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1. Introduction

AgentLink IIl is a coordination action for agent-based computing fundedhby
European Community; it aims at providing support for the network of Earope
researchers and developers with a common interest in agent taphnibfough the
organization and support for a large number of events aimed at industeaabytr
standardization issues, as well as providing support for acadersenuiation and
collaborations.

Among the events organized by AgentLink a relevant role is playelkechnical Fora.
Currently two of them have been held, the first in Rome (July 20@dre second in
Ljubljana (March 2005). Each Technical Forum includes the activitgwral different
groups (Technical Forum Groups, TFGs hence afterwards) and ipajhés we report
the work done within the Agent-Oriented Software Engineering (AO$E meeting
in Ljubljana.

As there are many issues and perspectives in the scope of ARKSBOSE TFG
purpose is the creation of a path towards integration and interopgratil
methodological approaches for MAS development. This involves the dwmfirofi a
common framework for MAS specification, which includes the iderdifon of a
minimum set of concepts and methods that can be agreed in therdiié@proaches.
The tool for defining this framework is meta-modelling. The ppiec of meta-
modelling has been already used in other fields of software emmigefor instance, in
the specification of UML by OMG, to describe the elements ofldmguage, their
constraints and relationships. This approach is also valid to speeitpnhcepts that are
used by agent-oriented methodologies.

With this assumption, one of the main issues in AOSE TFG hastbesaborate and
discuss MAS meta-models for different methodologies. Work on theitation of one
or more MAS meta-models can be used as reference poinke bwhible community.
Although this work presents several challenges (see section 3.Bdf)ual agree that
achieving concrete results in this area, would be very usefgketmral reasons: (i) this
partly solves the lack of standardization in this area, as itohas remarked in the
AgentLink Roadmap, (ii) this could encourage the development of more #eaital
versatile design tools and (iii) this is one of the essentglsstor reaching a concrete
maturity in the study of the whole agent design process.

During the second meeting, the proposed aims were more espeaakgd on refining
the contributions about MAS meta-models that some supporters presdngedctivity



led to the identification (and formalization) of a meta-model thambers hope will
meet a sufficient consensus to be adopted as a common referarideydbe European
research community in this area. Other aspects of agent-orisoitadhre engineering
have been faced as well with specific contributions about agent mgdielhguages
and agent mobility design.

In order to report in details the activity of the AOSE TFQ@ jubljana, this paper is
organized as follows: section 2 provides a complete overlook on the tatks
discussion held during the meeting, section 3 introduces the main nootsvétat are
behind the choice of identifying an unified MAS meta-model, sectionsdritbes the
main sources that have been considered in this unification work, wieesé is

presented in section 5; finally some conclusions are drawn in section 6.

2. Modelling Languages and MAS Meta-models

Discussion sessions in the second meeting were justifiduiebshtallenges derived from
the first AOSE TFG meeting in Rome and more especiallyesddd in the last talk
given by F. Zambonelli [33] about open directions in AOSE. The ladkepossible

improvement of modelling tools concerning agents or multi-agergragstand the lack
of agreement on concepts used in the AOSE area are the mairs faxplaining the

talks given in Ljubljana.

2.1 Modelling Languages

As discussed in Rome, one of the challenges in the AOSE asei \g&ve new tools to
express and control the behaviour of agents and/or the behaviour of thehislASre
evolving within. Working in such a way would facilitate the spreadihggent-based
concepts and applications in the industrial world.

The first talk came from this industrial world with the preagoh of AML (Agent
Modelling Language) by I. Trencansky [30]. AML is a semi-visuadelling language,
versatile and easy to expand, based on the UML 2.0 specificalioasallowing to
reuse well-defined concepts and to enable the support of exisf&d @ools [12].
AML is designed to support business modelling, requirements spdofficainalysis,
and design of software systems that use MAS concepts and prindis has a
layered structure built on top of UML to provide an abstract sy@aemantics and a
notation. Expressing the typical features of multi-agent systerdsne by extending
UML with several new modelling concepts (such as agents, resyueavironment,
role, social aspects or ontologies) while ensuring that the irgsldinguage preserves
UML specificities. A non-preserving extension is also provided to saide meta-
properties to UML and complete the definition of the AML meta-modébve this
meta-model and notation, two UML profiles for AML are given. Theyable
implementing AML in CASE tools based on UML 1.* or UML 2.0; imcoete, AML
is supported by IBM Rational Rose and LS/TS from Living Systémmg these AML
profiles, a designer is free to customise AML through the definof extensions to this
language. The V.0.9 release of AML is available since Dece@l@t, and has been
submitted to OMG for the RFP on Modelling Agent-Based Systems.

