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Abstract. A number of concerns in multi-agent system (MAS) design have a 
crosscutting impact on agent-oriented models. These concerns inherently affect 
several system agents and their internal modeling elements, such as actions and 
goals. Examples of crosscutting concerns in MAS design encompass both internal 
and systemic properties, such as learning, mobility, error handling, and security. 
Without an explicit modeling of such MAS properties, designers can not properly 
communicate and reason about them and their broadly-scoped effects. This paper 
presents a meta-modeling framework for supporting the modular representation of 
crosscutting concerns in agent-oriented design. The framework is centered on the 
notion of aspects to describe these concerns. It also defines new composition op-
erators to enable the specification on how aspects affect the agent goals and ac-
tions. The proposed framework is a result of our previous experience in both using 
aspect-oriented techniques for MAS design and implementation, and integrating 
aspect-oriented abstractions in an agent-oriented modeling language, called ANote. 

1   Introduction 

MAS developers usually face a number of concerns which have a crosscutting impact on 
agent-oriented design artifacts, such as goal models and agent models [2, 13, 14, 23, 28, 
16]. A crosscutting concern at MAS design is any concern that cannot be modularly 
captured with the conventional agent-oriented modeling abstractions and composition 
mechanisms [16]. For example, the learning concern is composed of a number of spe-
cific goals and actions, which crosscut the goal hierarchies and actions’ descriptions 
associated with several agents in an application. Other examples of crosscutting MAS 
concerns are broadly-scoped properties, such as mobility, error handling, and security. 
These concerns consistently cut across the modularity of several MAS modeling ele-
ments, such as agents, goals, actions, and plans. Very often, the crosscutting property of 
such design concerns remains either implicit or is described in informal ways leading to 
reduced uniformity, impeding traceability between higher-level models and implementa-
tions, and hindering detailed design and implementation decisions. Hence there is a 
pressing need for the conception of a modeling framework that provides MAS designers 
with proper support for the modular representation and reasoning [19] of crosscutting 
MAS concerns. 

In fact, there is a growing number of modeling extensions dealing with crosscutting 
concerns in multi-agent systems [6, 17, 20, 21, 29]. However, each of them supports one 



specific agency concern, such as mobility or autonomy. It makes more evident the in-
adequacy of conventional agent-oriented design languages [7, 22, 26, 30] and respective 
abstractions to cope with the crosscutting nature of some MAS concerns. As a result, 
their crosscutting effects are inevitably spanned over the resulting agent-oriented design 
artifacts. To encompass all crosscutting MAS concerns, it is important to describe ge-
neric abstractions and to devise new composition rules.  

This paper presents a meta-modeling framework to enable the modular representa-
tion and composition of broadly-scoped concerns in agent-oriented design modeling. 
Our framework blends core concepts from Aspect-Oriented Software Development 
(AOSD) [1, 11, 18] with recurring abstractions of agent-oriented design. AOSD is an 
emerging development approach aimed at promoting improved separation of concerns 
by introducing a new modular unit, called aspect. Although the notion of aspects looks 
promising for handling crosscutting MAS concerns in early phases of the software life-
cycle, the existing aspect-oriented modeling approaches have been limited to the object-
oriented and component-oriented paradigms. Our previous work has investigated the 
interplay of AOSD and agent-oriented software engineering, but it has focused on dif-
ferent contexts other than agent-oriented design and modeling, including architecture 
design [15, 23], detailed design [12, 13], and implementation [9, 23, 28]. In other recent 
work [16], we have enhanced ANote, a specific agent-oriented modeling language, with 
aspect-oriented notation. 

The paper is organized as follows. Section 2 illustrates crosscutting concerns in 
agent-oriented modeling in terms of an example, and shows the inability of existing 
abstractions and composition rules to support their separation. Section 3 presents our 
aspect-oriented framework for agent-oriented design and modeling. Section 4 describes 
the applicability of the concept of aspects in agent-oriented design according to our 
approach. Section 5 discusses related work. Section 6 presents concluding remarks. 

