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ABSTRACT,

This paper critically examined nine different software models for modeling / developing multi-agent based
systems. The study revealed that the different models examined have their various advantages /
disadvantages and uniqueness in terms of practical development/deployment of the multi-agent based
information system in question. The agentology model is one methodology that can be easily adopted or
adapted for the development of any multi-agent based software prototype because it was inspired by the
best practices and good ideas contained in other agent oriented methodologies like CoMoMas, MASE,
GAIA, Prometheus, HIM, MASim and Tropos.
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1. INTRODUCTION

The true concept of agent and multi-agent based technology originated from artificial intelligence
(AI) ' 2. Thus the roots of the concept extend back to the 1950s when AI was born. Agent
concept also has its roots in other research areas like: robotics, distributed systems, and computer
graphics. Agent work in robotics and artificial intelligence (AI) was originally strongly
interrelated. According to ' robots such as SHAKEY were programmed to exhibit autonomous
behavior in well-defined environments, and laid the groundwork for Al planning systems to this
day. Research work by “ shows that the first software agent was probably “ELIZA”, a program
which could engage in a conversation with a user. Another influential program called “SHRDLU”
according to ©', allowed a person to have a conversation with a simulated robot.

The notion of multi-agent systems was brought to the limelight by Marvin Minsky in his work on
the “Society of Mind” '°". His vision was that a complex system such as the human mind should
be understood as a collection of relatively simple agents, each of which was a specialist in certain
narrow domains. Through structures called K-lines, agents would activate each other whenever
their context became relevant. Though the work of Minsky showed remarkable vision, but was
ahead of its time since software complexity had not yet reached the level of where the advantages
of such structures would have a practical impact.
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Agent can be defined as a computer system situated in an environment with the ability of taking
autonomous actions in order to meet its desired goals "', while multi-agent system according to
%1 is concerned with a system or collective behavior of existing autonomous agents in some
environment aiming at proffering solutions to a given problem. ! is also of the opinion that a
multi-agent based system can be seen as a system that is a loosely coupled network
troubleshooter or solution provider that works together to solve issues that is beyond the

capability of an individual agent.
2. LITERATURE REVIEW

Developing agent-based software requires a systematic engineering approach that supports and
drives a development team along all the phases of the software production process. A software
engineering methodology aims to describe all the elements necessary for the development of a
software system. So, a methodology uses a modeling language to capture and describe
requirements of the system to be, a modeling language to describe the architectural components
and details of their interaction. Various forms of analysis is required to reason about models, a
structured process to guide analysts and developers activities, and tools to support and semi-
automate the developing process.

Many agent oriented software methodology exist, but for the purpose of this research work, nine
of them were carefully selected and reviewed: Agent Unified Modeling Language (AUML),
MASE, High-level and Intermediate Models (HIM), CoMoMAS, GAIA, MASim, Prometheus,
Tropos and Agentology.

According to """ agent oriented methodologies adopts several notations for agent software
development, while traditional methodologies are inadequate for such development. '” also used
the Agent Unified Modeling Language (AUML) to characterize some activities in their research
work on agents; though the AUML is an extension of UML for modeling multi-agent based
application behaviors, it is still not a primary methodology that would say what to do; it just offer
tools for using other methodologies. """ acknowledges MASE as a multi-agent methodology that
focuses on the development of robotics mainly, '*' also acknowledges that though MASE
methodology is multi-agent based, but it has a strong background from Object Oriented
Methodology (OOM).

Cassiopeia and High-level and Intermediate Models (HIM) are general-purpose methodologies
for designing multi-agent systems; but "' sees HIM as a methodology that offers five models, but
this model is relatively less known for agent development.

According to " CoMoMAS is another good methodology and environment for the development
of multi-agent based systems; '"*! acknowledges that the beauty of CoMoMAS methodology is its
focus on knowledge engineering, which is based on CommonKADS. Though CoMoMAS has
five distinct phase of development that speaks interestingly well about the methodology, but
unfortunately "'*! is of the opinion that due to its focus on knowledge, it is not very suitable for the
purpose of social simulations.

1% is of the opinion that GAIA methodology is one of the first proposed agent-oriented software
engineering methodologies. GAIA belongs to the most often cited multi-agent methodologies; "

is of the opinion that GAIA is a universal methodology and its process is in three phases or
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stages. Unfortunately, the GAIA methodology is closed and static, i.e. it hardly deals with
unusual requirements. The methodology does not deal with designing agent’s environment.

MASim is a methodology that is focused particularly on agent-based simulations, due to the fact
that it is worthy of closer exploration, and used in the design of both small and large systems "'*!.
MASim is about the most appropriate agent-based methodology because it covers not only design
phases, but also the development and verification phases, in which a tester is responsible for

testing (verification and validation) the application according to the pre-established requirements
(18]

Prometheus is another general-purpose and practical oriented agent-based software engineering
methodology that covers the overall development process in details !'*’. The major phases of the
methodology supported are: system specification, architectural design and detailed design, but
mainly uses UML and AUML notations for its diagrams. According to " Prometheus
methodology is tool-supported i.e. Prometheus Design Tool (PDT) and JACK Development
Environment (JDE). The PDT allows users to create and elaborate Prometheus design, while JDE
is used for the skeleton code generation from the design diagrams.