In specific cases, mobile agents are useful, therefore, the iprowittools to model
their deployment, migration and interactions, for example, becomesathénportant
issue. Mario Kusek [20], talked about how to model agent mobility with. Sequence
diagrams. This work is justified because this mobility is nptagented in the current
UML sequence diagrams and because modelling agent creation, ynphilits and



current location of an agent has not yet been fully addressedP8y BML, AUML or
AML. In AUML a deployment diagram can capture the reason arhggent moves and
the location where it moves, and an activity diagram may expiess the agent has to
move. In UML these expressions are made possible by extendengctivity or
sequence diagrams and/or defining a stereotype «host». Finally, é&Mbles a
designer to model the structural and behavioural aspects of entitlityntsiough, as
seen above, extension of UML relationships and definition of a stpeecinoves.
However, all these modelling languages do not give an overall alwout agent
roaming and execution path. Four solutions, extending UML sequence diagrams,
described to try to tackle this issue. First, with stereotypelility diagrams, an agent
is located on a node by sending a stereotype message to it amdaves to another
node by sending it a message stereotyped with another value. Secemdmlaned
mobility diagrams, a swimlane represents a node and an agens mahe same way
than in the first approach except that it terminates at the essowrde and is created
again on the destination node. Third, in state representation mobdgyadis, the
mobility is represented by changing the state of the mowysgta Finally, in frame
fragment mobility diagrams, each frame fragment of a sequeiacgam represents
execution on a node. The advantages and drawbacks of these approaché®nvere
compared, with respect to the number of nodes involved, the space needed for
graphics, the expression of the mobility, using a case study in \aghts roam the
Internet to find better prices for products.

While in this section we dealt with agent modelling related ssuethe next one we
present MAS meta-models related to the different methodologpgaioaches born in
the AgentLink AOSE community.

2.2 MAS Meta-models

Several studies have been carried on recently about the idezmwibtiag a new design
process for agents by taking methods from existing agent-oriengttdodologies.
These can be seen as an adaptation ométbod engineeringpproach [8][24]. Other
researchers and software developing companies are working on thetfoad agent-
specific design and coding tools or the extension of existing Wesan say that from
requirements identification down to the final deployment of thewable code there
are important research activities that while looking at tlemtagystems indeed lack of a
well consolidated and sometimes even defined meta-model of the multi-agetyt. socie

With the term meta-model we mean a model of the conceptsahdie used to design

and describe actual systems. The models describing a systamtanees of the meta-
model (i.e., entities of the system model are instances of tteemualel entities). In

this way, it is possible to build several models (views) of &egysfor instance, one
model could represent the organization view of the system absiraet level (as an
instance of the concepts in the meta-model that describe organ@assues) while
another could be more implementation oriented and show how the system is deployed in
a target platform (as an instance of a platform specific meta-model).

In the object-oriented context the construction of a design pratessdefinition of its
components (analysis, design, testing activities) and the executiba désign rely on
a common denominator, the universally accepted concept of object latet! nmeta-
model of the object-oriented system.

It is not so in the agent-oriented context where the lack of austared meta-model
brings to significant differences in the way different resiears deal with similar (at



least in the name) concepts. We are not here saying that we tesachieve an
unification of all the agent-oriented design approaches since thebemnusper sea
richness, but instead we mean that a unique well defined meta-moldeling a set of
definitions of its concepts will enable a deeper understanding diiffeeences of all of
these approaches and their integration.

There are several direct applications of meta-models. Firsir@ady argued, meta-
models can guide the development process as they can be semmplates of what a
system model has to be. In the case of MAS, a meta-modefispaghat types of
entities the developer has to look for: agents, goals, interactisks, tasources, etc. It
also establishes constraints on the relationships and use ottaosnts. Meta-models
can also be seen as the specification of a modelling languadjeherefore they are
fundamental in developing tools that can support the development process$iaas i
been proposed in MESSAGE and implemented by INGENIAS [17].

In the scope of the AOSE TFG, similarly to the work thatagg on within the FIPA
Methodology TG, meta-models are also used to get a better understanding gktite a
concepts as applied in different methodologies and to look for soraenagnt in the
main elements that can be used to specify a MAS.

During the Rome meeting several MAS meta-models were presemé a first
proposal of unification, based on three AO methodologies — ADELFE,aBdi®ASSI,
was discussed. Nevertheless, more work had to be done during the se=imd) in
order to continue the effort of unification and to make a furthertsteards a reference
point for the whole European agent community.

Several MAS meta-models were presented in Ljubljana to ertheh previous
discussion, they included the MAS meta-models of ADELFE presenté&dl Bgrnon
[4], INGENIAS presented by Jorge J. Gomez-Sanz [15], PASSiepted by L.
Sabatucci [13], RICA presented by J. Manuel Serrano [29] and Tropehjgedy D.
Bertolini [5]. Because working on a unifying MAS meta-model was of the main
aims of the AOSE Technical Forum Group (TFG), all of these taiksbe more
detailed in a dedicated section (the next one).

