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ABSTRACT

Agent system design is a complex task challenging designers to simulate intelligent
collaborative behavior. Roles can reduce the complexity of agent system design by
categorizing the roles played by agents. The role concepts can be also used in agent systems
to describe the collaboration among cooperative agents.

This chapter introduces roles as a means to support interaction and collaboration among
agents in multi-agent systems. It reviews the application of roles in current agent systems at
first; then it describes the fundamental principles of role-based collaboration and proposes the
basic methodologies of how to apply roles into agent systems, i.e., the revised E-CARGO
model; after that, it demonstrates a case study: a soccer robot team designed with role
specifications; and at last, this chapter presents the potentiality to apply roles into information
personalization.
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INTRODUCTION

Artificial Intelligence is the discipline aimed at understanding intelligent beings by
constructing intelligent systems (Castelfranchi, 1998). From a behaviorist’s perspective,
intelligent systems are those that can simulate human beings’ work that requires intelligence
including logic reasoning, problem solving, deduction and induction. A distributed system is
composed of many computers inter-connected via communication networks, which cooperate
and coordinate to accomplish a common task or goal (Coulouris et al., 2005). Multi-agent
systems are intelligent systems built on a distributed computer system. They are based on the
use of cooperative agents and organized with hardware/software components. In such
systems, each agent independently handles a small set of specialized tasks and cooperates to
achieve the system-level goals and a high degree of flexibility (Ahn, 2003; Gruver, 2004).
Multiagent systems are becoming more relevant to artificial intelligence (Al) (Bowling, 2002)
and can be used to implement distributed Al (DAI). The agent concept evolves from objects.
It is a combination of object-orientation and Al. The Al community claims intelligence as a
natural quality of agents and uses the traditional symbolic representation to describe agents.
Maes (1994) defines agents as computational systems that inhabit a complex dynamic
environment, sense and act autonomously in this environment, and by doing so realize a set
of goals or tasks for which they are designed. Wooldridge (1995) and Jennings (1996) define
agents as hardware-based or software-based computer systems that possess the following
properties:

e autonomy: agents operate without the direct intervention of humans or others, and
have some kind of control over their actions and internal state;

e social ability: agents interact with other agents (and possibly humans) via a kind of
agent-communication language;

e reactivity: agents perceive their environment, which may be the physical world, a user
via a graphical user interface, a collection of other agents, or perhaps all of these
combined, and respond in a timely fashion to changes that occur in it;

e pro-activeness: agents do not simply act in response to their environment. They are
able to exhibit goal-directed behavior by taking an initiative.

Normal objects can be thought of as passive because they wait for a message before
performing an operation. Once invoked, they execute their method and go back to “sleep”
until the next message arrives. A current trend is to design objects that not only react to



events in their environment, but also behave proactively. Therefore, in addition to traditional
object properties, an agent should also have the following characteristics:

e Active, i.e., an agent may act according to its internal states and goals. Note that an
object in its conventional meaning can only respond to the messages sent to it even
though many acclaim that everything is an object;

e Autonomous, i.e., an agent is not controlled directly by people; and

e Collaborative, i.e., agents need to collaborate with others to accomplish a complex
task.

Every agent is responsible for accomplishing a certain task. It can be considered as a self-
contained object of some class and involves itself with a specific environment. The
environment exists before agents are created. Agents should be designed such that they can
adapt to a constantly changing environment.

Agent design is a complex task challenging designers to simulate intelligent human behavior.
Searching and retrieving are considered expressions of intelligence. Roles can reduce the
complexity of agent design by categorizing agent responsibilities. Based on the theory of
search and retrieval, such separation greatly shrinks the search space and tends to
significantly increase agent efficiency in response to messages or events relevant to a specific
role.

In fact, multi-agent systems are simulations of human societies or virtual societies. To
simulate real societies, we need to understand their nature. A well-organized society should
encourage member contributions (Mills and Simmons, 1999). Similarly, distributed
intelligent systems should establish a healthy platform or environment for virtual participants
who contribute and work effectively. One can consider agents as virtual citizens in intelligent
systems. A capable political system promotes a harmonious and flourishing society. Good
architecture leads to a beautiful and long-lasting building. Clearly, a distributed intelligent
system requires good system architecture. A role-based design can provide such architecture.
Organizational and social psychological theory, suggests that an organization is composed of
three key elements: participants, goals and roles (Cyert, 1968). A goal is a mental
representation of a process, which expresses an agent’s internal anticipation and regulations
(Castelfranchi, 1998). Therefore, it is meaningful to use roles to express a participant’s goal
in an organization (Zhu, 2005). Furthermore, it can be said that roles, role relationships, role
players (agents) and role playing constitute all the aspects for distributed intelligent systems.
Roles are commonly applied concepts in many fields, such as sociology, psychology, social
psychology, behavioral science, management, and drama. Roles can be applied into people’s
natural organizations, task distributions, and system analysis, system design and system
construction (Alon, 2003). Therefore, the introduction of roles has many potential benefits
such as encouraging people’s contributions to collaboration (Zhu, 2005); even task
distribution; evolutionary expression; reuse, and the reduction of agent complexity.

An important goal of multi-agent systems is to obtain collective intelligence (Heylighen,
1999) through the organization of numerous agents. This chapter discusses the fundamentals
of Role-based Multi-Agent Systems (RMAS) by applying roles into the design and
implementation of multi-agent systems. This work is based on our previous one, i.e., the
Environments, Classes, Agents, Roles, Groups and Objects (E-CARGO) model (Zhu and
Zhou, 2006a).

This chapter is arranged as follows. Section 2 reviews the applications of role concepts in
agent systems; Section 3 describes the revised E-CARGO model for RMAS; Section 4
demonstrates a role-based architecture for multi-agent systems; Section 5 discusses the agent
evolution expressed by roles; Section 6 discusses the benefits and challenges of RMAS; and
Section 7 concludes the chapter and proposes topics for future research.



REVIEW OF ROLE CONCEPTS IN AGENT SYSTEMS

Betcht et al. (1999) propose an agent system ROPE which includes roles. They point out that
roles provide a well-defined interface between agents and cooperative processes. This allows
an agent to read and follow, normative rules established by the cooperation process even if
not previously known by the agent. Their major motivation to introduce such roles is to
increase the agent system’s adaptability to structural changes. They formally define a role as
an entity consisting of a set of required permissions, a set of granted permissions, a directed
graph of service invocations, and a state visible to the runtime environment but not to other
agents. Roles in ROPE are used to describe the separate behavior of an agent. Their paper
describes the architecture of ROPE but lacks a prototype system to demonstrate the
practicability and usability of this architecture.

Stone and Veloso (1999) point out that a role consists of a specification of an agent’s internal
and external behavior. They state that roles may be rigid, i.e., completely specifying an
agent’s behavior or flexible, i.e., leaving a certain degree of autonomy to the agent filling the
role. They introduce role concepts from their research on Al and model them via a robot
soccer team.

