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Abstract

Most multi-agent systems are embedded into a spe-
cific environment, shared among the agents.Arti-
facts can be used to model this environment and
the operations agents can use to access it.

This article shows how the environment is cur-
rently modelled in implementations based on the
Jadex BDI agent framework and evaluates the pos-
sibility to add to Jadex an explicit definition of the
environment using artifacts.

1 Introduction

Jadex [4] is a framework for constructing and run-
ning software agents which base on a BDI (Be-
lief, Desire, Intention) architecture. BDI is a well-
known model for representing mentalistic concepts
in the design and implementation of agent-oriented
systems and enables to view an agent as a goal-
directed entity that acts in a rational manner.

Following an architecture based on these con-
cepts, agents are typically designed defining the
goals they have to achieve, the plans (the con-
crete actions) that can be executed to achieve these
goals, and a belief base, where the agent’s belief of
the external world can be stored [6].

Software agents are defined to be autonomous
entities which pursue their own goals and are able
to interact with each other. Do do this, agents
have to besituated in an environment, which is
the context where their actions take place. On one

hand we have the social environment, character-
ized by the surrounding agents and human actors,
to whose an agent can build a relationship by com-
munication and interaction, and the technical en-
vironment, consisting of the features of the plat-
form where the agents run. On the other hand,
most Multi-Agent Systems (MAS) work embed-
ded into a specific “physical” environment, which
represents the (real world or simulated) resources
an agent can rely on, to sense and act. It is public
to the agents and modifications on the environment
by one agent should be immediately perceptible by
the others. This is the environment we refer to in
this paper.

In their examples the Jadex developers model
the agent’s environment for example including
a singleton Java object included in each agent’s
belief bases, which gives global access to all
information on the environment and the methods
to manipulate it. Although this solution works,
it seems like a workaround, as it doesn’t fit well
neither into the Jadex concept ofdefiningthe main
parts of the system in XML files, nor into BDI
theory, where an agent’sbelief baseshould reflect
the agent’s (possibly restricted) view of the world.

In this article we propose to add to the Jadex
framework the possibility to explicitely model the
environment where the agents are situated and the
artifacts agents can use to interact with it, by fol-
lowing the Agents and Artifactsmetamodel pro-
posed in [3].
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Section 2 provides some basic information on
BDI agents and on the Jadex framework. Section 3
discusses the need for representation of the envi-
ronment in a MAS and Section 4 proposes a possi-
ble implementation.

2 Technology and Theory

2.1 BDI Agents

The BDI-model [5], which roots in Bratman’sthe-
ory of practical reasoning[1], bases on the three
mental state concepts of Belief, Desire, and Inten-
tion. Beliefs are the agents knowledge about the
current state of the environment; it may be incor-
rect or incomplete. Desires are the states of affairs,
that the agents would, in an ideal world, wish to
achieve. They should be consistent with one an-
other. Intentions are the activities, which the agent
has committed for execution, to satisfy a desire.

The BDI-model naturally fits to agents that are
goal directed, communicate with others and can re-
act to changes of the environment they are embed-
ded in.

For an executable model, Rao and Georgeff in-
troduce the more concrete concepts of Goals and
Plans [6]. Goals are chosen, consistent desires an
agent tries to fulfill (believing that they are achiev-
able), plans contain the means of achieving certain
future world states (the possible actions to execute
in order to reach a goal), where intentions are a set
of plans the system tries to execute to reach a goal.
Most concrete BDI architectures use a model based
on the three concepts belief, goal and plan.

2.2 Jadex

Jadex [4] is a well-known framework for imple-
menting and running agents based on a BDI ar-
chitecture. It is built on top of the Jade platform
and allows agent developers, to implement agents
which exhibit a rational, goal-oriented (opposed to
task-oriented) behavior, with an explicit represen-
tation of goals. Jadex consists of an API, an agent

platform and development tools.
A Jadex agent is programmed defining an XML

file, called agent definition file (ADF), and Java
classes. In the ADF, the agent is specified by
declaring beliefs, goals, available plans and some
other properties. In addition to this, for each plan
used by the agent the plan body (the concrete ac-
tions that have to be executed) has to be imple-
mented in a separate Java class.

The beliefs are stored, independently for every
agent, in a so-calledbelief base. The belief base is
an object-oriented database, which can store Java
objects and be queried using simple SQL state-
ments. Objects can be inserted into the belief base
at definition time in the ADF or at run-time from a
Java file. Goals are entirely defined in the ADF file
and can have different types: goals to achieve some
state in the belief base, to maintain a certain state
in time or to execute at least one plan with success.
For the plans, in the ADF there have to be defined
the interface with input and output parameters, the
goals that can be achieved by the plan and the Java
file containing the plan code. In short, if a goal is
activated, one of the plans (with the connected Java
class) which can achieve it, is executed.

3 The Need for an Environment

Without an environment, an agent is ef-
fectively useless. Cut off from the rest of
its world, the agent can neither sense nor
act. (J. Odell [2])

Most platforms for multi-agent systems, including
Jadex, support no explicit modeling of the envi-
ronment where the agents are situated. The plat-
forms give only the technical support for message
passing and the basic services for agent manage-
ment and agent retrieval through white and yellow
pages, as requested by the FIPA standard. How-
ever, the environment should provide much more
than this. In most software systems, a global rep-
resentation of the surroundings of the whole MAS
is needed, a medium for sharing information and
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mediating coordination among agents. An impor-
tant functionality of the environment should be to
embed resources and services, which are typically
situated in a physical structure [8]. The follow-
ing paragraphs show some examples for the pur-
pose of giving evidence for the need of an explicit
representation of the environment of a multi-agent
system.

