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Abstract

Considering the great number of agent-oriented autlogies that can be found in literature, andféog
that each one defines its own concepts and systemtwe, one of the main challenges in Agent-
Oriented Software Engineering research is how tkenthese methodologies interoperable. By defining
in a non ambiguous way concepts used in a speddioain, meta-modelling may represent a step
towards such an interoperability. Consequentlyrttaen objective of the AOSE TFG (Technical Forum
Group) is to establish a strategy for identifying@ammon meta-model that could be widely adopted by
the AOSE community. This paper sums up the appraaeld by this TFG which consists in (i) studying
and comparing the meta-models related to someimxistethodologies (ADELFE, Gaia, INGENIAS,
PASSI, RICA and Tropos) in order to find commonesitand (ii) giving a clear and basic definitiom fo
the core concepts used in multi-agent systemselating and positioning them in a unified MAS meta-
model. The first proposal, set up by the workingugr, for this unified meta-model then concludes thi
paper.

1 Introduction

The purpose of the Agent-Oriented Software EngingeTechnical Forum Group (AOSE-TFG) is the
creation of a path towards integration and interabpitity of methodological approaches for multi-age
systems (MAS) development. This involves the d&éni of a common framework for MAS
specification, which includes the identification afminimum set of concepts and methods that can be
agreed in the different approaches. The tool fdinagwey this framework is meta-modelling. The priple

of meta-modelling has been already used in otreddi of software engineering, for instance, in the
specification of UML by OMG, to describe the elenserof the language, their constraints and
relationships. This approach is also valid to dpetihe concepts that are used by agent-oriented
methodologies.

With this assumption, one of the main issues in EAQ¥G has been to elaborate and discuss MAS meta-
models for different methodologies. Work on the pdation of one or more MAS meta-models can be
used as reference point by the whole communityhdlgh this work presents several challenges (see
section 3.3.1), all of AOSE TFG members agreedhhteving concrete results in this area would bg ve
useful for several reasons: (i) this partly soltles lack of standardization in this area, as it haen
remarked in the AgentLink Roadmap (Luck, McBurnagd Preist, 2005), (ii) this could encourage the
development of more flexible and versatile desigold, and (iii) this is one of the essential stéps
reaching a concrete maturity in the study of theletagent design process.

The definition of MAS meta-models has led to thenidfication (and formalization) of a meta-modedtth
AgentLink members hope will meet a sufficient corses to be adopted as a common reference point by
the European research community in this area. Gtbeects of agent-oriented software engineering hav



been faced as well with specific contributions abagent modelling languages and agent mobility
design.

This paper is organized as follows: section 2 gtesian overlook on the talks and discussion halithglu
AOSE TFG meetings about modelling languages and M#&$-models, section 3 introduces the main
motivations that are behind the choice of identifya unified MAS meta-model, section 4 describes th
main sources that have been considered in thiscatidn work, whose result is presented in sechpn
finally some conclusions are drawn in section 6.

2 Modelling Languages and MAS Meta-models

Discussions during AOSE TFG meetings were obviousdpired by main challenges of the field, some
of them addressed by Zambonelli & Omicini (2004)ork! precisely, the lack or the possible
improvement of modelling tools concerning agentsnoiti-agent systems, and the lack of agreement on
concepts used in the AOSE area are the main faetqgkining the specific attention for modelling
languages and MAS meta-models. Most significantrdautions on these two topics are reported in the
following sub-sections.

2.1 Modelling Languages

One of the challenges in the AOSE area is to giew tools to express and control the behaviour of
agents and/or the behaviour of the MAS they ardvawgp within. Working in such a way would faciligt
the spreading of agent-based concepts and apphedti the industrial world.

Trencansky (2005) presented an industrial initeatiy model MAS: AML (Agent Modelling Language).
AML is a semi-visual modelling language, versatdad easy to expand, based on the UML 2.0
specifications thus allowing to reuse well-defiremhcepts and to enable the support of existing CASE
tools (Cervenka et al. 2005). AML is designed tpmart business modelling, requirements specificatio
analysis, and design of software systems that us& Moncepts and principles. AML has a layered
structure built on top of UML to provide an abstragntax, a semantics and a notation. Expressiag th
typical features of multi-agent systems is donesktending UML with several new modelling concepts
(such as agents, resources, environment, rolealsaspects or ontologies) while ensuring that the
resulting language preserves UML specificities.ohpreserving extension is also provided to addesom
meta-properties to UML and complete the definitafrnthe AML meta-model. Above this meta-model
and notation, two UML profiles for AML are givenh&y enable implementing AML in CASE tools
based on UML 1.* or UML 2.0; in concrete, AML iggported by IBM Rational Rose and LS/TS from
Living Systems. Using these AML profiles, a desigisefree to customise AML through the definitioh o
extensions to this language. The V.0.9 releaseME As available since December 2004, and has been
submitted to OMG for the RFP on Modelling Agent-BasSystems.

