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Abstract— In the last few years, efforts have been done
towards bridging the gap betweenagent technologyand de facto
standard technologies,aiming at intr oducing multi-agent systems
in industrial applications.This paper presentsan experiencedone
by using one of such proposals,Agent UM L . Agent UM L is
a graphical modelling language based on 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
researcharea.Thoughmany relevantadvancementsandresults
have beenachieved in the �eld, multi-agentsystemshave not
becomewidespreadasindustrialandcommercialapplications.
Recently, someefforts have beendone towardsbridging the
gap betweenagent technologyand methodologiesor tech-
nologiesacceptedfor real world applications.Theseaim at
relating multi-agent systemsto practical standardsin order
to leverageon existing knowledgeand tools. Openingagent
technologyto industry meansproposingthe new technology
as”an incrementalextension” [3] of proven practices.

It is the caseof object-orientedsoftwaredesignanddevel-
opment,which relieson well-establishedandtrustedmethods.
Oneof theseis the Uni�ed Modelling Language(UM L) [6],
a widely acceptednotationfor designingsoftwaresystemsac-
cordingto the object-orientedparadigm.Extensionsto UM L
to �t in notions related to software agentsand multi-agent
systemshave beenproposed[1], [2], [3], [11], [12]. Thanksto
a cooperationbetweenthe Foundationof Intelligent Physical
Agents (F I PA, www.�pa.org) and the Object Management
Group (OM G, www.omg.org) these extensionshave been
coherently collected and known as Agent UML (AU M L,
www.auml.org).

In this paper, we presentour experienceabout applying
AU M L diagramsto design a real world application. The
use caseis given by the systemdeveloped in the W I N K
Europeanproject (Web-linked Integration of Network based
KnowledgeIST-2000-28221).For the scopeof the paper, we
will focus on the subsystemcharged of keepingthe system
dataup-to-date.Our experiencehasleadto someobservations
on the suitability and usefulnessof the proposedextensions,
togetherwith somesuggestionsfor further improvements.

Throughoutthe paper, we refer to AU M L as the set of
working drafts available on the AU M L web-siteand on the

publishedscienti�c paperson AU M L [2], [3], [11], [12]. As
thestatusof thespeci�cationsis not stable,thesecontributions
show some degree of dissimilarity. Whenever required by
the context, we will point out which of the aforementioned
contributions we refer to. Further, while reporting on our
experience,we will highlight the extensionswe have found
useful for our work. For the sake of plainness,all proposed
extensionsarealsosummarizedin SectionVI.

The paper is structuredas follows. In Section II, we set
the backgroundfor our work. Section III provides a ba-
sic understandingof the W I N K systemwhile Section IV
presentsthe high-level requirementsrelatedto our use case
subsystem.SectionV reports the applicationof AU M L to
the conceptualand implementationdesign of our use case.
Finally, conclusionsaredrawn in SectionVI.

I I . BACKGROUND

Researchon agent-basedsoftware developmenthas been
a very important discipline for agenttechnology. In the last
few yearsa numberof methodshave beenproposedto the
scienti�c community. The�eld is characterizedby a varietyof
approaches,surveyed in [13]. Somerecentmethodologiesare
most interestingto us. The Gaia methodology[17] proposes
to breaktheprocessin ananalysisstageanda designstage.In
both stages,designersarerequiredto dealwith models(roles
modeland interactionmodel for the analysisstageandagent
model,servicesmodelandacquaintancemodelfor the design
stage).This way, designersand developersare progressively
guidedthroughspecifyingmoreandmoredetailsabouttheap-
plicationandthesystem,beingencouragedto follow a process
basedonorganizationaldesign.TheTr oposmethodology[10]
is basedon two features:the notionsof agent,goal, plan and
other agentrelatedconceptsare coherentlyusedthroughout
the processand requirementsanalysisand speci�cation are
an essentialpart of the methodology. At the core of the
methodologythereis the Tr oposModelling Languagewhich
is basedon a metamodeland is conceived as an extensible
language.Commonalitiesbetweenthe two methodologiesare:

� they distinguisha conceptualand an implementationor
developmentphaseduring the overall process;

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



aspectsof agenthood: agents,environments,interactions
andorganizations;

� they supportnot only agent-basedsystems,but areaware
that real applicationsenvisagea blendof object-oriented
servicesandagenttechnology.

