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Abstract. 
A challenge for our days is to provide new efficient CASE (Computer Aided Software 
Engineering) tools enabling MAS designers towards Model Driven Engineering (MDE) 
approaches. The goal of MDE is to improve the de-velopment process and the quality of the 
software produced. Our work focuses on two different aspects of MAS. The functional one, 
which is application de-pendent and close to the decision process of agents, and the 
operational one related to elementary capabilities of agents. For each point of view, we have 
de-fined specific meta-models. Our goal in this paper is to provide a mapping from the 
functional meta-model to the operational that constitutes a specific platform model. As we are 
interested in adaptive systems, we have to deal with adaptation both at the agent and the system 
level. We address this problem by respectively using the JavAct flexible architecture and the 
Adaptive MAS principles. 

1   Introduction 

A challenge for our days is to provide new efficient CASE (Computer Aided Software 
Engineering) tools enabling MAS designers towards Model Driven Engineering 
(MDE) approaches. The goal of MDE is to improve the development process and the 
quality of the software produced. Basically, Model Driven Architecture (MDA) [1] 
proposes to automatically generate the PSM (Platform Specific Model) by merging 
early specifications expressed as the PIM (Platform Independent Model) and some 
intermediary PM (Platform Model) by using several automated transformations. 

The work presented in this paper consists of the enhancement of the existing 
ADELFE methodology [2], based on the AMAS (Adaptive Multi-Agent Systems) 
theory and dedicated to the design of self-organising systems. The aim is to enrich 
ADELFE with a development phase providing tools based on MDE. In particular, we 
want to focus on two aspects of a MAS: the functional aspect which is application 
dependent and close to the decision process of agents, and the operational related to 
elementary skills of agents. For each point of view, we have defined specific meta-
models, we support mapping from the functional meta-model to the operational one 
avoiding the merging phase of a classical MDA approach. 

Furthermore, systems we are interested in must be adaptive and we take into ac-
count the adaptation at both agent and system levels. We have developed the JavAct 



agent-based middleware [3] whose agents are designed to be adaptive by the means of 
a component-based flexible architecture and which is a particularly well suited target 
for implementing an AMAS whose main principle is system self-adaptation. How-
ever, JavAct is used as an implementation platform for our work and is not in the 
scope of this paper. We simply use its adaptation capabilities thanks to its architecture 
and promote it at the model level. 

In this paper, we advocate that the design of an agent must be realized by consider-
ing two different levels: an operational one and a functional one (Section 2). Once the 
proposed approach is positioned in relation to existing works (Section 3), different 
points of view of the meta-models, at the two levels previously determined, are de-
scribed (Section 4). Then, the mapping enabling the transformation from a functional 
meta-model to an operational one is defined (Section 5). The paper ends with a dis-
cussion and a presentation of the perspectives of the proposed approach (Section 6). 

2   Operational and Functional Adaptation 

In living systems, adaptation is linked to the species’ learning and evolution capabili-
ties according to the Darwin’s theory [4]. Thus, adaptation is a process enabling 
changing systems’ structure and\or behaviour in order for the species to survive. In 
artificial systems, adaptation can occur as an off-line manner, for example when a 
programmer stops the code execution, changes a line of code and launches it again. 
But, the more complex and interesting concept of adaptation which is treated in this 
paper, is self-adaptation in which the artificial system performs some internal 
changes, during the execution to enable the system adaptation. The reason why an 
artificial system has to self-adapt is explained in [5]. According to the DARPA defini-
tion, Robertson and al. said: “self-adaptive software evaluates its own behaviour and 
changes behaviour when the evaluation indicates that it is not accomplishing what the 
software is intended to do, or when better functionality or performance is possible”.   

The systems that we are focusing on can be an agent or a MAS. So, to self-adapt an 
agent or a MAS has to change; i.e. to modify its behaviour or a part of its structure. 
For example, an artificial ant can learn that when it is in front of a wall, it has to turn 
(behaviour) or if it possesses the adequate skills, it can self-add one leg (adding a 
part). We can assume that, in general, the adaptation process starts by an interaction 
between the system and its environment. As Maturana and Varela have shown, there 
exists a coupling between the system and the environment [6], there exists a very 
close relation between a system and the environment in which it is executed. This 
relation is based on the system perceptions of its environment and the actions it makes 
to deal with. Once deployed, the system has to react to its surrounding environment 
stimuli, one way to react is, in particular, to self-adapt. 