Finally, Zahia Guessoum [18], talked about an MDA-based approaddAS meta-
models and how to fill the gap between existing MAS tools (suchesulti-agent
platforms DIMA, Jade, MadKit or Zeus) and agent-oriented methodaslagianeta-
models using the OMG’s MDA (Model Driven Architecture) approadiis Bpproach
consists in separating the application logic (described in a-PRiatform Independent
Model) from the underlying technology (described in a PSM — d?tatfSpecific
Model). She gave an overview of Meta-DIMA, a MDA-based MASettgpment
process, that could be: define the PIMs and PSMs by analysingnaiteagent
applications, define a library of meta-models by identifying ¢bacepts used and
design the transformation rules to implement a meta-model todescription. A first
step has been done trying to define a PSM for the multi-agenDtdbA and PIMs
from PASSI and Aalaadin/PASSI meta-models. Some rules ween gb enable
transformations from these PIMs towards the DIMA-based PSM.

! http://www.fipa.org/activities/methodology.html



3. Review of MAS Meta-models

In this section we describe the details of the MAS meta-malietsissed and presented
during the Ljubljana meeting. They became the basis for the uwofistr of the
proposed unified meta-model that is presented in the next section &nel msajor
outcome of this event.

3.1 The ADELFE MAS Meta-model
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Figure 1. The MAS Meta-model adopted by ADELFE.

ADELFE [1][2] is a methodology devoted to the design of adaptive ragént systems
(AMAS). According to this approach, building a system which sealthe right desired
global function (which is functionally adequate) is achieved bygdesy agents with a
cooperation-driven social attitude.

An agent belonging to an AMAS ignores the global function of the system, onlyepursu
a local goal and tries to always keep cooperative relationsothr agents. Such an
agent is called a “Cooperative Agent” because its sociala@gtis based on cooperation
but its lifecycle is still a classical one. It consisth@ving perceptions, taking decisions
and then doing actions (perceive-decide-act). Local cooperationemedsde the agent
to detect and solve Non Cooperative Situations (NCS) that play a fent&npart in
the ADELFE design. These NCS are cooperation failures (eapgcation protocol not
obeyed, or unpredictable situations) and they are inconsistent withotiperative
social attitude of a cooperative agent.

The MAS meta-model adopted for ADELFE [3] is therefore explalmethe features
such cooperative agents possess. It tries to constrain the agemtobehaith a
cooperative attitude by using local cooperation rules that amt atserves and which
enable it to detect and solve NCS of different kinds (such as inchemmien and
uselessness). The concept of environment is essential for My&8tsaare evolving in
an environment which can be a physical one, made up of elementie@rdikinds, or



a social one, made up of other agents. An element composing an eraritoisna
specialisation of the UML Classifier, more especially an agantbe also viewed as
such a specialisation. A cooperative agent has interactions svigmvironment, it can
receive information through perceptions and act on the environment digriagtion
phase. Interactions may use communications which can be done in ardirewr (by
exchanging messages, using AlIPs to express the communication pattertafmensr
an indirect one (environment-mediated). An agent has a represemfatta world in
terms of beliefs about other agents, the configuration of the physiafonment
around it and the agent itself. The agent uses these representatioetermine its
behaviour. A representation can be shared by different agents. If an lae
representations that may evolve, they can be expressed using ameadapti-agent
system.

On the left part of Figure 1, we find Skill, Aptitude and Chargstier skills represent
the specific knowledge that enable each agent to realise fipaxtial function in the
world. If these skills have to evolve, they may also be implemergeanaAMAS.
Characteristics are intrinsic or physical properties ofatent while aptitudes relate the
agent’s capability of reasoning both about knowledge and beliefs it owns.

3.2 Gaia
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Figure 2. The MAS M eta-model adopted by Gaia.

The Gaia methodology evolved from an initial version [31], mainly fedusn the

design of handle small-scale, closed agent-based systemsnevitene [32] based on
the key consideration that an organization is more than simplyextooh of roles and
agents. Therefore the main difference is that it has been deésigoeder to explicitly

model and represent the social aspects of open agent systemgamdhlar attention

to the social goals, social tasks or organizational rules.



Having a deeper look at the MAS meta-model for the second, extendsahvef Gaia
(Figure 2) [3] we notice that the basic building blocks of the foweesion of Gaia —
namely agents, roles, activities, services, and protocols — hggretient but now they
are located in the context of a specific environment and of a specific organization.

The Gaia agent is an entity that can play one or more roles; a role is & spwafviour

to be played by an agent, defined in terms of permission, resporesb#ihd activities,
and of its interactions with other roles. In playing a role, amtagetualizes its
behaviour in terms of services that can be activated accordmggme specific pre-
and post-conditions.

The environment abstraction is a key element in Gaia MAS-metkel; it explicitly
specifies all the entities and resources a multi-agent systamy interact with,
restricting the interactions by means of the permitted actions.

As already said, the explicit representation of the agent ordg@mmzes the main
improvement in the Gaia extension presented in [32], this is maotlieveed by
introducing the organizational rules and the organization structure.

