclipsesuchasCVS integration,ANT Integra-
tion, refactoringcapabilities,and mary otherprojectman-
agementeaturesWe call thisplug-inADTP (AgentDevel-
opmentTool Plug-in).

In section2 we will provide a brief overvien of the
Prometheusnethodologyand then in section3 describe
somedetailof thesupportthatPDT providesto themethod-

1 http://lwww.eclipse.org



ology. We thendiscussourvision of ADTP in sectiord and
nally discusghecurrentworkonbothPDTandADTP and
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 these contains
a number of structuredprocessesand resultsin speci-
ed designartefacts. We describethem brie y, indicat-
ing in particular the artefacts that are producedat each
stage.

2.1. SystemSpeci cation

The systemspeci cationprocessonsistf the follow-
ing stepswhich areinterleavedanditerateduntil the speci-
cation is consideredsufciently completé:

Identi cation of actors andtheir interactionswith the
systemjn theform of perceptsandactions

Developing scenariosillustrating the systems opera-
tion;

Identi cation of the systengoalsandsub-goals;
Identifying ary externaldata;

Groupinggoalsandotheritemsinto the basicroles’ of
thesystem.

Actorsareary personr roleswhich will interactwith
the system,aswell asary otherstaleholderswhosegoals
shouldbe considered Actors may be other software sys-
temsaswell ashumansinteractionscenariogretheniden-
tied for eachactorthatwill interactwith the systemsim-
ilarly to the identi cation of use-casesn object oriented
analysis.Inputsfrom actorto agentsystemaretheniden-
ti ed aspercepts while outputsfrom the systemto actors
areidenti ed asactions In someagentsystems particu-
larly thoseinvolving interactionwith a physicalerviron-
ment,managemerdf perceptandactionsis quite complex
andrequiressubstantialvork.

Eachscenariadenti ed alsogenerateagoalof thesame
name.Thisis similar to the Goal-Scenari@ouplingframe-
work of Rollandetal. [9] whichis basedaroundthe notion
of aRequiremen€hunk(a pair of hGoal, Scenarid). How-
ever Prometheususesa a unidirectional coupling, rather
thanthe bidirectionalcoupling of Rollandet al. Eachsce-
nario necessarijhasa goalwhich is linkedto it (with the
samename),but the morespeci ¢ goalsmay not requirea
scenario.

2 Notethatthis descriptioncorrespondso subsequenivork [8], notto
whatis describedn thebook[6].
3 In previouspublicationstheterm“functionalities” wasused.

Eachidenti ed scenarias developedwith a numberof
detailedsteps,whereeachstepis a goal, scenario,action
or percept* With the couplingidenti ed above, ary nested
scenarioidenti ed, automaticallyintroducesa goal. Goals
introducedasstepsmaywarrantdevelopmenif ascenario,
in which casethe goal stepis automaticallymodi ed to be
ascenaricstep.

Initial goalsareidenti ed via theinitial scenariosasde-
scribedabove, andalsoby examiningtheinitial systemde-
scription. Furthergoalsarethenidenti ed by a procesof
abstractiorandre nement[11]. For eachgoal, we askthe
guestionhow? and why?, thusidentifying new goals,and
forming a goalhierarchy

Goalre nement(accordingo vanLamsweerd¢§l1], and
alsoin Prometheusganbe of two kinds: AND-re nement
andOR-re nement If agoalis AND-re ned, we meanthat
subgoals(or answersto the questionhow? are stepsin
achiesing the overall goal, and each step must be done.
If it is OR-re ned, then subgoalsare alternatve ways of
achieving the goal, and doing ary one of them s suf-
cient. Agentsystemgypically have boththesekinds of re-

nements. OR-re nementsallow for choicein the way of

achieving goals while AND-re nementsallow for breaking
down into smallerpieces.The useof AND andOR re ne-

mentsalsosupportalculationgor scopingasdescribedn

[8].

Finally, after goalsandscenariosaresufciently devel-
oped,goalsaregroupedinto roles,wheresimilar goalsare
groupedogetherActionsandperceptarealsoallocatedo
roles.Scenariosarethenannotatedvith informationabout
whichrole eachstepbelongsto, anddatarequirementgre
identi ed.