3.1 Actual representation of environmen-
tal information in Jadex

To see if and how the environment is represented
in multi-agent systems based on Jadex and which
architectural choices are typically made, we
examined some of the developers’ examples1. Not
surprisingly, most examples are strongly bounded
to a physical (simulated) environment, like a floor
to clean, some terrain to exploit or the woods with
prey to hunt.

In some examples (e.g. the simple Garbage Col-
lector example and the Marsworld example) the
Jadex developers model the agent’s environment
including a singleton Java object into each agent’s
belief base. This static object shared by all belief
bases holds all the needed information on the envi-
ronment, from the size of the world to the items in
it, and the methods to access it. Moreover, the rules
the agents have to respect are included within the
methods provided to access and modify the vari-
ables in the environment.

Although this solution works, it relies on fea-
tures of the Java language to create a partition of a
belief base global to all agents. However, follow-
ing the concepts of a BDI architecture, the belief
base should reflect the agent’s (possibly restricted)
view on the world, not give direct access to the
whole environment. Moreover, it doesn’t fit well
into the Jadex philosophy ofdefining the main
parts of the system and the interfaces in XML

1see http://vsis-www.informatik.
uni-hamburg.de/projects/jadex/examples.
php

files. To sense and act, agents have only to access
their belief base. So for example the implicit
communication between a garbage collector and a
garbage burner agent is reduced to an access to a
variable.

A second possibility to model the environment
is used in many other MAS, e.g. the hunter-prey
example. A specialenvironment agentis imple-
mented, which has to be contacted by all other
agents to sense the environment and to perform ac-
tions on it. This agent contains a huge belief base
and has to fulfill all the incoming requests, becom-
ing de facto a service provider, rather than being
autonomous. However, with exception of the envi-
ronment agent, this approach seems to meet the un-
derlying Jadex and BDI agent philosophies much
better.

3.2 Evaluating an explicit representation
of the environment

The examples given in the last section emphasize
the need for adding the concept of environment
into the Jadex agent architecture. To realize this,
we base on theAgents and Artifactsmetamodel
proposed in [3]. By adding the concept ofArtifact
to a multi-agent system, we can propose the imple-
mentation of an environment which is much more
complete than, for example, a simple database con-
taining global variables or objects with attributes
and the methods to access them, defined in Java.

Introducing Artifacts

Artifacts are new independent computational
entities introduced in multi-agent systems, to rep-
resent any kind of resource or tool that agents can
dynamically use, share and manipulate. Artifacts
strongly differ from agents, because they are not
autonomous entities, but entities aimed to serve
the agents. Thereby they have to be predictable
and to operate in a transparent way. Agents can
call the operations an artifact exhibits on its usage
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interface, to change their state, to get information
(to sense), or to produce the desired effect on the
environment. Artifacts encapsulate and provide
access to resources in the environment, like objects
following the object-oriented paradigm. Although,
the differ because they persist in the system and
exhibit the interface to their available operations,
invokeable through request messages. Moreover,
artifacts can rely on other artifacts and exhibit a
reactive behavior on environment changes.

Using artifacts, it is possible to model the envi-
ronment and the mediated access to it. For exam-
ple, they can enable agents to access a database or a
web service or to interact through the environment
using a blackboard functionality [8]. In addition,
artifacts could rely on a public base of facts which
represent environmental variables.

With the notion of artifact it should be possible
to rearrange the environment in the examples of
the previous section, respecting the autonomy of
agents and the locality of their belief bases, and
avoiding the use of workarounds.

Therefore, we propose to introduce the concept
of artifact natively into the Jadex agent architec-
ture.

4 Solution Proposal

Analogous to the definition of agents in XML files,
we propose to define the MAS environment in
an XML file called “environment definition file”
(EDF). This file should be the executed prior to
starting the agents belonging to the MAS. Alter-
natively, it should be possible to define the agents
to be started directly here, avoiding the need for a
manageragent with merely this purpose.

The proposed EDF contains two main sections:
A facts basesimilar to the agents’ belief base and
the definition of artifacts. Each artifact section
contains the definition of its own local facts base
and the interface to its operations, including a ref-
erence to an external Java file, similar to the Java

files used for the implementation of the agents’
plans.

To facilitate the reuse of artifacts, artifact
definition files are introduced, which can contain
one or more artifacts, and can be included into
the environment similar to the inclusion ofca-
pability definitionsin agents. This definition of
independent artifacts can also be used to imple-
ment individual artifacts and artifacts for social
interaction as defined in [3].

The operations defined by artifacts should be ac-
cessible from the agents’ Java plan files by sending
special request messages. This should be the only
way for an agent to access and modify the environ-
ment. An artifact itself can link to other artifacts
and access the facts base defined in the environ-
ment. Moreover, triggers can be defined, which
link to an entry in this database. This enables ar-
tifacts to exhibit a reactive behavior. An example
for this could be a sensor which tells to an agent a
new value, every time this value changes.

5 Conclusions

In this paper we pointed out that agent platforms
such as Jadex currently lack of the explicit defini-
tion of the environment surrounding a multi-agent
system. Although, a representation of the envi-
ronment is needed in almost every system, starting
from simple examples. Actually, it is usually rep-
resented as a shared area accessible through each
agent’s private belief base or by a single agent
which endows all the information; both solutions
seem workarounds and do not fit very well into the
agent-oriented programming paradigm.

Basing on theAgents and Artifactsmetamodel,
this paper proposes to add to Jadex the possibility
to define the environment by defining the artifacts
it contains. Artifacts are non-autonomous entities,
agents can use the operations they expose, to sense
and act on the environment. Using this new con-
cepts, multi-agent systems can be defined not only
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being compliant with the paradigm of autonomous
agents, but also with a better structure and reducing
the necessary Java code.
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