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Abstract (100)

Agent Oriented Software Engineering (AOSE) is a promising area of research with 

many potentially useful applications. The use of Roles within AOSE has been noted 

as an important enabling feature, but there is still much conjecture as to their form 

and usage. This paper seeks to form a singular description of an Agent Role. So that 

this Role definition can be used in a wider context, this paper addresses 

incorporating this Role Model into an existing AOSE Methodology. The paper also 

looks at the ways in which effective reuse of Roles in Multi Agent Systems can be 

enhanced.
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1 Introduction

This paper considers the importance and benefits of using Roles in Agent Oriented 

Methodologies for Software Engineering. Although Agent Oriented Software 

Engineering (AOSE) was proposed almost two decades ago, acceptance of the 

paradigm into industry has been very slow. One of the main reasons for this is a lack 

of widely accepted formal structures upon which developers may base their systems. 

During the past decade there has been a large amount of work in this area with 

researchers trying to find definitive, widely acceptable methodologies that can be 

applied in real systems. A major stumbling block has been trying to reach a 

consensus on standard practice and even on the definitions within the paradigm of 

Agent Oriented Software Engineering.

This paper will concentrate on Roles, which describe how Agents are expected to 

behave, in an Agent Oriented System as a device for enhancing Dynamic behaviour 

into these systems. The questions that will be addressed are: what are Roles, and 

why are these Roles important to Agent Oriented systems. The exposition of these 

arguments will start with an examination of the background and motivations of this 

research. The paper will then address the development of a usable model for 

Dynamic Roles, firstly at the implementation level and secondly within a widely 

accepted existing software engineering methodology. In addition the investigation 

will also explore how a specific model of an Agent Role can be generalised into a 

generic model that can be used in a wide range of situations. After covering these 

issues the investigation will turn to look at what methods can be employed to 

enhance system designers (and the Systems themselves) ability to reuse dynamic 

behaviours in Agent Oriented Systems.
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The thesis at the heart of this discussion is that Dynamic Roles are crucial to the 

proper exploitation of Agent Systems if the aims of Agents interact and flexible are 

to be achieved.

1.1 Motivations for choosing the topic

I first became interested in Agent Based Software while researching Distributed 

Artificial Intelligence Systems. I became aware of some work into using Agent 

Communities as a method of delivering location specific content through ad hoc 

wireless networks [Bresciani et al 2004]. The concepts and ideas that Multi Agent 

Systems (MAS) are based on, in my opinion, is a uniquely insightful way of looking 

at complex problems that modem software systems are trying to solve. Of particular 

interest are the questions - how are Multi Agent Systems established and how do the 

participants in these systems decide which position they are going to occupy in the 

hierarchy of the community. These questions are still the subject of much conjecture 

and there are many issues that remain to be resolved.

Much of this controversy is due to the fact that research into Multi Agent Systems 

(MAS) involves many different disciplines. These disciplines range from Software 

Engineering and Artificial Intelligence, to Organisational Theory, Sociology and 

Economics. This wide difference of backgrounds leads researchers to have differing 

objectives when looking at Multi Agent Systems and develop greatly diverging 

opinions on the scope and direction of research.

In the previous review of the literature surrounding Multi Agent Systems and the 

way Roles are defined and used within them, focus was centered on the Software 

Engineering Methodology issues. During this investigation it was concluded that 

there are many possible areas of further research in this field, in particular, the 

investigation into how to unify the competing theories of Agent Roles and how 

Roles are made available to Agents in a system are areas which should be explored. 

These issues will be the major area of investigation for this paper.
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2 Background

2.1 Definitions within Target field of research

2.1.1 What Are Agents?

Agent Oriented Systems are based on the concept of an Agent, which is an entity 

that acts on behalf of another party. Agents are computational (e.g. software) entities 

that have the following key characteristics [Wooldridge Cianarini 2000] [Depke, 

Heckel Kuster 2001]. These characteristics are:

■ Autonomous:

Agents are capable of operating independently 

of any external influence or instruction, or 

Agents can possess an internal state or 

condition and perform actions based on this 

state without any direct external intervention.

■ Persistent:

Agents reside in an environment for an 

extended period of time.

■ Proactivity:

Agents should be able to act upon their 

environment without direct intervention from 

a third party.

■ Reactivity:

Agents are able to sense their environment 

and vary their internal state and behaviour 

based upon changes in the environment.
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■ Problem solving / Goal Oriented:

Agents have a purpose, which they will 

always strive to achieve. The path to this 

objective is not prescribed, but Agents are free 

to decide how to achieve this final condition, 

leaving the system designer free to 

concentrate on other issues.

■ Adaptable / Robust:

Agents are able to cope with changes to their 

environment and still strive to achieve their 

goals; they have Goal Oriented characteristics.

■ Social Ability:

Agents can work with other Agents, either 

collaboratively or competitively to achieve 

both their individual and shared objectives.

■ Ability to operate in open and dynamic environments:

The concept of an Agent offers system designers a novel solution to applications and 

domains that have previous been difficult to model with traditional modelling and 

design techniques.

These concepts combined with influences from Artificial Intelligence, 

Organisational Theory and many other areas, have led to a very efficient method of 

developing simple yet robust systems for complex problems [Cabri 2004]. It is 

widely accepted that [Sudeikat et al 2004] Agent Oriented Software Engineering has 

evolved from Object Oriented Software [Wooldridge 2000a, Bauer 2000] 

Engineering, Distributed Artificial Intelligence, and a variety of other research areas.
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However, Agent Technology is more focused on the Dynamic and Behavioural 

features of Systems. This enhances the ability of system designers to utilise reuse 

and abstraction, which in turn will allow for the creation of software with a higher 

level of quality and a lower cost of production.
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2.1.2 What are Roles?

An Agent Role is a characterisation of a set of normative or typical behaviours that 

an Agent, within a particular system, may perform [Odell et al 2003a]. There is a 

general consensus in the Agent Oriented research community that Roles appear to be 

an important feature of Multi Agent Systems [Odell 2003b, Cabri 2004, Chan 2004]. 

However there are widely varying opinions on what Roles are and how they should 

be used, from simply a tool to group behaviour in the modelling stage to a concrete 

entity realised in the implmentation stage. The idea of a Role is much like the script 

used by an actor, which informs their behaviour, sets guidelines of acceptable 

behaviour, but to which each player applies their own interpretation. All of the 

players act in concert to achieve an overall effect or Goal, but each of these players 

has a different part to play [Odell et al 2003c].

This paper was preceded by an extensive survey of the existing research literature, 

which has informed many of the ideas contained in this paper. This survey also 

uncovered many of these differing and inconsistent opinions and points of view 

(<give Examples & references>). While the Adoption of Multi Agent Systems will 

be restricted by these inconsistencies, there is no one right way to define Agents 

Roles and other constructs used to describe Multi Agent Systems.

What is important is that the characteristics used to describe the system should be 

internally, semantically, and syntactically correct and consistent and that the 

concepts used to describe the system suit the application domain to which they are to 

be applied.
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Roles are especially important when trying to characterise the interaction between 

multiple Agents. The definition of a Role can describe behaviours that are dependent 

on the cooperation of other Roles. This ability to describe interactions provides the 

system designers with a method of formalising these types of interactions that a 

community of Agents can perform, which has previously been quite difficult without 

being overly prescriptive.
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2.1.3 What is an Agent Framework

Later this paper will investigate the design of a facility that provides Agents within a 

Community with a set of Roles that can be Adopted within that Community. The 

idea of a Framework, or Repository of Roles is a concept that has been implied by 

some of the literature [Cabri 2003], but no explicit references to this type of 

construct have been found during the previous literature search. In this paper this 

framework or repository will also be referred to as a “Role Library

The Role Library will inform Agents within a Community, or Agent that join the 

Community at a later point in time, which behaviours (i.e. Roles) are permitted in 

the Community, and how these Roles are allowed to modify these behaviours. The 

Role Library also establishes a list of acceptable Roles as well as the characteristics 

of acceptable Roles. This enables the use of Roles in the community that have not 

yet been envisaged at the time that the system was designed. This ability to use 

previously unknown Roles should facilitate the evolution of Roles, increasing the 

adaptability and robustness of the Multi Agent System.

The discussion in this area will take the form of a preliminary investigation, as this 

is still a speculative area of research.
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2.2 Key Outcomes of project

2.2.1 Definition of Roles at the implementation level

The first major aim of the following discussion will be to examine what would be 

the most advantageous model of a Role to have when it is used in modelling a Multi 

Agent System at the implementation level. This exercise will look at what features a 

system modeller needs when they are trying to apply a Role to an Agent of a 

System. As this is only a preliminary investigation it is only possible to plan to find 

the features of the Role and explain the reason for them, rather than providing 

detailed testing of their implmentation in various situations.

This basic implementation level model will then be generalised in the next part of 

the project. This generalised Agent Role Model will then be incorporated into the 

Metamodel of a Multi Agent System. This higher level representation of the model 

of a Role in a Multi Agent System will be referred to as Meta Role Model or more 

simply the Role Model. It is likely that some of the features discussed at this early 

stage already exist or are inconsistent with other entities within the Metamodel, to 

which the Role Model is to be added, in which cases the Role Type will have to be 

carefully modified.
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2.2.2 Definition of Roles at Metamodel level

2.2.2.1 Explanation of the Metamodel Level.

A Methodology is made up of three main elements, they are:

1) Metamodel:

a set of guidelines which explain the interrelationship of the different 

possible elements or types of elements (artefacts) of a system designed 

under this methodology

2) Notation:

A language that allows practitioners to quickly explain the system to each 

other. A notation could be written English or a specific notation language 

like the Unified Modelling Language (UML).

