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Abstract. As agentsgain acceptancas a technologythereis a growing need
for practicalmethodsfor developingagentapplicationsThis paperpresentghe
Prometheusnethodologywhich hasbeendevelopedover several yearsin col-
laborationwith Agent OrientedSoftware. The methodologyhasbeentaughtat
industryworkshopsanduniversity courseslt hasproveneffective in assistingle-
velopersto design,documentandbuild agentsystemsPrometheusliffersfrom
existingmethodologiedn thatit is a detailedandcomplete(startto end)method-
ology for developingintelligent agentswhich hasevolved out of industrialand
pedagogicaéxperienceThis paperdescribeshe processandthe productsof the
methodologyillustratedby a runningexample.

1 Intr oduction

As agentsaregainingacceptancasatechnologyandarebeingused thereis agrowing
needfor practicalmethodsfor developingagentapplications.This paperpresentshe
Prometheusmethodologyfor developingintelligentagentsystems.

The methodologyhasbeendevelopedover the last several yearsin collaboration
with AgentOrientedSoftware? (AOS).Ourgoalin developingPrometheusvasto have
aprocessvith associatedeliverablesvhich canbetaughtto industrypractitionersand
undegraduatestudentsvho do not have abackgroundn agentsandwhichthey canuse
to developintelligentagentsystemsTo this endPrometheuss detailedandcomplete
in the senseof coveringall actiities requiredin developingintelligentagentsystems.

Our claim is that Prometheuss developedin sufcient detailto be usedby a non-
expert. Prometheufiasbeentaughtto an undegraduateclassof (third year) students
who successfullydesignedandimplementedgentsystemsusingJACK. A secondyear
studentover the summervacationwas given a descriptionof the methodologyanda
descriptionof anagentapplication(in the areaof Holonic Manufacturing).With only
(intentionally)limited supportthe studentwasableto designandimplementan agent
systemnto performHolonic Manufacturingusinga simulatorof a manugcturingcell.

! Prometheusvasthe wisestTitan. His namemeans‘forethought” and he wasableto foretell
the future. Prometheuss known asthe protectorandbeneéctorof man.He gave mankinda
numberof gifts including re. (http://wwwgreekmytholgy.comj

2 http://wwwagent-softwae.com



Unfortunatelyspacdimitations precludea detailedcomparisorwith the mary ex-
isting methodologiesWe simply note that Prometheusliffers from existing method-
ologies[1-5,7-16,18,19,23-2527] in thatit:

— Supportghedevelopmeniof intelligentagentsvhich usegoals,beliefs,plans,and
events.By contrast,mary other methodologiedreat agentsas “simple software
processethatinteractwith eachotherto meetanoverall systemgoal” [6].

— Provides“start-to-end”support(from speci cationto detaileddesignandimple-
mentationlandadetailedprocessalongwith designartifactsconstructeé@ndsteps
for deriving artifacts.

— Evolvedout of practicalindustrialandpedagogicaéxperienceandhasbeenused
by bothindustrialpractitionersand by undegraduatestudentsBy contrastmary
othermethodologiefiave beenusedonly by their creatorsandoftenonly on small
(andunimplementedgxamples.

— Provideshierarchicalstructuringmechanismsvhich allow designto be performed
atmultiple levelsof abstractionSuchmechanismarecrucialto the practicalityof
themethodologyon largedesigns.

— Usesaniterative procesover softwareengineeringphasesatherthanalinearwa-
terfall” model. Although the phasesare describedn a sequentiafashionin this
papertheintentionis not to performthempurelyin sequenceRather onerepeats
the whole procesawith a changingfocus. While the rst iterationwill be almost
entirely actiities associatedvith the systemspeci cation phase subsequerniter-
ationswill involve a mixture of actwities from differentphasesaandwill shift the
activities mix moreandmoretowardsthelaterphases.