2   Crosscutting Concerns in Agent-Oriented Goal Modeling 

This section presents some examples of crosscutting concerns in agent-oriented design 
modeling. Section 2.1 presents the main concerns associated with our running example. 
Section 2.2 illustrates and discusses some typical examples of crosscutting concerns in 
MASs in terms of our case study. Section 2.3 shows the consequences of not having 
explicit support for the modularization of crosscutting concerns in agent-oriented design 
models. 

2.1   The Expert Committee Example 

The Expert Committee (EC) is a multi-agent application that supports the management 
of the reviewing process for research conferences. The EC system encompasses three 
types of software agents: (i) information agents, (ii) user agents, and (iii) the manager 
agent. Figure 1 shows a partial design representation for the EC system [13] specified 
with the ANote modeling language [7]. ANote defines modeling views that allow for the 
expression of a MAS design from seven different perspectives: goal, agent, environ-
ment, scenario, action, interaction and organization. For instance, the goal view diagram 
(Figure 1A) provides the identification of the hierarchy that outlines the system goals. In 
this diagram, complex goals can be functionally decomposed into more granular goals 



until the designer reaches the desired level of goals (functionalities) to distribute among 
the agents. These two diagrams support the representation of the agents, goals and con-
texts respectively. A context is a scenario that indicates how agents should achieve 
goals. 
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Fig. 1B. Crosscutting Concerns in ANote Scenario Diagrams [16] 

Figure 1A illustrates some goals associated with the information and user agents re-
spectively. Information agents’ goals are managing the system information that is mainly 
stored in a database, and providing information to the other system agents and users as 
requested. User agents are software assistants that represent system users in reviewing 
processes. Their basic functionalities are to infer and to keep information about the us-
ers’ research interests and participations in scientific events. 

2.2   Modularity Issues in Goal Models 

Designers are able to successfully use agent-oriented abstractions and composition 
mechanisms to represent several system concerns in a modular fashion. For example, the 
goal composition rules and, or and xor allow for consistently specifying how goals and 
sub-goals are combined to realize a given concern. The “finding information” and “re-
viewing papers” concerns, for instance, can be smoothly captured in separate goal hier-
archies, as illustrated in Figure 1A. 



However, we can notice in Figures 1A and 1B that there are some concerns which 
cannot be represented in a modular way across the design views. Learning and mobility 
are two examples of crosscutting concerns in the agent-oriented design of the EC sys-
tem. The set of goals, which is part of and affected by these broadly-scoped concerns, is 
spread over the agent-oriented design. The set of goals for a specific crosscutting con-
cern is surrounded by dotted rectangles in Figure 1. The mobility concern consists of 
goals that crosscut distinct goal hierarchies, and of actions intermingled with diverse 
scenarios. A similar problem happens with the learning-specific goals and actions. These 
two concerns have a huge impact on the agent structure and behavior since they cut 
through the primary modularity of goal hierarchies representing other agent concerns. 

The crosscutting manifestation leads to two major problems at the agent-oriented de-
sign level: scattering and tangling [27]. Scattering in agent-oriented models is the mani-
festation of design elements that belong to one specific concern, over several modeling 
units referred to other MAS concerns. For example, the mobility-related goals are scat-
tered over multiple goal hierarchies, such as the ones under the goals “Perform Consult” 
and “Update DB” (Figure 1A). Tangling in agent-oriented models is the mix of multiple 
concerns together in the same modeling elements. For instance, tangling is evident in the 
“Perform Consult” scenario since it is realizing mobility-related and learning-related 
actions in addition to its primary actions of performing the consult. 