Depke et al. (2001) study role concepts in agent systems. In their approach, roles are modeled
as traditional classes. Thus roles are the latter’s instances. Roles encapsulate certain tasks,
responsibilities and goals of an agent. They conclude that roles can be applied into agent
systems for the following purposes: 1) to express the organizational structure of a multi-agent
system; 2) to specify interactions in a generic way; and 3) to serve as agent-building blocks in
class diagrams. A short-coming of this approach is that a role is deleted when the adopting
agent is destroyed. This can be an inaccurate depiction of reality. For example, should the
President of a country die while in office, people must elect another but not eliminate that
societal role.

In agent-oriented software engineering, Gaia methodology (Wooldridge et al., 2000;
Zambonelli et al., 2003) is proposed to support system analysis and design by taking a multi-
agent system as an organization. Analysis and design are well-separated phases, i.e., analysis
aims to develop an understanding of the system structures through role and interaction
models while the design phase aims to define agent details within the system. An important
contribution of Gaia is in modeling roles that accommodate agent rights or permissions. In
Gaia, roles are described with responsibilities, permissions, interaction protocols and
activities. The ideas on role application in agent-oriented software engineering are similar to
those expressed in our previous work (Zhu 2006d; Zhu and Zhou, 2006b).

In Organization-Centered Multi-Agent Systems (OCMAS) (Ferber et al., 2004), roles are
emphasized as an important element of organizations. A role is the abstract representation of
a functional agent position in a group. It helps overcome the drawbacks of agent-centered
multi-agent systems, i.e., an agent is open for the entire system; there are no constraints on
inter-agent accessibility; and agent interaction occurs directly. The roles in OCMAS are
similar to those in (Wooddridge et al., 2003). Group roles, as mentioned in (Ferber et al.,
2004), refer to roles in a group, i.e., an agent must play a role in a group. This definitely
incurs an argument of which should be based on the other: roles or groups (Zhu and Zhou,
2006a).

Cabri et al. (2005a; 2005b) discuss how to introduce roles into agent systems. The role ideas
in both Role-Based Access Control (RBAC) and modeling methodologies are reviewed.
Supporting roles at the implementation level is emphasized. Roles can be exploited by agents
at runtime in order to enhance their capabilities. A role can be thought of as a set of behaviors
and capabilities that agents can exploit to perform their tasks in a given context. A role is



temporary in that an agent must perform it within a specified period of time or context. It is
generic, in the sense that it is not tightly bound to a specific application, but expresses general
properties that can be used in different applications by different agents. Roles are related to
contexts so that each environment can impose its own rules and can grant some local
capabilities, forcing agents to assume specific roles. A role is described by four elements in
the XRole language (Cabri et al., 2002; 2005), i.e., name, description, keyword and action. A
unique name precisely identifies a role. The description allows designers to understand role
objectives in human-readable sentences. Keywords can also be used in role identification.
Actions allow for interactions among agents or execution environments. Roles in agent
systems are significant on two important fronts. From an environmental point of view, a role
imposes a defined behavior on the entities assuming it. From the application perspective, it
expresses a set of capabilities, which can be exploited by agents in carrying out their tasks;
and it can be used to support the separation of concerns of agents (Botha and Eloff, 2001).

It is arguable that roles are temporary. We can say that a person may play a role temporarily.
However, the lifetime of a role is often longer than an object or agent. For example, Mr. Bill
Clinton played a role as USA President for eight years while there is always the role called
USA President. A role serves as an abstract description of functions which must be fulfilled
in reaching an assigned goal. In the agent-oriented approaches, roles are a proper means of
refining agent-oriented modeling. However, they still lack a clear definition, e.g., how a role
is defined for a special agent. They still consider a role as a property of an agent that is
similar to the ideas in object modeling. There are some important aspects of roles left
unconsidered.

Odell et al. (2003; 2005) consider the aspects of roles from the viewpoint of theaters and
behavioral science. They refer to Biddle and Thomas (1966)’s and other psychologists’ work
and cite Shakespeare’s role concepts in theaters. They state that roles specify normative
behavioral repertoires for agents and provide both the building blocks for social agents and
the requirements by which agents interact. They emphasize the diversity and limited
capability of the roles agents can play.

Partsakoulakis and Vouros (2004) survey role concepts and mechanisms in multi-agent
systems. Roles are viewed as tools to manage the complexity of tasks and environments.
Roles are intuitively used to analyze agent systems, model social activities and construct
coherent and robust teams of agents. High degree of interactions, environment changes and
distributivity of roles are emphasized.

Roles are a useful concept in assisting designers and developers with the need for interactions.
They can help system designers focus on those conditions where social determinants are

more influential (Odell, 2003). Roles help the agent-application developers/designers to
model the execution environment. They also allow agents to actively recognize the
environment themselves (Cabri, 2004).

Agent systems are currently among the most active fields in role application. Most

approaches to agent-oriented modeling use only a few of the possible aspects of roles. Role
concepts are generally used in agent systems to describe the collaboration among cooperative
processes or agents. We call these roles agent-roles.

In agent systems, the following principles related to a role are widely accepted:

1) A role instance is deleted when an agent is destroyed, i.e., its lifetime depends on its
agents.

2) Roles are used to form different interfaces for agents in order to restrict the visibility
of features and to handle permissions for the access to the internal state and role
services of agents.



3)
4)

S)
6)
7)
8)

Roles have three functions: comprise special behavior, form the behavior of an agent,
and take a position in a group of agents.
A role specifies a position and a set of responsibilities that are made up of services
and tasks.
Roles are modeled as stereotyped classes.
Roles can be used for expressing the organizational structure of a multi-agent system.
Roles can be used for specifying interactions in a generic way.

Roles can be used as agent-building blocks in class diagrams.

From Table 1, one can obtain a good picture of the literature on roles as modeling
mechanisms in agent systems.

Table 1: Role as Modeling Mechanisms in Agent Systems

Year |Authors | Motivations Contributions Conclusions

1999 |Becht To increase the agent |Propose an architecure ROPE to [Roles can be used to support the
system’s adaptability |support roles in agent systems |coooperative processes among agents.
to structural change

1999 (Stone To provide a well- Propose a teamwork structure  |Agents can respond to changing
Veloso defined team with roles envrionments by dynamically changing

strucutre their roles.

2001 |Depke To analyse the Analyze the role requirement  |Roles can be used in many ways in
Heckel application of roles in |and propose a method to modeling agent systems, such as expressing

agent systems transform UML diagrams into  |an organizational structure, specifying
Kuster code interactions, and being agent-building
blocks.

2003 |Odell, et | To simplify the Enforce that the roles for agent |Roles are good implications of how agents
al. design of systems should be consistent behave in a group.

sophisticated agent with those in behavioral science
systems

2004 |Partsako- | To support the Emphasize the improtance of ~ |The extensive use of roles in implemented
ulakis collaboration among |roles for agent systems by systems shows the need for role-oriented
Vouros agents analyzing the properties of roles |thinking and modeling in agent system

in agent systems. development.

2004 |Cabri To investigate how Propose the framework BRAIN |The use of roles can bring different
Ferrari the concept of role that exploits the concept of role |advantages, in terms of separation of
Leonardi | ¢an be exploited in in different phases of the concerns between algorithmic issues and

agent systems and development based on a simple |interaction issues, generality of approaches,
how to simplify the  |yet general role-based model for |locality, and reuse of solutions and
related tasks interactions experiences.

