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Abstract—In the last few years, efforts have been done
towards bridging the gap betweenagenttechnologyand de facto
standard technologiesaiming at intr oducing multi-agent systems
in industrial applications. This paper presentsan experiencedone
by using one of such proposals,Agent UM L. Agent UML is
a graphical modelling language basedon UM L. The practical
usageof this notation has brought to suggestsomere nements
of the Agent UM L features.

I. INTRODUCTION

In the last decadeagenttechnologyhasbeena mainstream
researctarea.Thoughmary relevantadvancementsndresults
have beenachieved in the eld, multi-agentsystemshave not
becomewidespreadasindustrialandcommercialapplications.
Recently someefforts have beendone towards bridging the
gap betweenagenttechnology and methodologiesor tech-
nologiesacceptedfor real world applications.Theseaim at
relating multi-agent systemsto practical standardsin order
to leverageon existing knowledge and tools. Openingagent
technologyto industry meansproposingthe new technology
as”an incrementalextension”[3] of proven practices.

It is the caseof object-orientedsoftware designand devel-
opment,which relieson well-establishedndtrustedmethods.
Oneof theseis the Uni ed Modelling Language(lUM L) [6],
awidely acceptechotationfor designingsoftware systemsac-
cordingto the object-orientecparadigm.Extensiongo UM L
to t in notionsrelatedto software agentsand multi-agent
systemdhave beenproposed1], [2], [3], [11], [12]. Thanksto
a cooperationbetweenthe Foundationof Intelligent Physical
Agents (FI PA, www. pa.org) and the Object Management
Group (OM G, www.omg.og) these extensionshave been
coherently collected and known as Agent UML (AUML,
www.auml.og).

In this paper we presentour experienceabout applying
AUM L diagramsto design a real world application. The
use caseis given by the systemdevelopedin the WINK
Europeanproject (Web-linked Integration of Network based
KnowledgelST-2000-28221) For the scopeof the paper we
will focus on the subsystenchaged of keepingthe system
dataup-to-date Our experiencehasleadto someobserations
on the suitability and usefulnessof the proposedextensions,
togetherwith somesuggestiongor further improvements.

Throughoutthe paper we refer to AUML as the set of
working drafts available on the AUM L web-siteand on the

publishedscienti ¢ paperson AUM L [2], [3], [11], [12]. As

the statusof the speci cationsis not stable thesecontrikutions

shav some deggree of dissimilarity Whenerer required by

the contet, we will point out which of the aforementioned
contritutions we refer to. Further while reporting on our

experience,we will highlight the extensionswe have found

useful for our work. For the sale of plainness.all proposed
extensionsare also summarizedn SectionVI.

The paperis structuredas follows. In Sectionll, we set
the backgroundfor our work. Section Ill provides a ba-
sic understandingpf the WIN K systemwhile Section IV
presentsthe high-level requirementgelatedto our use case
subsystemSectionV reportsthe applicationof AUML to
the conceptualand implementationdesignof our use case.
Finally, conclusionsaredrawn in SectionVI.

Il. BACKGROUND

Researchon agent-basedoftware developmenthas been
a very importantdiscipline for agenttechnology In the last
few yearsa numberof methodshave beenproposedto the
scienti c community The eld is characterizedty a variety of
approachessuneyedin [13]. Somerecentmethodologiesre
mostinterestingto us. The Gaia methodology[17] proposes
to breakthe procesdn ananalysisstageanda designstageIn
both stagesdesignersare requiredto dealwith models(roles
model and interactionmodelfor the analysisstageand agent
model, servicesmodeland acquaintancenodelfor the design
stage).This way, designersand developersare progressiely
guidedthroughspecifyingmoreandmoredetailsaboutthe ap-
plicationandthe systembeingencouragedo follow a process
basedn organizationadesign.The T roposmethodology10]
is basedon two features:ithe notionsof agent,goal, plan and
other agentrelated conceptsare coherentlyusedthroughout
the processand requirementsanalysisand speci cation are
an essentialpart of the methodology At the core of the
methodologythereis the Tropos Modelling Languagewhich
is basedon a metamodeland is conceved as an extensible
languageCommonalitiesbetweerthe two methodologiesre:

they distinguisha conceptualand an implementationor
developmentphaseduring the overall process;

they use different modelsto catch different views of
the system-to-be.These views concernsthe following



aspectof agenthood: agentsgernvironments,interactions
and organizations;

they supportnot only agent-basedystemshput areaware

that real applicationservisagea blend of object-oriented
servicesand agenttechnology