2.3   Side Effects on MAS Design Modularity 

Existing agent-oriented modeling abstractions and composition mechanisms do not pro-
vide proper support to isolate crosscutting MAS concerns as exemplified in Figure 1. 
This  brings a number of substantial design pitfalls, as described below. 
Hindering of modular and compositional reasoning. Tangling and scattering of MAS 
concerns hinder both modular and compositional reasoning at the design stage. Devel-
opers are unable to reason about a concern while looking only at its description, includ-
ing its core goals and actions, and its structural and behavioral implications in terms of 
other MAS concerns. Hence its analysis inevitably forces developers to consider all the 
design artifacts in an ad hoc manner. For example, the designers treating the learning 
and mobility concerns in Figure 1 need to consult the goals associated with all other 
design concerns across the different views. 
Replication of agent-oriented design elements. Replication of goals (and their actions) in 
the agent-oriented design is another side effect of tangling and scattering. Replication in 
turn decreases the system understandability, reusability and evolvability. For instance, 
the mobility-specific goal “Move to Remote Host” is duplicated in the goal view dia-
grams due to its crosscutting relationships with the goals “Update DB” and “Find Infor-
mation”. 
Essential information missing. Without appropriate abstractions and composition 
mechanisms for crosscutting concerns in agent-oriented models, MAS designers are not 
able to locally express the structural and behavioral implications of a given broadly-
scoped MAS concern in several design elements and views. The result is that design 
information is irrecoverable just because the lack of support for properly specifying 
them. For example, the learning concern (Figure 1B) would clearly have a goal “Learn 
User Preferences” associated with it, which influences at least two goals: “Get Query” 
and “Evaluate Chair Proposal”. As the designer does not have support to describe this 



crosscutting impact of a learning-specific goal, such important design information has 
been lost and such goal is not appearing in the design models. Even if the designers use 
the standard abstractions and composition rules of the underlying modeling languages to 
register such information, the learning-specific goal would end up being scattered over 
two or more goal hierarchies. 
Reduced evolvability and reuse opportunities. Tangling and scattering are two of the 
main anti-reuse and anti-evolution factors in the MAS software lifecycle. For example, it 
is not easy to understand, in the EC system design, which agent types are mobile and 
which have learning abilities. In addition, the goals associated with learning and mobil-
ity concerns are not coherently documented in a single modular unit so that they can be 
easily reused in other design contexts. Also, if the designers need to evolve the system 
and introduce changes related to the mobility and learning properties, the evolution 
process will be cumbersome as those concerns are intermingled in the system design. 

3   An Aspect-Oriented Modeling Framework for MAS Design 

This section describes our approach to address the need for supporting the modular 
representation of crosscutting concerns in agent-oriented design. We present a meta-
modeling framework that enriches agent-oriented models with aspects, which are the 
design first-class units to overcome tangling and scattering of concerns. The proposed 
framework is a result of our previous experience in both using aspect-oriented tech-
niques for MAS design and implementation [12, 13, 23, 28], and integrating aspect-
oriented abstractions in an agent-oriented modeling language, called ANote [16]. The 
proposed framework is independent of specific agent-oriented modeling languages, and 
is composed of 3 models: the Agent Model, the Aspect Model and the Composition 
Model. We use entity-relationship diagrams to illustrate each conceptual model in terms 
of entity sets and relations over these sets.  

The Agent Model. The Agent Model is a conceptual meta-model for agent-based system 
modeling. The model presented here comprises a set of fundamental agent-oriented 
design elements, such as agents, actions, and goals. Figure 2 summarizes the agent 
model.  

 

 
Fig. 2. The Agent Model Fig. 3. The Aspect Model 

 



An Agent is the module that is able to perform actions; it is the main abstraction of the 
agent paradigm. An action is a computation that results in a change in the state of an 
agent. An agent acts in the system in order to achieve a goal. While executing actions, 
an agent can interact with other agents. A goal is a system objective, and it defines a 
state that must be achieved by one or more agents. The execution of one or more actions 
allows for the achievement of a goal. A goal can be of different categories that are or-
ganized into a specialization hierarchy. This means that goals can be decomposed into 
several alternative combinations of sub-goals. 

The Aspect Model. The Aspect Model is a conceptual framework for AOSD [4, 5] that 
subsumes concepts, relationships and properties for supporting the design of aspect-
oriented modeling languages. These elements are organized around three interrelated 
conceptual models: (i) the component model, (ii) the join point model and (iii) the core 
model (Figure 3). As a generic conceptual framework, the aspect model needs to be 
instantiated in order to be used [4]. This means that the designer of a new aspect-
oriented language must adopt a component model, a suitable joint point model, and 
appropriate structure and semantics for the core model concepts (aspect and crosscut-
ting). 