In specific cases, mobile agents are useful, thezethe provision of tools to model their deployme
migration and interactions, for example, becomesnagportant issue. Kusek and Jezic (2005) made a
proposal to model agent mobility with UML sequerdiagrams. This work is justified because this
mobility is not represented in the current UML seaece diagrams and because modelling agent creation,
mobility paths and current location of an agent haisyet been fully addressed by FIPA, UML, AUML

or AML. In AUML a deployment diagram can capture tteason why an agent moves and the location
where it moves, and an activity diagram may expmghsn the agent has to move. In UML these
expressions are made possible by extending theitgctir sequence diagrams and/or defining a
stereotype «host». Finally, AML enables a designemodel the structural and behavioural aspects of
entity mobility through, as seen above, extensibityBIL relationships and definition of a stereotype
«move». However, all these modelling languages a@togive an overall view about agent roaming and
execution path. Four solutions, extending UML semeediagrams, were described to try to tackle this
issue. First, with stereotyped mobility diagrams,agent is located on a node by sending a stereotyp
message to it and then moves to another node ldingeit a message stereotyped with another value.
Second, in swimlaned mobility diagrams, a swimleggresents a hode and an agent moves in the same
way than in the first approach except that it tewates at the source node and is created againeon th
destination node. Third, in state representatiobilty diagrams, the mobility is represented by rhiag

the state of the moving agent. Finally, in frame&gfnent mobility diagrams, each frame fragment of a
sequence diagram represents execution on a nodeadvantages and drawbacks of these approaches
were then compared, with respect to the numbepdés involved, the space needed for the graplhes, t
expression of the mobility, using a case study lrictv agents roam the Internet to find better prioes
products.



While in this section we dealt with agent modellie¢ated issues, in the next one we present MAS-met
models related to the different methodological apphes born in the AgentLink AOSE community.

2.2 MAS Meta-models

Several studies have been carried on recently albeutdea of assembling a new design process for
agents by taking methods from existing agent-oeg@mhethodologies. These can be seen as an adaptatio
of the method engineeringpproach (Brinkkemper, Lyytinen and Welke, 1998)her researchers and
software developing companies are working on tleapetion of agent-specific design and coding tools
or the extension of existing ones. We can say fitwah requirements identification down to the final
deployment of the executable code there are impbrésearch activities that while looking at therstg
systems indeed lack of a well consolidated and siome even defined meta-model of the multi-agent
society.

With the term meta-model we mean a model of thecepts that can be used to design and describe
actual systems. The models describing a systeninatances of the meta-model (i.e., entities of the
system model are instances of the meta-model esjtitin this way, it is possible to build severaldels
(views) of a system; for instance, one model caelatesent the organization view of the system at an
abstract level (as an instance of the conceptseémteta-model that describe organizational isswbgg
another could be more implementation oriented &osdvshow the system is deployed in a target platform
(as an instance of a platform specific meta-model).

In the object-oriented context the constructionaoflesign process, the definition of its components
(analysis, design, testing activities) and the atien of the design rely on a common denominatog, t
universally accepted concept of object and relateth-model of the object-oriented system. It is swt

in the agent-oriented context where the lack ohsaushared meta-model brings to significant difiees

in the way different researchers deal with simfirleast in the name) concepts. We are not hgiiaga
that we desire to achieve a unification of all #gent-oriented design approaches since their nuisber
per sea richness, but instead we mean that a unique eeflhed meta-model including a set of
definitions of its concepts will enable a deepedanstanding of the differences of all of these apphes
and their integration.

There are several direct applications of meta-nwdsétst, as already argued, meta-models can dhale
development process as they can be seen as tesnpfahat a system model has to be. In the case of
MAS, a meta-model specifies what types of entities developer has to look for: agents, goals,
interactions, tasks, resources, etc. It also dstad constraints on the relationships and uséadet
elements. Meta-models can also be seen as thdisaéon of a modelling language, and thereforeythe
are fundamental in developing tools that can supberdevelopment process, as it has been proposed
MESSAGE and implemented by INGENIAS by Gomez-SarRa&%6n (2002).

In the scope of the AOSE TFG, similarly to the wtrht is going on within the FIPA Methodology ¥C
meta-models are also used to get a better unddistanf the agent concepts as applied in different
methodologies and to look for some agreement inrth elements that can be used to specify a MAS.
In AOSE TFG, several MAS meta-models have beenepited and a first proposal of unification, based
on three AO methodologies — ADELFE, Gaia and PA®&§ been already published by Bernon et al.
(2005). Currently, AOSE TFG is considering the MAfta-models of ADELFE (Bernon & Gleizes,.
2005), INGENIAS (GOmez-Sanz & Pavon, 2005), PASSid]la et al. 2005), RICA (Serrano, Ossowski
& Saugar, 2005) and Tropos (Bertolini, Perini, St$¥louratidis, 2005). Because working on a unifying
MAS meta-model was one of the main aims of the AO$E, all of these are described in the next
section.