Thesefeaturesare also presentin AU M L, a graphicalmod-
elling language.The �rst moves towardsAU M 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 precisesemanticsto the relationshipsintercurringbetween
agentsandbetweenagentsandobjects.Hugetfurtherrede�ned
the compartmentsof a Class Diagram taking a Vowel [7]-
basedapproach.UM L Sequenceand State diagramshave
beeninitially extendedin [1]. Thishasbroughtto thede�nition
of a new Classof Diagrams,calledProtocolDiagrams.Bauer
at al. included in Protocol Diagramsagentroles, threadsof
interactions,nestedand interleaved protocols and protocol
templates.ProtocolDiagramshave beensubsequentlyre�ned
in [12]. To the basicsetof primitives,Hugetaddednew fea-
turessuchasbroadcasting,synchronization,triggeringactions,
exception handling, time management,atomic transactions
and repeatedmessages,leveragingon his experiencein the
domain of reliability, electroniccommerceand supply-chain
management.

I I I . WINK OVERVIEW

The W I N K project [4] aims at supporting large-scale
multi-supplierand multi-site projects,usually known as one-
of-a-kind production.The W I N K systemimplementsa so-
calledintegrationnetwork processmodelthat helpsmanagers
plan and monitor all aspectsrelatedto project management
suchaspersonnel,resources,planning,exceptionhandlingand
budgeting.The main featuresof the W I N K systemare:

� advancedplanningand budgetingfunctionalities,which
leadto betterforecasting,reducingre-planningoverheads
during the executionof the projects;

� alert-basedactivity monitoring, which reducescost and
risk assessment;

� managementof contingentfactors, including pro-active
analysis of deterministic and casual risk factors, re-
planning to face deviations, impact veri�cation and so-
lution comparison,re-alignmentof plansandbudgetsfor
the involved project units, change-trackingmechanisms
for revision evaluations;

� full exploitation of the network potential,by describing
its resources,competenciesandoperatingprocesses,and
speedingup andautomatinginformationprocessesduring
the entire project life cycle, spanningcompaniesand
organizationalunit boundaries.

From an architecturalviewpoint, the W I N K projectaims
at combining two existing systems,the Gruppo Formula's
W H ALE S and the M I K S [5] from University of Modena
andReggio Emilia. Thegoalis to composeanarchitecturethat
leveragesthe strengthof both systems.Figure 1 depictsthe

Fig. 1. The overall W I N K systemarchitecture

resulting three-tiermodel: The W I N K architecture(Figure
1) is basedon a three-tiermodel wherethe client tier makes
available a Virtual IntegratedCockpit on which information
is collectedandpresentedasa customizedweb interface,the
data tier managesthe interactionswith the dataprovided by
the EnterpriseInformation Systems,and the businesslogic
tier combinesthe capabilitiesof two separatedmodules:the
Project Collaboration Portal and the Integration Framework.
In particular, the �rst modulesupportsthe de�nition of busi-
nesslogic for the monitoring,the executionand the planning
of a project. The Integration Framework provides a global
virtual view representingall the sourcesandan engine,based
on agent technology, to query distributed data sources.We
observe that all the W I N K tiers may be distributed on the
net andhave to communicatewith eachother.

IV. SYSTEM REQUIREMENTS

The multi-agent subsystemwe consider in this paper is
chargedof supportingtheexecutionof tasksthat involve func-
tionalities of both the W H ALE S and the M I K S systems.
We can also seethe subsystemas an applicationintegration
module as it enhancesthe interoperabilitybetweenthe two
existing systems.Fromanoperative perspective thesubsystem
shouldfunction asfollows. The W I N K usersinteractwith a
web interface.Whenever new datahave to be retrieved,users
are presentedan InterfaceModule (that can be renderedfor
instanceby meansof a dynamic web page by the Project
Collaboration Portal) where they can composethe query to
be submitted.Once the query is ready and submitted, the
InterfaceModule invokes an appropriateweb service,which
actsupontheWINK Agencyin orderto activatetheagentsthat
will bechargedof thequeryexecutionandresultdelivery. The
queryto beexecutedis handedon to a ServiceAgent together
with thenoti�cation thequeryhasto beexecutedon a regular
basis.The ServiceAgent exploits the GV V to know which
datasourcesareinvolvedby theposedquery. Accordingto this
mappingand to the contingentsystemworkload, the Service
Agent will contacta numberof Query Agents. At this stage,



