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Abstract

An agent is an autonomous entity whose behaviour is
neither visible nor contrallable outside from its black-
box. On the other hand, the MAS behaviour, deter-
mined by the agents’ and artifacts’ ones, should be
shaped according to its security, organizational and
coordination policies. The only way a MAS (organi-
zation or application) can control its internal interac-
tions, in order to apply its policies, is through coordi-
nation artifacts. But, indeed, MAS policies crosscut
the coordination artifacts, by being scattered across
multiple unrelated artifacts and artifacts interfaces
crosscut agents. So the idea is to use aspects and
coordination artifacts for guiding MAS internal in-
teractions in order to apply MAS policies. In this way
both artifacts in MAS can be replaced without modi-
fying MAS policies and policies can be easily changed
without involving the general internal structure of the
organization or application.

1 Introduction

Multi-agent systems are computational systems made
up of agents and artifacts. An agent is an au-
tonomous entity that can try to reach its goals by
exploiting artifacts and communicating with other
agents. An artifact, instead, is just a reactive en-
tity that provides functions to agents. Therefore, the
MAS behaviour is in general determined by inter-
actions between agents and artifacts. On the other
hand, MAS can also be seen as organizations or ap-
plications with their own rules and policies to apply
to agents. To find a balance between these two posi-

tions is an hard problem to face in MAS. One of the
most common approaches is the use of artifacts as
mediating tools between agents and environment. In
particular coordination artifacts, infrastructure ab-
stractions meant to improve coordination entities au-
tomation, represent one of the best way to create a
collaborative (according to MAS’s policies) working
environment[3]. Examples of coordination artifacts
are tuple spaces[10] and tuple centres[6].

This paper proposes an aspect oriented approach
for both coordination artifacts and agents. It can be
noticed that, indeed, MAS policies crosscut the coor-
dination artifacts by spanning multiple unrelated ar-
tifacts and artifacts’ interfaces crosscut agents. With
the adoption of Aspect-Oriented Programming, we
can modularize the coordination parts of applications
thus allowing both the artifacts’ and MAS’s reuse and
the agents’ partial unawareness to MAS environment.

After an overview about coordination artifacts in
Multi-Agent Systems and Aspect-Oriented Program-
ming in Section 2, Section 3 describes the Aspect-
Oriented approach for both coordination artifacts
and unaware agents. Finally Section 4 compares
this work with other Aspect-Oriented approaches and
Section 5 is a brief conclusion that proposes a future
issue.

2 Overview

2.1 Coordination artifacts in Multi-
Agent Systems

Multi-agent systems are computational systems in
which more than one agent live together. Even if
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the name can confuse, agents are not the only com-
ponents of a MAS. Artifacts, any kind of resource or
tool that agents can dynamically create, share, use
and manipulate, also constitute important entities for
MAS building. In particular, their importance is evi-
dent as portions of the MAS environment that can be
designed and controlled to support MAS activities.
In fact, as mediating tools, they have both an en-
abling (they allow agents to act in the environment)
and a constraining (they limit the agents’ perception
and manipulation of the environment) functionality.
In particular, in order to be used, they exhibit their
interface to agents as the collection of available oper-
ations.

Agents are autonomous entities which cannot be
controlled from outside: they have their own control
and rules governing themselves. But agents are also
social subsystems of a whole and, as such, they need
to interact. Moreover, a MAS can also be interested
to enforce some rules in the space of the system inter-
actions to apply its organizational, security and coor-
dination policies. In order to find a solution to the in-
teraction issue, we have two possibilities: the endoge-
nous and the exogenous one [15]. Whereas in the first
case agents’ computational, normative and communi-
cation aspects are encapsulated in agents themselves,
in the second approach, the concept of coordination
media, proposed in [1] is used. The paper defines
a coordination model as a framework for expressing
the interaction of agents (coordinables) through co-
ordination media. Coordination media are abstrac-
tions which govern, by means of their behaviour and
according to some coordination laws, the admissible
and desirable interactions among coordinables. In
the MAS case, the coordination media are just coor-
dination artifacts: runtime persistent entities specifi-
cally designed and programmed with suitable coordi-
nation laws to improve automation of agents’ inter-
action activities [2, 3].