3) Process:

A set of rules, guidelines or standard set of practices that informs the user 

how the Methodology should be used.

(This element is sometimes excluded from some Methodologies and left 

up to the individual practitioner to apply the Metamodel and Notation 

contained in the Methodology as they see fit).

In order that Roles may be used to their fullest possible extent it is important to 

understand how they relate to other types of entities contained in the Metamodel to 

which are incorporated the Role Model. This understanding is achieved by defining 

the Role Entity in the Metamodel. A methodology will always be set within the 

context of a development Lifecycle. This Lifecycle can be defined within the 

Methodology or in some cases the Methodology may only cover one part of the 

lifecycle and so it can be said that the lifecycle defines the limits of the 

methodology.
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2.2.2.2 How is the Role Model defined at the metamodel level?

Within this discussion the investigation will be focussing on how Roles can fit into 

an existing Methodological Metamodel. In particular, the Framework for Agent 

Oriented Method Engineering (FAME), which is a framework or metamodel for 

developing an Agent Oriented Methodology, and the associated FAME Modelling 

Language (FAML). This Methodological Framework was chosen due to its 

flexibility, and understandability, as it is similar to the widely accepted UML. 

FAME also proves a suitable arena because it has already started to acknowledge the 

importance of modelling both Design Time and Run Time aspects of a system, 

which will be crucial to the seamless application of the Role concepts that this paper 

is trying to define.

These Design time and Run Time aspects related to the different phases of the 

software development life cycle. Design Time aspects of a system relate to the 

modelling of the aspects of a system which are able to be described while a system 

designer is modelling and designing a system, while the Run Time aspects are the 

characteristics of a system which only present themselves when the system is being 

executed. The Run time aspects of systems have not traditionally been a focus of 

formal Software Engineering Methodologies. There is a growing acknowledgment 

that there are some system features or behaviours which are very difficult to model 

in the Design Time aspect, and therefore are parts of the Run Time aspect of a 

System.

One of the major aims of this project was to refine and distil the multitude of 

different interpretations of Agent Roles that exist in the research community, 

resulting in a single concise, consistent and complete definition of the Role Type 

entity. This paper will then examine how this entity relates to other artefacts in the 

FAME Metamodel.
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While the FAME Metamodel does already contain a Role artefact, this investigation 

will be seeking to use this as a basis for further development, and expand on its 

utilisation within the Run Time aspect of the methodology. At present it is only 

defined as a Design Time class, therefore making it static within the Agent upon 

implementation, it is this paper’s aim to examine how it can become dynamic at Run 

Time.
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2.2.3 Role Framework and Reuse

Finally, this paper will consider how Agents within the system or Agent Community 

being modelled can find out what Roles are acceptable and available. It is 

anticipated that that it would be advantageous to create a framework for the reuse of 

Roles.

The only mention of this type of facility that has been found in the literature 

previously is Cabri, Ferrari, and Leonardos work on the Behavioural Role Agent 

Interactions (BRAIN) Framework [Cabri, Ferrari, Leonardi 2004] [Cabri, Leonardi 

Zambonelli 2003]. This paper discusses the possibility of forming an XML based 

framework to help manage the Agent interactions. This BRAIN Framework is aimed 

at creating a common XML based interface so that Agents in can operate in an Open 

Distributed Environment.

The purpose of the BRAIN Framework is to enhance the ability of Agents to interact 

with other Agents that have not previously interacted by providing a common 

interface for interaction [Cabri et al 2004]. In contrast, this paper has a different 

focus, what this discussion seeks to achieve here is building a feature into the 

Agents’ community to facilitate the advertisement and exchange of previously 

defined Roles. This concept is much like that used within the arena of Web- 

Services.

The purpose of the Reuse framework that will be investigated here will be to 

increase the ability of Agent to find and Adopt previously defined Roles. This type 

of facility will increase the flexibility and robustness of a Multi Agent System, by 

allowing Agents greater access to Roles allowed within a System or Agent 

Community.
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It is also anticipated that this Role Library will provide more general information or 

guidelines on the range of acceptable behaviour of Roles within the system. This 

should allow the evolution of these Roles by indicating which Roles can be applied 

to what types of Agents, based on their level of Respect, Influence or Trust [Kobti, 

Reynolds, Kolher 2004] [Cavedon, Sonenburg 1998] [Lu, Lu, Li 2001], and what 

modifications of these Roles are allowed if any. This area of research is not essential 

to the principle of a Role Framework, but provide a promising glimpse into where 

these ideas could go in the future.
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2.3 Literature Review

During the previous part of the project (Project Al), a wide ranging and detailed 

review of the available literature was carried out. The purpose of this activity was to 

inform the researcher of new and interesting development in the field of AOSE and 

highlighted some areas of weakness in the research.

Some of the papers that were examined were the formative work of Jennings and 

Wooldridge [Jennings, Wooldridge] which deal more generally with the concept in 

Multi Agent Systems and those of Jim Odell and his collaborators which deal more 

specifically with Agent Roles [Odell et al 2003] [Odell et al 2004].

A number of papers have worked to examine and objectively compare competing 

Agent Oriented Methodologies [Chan, Sterling, Karunasekera, 2004] [Tran, Low, 

Williams, 2004] [Dam, Winikoff, 2003]. These papers in particular were very useful 

in establishing the gaps in the existing research. While other papers that dealt 

specifically with a particular Agent Oriented Software Engineering Methodology 

were of use in determining the generally accepted concepts and definitions of 

Agents and Roles used in this field of research [Bemon et al 2002] [Bresciani, et al 

2004] [Cemuzzi, Juan, Sterling, Zambonelli, 2004] [Henderson-Sellers, Giorgini, 

2003] [Padgham, Winikoff, 2002].
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While this literature review also examined the development of Agent Oriented 

Notations and Implementation languages the majority of interesting discoveries 

were found in the area of Methodologies. However investigation in to Agent 

Notations and Implementation Languages did provide an interesting insight into how 

some of the researchers see Agent and Roles behaving at Run Time or execution.

This is an important factor in the following discussion, as these insights inform our 

interpretation of what requirements are placed on Roles while the Multi Agent 

Systems are running.

A short summary of the findings of the literature review is provided in the tables 

below. An important feature to note is that none of the methodologies provide full 

support of Agent Roles throughout the whole of the Software development lifecycle. 

Also if the Methodology does support Roles it usually does this in an incidental 

way, as a side effect of another characteristic that the method is centre on; the 

exceptions to this are the MESSAGE and ROADMAP. It is these weaknesses of a 

lack of lifecycle coverage and dynamic behaviour in the methodologies that this 

paper seeks to remedy.
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Examination of the approaches taken by different AOSE methodologies:

Methodology / Notation Supports roles?
Agent-Unified Modelling Language (AUML) Yes
Provide arteface in the Metamodel, the Agent Role Classifier, and uses a interaction porotocols to show 
how different Agents act when playing the role. Details of Role Relationship in documentation is ‘yet to 
come’, allows for group roles, Does not provide any instruction on how to use roles, but it is mainly a 
notation not a methodology.

FAML Yes
Provides an explicit role artefact in the metamodel, allows for role inheritance, does not describe whether 
role can be dynamically allocated, but it is implied.

Gaia Yes
(Yes, but abstract) Identifying the roles in a key step in the analysis process, but these characteristics are 
mapped into the structural elements at design time, so limiting their ability to Adopt different roles.

MESSAGE Yes
Provides a very complete coverage of Roles, they are supported in the metamodel and the reuse and 
dynamic assignment of roles to agent is addressed

TROPOS Yes
States that Roles are a central idea, and they are used in the early requirements modelling stage, but the 
Roles are absorbed into the actors, which are converted into agents.

ROADMAP Yes
Specificly positions Roles at the metamodel, acknowledges that Roles can form genalization relationship, 
which is good for reuse, descrbes the system specification into terms of roles (or the Goal model in terms 
of roles in later versions), describes what characteristics roles should have and how to use them.
Allow dynamic allocation of role to agents.

3APL Yes
3 APL does inlcude a role definition facility, but this is a formal textual definition, which says what should
happen when a role is being enacted by an agent, it doesn’t specify anything else.

Multi-agent Systems Engineering (MaSE) Yes
Defines roles in the analysis stage of the methodology, later than in some others. Roles are specificed as 
abstract concepts, which are mapped into concurrent tasks, which are used to construct conversations 
between the different types of agent classes. So there is no explicit support for roles at the end of the 
design stage.