2004 |Ferber To overcome the Propose organization-centered |The OCMAS with roles overcomes the
drawbacks of agent- |multi-agent systems by drawbacks of agent-centered multi-agent
centered multi-agent  |introducing roles systems.
systems

2005 |Cabri To support agent Implement a role interaction Roles can be more useful to design,
Ferrari interactions and infrastructure that enables Java |develop, and even maintain complex
Leonardi | Increase agents’ agents to dynamically assume  |applications, where there are many

adaptabilities and use roles at runtime interactions among interacting agents.

2005 |Odell To design a Continue their work of 2003 and | The metamodel enhances the
Nodine metamodel for agents |propose a metamodel for agents, [predictabilitiy, reliability and stability of

and groups roles and groups agent systems.
Levy




FUNDAMENTAL PRINCIPLES OF RMAS
Roles are appropriate tools for designing multi-agent systems since they can provide
platforms for agents to execute their tasks. A role describes both the service requirement and
the ability to provide services. With provided services, an agent does not need to bring with it
many things that are required by traditional mobile agents. In a traditional method, an agent
should be able to have their own facility to provide required services. Role-based methods
reduce further the traffic requirement for mobile agents.
Although role concepts and agent systems have been investigated for decades, their
combination attracted attention only several years ago. Only recently, in an agent community,
have roles been considered as an important concept and mechanism in assisting agents’
interaction, coordination and collaboration.
Although there is a common belief that roles are important concepts, until now no consensus
has been reached as to how roles should be represented and integrated into agent systems.
Even though role theory has been investigated in social psychology for several decades, there
is neither a unified theory nor commonly accepted specification tool for roles. Roles can be
taken as a highly abstract concept that is very flexible for players to enact. For example, a
manager role is highly abstract, different people taking the role manager differently. On the
other hand, roles can be a very concrete process description for players to follow. For
example, a labor worker role in a manufacturing production line is to perform rigid
operations and processes. Its players must conduct these operations and processes. There is
little or no flexibility in playing such a role.
From the literature relevant to roles, the following aspects of roles are discussed (Fig. 1):
Considering role expression, we have:

e Rights: Roles are entities that facilitate users (agents) in accessing system resources (files,

objects, and devices). Roles are tags or tickets attached to users to access objects.

e Responsibilities: Roles are entities that express different aspects of an object at different
context and time. They provide different services to the outside world. The rights of an
object are taken granted of all the objects in its context or scope.

¢ Both rights and responsibilities: in social psychology, people who live in a society should
take responsibilities and hold rights when playing a role.

.
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Fig. 1 The different views of roles
On the subject of concrete role specification, we have:



e Interfaces: Roles are abstract entities to express the interfaces between objects, agents or
people in collaboration. In this sense, roles only specify what the services are and what the
requests are. How the services and requests are processed depends on their players. We
can call them as interface-roles.

e Processes: Roles are concrete behavior describers in specifying the functions of an object,
agent or human. They specify not only what services and requests are but also how
services and requests are processed. We can call them process-roles.

To support role-based agent collaboration, it is necessary to construct a role-based agent
system that allows for agent cooperation and successful collaborative results. We must
understand the fundamental principles with which we need to comply. They can be
established based on many principles learned from modeling methodologies, software
engineering and intelligent system development.

With object-oriented principles, we can conceptually construct the underlying components of
a role-based system including classes, objects, messages, interfaces, agents, roles, and groups.
We can use agents to simulate human behaviors. The following four sets of principles related
to object, agent, role and group (Zhu, 2006a; Zhu and Zhou, 2006a) must be addressed when
one builds RMAS.

Obiject principles
Object-oriented methodologies are widely used in system modeling and software
engineering. A multi-agent system can also be considered as an object system at first. Its
development should obey the following object principles (Meyer, 1988; Kay, 1993; Zhu and
Zhou, 2003):
Ol:Everything in the world is an object. An object can be used to express everything in a
collaborative system.
02:Every system is composed of objects and a system is also an object.
03:The evolution and development of a system is caused by the interactions among the
objects inside or outside the system.
04:0bjects can be created, modified, and deleted.
05:A message is a way to activate services of an object.
06:An interface is a list of message patterns.
O7:The interactions among objects are expressed by sending messages that are requests to
invoke objects’ actions.
O8:Each object is an instance of a class. A class shows the commonality of a group of
objects.
09:A class X may inherit another class Y. Y is called a superclass while X is called a
subclass.
0O10: Classes can be taken as templates of objects.

Agent principles
To make real multi-agent systems and overpass object systems, agents should be
distinguished from objects. The agent principles are as follows:
Al:Agents are special objects that simulate the behavior of people.
A2:Agents can be created, modified, and deleted.
A3:Agents are autonomous. They should be able to reply incoming messages and send
outgoing messages based on their situations (Etzioni and Weld, 1995; Jennings et al.,
1998; Russell and Norvig, 2003).
A4:Agents are adaptive. They should be able to understand their environment and take
actions to change the environment and make it better for them to live (Etzioni and
Weld, 1995; Russell and Norvig, 2003).
AS:Agents are social. They should be able to interact with other agents (Jennings et al.,
1998; Russell and Norvig, 2003).



A6:Agents are collaborative. They may join a group to work for a common goal or quit a
group if they do not want to cooperate more.

A7:Agents are flexible. Not all actions of agents are predicted. They can dynamically
choose which actions to invoke, and in what sequence, in response to the state of its
environment (Jennings et al., 1998; Russell and Norvig, 2003).

AS8:Agents are mobile. They are able to transport them from one site to another in a
system (Etzioni and Weld, 1995).

Role principles
Based on the discussion of Section 2, we derive the following role principles:
R1:A role is independent of agents.

A role should be defined separately. It is commonly understood that a role depends on
objects in object systems. In collaboration, however, collaborators do not necessarily
care about who services them as long as the service is performed to their expectation.
For example, professor X in a university may ask for services from the technology
service department. X does not care who provides the service so long as they are
performing the role of technician.

R2:A role can be created, changed and deleted.
A role includes both responsibilities (the service interface) when an agent is taken as a
server and rights (the request interface) when the agent is taken as a client. To specify
a role means to specify both responsibilities and rights. A role does not accomplish
the tasks specified by the responsibilities. Only agents playing the role accomplish the
tasks.

R3:Roles can be interface-roles.
As for the service interface, a role is actually a filter of messages sent to an agent.
This filter only allows passage of the messages relating to the role played by the agent.
As for the request interface, a role expresses or restricts the accessibility of an agent to
the system.

R4:Roles can be process-roles. In such roles, what to do, how to do it, and what to access
are all rigidly specified.

R5:Roles are taken as media for interactions.
Interactions among agents are based on their roles, i.e., a message to request
collaboration with other agents is sent to the relevant roles they are playing. Roles
emphasize that the message receivers are firstly roles but not agents. Any available
agent playing a role can respond to the messages received by the role.

R6:Playing a role means that the agent is attached to a role. A role can be played by one
or more agents at the same time.

R7:An agent may adopt one or more roles but can perform only one at a time.