The designer must lead an analysis at the system (or global level), and at the agent 
(or local level) in order to design a self-adaptive MAS. Most of the works on multi-
agent design agree that an agent follows the life cycle composed of three main steps: 
perceive, decide and act.  In each step, the agent design must take into account two 
levels: an operational one and a functional one.  

Considering the perceive-decide-act lifecycle, we understand those levels as follow. 
The operational level is made up of all the tools or means which enable the perception 



of the environment and the performance of actions such as moving, sending messages. 
The functional level is related to all the means which enable the choice of an action to 
perform such as “if there is an obstacle in front of me I have to turn left or right”, i.e. 
the decision process. Those levels are detailed in the next sections. 

2.1   Operational Point of View 

The operational part of an application gathers everything which is independent of the 
application layer. Therefore, operational adaptation can be seen as updating the sys-
tem to its execution environment, without altering its behaviour, so that it is more 
efficient or simply compliant with it. For example, an agent entering an unsecured 
zone could have its message sending protocol become encrypted, independently of its 
functional behaviour. 

For this purpose, we developed the JavAct middleware [3] where agents benefit 
from a meta-level architecture. While the base-level contains the functional part of an 
agent, the meta-level gives flexibility to this agent by means of interconnected micro-
components; each of them implements an operational skill of the agent (mobility, 
message sending, environment perception, dynamic creation etc.). Consequently, 
operational adaptation is obtained by changing a micro-component dynamically. Of 
course, operational adaptation can be triggered by functional concerns and is defined 
by the programmer at design time, i.e. concerns and conditions from the base level 
imply meta-level modifications. For example, the encrypted communication could be 
a small part of a complex and functional adaptation of an agent which perceives its 
environment as unsecured and decides that encryption is the best way to adapt. 

2.2   Functional Point of View 

The functional behaviour can be viewed as the result produced by a system in an 
applicative context. It is what the system can realize to achieve the requirements of an 
application and usually is domain dependent. MAS adaptation can be due to change 
either in individual behaviour of agents or in the collective behaviour of the system. 
In this paper, we focus on functional adaptation at the system level. 

At the agent level, the function is related to the result provided by the agent action 
and self-adaptation consists in changing the decision process leading to another action, 
or learning a new action to be done. The adaptation of its behaviour can be realized by 
endowing the agent with a learning process. With this ability, the agent can act differ-
ently and can adapt its behaviour to subsequent events in its environment by using the 
knowledge learnt from making previous decisions. The research community on agent 
learning has produced a lot of work such as case-based reasoning, reinforcement learn-
ing, neural networks, etc. which are usually used in the MAS community. 

System adaptation consists in changing the behaviour of the collective in response 
to new or modified environments. In the AMAS (Adaptive Multi-Agent Systems) 
approach [7], we have worked to highlight a generic behaviour which enables the 
system to self-adapt. The AMAS theory provides a guide to design self-organising 
systems. It is based on the observation that modifying interactions between the agents 
of the system modifies also the global function and makes the system self-adapt to 
changes in its environment. The local criterion used by agents to decide which kind of 



action they perform, is the cooperative attitude. An agent behaviour is led by the two 
following attitudes: a repairing one and an anticipative one. If no change appears in its 
environment, an agent performs its nominal behaviour and if changes occur it analy-
ses the situation and chooses the most cooperative action related to its environment in 
which other agents evolve. 

According to the AMAS theory, every agent pursues an individual objective and 
interacts with agents it knows by respecting cooperative techniques which lead to the 
avoidance of Non Cooperative Situations (NCS) like conflict or concurrence. Faced 
with a NCS, a cooperative agent acts to come back to a cooperative state and perma-
nently adapts itself to unpredicted situations while learning from others. The AMAS 
theory is based on how an agent can avoid failures and this approach is an exceptions 
handling mechanism at the agent level. 