CoMoMAS No
Agents in Z No
Prometheus (including notation) No, No
Prometheus doesn’t provide support for Roles but uses agent capabilities to capture similar concepts

Approach ________ _ Support for ______ Notation Exploitation Open

a sis design implementation al i tittliine
Kendall f 51 ✓ ✓ ✓ * * *

Gaia [S] ✓ ‘ 0 - FirSTON-b^ed - -

AALAADIN [3] / ✓ - -

mn..................... ✓ v' 0 - -

Yu & Schmid Hj </ 0 Finite State Machines il l - -

RolcFP [6] - : V ✓ - ✓

ROPE [11 - / Petri aef *21 -

TRUCE 14] - - - - ✓

Yes (1 \ Ouh im mleiacftan jxdtocofei

- 1 No (J!) Only tor cooperation pcoce^«*v

0 Ye* hm uidiaw sofc*

Figure 1: Facilities available for Roles in several Agent-Oriented Methodologies [Cabri et al 2004]
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2.4 Methodology

2.4.1 Justification for the research methodology used

Due to the nature of this field of research and the constraints placed upon this 

project the most appropriate research method is Inductive Reasoning. This process 

was based on the principle of taking the individual perspectives, experiences and 

examples which are described in the reviewed paper and inferring a more general 

model which encompasses all the features stated in these different methodologies 

and approaches.

During this process any inconsistencies that arise, between the various inputs to the 

research process, will have to be resolved by a careful examination of the arguments 

behind these points of view. The tradeoffs in resolving these inconsistencies will be:

■ The compatibility of the model that is developed in this paper with 

existing understanding and methodologies,

■ The appropriateness of the model to the concepts that are trying to be 

demonstrated,

■ The ability of the model that is being developed to cope with being 

applied to a wide range of problem domains.

It should be noted, for the purposes of stating personal bias, that the author believes 

that the idea of Agent Roles is one which will be beneficial, and that the major 

reason for the lack of take-up from industry is the confusion generated by the 

number of competing methodologies, as well as a lack of vendor support. If these 

issues are solved then Roles will provide Agents with an easy scalable way to 

modify the behaviour of these Agents without changing the infrastructure that 

implements them.
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3 Roles in Multi Agent Systems

3.1 Model of Agent Roles in Multi Agent Systems

3.1.1 Method used to find the Role Features

The following model of an Agent Role has been developed through a careful 

examination and analysis, including Textual and Situational Analysis, of the many 

different Roles or Role-like behaviours described in the research literature review. 

It is interesting to note that some papers [Depke, Heckel, Kuster 2001] look at both 

the Implementation and Metamodel level characteristics (i.e. different level 

of abstraction) of Roles in the same context. This is an approach that this 

investigation has tried to avoid during this analysis, as it is likely to introduce 

inconsistencies in the model. Following in this approach, the investigations have 

initially concentrated on the Run Time characteristics of Roles.

The process followed the general principles of Object Oriented modelling. These 

characteristics were identified and then grouped so as to give a clearer understanding 

of their implications. From these groups a series of generalisations was performed 

to eliminate any overlaps or conflicts between the different features and also to 

provide a logical sense of how these features fit together.

After this initial model was developed it was informally tested against a number 

of scenarios to ensure that there were no gaps or inconsistencies in the model. These 

tests were carried out by selecting typical example applications given in the research 

literature and seeing if the model of a Role developed here provided a satisfactory 

explanation of the behaviour exhibited in those examples. It must be kept in mind 

that this process is a preliminary study and as the model is pushed to its limits 

weakness in the model many appear.
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3.1.2 Description of Role Features

The output of the process described above is detailed in this section. The main 

groups of characteristics required by this Role Model can be divided into three 

groups:

■ Administrative Features.

o Features that help the designer identify the Role and 

decipher the Agent holding the Role and its membership of 

an Agent community.

■ Responsibilities.

o Features that describe what other system entities expect of 

an Agent playing the Role.

■ Necessities.

o Features that describe the things that an Agent playing the 

Role will need in order to achieve the desired outcome.

Each of these groups will be explored in more detail in the following sections.
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3.1.2.1 Role Model: Administrative Features.

In order that the System is able to use the Role it is important that it must be able 

to identify and distinguish that Role from the many others being played by an Agent 

(or indeed other Agents). The simplest form of these administrative features is 

the Role Name, which would be a short textual descriptor of the Role, this initially 

appears to be the only requirement, but as the Role Model it was apparent that this 

was insufficient for the following reasons.

It is widely accepted in the literature [Odell et al 2003] that it is possible for 

an Agent to play multiple Roles. It is therefore also implied that a Agent may wish 

to play multiple versions of the same Role, in this case a Role identifier based only 

on a Role name would be insufficient. A more complete Role identifier would 

consist of the four following parts:

■ Role Name: a succinct textual description of the Role, this will be the 

same of all of the agents that play the same role

■ The Name of the Agent which is currently playing or holding the Role:

■ The Name of the Community, that the Agent holding the Role is a 

member

■ A Role Index: a unique (numeric) identifier, (sequentially) assigned 

whenever a role is Adopted.

This last piece of information is necessary so that the model can deal with the 

rare situation where an Agent will want to hold two copies of the same Role. 

These features will be assigned to the Role when an Agent within the System 

Adopts the Role.
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3.1.2.2 Role Model: Responsibilities.

A Role describes the normative or typical behaviour that is expected to 

be performed by an Agent within a particular Agent Community. So the Role must 

have a list of operations that the Agent can perform. This is the behaviour that 

the Role prompts the Agent to perform. Roles are usually used to describe 

behaviours where the Agent interacts with others, but in order that the Agent 

uses the Role to its fullest potential it is also useful if the Role also describes 

the changes to the internal state of the Agent holding the Role.

This characterisation of the Normative Behaviour of Agents playing a Role has 

been described by many different names in the literature. Some writers for instance 

[Juan & Sterling 2004] call it a Protocol. This can be confusing as this is a term 

that is also used to describe the guidelines under which a Role-to-Role interaction 

takes place, rather than Internal and External behaviours of the Agent. 

The description of what the Role tells the Agent what to do will be referred 

to a "Description of Behaviour" this solves any issues with misunderstanding 

of the concepts encapsulated by a culturally specific description of this feature 

(like script, act, repertoire, etc).

One of the most important responsibilities of the Role is to describe the interactions 

that the Agent can perform whilst it is enacting the Role. The Role may also 

refer to sets of guidelines under which these interactions take place. 

These guidelines are variously referred to as Protocols, Languages, Conventions, 

Message Schema, or more formally as Speech Acts [Smith 2003]. This paper will 

refer to them as “Communication Guidelines
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These “Communication Guidelines” can be seen as part of the "Description 

of Behaviour”, although they also combine elements from outside the Role 

(see Figure 1 below). These external elements are an acknowledgement that 

the way the Role behaves is constrained by the rules of the Environment 

and Community in which the Agent and Role exists.

The Role also may specify which of the Agent’s services, available to other Agent 

within the Community, are enabled or disabled while it holds this Role. This feature 

is also included in the "Description of Behaviour".

If the Agent has a Goal, which is one of the requirements that make it an Agent, 

the Role will hopefully lead the Agent closer to that Goal. However this 

progress towards the Agents Goal may not necessarily directly or obviously. 

This implies a distinction between the Goal of the Agent and the Goal of the 

Role. The Role must have a Goal, which is a Sub Goal of the Agent’s Goal, but 

the Role sees the Sub-Goal as its Goal. This paper will refer to this Role Goal 

as a Target to avoid confusion between the Agent Goal and the Role Goal. It 

might be said that the Target is a milestone or waypoint on the way to the 

final destination of the Agent Goal.

The Goal and the Target must agree, at a minimum they mustn’t be contradictory or 

incongruent, as there may be circumstances where it might be easier for an Agent to 

step sideways before stepping forward, Tacking, toward its goal.
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The Role has to conform to some set of conditions that define the state in which the 

Agent Role can start, operate and terminate, without invalidating its frame of 

reference. This set of conditions is commonly referred to as Constraints. There are 

three sets of Constraints: Pre Conditions, Invariants, and Post Conditions. For each 

of these constraints there are two aspects, those internal to the Agent (the Agent 

state) and external to the Agent (the state of the environment).

One set of Pre-Conditions may be that there are certain Roles already held by the 

Agent or held by other Agents in the Community. Conditions, which must be held or 

maintained for the whole time that the Agent is holding or playing the Role, are 

called Invariants. If the Invariants are contradicted the Role become invalid and 

dropped by the Agent playing it.

The Post-Condition is the description of the state of the Agent and the Environment 

that must be set, immediately after the Role has been dropped by the Agent. This 

combination of states is represents the Target of the Role. The ultimate justification 

for the Adoption of the Role is the achievement of these Target conditions.
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3.1.2.3 Role Model: Necessities.

The Role Necessities are the abilities, permissions, resources and services that 

the Role needs in order that the Agent can Adopt it. Access to these resources 

and services does not necessarily guarantee the success of the Agent achieving 

the Target of the Role.

There are three general groups of necessities that have been identified in 

the modelling process:

o Environmental 

o Agent Specific 

o Role Specific

Environmental Necessities relate to the ability of the Agent Adopting the Role 

to Observe, Manipulate and Consume (AKA see/change/use) resources or services 

in the Environment of the System.

A particular Role should have a list of the Agent Types that are required to exist 

within the System before an Agent can Adopt this specific Role. This is further 

refined by specifying what range of states (or existing Roles) these Agents must be 

in (or playing) for the Role to be taken on. The Role will also contain a similar list 

of Prohibited Agent/States.

These necessities should always be viewed in the light of the fact that Adopting a 

Role may effect the Agent’s position within the Community hierarchy, (by giving 

the Agent access to more or less resources or services). A typical example of this is 

the difference between Manager & Worker Roles, which have different access and 

privileges in the Agent Community. This means caution must be exercised before 

placing restrictions on Role Adoption within the System.
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Finally there are Role Specific Necessities. These features relate to the availability 

of other Roles within the Agent and the System. The definition of the Role will 

contain a List of Roles that are required to be held by the same Agent or be present 

in the Environment (held by another Agent), and a list of prohibited Roles for the 

Agent and within the Agent Community.