R8:Roles can be used to support indirect and direct interactions.
For direct interactions, each role has exactly one agent to play. For indirect
interactions, each role has multiple agents to play. In the former case, identifying a
role means identifying an agent. In the latter, identifying a role does not mean
identifying an agent.

R9:Roles can have hierarchy relationships. Higher level roles can be taken as goals for
agents playing roles at lower levels.
In long-term collaboration, autonomous agents such as human beings may hope to
play higher level roles as their careers advance.



Group principles
In reality, people work in a group and may hold multiple roles. Every work setting involves
groups of individuals. To accomplish a common task, the group members, i.e., agents,
interact with each other. We should follow the principles as follows.
G1:A group is necessary to build a multi-agent system.
G2:A group can be created, changed and deleted (Chockler et al., 2001).
G3:Before specifying a group, we must specify all the roles in it.
G4:Group formation allows agents to join the group and play roles. They are named as
the members of this group.
G5:A group can be embedded, i.e., one group may be an object in another (Tanenbaum
and van Steen, 2002).
G6:A group can be overlapped with other groups, i.e., the members may belong to two or
more groups (Tanenbaum and van Steen, 2002).
G7:A group can be public or private (WebBoard™, 2006).
Public means that all the agents in the system can join the group. Private means that
joining a group is controlled by a special agent who plays a special role called
moderator.
G8:A group can be open or closed (Coulouris et al., 2005).
Open groups mean that new agents are permitted to join the groups while closed ones
allow no further membership.
The above four sets of principles are reflected in the revised E-CARGO model to be
discussed next.

THE REVISED E-CARGO MODEL FOR RMAS

To collaborate, people generally join a group or organization. All individuals should have
clear positions within a group and their roles should be related without causing interference
(Zhu and Zhou, 2006a). Unclear role specification may create dysfunctional ambiguity and
conflict in an organization (Bostrom, 1980), while clear role definition and specification can
help people collaborate effectively in a group (Becht et al., 1999). Role conflict and
ambiguity are causes of stress in organizations. Role conflict means situations in which
individuals do not know how they should behave due to differing expectations. Role
ambiguity means a situation in which individuals do not know exactly how they are expected
to behave based on of vague, abstract expectations (Ashforth and Mahwah, 2001; Miner,
1992). A collaborative learning environment may have to establish and assign well-defined
roles to participants to foster interaction (Singley, 2000). Dynamic role assignment requires a
stable basis to improve productivity and performance. By “dynamic” we mean that role
assignment and reassignment occur during collaboration. People may be expected to
dynamically change their roles according to the needs of the group and organization
(Dafoulas and Macaulay, 2001; Ould, 1995). Therefore, roles are required to be taken as
underlying mechanisms in collaboration, yielding a concept of role-based collaboration (Zhu,
2006a; Zhu and Zhou, 2006a; Zhu and Zhou, 2006b).

E-CARGO (Zhu and Zhou, 2006a) model is proposed to support collaboration among people
by using computer systems. It formulates role-based collaboration by providing underlying
components such as classes, objects, agents, roles, environments and groups. With the
support of E-CARGO model, people can practice role-based collaboration easily and
naturally.

Based on the principles discussed in Section 3, the E-CARGO model needs to be revised to
support RMAS. In this revised model, human users % in the original E-CARGO model are
removed to emphasize the autonomy of agents.
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Object and Class
From the viewpoint that everything in the world is an object and every object has a class, an
object must be (Kay, 1993; Meyer, 1988; Zhu and Zhou, 2003)
e ‘“uniquely identified. i.e., any object should carry a unique identification;
e “created or destroyed”; and
e ‘“communicative. i.e., an object can exchange messages with other objects.
It may be
e “nested. i.e., a complex object has other objects as its components (which in turn may
have object components);
e ‘“active and autonomous. i.e., an object may respond to messages without people’s
intervention; and
e “collaborative. i.e., collaborative relationships among objects arise when they
exchange messages.
We use agents to express the objects that possess all the properties discussed above.
Considering the general meaning and properties of objects, we can express a class by a
quadruple.

Definition 1: class. ¢ ::=<n, ©, F, X>where

e n1is the identification of the class;
e (Dis a data structure description for storing the state of an object;
e Fis a set of the function definitions or implementations; and
e Xis aunified interface of all the objects of this class. It is a set of all the message
patterns relevant to the functions of this class. A message pattern tells how to send a
message to invoke a function.
We use ¢ to express a specific class and ( the set of all classes. Next, we define an object
based on a class.
Definition 2: object. o ::=<n, ¢, s> where
e nis the identification of the object;
e cis the object’s class identified by the class identification or name; and
e sis a data strucutre whose values are called attributes, properties, or states.
We use oto express a specific object and O the set of all the objects. The above two
definitions comply with object principles O1-9.
Agent
An agent is defined as an entity consisting of a set of provided services (Castelfranchi, 1998).
An agent a is a special object that can simulate the intelligent behavior of human being. It is
different from objects in that it responds to messages based on its current state but
conventional objects respond to messages directly.
Definition 3: agent. a::=<n, ¢, 5, 7, Rpy Ny, €1, €5, @, u>, where
e nand shave the same meanings as those in Definition 2;
e, is a special class that describes the common properties of agents;
e r.means arole that the agent is currently playing. If it is empty, then this agent is free;
e Q®,means a set of roles that the agent is potential to play (7.¢ a.®Ry);
e 9\, means a set of identifications of groups that the agent belongs to;
e <g, > expresses the processing capacity for an agent, where e, expresses how many
units of free time it has and e, expresses how much memory space it has. <e, e;>can
be reset based on the performance of an agent’s services. Even though the time in one
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day is 24 hours, a person may have different e; and e; based on their processing
capacities including the working efficiency, attitudes, and goals;
e gy expresses the past performance or credits of serving others; and
e uto expresses the workload of the agent.
This definition complies with agent principles A1-8. ¢, and s are used to reflect A1-2. N, N, e,
es, o, and uare used to reflect A3-8. To support its functionality, an agent should have the
knowledge about groups, classes, objects and other agents in the system. 4 denotes the set of
all agents.

Message
Interaction is a necessary entity for collaboration. To facilitate interactions among roles while
following the principles O3-5, messages are used.
Definition 4: message. m ::=<mn, v, [ ®, t, p> where

e nis the identification of the message;

e vis null or the receiver of the message expressed by an identification of a role;

e [is the pattern of a message, specifying the types, sequence and number of

parameters;

e @is a set of objects taken as parameters with the message pattern £ where Pc O;

e ¢ is atag that expresses any, some or all-message and

e is the weight for an agent to collect its credit for promotion. If an agent responds to

this message, the agent receives the weight and adds it to its credit.

In a traditional object model, we concentrate mainly on objects and their classes because
executable programs run automatically with little interaction with users at the system level. A
traditional object-oriented paradigm emphasizes the messages accepted by a class of objects.
However, it does not give much consideration to the messages an object may send out. In this
model, we emphasize that a role is a message receiver and a user sends messages through
roles. In this definition, if vis null, this message is an incoming one to be dispatched by the
role to an agent and ®and ¢ are meaningless. If v is an identification of a role, it is an
outgoing message that should be dispatched by the role specified by the message. Outgoing
messages should be filled with @ (it can be empty) and ¢. We divide the outgoing messages
into three categories by ¢, any-message, some-message and all-message. By any-message we
mean that the message may be sent to any agent who plays the role. Some-message means the
messages should be sent to some agents playing the role and all-message means that the
messages should be sent to all the agents who play the role.
We use mto express a message and M the set of all messages. We call m a message template
if its ®1is not specified completely.