— Provides (automatablexrosscheckingof designartifacts.Like [17], we believe
thatautomatedatonsisteng checkingis vital for the practicalityof a methodology

Of thepropertiesaabove, perhapshemostcontentiouss the rst; mary existingmethod-
ologiesintentionally do not supportintelligent agentsrather they aim for generality
andtreatagentsasblackboxes.We believe thatin this case generalityneedgo be sac-
ri ced in favour of usefulnessBy speci cally supportingthe developmentof BDI-lik e

agentswe are ableto provide detailedprocesseanddeliverableswhich are usefulto

developersOf coursethis makesPrometheutessusefulto thosedevelopingnon-BDI-

like agentsHowever, notethattheinitial stagesof themethodologyare appropriatdor

thedesignof ary kind of multi agentsystem.

Although noneof thesepropertiesis uniquein isolation, their combinationis, to
the bestof our knowledge,unique.We believe thatthesepropertiesareall essentiafor
a practicalmethodologythat is usableby non-expertsand accordinglythe designof
Prometheusvasguidedby theseproperties Although Prometheustontribution is the
combinationof thesepropertiesthis combinationwasachiezedthroughcarefuldesign
of the methodologylt is not possibleto easilyconstructa methodologywhich hasthe
above propertieshy combiningmethodologieghat have someof them.For example,
givena methodologythat providesautomatedsupportbut doesnot supportintelligent
agentsand anothermethodologythat supportsintelligent agentsbut not provide au-
tomatedcross-checkingit is not at all obvious how a hybrid methodologycould be
createdhatsupportdothfeatures.



The Prometheusmethodologyconsistsof three phasesThe systemspeci cation
phasefocuseson identifying the basicfunctionalitiesof the system alongwith inputs
(percepts)putputs(actions)andary importantshareddatasourcesThe architectural
designphaseusesthe outputsfrom the previous phaseto determinewhich agentshe
systemwill containandhow they will interact.The detaileddesignphaselooksat the
internalsof eachagentandhow it will accomplishts taskswithin the overall system.
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Therestof this paperdescribegshe methodologyusinga runningexample:an on-
line bookstorehatassistsustomerin nding andchoosingoooks managesleliveries,
stock, customerand supplierinformation,and doesselectve adwertisingbasedon in-
terestslt is, of course,not possibleto describea methodologyin detailin 12 pages.
However, we hopethatanunderstandin@f its structureandsomesenseof its phases,
deliverablesactiities, anddepthof detail canbe gained.

2 Systemspeci cation

Agent systemsaretypically situatedin a changingand dynamicenvironment,which
canbe affected,thoughnot totally controlledby the agentsystem.Oneof the earliest
questionswhich mustbe answereds how the agentsystemis going to interactwith
thiservironment.In line with [22] we call incominginformationfrom the ervironment
“percepts”,andthe mechanisméor affectingthe ervironment“actions”.

As discussedn [26] it is importantto distinguishbetweerperceptsandevents:an
eventis a signi cant occurrencefor the agentsystem,whereasa perceptis raw data
availableto theagentsystemOftenperceptsanrequireprocessingn orderto identify
eventsthatanagentcanreactto. For example,if asoccerplayingrobot'scamerashaovs
aball whereit is expectedo bethenthis percepis notsigni cant. However, if theball
is seerwhereit is not expectedthenthis is signi cant.

Actionsmayalsobecomple, requiringsigni cant designanddevelopmenbutside
therealmof thereasoningystemThisis especialljtruewhenmanipulatiorof physical
effectorsis involved. We shall not addresgerceptprocessingandactionsary further
in this paper Both canbe donewithin the agentsystem(eitherin speci c agentsor



distributed) or outsideof the agentpart of the system.If donewithin the agentpart
of the systemthen the Prometheusnethodologycan be applied, otherwiseexisting
methodologieganbeused.