2.3   Adaptation Levels  

As we have seen in this section, we have identified different kinds of adaptation but 
also different levels of concerns. The following table sums up the idea: 

Functional Adaptation Operational Adaptation 

Agent Classical learning approaches JavAct 

System AMAS approach 

Operational adaptation in JavAct mainly concerns the agent itself whereas the 
AMAS approach fits functional adaptation of the system. However, it is easy to obtain 
operational adaptation of the system by coordinating operational adaptation of agents 
as well as functional adaptation of agents (such as learning for example), which can be 
obtained from AMAS concerns.  The operational mechanisms involved in the execu-
tion of an AMAS are at least, constituted by the set of the mechanisms used by each 
type of agent. The complexity of the operational adaptation mechanism of the whole 
system would depend on the heterogeneity of the agents of which it is composed. Each 
agent is responsible of its own operational adaptation, thus the system operational 
adaptation only depends on its agents. Furthermore, the consistency should be guaran-
teed by cooperation rules that insure for example the understanding of messages. 

So, our aim is the providing of means to design self-adaptive MAS which enable 
us to take into account in one tool the operational adaptation at the agent level and 
functional adaptation at the system level. We have developed the ADELFE method 
[8], to design AMAS but this method consists only of the three first steps of the de-
sign life cycle: Requirements, Analysis and Design Workflows. Our aim is to add the 
development phase to ADELFE by taking into account the two previous levels of 
adaptation. Because the objective is to reduce the design duration and the complexity 
of the task for designers, they should only focus on the system functional adaptation 
(NCS definition) and the agent definition while the operational adaptation should be 
automatically handled by the JavAct middleware thanks to model transformations. 
Mapping AMAS operational concerns to JavAct specific architecture (see section 5) 
is the purpose of the presented work and is the first step to reach that goal. 



3   Related Work 

Currently, most of the existing agent-based methodologies [9], [10] have fully taken 
into account the first phases of a software development life cycle: requirements, 
analysis and design phases. The phases such as implementation, test, deployment and 
maintenance are more or less treated in the following well-known methods ADELFE 
[8], INGENIAS [11], PASSI [12], and TROPOS [13]. But an effort has been made on 
these phases, notably in proposing new tools to facilitate code generation.  In this 
section, the main works using models transformation in order to design MAS are 
reviewed and the main tools coming from MDE are analysed. 

3.1   MAS Related Work 

The first result to improve the agent-based software development is about meta-models 
definition in MAS methods and the second is about the use of model transformations 
coming from the MDA or MDE community in order to generate automatically the code 
for a given platform. 

3.1.1   MAS Meta-models 
Since 2003, initiated by FIPA (Foundation for Intelligent Physical Agents) working 
groups, several meta-models have been defined. The difficulty was to find a unique 
and agreed meta-model, so several meta-models have been defined. 

AALAADIN [14] is a meta-model based on agent, group and role concepts. It en-
ables principally the description of organisation; agents belong to groups in which 
they handle roles. Agent are intentionally not detailed, thus, developers are free to 
choose the one that better fit their requirements. A concrete adoption of AALAADIN 
is used in the MadKit platform [14] in the requirements and design phases. 

FAML [15] meta-model is a meta-model built to take into account every kind of 
existing MAS. It is expressed in two layers: design-time and runtime, concerning both 
the agent and the system point of views. At design level, the expressed concepts are 
role, task, agent, plan, action, ontology and environment access points. At runtime, 
environment, events, system access points, plans, action, message, desires, beliefs and 
intention.  At each level, the relationships between concepts are explained. 

GAIA [16] meta-model highlights the notions of: role (which is refined in respon-
sibility, activity, permission concepts), agent, communication (with protocols), or-
ganisation (structure and rules) and environment (resource). 

INGENIAS [11] meta-model integrates different results on multi-agent and agent 
works. By consequence, it considers a MAS from five complementary viewpoints:  

– Organization  (workflow, group, agents, roles, resources, and applications),
– Agent ( tasks, goals, mental states and roles),
– Tasks/goals which describes their decomposition and the consequences of their

execution in terms of: mental entity, interaction, resource, application,
– Interactions (agent, goal, role, task, specification),
– And environment (agent, application, resource).