Related with this activity, Guessoum (2005) progoae MDA-based approach for MAS to fill the gap
between existing MAS tools (such as the multi-ageatforms DIMA, Jade, MadKit or Zeus) and agent-
oriented methodologies or meta-models. This apfrozansists in separating the application logic
(described in a PIM — Platform Independent Modedyt the underlying technology (described in a PSM
— Platform Specific Model). Here, using Meta-DIMA,MDA-based MAS development process could
be: define the PIMs and PSMs by analysing the ragiéint applications, define a library of meta-medel
by identifying the concepts used and design thaesfoamation rules to implement a meta-model frosn it
description. A first step has been done trying éfiree a PSM for the multi-agent tool DIMA and PIMs

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



from PASSI and Aalaadin/PASSI meta-models. Somesrwere given to enable transformations from
these PIMs towards the DIMA-based PSM.

3 Review of MAS Meta-models

MAS meta-models from the different AOSE TF partaifs became the basis for the construction of the
proposed unified meta-model that is presentedemtxt section.

3.1 The ADELFE MAS Meta-model

Bernon, Camps, Gleizes & Picard (2004) have deeelopDELFE as a methodology devoted to the
design of adaptive multi-agent systems (AMAS). Adbag to this approach, building a system which
realises the right desired global function (whisHtinctionally adequate) is achieved by designments
with a cooperation-driven social attitude.

An agent belonging to an AMAS ignores the globaiction of the system, only pursues a local goal and
tries to always keep cooperative relations witheotagents. Such an agent is called a “Cooperative
Agent” because its social attitude is based on ewjn, but its lifecycle is still a classical orle
consists in having perceptions, taking decisiond #ren doing actions (perceive-decide-act). Local
cooperation rules enable the agent to detect alha& $¢on Cooperative Situations (NCS) that play a
fundamental part in the ADELFE design. These NGScaioperation failures (e.g., cooperation protocol
not obeyed, or unpredictable situations) and threyirconsistent with the cooperative social atttod a
cooperative agent.
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Figure 1. The MAS Meta-model adopted by ADELFE.

The MAS meta-model adopted for ADELFE (Bernon et28l05) is therefore explained by the features
such cooperative agents possess. It tries to @dmdtre agent behaviour with a cooperative attithge
using local cooperation rules that an agent obsearsl which enable it to detect and solve NCS of
different kinds (such as incomprehension and use&ss). The concept of environment is essential for
MAS, agents are evolving in an environment which && a physical one, made up of elements of
different kinds, or a social one, made up of othgents. An element composing an environment is a
specialisation of the UML Classifier, more espdgiadn agent can be also viewed as such a
specialisation. A cooperative agent has interastiofith its environment, it can receive information
through perceptions and act on the environmentnduits action phase. Interactions may use



communications which can be done in a direct mafimgiexchanging messages, using AIPs to express
the communication pattern, for instance) or anrexti one (environment-mediated). An agent has a
representation of the world in terms of beliefs wbother agents, the configuration of the physical

environment around it and the agent itself. Thenageses these representations to determine its
behaviour. A representation can be shared by diffeagents. If an agent has representations that ma
evolve, they can be expressed using an adaptivie-agant system.

On the left part of Figure 1, we find Skill, Aptde and Characteristic; skills represent the sigecif
knowledge that enable each agent to realise its mavtial function in the world. If these skills feato
evolve, they may also be implemented as an AMASré&tteristics are intrinsic or physical propertés
the agent while aptitudes relate the agent’s céipabf reasoning both about knowledge and beliefs
owns.

3.2 Gaia

The Gaia methodology evolved from an initial vensity Wooldridge, Jennings & Kinny (2000), mainly
focused on the design of handle small-scale, clagmht-based systems to the new one by Zambonelli,
Jennings & Wooldridge (2003), which is based onkiine consideration that an organization is mora tha
simply a collection of roles and agents. Theretbeemain difference is that it has been designemtder

to explicitly model and represent the social aspetibpen agent systems, with particular attentbotine
social goals, social tasks and organizational rules

Having a deeper look at the MAS meta-model fordbeond, extended version of Gaia (Figure 2), we
notice that the basic building blocks of the formversion of Gaia — namely agents, roles, activities
services, and protocols — are still present but timy are located in the context of a specific eminent
and of a specific organization.
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Figure 2. The MAS M eta-model adopted by Gaia.

The Gaia agent is an entity that can play one aemales; a role is a specific behaviour to be gthly

an agent, defined in terms of permission, respdiiib, and activities, and of its interactionsthvbther
roles. In playing a role, an agent actualizes #hdviour in terms of services that can be activated
accordingly to some specific pre- and post-cond#io



The environment abstraction is a key element ina@4AS meta-model; it explicitly specifies all the
entities and resources a multi-agent system mayaat with, restricting the interactions by meahthe
permitted actions.