The online bookstorehasthe perceptf customerssisiting the website,selecting
items,placingorders(usingforms), andreceving emailfrom customersdelivery ser
vices and book suppliers.Actions are bank transactionssendingemail, and placing
delivery orders.

In parallelwith discovering or specifying(which of thesewill dependon the situ-
ation)the perceptsaandactionsthe developermuststartto describewhatit is the agent
systemshoulddo in a broadersense the functionalities of the system.For example,
in orderto de ne the book storewe may needto de ne functionalitiessuchas “the
bookstore will providea personalisednterfaceto customes” and“the bookstore will
maintainits stok” . Thesefunctionalitiesstartto give anunderstandingf the system-
somesenseof its purpose.

It is importantin de ning functionalitiesthatthey be keptasnarrav aspossible,
dealingwith a singleaspecbr goal of the system.f functionalitiesaretoo broadthey
arelikely to belessadequatelgpeci edleadingto potentialmisunderstanding.

In de ning a functionality it is importantto alsode ne the informationthatis re-
quired,andtheinformationproducedoy it. Thefunctionality descriptomproducedcon-
tainsa name, a shortnaturallanguagedescription, alist of actions, a list of relevant
percepts data usedandproducedanda brief descriptionof interactions with other
functionalities.For example,the following describethe welcomerfunctionalityin the
onlinebookstore.

Welcomer: providesa customisedesponséo theuserwhenthey log into thesite.
Actions: provide link to statusof existing orders,welcomeby name welcomeasnewn
user queryenjoymentof recentpurchasesndicatespecialoffersrelevantto interests.
Percepts: Customemccessesite.

Data access:Readscustomerinformation, specialoffers, and customerinteractions
data.Writescustomeiinteractiondata.

Interactions: No interactiongwith otherfunctionalities.

While functionalitiesfocuson particularaspect®f the systemusecasescenarios
giveamoreholisticview of thesystemThebasicideais borrovedfrom objectoriented
design.However, the usecasescenarioaregivenslightly morestructure.

The centralpart of a usecasescenarion Prometheuss the sequenc®f stepsde-
scribingan exampleof the systemin operation.Eachstepis annotatedvith the name
of thefunctionality responsibleaswell asinformationusedor producedTheseanno-
tationsallow crosscheckingfor consisteng with the functionality descriptors.

The use casetemplateswvhich we usecontainan identi cation number, a brief
naturallanguageoverview, anoptional eld calledcontext which indicateswhenthis
scenariowould happenpr the startpoint of the scenariothe scenarioitself which is
a sequencef steps,a summaryof all the information usedin the varioussteps,and
alist of smallvariations. Because scenariccapturesonly oneparticularsequencef

% A numberof methodologiesall these'roles”. We preferto avoid overloadingthe termsince
it hasa similar, but non-identicalmeaningn the context of teamsof agents.



stepsit canbe usefulto indicatesmall variationswith a brief description.Any major
variationsshouldbe a separateisecasescenario.

3 Architectural design

The majordecisionto be madeduringthe architecturaldesignis which agentsshould
exist. We assigrfunctionalitiesto agentdy analysingheartifactsof the previousphase
to suggespossibleassignmentsf functionalitiesto agents.Thesearethenevaluated
accordingo thetraditionalsoftwareengineeringriteriaof coherencendcoupling.

Theprocesof identifying agentdy groupingfunctionalitiesinvolvesanalysinghe
reasongor andagainsigroupingsof particularfunctionalities.If functionalitiesusethe
samedatait is anindicationfor groupingthem,asis signi cant interactionbetween
them.Reasonsgainsgroupingsmaybeclearlyunrelatedunctionality or existenceon
differenthardwareplatforms.More generallywe seekio have agentavhichhave strong
coherencandloosecoupling.