There are some scenarios where one Role within a community must exist in order 

that another Role may be Adopted. A typical example of this is where Roles are 

required, that in order for a manager Role to be Adopted, there must be a worker 

Role within the System. In the same way, the Adoption of some Roles may also be 

prohibited, because of the existence of other Roles in the system that are 

inconsistent. For instance it may be that if a Monarch Role exists in the System then 

a President Role cannot be Adopted. However, once the Monarch Role is dropped, 

the President Role may be Adopted.
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3.1.3 The Agent Role Model Developed

The following diagram represents the relationship between the features of the Role 

Model discussed in the previous sections and the other major entities of a Multi 

Agent System.

Environmental k'

See Change Use

Agent
Specific

Contains Plays
Knows

System o----------- Agent O--------------------- Role

Necessities Responsibilities

s:

Required Prohibited 
Agent Agent
Types Types
{& States) (& States)

A

Required
Role
Types

Incompatible
Role

Types

-.....

always
Conditions

to
achieve
-GOAL-

Ontology
(Domain Knowldge)

N
Role Environmental Description

Relationship Responsibilities of
Specific A Behaviour j

Protocol
Rules

(Message Schema)

~T~

E

internal External

In System | In Agent

5
Tasks /Actions interactions

Figure 2: Map of Role Features

27



3.1.4 The Role Model: Notes and Questions

This investigation is yet to consider the ability of a number of Agents to hold a 

Role of the same Role Type, such that a Group Role may be implemented. 

This would allow the use the same structures over and over again, and possibly 

the use of a special “member of Group or Community” Role. The benefit of 

this Group Role would be to maintain a consistent way of implementing 

social structures in the Agent Communities, which is based on the Agents of each 

of these groups sharing a particular Goal. This approach would also allow for 

the use of a particular type of recursion in the decomposition of these shared 

goals amongst the members of the Groups of Agents.

Some of the papers in the encountered during the literature review [Kendall 1999] 

suggest that there are two types of Roles: Static and Dynamic. This infers 

that the designer or modeller can characterise the static behavioural properties 

of an Agent as a Static Role that the Agent holds permanently, and the 

Dynamic behaviours as a Dynamic Role that the Agent Adopts as and 

when it is required. At this point it is unclear whether this feature would 

be an advantage in the model proposed previously in this paper.

It is likely that this concept, although possible correct, would be contrary 

to the accepted theories of many of the methodologists and practitioners in this 

area of research. This approach would pose the question: why characterise 

the system being modelled as Agent in the first instance, if the Agents are 

just a collection of Roles? The answer to this question is that the concept 

of an Agent encapsulates a concept that is easily understood within the constructs 

of modem thinking, such that it is easy to express or explain these 

ideas to newcomers to the field.
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It should also be the case that Roles are a description of the set of behaviours 

normally carried out by an Agent, not the major entities themselves. That is, Roles 

are the script that prompts Agent behaviour, not the entities that carry out the 

behaviour. So the concept’s omission at this early stage will make the proposed 

model more acceptable to the research community.

It should be noted that one feature that a Role does not have is a State. A state is a 

concrete characteristic or attribute, whereas a Role is really an abstract characteristic 

or the Agent that is playing the Role. A Role informs an Agent what it should do to, 

it does not complete the action for the Agent. A real life example of this is a 

Manager Role; an Agent needs to play the Role of a manager, the Role doesn’t exist 

without the Agent. This being the case, it must also be said that a Role can add to or 

modify the state of an Agent, for example the Agent’s State will be modified when 

taking on the Role saying, “I am now playing the Role of a Manager”.
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3.2 Agent Role Model at the metamodel level

3.2.1 The FAME Methodology Metamodel

The Framework for Agent Oriented Method Engineering (FAME) Methodology 

[Gonzalez-Perez, et al 2005] has been developed by the COTAR group of UTS. 

One of the main aims of FAME is to demonstrate the application of Method 

Engineering techniques to the domain of AOSE. FAME expands upon 

and takes inspiration from the Object Oriented Process Environment and 

Notation (OPEN) Method Engineering methodology that aims to develop a 

generic approach to the issues of Object Oriented Software Engineering process 

and methodology.

Method Engineering is an approach that is based upon the idea of providing 

the methodologist with a set, or toolbox, of Method Fragments. These 

Method Fragments can use to piece together a tailored process (or methodology 

in this instance). The decisions made during thies tailoring process are infulenced 

by many factors including: the needs of the methodologist, the domain, 

the application being developed for and the skills and requirements 

of the developing and user organisations.

Method Engineering, usually, also provides a set of guidelines to help the 

practitioner in this process. Method Engineering aims to provide cohesive set of 

tools that are flexible enough to be applied to a wide range of situations.

Another key Target of the FAME project is to develop a “supportive and integrative 

framework to consolidate and strengthen existing Agent Oriented methodologies”. 

This paper seeks to make a contribution to this effort, in particular in clarifying the 

use of Agent Roles within the Framework. [Henderson-Sellers 2005]
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An important feature of the Methodology, and the accompanying modelling 

language FAML, is that the methodology covers both the Design Time and 

Run Time features of an Agent Oriented System. These features can be lacking 

in many other Agent Oriented Methodologies [Tran, Low, Williams 2004], which 

do not cover the complete Software Development Lifecycle. This complete 

coverage of the Software Development Lifecycle is an important feature, as it 

will assist in the modelling of dynamic behaviours that are present at run time 

or execution.

The Design and Run Time features each contain details which relate to the 

internal and external characteristics of the Agents in the Systems being modelled, 

offering the system modeller a complete view of what is going on both inside 

and outside of the Agents, both at the time the System is designed and while 

it is being executed. This makes FAME a suitable test environment for the 

model developed in the previous section.

While the concept of a Role for an Agent is already contained within the 

FAME methodology this paper will seek to expand on those ideas and features 

already present in the metamodel within Agent Role Model.

To put all this in the perspective of where the methodology resides in the diagram 

below (Figure 3) represents the 3-Layer Methodological Architecture, and 

shows how a Methodological Metamodel relates to a methodology and an 

instance of the methodology. FAME is a methodology metamodel or Framework 

(M2 Level) that can be used to generate a methodology (Ml level), from 

which an instance of the methodology, which is often a process or a specific 

Model, is derived (MO level). These three Levels can be used in a variety of 

ways to illustrate the process of abstraction from a single case to a widely 

applicable theory, law or Methodology.
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3.2.2 Method Used to create Role Metamodel Artefact

The process used to generate the Metamodel is concerned with the creation 

of a formal structure, which details the generalisation of all the possible entity 

types (or Meta Classes). The Metamodel must also be able to be used within 

the modelling of the subject systems being modelled. Apart from the inclusion 

of the different entity types (which are represented as “Artefacts” within 

the Metamodel) the most important feature of a Metamodel is the way 

that these different meta-classes interrelate. These relationships not only map 

out the dependencies (where one artefact is made up of or inherits behaviour 

from another artefact) within the modelling paradigm but also the 

communication and interaction between the different types of entities 

within the types of systems that are going to be developed using the tailored 

methodology.

This process of taking the model of an Agent Role developed in the 

previous sections, and absorbing it into the Fame Metamodel is a simple process of 

generalising the Role Model. The process is, however, complicated by the 

requirement that all the features of the model are linked into the other metamodel 

artefacts that they rely upon. It is also essential to ensure that there are no 

inconsistencies introduced to the Metamodel. Where the new Role Artefact conflicts 

with existing features of the Metamodel, these issues will be discussed and resolved 

with a bias toward maintaining the existing Metamodel, while encapsulating the 

concepts demonstrated in the new Role Model.

As the FAME Metamodel is based on the view of the Agent System from the Design 

Time and Run Time aspects, as well as the Agent internal and External views, these 

ways of looking at Agent Oriented Systems will have to be considered when 

integrating these ideas with the Metamodel.
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3.2.3 The Agent Role Metamodel Artefact

3.2.3.1 The existing FAME Agent Role Metamodel Artefact

The existing FAME Metamodel describes a Role as “a specification of a goal 

directed behavioural pattern expected from some Agents in a given system” 

[Gonzalez-Perez et al 2005]. Currently, Roles are described by a Role artefact within 

the existing metamodel. However, this Role artefact is only described by its Design 

Time characteristics (it is designated as a Design Time Class). This means that the 

Role artefact does not contain some of the more interesting dynamic features that I 

would like to investigate. The Role artefact is described in terms of its Attributes 

and Associations, namely:

Attributes

o Name string Name of the Role.

o Responsibilities string Responsibilities associated with this Role. 

Associations:

o BelongsTo 

o CanUse 

o Collaboratesln 

o Implies 

o IsDestinationln 

o IsPlayedBy 

o IsResponsibleFor 

o IsSourceln

Belongs to a particular system.

Can use a number of message schemata.

Can be collaborator in a number of tasks.

Implies a Role specific Agent definition.

May be destination in a Role Relationship.

May be played by a number of Agents.

Is responsible for a number of tasks.

Source May be source in a Role

Relationship.
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o IsSpecialisedlnto May be divided into sub type Roles.

o SpecialisesFrom May specialise a particular super type

Role.

o Uses May use a number of ontologies.

