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Abstract. This short paper illustrates a development environment supporting the
use of theTropos methodology for building complex Multi-Agent Systems, start-
ing from the early requirements specification down to the concrete JADE agents
implementation. A detailed description of the methods supported by the tool are
described in a companion paper [7].

1 Introduction

Many Agent-Oriented Software Engineering methodologies have been proposed [5] to
support the development of complex distributed systems including Multi-Agent Sys-
tems (MAS).

In our work we focus on theTropos methodology [2], an Agent-Oriented software
development methodology that proposes the use of knowledgelevel concepts, such as
actor, goal, plan and dependency between actors, along the whole software development
process. The process covers five software development phases:early requirements anal-
ysis, in which analysis focuses on the understanding of a problemdomain by studying
an existing organizational setting where the system-to-be will be introduced;late re-
quirements analysis, in which analysis focuses on the system-to-be which is introduced
as a new actor into the model;architectural design, that defines the system’s global
architecture in terms of subsystems, represented as actors; detailed design, that aims at
specifying the agent micro-level, their capabilities and interactions, and finallyimple-
mentation, that aims at producing an implementation skeleton according to the detailed
design specification.

Tropos uses a visual modeling language based on thei* framework [9]. So, aTro-
pos model can be represented as a set of diagrams like for instance actor diagrams,
describing the network of dependency relationships among actors,goal diagrams that
illustrates goal and plan analysis from the point of view of aspecific actor. During the
detailed design phase the UML/AUML interaction diagrams and activity diagrams are
used in order to describe the processes that the agents can use for fulfilling their goals
and the messages they exchange during the execution of theseprocesses in the dis-
tributed environment. Finally, for the concrete system implementation, an agent plat-
form, such as JADE or Jack, can be chosen.

In [7] we refined the methodology to address the problem of allowing the traceabil-
ity of MAS capabilities to the stakeholders needs elicitated at the early requirements
phase, defining concepts and process guidelines for its application. In order to be used



in practice these refinements need the development of CASE tools at support of the
different modelling and design tasks, such as the analysis of models or the automatic
transformation among different model specification languages. The final objective is
the improvement of the quality of software products and of the development process,
allowing for the reuse of models and the mappings between models. These latter is-
sues are considered in the Model-Driven Architecture (MDA)initiative of OMG [6]
that proposes an approach to software development based on modeling and on the au-
tomated mapping of source models to target models by definingmodel interoperability
standards.

In this short paper, we describe a development environment that supports the entire
Tropos software development process, from the early requirementsdefinition to the
JADE agent implementation. In the design of the environmentwe considered the issues
related to the MDA perspective.

2 The Tropos process support environment

The development environment at support of theTropos methodology allows the an-
alyst to specify aTropos model, to automatically translate part of the model into an
AUML model which should be editable by an AUML modeler and finally to support
the implementation of the Multi-Agent models into an Agent-Oriented framework. The
environment is based on the Eclipse Development Platform [1] that offers a flexible
solution to the problem of component integration. New toolscan be integrated into the
platform through plug-ins, the smallest unit of function inEclipse, that provide new
functionalities to the environment.

The resulting development environment is composed by different tools that support
the analyst in the different steps of the methodology, as shown in Fig. 1. In the follow-
ing, we give a sketchy view of the use of the development environment along the five
development phases, giving also a brief description of the tools currently integrated in
the environment.

Early Requirements Phase. During this phase is specified the initial organizational
setting of the domain before the introduction of the system-to-be, in terms of actors,
their goals and their dependencies among actors.

The specification of this initial model is performed using the TAOM4E (labeled (1)
in Fig. 1) modelling tool [8]. The tool allows to model entities of the domain follow-
ing theTropos language metamodel defined in [8] designed according MDA directives
and to the Meta Object Facility (MOF) standard [4] which defines a set of modeling
constructs that allow to manage meta-models interoperability via the XML Model In-
terchange (XMI). TAOM4E has been developed inside the Eclipse platform, on top of
two existing plug-ins, the Graphical Editing Framework (GEF) plug-in that manage the
editing functions and the EMF plug-in which offers a modeling framework and code
generation for MOF compliant metamodels1.

The TAOM4E consists of two plug-ins:(a) theTAOM4E model, which implements
theTropos meta-model exploiting the EMF plug-in;(b) theTAOM4E platform, which

1 http://www.eclipse.org/gef/, http://www.eclipse.org/emf/



Fig. 1. The Tropos five phases process, and the Model-Driven development environment which
support the methodology.

implements modeler functions needed for building and managing a Tropos model ex-
ploiting the GEF plug-in.

The modelling tool supports the specification of theTropos model via the GUI that
makes available the editors for the description of the actorand goals diagrams, for the
navigation of the model and for the specification of the modelentitiy properties. More-
over, the tool allow to save theTropos models in XMI format.

Late Requirements phase. Also this phase is supported by the TAOM4E tool. Here,
the System-to-be is introduced in the domain model as a new actor. The dependencies
among the system and other actors in the domain are specified,and an internal system
analysis is performed, via the goal analysis techniques. This way the system require-
ments are specified.

Architectural Design phase. In this phase TAOM4E allows to specify the subsystems
of the system-to-be and their relationships with the other subsystems and with the ex-
ternal actors. Moreover, here, the set of capabilities of the system are specified in terms
of both means-ends goal/plan relationship and plan/softgoal contributions [7]. The set
of capabilities are then maintained in a capability table.



Detailed Design phase. At this stage, we use AUML activity and sequence diagrams
to model part of the dynamic properties of agent capabilities specified in the previous
phases.

In our framework, we propose the use of metamodel level transformation techniques
related to the proposals on Query/View/Transformation (MOF QVT [4]). In particular
the framework uses an Eclipse transformation plug-in as a model transformation en-
gine, calledTefkat2 (labeled (3) in Fig. 1), that implements a subset of requirements and
of the transformation language described in the DSTC proposal for MOF QVT as in [3].
We use the QVT to transform the model of the capability of agents, expressed via the
Tropos entities and structures (in particular the goal/plan means-ends association as de-
scribed in [7]), into the definition of the process underlying the capability execution via
AUML activity diagrams that can be edited via aUML/AUML modeller (labeled (2) in
Fig. 1). In the same phase, a second transformation is performed in order to transform,
at a metamodel level the activity and sequence diagrams thatspecify the behavior of the
agent, into a set of classes representing the JADE metamodel[7].

Implementation phase. During this phase, a last transformation is performed in order
to produce the JADE (Java) template classes of the set of agents specified so far, starting
from the JADE classes defined during the last part of the Detailed Design. This trans-
formation is performed via theJADE Template Generator tool (labeled (4) in Fig. 1)
which starts from the agent capabilities specification (given in XMI files) automatically
generated from the Tefkat engine and produces theJADE Agents code (labeled (5) in
Fig. 1).
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