Therefore, MAS are able to impose their own rules
about:

• organizational and security concerns, in the case
of single agent’s interactions within a MAS,
through individual artifacts;

• coordinative concerns, in the case of agents’ mu-

tual interactions, through social artifacts.

An example of individual artifact is provided by
the Agent Coordination Contexts (ACC) [4, 5]. It
is an infrastructural abstraction associated to each
agent entering a MAS, modelling the presence or po-
sition of an agent within an organization in terms
of its admissible actions. An example of social arti-
fact, instead, is provided by tuple centres [6, 7], pro-
grammable tuple spaces for MAS coordination. The
base tuple space is enhanced with a behaviour speci-
fication, expressed in terms of reactions to events.

2.2 Aspect-Oriented Programming

Aspect-Oriented Programming (AOP)[17] is a pro-
gramming paradigm whose main goal is the separa-
tion of crosscutting concerns. A crosscutting module
is a unit that crosscuts the modularization structure
of the system. It cuts across others modules’ bound-
aries: it is tangled in single unit and scattered among
multiple modules of the system. The new modular-
ization does not replace the old one; it just tries to
provide an abstraction that is able to separate tan-
gled concerns in order to facilitate the reuse and to
make easier the modules’ understanding.

An aspect in AOP is made up by three kinds of
entities: join points, locations and advices. The first
is the precise points in the program flow affected by
crosscutting concerns; locations are predicates on the
joinpoints’ attributes that allow to select a set of join
points and; advices are the actions to be taken when
join points are reached.

AOP has recently been widely used in topics rel-
ative to patterns, authentication and authorization
and business rules[16]. All these topics, in fact, have
a meeting point: crosscutting concerns.

Patterns solution structure often involves cross-
cutting concerns, including one entity playing mul-
tiple roles, or many entities playing one role or an
entity playing roles in multiple patterns instances.
In particular, in the case of Java and AspectJ (the
most popular aspect-oriented language), it has been
showed that the modularity introduced by aspects
greatily improves patterns [8].
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Similarly, authentication and authorization con-
cerns crosscut the core system logic, so they can be
taken away from the core parts of the system and
considered as aspects, thus improving reusability.

Finally, business rules also crosscut the core sys-
tem functionality. Implementing the rules/policies
as aspects make them separated from the main mod-
ularization structure of the system, thereby allowing
modules’ unawareness about policies in which they
are involved[9].

3 MAS policies and crosscut-
ting concerns

The importance of coordination artifacts for mod-
elling coordination, organization and security in MAS
is double:

• they allow a MAS to control the external be-
haviour of its agents without knowing anything
about their internal computation;

• they separate the computational and coordina-
tion part of agents, by taking off a burden from
agents’ internal structure.

From one hand, the adoption of this coordination
model allows to take out from agents the burden
of MAS coordination, organization and security poli-
cies. From the other side, it strictly bounds policies
to artifacts. Policies crosscut the ad-hoc artifacts
rather than agents, thus preventing both the coor-
dination artifacts’s and MAS’s reuse. For example,
every time a policy embodied in more than one in-
dividual artifacts has to be changed, all the involved
artifacts have to be modified.

Moreover, each agent, in a certain way, auton-
mously or by means of the programmer, has to catch
the artifacts’ interfaces/communication primitives in
order to use them for its interactions. Again, ev-
ery time agents have to be moved in different MAS,
with the same shared resources and policies, but with
a different communication protocol (communication
primitives) or coordination artifacts’ interface has to
be modified, agents also have to be changed.

Decoupling the invocation protocol and, poten-
tially, the basic functionality of artifacts from the real
implementation of the MAS policies could avoid the
aforementioned problems.