Role

A role can show the specialties of some users. It provides them with not only message
patterns to serve others but also message patterns to access objects, classes, groups and other
roles.

Definition 5: role. r::= <n, I, No, N, e, e, R, Rs, > Where,

e n1is the identification of the role;

o =< My M >denotes a set of messages, wherein, M;, expresses the incoming
messages to the relevant agents, and M, expresses a set of outgoing messages or
message templates to roles, i.e., Miy, Mows < M;

e AN.is aset of identifications of agents that are playing this role;
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® 9\ is a set of identifications of objects including classes, environments, roles, and
groups that can be accessed by the agents playing this role;

e ¢.and e are used to express the processing capacity requirement, where e; expresses
how many units of free time it requires and e, expresses how many units of space it
requires. <e, e;>expresses that an agent must possess at least <e,, e;>to play this role;

® ®, is the super roles;

e R®; is the subordinate roles; and

e is the required credits for an agent to play this role.

This definition follows role principles R1-10. Iis used to reflect R3-7. A, and 9V, are used to
reflect R8-10.

In a run-time system, M, is a subset of X (interface) of (. (set of special classes describing
common properties of users) of an agent a that plays this role. The elements of M,,.are
constructed with the sub-sets of M;,of other roles. Suppose that we have at least one agent
playing a role, for roles r; and 7 (i #]),

vm,(m, ern.M,; - Ja(m, eaC, . X raner.N,)

My, (Mg, € 6.My, =3 (= j,3m, (M, e M Aam=mg,.))

ut out

where mj, expresses an incoming message Mip€ M, and Mgyt an outgoing message (Mout€ Moy).
In Definition 5, accessing means obtaining all the services the objects provide. Note that we
separate agents from objects to emphasize that a role is the media to access agents. The only
way to interact with other agents is by sending messages to roles. Denote by R® the set of all
roles.

N in Definition 5 and %; in Definition 3 are just sets of identifications of agents and roles.
They might be empty at the beginning. They are used to express the dynamic properties of
roles and agents. If |NJ=0, the user represented by the agent is playing no role. If | NJ=0, the
role has not been played by any agent. When we issue a message r.addAgent(a), we mean
that we add the identification of agent a to role r and the identification of rto a.

To facilitate role playing, roles should constitute a hierarchy. A role hierarchy is actually a
partial order on roles ® and a relation >, i.e., (R, >).r, > r,means that r; is a super role of 7. To
express this hierarchy, we need an item in the role entity to accommodate the identifications
of subordinate roles and super roles. Note that this relationship expresses the promotion
direction for roles.

Environment

In reality, people collaborate in an environment. People normally build groups in an
environment. We can mimic a play on a stage. The stage is the environment. The play or
collaboration is performed by a group of actors. Therefore, we introduce a new concept to
facilitate the definition of a group.

Definition 6: environment. ¢ ::= <n, 8> where

e 1 1s the identification of the environment; and

e Bis a set of tuples of role, number range and an object set, B ={< n,, g, N;>}. The
number range g tells how many users may play this role in this environment and g is
expressed by (lower, upper). For example, ¢ might be (1, 1), (2, 2), (1, 10), and (3, 50). It
states that how many agents may play the same role rin the group. The object set N,
consists of the objects accessed by the agents who play the relevant role. By “complex”
we mean they are composed of other objects. The complex objects in N, are mutually
exclusive, i.e., one complex object in this set can only be accessed by one agent (user).
For each tuple, we have the inequality: glower <| N, |< qupper . In fact, |N;| expresses the

number of resources for agents to access.
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For example, a computer science department can be expressed as an environment:
e 1= Department of Computer Science;

e Bhas five tuples as its members, i.e., B= {<chairperson, [1, 1], {a chairperson
office}>, <associate chairperson, [1,3], { one to three offices for associate
chairpersons }>, <secretary, [1,5], { one to five offices for secretaries }>, <computer
administrator, [1,4), { one to four offices for administrators }>, <faculty, 3, 15],
{three to fifteen faculty offices}>}. It implies that one chairperson, one chairperson
office; one to three associate chairpersons and one to three offices for associate
chairpersons; one to five secretaries and one to five offices for secretaries; one to four
computer system administrators and one to four offices for administrators; three to
fifteen faculties and three to fifteen faculty offices.

Denote by E the set of all the environments in a system. All the roles in an environment have
access to it. With this definition, we know that prior to environment creation, roles must be
specified. At the same time, before we specify a role, we need to create objects for the roles
to access.

Group
Agents work in a group and hold roles. Every work setting involves groups of individuals. In
a group, to accomplish a task, the group members (agents) interact with each other. We can
define a group as a set of agents playing roles in an environment.
Definition 7: g = <n, ¢, 7> where

e nis the identification of the group;

e ¢is an environment for the group to work; and

e Jis a set of tuples of identifications of an agent and role, i.e., J={<n, n, n,>|

3q,n,(n, e N)A(<n,,q,N, >ee.B)}.
Definitions 6-7 comply with group principles G1-8. nand e are used to reflect G1-3; eand 7
are used to reflect principles G4 and G5.
Suppose U (|{nd3n,,n, (<n,,n.,n, >eJ)}|) agents in the group, V (|{nf3n_,n,(<n,,n,,n, > ) }|)
roles in the environment e of a group and one agent plays exactly one role in the group. g;
means the role number range for the ith role, g.upper means the upper limit of the number of
the agents playing the ith role and g¢.. lower means the lower limit, we have the following
inequality for a group:

\ \
> q;lower <U <" q;.upper -
i=1 i=1
It means that every agent must play a role in a group, an agent may join the group only when

vacancies are available for a role, and there must be a number of agents to play relevant roles.
It also follows principle G8, i.e., an open group. The group is closed if y — i“ g, upper -
i=1

If we want the resources in an environment to be fully used without waste, we should keep
the equality, ibi'| N, |= J | for eachp, e Bin group g.
i=1

Clearly, ZV: b..| N, [> J | means that there are more resources than the required while

i=1

ibi'| N, < J means that there are not enough resources.
i=1

For principle G6, we can state that g; is embedded in g if
{n.130,N,(<n;,q,N, >€g,&B)} = {n, [30,N,(<n;,q,N, >€ g, &B)}

{n, |3n,n,(<n,,n.,n, >€9,.d)}c={n, |3n,n,(<n,,n,n >9,.J)}-
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For G7, we can state that g; is overlapped with g if
{n, [3g,N,(<n,,q,N, > g,eB)} n{n, |39,N,(<n,,q,N, > g,eB)} = ¢
{n, |3In,n (<n,n.,n, >0, d)N{n, |3n,n(<n,n,n >€9,J)}#¢
For G8, we can state that g is public if g is in all the roles’ object sets (vr(reR — gner.N,))
and g is private if g is in only some roles’ object sets (3r(reR,gngr.N,)).
The computer science department of Nipissing University is a group, where:
e 1= CS department of Nipissing University;
e ¢=the computer science department environment; and
e Jincludes all the <agent, role, object> tuples expressing its members, their roles and
their accessible offices.