It canbe usefulat this stageto draw a matrix having all functionalitieson oneaxis
andthe propertiesor relationshipson the otheraxis. Speci ¢ propertiesandrelation-
shipsthatareusefulin deriving groupingsof functionalitiesarewhethertwo function-
alitiesarerelated whetherthey areclearly unrelated thedataused anddataproduced
aswell asinformationreceivedrom otherfunctionalitiesanddatathatis written by two
(or more) functionalities Thelasttwo columnscanbe derivedfrom theinformationin
thepreviouscolumns.

In orderto evaluatea potentialgroupingfor couplingwe useanagentacquaintance
diagram.Thisdiagramsimplylinks eachagenwith eachotheragentwith whichit inter-
acts.A designwith fewer linkagesis lesshighly coupledandthereforepreferableThe
designfor the book storedepictedbelow (on theright) is reasonablesinceit indicates
low coupling. A designwhich producedan acquaintanceliagramwhere eachagent
was linked to every otheragentwould be highly undesirable Note that Prometheus
usesaconsistennotationto depictagentsgvents,plans,capabilitiesgtc. This notation
is summarisedelown, ontheleft.

Data/
Belief ]
% Agent Event T cashier

A simpleheuristicfor assessingoherencés whetheranagenthasa simpledescrip-
tive namewhich encompassedll the functionalitieswithout ary conjunctiong*and”).
For example,the shopassistanagentcombinesthe functionalitiesof visit manager
client welcomer query processqrpro-active helper andcustomeDB manageryet it
hasa simpledescriptve name.
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4 Both read(in the caseof datastores)andreceivedin the caseof eventsandmessages).



Oncea decisionhasbeenmadeasto which agentshe systemshouldcontainit is
possibleto startworking out and describingsomeof the necessarynformationabout
agents.The high level information abouteachagentis containedin the form of an
agentdescriptoy similar to functionality descriptors Questionswhich needto be re-
solved aboutagentsat this stageinclude: How mary agentsof this type will therebe
(singleton,a setnumber or multiple basedon dynamicsof the system e.g.onesales
assistantgentper customer)2Vhatis the lifetime of the agent?f they arecreatedor
destrgyedduringsystemoperation(otherthanat start-upandshut-davn), whattriggers
this? Agent initialisation - what needsto be done?Agent demise- what needsto be
done?What datadoesthis agentneedto keeptrack of? What eventswill this agent
reactto?

Agentdescriptorsontainthe above informationplusthe name anddescription of
theagent,a brief descriptionof waysin which it interacts with otheragentsanda list
of the functionalities which areincorporatedwithin this agent.For exampleconsider
thefollowing agentdescriptor:

Name: Shopassistanagent

Description: greetscustomeyfollows throughsite,assistsvith nding books
Cardinality: 1/customerinstantiatecbn customeiarrival at site

Functionalities included: visit managerclient welcomer queryprocessarpro-actve
helper customeiDB manager

Readsdata: userpro le, clientorders

Writes data: userpro le

Interacts with: cashier(to payfor purchase)warehousenanagelto getprice, avail-
ability andto handover orderfor shipping)

Consisteng checkingshouldbedoneto ensuraghatagentdescriptorsareconsistent
with the setof functionalitydescriptorsvhich have beenincorporatedwithin theagent.
Particularitemsto checkarethe information,andthe agentinteractionslf a function-
ality is listedasinteractingwith anotherfunctionality, thenthis shouldtranslatento an
agentinteractionunlessthetwo functionalitiesareincorporatedvithin thesameagent.

At this stageof the designit is importantto identify what events (i.e. signi cant
occurrencesvill be generatedhs a result of information from the ervironment(the
percepts)eitherdirectly or afterprocessingThesearethethingstheagentswill notice,
which will causethemto reactin someway. A decisionmustbe madeasto which
agentswill reactto which events.

In orderto accomplistthevariousaimsof thesystemagentswill alsosendmessages
to eachother Thesemustalsobeidenti ed atthis stagelt is alsonecessaryo identify
whatinformation elds will be carriedin thesemessagesasthis forms the interface
de nition betweertheagents.

