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ABSTRACT

The explosive growth of agent system areas such as JACK (Rao and
Georgeff, 1995), JADE (Bellifemine et al., 1999), Jadex (Braubach et al., 2006), and
multi-agent system demand suitable agent component model that is can operate
within a wide range of environments, and can evolve over time to cope with
changing requirements and design. AgentPOD approach is involved in analysis and
designs phase but not in implementation phase. Instead, there is a gap between
design and implementation phase. An approach to easily deploy the AgentPOD into
agent system is unavailable. In this project, the main focus is to identify and study an
existing agent component models. The purpose of this project is to solve the
limitation of AgentPOD framework with reduce the gap between design and
implementation phase by using existing agent component model. An overview and
meta-model of the existing agent component model such as Jadex, Cougaar, and
JMX are identified. Meta-model provides the core language that is used in determine
the suitable agent component model and in mapping process. The mapping process
aims to motivate the use of patterns and component model at software development
process that subject to deploy pattern-oriented agent system. Jadex is a FIPA
specifications compliant agent development environment that gives several facilities
for an easy and fast implementation. The case study “Automated Negotiation System

for On-line Book Shops” is used to prove the suitability of Jadex and AgentPOD.
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ABSTRAK

Perkembangan agen sistem yang pesat seperti JACK (Rao and Georgeff,
1995), JADE (Bellifemine et al., 1999), Jadex (Braubach et al., 2006), dan agen
multi sistem memperuntukkan komponen model yang sesuai yang boleh beroperasi
dalam persekitaran yang meluas, dan boleh berkembang mengikut masa bagi
mengatasi perubahan keperluan dan rekabentuk. Pendekatan AgentPOD hanya
melibatkan fasa analisis dan fasa rekabentuk tetapi tidak melibatkan fasa
pelaksanaan. Malahan, terdapat ruang pemisah antara fasa rekabentuk dan fasa
pelaksanaan. Tiada lagi pendekatan yang digunakan untuk membangunkan
AgentPOD kepada agen sistem. Dalam projek ini, fokus utama adalah untuk
mengenalpasti agen komponen model yang telah sedia ada. Tujuan projek ini ialah
untuk menyelesaikan masalah AgentPOD dengan mengurangkan ruang pemisah
antara fasa rekabentuk dengan fasa pelaksanaan dengan menggunakan pendekatan
agen komponen model. Pengenalan dan meta-model kepada agent komponen model
yang telah wujud seperti Jadex, Cougaar, dan JMX telah dikenalpasti. Meta-model
ini menyediakan teras bahasa yang akan digunakan untuk menentukan agen
komponen yang sesuai dan proses pemetaan. Tujuan pemetaan ini adalah untuk
motivasi penggunaan pola dan agen komponen model pada proses pembangunan
perisian bagi membangunkan agen sistem berorientasikan pola. Jadex merupakan
agen pembangunan persekitaran FIPA compliant spesifikasi yang memberi pelbagai
kemudahan untuk menyenang dan mempercepatkan pelaksanaan. Kajian kes
“Automated Negotiation System for On-line Book Shops” digunakan untuk

membuktikan kesesuaian penggunaan Jadex dengan AgentPOD.
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CHAPTER 1

PROJECT OVERVIEW

1.1 Introduction

The explosive growth of agent system areas such as JACK (Rao and
Georgeff, 1995), PRS (Myers, 1997), JADE (Bellifemine et al., 1999), AgentBuilder
(Acronumics Inc., 2004), Jadex (Braubach et al., 2006), and multi-agent system
demand suitable component model that is can operate within a wide range of
environments. In addition, it also can evolve over time to cope with changing
requirements and design. Autonomous agents and agent systems are being used to
cope with ever increasing complexity in such system requirements and design.
Nevertheless, most of these agent systems are developed with a specific

technological focus such as cognitive or infrastructural architecture.



According to Thome et al. (2004), component model is a framework for
loading modular software. Component model are reusable approach that have
proven useful in the implementation of software development. The component
model illustrates the software components are used to build the system. Nowadays,
many researchers study about component model for agent system in software
engineering. For instance, OMG CORBA Component Model called CCM, Jadex,

Cougaar, and so on.

Design pattern is a design solution to a frequently recurring design problem
in a given application domain (Yacoub et al., 2000). According to Schmidt (1995),
definition of design pattern is to capture the static and dynamic structures of solution
that occur repeatedly when producing applications in a particular context. While,
patterns means reusable solutions to recur design problems and also provide a
vocabulary for communicating these solutions to others. Yacoub and Ammar (2004)
define a pattern as a problem that frequently occur in software development and then
define the explicit solution that it can be reused. While Fernandez and Yuan (2000)
define a pattern is a recurring combination of meaningful units that occur in some

context.