As already said, the explicit representation ofdbent organization is the main improvement inGlaga
extension by Zambonelli, Jennings & Wooldridge @QQhis is mainly achieved by introducing the
organizational rules and the organization structOmganizational rules, specify some constrainas the
organisation has to observe; these constraintsbmaylobal, affecting the behaviour of the societyaa
whole, or concerning only specific roles or protgcahile organisation structure establishes thealle
architecture of the system, that is the positioreath role in the organisation and its relationshiin
other roles. Organizational rules and organizatistrauctures are strictly related, in that orgatizal
rules may help designers in the identificationt®f brganizational structures that more naturalitythese
rules.

3.3 INGENIAS

INGENIAS (Pavon, & Gémez-Sanz, 2003) is both a méthogy and a set of tools for development of
multi-agent systems (MAS). It tries to integrateuiés from other proposals and evolve in accordance
standards and well-proved results in the area.bésts of INGENIAS is the definition of meta-models
for MAS, by extending and refining the proposaltiod MESSAGE project (Caire et al. 2002). Methods
and tools in INGENIAS are defined in terms of matadels, in such a way that changes in the meta-
models are easily adapted in the methods and tddis. facilitates evolution and adoption of new
notations and techniques. Currently, INGENIAS pdes a set of tools for modelling (graphical editor)
documentation of MAS specifications, code generaffor different target platforms), and validatiand
verification of intentional and social properti€sagents.
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Figure 3. Summary of INGENIAS MAS meta-model

INGENIAS meta-model is quite detailed as it is thsis for building the set of tools (editor, code
generators, verification and validation) of the IERKHAS Development Kit (IDK, available at
http://ingenias.sourceforge.net), described in PaGoémez-Sanz & Fuentes, 2005). Figure 3 provades



simplified view of the meta-model with its main elents. But the complete meta-model is structured in
five viewpoints:

1. Organization viewpoint. Describes how system conemts (agents, roles, resources, and
applications) are grouped together, which taskegeeuted in common, which goals they share,
and what constraints exist in the interaction amaggnts. These constraints are expressed in
form of subordination and client-server relatiopshi

An Organization is an Autonomous Entity, which mes a Goal, and can be structured in
Groups (structural entities), and contains Work#daynamics of the organization processes). A
Group may consist of Roles, Agents, Resources, igqidns. Workflows define precedence

relationships among Tasks, the Resources assignédsks and their participants (in terms of
Roles).

2. Agent viewpoint. Describes single agents, theikgagjoals, initial mental state, and played
roles. Moreover, agent models are used to destribanediate states of agents. These states are
presented using goals, facts, tasks, or any otfsterm entity that helps in its state description.
This way, an agent model could represent in whatesshould be an agent that starts an
interaction.

An Agent is also an Autonomous Entity, which plagne Roles and pursues Goals. It has a
Mental State, which consists of Mental Entitiessisas Goals, Facts, Beliefs. There is a Mental
State Manager that provides the mechanisms fortioggadeleting, modifying mental state
entities, and a Mental State Processor that detesriiow the Mental State evolves and what
actions an agent should try.

3. Interaction viewpoint. Describes how interactioncgam agents takes place. Each interaction
declaration includes involved actors, goals purdsogdhe interaction, and a description of the
protocol that follows the interaction.

In INGENIAS, an Interaction is initiated by an Ademvith some Goal (intention). Several
Agents can participate in an Interaction. Sevemmblisms can be used to describe an
interaction, such as UML collaboration diagrams,MlUand GRASIA diagrams.

4. Tasks and Goals viewpoint. Describes relationshipsng goals and tasks, goal structures, and
task structures. It is used also to express whiettlee inputs and outputs of the tasks and what
are their effects on the environment or an agemtstal state.

5. Environment viewpoint. Defines agent's perceptioterms of existing elements of the system.
It also identifies system resources and who isaresible of their management.

INGENIAS viewpoints can be complemented with exiens of known notations, such as UML use case
diagrams or UML collaboration diagrams. These esitars consist in relating INGENIAS elements with
UML entities, for instance use cases with interati

Developers should be aware that there are elenteatsmay appear in different viewpoints. This
repetition of entities across different viewpoiimsluces dependencies among them. For instance, the
same task entity can appear in an agent view,kég@a view, an organization view, and an intei@cti
view. Therefore, to completely define a task, dreptlifferent diagrams for different views is rexpd. If

the developer fails to create all of these diagratims system specification may be incomplete. Gn th
other hand, if the developer creates all requiiagrdms, but in an organization view a task isgassi to

a role and in an agent view it is assigned to asptdifferent role, it could be interpreted thae th
specification is not consistent. These constrairéschecked by the INGENIAS Development Kit.

3.4 PASSI

PASSI (Process for Agent Societies Specificatioth lamplementation) (Cossentino, 2005) (Burrafato, P.
& Cossentino, M. 2002) is an iterative-incremergedcess for designing multi-agent systems starting
from functional requirements that adopts largeffudied standards like UML (as the modelling languag
although extended to fit the needs of agents dgsigd FIPA (as the agent platform). PASSI covers al
the phases from requirements analysis to codingestohg with a specific attention for the autoroatof

as many activities as possible with the suppoRDK (PASSI ToolKit), a specifically conceived desig
tool.