In our meta-modeling framework, the adopted component model is the agent model 
described above and join points are elements related to the structure or the behavior of 
agent models, referenced and possibly affected by an aspect. The join point model repre-
sents a conceptual framework that describes the kinds of join points of interest and the 
associated restrictions for their use. Agents, Goals and Actions are defined as join 
points, that is, locations in agent models that can be affected by aspects. 
 

 
Fig. 4. An Aspect Model for an Agent Model 

The core model represents a conceptual framework used for describing aspects and 
crosscutting. An aspect is a first-class, nameable entity that provides modular representa-
tion for a crosscutting concern and localizes both (a) the specification of (sets of) join 
points, and (b) the enhancements to be combined at the specified join points. The en-
hancements may add new structure and behavior to agents, goals and actions, refine or 
replace existing behavior. The kinds of enhancements depend on the kind of component 
model adopted. For the agent model, enhancements are goal-like and action-like ele-
ments; aspects modularize crosscutting goals and crosscutting actions. 

Crosscutting denotes the generic composition mechanism used to compose aspects 
and agents, enhancing them at the designated join points (Figure 4). Aspects crosscut 
one or more agents, possibly affecting their structure and behavior.  



The Composition Model. The Composition Model is a conceptual framework that pro-
vides semantics description of the crosscutting composition mechanism. In other words, 
this model characterizes the possible ways aspects may affect agents, their goals, and 
actions. Currently, our composition model organizes crosscutting operations according 
to three categories or dimensions (Figure 5): aspect-agent, goal-goal and goal-action 
composition. Table 1 presents the semantics description and the possible crosscutting 
operations for each composition category. 
 

 
Fig. 5. Crosscutting dimensions for the Agent Model 

Aspect-Agent crosscutting composition basically adds a new goal G to Agent A. For 
example, the mobility concern in the EC system design (Section 2.1) is an example of 
aspect that introduces the mobility-specific goals “Move to Remote Host” and “Consult 
Research Agency DB” in the goal hierarchy of Information Agent. Goal-Action cross-
cutting composition supports the addition of a new Action to some Goal G. The other 
two categories are further detailed in Table 2. 

Table 1. Composition Model: crosscutting categories semantics and operations. 

Category Description Operations 

Aspect-Agent Aspect X introduces Goal G (and related set of Actions) 
into Agent A introduce 

Goal-Goal Goal G1 of Aspect X is composed with Goal G2 of 
Agent A (possibly giving a new Goal G in A) 

merge, replace, AND, 
OR, XOR 

Goal-Action Aspect X introduces Action α into Goal G (of Agent A) introduce 

Action-Action Action α1 of Aspect X is composed with Action α2 (of 
Goal G, Agent A) 

merge-before, merge-
after, replace 

 
The Goal-Goal composition style combines an aspect goal G1 with an existing agent 

goal G2. For example, the goal “Learn User Preferences” associated with the learning 
concern in the EC system (Section 2.1) needs to be composed with goals of Information 
Agent and User Agent, such “Get Query” and “Evaluate Chair Proposal”. The “merge” 
operation describes well this kind of goal-goal composition since the learning aspect 
enhances the goals of querying the DB and evaluating the chair proposal without chang-
ing the semantics of the state to be reached (the agent goals).  



Table 2. Crosscutting semantics for Goal-Goal and Action-Action composition. 

Kind Operation Semantics 
X.G1 AND A.G2 Goal G1 of Aspect X is AND-ed 

with Goal G2 of Agent A 
X.G1 OR A.G2 Goal G1 of Aspect X is OR-ed 

with Goal G2 of Agent A 
X.G1 XOR A.G2 Goal G1 of Aspect X is XOR-ed 

with Goal G2 of Agent A 
X.G1 MERGE A. G2 Goal G1 of Aspect X is merged 

with Goal G2 of Agent A G
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Figure 6 presents a diagrammatic representation of merge semantics between Goals. 

