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1. Introduction

The ADELFE toolkit [4] enables the development of
software with emergent functionality and consists in a nota-
tion based on UML/AUML, a design methodology, a plat-
form made up of a graphical design tool and a library of
components that can be used to make the application de-
velopment easier. Likewise, the process is supported by an
interactive tool with the aim of easing the following of
the process by monitoring the advancement, the produced
models and documents, and by providing a guideline ex-
ample (available at www.irit.fr/ADELFE). Mechanism de-
sign consists in assembling mechanical components such as
links (rigid bodies, bars) and joints (hinges, cams, etc.), in
order to build a mechanical system which performs an spe-
cific function such as following a precise trajectory. Our ob-
jective is to develop an automated tool – based on the adap-
tive multi-agent systems paradigm [1]– which is able to syn-
thesize a mechanism from a given set of goals and con-
straints through a self-assembling process. In this paper, we
illustrate the use of the ADELFE methodology to this prob-
lem of mechanism design.

2. Analysis

As we are working collaboratively with partners coming
from aeronautical industry (European project SYNAMEC),
our software – named Mechanical Synthesis Solver or MSS
– focuses on solving design problems for “X-bars” mech-
anisms (see figure 1). This kind of mechanisms contains
only three types of mechanical components: rigid bodies,
joints (rotoidal or prismatic) and attachment points. Usu-
ally, the goal of the mechanism consists in following a
given trajectory, in avoiding obstacles and in staying con-
tained in a given envelop. At the highest level, MSS learns
a relevant mechanism by using an interaction loop between
MECANO and a MAS [2].

The domain description is represented in a preliminary
class diagram shown in figure 2.
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Figure 1. An example of a 4-bars mechanism

The agent definition in ADELFE defines the features
that will be ascribed to the entities that the developer will
choose to consider as agents. Moreover, ADELFE proposes
to analyze preliminary interaction models to identify high-
risk entities in terms of cooperation or cognition. ADELFE
advocates to identify agents by focusing on active objects
thanks to the analysis of information flow from MECANO
to each part of the mechanism through class diagrams and
sequence diagrams. By using AMAS terms, TrajectoryPoint
can be in a NCS –called incompetence– when it does not fit
with the trajectory. In the same manner, a RigidBody or At-
tachmentPoint are useless if not attached to joints, and vice
versa. In addition, these MechanicalComponent classes (and
its subclasses) and the TrajectoryPoint have to manage their
acquaintances not to flood the system by information ex-
change, and have to be able to add or remove agents from
their acquaintance data base. These criteria are sufficient to
identify these classes as being cooperative agent classes.

3. Agent Design

ADELFE proposes a generic cooperative agent model
[4]. This model decomposes agent’s cognitive functions into
six modules. The Characteristic module manages the intrin-
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Figure 2. Preliminary class diagram of the
MSS domain

sic properties of agents. The Interaction module is the inter-
face between the agent and its environment. The Represen-
tation module manages information about the agent’s envi-
ronment (social or physical) or itself. The Aptitude mod-
ule manages messages processing according to the mes-
sage type and action selection. The Skill module is not
used for MechanicalAgents because they don’t perform their
“function” themselves (it is simulated by MECANO) and
then they can’t have any knowledge about their real activ-
ity. The Cooperation module contains the local cooperation
rules that lead agents’ self-organization. Ideally, every agent
knows when it is no more cooperative and then knows what
to do to come back to a cooperative state. This is the main
design challenge of AMAS: find all the NCS. In the MSS
application, two main NCS have been identified: useless-
ness (when an agent does not have all its partners) and in-
competence (when an agent does not reach its goal).

ADELFE proposes to model agent interactions by spec-
ifying AUML protocols [3]. These protocols enable to de-
scribe agents’ interaction languages (the methods they need
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Figure 3. A sample protocol diagram for MSS
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Figure 4. Results for two different 4-bars
mechanisms with a reactive resolution

to communicate) and resolution negotiation algorithm. For
example, the figure 3 shows the resolution protocol for a Bar
agent to solve a uselessness NCS.

4. Conclusion and Results

The ADELFE methodology has been applied to a mech-
anism design problem. The two main phases, analysis and
design, led to a self-organizing multi-agent model where
each mechanical component is “agentified”. Finally, a pro-
totype called Mechanical Synthesis Solver (MSS) has been
developed and shows promising results. Firstly, a very re-
active algorithm has been tested (see figure 4). The Bar’s
NCS resolution action is directly induced by the stiffness
value it perceives – the Bar applies a translation vector to
each of its ends – that leads to a modification of its posi-
tion and/or length. In the same manner, the TrajectoryPoint
computes a translation for its position.
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