PASSI meta-model [12] is composed of three domains: the solution, the agency 
and the problem domains. The problem domain deals with the user's problem in terms 
of scenarios, requirements, ontology and resources. In the agency domain, the main 
concepts are agent, role, task and communication with AIP message. The implemen-
tation domain describes the structure of the code solution in the chosen FIPA-
compliant implementation platforms. 

TROPOS [13] is a method organized in five phases:  early requirements, late re-
quirements, architectural design, detailed design and implementation. The main con-
cepts enabling expression of intentional and social concepts are: actor, goal, plan, 
resource and the relationships between them such as actor dependency goal decompo-
sition, plan decomposition, means-end and contribution relationships. 

Some attempts have been made such as the gathering of ADELFE, GAIA and 
PASSI meta-models [17] but the meta-model obtained was seen as being to complex 
so that the authors didn’t pursue this work. It seems better to define different meta-
models in relation with the type of MAS to be designed. However, these works on 
meta-models have given us a better understanding of the concepts used in the MAS 
community and lead us to the use of MDA or MDE tools. 

3.1.2   MAS and MDA/ MDE 
Few works on MAS engineering have integrated tools coming from MDE, and the 
most advanced are: INGENIAS1, MetaDIMA [18] and TROPOS [19]. 

MetaDIMA helps the designer to implement MAS on the DIMA platform using Me-
taGen which is a MDE tool dedicated to the definition of meta-models and models. 
DIMA is a development and implementation platform developed in Java where agents 
are seen as a set of dedicated modules (perception, communication etc.). MetaDIMA 
provides a set of meta-models and a set of knowledge-based systems on top of DIMA 
to ease the design of MAS by providing languages more specific than Java code.  

In TROPOS (see 0), all the phases use different models which are described by 
meta-models; it also uses UML notation and automatic transformations. For example, 
it translates plan decomposition into a UML 2.0 activity diagram by using a transfor-
mation language based on the following three concepts: pattern definition, transfor-
mation rules and tracking relationships. 

INGENIAS proposes to transform the MAS expressed in the INGENIAS meta-model 
in code dedicated to a given platform using the modelling language of INGENIAS and 
the implementation model of the platform. Its main originality consists in providing 
evolutionary tools. Because tools used for transforming specification in code are based 
on meta-models, if the meta-model specifications evolve the tools can also evolve. 

Our work pursues the same objective as the works described previously although it 
addresses the adaptation issue from both system and agent points of view. In fact, we 
aim at taking it into account and providing design and generation tools to implement 
such adaptive systems. For this purpose, we propose to generate an adapted execution 
platform for AMAS, using MDE tools and principles as well as the flexibility of the 
JavAct middleware. 

1 http://grasia.fdi.ucm.es/ingenias/ 



3.2   MDE Tools 

This section presents a brief overview of tools we have already used or foresee using 
in the model driven scope. 

3.2.1   Model Editing Tools 
The eclipse IDE provides the EMF (Eclipse Modeling Framework) [20] which pro-
vides a meta-modelling language called Ecore (allowing description of meta-models) 
and features to edit, handle and modify models. On top of this plug-in, we use Top-
cased [21] as an Ecore editor and a graphical editor generator, i.e. we define editors 
for our different modelling languages thanks to its generative capabilities. With the 
same purpose, we have compared Topcased to GMF (Graphical Modeling Frame-
work) which possesses more or less the same functionalities while adopting a differ-
ent approach for graphical editor description where each aspect of the editor is 
described by a model. 

3.2.2   Transformation Tools 
We plan to use model to model transformations to implement our mapping (see 
section 5.) and model to text transformations to generate JavAct code. Those trans-
formations have to be supported by tools and languages. We mainly focus on ATL 
(Atlas Transformation Language) [22] and Kermeta [23] which both provide tools 
based on EMF and are implemented as Eclipse plug-in. ATL is a hybrid language 
providing declarative features while Kermeta is defined as a meta-programming lan-
guage close to OO programming languages. However, we plan to use their specifici-
ties respectively to implement transformations and to equip our modelling language 
with execution capabilities (for simulation purpose).  