Note that the learning-specific goal “Learn User Preferences” has been omitted in the 
EC design (Figure 1b) because the lack of support of the modeling notation to express 
such aspectual influence of the learning concern (Section 2.3). 
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Figure 6. Goal-Goal composition: Merge. 

4   Discussions 

The Aspect Model abstracts from the kinds of component an aspect affects. In [5], the 
Aspect Model was instantiated with the UML object model to provide an aspect-oriented 
conceptual framework for object-oriented design and modeling. Furthermore, the Aspect 
Model can be instantiated with different agent models and sets of agent-oriented abstrac-
tions. 

The applicability of the concept of aspects in agent-oriented design, and the usability 
of our modeling approach [16] have been evaluated in different contexts and with re-
spect to different modeling criteria as the ones described below. 
Integrability and Extensibility. As presented in Section 3.1, We have used the meta-
modeling framework to introduce aspect-oriented capabilities in the ANote modeling 



language, which was straightforward [16]. In fact, we did not experience particular con-
flicts while integrating the aspect-oriented meta-model and the ANote meta-model. Dur-
ing this integration process, we observed that additional join points were necessary to be 
defined due to particularities of the ANote’s agent model. For example, a certain pre-
condition can be also part of a crosscutting behavior in ANote models. 

The precondition “Remote Environments are Available” in Figure 1c is part of the 
mobility concern. Hence, preconditions need to be also defined as join points in the 
aspect-oriented meta-model for the ANote language. The accommodation of crosscut-
ting preconditions and other join points in the extended ANote meta- model was a 
smooth step, as our Aspect Model is flexible enough. It supports this extensibility 
through a chain of associated meta-abstractions, such as “join point” and “enhance-
ment”, and a comprehensive set of composition styles under the “crosscutting” concept. 
Design Knowledge Management, Evolvability, and Reusability. We have also assessed 
the aspect-oriented modeling approach in three case studies. These MASs encompassed 
different characteristics, different degrees of complexity, and diverse domains: the Ex-
pert Committee system (Section 2.1), a system for the Trading Agent Competition [25], 
and a portal development management system [12, 13]. The design of these systems 
encompassed different crosscutting concerns in their agent-oriented models, including 
adaptation, mobility, learning, and proactive autonomy.  

In fact, we were able to explicitly model the implications of these broadly-scoped 
MAS properties in the same way we model the basic MAS behaviors. This externalized 
better the knowledge present in the agent-oriented design process, and provided an im-
proved basis for further evolution and reuse. For example, the learning-specific goals 
and its synergistic relationships with other system goals have been better captured based 
in our aspect-oriented notation [16]. These aspectual goals have been lost in the “non-
aspectized” agent-oriented models (Section 2.3). 

5   Related Work 

Existing approaches that aim to provide an unifying conceptual framework for AOSD 
are tightly coupled to the object-oriented paradigm and the modularization problems 
related to its main abstractions and composition mechanisms. As far as we know, our 
work is the only aspect-oriented conceptual framework that is agnostic to the base com-
ponent model and that can be easily instantiated to deal with different sets of abstrac-
tions, including agent abstractions. 

Since our conceptual framework is the base for enhancing the ANote modeling lan-
guage with aspect-oriented notation [16], we also discuss some related work that deals 
with existing modeling languages and methodologies (Section 5.1), and modeling exten-
sions to address specific concerns (Section 5.2). The list of related work here is not in-
tended to be exhaustive. We have focused on the ones we believe have explicit links 
with our aspect-oriented modeling framework. As elucidated below, what makes our 
approach distinct from all these approaches is the expressiveness and precision with 
which it allows capturing and describing crosscutting concerns at the agent-oriented 
design stage. 
Modeling Languages and Methodologies. Tropos provides to some extent abstractions 
for expressing crosscutting concerns [3]. However, the focus is on the representation of 
inter-goal influences in the early and late requirements development phases. It provides 



a very-high level set of abstractions (goals and soft-goals), which allow the description 
of positive and negative contributions between goals representing functional and non-
functional MAS properties. Soft goals can be viewed as MAS aspects at the require-
ments level. Although the goal models could be refined in late development stages, 
Tropos does not provide a complete composition framework to design stages as de-
scribed in our framework. 