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 execute the local query(ies)and �nally will report
the answerto the calling ServiceAgent. In order to deliver
resultsso asto updatethe correctinformation,ServiceAgents
have beenimplementedin order to report query answersin
thedesiredformat (in our case,anX M L format).Thecalling
InterfaceModulewill thenapply the desiredX SL stylesheet
to presentdataon theW I 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 AU M L
ClassandProtocolDiagrams.We �rst presentthe conceptual
level of abstractionand then the implementationview.

A. ClassDiagrams:ConceptualLevel

The conceptuallevel of design is intendedto provide an
overview of the system, representingthe different agents
andclassesthat composeit and the relationshipsintercurring
amongtheseentities.Thefact thatbothagentsandclassescan
bedescribedandinterrelatedusinga uniform notationis a step
towards the understandingof complex systemsas composed
by a blendof object-orientedandM AS technology. We �nd
this is a very realistic approachto industrial and commercial
applications.

AU M L notation extends the UM L notation. Besides
classes,we distinguish of course agents,identi�ed by the
stereotype<<agent>> . Besidesthe UM L relationshipsas-
sociation,generalization,aggregation anddependency de�ned
betweenclasses,the sameset of relationshipshasbeenpro-
posedin [12] for agent-agentand agent-classrelationships,
giving them a semanticsunder the light of agentproperties.
Accordingto Huget,the meaningof the relationshipsthat can
be appliedbetweenagentscanbe summarizedas follows:

� association:the linked agent are acquaintedand can
exchangemessages;

� generalization:the de�nition of an agentcan be derived
from otheragents;

� aggregation: an agentis aggregate of anotherif it hasa
recursive architecture;

� dependency: it is amutualdependency betweenthelinked
agents.

Hugetstatesalso the meaningof the relationshipsthat can
be appliedbetweenan agentanda class:

� association:theagentusestheconnectedclassesfor their
execution;

� generalization:not possible;
� aggregation: the agent is de�ned as an aggregation of

several classes;
� dependency: the agentneedsthe classeither in its code

or during its execution.

For thegraphicalnotationassociatedto theserelationshipssee
[11].

Althoughwe �nd this semanticswell-de�ned, thereis room
for someobservations.Let usconsidertheassociationrelation-
ship betweenagents.Looking at Figure 2 above, it could be
the caseof the Query Agent and the Wrapper Agent that are
to be consideredacquaintedandcanexchangemessages.We
�nd this view is not properly correct. We should note that
the Query Agent relies upon the Wrapper Agent in order to
deliver the result to the ServiceAgent. The relationshipis not
only of acquaintance(theQueryAgent knows which Wrapper
Agent to contactandconsequently, the WrapperAgent knows
the QueryAgent 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,theonly way we have found is to considerthe
relationshipas a dependency. We claim this is not generally
suitable,as cooperationand coordinationare different from
dependency.

Considernow the possiblerelationshipsbetweenan agent
and a class. We claim using classeshas to be considered
as a general case. In order to give a �ner semantics,we
suggestto extend the de�nition proposedin [Hug02a] by
distinguishingclassesinto serviceclasses(or simply services)
and behavior classes( or simply behaviors). Following our
proposal,the meaningof the diversetype of relationshipshas
to beanew statedasfollows (we paraphraseHuget's de�nition
to underlinethe changein meaning):

� association:theassociationrelationshipconnectsanagent
to the serviceclassesit exploits. It meansthat this agent
usesthe connectedserviceclassesfor their execution;

� aggregation:theaggregationbetweenagentsandbehavior
classesimplies that agentsarede�ned asan aggregation
of several behaviors, i.e. an agentcan show the set of
connectedbehaviors (no matter whether they are stati-
cally or dynamicallyacquired).Agentsusuallycomprise
several partssuchasa reasoningside,an interactionside
and a perceptionside: they can all be seenas an agent
acquiringsomebehavior class(for reasoning,interacting,
perceiving);

� dependency: the dependency betweenagentsandservice
classesis possibleand meansthat one agentneedsthe



Fig. 3. Conceptuallevel of our scenario

servicesduringits executionsincetheagentwould possi-
bly exploit the serviceexecution.A dependency between
agentsandbehavior classesis alsopossible,but it would
have the samesemanticsasaggregation.