Thesefeaturesare also presentin AUM L, a graphicalmod-
elling language.The rst movestowardsAUM L have been
madeby Odell et al. [14]. UM L Classdiagramshave been
revisited in [2] and further extendedin [11]. While Bauer
et al. proposeda baseform of ClassDiagrams,Huget gave
a precisesemanticgo the relationshipsintercurring between
agentsandbetweeragentsandobjects Hugetfurtherrede ned
the compartmentf a Class Diagram taking a Vowel [7]-
basedapproach.UM L Sequenceand State diagramshave
beeninitially extendedn [1]. This hasbroughtto thede nition
of a new Classof Diagrams,called ProtocolDiagrams.Bauer
at al. includedin Protocol Diagramsagentroles, threadsof
interactions, nestedand interleared protocols and protocol
templatesProtocol Diagramshave beensubsequentlye ned
in [12]. To the basicsetof primitives, Hugetaddednew fea-
turessuchasbroadcastingsynchronizationtriggeringactions,
exception handling, time managementatomic transactions
and repeatedmessagesleveragingon his experiencein the
domain of reliability, electroniccommerceand supply-chain
management.

I1. WINK OVERVIEW

The WINK project [4] aims at supporting large-scale
multi-supplierand multi-site projects,usually knovn as one-
of-a-kind production.The WI NK systemimplementsa so-
calledintegration network procesanodelthat helpsmanagers
plan and monitor all aspectsrelatedto project management
suchaspersonnelresourcesplanning,exceptionhandlingand
budgeting.The main featuresof the WI NK systemare:

adwancedplanning and budgetingfunctionalities,which
leadto betterforecastingreducingre-planningoverheads
during the executionof the projects;

alert-basedactivity monitoring, which reducescost and
risk assessment;

managemenbf contingentfactors,including pro-actve
analysis of deterministic and casual risk factors, re-
planningto face deviations, impact veri cation and so-
lution comparisonye-alignmentof plansand budgetsfor
the involved project units, change-trackingnechanisms
for revision evaluations;

full exploitation of the network potential,by describing
its resourcesgcompetenciesind operatingprocessesand
speedingup andautomatingnformationprocessesuring
the entire project life cycle, spanningcompaniesand
organizationalunit boundaries.

From an architecturalviewpoint, the WI N K projectaims
at combining two existing systems,the Gruppo Formula's
WHALE S andthe M I K S [5] from University of Modena
andReggio Emilia. Thegoalis to composenarchitecturahat
leveragesthe strengthof both systems.Figure 1 depictsthe
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Fig. 1. Theoverall WIN K systemarchitecture

resulting three-tiermodel: The WINK architecture(Figure
1) is basedon a three-tiermodel wherethe client tier makes
available a Virtual Integrated Cockpit on which information
is collectedand presentedas a customizedweb interface,the
datatier manageghe interactionswith the dataprovided by

the EnterpriseInformation Systems,and the businesslogic

tier combinesthe capabilitiesof two separatednodules:the
Project Collaboration Portal andthe Integration Framevork.

In particular the rst module supportsthe de nition of busi-
nesslogic for the monitoring, the executionandthe planning
of a project. The Integration Framevork provides a global
virtual view representingll the sourcesandan engine,based
on agenttechnology to query distributed data sources.We
obsere that all the WINK tiers may be distributed on the
netand have to communicatewith eachother

IV. SYSTEM REQUIREMENTS

The multi-agent subsystemwe considerin this paperis
chagedof supportingthe executionof tasksthatinvolve func-
tionalities of both the WHALE S andthe MI K S systems.
We can also seethe subsysteras an applicationintegration
module as it enhanceghe interoperability betweenthe two
existing systemsFrom anoperatve perspectie the subsystem
shouldfunction asfollows. The WI N K usersinteractwith a
web interface.Wheneer new datahave to be retrieved, users
are presentecdan Interface Module (that can be renderedfor
instanceby meansof a dynamic web page by the Project
Collaboration Portal) wherethey can composethe query to
be submitted.Once the query is ready and submitted, the
Interface Module invokes an appropriateweb service,which
actsuponthe WINK Agencyin orderto actvatethe agentghat
will bechagedof the queryexecutionandresultdelivery. The
gueryto be executedis handedon to a ServiceAgent together
with the noti cation the queryhasto be executedon a regular
basis. The ServiceAgent exploits the GVV to know which
datasourcesareinvolvedby the posedquery Accordingto this
mappingand to the contingentsystemworkload, the Service
Agent will contacta numberof Query Agents At this stage,
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Fig. 2. Our referencesubsystem