It appears that the Design Time aspects are encoded into the run time entities, as 

immutable features. It is unclear from this Metamodel whether this means that the 

Role description encapsulated by an Agent at Design Time is only a capability of 

taking on a Role, or whether the Role permanently becomes part of the Agent. This 

would mean that an Agent would be limited in its range of behaviour, which goes 

against one of the key outcomes of the model this paper is trying to develop. These 

features provide some room to further develop the FAME Metamodel to encapsulate 

dynamic Run Time characteristics.
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3.2.3.2 The additional FAME Agent Role Metamodel Artefact

3.23.2.1 Description of Role Features

In the following sections this paper will deal with the characteristics features of the 

Role Model in detail at the metamodel level and how the Role Model entity type 

relates to other entity Types within the Metamodel.

3.23.2.2 The Role model administrative features.

The administrative features of the Role Model are:

■ Role Name A string which succinctly characterises the Role.

■ Agent’s Name, A string that identifies which Agent is currentlv

playing the Role. At the Metamodel level this

feature is declared but not defined.

■ Community The Svstem Entitv Tvpe to which the Agent that

is currently playing the Role belongs. At the

Metamodel level this feature is declared but not

defined.

■ Unique Role Index A number that distinguishes the Role from any

other Roles that the Agent is currently playing.

This feature solves the issues of differentiating

the Roles when the Agent is playing multiple yet

similar Roles. At the Metamodel level this feature

is declared but not defined.
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■ Role Description: A detailed description of the purpose of the Role,

which will document in detail the reason and 

motivations behind the creation of the Role, and 

well as any unusual features of the Role.

The Agents’ Name is an association with an Agent entity type. The Agent 

community is exactly the same as the “Belongs To” characteristics of the previously 

existing Metamodel.
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3.23.2.3 The Role Model Responsibilities.

The responsibility features of the Role Model, which are to be included in the new 

Role Artefact, are:

■ "Description of Behaviour": Describes the set of typical or normative

behaviours that the Role prompts the 

Agent to perform. This feature is made 

up of:

o “Communication Guidelines”: indicates the possible communications

between the Agent playing this Role and 

other Agents playing this or other Roles.

oThe Role Type: will affect which of the Agent’s services

are available. This characteristic is 

described by the features:

■ Enabled Services.

■ Disabled Services

o Role Target: A description of the ambitions or

aspirations of the Role.

The “Communication Guidelines” relate to the Is-Destination-In and Is-Source-In 

feature describe in the existing FAME Metamodel. The communication guidelines 

also encapsulate the Can-Use characteristic which link the Agent Role to a number 

of Message-Schemata, or communication protocols. The Message Schema differ 

from the Communication Guideline in that the Communication Guidelines specify 

which Agents can take part in a message rather than just the sequence of these 

messages.
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It can be said that the Communication Guidelines use the Message-Schema but 

they also include the order and sequence of these messages. There does not appear 

to be such a relationship in the existing Metamodel that describes this longer 

term communicative relationship between two or more Role Types. This type 

of descriptive characteristic is, however, implied in the existing metamodel by 

the combination of the Role-Relationship and the Message-Schema. The 

approach that has been followed in this investigation has taken suggests that it 

may be an advantage to specify this longer term communicative relationship 

more explicitly.

The modification of the availability of services must be defined with care to 

ensure that the Role does not become overly Agent specific. This occurs as a 

result of the fact that the range of services provided will differ between 

different Agent Types. The solution to this issue is to allow Agents to take on 

the Role only if they provide all the active services, regardless of whether 

they provide the deactivated services

It is useful to separate out the Role Target from the other behaviours, which 

describe the steps taken to reach the Target. This saves interpreting the actions 

and trying to determine why they have been taken. The Target encapsulates both 

the actions taken and the motivation for taking those actions. It maybe suitable 

for this feature to be associated with a Role Intention artefact that can 

be characterised as a specialisation of the Agent Intention classifier that is 

currently included in the FAME Metamodel.
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When defining these descriptions of behaviour, it is important to identify both those 

characteristics of the behaviour internal and external to the Agent that is playing the 

Role.

■ Environmental Responsibilities: The set of conditions that define

the state that the Role can exist in:

o Start in: The Agent State / Environment

modification that the Role is Responsible 

for upon Adoption.

o Operate in: The Agent / Environment State that the

Role is Responsible for maintaining 

while it is active.

o Terminate at: The Agent State / Environment

modification that the Role is Responsible 

for upon cessation of the Role.

Environmental Responsibilities are sometimes confused with constraints, 

Preconditions, Invariants, and Post Conditions, but there is a clear distinction 

between the two. These features relate to the conditions that the Role is responsible 

for maintaining and not the conditions placed upon the Role which are dealt with in 

the Necessities group of features. For each of these Environmental Responsibilities 

there are two aspects, those internal to the Agent (the Agent state) and those external 

to the Agent (the state of the environment). The Environmental Responsibilities of 

the Role entity type are associated with Facets of the environment that are already 

included in the FAME Metamodel.
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3.2.3.2.4 The Role Model Necessities features.

The Necessities features of the Role Model are the characteristics of the System and 

Agent that a Role requires in order that it can be Adopted. These features that are to 

be include in the new Role Artefact include:

■ Environmental Necessities:

o The ability to See Resources or Services of the environment

o The ability to Change Resources or Services of the environment

o The ability to Use Resources or Services in the Environment of 

the System.

These features are associated with the Facet Artefacts of the FAME Metamodel. 

The Facets are a generic descriptor or representation of a property of the system 

environment with which the Agent can interact.

■ Required Agent Types: An Agent or Agent State required in order

that the Role can be acquired by an Agent.

■ Prohibited Agent Types: Prohibited Agent or Agent State which

preclude the Agent from taking on the 

Role

■ Required Roles:

■ Prohibited Roles

in the same Agent and / in the 

environment,

in the Agent and / in the environment.

The four previous Role Model features are closely related to the Role Relationship 

already present in the FAME Metamodel, but they extend the currently available 

facilities by also specifying what the State of the Agent must be (or not be) before 

the Role is Adopted.
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3.2.3.2.5 The Role Model Generalisation features.

It is widely accepted that the Agent Role Model artefact of an Agent Oriented 

methodological Metamodel is a type of classifier that is able to be generalised and 

specialised, commonly referred to as a generalisable element [Kendall 1999] 

[Gonzalez-Perez et al 2005]. This means that it must be possible to create parent and 

children Roles much like Parent and Child Classes (Super Classes and Sub classes) 

in Object Oriented Modelling. The key characteristics required to establish this 

facility in an Entity type are:

■ Abstractivity: Roles can be organised in to Hierarchies

■ Aggregation / Composition: Roles can be composed of 

other Roles, or can be part of another Role

Many creators of methodologies use this as a starting point, and then go on to 

describe the behavioural characteristics of a Role. This paper has taken the 

opposite approach, seeing that these characteristics sit on top of the 

behavioural characteristics of a Role, and therefore should be dealt with at the 

Metamodel level after the implementation level issues have be resolved. This 

approach should result in a clearer and more understandable process of 

creating the Role Model, as the features specific to roles have already been 

dealt with, now the discussion will turn to these more general features.

These two characteristics of Abstraction and Aggregation are provided for in the Is- 

Specialised-Into Specialises-From in the existing FAME Metamodel. As these are 

metamodel issues, they cannot present themselves at the implementation level, and 

so are not present in the model devised in section 3.1. It is logical then to continue 

with the previously accepted standards.
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These two features that are defined as:

■ Is-Specialised-Into: Is an association between two Roles, where

the subject Role may be specialised into a 

number of sub-type Roles.

■ Specialises-From Is a Sub Type association between two Roles,

where the subject Role may specialise from a 

particular super-type Role.

This accounts for the Inheritance / Abstraction relationship, but the Aggregation / 

Composition is only accounted for implicitly, which is implied by the use of the 

Role Relationship feature. It would be advantageous if the ability to construct Roles, 

by the addition of other Roles, were enhanced by the provision of a Role 

Aggregation relationship. For this reason this paper suggests the addition of a 

Composed-Of Role-to-Role aggregation relationship. This relationship can be seen 

in the modified FAME Metamodel shown below in Fig 4, the relationship is marked 

in red.
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3.3 Agent Role Reuse Framework

3.3.1 Agent Adaptation: the unrealised dream of
Multi Agent Systems

The major purpose of this discussion into Agent Roles is to increase the ability 

of the Multi Agent Systems being modelled to deal with adaptation or change in 

the behaviour of the Agents that are members of these Communities. This 

should allow these types of Multi Agent Systems to be more able to cope 

with change and yet still achieve their stated goals. Therefore it is crucial that 

the discussion considers how these systems are going to Adopt the Roles that 

have been defined or used the devised model during their lifetime.

One of the key advantages of Multi Agent System often referred to in the 

literature [Jennings Wooldridge 1996] [Goldman Rosenschein 2002] [Kobti 

et al 2004] relates to their ability to perform self organisation. This reorganisation 

can depend on the availability of resources and services within the environment, 

and the changing demands and requirements placed upon the system by 

external users. Also related to this reorganisation is the proposed ability of 

Multi Agent Systems to share knowledge not just about the features of 

the environment, which would just be information sharing similar to 

message passing in other types of systems, but also ways in which this environment 

can be manipulated, which is knowledge or intelligence sharing.
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The classic example given in the literature [Odell et al 2003 a] relates to 

self organising ad hoc communications networks that are made up of mobile 

Agents or Agents embodied in unmanned aerial vehicles (UAV), if one Agent 

stops functioning the other Agents move to fill the gap created by the failure. 