As pointed out in Section 2, crosscutting relationships naturally emerge in agent-
oriented modeling beyond inter-goal relationships and, as a result, more concrete com-
position rules are required. In fact, we believer our agent-oriented design framework is 
complementary to the Tropos notations. Soft goals at the requirement levels can be eas-
ily traced backward and forward from our aspect-oriented agent models (Section 3.1) 

Another approach that shows interesting aspect-oriented ideas in the modeling lan-
guage is [8]. This approach focuses on representing the system-to-be according to sev-
eral different perspectives; each one of them promoting an abstract representation of the 
system. Nevertheless, it only sketches the characteristics of an autonomy perspective for 
MAS specification. In addition, it does not address a comprehensive concern-
independent composition framework for modularizing crosscutting structure and behav-
ior in agent-oriented design. 
Specific Extensions. Several other approaches try to develop extensions and notations 
that focus on specific concerns for MAS development, which are typically crosscutting. 
For example, the work on [21] reports on a secure architectural description language 
(ADL) for MAS. It focuses on the provision of ADL constructs to specify security issues 
in MAS architectures. The specification of security issues is however entangled to the 
core components of a MAS architecture. Another work, presented by Weiss [29], in-
tends to capture autonomy in agent roles using a formal schema called RNS (standing 
for “Roles, Norms, and Sanctions”) which allows for a specification of an agent’s 
autonomy. It deals only with autonomy and it is mostly concerned with providing a 
formal schema to describe it, i.e. it is not focused on how autonomy crosscuts other 
agent functionalities. 

Some graphical notations have also been extended to cope with specific crosscutting 
concerns. For instance, the work reported in [17] demonstrates how Activity Diagrams 
in UML 2.0 can be readily used to model dynamic behaviors of mobile agent systems 
and point out why they are effective for them from its underlying computational model. 

In our point of view, the growing number of modeling approaches dealing with spe-
cific crosscutting concerns in agent-oriented systems denotes that there is a pressing 
need to define a generic aspect-oriented metamodel and associated notation that provide 
support for their proper specification. To encompass all crosscutting MAS concerns, it is 
important to describe generic abstractions and to devise composition rules, as proposed 
in this paper. The existing AOSD approaches have been limited to the object-oriented 
and component-oriented paradigms. Our previous contributions have focused in other 
development phases other than agent-oriented design. 

6   Conclusions 

This paper is a first attempt to systematically tame broadly-scoped concerns in agent-
oriented design modeling. Many internal agent properties and systemic properties in the 
design of MAS are typically crosscutting, and they need to be handled as such. No mat-



ter what kind of decomposition and abstractions the agent-based software developers are 
relying on; there are always MAS concerns that crosscut the boundaries of other con-
cerns. As discussed here, widely-scoped properties can bring deeper problems to the 
designers; they can even be scattered and tangled in more than one design view, as it is 
the case for the learning and mobility concerns. Because a clear separation of concerns 
is a main tenet in software engineering, the lack of modularization support for those 
concerns generates undesirable burdens on agent-oriented design reuse and evolution. 

The contributions of this paper were the following. We described a comprehensive 
list of problems associated with the non-modularized handling of crosscutting concerns 
in agent-oriented modeling. To address those problems, we have proposed an aspect-
oriented framework for agent-oriented modeling. Our previous work [16] is an example 
of aspect-oriented notation, which instantiates our proposed modeling framework by 
integrating it into the ANote language [8]. Since our work is a first step towards enhanc-
ing agent-oriented design models with aspects, we cannot guarantee that our set of com-
position operators is necessarily complete. Our goal here was to provide a core meta-
modeling framework to support the central abstractions and composition mechanisms. 
Further case studies are necessary to evaluate the coverage degree of our composition 
operators.  
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