The PASSI MAS meta-model (Bernon C. et al., 20@5piganized in three different domains: the
Problem Domain (where requirements are capturéd)Agency Domain that represents the transition



from problem-related concepts to the correspondient solution (that is a logical abstraction), #rel
Solution Domain (where the implemented system béldeployed).

The Problem Domain (Figure 4) deals with the gsproblem in terms of scenarios, requirements,
ontology and resources; scenarios describe a seguahinteractions among actors and the system.
Requirements are represented with conventionatase diagrams.
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Figure 4. The MAS meta-model adopted by PASSI

The system operating environment is depicted ims$eof concepts (categories of the domain), actions
(performed in the domain and effecting the stafusoocepts) and predicates (asserting somethingtabo
a portion of the domain elements), the environnmaat includes resources that can be accessed by
agents.

The Agency Domain includes the agent that is tiaéaentre of this part of the model; each PASShage
is responsible for accomplishing some functioreditdescending from the requirements of the Problem
Domain. Each agent during its life can play somesiothese are portions of the agent social behavio
characterized by some specificity such as a goghraviding a functionality/service and in so doiiig
can also access some resources. The Service comipepessents the service provided by a role imser

of a set of functionalities (including pre- and posnditions as well as many other details mostiging
from the OWL-S specifications), and can be requltgdther agents to reach their goals. Agents could
use portions of behaviour (called tasks) or comgations to actuate the role’s aims.

In PASSI, the term task is used with the signifamiof atomic part of the overall agent behaviout,an
therefore, an agent can accomplish its duties tigrdintly composing the set of its own tasks.

A PASSI communication is composed of one or moresages expressed in message content language
and following an agent interaction protocol (AIR)ngposed of performatives (the predefined semantics
of the message content (Searle J.R., 1969)). Thistsre is the consequence of the choice of adgpti
FIPA specifications for the systems to be designitd PASSI.

The Implementation Domain describes the structdirth@ code solution in the chosen FIPA-compliant
implementation platforms and it includes three apts: (i) the FIPA-Platform Agent (the
implementation class for the agent entity represgbitt the Agency Domain); (ii) the FIPA-Platformska



(the implementation structure available for therdigeTask); (iii) the ServiceDescription compongat

is the implementation-level description (for instaran OWL-S file) of each service already specified
the Agent Domain. This description is also useduéhable the system openness and the reusability of
components (agents).

35 RICA

The RICA (Role/Interaction/Communicative Action)papach (Serrano J. M. & Ossowski S., 2004)
integrates relevant aspects of Agent Communicdtamguages (ACL) and Organisational Models and it
is itself based on the concepts of CommunicativiefRand Interactions. RICA describes a conceptual
framework that guides the designer from the speatifins of the organisational model of the agent
society to the definition of the Agent Communicaticanguages of the multi-agent system.
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Figure 5. The MAS meta-model adopted by RICA

The organisational model is specified in termsmfties such as agents, roles and interactiondewhé
specification of the ACL is based on the definitmfrcommunicative actions and protocols.

RICA is essentially made of two major componentsieda-model (defining the language used to specify
the organisational and communicative entities), asgecification of the structure and behaviouhete
entities. The RICA MAS meta-model (Serrano J.M. &sOwski S., 2004)(Serrano J.M. et al., 2005) is
organized in three different layers: the first al®als with the generic elements of the system (agele

and action types); the second one includes sooiatapts like norms, and institutions; the last e
devoted to agents’ interactions via communications.

More in details, in Figure 5, we can see thatRHeA agent can play several roles; some roles altect
‘private’ thus meaning that they do not requireeiattions with other agents but only with the
environment. In playing its roles the agent perforeome actions characterized by inputs and outputs
parameters.

In the social layer, generic role types are sp@édlin social and interactive role types. Socaié itypes
participate in scenes (represented by Scene Typeeimodel) that can be regarded as meeting points
used to study interactions. Scene Types are usbkdilo Institution Types that are regulated by Nerm
Interactive Role Types regards the agent’s sontalactions (represented by the Social Interacligpe
element) where each agent acts as a participant.

In the third layer, we can find the specializatmihsome elements of the previous layer according to
communicative direction; this produces such elesenas: Communicative Interaction Type,
Communicative Role Type, Communicative Action Tyel Protocol Type.



3.6  Tropos

Tropos (Castro J. et al., 2001)(Bresciani P. e2804) is an incremental design methodology thas at
modelling both the multi-agent system and its emvinent . The process covers the early phases of the
analysis, where it is characterised by the adopifangoal-based approach.