An additional feature that should be provided is that if a new Agent enters 

the system with a new more efficient Role or method for implementing Role 

of achieving the stated goal of the Standard Role. It would be an advantage to 

the robustness of the system if the other Agents in the system were able to 

learn from this new advancement.

The Key to the fulfilment of this opportunity is the ability of Agents within a 

system to change Roles at run time. Therefore Agents within the systems should:

A) Be able to change their Roles autonomously.

B) Have a mechanism for advertising the available Roles, and selecting.

C) Be able to customise or tailor the selected Role to suit their present needs.

The process by which the Agent Adopts a Role can be very complex, as being able 

to achieve this type behaviour requires some sort of reasoning engine. The 

development of such a reasoning engine requires a detailed knowledge of Artificial 

Intelligence and Machine Learning. The details of the construction of such 

behaviour are too complex to explore here. It is therefore advantageous to take an 

approach that should provide a logical and clearly thought out framework for Agent 

to perform these actions. This is the path that the following discussion will take.
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The framework is proposed here should help to make the actual 

detailed mechanism for choosing the Roles, firstly a lot simpler due to 

the modularisation of the process and secondly make the algorithm used 

immaterial to the outcome, i.e. that the outcome will not depend on the 

algorithm used. This will make it increasingly possible for heterogeneous Agents 

to work in a predictable manner, no matter what method they use to choose 

and Adopt a Role. This ability to disregard the implementation of the role 

will become increasing important as reuse develops, especially when coupled 

with the various types of Adoption noted in section 3.3.2.2

The solution that this paper proposes to these issues is to embed a Framework 

for Role Reuse into the Agent Community. This would work much like a 

directory in building, or a bookshelf in a library. Any Agent entering the 

community should be able to look up what Roles are available within a system. 

The Agent is then able to select a Role, based on its internal reasoning 

capabilities, that matches both the Agent goals and the goals of the community or 

system.

The types of relationships that are held between different Agents in a 

community and the bonds on trust / closeness / respect [Kobti 2004] that 

these Agents form are important issues for the assignment of Roles to Agents 

in a community. Unfortunately these issues are too complex to be discussed 

here, but it can be said that the research community will have to find a consensus 

on a definition of Roles before the issue of dynamic relationships is able 

to be explored fully.
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As noted earlier the ideas and construct that are to be discussed in the following 

sections are based solely upon the belief of the researcher that there is a gap in the 

description of how these Roles are used in Multi Agent Systems. To this end the 

discussion takes the form of a suggestive or formative proposal of a method for 

covering this gap in the research and is as such non-definitive, preliminary 

discussion, which is open to further research, discussion and development.

This discussion will now move to look at what type of structure this framework 

might take, and how to define it, in light of the previously raised issues.
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3.3.2 Defining an Agent Role Framework (2201)

3.3.2.1 What The Framework Need & Look Like

There are a number of criteria that the Role Reuse Framework should try maintain in 

order to achieve the aims stated above. Firstly the Reuse Framework should be 

accessible to all of the Agents that are members of the community, without making 

the framework visible. Agents in the system would not be able to make an 

appropriate and fully informed choice of which Roles best suit their needs.

While it might at first seem appropriate to apply some restriction on access to the 

Roles by using a level of authority or hierarchy to the availability of the Roles by 

restricting the view of the Roles availability within the system this type of restriction 

will be enforced by the details specified in the characteristics of the Role Description 

placed by the Role on the Agent Adopting it. That is that the list of prohibited Agent 

Types that has been noted as an internal characteristic of the Role. Allowing all of 

the Agents in the System to view the available Roles enhances an Agents ability to 

interact effectively within the System.

The second criteria, that the Role Reuse Framework should adhere to, is that the 

framework should supply the Agent Adopting the Role with all the information 

needed so that the Agent can Adopt and play that Role. This means that the 

description of the Role that is stored in the Framework should contain all the 

information on the Role characteristics discussed in the previously developed Agent 

Role Model.
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Thirdly the Framework should provide some additional information that will be 

required to ensure that Adoption and adaptation runs smoothly. These modifiers 

relate to the level features of the Role Adopted by the Agent. These additional 

characteristics of the Role Template will inform the Agent of what they are allowed 

to do with this Role in terms of how strictly they must follow the specified 

description of the Role. These modifiers should be applied to all of the Role Model 

characteristics.

Allowing this type of modification of Roles may initially seem that it leaves the 

System open to perversion and corruption of the Roles by the Community’s Agents. 

However, without the ability to modify the Roles that the Community has available, 

there is no possibility for the Roles used in the System to adapt and improve in the 

future. This is a trade off that must be undertaken with some caution.

This modification behaviour must take place under the strictest of controls in order 

to alleviate the concerns just noted. Agents will not be able to change a Role 

Template that is already stored in the Role Reuse Framework. Agents will only be 

allowed to modify their own particular instance of the Role. This behaviour could be 

described as a type of Run Time class definition. This means that the only thing that 

is different is the instance of the Role, which is held by the Agent. This instance is a 

Sub Class of the Standard Role description (otherwise know as the Role Template) 

that is stored in the Role Reuse Framework.
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If the derived Role proves to be a useful and distinct development on the Role 

already stored in the Framework then it can also be added into the framework. The 

new derived Role will then be available for other Agents to use in the future, and be 

developed further. These modification indicators are described in the next few 

sections.

The Role Reuse Framework will act as a shelf for storing the Roles for future Use. 

That is why the description previously noted of the Framework, as a “Role Library” 

is particularly apt, although this term has not been used to maintain a clear view of 

the concepts.

One feature of Agent Roles that I believe has not been fully explained in the 

literature is what happens to the Role when it is not in use. If the answer to this 

question is that the Role is still part of the Agent, then it is possible to ask the 

question: is the Agent not still playing the Role? As suggested by Odell [Odell 

Parunak 2003b] an Agent can hold a Role either actively or inactively, so even if the 

Role is inactive the Agent is still playing the Role.

In this discussion I hope to show that there is a need for some type of mechanism for 

the storage of Roles and that the ideas of a Role Reuse Framework presented makes 

a substantial contribution to finding a solution for these issues.

The Roles within the Framework will provide a template for the Adoption of an 

instance of the Role by an Agent within the system.
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The Last feature of the Role Templates stored in the Role Reuse Framework that 

needs to be discussed is that of the Abstract nature of some of these Role Templates. 

In may be that in some circumstances the system designer would like to build the 

system with maximum flexibility, in this case the system designer will want to avoid 

being overly prescriptive. If a system is overly prescriptive this will invalidate the 

general principle of Agent Oriented Systems being Goal oriented. To solve this issue 

the designer will need to provide some Roles that are very broad, specifying in the 

broadest possible terms what it possible in the Agent community, with the right 

authority/privilege. These Roles will be designated as Abstract Role Templates. An 

indicator is needed within the Agent Role template to tell the Agents in the system 

that this Role is a generic Abstract Role template.

In Order that the Agents using the Role Templates know what sort of Adoption is 

acceptable, the Role Library will have to provide an indication of acceptable use. 

This is the one major feature that differentiates the Role Templates from the 

description of Role Types Discussed in the previous chapters. The Role Template 

and the Role Types are otherwise exactly the same.

To this effect two features have to be added to an existing Role Type definition in 

order that it can become a Role Template. The first feature is “Type-of-Adoption 

The Type-Of-Adoption feature can take one of four values: Ordinary,

Implementation, Interface, and Abstract. These values will indicate what type of 

Role Adoption is acceptable. These different types of Role Adoption are explained 

fully in the next section.

54



3.3.2.2 Different types of Role Adoption.

As stated in the previous sections, when an Agent Adopts a Role based on a Role 

Template stored in the Role Reuse Framework, there are a number of different types 

of Adoption that can occur. This section will explore the details of these behaviours, 

which, it is hoped, will provide a new way of looking at how Roles are used in Multi 

Agent Systems. It should be noted that the purpose of providing these various 

methods of Adopting is also so that the model can deal with Agents that have been 

long term members of the Agent Community and newcomers using the same 

mechanism. The use of these various forms of Role Adoption will also allow the 

Roles used within an Agent Community to develop over time. There are four 

variants of Role Adoption that are suggested by this investigation, they are:

■ Completely Specified Adoption (Ordinary Adoption / Instantiation).

■ Adoption where the Implementation can be changed.

■ Adoption where both the Implementation and Interface can be changed.

■ Adoption from Abstract Role Templates.

The traditional mode of operation widely discussed in the literature 

[Odell et al 2003a] corresponds to the Completely Specified or ordinary Adoption 

and Instantiation. In this situation the Agent that is Adopting the Role does not 

seek to make any modifications or additions to the Role Template that is stored 

in the Role Reuse Framework. It is envisaged that the large majority of 

Role Adoptions will be of this basic type. If this were not the case the management 

of the Role Reuse Framework would place an undue burden on the System.
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It is also likely that an Agent Community will undergo long periods of 

stability, followed by short and hectic periods of change and upheaval in the 

list of Role Templates stored in the Role Library. These perturbations 

of the Community are likely to be brought about by:

■ Major changes in the Environment.

