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ABSTRACT

This paper presents the Dsml4mas Development Environ-
ment (DDE) which is a model-driven framework for the
development of multiagent systems based on the Domain
Specific Modeling Language for Multiagent Systems (Dsml4-
mas).

Categories and Subject Descriptors

I.2.11 [Distributed Artificial Intelligence]: Multiagent
systems; D.2.6 [Programming Environments]: Graphi-
cal environments

General Terms

Design
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1. INTRODUCTION
Even if the research on multiagent systems (MASs) is a

very active area, only little research has been done with re-
spect to the development of adequate tools to support the
design of agent-based systems. In particular, integrated de-
velopment environment (IDE) support for developing agent
systems is rather weak, and existing agent tools do not offer
the same level of usability as state-of-the-art object-oriented
IDEs [4].

The Dsml4mas Development Environment (DDE) bases
on the Domain Specific Modeling Language for Multiagent
Systems [1] (Dsml4mas) and is a model-driven framework
for the development of MASs. The abstract syntax of
Dsml4mas is defined by the Platform Independent Meta-
model for Agents (Pim4Agents).

The functionality of DDE encompasses (i) the platform in-
dependent specification of MASs, (ii) model validation, (iii)
model transformation and code generation, and (iv) execu-
tion of generated source code. The code generation facilities
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support the agent execution environments Jack1 and Jade2.
Section 2 provides an overview of the features of the de-

velopment environment. An overview of the workbench is
given in Section 3. Section 4 provides information about the
execution platform support. Followed by Section 5 conclud-
ing this paper.

2. FEATURES
This section summarizes the core features of DDE.
Model-driven approach. DDE uses a model-driven de-

velopment process to close the gap between design and code.
Pim4Agents models are transformed to platform specific
Jack and Jade models. In a second step, source code for
Jack and Jade is generated. Finally, the generated source
code can be edited and executed.

Reduction of complexity. To reduce the complexity
of MAS design is one of the main objectives of the research
area of agent-oriented software engineering. For this pur-
pose, DDE offers several views on the MAS. Each view (e.g.
agent view, protocol view, deployment view, etc.) focuses
on a certain aspect and abstracts from others. Changes that
affect several views are automatically propagated to the oth-
ers.

Model validation. Many design errors of a MAS can
already be captured at the model level. Dsml4mas offers a
formal semantics (cf. [2]) that can be used to check the syn-
tactic correctness of the created models. For this purpose,
constraints based on the Object Constraint Language3(OCL)
have been manually derived from the formal Object-Z spec-
ification of the Dsml4mas language to check the static se-
mantics of the models. These constraints are automatically
evaluated during design time and support the developer to
produce well-formed models.

Service Oriented Architectures (SOAs). MASs do
not exist in pure isolation. Instead, they need to be in-
tegrated and combined with other related technologies like
for instance SOAs. Therefore, in [3] we demonstrated how
to integrate Semantic Web services into DDE. The service
description can be defined at design-time and invoked by
agents.

Reusable components. DDE allows the user to reuse
components (like plans, protocols, organizational structures,
etc.) across several projects. This reduces development time
and cost, and increases the quality of the components.

1http://www.aosgrp.com/products/jack/index.html
2http://jade.tilab.com/
3http://www.omg.org/docs/ptc/03-10-14.pdf
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Figure 1: The Dsml4mas development environment.

Refinement. To support developers in specifying behav-
iors that conform to a certain protocol, we provide refine-
ment functionalities that transform Pim4Agents protocols
into Pim4Agents behaviors. The transformation saves a lot
of redundant work.

Extensibility. DDE is seamlessly integrated into the
Eclipse workbench. This implies that other researches can
easily develop own extensions for DDE (e.g. transforma-
tions, views, model validation, etc.) and plug them into
the Eclipse workbench. Furthermore, DDE directly bene-
fits from new developments around the very active Eclipse
modeling project4 and other Eclipse tools.

Open source. At the time of writing this paper, we are
finalizing a version that integrates all described features. We
will launch an open source project until AAMAS’09. The
source code will be published under LGPL. DDE will be
available at http://dsml4mas.sourceforge.net.

3. THE DEVELOPMENT ENVIRONMENT
Dsml4mas covers the most import aspects of MASs such

as agents, roles, collaborations of agents, protocols, behav-
iors, deployment aspects, and their environment. For each
of these views, DDE offers a diagram that allows modeling
MASs with the according language constructs.

Figure 1 depicts the graphical interface of DDE. It consists
of several parts: (1) depicts the project explorer, the models
folder that contains all diagrams and models, and the source
folders for the generated Jack and Jade code. (2) shows the
modeling area and (3) the palette that contains the language
constructs and relations that are available in the current
diagram. The properties view which shows the details of the
currently selected diagram element is depicted in (4). The
diagram outline that is useful for large diagrams is shown at
(5). Finally, (6) depicts the Jack menu which offers special
actions for the generated Jack code (see Section 4). The
icon close to ResponderAgent visualizes a validation error.
The error message can be looked up in the problems view of
Eclipse.

4http://www.eclipse.org/modeling/

4. CODE GENERATION SUPPORT
To close the gap between design and implementation is one

of the main objectives of DDE. The code generation within
DDE is achieved through model transformations in accor-
dance to the principles of Model-Driven Architecture. Two
agent-based execution platforms are supported by DDE,
however, other platforms can easily be supported in the same
manner.

Jade. The code generation for Jade consists of (i) a trans-
formation of the Pim4Agents model to a platform specific
model (PSM) for Jade and (ii) a code generation step from
the Jade PSM to Jade Java code. The generated Java code
can be edited, executed, and debugged like any other Java
code in Eclipse. We provide a mechanism for protecting
manual changes at the generated source code.

Jack. The code generation for Jack consists of (i) a trans-
formation of the Pim4Agents model to a Jack PSM and (ii)
a code generation step from Jack PSM to Jack gCode. The
generated gCode can be opened with the Jack development
environment (e.g. to refine it). We are also able to generate
Jack files from the Jack gCode within DDE. Jack files are
extended Java files. Finally, the Jack files are compiled by
the Jack compiler into Java files (inside Eclipse).

5. CONCLUSION
This paper discusses a novel development tool for de-

signing MAS called DDE. The modeling language is based
on a platform independent metamodel for MAS called
Pim4Agents that defines the vocabulary of the language.
Beside several features, code generation facilities are offered
by DDE to seamlessly transfer the generated design into ex-
ecutable code. The demo will demonstrate (i) how to specify
MASs with DDE, (ii) model validation, (iii) model transfor-
mation and code generation for Jack and Jade, and (iv) the
execution of the generated code.
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