From the beginning (Early and Late Requirementsyaisd, the designer deals with domain stakeholders
(modelled as social actors) and the goals they teargach, resources they can share and plansitagy
perform. Actors are related by mutual and intergladependencies that are consequences of theis.goal
In the next phase (Architectural Design), actoesraapped to a set of software agents while initrad f
Detailed Design, agents capabilities and interasti@re defined in details.

Plan
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SoftGoal HardGoal Agent " play 0 Role

Figure 6. The M AS meta-model adopted by Tropos

Differently from the other MAS meta-models, Tropogoduces the concept of actor as a generalisation
of the agent (Bertolini D., et al.,, 2005) (Figur®). This is the direct consequence of the early
requirements phase, where actors are initiallytiled and then translated to possible agents duitie
architectural design. Tropos role is an abstraatatterisation of the behaviour of a social actar a set

of roles compose gosition The concept of position occurs in the architeadtutesign phase, where
agents are used to occupy previously identifiedtioos.

More in details, we can say that in Tropos, anra@@rtolini D., et al., 2005) models an entity hwit
strategic goals and intentionality. An actor cgoresent a physical or a software agent as wellrateaor

a position. Goals (representing actors' stratagierésts) can be of two different kinds: hard-gaaid
soft-goals, the latter have no specific criterindeciding whether they are satisfied or not areaten
used to model non-functional requirements. An acem achieve his goals by adopting a Plan and/or
using environment Resources. Actors can have ardemey on one another in order to satisfy their own
goal or access a resource and their goals candmem®sed in terms of sub-goals that can be relsitbd
AND/OR relationships.

There are two other important elements of the Tsopeta-model: the Means/end Analysis (reporting
that a means can satisfy a goal by using plansuress or other goals) and the Contribution (shgwin
that a goal, plan or resource can contribute tattgéevement of some objective).

3.7 A First Proposal of a Unifying MAS Meta-model

Starting from the analysis of ADELFE, Gaia and PABIAS meta-models a unifying MAS meta-model,
first presented in (Bernon C. et al., 2005), isvaldn Figure 7. This meta-model is guided by the af
creating societies without (ADELFE) or with precdefil organizations (Gaia), in accordance with the
growing interest for open systems in which an oizition cannot always be given during the design
phase. To achieve this result the generic agemtrished with all the properties an agent may hbeag
cooperative or not. Furthermore, this generic agerdomposed of Gaia-like roles complemented by
some PASSI features (tasks and a FIPA-compliantnmamication structure). This generic agent has two



choices: belonging to an organization or followitgpperation rules. Agents are implemented (at code
level) in the PASSI way. The proposed meta-modealds characterized by the possibility of identifyi
in it the three domains (problem, agency, solutidisfussed in the PASSI approach.
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Figure 7. A first proposal of unifying M AS meta-model

From the experience of merging these three modelkearnt that their composition adds some significa
improvements to the new structure since they comele each other in several aspects. For examge, th
ADELFE representation that the agent has of itsirenment, the Gaia environment and the PASSI
ontology, naturally relates by representing the faat an agent has a representation (possiblgtaefieby
errors or uncertainty) of the environment expressdadrms of an ontological model of it.

3.8 A Comparison of MAS Meta-Models

The MAS meta-models presented in the previous stibss will now be compared with the precise aim
of identifying their commonalities as a first stiggvards a common agreed part of a unified MAS Meta-
Model (MMM), and studying their distinctive diffemees (that can positively enrich the collection of
common elements by introducing ideas coming frosh gune or a few approaches).

M eta-M odel Common components Peculiarities

ADELFE Agent Cooperative, (almos) [Environment, Cooperation rules, Non cooperative
FIPA communications situations (NCS), Skill, aptitude, characteristic
structure

Gaia Agent (type), Role,a@lmos)  [Organization, Service, Resource, Environment,
FIPA communications Organizational rules
structure

INGENIAS Agent, Role, Task, Interactio|Goal, Mental State, Organization, Workflow, Group,

Resource, Environment




PASSI Agent, Role, Task, FIPA Ontology, Resources, Requirements (functional and
communications structure  |non-functional), Implementation Platform agent and
task, Service, ServiceDescription

RICA Agent type), Role €ype, Norm, Institution type, Social/Interactive/
Protocol (FIPA Communicative Role Type, Action Type,
communications structure) |Social/Communicative Action Type

Tropos Agent, Role, Plaifsimilar to a|Goals, Resources, Dependency
task, Bertolini D., et al., 2005

Unifying MMM |Agent, Role, Task, FIPA Service, Environment, Characteristic, Skilpthude,
communications structure  |Resource, Ontology

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

With regard to this comparison it is worth to ntiat in their MMM unification proposal (there thern
unifying was used to justify the intention of fimdi a compromise that could summarize the threénalig
MMMSs) the authors of (Bernon C. et al., 2005) pregab a comparison of the different MMMs based on
some specific aspects classified according to difterent criteria:

e Agent structure: this criterion deals with how eawhthe meta-models represents its core
elements (commonly agents, roles, tasks).