It follows that, at least for the classesthat are connected
to some agent,we should specify their type. For this pur-
pose,we have introducedthestereotypes<<service>> and
<<behaviour>> . Figure 3 depicts the ClassDiagram for
our usecasescenario.It concernsthe conceptuallevel of our
designsinceno detailsaboutattributesor operationsaregiven.
We have used packagesto organize objects into groups as
de�ned in UM L [6].

In part (A) we canrecognizethe following:

� class-classassociations:in the W H ALE S packagewe
can navigate betweenthe InterfaceModule serviceand
the BusinessObject service as there is a relationship
concerningthe datathat have to be usedandasked for;

� class-classdependency: it is a unilateraldependency. A
changein the speci�cation of the Platform Controller
servicemayaffect methodsthatareusedby the Interface
Moduleservice;

� agent-classassociation:the ServiceAgent usesthe con-
nectedBusinessObjectservicefor manipulatingthe data
on the W H ALE S server, not otherwiseaccessible;

� agent-agentdependency: thepairsServiceAgent - Direc-
tory Agent andQueryAgent - WrapperAgent areformed
by agentsthat are somehow dependenton each other.
TheServiceAgent asksfor availableagentswhich match
somepropertiesto theDirectoryAgent. TheQueryAgent
exploits the Wrapper Agent for managingconnection

Fig. 4. Implementationlevel of our scenario

detailsto datasources,passingthe queryto be executed;
� agent-agentassociation:the Directory Agent and the

Query Agent can exchangemessagesas a Query Agent
must register to the DirectoryAgent when it is started;

� agent-agentgeneralization:the Basic Agent collects all
commonfeaturesan agent in the M I K S systemmust
have.

Part (A) gives a �rst overview of the subsystem.The con-
ceptuallevel designcan be further re�ned, startingfrom the
relationshipsestablishedin part (A) and focusingon smaller
partsof the subsystem.For instance,a ServiceAgent should
be capableof calling external servicesand communicating
with other agents.We can thus draw a ClassDiagramwhich
models thesefeatures,still remaining at a conceptuallevel
of abstraction(no details on operationsand variables are
given). Part (B) gives a �rst insight on the ServiceAgent.
It is an aggregate of a set of behaviors (for communicating
with external services,for storing data, for communicating).
Part (A) and (B) can be obviously combinedin one single
diagram.

B. Classdiagrams: Implementationlevel

This level of abstractiondevelopstheimplementationphase.
Details have to be fully speci�ed. In general, in order to
provide a comprehensive view of a systeminvolving agents,
we have to specify factsaboutthe architectureof agentsand
their features,the interactionsthat can happenamongthem,
the environment 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[Woo00, Giu02]. These methodologieshelp
designersfocussingon the following aspectsof agenthood:

� the agency view, which dealswith agent's knowledge,
belief, intentions,plansandbehaviors;

� the environmentalview, which modelshow agentsreact
to externalchanges;

� the interactional view, where interaction protocols are
speci�ed;

� the organizationalview, which givesdetailson organiza-
tions to which an agentbelongs.

Taking into considerationthe use caseof the ServiceAgent
and the Basic Agent, we obtain the following ClassDiagram
(Figure4):

From the conceptuallevel we know the ServiceAgent and
the BasicAgent are linked with a generalizationrelationship.
As the Basic Agent is a sort of templatefor all other agents



we use,only theneededcompartmentsarepresent,specifying
theattributesandoperations(internal,pro-active andreactive)
sharedby all agentsin the subsystem.We have followed
Huget's proposalof storing beliefs, desires,intentions and
goals as objects. We have chosento model this B DI 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 least four operationsmust be present:two for adding or
deletingvariablesandtwo for settingor gettingthevalueof a
speci�ed variable.We canpossiblyaddoperationsthat impact
on the value of the attributes, producing intelligent beliefs
(pro-active and reactive accordingto the type of operations).
This approachallows an agentto storevariablesof standard
datatypes(integers,strings,and so forth) and also variables
that synthesizein complex objects(suchasfor our examplea
list of visited containers).