Organizational rules, specify some constraints that the organisaas to observe;
these constraints may be global, affecting the behaviour of thetys@s a whole, or
concerning only specific roles or protocols while organisation stei@stablishes the
overall architecture of the system, that is the position of ealehin the organisation
and its relationship with other roles. Organizational rules anchmasonal structures
are strictly related, in that organizational rules may hefigders in the identification
of the organizational structures that more naturally suit these rules.



3.3 INGENIAS
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Figure 3. Summary of INGENIAS MAS meta-model

INGENIAS [23] is both a methodology and a set of tools for developmientulti-

agent systems (MAS). As a methodology, it tries to integraselts from other
proposals and considers the MAS from five complementary viewpointsnipatjan,

agent, tasks/goals, interactions, and environment. It is supported diyoatsols for
modelling (graphical editor), documentation and code generation (feredif target
platforms). INGENIAS adopts the definition of meta-models for MASn MESSAGE
[10], but it refines and extends them, and builds support tools fotagies of the
development cycle, from requirements elicitation to implementation and testing

INGENIAS considers the specification of a MAS from five viewpoints:

1. Organization viewpoint. Describes how system components (agents, roles
resources, and applications) are grouped together, which taskseatgeglxin
common, which goals they share, and what constraints exist imtéraation
among agents. These constraints are expressed in form of subondirad
client-server relationships.

An Organization is an Autonomous Entity, which pursues a Goal, and can be
structured in Groups (structural entities), and contains Workflowsafdics of

the organization processes). A Group may consist of Roles, Agentsrees
Applications. Workflows define precedence relationships among Tasks, t
Resources assigned to Tasks and their responsible (in terms of Roles or Agents).

2. Agent viewpoint. Describes single agents, their tasks, goals| iméntal state,
and played roles. Moreover, agent models are used to describe intéemedia



states of agents. These states are presented using gosjdatkd, or any other
system entity that helps in its state description. This waggant model could
represent in what state should be an agent that starts an interaction.

An Agent is also an Autonomous Entity, which plays some Roles and pursues
Goals. It has a Mental State, which consists of Mental Estisuch as Goals,
Facts, Beliefs. There is a Mental State Manager that protihdemechanisms

for creating, deleting, modifying mental state entities, antMental State
Processor that determines how the Mental State evolves and etiteisaan
agent should try.

3. Interaction viewpoint. Describes how interaction among agents takes. pla
Each interaction declaration includes involved actors, goals pursueteby t
interaction, and a description of the protocol that follows the interaction.

In INGENIAS, an Interaction is initiated by an Agent, with soiGeal
(intention). Several Agents can participate in an Interaction. &efeemalisms
can be used to describe an interaction, such as UML collabodiignrams,
AUML and GRASIA diagrams.

4. Tasks and Goals viewpoint. Describes relationships among goals ksdg@al
structures, and task structures. It is used also to expreds arkithe inputs and
outputs of the tasks and what are their effects on the envirormnmant agent's
mental state.

5. Environment viewpoint. Defines agent's perception in terms of exiskamgents
of the system. It also identifies system resources and wiespsmsible of their
management.

INGENIAS viewpoints can be complemented with extensions of known notasiocis
as UML use case diagrams or UML collaboration diagrams.el@e®gnsions consist of
relating INGENIAS elements with UML entities, for instaneese cases with
interactions.

Developers should be aware that there are elements that magr appdifferent
viewpoints. This repetition of entities across different viewpoimisices dependencies
among them. For instance, the same task entity can appear innawiage a task/goal
view, an organization view, and an interaction view. Thereforepmapletely define a
task, creating different diagrams for different views is reglitf the developer fails to
create all of these diagrams, the system specification maybmplete. On the other
hand, if the developer creates all required diagrams, but in an organization vi&vsa tas
assigned to a role and in an agent view it is assigned to anoffemerdirole, it could
be interpreted that the specification is not consistent. These aiatstre checked by
the INGENIAS Development Kit (IDK, available at http://ingasisourceforge.net),
whose base is the INGENIAS meta-model specification.



3.4 PASSI
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Figure 4. The MAS meta-model adopted by PASSI

PASSI (Process for Agent Societies Specification and Impletien) [14][9] is an
iterative-incremental process for designing multi-agertesys starting from functional
requirements that adopts largely diffused standards like UML tljas modelling
language, although extended to fit the needs of agents design)Rkhdas the agent
platform). PASSI covers all the phases from requirements asédysoding and testing
with a specific attention for the automation of as many aiesvihs possible with the
support of PTK (PASSI ToolKit) a specifically conceived design tool.

The PASSI MAS meta-model [3] is organized in three diffedamhains: the Problem
Domain (where requirements are captured), the Agency Dorhatnrépresents the
transition from problem-related concepts to the corresponding agenosdhhiat is a

logical abstraction) and the Solution Domain (where the implemesytstem will be

deployed).