If the implementatiorplatform doesnot provide specialisedmessagaypes,these
mustbe speci ed preciselyat this stageto enablemodularityin the developmentof the
detaileddesignfor theindividual agents.

Shared data objects (if any) mustalsobeidenti ed at this stage.A gooddesign
will minimisethese but theremay be situationswhereit is reasonablé¢o have shared
dataobjects.If multiple agentswill be writing to shareddataobjectsthis will require
signi cant additionalcarefor synchronisatiofasagentoperateconcurrentlywith each



other).Oftenwhatat rst appeardo beasharedataobjectcanbereconceptualiseds
a datasourcemanagedoy a single agent,with information provided to otheragents
asthey needit. Alternatively eachagentmay have its own versionof theinformation,
without therebeingary needfor a single centraliseddataobject. Dataobjectsshould
be speci ed usingtraditionalobjectorientedtechniques.

The system overview dia-
gram ties together the agents,
eventsand shareddataobjects. It
is arguably the single most im- v -
portant artifact of the entire de-
signprocessalthoughof courseit
cannotreally be understoodully
in isolation. By viewing this dia-
gram we obtain a generalunder
standingof how the systemas a ——~
wholewill function.Messagebe- b ae e M anager
tweenagentscan include a reply, R, = customer relations
althoughthis is not shavn explic-
itly on thediagram.Looking furtherat agentdescriptorgprovidesary additionaldetail
neededo understandhe high level functioningof the system.

The nal aspectof the architecturaldesignis to specifyfully the interaction be-
tweenagentslnteractiondiagramsareusedasaninitial tool for doingthis, while fully
speci edinteractionprotocolsarethe nal designartifact.

Interaction diagrams areborronveddirectly from objectorienteddesign,shawving
interactionbetweenagentsratherthan objects.One of the main processegor devel-
opinginteractiondiagramss to take the usecaseglevelopedin the speci cationphase
andto build correspondingnteractiondiagramsWhereserthereis astepin theusecase
which involvesa functionality from a new agenttheremustbe someinteractionfrom
a previously involved agentto the newly participatingagent.While it is not possible
to automaticallyderive theinteractiondiagramsfrom the usecasessubstantiatonsis-
teng/ checkingis possible Figurel (left) shavs aninteractiondiagramfor a scenario
of buying a bookat our electronicbookstorelt depictsthe userrequestinga particular
bookfrom the salesassistanwvhich checksthe detailswith thewarehouse¢henreplies.
The userdecidesto buy the book and placesan order; the salesassistanthecksfor
delivery options,con rms themwith theuser checksthe users creditcarddetailswith
thecashierandthenplacesthe orderandthanksthe user In additionto deriving inter-
actiondiagramdrom usecaseseachof themajorervironmentaleventsshouldhave an
associatedhteractiondiagram.

Interactiondiagrams]Jik e usecasesgive only a partial picture of the systems be-
haviour. In orderto have a preciselyde ned systemwe progressrom interactiondia-
gramsto interaction protocolswhichde ne preciselywhichinteractionsequenceare
valid within the system.

Figure 1 (right) shavs the protocolfor the credit checkportion of the interaction
diagramshavn in gure 1 (left). Becauseprotocolsmustshow all variationsthey are
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Fig. 1. ExamplelnteractionDiagram(left) andProtocol(right)

often larger thanthe correspondingnteractiondiagramand may needto be split into
smallerchunks We usethe AUML notation[19] to specifyprotocaols,

Consisteng checkingshouldbe donebetweerprotocolsandinteractiondiagrams,
the systemoverview diagram,andusecasesWith the appropriateools, muchof this
consisteng checkingcanbe automated.