■ Changes in the demands placed upon the Community by Users.

■ New advances in the implementation algorithms reaching the Agent 

Community.

For this first type of Adoption the Type-Of-Adoption feature of a Role Template 

will be assigned the value of Ordinary.

Agents, which enter the community, with new knowledge about a better 

way to complete their assigned task, will be able to share this advancement 

with the rest of the Community. By using this second type of Adoption the 

Agents will be allowed to change the implementation of a previously defined 

Role Template. This type of Adoption will not change the interactions between 

the different Agents or the Agents and the Users of the System. The change 

will only affect the way in which the actions demanded or required of an 

Agent playing a particular Role are processed.
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This second type of Adoption presents system developers and maintainers 

with a new and unique way to maintain and upgrade their system. By 

deliberately sending an Agent into the Community with certain characteristics, 

they can modify the way that the Agent Community handles the demands 

of its users. These actions will be able to be achieved by modifying only 

a small amount of the implementation. The actions can also be completed 

without taking the system offline. This may be a major advantage where 

system reliability or up time is an important measure.

For this second type of Adoption the Type-Of-Adoption feature of a Role Template 

will be assigned the value of Implementation. Any Role Template that is 

assigned the Type-Of-Adoption value Implementation will also be able to 

Adopted as if it were an Ordinary Type-of-Adoption

The third type of Adoption is where an Agent is able to change both the 

implementation and the interface of the Role as defined in the Role Template stored 

in the Role Reuse Framework. This type of Adoption is the most distantly removed 

from the typical Adoption proposed in many other papers. This is also the type of 

Adoption that is most likely to be open to abuse by malicious Agents. Therefore 

caution must be applied when setting the limits as to which Roles Template this type 

of Adoption can be applied.

However this type of Adoption will also allow System designers and Maintainers to 

extend upon the advantages available with the implementation only modification, 

allowing them to provide additional functionality from the system, by the addition of 

New Role Templates based upon Roles already in the System.

57



One of the other advantages of this type of Adoption is the ability of the 

Agent Community to perform optimisation of tasks that share some common 

link. The Agents within the Community should be able to group together like 

Roles in order to carry them out more efficiently, or decompose the Roles, 

so that they can be more efficiently distributed amongst the members of the 

Community.

This is especially advantageous where the Agent Community suffers 

from a restricted supply of resources in their Environment. This is also an 

advantage where the Agents, which make up the community, are limited in 

their ability to process requests. In this case the sharing and delegation 

of tasks becomes very important.

For this third type of Adoption the Type-Of-Adoption feature of a Role 

Template will be assigned the value of Interface. Any Role Template 

that is assigned the Type-Of-Adoption value Interface will also be 

able to Adopted as if it were an Implementation or Ordinary Type-of- 

Adoption

The final category is Adoption from an Abstract Role Templates. This is a 

peculiar form of Adoption specifically included to give system designers the 

facility to define generic modes of behaviour. The Abstract Role Template 

defined in the Role Library do not specific Role Targets or implementations, 

they only specify the range of behaviours which are acceptable within the 

Agent Community.
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No Roles can be directly instantiated from this type of Abstract of Role 

Template, but they supply an important set of guidelines as to how all other 

Roles within the system should behave. Agent with the correct authority can take 

the abstract template and devise a new Role set within the guidelines provided 

by the Abstract Role Template. This type of Role Template encourages the 

system designers not to over specify the systems they are designing, allowing 

them to develop with the greatest freedom possible.

It is anticipated that the system modeller may implement Domain or generic 

Business rules that all the Agents in the System should follow in this manner. This 

will leave the system free to operate within these broad restraints, finding the 

optimum solutions to problems within this set of guidelines.

For this fourth type of Adoption the Type-Of-Adoption feature of a Role Template 

will be assigned the value of Abstract. Although no direct instantiations of Role 

Templates with this value of Type-Of-Adoption can be made, Roles derived fusing 

this abstract Role Template can be assigned the Type-Of-Adoption value of 

Interface, Implementation or Ordinary.
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4 Discussion

4.1 Implications of Results

It is hoped that the model of an Agent Role during execution or Run Time, which 

is provided in this paper, will be the basis for a working model for the use of 

Roles in Multi Agent Systems at the implementation level. This model seeks to 

draw together the disparate ideas currently discussed in the research literature.

One of the major objectives in creating this Role Model is to change the 

way that system designers think about the Multi Agent Systems they are 

designing. While the Agents in these systems are the major concept 

and do representative of entities carrying out activities, the outcome of this 

shift in understanding is that the designers understand that it would be an 

advantage to place the description of these activities into the Roles available 

within the system. At the very least the intermediate steps possible needed 

to achieve these activities culd be used as a basis for Roles. This will 

allow the knowledge of how these steps should be performed to be shared 

amongst all the Agents in a Community, not just known by a particular Agent.

The resultant Role Model and constructs described in this paper should also 

raise the awareness of system designers and modellers as to the suitability 

of their design structures. The static structures that are typically developed 

during the design and analysis phase of Software development are not 

able to capture all aspects of a system, and do not represent the dynamic behaviours 

that may be present in a running system.
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The addition of the new Role Entity to the FAME metamodel should 

serve to strengthen the FAME metamodel. In particular it has been shown 

here that the Framework proved to be very flexible, requiring only 

minor modifications in order to accept the Role Model. The FAME framework 

has also been shown to provide good coverage of the software 

development lifecycle, in that the model developed here, was able to be 

applied at both the Design and Run Time phases of the lifecycle.

The development of a facility, like the Role Library, to share and reuse Roles 

at run time opens a whole new range of possibilities with regards to the 

ability of Multi Agent Systems to adapt to new and changing situations. 

This framework for reuse also provides researchers who are interested in 

different ways of modifying Agent behaviour with a setting or infrastructure 

to conduct their experiments in.

More generally it is hoped that this paper will serve to clarify the confusion 

that exists in the research community and not just obscure the true reasoning of 

the matter even further.
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4.2 Limitations of Outcomes

This paper has not discussed the mechanics of how a Role is Selected and Adopted 

by an Agent. What has been provided is a framework in which these activities can 

take place. This mechanism will need to be informed and infulenced by the area of 

Machine learning. If an Agent is required to select a Role autonomously, as would 

be suggested by the fact that all Intelligent Agents are supposed to be autonomous, 

then the Agents will have to be embodied with some sort of reasoning engine. This 

will allow the Agents to determine which Role is most suitable for their purposes, 

and allow them to progress the quickly or efficiently toward their Goal. To 

compound the inherent difficulties all this has to be done in an environment that is 

constantly changing. Similarly, the evaluation of the prgress towards an Agent’s 

Goals is relative to the Agent, not from some absolute point.

It will be interesting to see how the idea of Tacking towards a larger goal using 

intermediate goals progresses in the future. This aspect of the relationship between 

the Agent and its Goal and the Role Target will be an important influence on how 

and why an Agent Adopts a particular Role. It is also important to consider how is it 

possible to measure the progress towards the Agents goal, or indeed the Goals of the 

Community or System as a Whole. Without being able to determine if the System or 

Community Goals have been met, (or optimised as best as is possible for this point 

in time), it will never to able to be determined whether the way the System is 

implemented is a success.
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This paper has not covered any issues that surround the conversion of the modelled 

System (Roles and Agent) into an implementation language or tool. Although this 

discussion could inform the development of tools or techniques, it is also likely that 

after trying to complete this stage, it will be able to be said with some weight which 

approach to designing and building Multi-Agent Systems is more effective, and 

therefore more likely to be acceptable to industrial practitioners.

This discussion has not explicitly dealt with Agent Mobility, although this type of 

Agent behaviour is suggested or implied by the fact that an Agent can join and leave 

a system. It might also be the case that the only way an agent can join or leave a 

System or Community would be to be created or destroyed, but this would go 

against the idea of a persistent Agent.

The question of who is responsible for the ownership or maintenance of the Role 

Reuse Framework has not been raised in this discussion. This is a crucial issue, as 

there has to be some filter as to which newly modified Roles are accepted back into 

the Framework. It is likely that this issue will be closely linked to the concepts of 

Trust in the Agent Community. That is that Agents that have established a rapport 

within the Community through long and diligent service will be allowed to modify 

or supervise the modification of the Role Reuse Framework.
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4.3 Future Applications

Some of the applications of this type of Multi Agent System, which utilise Roles to 

implement dynamic behaviour, include:

■ Auction applications:

where the Agents in a System are grouped in to several 

Communities, which may represent auctions room that 

are dealing in a particular item or performing a specific 

type of auction. In this case the two major Roles are the 

buyer and sellers within the auction room.

■ Unmanned Vehicles:

There has been a great deal of interest from the Defence 

Industry in applying Multi Agent Systems to the 

management of autonomous unmanned vehicles. In these 

systems the Agents may take the Roles of sensing agents, 

attack agents, defending agents, control agents, or 

communications agents. These systems may be concrete 

where the Agents are embodied in a physical machine, or 

virtual where the Agents are entities in a planning system 

or war-game simulator. Depending on the Environment 

the configuration of these Agents can change to optimise 

the operation of the Community of Agents.
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Resource allocation:

In a System where a large number of parties would like 

to access a limited resource pool, such as an Aircraft 

Control Systems, Agents can be used to represent the 

parties. The Roles in this type of system correspond to 

the parties, which desire to hold or use a resource, and 

the parties, which control access to the resource or 

possess a surplus amount of the resource. The system 

self-mediates access to these sparse resources.