The Problem Domain (Figure 4) deals with the user's problemrimstof scenarios,
requirements, ontology and resources; scenarios describe a seqfientaactions
among actors and the system. Requirements are represented withticoiaveise case
diagrams.

The system operating environment is depicted in terms of con@gégjories of the
domain), actions (performed in the domain and effecting the statosncepts) and
predicates (asserting something about a portion of the domain négmehe
environment also includes resources that can be accessed by agents.



The Agency Domain includes the agent that is the real cefthgs part of the model,;
each PASSI agent is responsible for accomplishing some functiesatiiscending
from the requirements of the Problem Domain. Each agent durindeitsan plays

some roles; these are portions of the agent social behaviour tehaext by some

specificity such as a goal, or providing a functionality/seraiog in so doing it can also
access some resources. The Service component represents tleepsexited by a role
in terms of a set of functionalities (including pre- and post-condigsnaell as many
other details mostly coming from the OWL-S specifications), @ad be required by
other agents to reach their goals. Agents could use portions of beh@albed tasks)

or communications to actuate the role’s aims.

In PASSI, the term task is used with the significance of &t@art of the overall agent
behaviour and, therefore, an agent can accomplishing its duties lBrenify
composing the set of its own tasks.

A PASSI communication is composed of one or more messages expiessessage
content language and following an agent interaction protocol (AlIP)pcsed of
performatives (the predefined semantic of the message content TAg&)structure is
the consequence of the choice of adopting FIPA specifications f@y#tems to be
designed with PASSI.

The Implementation Domain describes the structure of the codéosailutthe chosen
FIPA-compliant implementation platforms and it includes three ehesn (i) the FIPA-
Platform Agent (the implementation class for the agent ergjisesented in the Agency
Domain); (ii) the FIPA-Platform Task (the implementation due available for the
agent's Task); (iii) the ServiceDescription component that ismipeEmentation-level
description (for instance an OWL-S file) of each serviceadyespecified in the Agent
Domain. This description is also useful to enable the system operanéesghe
reusability of its components (agents).
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Figure 5. The MAS meta-model adopted by RICA

The RICA (Role/Interaction/Communicative Action) approach [27] irstesg relevant
aspects of Agent Communication Languages (ACL) and Organisiaitmuiels and it is
itself based on the concepts of Communicative Roles and Interad®ik®.describes



a conceptual framework that guides the designer from the saicifis of the
organisational model of the agent society to the definition of genACommunication
Languages of the multi-agent system.

The organisational model is specified in terms of entities ssclagents, roles and
interactions, while the specification of the ACL is based on theniteh of
communicative actions and protocols.

RICA is essentially made of two major components: a meta-mifining the
language used to specify the organisational and communicative sntided a
specification of the structure and behaviour of these entities RTBA MAS meta-
model [19] [27] is organized in three different layers: the bre¢ deals with the generic
elements of the system (agent, role and action types); tbadsene includes social
concepts like norms, and institutions; the last one is devoted tosageeatactions via
communications.

More in details, in Figure 5, we can see that the RICA agmmtplay several roles;
some roles are called ‘private’ thus meaning that they do gatreeinteractions with
other agents but only with the environment. In playing its rolesgaetgperforms some
actions characterized by inputs and outputs parameters.

In the social layer, generic role types are specializetaral and interactive role types.
Social role types participate in scenes (represented by Scene Typenodék that can

be regarded as meeting points used to study interactions. Scerseafgpesed to build
Institution Types that are regulated by Norms. Interactive Rglees regards the
agent’s social interactions (represented by the Social Iti@ratype element) where
each agent acts as a participant.

In the third layer, we can find the specialization of sommeigs of the previous layer

according to a communicative direction; this produces such elemesits a

Communicative Interaction Type, Communicative Role Type, CommunicAttien
Type and Protocol Type.

3.6 Tropos
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Figure 6. The MAS meta-model adopted by Tropos

Tropos [11][7] is an incremental design methodologies that aimdelling both the
multi-agent system and its environment . The process coversatlyepbases of the
analysis where it is characterised by the adoption of a goal-based d&pproac



From the beginning (Early and Late Requirements analysis)lgbkigner deals with
domain stakeholders (modelled as social actors) and the goalsvémyto reach,
resources they can share and plans they may perform. Actoedadesl by mutual and
intentional dependencies that are consequences of their goals. Imexhephase
(Architectural Design), actors are mapped to a set of softagerts while in the final
Detailed Design, agents capabilities and interactions are defined in.details

Differently from the other MAS meta-models, the Tropos one introdilneesoncept of
actor seen as a generalisation of the agent [6] (Figure 6)isTihis direct consequence
of the early requirements phase, where actors are initiw@htified and then translated
to possible agents during the architectural design. Tropos rolen isabatract
characterisation of the behaviour of a social actor and a setesfaompose a position.
The concept of position occurs in the architectural design phases afjents are used
to occupy previously identified positions.