The above definition of a group states this fact that without the users’ participation, no
collaboration would be performed.

We use gto express a specific group and ¢ the set of all groups. The relationship between an
agent and a group is similar to that between an agent and a role.

After a group is built, users can log in the system, join it by playing a role, and access a
relevant object, and interacts with each other. To support a group to work is basically the
routine function of a collaborative system. In this definition, for group g, role , agent a and an
object o, we have such a relationship:

ane{bl<b,r,o>egJ}—>aner.N,.

i.e., joining a group means playing a role, but not vise versa. Therefore, a role is independent
of groups.
Now, a role-based multi-agent system 2. can be described as an 8-tuple > ::=<(C, 0, 4, M, R, E,
G, so> where

e (is a set of classes;

e s aset of objects;

e 1is a set of agents;

e Mis a set of messages;

e Ris aset of roles;

e Eis a set of environments;

e (is aset of groups; and

e s is the initial state of the system.
With the above revised E-CARGO model, we can restate what Shakespere (As You Like It,
Act 11, Scene 7) said with the above notation: “All the world (C, O) is a stage (), and all the
men and women merely players (4); they all have their exits and entrances (2, G, s0); and one
man in his time plays many parts (®).”

ARCHITECTURE OF RMAS

We can specify an agent’s role using two components: the service interface, including
incoming messages, and the request interface, including outgoing messages (Zhu and Zhou,
2006a). The human icon in Fig. 1 can be an agent, object, group or system. Hence, the roles
applied in an agent system should be concerned with two aspects of roles: responsibilities and
rights, because a player (an agent, or an object) should perform the service upon request and
send out messages to seek other players’ services. With the revised E-CARGO model, we
know that every group has an environment in which agents play roles.

With roles, to form a group of agents who collaborate to complete a defined task, we suggest
the following steps:
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Define roles required by the task (7);

e Connect the roles with structures (e, ¢, 0);

e Design agents based on roles (a); and

e Release agents to play roles in the group (g).
To accomplish the above tasks, we need to provide tools as follows:

e Role specification;

e Role registration;

e Role match;

e Agent release; and

e Agent migration.
To develop an RMAS, the main tasks are specifying roles and the relationships among them,
specifying role players and assigning roles to them. In the system design, roles are created,
specified and connected into a net, called role net (Fig. 2). A system architecture, in fact, is an
environment e of the E-CARGO model.
To provide a concrete system, we need to obtain the architecture with roles and role
relationships, create agents that can play roles, assign agents with roles, and then allow agents
to play roles. Hence, to develop an RMAS, we have the following steps: architecture design,
agent implementation, and system integration (Zhu, 2006b).

Architecture design
In this step, the major task is to build role nets (Fig. 2). A role net is a blueprint of agent
collaboration and is composed of roles, requests and services.
The basic procedure is as follows:
1)Identify roles. Analysts extract roles from the problem descriptions.
2)Specify roles. Designers describe the incoming and outgoing messages for the roles.
3)Specity the role relationships. Designers describe the relationships among the roles,
such as classification, promotion, request/service, and conflict.

Keys:
E :Role; —@ :Requests; —] : Services;
—@>—— : Combination of Requests and Services.

Fig. 2. Role Net: Architecture Design

Agent implementation
The major tasks in this step are to design and implement qualified role players, i.e., agents

(Fig. 3).

RMAS implementers are mainly concerned with implementing agents. An agent might be a
machine, a computer, a robot, a hardware component such as a sensor, or software
component such as a process.

There are two possible explanations as to why an agent does not work: one is that the
designers have not specified enough requests (or rights) for the roles; or the agent developers
have not completely applied the specified requests (or rights). Designers should concentrate
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on specifying roles and the relevant requests and services. They need only care about high-
level role specifications and role request/service relationships. That is, which roles should be
in a system; which rights roles should possess and which services roles should provide. Agent
developers will work primarily on how to implement the services with the provided requests.

WA

A A, Az Ay

D

A5 Ae A7 A8 A9

Keys: T : Agent.

Fig. 3. Agents: Implementation of Role Players

System integration

The major task of system integration is to have agents play roles (Fig. 4), where “active
roles” means that the relevant agents are qualified to play the relevant roles and “current
roles” means the agents are currently playing the roles. They are discussed in detail in Section
6. Agents and roles are combined together to make a whole intelligent system executable.

Keys:

A7 A8

As
:Role; —@ : Requests; [>— : Services; ﬁ( : Agent; «—» : Current Role;

«¢---p: Active Role; —@ > : Connection of Requests and Services.

Fig. 4. System Integration: assigning roles to agents
A multi-agent system can be built by integration, i.e., assigning agents with roles, or having
agents play roles. This step builds a deliverable and workable intelligent system (Fig. 4). At
this step, agents are put onto the role nets, and match a role or roles to play. If each role has a
relevant agent to play it and the agent can provide enough space and speed required by that
role, the system is completed and workable.
Evidently, the above three steps can be done by specialists such as designers, agent providers,
and system integrators who possess differing levels of experience and training. The
integration step shows significant scaling capabilities based on assignment of sufficient
agents to perform a single role. The efficiencies of agents as supplied by different agent
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providers may vary. Based on these differences, the managers of a development team must
have concrete evaluation criteria for these providers.

From Figs. 2-4, we find that a system is designed when roles are designed and specified.
System construction involves the design of agents that are qualified to play roles then arrange
for agents to play those roles.

From Figs. 2 and 3, we know that software design establishes roles and their relationships
while system implementation calls agents and have them play roles.

Based on the above discussion, we find that the specialization of designers and that of agent
providers are totally different. Designers are experts in role specification, role relationship
analysis and role structure design. Agent providers are experts from different professions
with special skills in the creation and provision of agents qualified to play roles as specified
by designers. They require different consideration, expertise, and knowledge.

This specialization really separates designers and agent providers. This will lead to the real
separation between system design and system implementation.

We also need other experienced specialists to match agents and roles. They understand agents
and roles. They are match-makers for roles and agents. They are the bridges between design
and implementation. Match-making is their major tasks. These specialists are a totally new
type of system developer.

AGENT EVOLUTION IN RMAS

To build RMAS, we need to take roles as nodes in a distributed structure or architecture.
Agents will be placed on it to do jobs. An agent can be an organization, group, person,
system, machine (computer), or component of a machine.

Agents in a system work actively and collaboratively toward the common goal of the system.
Introduction of a new agent to the system is done for a specific reason. Role performance is
the reason why agents are created, modified and transferred. An agent should be able to adopt

appropriate roles as demonstration of its ability and transfer roles to demonstrate mobility.
The evolution of agents is based on their adaptabilities (Hayes-Roth, 1999). Agents are
required to adapt five aspects of an intelligent system: perception strategy, control mode,
reasoning tasks, reasoning methods, and meta-control strategy. Roles are a great tool to
describe the evolution of agents in an intelligent system and improve their adaptability in the
system. Past, active, current and future roles can well express the evolution of agents.