2.2. Architectural Design

The ArchitecturalDesignphaseusesartefactsproduced
in the SystemSpeci cation Phaseo determinewhatagent
typeswill beincludedin the systemandtheinteractionbe-
tweentheseagentsThestepsn this phaseare:

Determinethe agenttypes
Developtheinteractionprotocols
Developthe systenmoverviav diagram

Variousmechanismsanbeusedo analysepotentialgroup-
ings of rolesfor forming agents.Theseinclude data cou-
pling diagramsand agent acquaintancediagrams which
assistthe userin identifying agenttypes which are not
too tightly coupled.Scenariodrom the systemspeci ca-
tion canbe usedas a guidelineto develop interaction di-
agramswhich in turn can be usedto develop interaction

4 A stepotheris alsoallowed within Prometheusf needed.



protocolswhich fully de ne the allowable agentinterac-
tions. The overall systemstructureis capturedusinga sys-
temoverview diagram,which shavs agenttypes,protocols
specifyinginteractionsbetweenthe agenttypes, the inter-

faceto the ervironmentin termsof perceptsactions,and
ary external data. Data storeswhich are sharedbetween
agentsarealsoshawn.

2.3. Detailed Design

TheDetailedDesignphaseaisesartefactsproducedn the
ArchitecturalDesignPhasedo de ne theinternalsof every
agentin the systemandto specifyhow agentsaccomplish
theiroveralltasks Eachagents re ned in termsof its capa-
bilities, internal events plans anddatastructues Eachca-
pability hasa capabilityoverview diagramthatcaptureghe
structureof the planswithin this capabilityandthe events
thatareassociatewvith theseplans.Thedynamicbehaiour
is describedby processdiagramsbasedon the interaction
protocolsidenti ed in the previousphase.

3. PrometheusDesignTool (PDT)

Figurel, shovs a samplescreen-shodf PDT. As canbe
seenn the gure, theDiagramview of theleft handcolumn
in PDT providesarangeof diagramsrganisedy thethree
main phasesf the methodology:systemspeci cation, ar
chitecturaldesignanddetaileddesign.

Below the designdiagramson the left handcolumnis a
scrollablelist of all the individual entitiesof the systemor-
ganisedby entity type. This list canbe Itered by entity
type, for example,to only displaythe goalsof the system.
Whenanindividual entity is selectedrom thislist, or from
ary of the diagramsdescribedabove, its descriptorform is
displayedonthebottomright handcolumnof PDT. Thede-
scriptorform describeghe attributesof a given entity. For
exampleif it is arole thenthe descriptowill have the fol-
lowing attributes:nameof therole, a brief description the
perceptghatit respondgo, theactionsthatis producedthe
informationused,the informationproducedandthe goals
associatedvith it.

Thefollowing subsectionslescribesomeof thefeatures
of PDT andhow they supporthe Prometheusnethodology

3.1. DesignDiagram Support

PDT providesthe developerwith a graphicaluserinter-
faceto enterandedit designdiagramsalongwith appropri-
atedescriptordor eachentity.

In the systemspeci cation stagethe staleholdes dia-
gramallows addingactors scenariosperceptsactions,and
their relative associationsThis formsthetop level view of
thesystemThedevelopercanthendevelopthe scenariosn

the scenariosdiagram.The goal overviev diagramshavs
the systemgoalsandtheir sub-goalsTherolesdiagramal-
lows the groupingof goals,perceptsandactionsinto roles.

The main supportfor the architectural designstageis
in the systenoverviev diagram.PDT maintainsthe consis-
teng of this diagramand the protocol speci cationswith
respecto interactiondetweeragentsinteractionProtocols
arenotyetsupportedbut thereis a separat@rototypetool®
whichallows AUML interactionprotocolsto bedrawvn, and
we areworking on addingprotocolsupportto PDT.

The detaileddesignbuilds theinternalsof eachagentin
termsof their capabilities plans,events,andsoon, which,
whencomplete canbe mappednto anagentprogramming
languagesuchasJACK [2].

3.2. ConsistencyChecking

The Prometheuglesignis an iterative processand the
various designstagesare linked to eachother Therefore
when changesare madeto one aspectof the designthe
changemayaffectotheraspectsilt is oftendif cult to know
all theaspectsvherethe changeseedto be propagatedo,
andthereforean automatedgrocesghat checksfor consis-
tengy betweenthe designstagesis required.Consisteng
checkingwithin PDT hastwo aspectsOne aspectthat is
continuouslyactive is the userinterfacepreventingcertain
errorsfrom occurring.Someof preventederrorsare:

De nition: it is notpossibleto have referenceso non-
existententities.Thisis becausén PDT if areference
to anentity is createdhenthe entity is alsocreatedf
it doesnot exist, andwhenan entity is deletedall ref-
erencedo it aredeletedaswell.

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

Simpletypeerrors:.whenlinks arecreatecetweeren-
tities, only valid links are allowed. For example,it is
notpossiblein PDT to connectanactionto anaction.