For theServiceAgentwe have donethesame,consideringit
inheritsfrom theBasicAgent. Note thatwe have speci�ed the
ServiceAgent takespartto aninteractionprotocolnamedData
Retrieval. Coherently, we have reportedthe role the Service
Agentplaysin this interactionprotocol(initiator). Theprotocol
is startedwhenever theinitiator wantsto retrieve updateddata.
This role is playedby theServiceAgentwhile it participatesto
theM I K S agentsociety(or organization).TheDataRetrieval
protocol is to be de�ned outside of the Class Diagram in
what hasbeencalled ProtocolDiagrams[3]. This allows for
a modulardesign.

One remark concernsthe capabilities compartment
andthe service lollipops proposedin [11] for the or-
ganizationalview. Thecapabilities compartmentshould
contain a free-formattextual descriptionof what agentsare
able to do. ”These capabilities are derived as services to
agents”asHugetwrites. We have not usedthis compartment
and external servicesas we have already reported in the
diagramsthe behavior classesexploited by our agents.We
understandbehavior classesas specifying the capabilitiesof
the agentsas operations(or sub-behaviors). Thus, consider-
ing we have introducedthe notion of behavior classes,our
suggestionis to omit the capabilities compartmentand
service lollipops , producinga morecompactnotation.

1) Interactional View: In this subsectionwe presenthow
theagentsinteractrelying on theexpressive power of AU M L
protocol diagrams.Agent interactionprotocolsprecisecom-
municationpatterns.Thebasicsof AU M L protocoldiagrams
can be found in [Bau01b]. The notions encompassedin
AU M L protocoldiagramsare the followings:

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

� agentlifelines: thesearegraphicalelementsthat statean
agent/roleis active within a protocol;

� connectors:alternatives and choicesin the protocol are
expressedthrough three logical connectorsthat corre-
spondto AND, OR andXOR options;

� conditions:theseareconditionson sendingmessages;
� cardinality:expressesmulticastmessages;
� type of message:messagescan be sent asynchronously

or synchronously;
� repetition: tells how many times a messageshould be

sent;
� nestedprotocols:asprotocolscanbe reused,we cannest

protocolswithin otherones;
� interleaved protocols:asprotocolscanbe reused,we can

breakthe executionof a protocol executinganotherone
andthengettingback to executingthe �rst.

We also consider the extensionsproposedin [Hug02b].
Theseare:

� broadcast:messagescan be sent to all agents in the
environment;

� synchronization:allows to de�ne a meetingpoint during
the interaction;

� triggeringactions:actionsthat take placewhenparticular
conditionsaremet;

� exception management:allows to get rid of abnormal
situationor environmentalproblems;

� time management:we can express deadlineson the
overall interactionor specify delaysbetweenmessages
in the protocol;

� atomic transaction:all messagesin the protocolmustbe
sentrespectingall speci�edconstraints(deadlines,delays,
conditions and so forth) as one single failure implies
the othermessagesmustbe cancelledandpartial results
rolled back;

� sendingmessagesuntil delivery: a messageof this type
hasto be sentuntil acknowledgedby the receiver.

In orderto obtainthesystemfunctionalitiesasexplainedin
SectionIV, we have to further re�ne our requirements.First,
we notethattheprocessof dataretrieving andupdatingshould
be con�gured as one atomic transaction.Then, we specify
that the transactionconsistsin a sequenceof operationsand
messageexchanges.The ServiceAgent charged of starting
the interaction contacts the Directory Agent to know the
identity of the Query Agents that can possibly help it. The
strategy is to use the 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 queryingtherequireddatasources.Figure5 depicts
the Protocol Diagram. Through the proxy performative, the
ServiceAgent makes the Directory Agent contactonly those
agentsthat satisfy the given properties.When the Directory
Agent sendsits multicast message,the resulting semantics
of this multicast is not the same as the one of a normal
multicast, since the messageis sent to agentsselectedfor
holdingcertaingivenproperties.We�nd thishasto bepossible
independentlyfrom the particular interactionprotocol to be
executed.Huget's de�nition of multicast does not allow to
expressthis situation.There is a needfor further extending
Protocol Diagrams.We proposeto introduce selective



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

multicast messages.A selective multicast messageis to
be directed to a subsetof agentsthat sharesome speci�c
properties(that have beenadvertisedor communicatedupon
request).Thesharedpropertiesaregiven insidecurly brackets
(just like conditionsare).