4 Detaileddesign

Detaileddesignfocuseson developingthe internalstructureof eachof the agentsand
how it will achieve its taskswithin the system.lt is at this stageof the designthat
the methodologybecomesspeci ¢ to agentsthat useuserde ned plans,triggeredby
goalsor events,suchasthe variousimplementation®f Belief, Desire,Intention(BDI)
systemge.g. PRS,dMARS, JAM, or JACK). A numberof detailsregardingthe im-
plementatiorplatformalsobecomeavidentat this stagewhenlooking at ary particular
design.However, the principlesare easilyadaptedo the speci cs of whichever devel-
opmentplatform hasbeenchosenaslong asit is within the broadgeneralcateyory of
agentswvhich useplansandreactto events.

Thefocusof the detaileddesignphases on de ning capabilities(moduleswithin
theagent),internalevents,plansanddetaileddatastructuresA progressie re nement
processs usedwhich beginsby describingagentsinternalsin termsof capabilitiesThe
internalstructureof eachcapabilityis thendescribedpptionally usingor introducing
furthercapabilitiesThesearere ned in turnuntil all capabilitieshave beende ned. At
thebottomlevel capabilitiesarede ned in termsof plans,events,anddata.

The functionalitiesfrom the speci cation phaseprovide a goodinitial setof capa-
bilities, which canbe furtherre ned if desired.Sometimeghereis alsofunctionality
akin to “library routines”which is requiredin multiple places- eitherwithin multiple
agentsor within multiple capabilitieswithin a singleagent.Suchfunctionality should
alsobe extractedinto a capabilitywhich canthenbeincludedinto othercapabilitiesor
agentsasrequired.



Capabilitiesare allowed to be nestedwithin othercapabilitiesandthusthis model
allows for arbitrarily mary layerswithin the detaileddesign,in orderto achieve an
understandableompleity ateachlevel.

Eachcapability shouldbe describedby a capability descriptorwhich containsin-
formationaboutthe externalinterfaceto the capability- which eventsareinputs and
which eventsare producedby (asinputsto othercapabilities) It alsocontainsa natu-
ral languagedescription of the functionality, a uniquedescriptve name, information
regardinginteractions with othercapabilities,or inclusions of othercapabilities,and
a referenceto data readand written by the capability We use structuredcapability
descriptorformscontainingtheabove elds.

Theagentoverview diagram providesthetop level view of the agentinternals.It
is very similar in styleto the systemovervien diagram,but insteadof agentswithin a
systemjt shavs capabilitieswithin anagent.This diagramshovsthetop level capabil-
ities of the agentandthe eventor task o w betweerthesecapabilitiesaswell asdata
internalto the agent.By readingthe relevant capability descriptorstogetherwith the
diagramiit is possibleto obtaina clearhigh level view of how the moduleswithin the
agentwill interactto achieve the overall tasksof the agentasdescribedn the agent
descriptorfrom thearchitecturabesign.

The agentoverview diagrambelow is for a warehousenanageiagentin the elec-
tronic bookstore This agenthasthe capabilitiesof tracking stock, placing ordersfor
new stock and organising delivery  of books to clients.

A further level of detail is
provided by capability diagrams
which take a single capabilityand
describeits internals.At the bot-
tom level thesewill containplans,
with eventsproviding the connec-
tionsbetweerplansjustasthey do
betweencapabilitiesand between
agentsAt intermediatdevelsthey
may containnestedcapabilitiesor
amixtureof capabilitiesandplans.
Thesediagramsaresimilarin styleto the systenmoverview andagentoverview diagram,
althoughplansareconstrainedo have a singleincoming(triggering)event.

Justastheagentoverview diagramshouldbe checledfor consisteng with the sys-
temoverview (in termsof incomingandoutgoingevents),so eachcapabilityoverview
diagramshouldbe checledagainstits enclosingcontext - eitherthe agentoverview, or
anothercapabilityoverview.