More in details, we can say that in Tropos, an actor [6] modedsidy with strategic
goals and intentionality. An actor can represent a physicasofit@are agent as well as
a role or a position. Goals (representing actors' strateggcests) can be of two
different kinds: hard-goals and soft-goals, the latter have no figspeciteria for
deciding whether they are satisfied or not and are often used td nwdé&inctional
requirements. An actor can achieve his goals by adopting a d@Mdfor using
environment Resources. Actors can have a Dependency one on the aihderimo
satisfy their own goal or access a resource and their gaalbecdecomposed in terms
of sub-goals that can be related with AND/OR relationships.

There are other two important elements of the Tropos meta-mitdelMeans/end
Analysis (reporting that a means can satisfy a goal by usargs ptesources or other
goals) and the Contribution (showing that a goal, plan or resourceootiibate to the
achievement of some objective).



3.7 A First Proposal of a Unifying MAS Meta-model
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Figure 7. A first proposal of unifying M AS meta-model

Starting from the analysis of ADELFE, Gaia and PASSI MASarmeodels, in [3] there
is a first proposal of a unifying MAS meta-model, which issprged in Figure 7. This
metamodel is guided by the aim of creating societies withaE{LFE) or with
predefined organizations, in accordance with the growing interesipfam systems in
which an organization cannot always be given during the design phaaehi€we this
result the generic agent is enriched with all the propertieggant anay have, being
cooperative or not. Furthermore, this generic agent is composed iafikearoles
complemented by some PASSI features (tasks and a FIPA-comgbiammhunication
structure). This generic agent has two choices: belonging to an zatiani or
following cooperation rules. Agents are implemented (at code) levéie PASSI way.
The proposed meta-model is also characterized by the possibildgntifying in it the
three domains (problem, agency, solution) discussed in the PASSI approach.

From the experience of merging these three models we lg&intheir composition
adds some significant improvements to the new structure sinceahgyement each
other in several aspects, for example the ADELFE represamtiat the agent has of
its environment, the Gaia environment and the PASSI ontology, natuetdites by
representing the fact that an agent has a representation (pagtbted by errors or
uncertainty) of the environment expressed in terms of an ontological model of it.



3.8 A Comparison of MAS Meta-Models

The MAS meta-models presented in the previous subsections will naenbeared
with the precise aim of identifying their commonalities as a fiegi sdwards a common
agreed part of an unified MAS Meta-Model (MMM), and studyingrtléstinctive
differences (that can positively enrich the collection of commoemehts by
introducing ideas coming from just one or a few approaches).

M eta-M odel Common components Peculiarities
ADELFE Agent Cooperative, Environment, Cooperation rules, Non
(almos) FIPA cooperative situations (NCS), Skill, aptity
communications structulcharacteristic
Gaia Agent (type), Role, Organization, Service, Resource,
(almos) FIPA Environment, Organizational rules

communications structu

INGENIAS Agent, Role, Task, Goal, Mental State, Organization, Group
Interaction

PASSI Agent, Role, Task, FIPAOnNtology, Resources, Requirements
communications structul(functional and non-functional),
Implementation Platform agent and task,
Service, ServiceDescription

RICA Agent type, Role fypeg, [Norm, Institution type, Social/Interactive/
Protocol (FIPA Communicative Role Type, Action Type,
communications Social/Communicative Action Type
structure)

Tropos Agent, Role, PlaigsimilanGoals, Resources, Dependency

to a task [6])

Unifying MMM |Agent, Role, Task, FIPAService, Environment, Characteristic, Sk
communications structulAptitude, Resource, Ontology

Table 1. A comparison of the discussed MAS meta-models from the structural point of view

With regards to this comparison it is worth to note that in tN®M unification
proposal (there the term unifying was used to justify the intentibriinding a
compromise that could summarize the three original MMMs) théoasitof [3]
proposed a comparison of the different MMMs based on some spespecta
classified according to four different criteria:

* Agent structure: this criterion deals with how each of the meidefs
represents its core elements (commonly agents, roles, tasks).

« Agent interactions: how agents of different meta-models are supfmsgdract
using communications or the environment.

* Agent society and organizational structure: different MMMs iy
approach the modelling of agents aggregations and cooperation structures.



« Agent implementation: this deals with the way the code-levattstre of the
agent system is specified.

In this work we are now dealing with a slight different profileve are aiming at
identifying a unified MAS meta-model, that could be a common eatar point for the
AgentLink AOSE community; this means that our attention is inytiditected towards
the identification of commonalities among the different works wamemned; the
appreciation of solutions that are not very diffused among the diffstisiMs will be
part of a second step where specific contributions will be cereidto enrich the first-
release unified proposal. Because of this different aim, we noverptefadopt a
different comparison method that transversally cuts the previoistgd Icriteria. In
Table 1 we reported a list of common and different components otlifeeissed
MMMs.