« Agent interactions: how agents of different metadeile are supposed to interact using
communications or the environment.

e Agent society and organizational structure: distid/IMs differently approach the modelling
of agents aggregations and cooperation structures.

e Agent implementation: this deals with the way tlele-level structure of the agent system is
specified.

In this work we are now dealing with a slightlyfdifent problem: we are aiming at identifying a iedf
MAS meta-model, that could be a common referendatgor the AgentLink AOSE community; this
means that our attention is initially directed tods the identification of commonalities among the
different works we examined; the appreciation dfisons that are not very diffused among the défer
MMMs will be part of a second step where specifimtcibutions will be considered to enrich the first
release unified proposal. Because of this diffeant, we now prefer to adopt a different comparison
method that transversally cuts the previously distateria. In Table 1 we reported a list of comnzom
different components of the discussed MMMs.

Elements that can easily be identified as commantpof the different MAS meta-models are:
e Agent: itis present in all the methodologies. Gaid RICA refer to it agent Type
* Role: all methodologies but ADELFE include the Rotenponent in their MMMs.

e Task: it is present in INGENIAS, PASSI, and Trofesth a slightly different meaning: Plan,
Bertolini D., et al., 2005)

¢ FIPA communications structure: with this we meatolection of elements representing agents
communications as based on messages and followimg specific Agent Interaction Protocol
(AIP). Several methodologies have a good supparthis kind of interaction mean: ADELFE,
Gaia, INGENIAS, PASSI, and RICA.

From the analysis of the most characterising nanroon elements of the studied MMMs we can see:

e Environment: it is present in ADELFE, INGENIAS, @aand the Unifying MMM. In ADELFE
it is seen as a possible communication way for &gem INGENIAS as application interfaces
and resources.

« Organization (and social structures): in Gaia, &geollaborate within organizations that are
governed by Organizational Rules (a similar strrettan be found in RICA). Organizations in
INGENIAS can be structured in Groups (similar toid@a organizational structures) and its
dynamics are described in terms of Workflows.



e Cooperation related elements: ADELFE has a deejtstie about cooperations, it includes:
Cooperation Rules and a hierarchy of Non Coopera8ituations (NCS); RICA has Social
Roles and Actions; in INGENIAS organizations cont#/orkflows describing the collaborative
work.

* Mental attitudes and states of agent: ADELFE agemhodelled in terms of Skills, Aptitudes
and Characteristics; INGENIAS agent is intentioreatd has a Mental State (Goals, Facts,
Beliefs), a Mental State Manager and a Mental SRabeessor; PASSI agent knowledge is based
on an extensive model of domain ontology; Tropothodology is based on the concept of goal
as a problem decomposition entity and each agést@ceach the goals it has been assigned to.

e Services and Resources: Gaia and PASSI defineikistoncept of Service (PASSI includes a
ServiceDescription too as an implementation lergigposition of the agent Service). Resources
are modelled in Gaia, INGENIAS, PASSI and Tropostfis latter with more details).

The proposed analysis will directly influence thdoption of each single element of the unified MAS
meta-model described in the next section and tfereint meanings that each methodology gives to
concepts that are similar in their name becomeadlestge for the definition of the glossary of terthat

will complements this unified MAS meta-model.

4 Towardsa Unified MAS Meta-modedl: the AgentLink AOSE TFG Proposal

In this section we will describe the process thraught us to identify the AgentLink proposal of MMM
The work included the identification of a core sbef MAS meta-model components and the clear
definition of the meaning of these components byaldishing a sort of glossary. Then, defining the
relationships between those components we complieteMAS meta-model.

The different talks given during the different megs of this TFG, as well as the work done in theA=
Methodology and Modelling TCs, constitute the baokgd of this identification work. The list of
sources includes:

e Existing methodologies (some of them related tdaust that are involved in this TFG): ADELFE,
Gaia, INGENIAS, PASSI, Tropos and RICA.

e The first reflection on modelling structures thaetFIPA Modelling TC proposed (Odell et
al.,2005).

« And an attempt for a unifying meta-model done ierfidn C. et al., 2005).

The second step would be to agree on the compotieita/ould be identified and included in a common
MAS meta-model:

« In a first live phase, what a MAS meta-model shdantdude will be defined with the definition of
concepts like agent, role, task (or plan), commation (message, protocol, performative, etc.),

« In a second time, after having launched a discaosglaring the meeting, concepts such as
environment, goal, organisation (society, groupstifation, etc.), resource, service, would be
discussed off-line,

« Other components such as ontology, dependencynactiental states, organisation rules, norms,
skills, aptitudes, characteristics (or similar Bidincepts) could be studied later on.