An agent is an independent person or entity that autonomously accomplishes
tasks for another person entity (Dana Moore et al., 2002). In Todd Wright (2007),
agents are autonomous software entities which communicate with other agents or
external services to achieve domain-specific functionality. An agent component is a
component as well as an agent. It synthesizes the advantages of the agent technique
and overcomes the pitfalls of the method of the single agent or component
development. Agent Pattern-Oriented Design (AgentPOD) main concept is to define
and utilize design patterns as building components of agent-based system designs
(Radziah, 2007).



Pattern-oriented agent system is an agent system that follows pattern-oriented
approaches (has static and dynamic structures of AgentPOD framework) which
integrates with existing component model. This agent system uses the same
principles of Component Based Software Engineering (CBSE) where building the
systems from the existing and selecting components within the suitable software
architecture (AgentPOD).

In this project, the meta-model of existing component model for an agent
such as Jadex, Cougaar, and JMX is identified and then evaluated by using the
criterias of AgentPOD framework. The determination of the suitable agent
component model is briefly discussed based on evaluation result. Lastly, it will be

applied to the case study (Automated Negotiation System for On-line Book Shops).

1.2 Problem Background

Agent Pattern-Oriented Design (AgentPOD) which is introduced by
(Radziah, 2007) is a component-based framework that utilizes the design patterns
used as building blocks for the agent-based application design. Since an AgentPOD
that has not involved in implementation phase, an existing agent component model is
used as a solution to bridge the gap between design and implementation phase.
Furthermore, component model illustrates the software components that will be used
to build the system. Software component offers a predefined service, and able to
communicate with other components. Whereas, components are high level
aggregations of smaller software pieces and provide a “black box” building block
approach to software construction. A component may be something like an ActiveX

control (either a user interface control or a business rules server). A component was



designed to solve particular problems and resembles like a pattern that forced the
developers to use predefined process or design to be used in software development

process.

In Thome et al. (2004), components are a mixture of custom built which will
be assembled to provide the required functionality. For instance, the Cougaar
component model is implemented to Ultralog Security Service as a case study.
Cougaar component model is a component model that separates containment from
service. This component model is a dynamic component lifecycle and description-
based specification. The inter-component relationship of Cougaar was defined by
position in component hierarchy and services offered and requested. The binder
approach is used in this component model to active insulation surrounding each
component, enforces strong encapsulation, and transforms all (component lifecycle
event, service hookups, and service invocations as inter-component method calls).
The Cougaar infrastructure is fully “componentized”. The UltraLog Security
Services is a security services functional and CCM view. The UltraLog gives
benefits of the security services componentization. The security binders usage
patterns and examples. UltraLog used wiring of security components to security
binders. The security binders usage patterns are divided into access control and
service proxy. In this work, all components and agents run in their own security
context. Security context is used to enforce per-agent and per-component security
policies. This approach was implemented as binders between the Agent Manager
and the Agent.

Another work (Ghitescu, 2007), a component may implement another model
element or a component may be implemented by another element. In JMX agent’s
integration models, daemon model, component model, and driver model were
integrated together to evaluate the Java Management eXtension (JMX) Models
performance. Java Management eXtension (JMX) is a standard for managing Java
based applications that starting with J2SE 5.0 (a part of the Java platform). JMX

framework follows the agent-manager paradigm. Daemon model was applied in



daemon agent process and application process. While component model applying
the application process that is integrated of daemon agent process and application
process in daemon model. For driver model, it applies driver agent process that is

enhanced form of application process in component model with applying Bootstrap.

The limitations of AgentPOD process are based on the deployment of the
design patterns for agent world and based on the Pattern-Oriented Analysis and
Design (POAD) (Yacoub and Ammar, 2004) software development approach.
POAD is a methodology that constraint on the uses of components and patterns from
the analysis stages until the design (Yacoub and Ammar, 2004). Thus, POAD is a
structural approach of software development rather than behavioral approach
(Yacoub and Ammar, 2004). AgentPOD is a general reusable solution to a
commonly occurring problem in software design. AgentPOD is not completed
design that can be transformed directly into code. It is a description or template for
how to solve the problem that can be used in many different situations. AgentPOD

also used design pattern as a first- class modeling concept to design application.

AgentPOD approach is involved in analysis and designs phase but does not in
implementation phase. The implementation phase is a crucial phase of agent world
software development lifecycle. This phase is very important to develop the agent
system after complete analysis and design phase. In this phase, code template based
on analysis and design phase can be decoded using agent implementation platforms
such as Jadex (Braubach et al., 2006), JADE (Bellifemine et al., 1999) and
AgentBuilder (Acronumics Inc., 2004). From this phase, the performance of agent

system can be measured either it is better or bad.