Elements that can easily be identified as common points of tfexetit MAS meta-
models are:

* Agent: it is present in all the methodologies. Gaia and RICA tefg asAgent
Type

* Role: all methodologies but ADELFE includes the Role component in their

MMMs.

» Task: it is present in INGENIAS, PASSI, and Tropos (with ahsljgdifferent
meaning: Plan [6])

* FIPA communications structure: with this we mean a collectioelements
representing agents communications as based on messages anadotiome
specific Agent Interaction Protocol (AIP). Several methodologie® lzagood
support for this kind of interaction mean: ADELFE, Gaia, INGENIR3SSI,
and RICA.

From the analysis of the most characterising non-common etenoé the studied
MMMs we can see:

e Environment: it is present in ADELFE, INGENIAS, Gaia and the fyimg
MMM. In ADELFE it is seen as a possible communication wayagents, in
INGENIAS as application interfaces and resources.

e Organization (and social structures): in Gaia agents collabonatiein
organizations that are governed by Organizational Rules (&sstiucture can
be found in RICA). Organizations in INGENIAS can be structured iou@@s
and its dynamics is described in terms of Workflows.

» Cooperation related elements: ADELFE has a deep structure aboetatomys,
it includes: Cooperation Rules and an hierarchy of Non CooperativatiSits
(NCS); RICA has Social Roles and Actions; in INGENIAS woigations
contain Workflows describing the collaborative work.

* Mental attitudes and states of agent: ADELFE agent is modelléerms of
Skills, Aptitudes and Characteristics; INGENIAS agenntentional, and has a
Mental State (Goals, Facts, Beliefs), a Mental State Maragd a Mental State
Processor; PASSI agent knowledge is based on an extensive modehah do

ontology; Tropos methodology is based on the concept of goal as a problem

decomposition entity and each agent acts to reach the gbals lieen assigned
to.



» Services and Resources: Gaia and PASSI define a similarptonic&ervice
(PASSI includes a ServiceDescription too as an implementatioel le
transposition of the agent Service). Resources are modelled in Gaia, INGENI
PASSI and Tropos (in this latter with more details).

The proposed analysis will directly influence the adoption of saxdie element of the
unified MAS meta-model described in the next section and the differeanings that
each methodology gives to concepts that are similar in their baswne a challenge
for the definition of the glossary of terms that will complemehits unified MAS meta-

model.

4. Towards a Unified MAS Meta-model: the AgentLink
AOSE TFG Proposal

In this section we will describe the process that brougho udentify the AgentLink
proposal of MMM. The work included the identification of a core subshAS meta-
model components and the clear definition of the meaning of thespooents by
establishing a sort of glossary. Then, defining the relationshipsebr those
components we completed the MAS meta-model.

The different talks given during the different meetings of tHi&Tas well the work
done in the FIPA Methodology and Modelling TCs, constitute the backgroutidsof
identification work:

» Existing methodologies for which authors are involved in this TFGADRELFE,
Gaia, INGENIAS, PASSI, Tropos and RICA, and presented above,

» The first reflection on modelling structures that the FIPA MiaaglTC proposed
[Odell et al. 04],

* And an attempt for a unifying meta-model done in [3].

The second step would be to agree on the components that would be idamified
included in a common MAS meta-model:

* In a first live phase, what a MAS meta-model should include lveildefined with
the definition of concepts like agent, role, task (or plan), commuaicétessage,
protocol, performative, etc.),

* In a second time, after having launched a discussion during thengyeaincepts
such as environment, goal, organisation (society, group, institution, resojrce,
service, would be discussed off-line,

» Other components such as ontology, dependency, action, mental statesaboganis
rules, norms, skills, aptitudes, characteristics (or similar Biicepts) could be
studied later on.

4.1 Identifying the Basic Components

4.1.1 Defining “Agent”

The starting point for the definition of “agent” was the definitgimen by the FIPA
Methodology T&. The aim of this discussion was to enumerate the minimal prapertie

2 http://www.pa.icar.cnr.it/~cossentino/FIPAmethigary.htm



an entity must have to be considered as an agent. The essentialigsayfean agent
are its capabilities to act, its autonomy, its communication wiltiers (because the
notion of collective is important in many approaches) by interacting, itejpton of its
environment. Other properties were given, such as proactivitytiviggcability to
move, or ability to reproduce itself, what could lead to defimifferent kinds of
agents, for instance cognitive or reactive ones. But other agestsaexi they are
neither cognitive nor reactive or may be considered as a mikesk two types. A
double inheritance from “agent” in the MAS meta-model could solveptbkelem but
since it was not mandatory to be exhaustive and define all kinds mitsagarticipants
finally agreed on this minimal definition for an agent as an entity:

* which is capable of acting in its environment,

* which is autonomous: this means that an agent has control over itsetxamiour
based on internal or external stimuli,

* which can communicate with other agents,
» and which is capable of perceiving its environment.