Another well-known and deeply elaborate multi-agent methodology is the Tropos "*!; the
methodology has five main development phases, namely, early requirements, late requirements,
architectural design, detailed design and implementation phase. It is a requirement driven
methodology based on the concepts used during early requirements analysis *'', and according to
221 it supports a full tool methodology that spans four phases. Some researchers are still of the
opinion that the available agent-oriented methodologies are not yet well suited and crafted for real
the world application, it is concurrent being observed that research is focusing on moving from
basic foundational issues to a more practical software engineering method **'. Tt is a known fact
that one of the key issues in the transition of agents from research to industrial practice is the need
for a mature software engineering methodology for the specification and design of agent systems.

Although there are many other agent methodologies as discussed above, the only relevant
methodology that focused specifically on the design and development of agent is the MASim, but
its limitations makes it difficult to apply.

Agentology is another sound methodology for the development of agent-based systems that can
be easily applicable from requirements to development stage. Agentology is a methodology that
was inspired by the best practices and good ideas contained in several other methodologies. The
methodology is independent of any agent paradigm, framework, technology and programming
language. The design and development process in agentology consists of four phases and nine
steps. Each step works with the results of the previous one, so the process has the structure of a
successive or iterative approach.

3. FINDINGS AND DISCUSSIONS

The findings and discussions of this study are tabulated in Table 1.
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Table 1: Findings of the methodologies reviewed

S/N | Methodology Advantages Disadvantages Comments

1 AUML 1. The AUML 1. Itis not a primary | 1. The AUML is an
offer tools for methodology that extension of UML
using other would say what for modeling
methodologies to do. multi-agent based

application
behaviors.

2 MASE 1. MASE 1. It has a strong 1. MASE as a multi-
methodology is background from agent
fully multi-agent Object Oriented methodology that
based. Methodology focuses on the

(OOM). development of
mainly robotics.

3 HIM 1. HIM is a general- | 1. The HIM HIM methodology
purpose methodology is offers five models
methodology for relatively less
designing multi- known for agent
agent. development.

4 CoMoMAS | 1. Itis focused on 1. This 1. Itis a good
engineering methodology is methodology for
knowledge based not suitable for the development
on social of multi-agent
CommonKADS simulations. based systems

5 GAIA 1. Methodology 1. The methodology | 1. One of the first

for developing is closed and proposed agent
both medium static oriented software
and large multi- | 2. The methodology methodology
agent systems deals with 2. It has 3 phases i.e.
2. Itis situated in unusual (a) Analysis phase
an open and requirement. (b) Architectural
dynamic 3. The methodology phase
environment does not deal (c) Detailed design
3. It can guarantee with designing phase
predictable and agent’s
reliable behavior environment.
4. Tt gives agent a
well-defined
position with
expected
behavior.
6 Prometheus | 1. Itis a general The prometheus

purpose and
practical oriented
agent-based
methodology.

2. It gives strong

methodology is a
practical
methodology that
covers the overall
development process
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emphasis to the in details
determination of
system’s goals
and
functionalities

. Itis iterative in
nature

. It is tool-
supported i.e.
Prometheus
Design Tool
(PDT) and Jack
Development
Environment
(JDE).

Tropos . Itisa . The methodology | 1. It is another well-
requirement is not yet well known and deeply
driven suited and crafted elaborate multi-
methodology. for real the world agent

. The methodology application, methodology. The
supports a full . It is still being methodology has
tool that spans observed. five main
four phases. The development

methodology is phases, namely,

not yet matured early

for the requirements, late

specification and requirements,

design of agent architectural

systems. design, detailed
design and
implementation
phase.

MASiIm . Itis an . It is particularly This methodology is
appropriate agent focused on agent- | responsible for testing
methodology for based simulations | (verification and
practical validation) the
development application according

. It covers the to the pre-established
design, requirements.
development and
verification
phases

. It can be used to
design both small
and large
systems.

Agentology . It is inspired by The agentology
the best practices model is one
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and good ideas
contained in
other agent
oriented
methodologies.

. Itisa

methodology for
the development
of agent-based
systems that can
be easily
applicable from
requirements to
development
stage

. The methodology

is independent of
any agent
paradigm,
framework,
technology and
programming
language.

. The process has

an iterative
approach.

methodology that can
be easily adopted or
adapted for the
development any
multi-agent based
software prototype.

4. CONCLUSION

This study reviewed the following multi-agent based models: Agent Unified Modeling Language
(AUML), MASE, High-level and Intermediate Models (HIM), CoMoMAS, GAIA, MASim,
Prometheus, Tropos and Agentology. The study shows their various strength and weaknesses in
terms of modeling and developing multi-agent based systems. Methodologies like CoMoMAS,
GAIA, Prometheus, Tropos and MASim strongly supports multi-agent based systems design and
development, while MASE methodology focuses on the development of multi-agent system for
mainly robotics. Findings shows that Agentology methodology is one of the best methodologies
crafted for multi-agent based system due to the fact that it was inspired by the best practices and
good ideas contained in other agent oriented methodologies. The agentology methodology is
therefore recommended for the development any multi-agent based software prototype.
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