a Query Agent will move to the data source(s)/container(s

the query refers to, will interact with Wrapper Agents in

order to executethe local query(ies)and nally will report
the answerto the calling ServiceAgent In order to deliver

resultsso asto updatethe correctinformation, ServiceAgents
have beenimplementedin orderto report query answersin

the desiredformat (in our casean X M L format). The calling

InterfaceModulewill thenapply the desiredX SL stylesheet
to presentdataonthe W1 N K webinterface.Figure2 depicts
this scenario,where the Interface Module is relieved by an

ASP page:

V. APPLICATION OF AGENT UML DIAGRAMS

In this sectionwe report our experiencein using AUM L
Classand ProtocolDiagrams.We rst presentthe conceptual
level of abstractiorandthenthe implementatiorview.

A. ClassDiagrams: ConceptualLevel

The conceptuallevel of designis intendedto provide an
overview of the system, representingthe different agents
and classeghat composeit andthe relationshipsintercurring
amongtheseentities. The factthatboth agentsandclassesan
be describecandinterrelatedusinga uniform notationis a step
towardsthe understandingf complex systemsas composed
by a blend of object-orientecandM AS technology We nd
this is a very realistic approachto industrialand commercial
applications.

AUML notation extends the UM L notation. Besides
classes,we distinguish of course agents,identi ed by the
stereotype<<agent>> . Besidesthe UM L relationshipsas-
sociation,generalizationaggreation and dependengc de ned
betweenclassesthe sameset of relationshipshasbeenpro-
posedin [12] for agent-agentind agent-clasgelationships,
giving them a semanticsunderthe light of agentproperties.
Accordingto Huget,the meaningof the relationshipghatcan
be appliedbetweenagentscan be summarizedasfollows:

association:the linked agent are acquaintedand can
exchangemessages;

generalizationthe de nition of an agentcan be derived
from otheragents;

aggr@ation: an agentis aggrgate of anotherif it hasa
recursve architecture;

dependeng it is amutualdependenchbetweerthelinked
agents.

Huget statesalso the meaningof the relationshipsthat can
be appliedbetweenan agentanda class:

associationthe agentusesthe connectectlassedor their
execution;

generalizationnot possible;

aggreation: the agentis de ned as an aggregation of
several classes;

dependenc the agentneedsthe classeitherin its code
or during its execution.

For the graphicalnotationassociatedo theserelationshipsee

111,

Althoughwe nd this semanticavell-de ned, thereis room
for someobsenations.Let usconsiderthe associatiomelation-
ship betweenagents.Looking at Figure 2 above, it could be
the caseof the Query Agent and the Wrapper Agent that are
to be consideredacquaintedand can exchangemessagesie

nd this view is not properly correct. We should note that
the Query Agent relies upon the Wrapper Agent in order to
deliver theresultto the ServiceAgent The relationshipis not
only of acquaintancéthe Query Agent knows which Wrapper
Agentto contactand consequentlythe Wrapper Agent knows
the Query Agent which startedthe conversation),but thereis
a sort of cooperationbetweenthe two. How to capturethis
aspectusingAU M L classdiagramis not yet clearto us. For
the time being,the only way we have foundis to considerthe
relationshipas a dependenc We claim this is not generally
suitable,as cooperationand coordinationare different from
dependeng

Considernow the possiblerelationshipsbetweenan agent
and a class. We claim using classeshas to be considered
as a generalcase.In order to give a ner semantics,we
suggestto extend the de nition proposedin [Hug02a] by
distinguishingclassesnto serviceclasseqor simply services)
and behavior classes( or simply behaiors). Following our
proposalthe meaningof the diversetype of relationshipshas
to beanav statedasfollows (we paraphraséluget's de nition
to underlinethe changein meaning):

associationtheassociatiomelationshipconnectainagent
to the serviceclassest exploits. It meansthat this agent
usesthe connectedserviceclassedor their execution;
aggr@ation:the aggreation betweeragentsandbehaior
classedmplies that agentsare de ned as an aggregation
of several behaiors, i.e. an agentcan shov the set of
connectedbehaiors (no matter whetherthey are stati-
cally or dynamicallyacquired).Agentsusually comprise
several partssuchasa reasoningside,an interactionside
and a perceptionside: they canall be seenas an agent
acquiringsomebehaior class(for reasoninginteracting,
perceving);

dependeng the dependeng betweenagentsand service
classesis possibleand meansthat one agentneedsthe
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Fig. 3. Conceptualevel of our scenario

servicegduringits executionsincethe agentwould possi-
bly exploit the serviceexecution.A dependeng between
agentsandbehaior classess alsopossible but it would
have the samesemanticsas aggreyation.