Inconsistenyg betweerdifferentlevelsof detail:for ex-
ample,it is not possibleto createanincomingpercept
to aplanwithin anagentwithoutthatperceptalsobe-
ing shavn onthe systemoverview diagramasincom-
ing to theagentwhoseplanit is. Similarly if anagent
is speci ed only asreadinga belief set,it cannotcon-
tain a planwhichwritesto thatbelief set.

Theotheraspects aconsisteng checkthatis performed
on demand,usingthe Tools menu(seeFigure 1) with the
Crossdhed option. This generates list of errorsandwarn-
ings that can be checled by the developer Examplesof

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



Figure 1. Sceen-shobfPDT.

a warning are writing of internal datathatis never read,
while an example of an error is a mismatchbetweenthe
interactionprotocol speci ed betweentwo agentsand the
messagesctually sentand received by processewithin
thoseagents.Furtherdetailson consisteng checkingcan
be found in previous work [5]. The consisteng checking
is basedon the relationshipshetweendesignartefactsdoc-
umentedin the Prometheusnethodology not on a meta-
model.

3.3. Scoping

PDT also provides supportfor threedifferentlevels of
scoping,essential conditionaland optional This allows a
large projectto be managedn suchaway thatthe mostim-
portantaspectof the systemcanbe fully developed,in a
consistenmanneyprior to startingwork on lesshighly pri-
oritisedaspectsThis aspecis describedn detailin apaper
alsoatthisworkshop[8].

Scopingis donebasedn scenariosiankedby thedevel-
operon a ve point scale,andis thenpropagatedo other
entities. Thedevelopercanalsospecifytherelative sizesof
thethreepartitions(levels) of the systemin termsof theal-
lowablepercentagef scenariosn eachpartition.

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

arepartitionedin a way thatis ascloseto the speci ed par

tition sizesaspossible All otherentitiesarethenassigned
to the appropriatepartition in order to maintain over-

all consisteng. A button in the diagramwindow allows

selection of the three different scoping partitions. En-

tities that are at a lower scopinglevel are shovn faded
out. This guidesthe developerto designprioritised enti-

ties rst. Scopingcanbe appliedor re-appliedat ary time

duringsystemdevelopment.

3.4. Entity Propagation

Wheneerpossibleandwhenappropriateinformationis
propagatedrom one partof the designto another For ex-
ample,if agoalis associatedvith arole,andtheroleis as-
sociatedwvith anagentthenthe goalis automaticallyasso-
ciatedwith the agent.Graphicalrepresentationsf entities
arealsopropagatedFor example,if a new goalis created
in therole diagram thena graphicaicon for this goalis au-
tomaticallyaddedto the goal overview diagramalongwith
ary subgoalassociationshatwerecreated.

3.5. Hierarchical views

The tool allows for eachagentto be developedwith as
mary layersof abstractionas neededto keep eachlayer



manageabli size.This is achievzed usingcapabilitiesand
capability overview diagrams.However bettersupportfor

abstractions neededtthesystemevel, whereanimprove-

mentwould be to allow a diagramwhich capturesubsys-
teminteractionratherthansimply agentinteraction.

3.6. Naming Lookup Assist

Entitiescanbeaddednto thevariousdiagramdby either
creatingnew entitiesor by selectingonesthat alreadyex-
ist. Whenselectingonesthat alreadyexist, a scrollablelist
of existing entitiesof theappropriatdypeis madeavailable
to the userfrom which to select.This ensureghatno nam-
ing errorsoccurandis alsoconvenientratherthanhaving to
referbackto variousotherdiagramsThis is extremelyuse-
ful whendevelopinglarge systemsassuchtrivial errorsare
easyto occurbut dif cult to detug atlaterstages.

3.7. Report Generationand Diagram Printouts

Oneof the usefulfeaturesof PDT is its ability to gen-
eratea designdocumentin HTML format. This document
containsboth gures andtextual information. The textual
informationis obtainedfrom the descriptorsof eachentity.
The documentalso containsan index (“Dictionary”) over
all thedesigrentities.PDT alsoallows eachdesigndiagram
to be saved asanimagein PNG formatwhich canthenbe
printed,or includedinto documents.

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

In orderto morefully supportall aspectof agentsoft-
ware developmentwe have decidedto integratePDT into
Eclipsé.

Eclipseis an extremely popular well developed,open
sourceplatform, suitablefor developingcommercialqual-
ity software.It providesaworkbenchthatis fully customis-
ableandextensibleasit is built on aplug-in architecturelt
providesarich setof featuresfor supportof programdevel-
opment,suchas: CVS integration,ANT integration,refac-
toring, testingand dehugging (including incrementalcom-
pilesandhotswappingof code)ability to incorporateplug-
ins, fully integratedJava IDE, andfully customisableiews
andperspecties.