The nal designartifactsrequiredaretheindividualplan,eventanddatadescriptors.
Thesedescriptiongrovide the detailsnecessaryo move into implementationExactly
what are the appropriatedetails for thesedescriptorswill dependon aspectsof the
implementatiorplatform. For exampleif the context in which a plantypeis to beused
is split into two separateheckswithin the systembeingused(asis the casein JACK)
thenit is appropriateo specifytheseseparatelyn thedescriptorFieldsregardingwhat

Ordering
capability



information an event carriesassumesghat eventsare compositeobjectsableto carry
information,andsoon.

The plan descriptorawve useprovide anidenti er , thetriggering event type, the
plan stepsaswell asa shortnaturallanguagedescription, a context speci cationin-
dicatingwhenthis planshouldbe usedanda list of data readandwritten.

Eventdescriptorsareusedto fully specifyall events,includingthoseidenti ed ear
lier. The eventdescriptorshouldidentify the purposeof the eventandary data that
the eventcarries.We alsoindicatefor eacheventwhetherit is expectedto be covered
andwhetherit is expectedo beunambiguousAn eventis coveredif thereis alwaysat
leastonehandlingplanwhichis applicablethatis, for ary situation,atleastoneof the
matchingplanswill have a true context condition.An eventis unambiguousf thereis
alwaysat mostonehandlingplanwhichis applicable.

Datadescriptorsshouldspecifythe elds andmethodsof ary classesisedfor data
storagewithin the system.If specialiseddatastructuresare provided for maintaining
beliefs,theseshouldalsobe speci ed.

An additionalartifactthatis completedandchecled) at this point is the data dic-
tionary . Thedatadictionaryshouldbe startedat the beginningof the projectanddevel-
opedfurther at eachstage.The datadictionaryis importantin ensuringconsistenuse
of namegfor example whatis called“deliveryinfo” in oneplacein thedesignshould
not be called“deliv. information” elsavhere).One optionis to organisethe datadic-
tionaryinto separatesectiondor agentscapabilities plans,eventsanddata,organised
alphabeticallywithin sectionsThe otheroptionis to have a at alphabeticaktructure.
With tool supportmultiple views (automaticallygeneratedanbe provided.

5 Discussionand conclusions

Wehavebrie y describedhekey aspect®f the PrometheumethodologyThemethod-
ology hasbheenin usefor severalyearsandhasbeentaughtin industryworkshopgmost
recentlyat the AustralianAl conference2001).The methodologyhasbeenin usefor
severalyearsasateachingool. Thefeedbackve haverecevedindicateghatit provides
substantiabuidancefor the procesof developingthe designandfor communicating
the designwithin a work group. With studentprojectsit is abundantlyclearthat the
existenceof the methodologyis an enormoushelp in thinking aboutanddecidingon
thedesignissuesaswell ascorveying the designdecisions.

One of the adwantagesof this
methodologyis the numberof places
whereautomatedoolscanbeusedfor
consisteng checkingacrossthe vari-
ousartifactsof thedesignprocesskFor
example,the input and output events
for an agentmustbe the sameon the
systemoverview diagramand on the
agentoverview diagram.Agent Ori-
entedSoftwarehasconstructed sup-
port tool for the methodologythat al-



lows designdiagramsto be dravn and generatescorrespondingskeleton code (in
JACK).

We are alsoinvestigatinghow someof the designartifacts,suchasthe protocol
de nitions, andthe capabilitydiagramscanbe usedfor providing debuggingandtrac-
ing supportwithin theimplementedsystem[21]. Having a designmethodologywhich
canbe usedthroughto testingand deluggingis clearly advantageousn termsof an
integratedandcompletemethodology

Otherareador futurework include:clearerintegrationof goalsasa rst classcon-
cept,extensiongo the graphicalnotationto allow perceptsactions,goals,and(some)
sequencingnformationto be speci ed; introductionof socialconceptqteamsyoles);
andinvestigatinghecommonalitiesanddifferenceswvith variousextensionf UML to
agentg19, 20]. Additionally, we intendto integratePrometheusvith theagentconcepts
we haveidenti ed [26].
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