It follows that, at leastfor the classesthat are connected
to some agent,we should specify their type. For this pur
pose we have introducedthe stereotypes<service>> and
<<behaviour>> . Figure 3 depictsthe Class Diagram for
our usecasescenariolt concernghe conceptualevel of our
designsinceno detailsaboutattributesor operationsaregiven.
We have used packagesto organize objectsinto groupsas
de nedin UML [6].

In part (A) we canrecognizethe following:

class-classassociationsin the WH ALE S packagewe
can navigate betweenthe Interface Module serviceand
the BusinessObject service as there is a relationship
concerningthe datathat have to be usedand asled for;
class-classlependeng it is a unilateraldependenc A
changein the speci cation of the Platform Contmwoller
servicemay affect methodshatareusedby the Interface
Module service;

agent-classassociationthe ServiceAgent usesthe con-
nectedBusinesObjectservicefor manipulatingthe data
on the WH ALE S sener, not otherwiseaccessible;
agent-agentiependeng the pairs ServiceAgent - Direc-
tory AgentandQueryAgent - WrapperAgentareformed
by agentsthat are someha dependenton each other
The ServiceAgent asksfor available agentswhich match
somepropertiego the DirectoryAgent The QueryAgent
exploits the Wrapper Agent for managing connection

Fig. 4.

Implementatiorievel of our scenario

detailsto datasourcespassingthe queryto be executed;
agent-agentassociation:the Directory Agent and the
Query Agent can exchangemessagess a Query Agent
mustregisterto the Directory Agent whenit is started;
agent-agengeneralizationithe Basic Agent collects all
commonfeaturesan agentin the M1 K S systemmust
have.
Part (A) givesa rst overview of the subsystemThe con-
ceptuallevel designcan be further re ned, startingfrom the
relationshipsestablishedn part (A) and focusingon smaller
parts of the subsystemFor instance,a ServiceAgent should
be capableof calling external servicesand communicating
with otheragentsWe canthus drav a ClassDiagramwhich
modelsthesefeatures,still remainingat a conceptuallevel
of abstraction(no details on operationsand variables are
given). Part (B) gives a rst insight on the Service Agent
It is an aggreate of a setof behaiors (for communicating
with external services,for storing data,for communicating).
Part (A) and (B) can be obviously combinedin one single
diagram.

B. Classdiagrams: Implementatiorievel

This level of abstractiordevelopstheimplementatiorphase.
Details have to be fully specied. In general,in order to
provide a comprehensie view of a systeminvolving agents,
we have to specify factsaboutthe architectureof agentsand
their features,the interactionsthat can happenamongthem,
the ervironment that supportstheir execution and how they
can organizeor be organizedas a community This concepts
or a subsetof them can be found in a numberof proposed
methodologies]Wo0000, Giu02]. These methodologieshelp
designerdocussingon the following aspectof agenthood:

the ageng view, which dealswith agents knowledge,
belief, intentions,plansand behaiors;
the ernvironmentalview, which modelshowv agentsreact
to externalchanges;
the interactional view, where interaction protocols are
speci ed;
the organizationalview, which gives detailson organiza-
tions to which an agentbelongs.
Taking into considerationthe use caseof the ServiceAgent
andthe Basic Agent we obtainthe following ClassDiagram
(Figure 4):

From the conceptualevel we know the ServiceAgent and
the Basic Agent are linked with a generalizatiorrelationship.
As the Basic Agent is a sort of templatefor all otheragents



we use,only the needeccompartmentsire presentspecifying
the attributesand operationginternal, pro-actve andreactve)
sharedby all agentsin the subsystemWe have followed
Hugets proposalof storing beliefs, desires,intentions and
goals as objects. We have chosento model this BDI in-
formation using one classfor eachtype of information. All
classessharea commonarchitecture Variablesare storedin
tables(just like Sun's Java H ashTable objects)over which
at leastfour operationsmust be present:two for adding or
deletingvariablesandtwo for settingor gettingthe valueof a
speci ed variable.We canpossiblyaddoperationghatimpact
on the value of the attributes, producing intelligent beliefs
(pro-actve and reactve accordingto the type of operations).
This approachallows an agentto store variablesof standard
datatypes (integers, strings, and so forth) and also variables
that synthesizén complex objects(suchasfor our examplea
list of visited containers).