Future roles

In our society, people strive to be a great person within a great group. This situation was
described early in 1970s by Maslow's hierarchy of needs (Maslow, 1970). Every person has a
goal in a society. A goal is a controlling or guiding state that determines the action of search
and selection and qualifies a person’s success or failure.

In a society, roles are organized in a ladder mode to encourage people to pursue higher
positions and obtain increased respect. These ladder modes can be seen almost everywhere.
In a university, there is a ladder from assistant professor to full professor. In a software
company, there is a ladder from programmer to senior programmer. In an army, there is a
ladder from the lowest rank, recruit, to the highest rank, general. All of these ladders aim at
encouraging people to work in order to obtain progressive promotion. Fig. 5 indicates
examples of role hierarchy (or a ladder). A role hierarchy is actually a partial relation of roles,
say, <® <>, where R is as defined in Section 4 and r; < r, means r; is a sub-role of r»and r;is a
super-role of r;. For example, in Fig. 5, Assistant Professor <Associate Professor, Full
Professor < Distinguished Professor, and Research Member < Research Fellow.
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Distinguished Professor

| Project Manager

Full Professor Research Fellow /
System Analyst
Associate Professor Senior Research Member I
System Designer Testing
Manager

Assistant Professor Research Member .
Senior Programmer

~. 7 ‘

Intermediate Level -
PhD Holder Programmer Senior Tester

T I I

PhD Candidate

Entry Level Programmer | Entry Level Tester |

(2) (b)

Fig. 5 Examples of role ladders for (a) a researcher and (b) a software developer.

When an agent lives in a role net, it tries to achieve its future roles through hard work. By
“future. we mean the roles an agent hopes to play in the future. To be qualified to play the
future role, the agent must collect credits by serving other agents in the system. Therefore,
roles can be taken as goals for agents in a role-based agent system. Gradually, agents
approach their goals.

The current roles and active roles

From daily lives, we know that a person may play many roles during a period. For example, a
person might be a professor, technical consultant and project manager in the same year. To
express this situation while obeying the principle “a player plays only one role at a time”

(Zhu and Zhou, 2006a), we need to differentiate the concepts of active roles (®,in E-CARGO)
and the current role (. in E-=CARGO). By “active roles”, we mean the player still responds to
the messages relevant to these roles but with delayed or scheduled responses. Sometimes, an
active role should be transferred to the current role to respond to the messages. By “current”,
we mean the agent is currently playing this role, i.e., it directly responds to the messages
relevant to this role. These concepts are used to express the current state of an agent.

Active roles are the roles a player is holding and they are ready to respond to messages. The
current role is the role that can immediately respond to messages coming to it. That is to say,

a role player can hold many active roles at the same time but it holds only one current role at

a time. By holding only one current role, we can avoid role-role conflicts (Nyanchama, 1999).
Active roles can also be used to express the meaningfulness of role transition, i.e., changing
the current role from one active role to another.

Past roles

To express an agent’s dynamic and evolving situation, we must consider the passage of time.
To completely express a live agent, we need to track past, current, active and future roles.
This requires tracking of an historical record. We are then able to answer a question such as:
What roles did an agent play in the past? To accomplish this task, we need to introduce the
concept of past roles. By “past roles”, we mean those already performed by an agent then
discarded. Fig. 6 shows the roles and the time segment used by an agent in their performance.
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Suppose a person plays a student role again after playing a project manager role, should we
create a new role instance or replay the original role instance? This will depend on actual
requirements and the situation. If it is really a different one, say, a graduate student, we need
to create a new role instance. If he/she really plays the same student role instance as before,
he/she should replay the original role instance.

Roles

R,

R, —

An object te Time
is created.

Fig. 6. The role play graph showing the roles an agent plays.
The horizontal axis stands for time and vertical one for roles. To view an agent’s evolution,
we can concentrate on its role transition along the time axis. In Fig. 6, the current roles are
expressed by the bold line segments and the active roles by thin lines. A bold line segment
expresses a past role. Suppose that the current time is t.. The past roles of the agent in Fig. 6
were Ri-R3, the active ones are R;, R4 and R,,, and current one is R,,.

Role playing rules
To accommodate agent evolution, there should be a role engine that provides a method to
attach an agent to a role and a method to find an agent to execute the message. These
methods affect the promotion of the agents, i.e., to play more high level roles. They should
check if the agent can be attached to the role and return true or false as a result and dispatch
the messages evenly and without bias.

To determine if an agent is qualified to play a role, there are several criteria:

e The agent must provide methods to cover all the incoming messages for the role;

e The agent must collect enough credits;

e The agent must have the needed processing capacities;

e At least one role the agent is playing belongs to the sub-roles of this role if the role has

sub-roles; and

e When a role is approved for an agent, the processing capacity <e, e>> of the agent

should be decreased When an agent releases a role, <e, e>> should be increased.

To manage credits, we assign a weight for each incoming message of a role. When we
specify a role, we can assign incoming messages to a role and set the specific weight for the
role. That is to say, the same incoming messages can have different weights for different
roles. When an agent successfully executes a method relevant to an incoming message, it
collects the weight of the message to increase its credits.

CASE STUDY

With the revised E-CARGO model discussed as above, we can define a soccer team with the
4-4-2 formulation as an environment as e; = {<goalie, [1], >, <defender, [4], >, <midfield,
[4], >, <forward, [2], f>, <goalie, [1], >}, where, f = {the gate, the field, the ball}. A 3-6-1
formulation can be described as e; = {<defender, [3], >, <midfield, [6], f>, <forward, [1], f>,
<goalie, [1], >} (Zhu, 2006c¢).
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If we specify the team in a more clear way, the environments are: e; = {<goalie, [1], >, <left-
defender, [1], £>, <right-defender, [1], £>, <mid-defender, [2], f>, <left-midfield, [1], >,
<right-midfield, [1], f>, <mid-midfield, [2], £>, <left-forward, [1], £>, <right-forward, [1], £>,
<goalie, [1], £>}. e, = {<left-defender, [1], >, <right-defender, [1], >, <mid-defender, [1], f>,
<left-midfield, [2], £>, <right-midfield, [2], f>, <mid-midfield, [2], >, <left-forward, [1], >,
<goalie, [1], £>}.

The environment e; can be shown as in Fig. 7, where R;-R4 are defender role instances, Rs-Rg
are midfielder role instances, Ro-R o are forward role instances, and Ry is the goalie role
instance. Fig. 7 also shows some relationships among roles. For example, Ry can request R,
Ry, R3, and Ry4; R; can request Rs and Rg; and R3 can request R; and Rg.

Robots are designed and built to possess similar hardware abilities. They can sense, move,
control a ball, and kick a ball.

Keys:
E :Role; —@ :Requests; ——] : Services;

——@ >—— : Connection of Requests and Services.