Driven by the above considerations, the solution
proposed in this paper suggests an aspect-oriented
approach for both coordination artifacts and agents.

In the first case, the scenario is similar to those
involving authentication and authorization modules
or business rules: a main core functionality and some
policies (individual or social) to apply. Therefore, a
base policy and the protocol of communication (the
artifact’s interface) are encapsulated inside the arti-
fact, while all the other policies are put inside aspects.
From the agents’ point of view, instead, we need to
adapt agents’ communication primitives. Again it’s
possbile to catch sight of an adapter pattern: we just
use aspects to fit communication primitives to the
new protocols of the agents when they are moved
into different MAS or when an artifact’s interface is
changed, so that they can remain more independent
and heterogeneous as possible.

In order to better understand these concepts, we
can consider, for example, a set of autonomous print-
ers sharing requests from different computers. A
shared queue, polled by printers asking for new
documents by means of a primitive (for instance
getDocument), can be chosen as coordination arti-
fact. Every time a printer is free, or its local queue is
not so full, or some event occurs according to one of
its internal policy, it just uses the getDocument prim-
itive to interact with the MAS. Let’s suppose that at
design time, the only policy the system wants to ap-
ply is the base coordination one: avoiding that more
than one printer take the same document.
During the system’s life could happen that:

• a more specific policy becomes necessary in the
MAS: some documents can be printed only by
some privileged agents; for example, colourful
documents have to be printed only by colour
printers. An aspect can be applied to the
getDocument invocation, intercepting only re-
quests coming from the color printers.

• an agent is moved to a different MAS with
the same structure but with different artifacts
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or an artifact is changed with a new one. In
both cases it’s likely that the old primitive
getDocument is replaced by a new one, for exam-
ple documentRequest. In this case, a new kind
of aspect can be applied to agents in order to
adapt the old getDocument primitive to the new
one.

In summary, the use of coordination artifacts and
aspects is a quite straightforward approach for apply-
ing coordination, organization and security policies in
MAS.

4 Related works

Several works in between Agent-Oriented and
Aspect-Oriented Programming have been presented.

Some aspect-oriented approaches for crosscutting
concerns relative to agents and their internal model-
ing elements (actions and goals) have been proposed
by [11, 12]. Examples of these concerns are learning,
mobility, error handling and security, so that, differ-
ently from this work, aspects are used above all as a
way for modularizing agents’ specific features.

Another kind of perspective has been suggested in
[13] and [14]. They both focuse on the advantages
provided by an aspect oriented approach in the coor-
dination within a MAS. In the first work the authors,
though trying to modularize the coordination actions,
thus separating computation and coordination con-
cerns, insist on the importance of the naturality of
endogenous models. Unfortunately, these models em-
bodied in agents, impose on them the awareness of
coordination policies and makes easier for them to
avoid MAS rules. The second and the current work,
instead, propose to use aspects on exogenous models
but, whereas [14] just focuses on middleware infras-
tructure this paper extends the particular middleware
approach to a more general MAS environment, com-
bining it with some more specific concepts of coordi-
nation in MAS.

5 Conclusions

In Multi-Agent Systems, artifacts, agents and MAS
policies should be as much modularized and indepen-
dent as possible, even if their interactions are really
necessary. This paper has suggested a way to reach
this aim by means of coordination artifacts and as-
pects. The MAS policies regulating internal MAS in-
teractions have not only been taken away from agents
but also from artifacts and embodied into artifacts’
aspects.

A current limitation for this approach could be re-
lated to the lack of aspects’ dynamism at runtime
in some languages’ implementation, but it’s just an
implementation issue.

Taking into account that an agent can potentially
change artifacts to adapt their functions to its own
goals, a future direction for these ideas could be an
evaluation of possible advantages and/or disadvan-
tages deriving from agents’ ability to modify aspects
at runtime.
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