4   Meta-models 

The main idea of our work can be summed up as follow. On the one hand we have the 
AMAS theory which intrinsically implies to deal with self-adaptation and on the other 
one, we have the JavAct middleware whose agents are designed to be flexible and 
adaptive (on the operational point of view). Our purpose is to bridge the gap between 
them as automatically as possible. To achieve this task we assume to tackle this prob-
lem at the highest abstraction level, i.e. at meta-model level, and use model transfor-
mations to build that bridge. 

To describe both JavAct agent model and AMAS in a model driven approach, we 
have developed two dedicated modelling languages (DSML2) which are themselves 
described by meta-models. Those meta-models can be seen as representations of the 
main concepts and relationships we have identified for each of these particular do-
mains (AMAS and JavAct micro-architecture). Our idea is to map automatically agents 
from an AMAS model to an adapted JavAct micro-Architecture model; this could be 
done using model transformation languages as presented in the previous section. Thus, 
it is necessary to describe as precisely as possible what are the key concepts of the two 
domains. The following sections give a brief overview of those meta-models. 

2 Domain Specific Modeling Language. 



4.1   AMAS Meta-model 

The AMAS meta-model was elaborated from the ADELFE meta-model [17] enriched 
by three distinct logical points of view to describe an AMAS. Each of them represents 
a specific part of the AMAS theory on which we want to put emphasis: 

– System point of view: it is devoted to the description of the system and its
surroundings in terms of Entities which populate it (perceptible objects of the
“world”).

– Agent point of view: this part of the meta-model represents agent internal char-
acteristics.

– Cooperation point of view: it represents taxonomy of Non-Cooperative Situa-
tions an AMAS agent is likely to encounter.

In the context of this paper, we focus on the agent point of view. 

4.1.1   AMAS Agent Point of  View 
An AMAS agent is made up of various modules, parts, managing a sector of its activi-
ties and life-cycle. Typically, the AMAS agent life-cycle is defined according to the 
three phases: perception, decision and action. From these phases and the needs they 
imply in terms of environmental interactions, knowledge representation, non-co-
operative situations avoidance, etc. we determine the following meta-model concepts:  

– Environmental interactions are represented by Perception and Action on the
Entities as well as the means to carry them out (Actuator, Sensor). Communi-
cationAction consists of direct interaction with other agents by the means of
messages (Message) whose protocol is defined in the System point of view
(CommunicationProtocol).

– DecisionModule gathers the Aptitudes and the CooperationRules enabling an
agent to determine the next actions to lead. This decision is taken according to
agent knowledge and aptitudes as well as its cooperation rules which propose
actions to overcome possibly detected NonCooperativeSituations (NCS).
Without NCS detection, an agent carries out its local and nominal function de-
termined by its aptitudes.

– Knowledge represents what an agent possesses. It has self-Representations and
Representations of the medium surrounding it (Environment Entities, agents of
the system). It also possesses Skills and its Characteristics possibly perceptible
by other agents of the system (isPerceptible).

4.2   Micro-architecture Description Language ( ADL) Meta-Model 

ADL is a micro-architecture description language based on the previously expounded 
principle of JavAct micro-architecture [6] (cf. section 2). It focuses on operational 
mechanisms definition of JavAct agents in terms of micro-components. A new micro-
component assembly is called a micro-architecture and it constitutes a new agent “style” 
which can be used in a JavAct application. Thus, μADL provides the concepts 
of MuArchitecture, MuComponent and of Interface (see Figure 1). A MuArchitecture  



Fig. 1. Micro-Architecture meta-model 

is a composition of MuComponents connected to each other by the fact that they provide 
or require Interfaces. We have defined two different MuComponents: 

– StructuralComponents: corresponding to the micro-components that are not in-
tended to be redefined or to be substituted. According to the policy defined in
JavAct, they represent core concepts of the architecture that are used to
achieve reflection and delegation mechanisms.