For the ServiceAgentwe have donethe same consideringt
inheritsfrom the BasicAgent Notethatwe have speci ed the
ServiceAgenttakespartto aninteractionprotocolnamedData
Retrieval. Coherently we have reportedthe role the Service
Agentplaysin thisinteractionprotocol(initiator). The protocol
is startedwheneer theinitiator wantsto retrieve updateddata.
Thisrole is playedby the ServiceAgentwhile it participatedo
theM | K S agentsociety(or organization). The Data Retrieval
protocol is to be de ned outside of the Class Diagram in
what hasbeencalled Protocol Diagrams[3]. This allows for
a modulardesign.

One remark concernsthe capabilities compartment
andthe service lollipops proposedn [11] for the or-
ganizationalview. The capabilities compartmenshould
contain a free-formattextual descriptionof what agentsare
able to do. "These capabilities are derived as servicesto
agents”as Hugetwrites. We have not usedthis compartment
and external servicesas we have already reportedin the
diagramsthe behaior classesexploited by our agents.We
understandoehaior classesas specifyingthe capabilitiesof
the agentsas operations(or sub-behwgiors). Thus, consider
ing we have introducedthe notion of behaior classes,our
suggestioris to omit the capabilities compartmentand
service  lollipops , producinga morecompactotation.

1) Interactional View: In this subsectionwe presenthow
the agentsnteractrelying on the expressve power of AUM L
protocol diagrams.Agent interaction protocols precisecom-
municationpatterns.The basicsof AUM L protocoldiagrams
can be found in [BauO1b]. The notions encompassedn
AUM L protocol diagramsare the followings:

agentsand their roles: agentshave (a) an identity, i.e.
they areinstancesof someentity and play one or more
roles.We have a box for eachinstanceandfor eachrole
this instanceplaysin the protocol;

agentlifelines: theseare graphicalelementghat statean
agent/roleis active within a protocol;
connectorsalternatves and choicesin the protocol are
expressedthrough three logical connectorsthat corre-
spondto AND, OR and XOR options;

conditions:theseare conditionson sendingmessages;
cardinality: expressesnulticastmessages;

type of messagemessagegan be sentasynchronously
or synchronously;

repetition: tells how mary times a messageshould be
sent;

nestedprotocols:asprotocolscanbe reusedwe cannest
protocolswithin otherones;

interleaved protocols:asprotocolscanbe reusedwe can
breakthe executionof a protocol executinganotherone
andthen getting backto executingthe rst.

We also considerthe extensionsproposedin [Hug02b].
Theseare:

broadcast:messagexan be sentto all agentsin the
ervironment;

synchronizationallows to de ne a meetingpoint during
the interaction;

triggeringactions:actionsthattake placewhenparticular
conditionsare met;

exception managementallows to get rid of abnormal
situationor ervironmentalproblems;

time managementwe can express deadlineson the
overall interactionor specify delays betweenmessages
in the protocol;

atomictransactionall message the protocolmustbe
sentrespectingll speci ed constraintgdeadlinesdelays,
conditions and so forth) as one single failure implies
the other messagesnust be cancelledand partial results
rolled back;

sendingmessagesintil delivery: a messagef this type
hasto be sentuntil acknavledgedby the recever.

In orderto obtainthe systemfunctionalitiesasexplainedin
SectionlV, we have to further re ne our requirementsFirst,
we notethatthe procesof dataretrieving andupdatingshould
be con gured as one atomic transaction.Then, we specify
that the transactionconsistsin a sequenceof operationsand
messageexchanges.The Service Agent chaged of starting
the interaction contactsthe Directory Agent to know the
identity of the Query Agentsthat can possibly help it. The
stratgyy is to usethe FIPA Recruiting Interaction Protocol
[8] as a matchmakingservice [16]. Once, they have been
identi ed, they are involved in the interaction and asked
to execute a query A Query Agent dependson Wrapper
Agentsfor queryingtherequireddatasourcesFigure5 depicts
the Protocol Diagram. Through the proxy performatve, the
ServiceAgent makes the Directory Agent contactonly those
agentsthat satisfy the given properties.When the Directory
Agent sendsits multicast messagethe resulting semantics
of this multicastis not the sameas the one of a normal
multicast, since the messages sentto agentsselectedfor
holdingcertaingivenpropertiesWe nd this hasto bepossible
independentlyfrom the particular interaction protocol to be
executed.Hugets de nition of multicast doesnot allow to
expressthis situation. Thereis a needfor further extending
Protocol Diagrams. We proposeto introduce selective