Fig. 7. An environment for a soccer team with the 4-4-2 formation.
For roles in a robot soccer team, a role can be specified as how to behave with Java (Zhu,
2007). For example, a forward role segment can be specified as:
public class forward extends Role {
public forward(Robot nearest) /IConstructor of the Forward class
{ /linitialize the states of a forward at the beginning of a game
distanceToNearestForward=140; //half of the field width
distanceToGate=230; /lless than the half of the field length
distanceToGoal=30; /It depends on the power of the robot
newrestForward=nearest;
ballHoldState=false;
blockedToGoal=true;
}
public void start(){
while (true)
{ if (IballHoldState) moveToBall();
if ((ballHoldState)
&& (distanceToGate >= distanceToNearestForward)
&& (distanceToGoal >= distanceToGate)
&& (!blockedToGoal) )

goal();
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if ((ballHoldState) && ('blockedToGoal))

pass(newrestForward);
}
}
private void moveToBall()
{ /Imovel to the ball;
}

private void goal()
{ /Ikick the ball to the gate;

}

private void pass(Robot r)

{ /Ipass the ball to the robot r;
}

private double distanceToNearestForward,;

/lin centimeters. The field size is 440 cm x 280 cm (Weiss and Reusch, 2005).
private double distanceToGate; //in centimeters

private double distanceToGoal, /lin centimeters

private Robot newrestForward,;

/lan robot playing a Forward role. Robot is a class to describe all robots.

private boolean ballHoldState; /ltrue means holding the ball and false not.
private boolean blockedToGoal; //true means blocked and false not.

Keys:

:Role; —@ : Requests; [>— : Services; T : Robot; «— : Current Role;
<«—--p Active Role; —@ > : Connection of Requests and Services.

Fig. 8. A robot soccer team.

To organize a robot soccer team specified by Fig. 7, we can have 11 robots and assign them
role instances (Fig. 8). Robots with limited power (electric and computing) and memories are
often assigned to play similar roles as shown in Fig. 8. In such a situation, the role transfer for
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each robot is limited. When robots are developed with enough power and memories, many or
all roles can be assigned to every robot. Role transfers are triggered with events activated by
the sensors and conditions predefined. Fig. 8 expresses that this formation is dynamic. It is
initially 4-4-2. When attacking, it might evolve into 2-4-4. When blocking, it might be 4-6-0.
This totally supports the dynamic role allocations for agent that are required in a robot agent
team (Chaimowicz et al., 2002; Stone and Veloso, 1999).

INFORMATION PERSONALIZATION WITH ROLES

Because of the vast quantity of information on the Internet, it is difficult for users to find
information appropriate to their interests. It is necessary to filter irrelevant information from
that presented to Internet users (Abidi and Zeng, 2006). Information personalization refers to
the automatic adjustment of information content, structure, and presentation tailored to an
individual user. It is obtained by reducing information overload and customizing information
access. Information personalization is important in the development of a user-friendly
interface to the Internet. It constitutes the mechanisms and technologies required to customize
information access to end-users.

However, it is difficult to capture requirement specifications independent of particular
personalization algorithms or techniques (Haase et al., 2004, Perugini and Ramakrishnan,
2003; Ramakrishnan et al., 2007). It is not practical for users to set their personal filtering
preferences because many lack sufficient computer-literacy and they wish to limit their
experience to clicking buttons or selecting menu items. Role-based approaches are a good
trade-off between an easy end-user experience and the filtering out of irrelevant information.
Roles enable users to easily set interface preferences relevant to their jobs. Through roles,
common interfaces for specialized information can be designed thus filtering much irrelevant
information.

Information personalization needs to address the following requirements (Abidi and Zeng,
2006):

1) The personalized information should be relevant to the interests of the user. The user
may choose the degree of relevance to include either all or a partial list of topics of
interest.

2)The personalized information should be factually consistent, i.e., the set of documents
being presented to users should mutually satisfy the consistency constraint.

3)The information personalization process should attempt to find the largest set of
consistent documents in terms of the coverage of topics defined by users.

Using roles, we can support 1) by indicating specific concerns; 2) by setting server agents to
provide role-related information; and 3) by matching requests with agents performing the
same role.
Based on the E-=CARGO model, the scenario of role-based information personalization on the
Internet is as follows:
1)Users use client computers to retrieve information stored in Internet server computers
(client/server architecture);

2)All the information is stored and expressed in the format of objects and classes;

3) All the information is distributed across Internet server computers that form an

environment;

4)In each server computer, there is one or many prescribed roles;

5)Agents are put into the computers to form a group;
6)Each agent plays one or many roles in the group to manage the information relevant to
the roles;

7)In each client computer (personal computer), there is one agent that serves its user;

8)When a user logs in a client computer, an agent will present him/her roles;
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9)Each time the user retrieves information, s/he plays a role;
10) It is much easier for users to set the criteria to search for information because each
role helps him/her concentrate on a specific concern;
11) All the requests from users will be issued through their current roles;
12) The information request with its role identification is issued to an agent playing a
specific role broker (Siegel, 1998);
13) This agent matches the request with the service of some agents;
14) The users obtain the information from the server agent.
In the above scenario, agents at the server computers can be specially designed to play roles
for certain information efficiently and effectively; roles at the server computers can be used
to shrink the information space to be searched and retrieved by a special request; roles at the
client are used to concentrate on the information preferred by the user; and the agents at the
client are used to collect the users’ personal preferences and retrieval history. With this
personal information, roles can be used to represent the user’s preferences. The above
process significantly increases the precision of the requested information.

FUTURE RESEARCH DIRECTIONS AND CONCLUSIONS
The human world can be characterized by three major statements:
e A society has people and roles;
e Roles are organized in structures; and
e People play roles.
To develop a role-based agent system, the main tasks are to specify roles and the
relationships among roles, specify role players, and assign roles to their players. In the system
design, roles are created, specified and connected into a net, called role net. System
architecture, in fact, is an environment of the E-CARGO model. To provide a concrete
system, we need to obtain the architecture with roles and role relationships, create agents that
can play roles, assign agents with roles and then let agents play roles.
That is to say, to develop a role-based agent system, we have the following steps: architecture
design, agent implementation, and system integration.
Roles are fundamental for multi-agent systems and information personalization. Using a role-
based architecture, a multi-agent system can be designed by role and role relationship
specification. We can consider a computer or a computer group as an agent in the networked
systems. Every computer or computer group added to the network is to play a role or a group
of roles in order to make the distributed system perform better.
A role-based architecture is a great guideline for distributed MAS builders and designers to
plan and architect a distributed intelligent system. It is also an engine to help agents evolve to
automatically join the architecture and cooperate with other agents to make MAS perform
better. It is an exciting future job to design agent factories on networked multi-computer
systems. They are built to meet the requirement of roles to solve a special practical problem.
Role-based information personalization is an exciting topic to investigate. It inherently
incorporates the requirement of information personalization.
The revised E-CARGO model has demonstrated the abstract mechanisms for role
specification. We still need to provide concrete tools to specify, store, manage, transfer and
apply roles in intelligent system development. Future work can be investigated in the
following aspects:
e Design and implement role-based grid environment for agents;
e Design and implement role-based information personalization systems;
e Develop role-based robot collaboration, such as, robot soccer teams with better role
assignment and role transfer strategies;
e Design role-based agent development tools; and
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Build simulation systems with roles and agents to help analyze human world
community.
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