– ChangeableComponents: conversely, they correspond to the micro-components
which could be replaced, modified, extended and so on.

Each JavAct micro-component is defined by the following fields: 

– name: its name,
– description: a short informal description of its operating properties,
– level: the level in which it offers its services (base, meta, interaction),
– properties: data that could be necessary to achieve a particular service,
– services: the Services it implements.
– provided, required: the Services it requires and it offers to other MuCompo-

nents through Interfaces.

StructuralFeatures and DataType are both meta-classes that enable the definitions 
of MuComponent properties which can be assimilated to typed attibutes in the Object 
world. 



JavAct micro-architectures are forced by the fact that they always have to delegate 
services provided by the base level μComponents to the agent functional code. It 
implies that the micro-architectures contain at least one Controller and one meta-
access component. This kind of constraint is verified with dedicated OCL rules. 

5   The Mapping Process (Mapping AMAS Agents to the JavAct 
Platform) 

To instantiate a particular JavAct agent model for each agent within the AMAS 
model, we have to map concepts from the AMAS meta-model to μADL ones. At this 
time, we simply focus on environmental interactions of AMAS agent (i.e. Action, 
Perception, etc.). Furthermore, we present an “informal” mapping that could be im-
plemented with model transformation languages. 

5.1   Meta-models Mapping 

The mapping takes place between the AMAS and the μADL meta-models, so we have 
to specify which concepts have to be mapped to each others. Thus, the aim of this 
mapping is to operationally adapt JavAct agent so that they become compatible with 
the AMAS theory, that is to say: bring them to a higher degree of environmental in-
teraction and cooperation. This can be done by expressing intrinsic characteristics of 
AMAS agents in terms of MuComponents. In other words, we focus on the opera-
tional aspects of AMAS agents and we try to describe them as a micro-architecture. 
To express more conveniently this mapping, we provide an overview table which 
represents μADL concepts for each AMAS meta-class (see Table 1). 

Each muComponent has to provide at least one Interface containing at least one 
Service of those implemented by the muComponent. This is a generic mapping rule: 
we consider that Service providing is necessarily done through those muComponent 
related interfaces. 

Most of the AMAS meta-classes map to MuComponents, although there are excep-
tions to this rule. Those exceptions are related to particular implementation choices 
we made. To illustrate those choices, consider the Knowledge meta-class and sub-
classes. Knowledge is a particularly important part of a cooperative agent because of 
its implication in the decision process; thus, we decide to reify this concept in term of 
a MuComponent. This MuComponent is related to two more specific Skill and Char-
acteristic MuComponents, which are designed to embody respectively all skills and 
characteristics of cooperative agents as vectors. 

Another important point of interest is the MuComponent level, which specifies the 
scope of a MuComponent, i.e. whether it can be accessed by the functional code (base 
level) or not (meta level). The Interaction level represents MuComponents dedicated 
to agent external interactions. For example, the Action perform() service is used to 
define reaction to NCS, which is the purpose of AMAS agent functional code; thus we 
define Action as a base level MuComponent. 

As we define a meta-level mapping between AMAS and μADL meta-models, the 
next section presents what should be the result of a transformation at model level. 
This is done using a simple and well-known AMAS example and focusing on envi-
ronmental interactions. 



Table 1. Mapping AMAS meta-classes to μADL concepts 

μADL
AMAS

MuComponent 

Meta-class 
name Name Level Services Provided Required Properties

Action Actions base performAc-
tion()

performAc-
tion() perform() -

actionList 

Communica-
tion

Action

Communica-
tion base send() 

receive() 
send() 

receive() - protocol

Message mes-
sageType 

Perception Perception meta perceive() perceive() perceive() -

Actuator Actuator interac-
tion

Enabled 
actions Enabled actions - - 

Sensor Sensor interac-
tion

Enabled 
perceptions 

Enabled 
perceptions - - 

Knowledge Knowledge base 
update()

getRepresenta-
tion()

update()
getRepresenta-

tion()

update() 
getRepresenta-

tion()

Representation repList 
(element) 

Skill Skills meta 

getAction() 
update()

getRepresenta-
tion()

getAction() 
update()

getRepresenta-
tion()

skillList 
(element) 