Once we have a set of Query Agents, the sub-protocol
requiredby theproxy performative is started.In our case,it is
a FIPA Requestinteraction protocol [9]. The sub-protocolex-
ecutionis interleavedwith anotherF I PA RequestInteraction
protocol that involvesa QueryAgent anda WrapperAgent.

Our applicationrequirementsimplicitly foreseetime con-
straints.If Alenia's managerswant to have a usabletool at
hand, the whole systemhas to hold consistentand updated
data. Starting from Huget's time managementconcepts,we
have re�ned the semanticsof deadlinesand delays.We have
assigneddeadlineson interactions and named such dead-
lines interaction deadlines . We intendan interaction
deadlineastheminimal expectedperformancegiventheusage
andthe operative requirementsof the system.A �ner grained
control over time is given by time constraints , that
are speci�ed as delays inside parentheses.Our experience
has showed us that it is rather dangerous(and apparently
meaningless)setting time constraintsand not catching the
correspondingtimeout exceptions,as this could lead to un-
determinedsequencesor deadlocksituations.It is the caseof
the �rst requestmessagesentby a QueryAgent to a Wrapper
Agent.

VI . CONCLUSION

We have shown a small and realistic exampleof a multi-
agent system designedusing AU M L, starting from high-
level requirementsand specifying step by step the details
till drawing an implementationview. The drawn AU M L
Diagramswill be includedin the deliverablesof the W I N K
project.

The choice of AU M L has revealed a valuable help in
shapingconceptsrelatedto agenttechnologyandin expressing
themin agraphicalnotationwith ade�ned semantics.Wehave
foundit a clearimprovementtowardsunderstandingthenature
of multi-agent systemsand how they combine with other

(eventuallypre-existing) technologies.Following the AU M L
notation,we have beenforced to reasonin terms of agents
and their properties,ratherthennarrowing our understanding
of the systemto traditional objectsas we usedto. Having a
systematicapproachto the agentparadigmhasallowed us to
analyzemore in depththe overall systemproperties.

Nevertheless,there is room for improvementsand re�ne-
ments.Our experiencehasbrought to the following sugges-
tions for extendingAU M L:

� the conceptof classesshould be re�ned distinguishing
betweenservice classesand behavior classes.Service
classesrepresentservicesthat agentsusefor their execu-
tion. Behavior classescanbeaggregatedto shapeagent's
capabilities;

� asa consequencewe could drop off the capabilitycom-
partmentandthe servicelollipops from ClassDiagrams,
as agent's capabilitiesare speci�ed by using behavior
classes;

� AU M L shouldinclude,besidesmulticastandbroadcast
messages,the feature of selective multicast message
where a messageis sent to a group of agentssharing
somegiven property;

� time managementshouldbe split into interactiondead-
lines, whose scope is a whole interaction (or a sub-
interaction), and time constraints,which have a �ner -
grainedscopeconcerningdelaysbetweenmessages;

� �nally , somework shouldbedonefor clarifying thecon-
ceptsof dependency versuscooperationanddependency
versuscoordination.

What really lacks when working with AU M L are develop-
ment tools that support the graphicalrepresentationand the
translationinto code.Futurework could possiblybe spentfor
writing plug-in modulesto add AU M L notation to existing
I DE such as the opensourceN etBeans project promoted
by Sunor the Eclipse platform promotedby I B M .

In our exercise,we have not tackledthe designof the sys-
tem topology. A proposalfor Con�guration and Deployment
Diagramshas been done in [15]. In further work, we will
consider theseaspects,trying to test the expressivenessof
the proposal.In future work, we will investigate Classand
Protocol Diagrams,extending our experienceto the overall
W I N K system.Thepurposeis to contribute to thede�nition
of a reliableand �ne semanticsfor AU M L.
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