AgentPOD is just to discovering and documenting patterns as design
component. An approach to easily deploy the AgentPOD into agent system is

unavailable. In order to overcome those problems, the main focus in this project is to



identify and study the existing agent component models that can be mapped to
AgentPOD framework. Component model can present the implementation of the
model and a solid foundation for agent development. So, this project proposes an
existing agent component model to bridge the gap between the design and
implementation phase to deploy pattern-oriented agent system. The uses of pattern
and component together could reduce the complexity of the software process. This is
because of the use of pattern for the whole process glued together with the

component could reduce the time and cost of software development.

1.3 Problem Statement

An approach to easily deploy the AgentPOD into agent system is unavailable.
Usefulness of reusable component model approach has been proven in the
implementation of software development. Hence, the primary research question in
this study that remains unexplored is:

“Which component model is suitable to be applied to AgentPOD framework to

produce a pattern-oriented agent system?”

The secondary research questions that need to consider fulfilling the primary

research question are:

1. What are the features of agent component model that are needed by
AgentPOD framework?

2. How to map an existing meta-model of agent component model with
AgentPOD meta-model?

3. In what ways an agent component model can be applied to AgentPOD?



1.4 Project Aim

The project aim is to study, mapping and apply the suitable existing agent
component model to AgentPOD framework. The component model is used in order
to discover the limitations of the AgentPOD framework. Indeed, AgentPOD
approach is involved in analysis and designs phase but not in implementation phase.
Hence, the mapping between existing agent component model with AgentPOD is
proposed. To show the suitability of the proposed mapping, it will be applied into

the selected case study of Automated Negotiation System for On-line Book Shops.

1.5  Objectives

This project seeks to accomplish the project aims, these objectives are

identified as listed below:

I. To study the existing agent component model for AgentPOD
framework.

ii. To enhance meta-model of component model to work with AgentPOD
meta-model.

iii. To apply suitable component model to AgentPOD framework (in the
selected case study).



1.6 Project Scope

No new agent component model is developed. The study is based on an
existing agent component model and AgentPOD framework. This study focuses on
implementation phase only where an agent existing component model is used to
bridge the gap between design and implementation phase. The implementation is
applied for a small application to show the suitability of the selected agent

component model.

1.7  Significance of the Project

This project significantly applies a suitable existing agent component model
to AgentPOD framework to develop pattern-oriented agent system. The study
concentrates on a deep understanding of component model and AgentPOD
framework. AgentPOD is involved analysis and design phase but does not have
implementation phase. Based on that knowledge, the mapping between the selected
component model, meta-model and AgentPOD meta-model will be done. The
advantages that can be derived from this study use an existing agent component

model to bridge the gap between design phase and implementation phase.



1.8  Organization of the Report

This report is consisting of six chapters that organized as follows. The
CHAPTER 1, project overview provides an overview of the project with more
details. It presents an introduction, problem background, statement background, and
aim of the project. It also gives the objectives and project scope as well as the
significance of the project. CHAPTER 2, literature review that concerned with
presenting a survey of background relevant to the area of investigation and leading to
an evaluation of pre-existing implementations or designs and of candidate re-usable
components. It will be discussed reviews on the previous work and relevant
literature reviews to this project such as component model, agent, AgentPOD, and so
on. CHAPTER 3, research methodology will be discussed on methodology that will
be used in this project which conducted in achieving the project objectives and
scopes. One case study is used. CHAPTER 4, meta-model for each existing agent
component model is constructed. Then, mapping process between agent component
model meta-model and AgentPOD meta-model is done. The final task is to construct
component diagram for the selected agent component model. CHAPTER 5 presents
the code template that transforms from component diagram. The implementation is
done by applying the selected agent component to case study to prove the suitability
between the selected agent component model with AgentPOD framework.
CHAPTER 6, concludes the project summary, discusses on the achievement,
constraints and challenges which is involved in this project, recommendations and

future work are conducted.
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1.9 Conclusion

To sum up, component model is an important methodology that must be
study in this project. Even though there are many existing component model that
have been used in the previous work, but it is so difficult to find out the suitable
component model that will be match with AgentPOD framework. Hence, this
approach will be applied on the selected case study. This study focuses on suitable
existing component model for AgentPOD framework to deploy a pattern-oriented
agent system. The suitable component model will be useful to bridge the gap
between design phase and implementation phase. After the mapping process is done,

it will be applied to case study to proof its suitability.
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