■ Telecommunication Infrastructure:

Telecommunications systems have been an early test bed 

for Multi Agent Systems, whether it be routing of 

Internet requests, or phone calls. The characteristic of 

telecommunications networks, which require the 

optimum uptime and are often prone to individual 

failures, which can trigger cascade failures, making them 

an ideal environment for Multi Agent Systems. The 

Agents embodied in the node or links make up the 

network, with the Roles related to the transmission and 

coordination of switching. The roles that these agents 

play depend on the availability of the resources around 

them.

■ Other examples include:

■ Project Task Delegation Systems

■ Meeting Negotiation Systems

■ Collaborative Filtering Tools
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Multi Agent Systems offer innovative solutions to these and many other problems 

that have been difficult to solve with traditional systems and software engineering 

methods. One of the key features, which unifies all these possible applications, is 

that the parties or entities within these systems must behave differently depending 

on their Environment. This environment is often too complex to be fully mapped out 

into deterministic systems; the solution must be able to cope with a wide range of 

unforseen circumstances.
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5 Conclusion

In this paper it has been shown that, although this area of research currently contains 

many competing ideas and influences, it is possible to draw these disparate 

influences together into a single cohesive model. The concept of an Agent Role in 

Multi Agent Systems has been shown to be an important construct at many different 

stages of the Software Development Lifecycle, not just at the design, modelling or 

implementation stage.

By creating a Model of this Agent Role this discussion has extracted the key 

characteristics of this Agent Role. In fully describing the Agent Role Model it has 

been able to be shown that many of the feature that have previously been considered 

to be attributes of the Agents within a system are actually part of the Roles.

The abstraction of this Role Model enables researchers and practitioners to use the 

concept of an Agent Role in a wider context. This activity also allowed the FAME 

Framework to be tested and shown to be a useful setting to explore the ideas in 

Agent Oriented System.

Finally, the paper has proposed that in order to maximise the potential of the 

previously defined Agent Roles, it will be necessary to provide the Agent 

Communities with a stmcture for storing Role Templates and a strategies for Reuse. 

The structure of a Role library has been proposed and discussed while the strategies 

for Reuse should be the focus of further research. An added advantage of this 

approach is that this facility will also allow the adaptation of the Roles used in the 

System as the circumstances change. This will not only increase the robustness and 

adaptability of Multi Agent Systems, but will also allow them to remain useful for a 

longer period of time.
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7 Appendix A: Glossary
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Abstract Role Templates:Abstract Role Templates: A type of Role Template, which is used to provided

general guidelines on what behaviours are

acceptable with an Agent Community.

Administrative Features: The features of a Role which are concerned with

identification, and other administrative issues.

Adoption: see Role Adoption.

Agent: A computational (software or hardware) entity

which acts on behalf of another party, be it a user or

another agent. Agents are situated in an

environment and possess autonomous goal-directed

behaviour.

Agent Behaviour: The way that an Agent acts should be described by

the Roles that it is currently playing.

Agent Community: A collection of Agents within a System with similar

goals.

Agent Entity Type: The Metamodel artefact that is capable of

representing all possible Agents

Agent External: The features of an Agent which describe the way in

which it interacts with other Agents and its

environment.

Agent Goals: The combination of internal Agent State and

external environmental conditions that best describe

the purpose for the Agent’s existence.

Agent Internal: The features of an Agent which describe its internal

workings.
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Agent Mobility: The ability of an Agent to move within its

environment, possibly even to a new environment

Agent Role Framework: see Role Reuse Framework

Agent Role Template: see Role Template

Agent Role: see Role

Agent Services: The activities that an Agent can offer to complete

on behalf of others.

Agent State: The combination of the values of the internal

Feature of an Agent.

Agent System: A System consisting of one or more Agents.

Agent-Community: A group of agents situated in an system with a

closely shared goal.

Authority: An Agent’s ability to access features in the

Group/Community/System Environment, based

upon the level of trust assigned by the other Agents

in the system.

Autonomous: The ability of an Agent to act independently from

any direct outside influence.

Behavioural Responsibilities: The features of a Role that describe the way in

which it should act both internally and externally.

Behavioural Role Agent Interactions (BRAIN) Framework.:

A role-based framework for Agent interaction 

which aims to increase the cooperation and 

coordination opportunities with other agents & 

environments.
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Communication Guidelines: A set of recommendations which describe how an 

Agent playing a specific Role should interact with 

other Agents, using a certain Message-Schema, or 

protocol, The Communications Guidelines make up 

part of the Description of Behaviour, which is one 

of the Key Responsibilities of a Role.

Communication protocols: Specifies the sequence of messages between

interacting Agents playing certain Roles

Design Time: The stages in the Software Development Lifecycle

which is concerned with the Analysis, Modelling 

and Design of the System under consideration. 

Usually deals almost exclusively with Static parts of 

the system.

Environmental Necessities: The necessities that relate to the Agent taking on the

Roles, and its ability to See, Change and Use Facets 

of its Environment. If any of these conditions are 

not available then the Role can not be Adopted by 

the Agent.

Environmental Responsibilities:

Environmental, Agent Specific and Role Specific.

Facets: A feature of the Environment (as described in

FAML) which Agents can See Change Use.

FAME Modelling Language (FAML):

The notation which is designed to accompany the 

FAME framework.
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Framework for Agent Oriented Method Engineering (FAME):

A framework or metamodel for developing an

Group:

Agent Oriented Methodology, and therefore in turn

AO systems. It aims to provide a “supportive and

integrative framework to consolidate and strengthen

existing Agent Oriented methodologies”.

A collection of Agents with a shared set of Goals. A

group is generally smaller that a Agent Community.

Member of Group/Community Role:

A special type of Role whose only purpose is to

indicate the membership of a certain collective of

Agents, and inform them of their shared Goals.

Message-Schema: A set of rules that defines the way in which

messages are passed between two or more agents. In

particular the sequence of messages and responses

to certain messages.

Method Engineering: Also know as Process Engineering, is a formal way

of piecing together Method Fragments (e.g. work

products, producers, & work units) in order to create

a tailored process of method which best suits the

situation of the target Project, or System.

Method Fragments: A small section of a process or method, which is

used in Method Engineering to piece together,

tailored processes, methods or methodologies.
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Necessities: A feature of a Role, which describes the set of 

factors, that is necessary for an Agent to take on and 

hold a Role. These necessities do not guarantee that 

the Role’s Target will be achieved; they only 

indicate whether the Role has a reasonable 

expectation of completing its duties.

Normative Behaviour: The behaviour of an Agent that is normally

expected to occur given a set of stimuli. This term is 

used because the range of stimuli to an Agent in an 

Open MAS can never be mapped out completed so 

it infers a range of normal behaviours. It especially 

implies that the Agent will not behave erratically if 

it receives unexpected information.

Object Process Environment and Notation (OPEN):

A Method Engineering approach to generating 

Object Oriented Software Development Process. An 

influence on FAME.

Privilege: see authority
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Prohibited Agent Types /States:

A feature of a Role (agent specific necessities), that

specifies:

a) Which types of Agents are NOT allowed to

adopt the Role.

b) Which type of Agents, if present in the system,

will prohibit the Role from being adopted.

Agent Type is extended from just the Type of agent,

to mean the combination of Agent Type, Agent

State, and Agent’s Roles.

Responsibilities: The Characteristics of a Role that describe the

things that are expected of the Agent Playing this

Role. There are two types of responsibilities

Environmental & Behavioural.

Reuse Framework: see Role Library.

Role: A description of the Normative or expected

behaviours of an Agent. An agent is said to be

playing a certain Role.

Role Adoption: The act of an Agent starting to play a Role.

Role Entity Type: The classifier in the metamodel that characterises

the Role Classes needed for modelling

Role Framework: see Role Library

Role Index: A unique identifier given to a Role.
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Role Library: A facility placed within an Agent Community to

improve the ability of Agents in that Community to

Reuse Roles that the Community has seen before.

Role Model: The description of all the possible characteristics

that an Agent requires a Role to have, namely:

Responsibilities {see above), and Necessities {see

above)

Role Repository: see Role Library

Role Reuse: The ability of a Role to be picked up by Agents that

have not previously encountered the Role, and

possibly modifying the Role to suit their needs and

available services and resources.

Role Reuse Framework: see Role Library

Role-Aggregation relationship: The relationship between Roles where one Role

consists of the summation of other Roles

Role-Goal: see Target

Role-Model: The general characterisation of Roles used within

MAS.

Role-Templates: Roles are stored in the Role Library using a Role

Template. This contains all the information

contained in the Role Model plus some extra

information, which informs the Agents as to how

they can use and modify the Role.

Run Time: The stage of the Software Development Lifecycle,

where the system has been implemented and is

currently executing.
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Speech Acts: Literally: an act that a speaker performs when

making an utterance, but in this area of research,

Speech Act theory is used to define the semantics of

messages, in much the same way as a Protocol.

Tacking: The concept of moving to achieve a Goal, by using

several indirect goals to move closer to the final

destination.

Target: The purpose of Adopting the specific Role in terms

of the desired combination of Agent State and

Environment State that determine that the Role has

Served it’s purpose.

Trust: A measure of confidence in an Agent’s ability to

delivery services and resources, determined by its

previous interactions with other Agents within the

System.
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