In order to supportthe ongoing improvementof our
agentdevelopmentworkbenchwe have startedo build the
ADTP plug-in for Eclipse.This plug in containsextension
pointssothatit canbe extendedin a variety of ways.Cur
rently PDT is incorporatednto ADTP asthe editor for the
systendesignles. We' arein theprocesf building anew

6 http://lwww.eclipse.org

plugin for ADTP which will produceskeletonJACK code
for the implementatiorof the systemaccordingto the de-
sign le producedoy PDT. It will alsobepossibleto attach
alternatve codeproductionplug-insto producecodefor a
variety of differentagentsystems.

We have taken an approachof incorporatingPDT into
ADTP asan externaleditor for the design les. We chose
this approachbecauset allows for PDT (and other tools
developedfor ADTP) to alsobe runin a standaloneman-
ner, without Eclipse.This canbe advantageousor erviron-
mentswhereEclipseis not supportedpr whereit requires
too muchof theavailableresourcecapacity However, when
it is available,the extra supportprovided by Eclipseis in-
valuablein programdevelopmentOur approactalsoallows
for PDT to be developedseparatelyo ADTP.

Currently ADTP containsonly PDT, embeddedinto
Eclipse.Howeverour visionfor ADTP is:

A single ernvironmentwhich supportsall phasesof
software developmentfrom speci cation and design,
throughcodegenerationyersionmanagementesting
anddehuggingandmaintenance.

The ability to choosedifferent target platforms for
codegenerationwithin the samebasicervironment.
Differentdesigntools could alsopotentiallybeincor-
porated.

An ervironmentwhich maintainsconsisteng between
the designandthe code.In additionto initial gener
ation of skeletoncode,this involves propagatingary
changesn design,throughto the codebaseandvice
versa (or at leastidentifying where inconsistencies
have arisen).

Provision of basicsupportfor JACK codeeditingsuch
as syntax highlighting and automaticlinking to the
JACK API. This is similar to, but not asrich as,the
supportthat Eclipse provides for Java code. Since
JACK is a supersebf Java, the supportprovided by
Eclipsefor Java couldbereused.

Inclusion of specialiseddelugging tools, some of
which can be basedon designartefacts.We have al-
readydonework in this area[7] andare planningto
incorporatethis.

Ability to compileJACK codeinto Java codeusingthe
JACK compilet

Inclusionof supportoolsfor designof non-agentom-
ponentsof a systemfor examplea UML editor, or a
databaseschemadesigntool. Thereis an opensource
UML editor plug-in available for Eclipsethat could
possiblybea rst stepin this direction.

7 Actually a studentgroupfrom the University of Melbournearedoing
thisunderour guidance.



Ability to build the projectand packageup binaries
for deployment.This requiresthe building of boththe
agentand non-agentcomponentspackagingup the
appropriatebinariesand resourceglibraries and data
les) in a mannerthat can be installedandrun on a
clientsystem.

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

5. Discussion

Thereare a numberof agentdevelopmenttoolkits, but
asfaraswe areaware,therearerelatively few whichincor-
poratewell-developeddesigntools suchas PDT. One ex-
ceptionis agentDol®, which supportshe MaSEmethodol-
ogy [3]. However, the MaSE methodologyiews agentsas
“black boxes” andthusdoesnot supportthedesignof plan-
basedagentsThe Troposagentdevelopmentmethodology
[1] doeshave sometool suppor?, but this consistof anum-
berof separatéoolsthatcover differentaspect®f the soft-
wareengineeringrocessTheclosestoolto PDTis TAOM
whichalsosupportsa completeagent-orientedoftwareen-
gineeringmethodology(tropos[1]) that targets BDI-like
agentsystemsTAOM alsousesEclipse,but it doesnot ap-
pearto supportcrosscheckingor hierarchicalviews. The
JACK DesignEnvironment(JDE)® is also relatedto our
work, sinceit providesdesigndiagramsHowever, the JDE
doesnotsupportsystenspeci cationactiitiesor highlevel
design.

An area of work that is crucial for the industrial
acceptanceof AOSE methodologiesis the unica-
tion of methodologiesleading to a smaller number of
more widely-accepted AOSE methodologies, analo-
gous to the emegence of the UML during the 90's.
We have begun work on unifying a numberof method-
ologies, such as Prometheug6], ROADMAP [4], Tro-
pos[1] andMaSE[3]. This canbeexpectedo leadto some
changesn PDT, but canalsoleadto incorporationof dif-
ferentkinds of toolswithin ADTP.
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