4.1 Identifying the Basic Components
4.1.1 Defining “Agent”

The starting point for the definition of “agent” ghe definition given by the FIPA Methodology C
The aim of this discussion was to enumerate thénmaihproperties an entity must have to be consitlere
as an agent. The essential properties of an agentita capabilities to act, its autonomy, its
communication with others (because the notion dfective is important in many approaches) by
interacting, its perception of its environment. @tproperties were given, such as proactivity, treiag,
ability to move, or ability to reproduce itself, athcould lead to defining different kinds of agerits
instance cognitive or reactive ones. But other Bgerist and they are neither cognitive nor reactiv

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



may be considered as a mix of these two types. ébldoinheritance from “agent” in the MAS meta-
model could solve the problem but since it was mahdatory to be exhaustive and define all kinds of
agents, this minimal definition for an agent asatity was agreed:

« which is capable of acting in its environment,

« which is autonomous: this means that an agent twatsat over its own behaviour 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 reprodere not considered as mandatory and concepts like
skills or capabilities, for example, are includedle fact that an agent is able to act. Furtheggmgince

this definition of a “generic” agent is sufficiettt define a reactive agent (to be reactive is @igpigation

of being capable of acting in an environment), hg\a definition for this latter concept and diffietiate

the cognitive nature of an agent from the reactime was not considered as useful at this time. A
cognitive agent will be considered as an agent:

« which is proactive: this means, its behaviour igalr by a set of tendencies, in the form of indixatl
objectives, or a satisfaction/survival function whhit tries 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 rbks been defined as “an abstraction of a portioa of
social behaviour of an agent”.

4.1.3 Defining “Task”

The discussion for defining the concept of “tastdried from the FIPA TC Modelling definition andeth
one PASSI gives. For FIPA TC Modelling, a task igaat of the agent behaviour and a behaviour is the
observable effects of an operation or an evenh,diieg the results, and it specifies the computathmat
generates the effect of the behavioural features. FFASSI, a task specifies the computation that
generates the effect of the behavioural features.

To be general enough, the AOSE TFG participantseathat a task “specifies a (set of) activity(ibsi
generates some effects”.

A role uses observable and not observable tasksg leharacterised by the first ones since they are
visible; an agent could also do something thabisarpart of playing a role.

4.1.4 Defining “Environment”

The definition of the Environment concept involvesveral aspects (it is in fact the central topic of
another AgentLink Ill TFG, the Environment TFG) aradses a great number of questions:

1. PASSI enlarges the software engineering dichotobgyut problem and solution domains by
introducing the intermediate agency domain. In shene way, could it be possible to speak
about a problem environment (in which the systeistg) an agency environment (where agents
live), and a solution environment (where objecented implementations of agents are
deployed)?

2. Should the environment be characterized in a waylai to the one proposed by Russell &
Norvig (2002),, in which an environment can be astdde or not, dynamic or not, deterministic
or not, continuous or not?

3. With regard to the solution domain, could we spafkut a “system outer environment”, a
“system inner environment” and a “controllable ot environment”?

Unfortunately, the scope of this TFG was too nartowhave a discussion about what is really an
environment and we decided to limit our work to tiedinition of an environment as “something that an
agent can interact with and/or perceive”. Thismi&éin goes in the same direction of the one givgtthe
FIPA TC Methodology in which the environment regnets all that is external to the agent, and that
includes the social environment and the physicalrenment.



4.1.5 Defining “Organisation”

In Gaia, an organisation aggregates agents and@ENIAS, an organisation is an autonomous entity,
with a purpose, the organizational structure isngef with Groups.

Organisations can be given by roles (for example, soccer match where there is a goalkeeperhbut t
can also emerge from interactions between agemtexample, in adaptive MAS for which ADELFE is
specialised). The discussion concerned the nafuteedink between “agent” and “organisation” besau
both an agent and an organisation can be seergesgagjons of roles. The definition for “organisafi
was not completed during the meeting, it is jusd 8& being composed of roles.

4.2  The Current Unified MAS Meta-model Proposal

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

Obviously, the central concept is a generic agenhfwhich a cognitive agent can be derived. An agen
is situated in an environment for which it is ale build representations if it possesses cognitive
capabilities. An agent can also be part of therenwment of other agents, that explains the bidveet

link between these two concepts. An agent commtescavith others and to communicate with an
intended purpose can use FIPA-compliant conversstia role is related to an agent (agents playsjple
some agents can use tasks without playing anyaraletherefore it becomes necessary to relate “atgent
“task” with a 0..n cardinality. Finally, followingthe previous discussion on the definition of
“organisation”, an organisation may be composedgghts but also of roles depending on the concerned
methodology. This is expressed on the MAS meta-fbgdollowing navigation links from “agent” to
“organisation” via “role”.

Communication Conversation

A

Participant Agent | Role Task

A

—

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 maturéide last years, there is a need for consofidati
concepts and methods for agent-oriented developnienthe AgentLink AOSE TFG the approach
towards this goal has been to study MAS meta-mddeldifferent methodologies and find an agreement
on basic concepts. This is a work in progress aedptoposed unified MAS meta-model and concepts
definition will be extended. In the end, this vakrve as a foundation for future agent-oriented etliog)
languages and development tools.
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