Some features such as ability to move or reproduce were not cedsakemandatory
and concepts like skills or capabilities, for example, are includetia fact that an
agent is able to act. Furthermore since this definition of a “g&ragent is sufficient to
define a reactive agent (to be reactive is a specialisatibeimd capable of acting in an
environment), having a definition for this latter concept and diffextnthe cognitive
nature of an agent from the reactive one was not considered as atstfisl time. A
cognitive agent will be considered as an agent:

* which is proactive: this means, its behaviour is driven by afseindencies, in the
form of individual objective, or a satisfaction/survival function whichrigs to
optimise, or desire, or emotion,

» and which uses a representation of its environment.

4.1.2 Defining “Role”

Starting from the definition used in PASSI, a role has been dediméan abstraction of
a portion of a social behaviour of an agent”.

4.1.3 Defining “Task”

The discussion for defining the concept of “task” was based on the FIPModelling
definition and the one PASSI gives. For FIPA TC Modelling, a task part of the
agent behaviour and a behaviour is the observable effects of an@peraan event,
including the results, and it specifies the computation that gesdtaeeffect of the
behavioural features. For PASSI, a task specifies the conputiiat generates the
effect of the behavioural features.

To be general enough, the AOSE TFG participants agreed thd ‘spasifies a (set
of) activity(ies) that generates some effects”.

A role uses observable and not observable tasks, being characterigedfiogt ones
since they are visible; an agent could also do something that & part of playing a
role.



4.1.4 Defining “Environment”

The definition of the Environment concept involves several aspecis ifit fact the
central topic of another AgentLink 1ll TFG, the Environment TFG) eaides a great
number of questions:

1. PASSI enlarges the software engineering dichotomy about prabidrsolution
domains by introducing the intermediate agency domain. In the wagneould
it be possible to speak about a problem environment (in which the sysisis)
an agency environment where agents live and a solution environment where
object-oriented implementations of agents are deployed?

2. Should the environment be characterized in a way similar to thRaseell and
Norvig did in their book [Russell and Norvig 95], in which an environment ca
be accessible or not, dynamic or not, deterministic or not, continuous or not?

3. With regards to the solution domain, could we speak about a “system oute
environment”, a “system inner environment” and a “controllable or not
environment”?

Unfortunately the scope of this TFG was too narrow to have a disolasout what is
really an environment and we decided to limit our work to the defimibf an
environment as “something that an agent can interact with and/oeiyet This
definition goes in the same direction of the one given by tR& HIC Methodology in
which the environment represents all that is external to the,ag@hthat includes the
social environment and the physical environment.

4.1.5 Defining “Organisation”

In Gaia, an organisation aggregates agents and in INGENIAS, an satyamiis an
autonomous entity, with a purpose, the organizational structure is defined with Groups.

Organisations can be given by roles (for example, in a socamhmvhere there is a
goalkeeper) but they can also emerge from interactions betweatsgfor example, in
adaptive MAS for which ADELFE is specialised). The discussion cardethe nature
of the link between “agent” and “organisation” because both amtaged an
organisation can be seen as aggregations of roles. The definitimrganisation” was
not completed during the meeting, it is just said as being composed of roles.

4.2 The Current Unified MAS Meta-model Proposal

With the above reported definition of the concepts , the relationshipsgathem could
be drawn and in this way it has been possible to build a first ofraf unified MAS
meta-model on which AOSE TFG participants agreed and which is shown in Figure 8.

Obviously, the central concept is a generic agent from which ato@yagent can be
derived. An agent is situated in an environment for which it is abldeuild
representations if it possesses cognitive capabilities. An agenalso be part of the
environment of other agents, that explains the bidirectional link betwesse two
concepts. An agent communicates with others and to communicate rwititeaded
purpose can use FIPA-compliant conversations. A role is related &ment (agents
play roles); some agents can use tasks without playing angndltherefore it becomes
necessary to relate “agent” to “task” with a 0..n cardinakiypally, following the
previous discussion on the definition of “organisation”, an organisation beay
composed of agents but also of roles depending on the concerned methodo®ggy. Thi



expressed on the MAS meta-model by following navigation links frogeritl to
“organisation” via “role”.

Communication | Conversation

Participant Agent | Role Task

Cognitive
Agent

! ]

Representation Environment

Organization

Figure 8. The AgentLink AOSE TFG M AS meta-model proposal

5. Conclusions

As far as agent-oriented methodologies have matured in thgelas, there is a need
for consolidating concepts and methods for agent-oriented developinerihe
AgentLink AOSE TFG the approach towards this goal has been to stA®y riveta-
models for different methodologies and find an agreement on basicptenchis is a
work in progress and the proposed unified MAS meta-model and conceptsiatefini
will be extended. In the end, this will serve as a foundation for fidgest-oriented
modelling languages and development tools.
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