Characteristic Characteristics meta 
update()

getRepresenta-
tion()

update()
getRepresenta-

tion()

characteris-
ticList 

(element) 

Decision 
Module Decision meta decide() decide() 

getRepresenta-
tion()

getAction() 

Agent

M
ap

s t
o

LifeCycle base run() run() 
perceive() 
decide() 

perform()

5.2   Model Mapping: Ants Example 

This example comes from the ANTS project [24], whose purpose was to define soft-
ware ant-robots based on ethological observations concerning the foraging process of an 
anthill. The aim was not to simulate the real process but use the available information 



Fig. 2. Part of an ant agent μADL graphical model (informal mapping result) 

coming from the biologists to implement robots which have to collect distributed 
resources in an unknown environment.  

In this part, we focus on the environmental interactions described with the AMAS 
meta-model and what should be the result of the mapping in the μADL meta-model. 
In other words, the μADL model specifies the appropriate operational mechanisms of 
a JavAct cooperative ant-agent. 

From an AMAS point of view, an ant agent possesses a SensibleCone which allows 
it to perceive food, pheromones and other ants of the colony. This sensor is qualified 
by properties limiting its scope (threshold area values for food, pheromones and ants). 
Ants are also able to explore their environment (thanks to move action), to gather food 
when they find some and if the load is not too heavy (gatherFood action) and to dis-
seminate pheromones on their way back to the nest (disseminatePheromon action). 
All those actions are carried out by actuators. By focusing on this part of the AMAS 
ant colony model and applying our mapping we obtain the following μADL model 
(see Figure 2), in which all actuators have been mapped to micro-components (Paw, 
Mandible and ExocrineGland) as sensor has been (SensibleCone). 

JavAct micro-architecture enables dynamic operational adaptation by switching 
two micro-components provided that they implement the same interface. Figure 2 
presents a static vision of that capacity (μADL model). At runtime it is possible for an 
ant JavAct agent to choose the more appropriate way to “sense” its environment. For 
instance, a robot ant evolving on a real tangible terrain should use the Sensible-
ConeGPS micro-component in order to locate itself and its surroundings. But if the 
GPS device is damaged JavAct enables the ant agent to switch the useless component 
with the SensibleCone micro-component which uses a simulated environment. 



6   Conclusion and Perspectives 

In this paper, we present our work whose aim is to add the development phase to 
ADELFE by considering two adaptation levels: a functional one for the system, and 
an operational one for JavAct agents. As the goal is to reduce the duration and the 
complexity of the design of AMAS, we investigated a MDE approach; this is based 
on model transformations in order to facilitate code production for a given platform. 

As we aim to provide JavAct agent version which be automatically fitted to the 
Adaptive Multi-Agent System (AMAS), we have developed two dedicated modelling 
languages (DSML) with meta-models which describe respectively JavAct agent and 
AMAS.  

As we have seen, adaptation is the central point of our methodology and tools. The 
designer will be able to describe functional adaptation in models which conform to 
the AMAS meta-model. The mapping described in the previous section will then 
result in a model of a specific JavAct agent architecture. This model can be consid-
ered as a Platform description Model (PM) adapted to the nature of the application. 
Therefore, the gain is two-fold. On the one hand, we combine functional adaptation of 
AMAS and operational adaptation of JavAct agents. On the other one, we simplify the 
complexity of design: details of implementation are hidden during early conception 
phases. In continuation of this work, we are studying the different stages for imple-
menting a concrete prototype of the CASE tool. As was mentioned in section 3.2, we 
have already used Topcased or GMF tools to generate automatically graphical editors 
for the DSML defined. We hope now to be able to automate the production of these 
editors from meta-models such as the AMAS one. Of course, this cannot be done 
from the AMAS meta-model only. Some additional information must be collected in 
order to automate to the generation of the editors. 

Finally we have also some experiences in the production of JavAct code using an 
ad-hoc generator we developed. This tool, called Agent , allows generation of JavAct 
code from an assembly description. However, work has still to be done for generaliz-
ing its use and for integrating it in a MDE tool. 
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