Fig. 5. The Data Retrieval protocol diagram.The frame underlinesthis is
an atomictransaction

multicast messagesA selectve multicast messages to
be directedto a subsetof agentsthat share some specic
properties(that have beenadwertisedor communicatedupon
request).The sharedpropertiesaregiveninside curly braclets
(just like conditionsare).

Once we have a set of Query Agents the sub-protocol
requiredby the proxy performatve is started.In our case,t is
a FIPA Requestnteraction protocol [9]. The sub-protocolex-
ecutionis interleavred with another=1 P A Requestnteraction
protocolthat involves a Query Agent and a Wrapper Agent

Our applicationrequirementamplicitly foreseetime con-
straints.If Alenia's managersvant to have a usabletool at
hand, the whole systemhasto hold consistentand updated
data. Starting from Hugets time managementoncepts,we
have re ned the semanticsof deadlinesand delays.We have
assigneddeadlineson interactionsand named such dead-
linesinteraction deadlines . We intendaninteraction
deadlineasthe minimal expectedperformanceagiventhe usage
andthe operatve requirement®f the system.A ner grained
control over time is given by time constraints , that
are speci ed as delays inside parenthesesOur experience
has shaved us that it is rather dangerous(and apparently
meaningless)setting time constraintsand not catching the
correspondingimeout exceptions,as this could lead to un-
determinedsequencesr deadlocksituations.lt is the caseof
the rst requestmessageentby a QueryAgentto a Wrapper
Agent

VI. CONCLUSION

We have shavn a small and realistic example of a multi-
agent system designedusing AUM L, starting from high-
level requirementsand specifying step by step the details
till drawing an implementationview. The dravn AUM L
Diagramswill be includedin the deliverablesof the WI N K
project.

The choice of AUML has revealed a valuable help in
shapingconceptselatedto agenttechnologyandin expressing
themin a graphicalnotationwith ade ned semanticsWe have
foundit a clearimprovementtowardsunderstandinghe nature
of multi-agent systemsand how they combine with other

(eventually pre-isting) technologiesFollowing the AUM L
notation, we have beenforced to reasonin termsof agents
andtheir properties ratherthen narraving our understanding
of the systemto traditional objectsas we usedto. Having a
systematicapproachto the agentparadigmhasallowed us to
analyzemorein depththe overall systemproperties.

Neverthelessthereis room for improvementsand re ne-
ments.Our experiencehas broughtto the following sugges-
tions for extendingAUM L :

the conceptof classesshould be re ned distinguishing
betweenservice classesand behaior classes.Service
classegepresenserviceshat agentsusefor their execu-
tion. Behavior classesanbe aggregatedto shapeagents
capabilities;

asa consequenceve could drop off the capability com-
partmentandthe servicelollipops from ClassDiagrams,
as agents capabilitiesare speci ed by using behaior
classes;

AUM L shouldinclude, besidesmulticastand broadcast
messagesthe feature of selectve multicast message
where a messagds sentto a group of agentssharing
somegiven property;

time managemenshould be split into interactiondead-
lines, whose scopeis a whole interaction (or a sub-
interaction), and time constraints,which have a ner-
grainedscopeconcerningdelaysbetweenmessages;
nally , somework shouldbe donefor clarifying the con-
ceptsof dependeng versuscooperatiorand dependengc
versuscoordination.

What really lacks when working with AUM L are develop-
ment tools that supportthe graphicalrepresentatiorand the
translationinto code.Futurework could possiblybe spentfor

writing plug-in modulesto add AUM L notationto existing

I DE suchas the opensourceN etB eans project promoted
by Sunor the Eclipse platform promotedby | BM .

In our exercise,we have not tackledthe designof the sys-
tem topology A proposalfor Con guration and Deployment
Diagramshas beendonein [15]. In further work, we will
considerthese aspects,trying to test the expressienessof
the proposal.In future work, we will investigate Classand
Protocol Diagrams, extending our experienceto the overall
WINK system.The purposeis to contritute to the de nition
of areliableand ne semanticior AUML.
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