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Abstract—Semantic aspect on methodology phase is a 

significant issue to develop multi-agent system in the current 
days.  There are a lot of methodologies to develop multi-agent 
system, but the current problem is how to choose the best 
methodology phase to develop current multi-agent system. The 
development of multi-agent system currently is to be more 
complex and difficult. Many aspects that contains on multi-agent 
system, the one of the famous issue now is about semantic aspect 
on multi-agent system. The old methodology phases are not 
suitable to develop current multi-agent system. Nowadays, many 
researchers start to improve and customize the obsolete 
methodology to adjust with the current needed. There are two 
research steps contains in this paper, the first step is to review 
and criticize previous methodologies especially about MOMA 
(Methodology for Developing Ontology-Based Multi-Agent 
System) was introduced in 2013. The second step is the main 
contribution of this paper is to improve previous methodology 
phases with the new methodology phases named OmMas (The 
Ontology-Based Methodology phases to Develop Multi-Agent 
System), and using semantic aspect as the main focus of this 
methodology. The result of this research is improved ontology-
based methodology phases as a representation of semantic aspect 
on the ontology development process. 

Keywords—methodology; multi-agent system; ontology 
knowledge; semantic approach 

I.  INTRODUCTION 

A multi-agent system is among the promising solution to 
solve complex problems in software engineering [1]. The 

objective of multi-agent systems is to build distributed, 
intelligent, and robust applications [2]. However, there are 
many issues faced by the researchers to develop the multi-
agent system, such as the issues of structured and unstructured 
data; heterogeneity of the system and information; 
interoperability between systems and many more [3-7]. 
Currently, one of the prevalent issue in multi-agent system is 
the semantic aspect [4]. 

Even though there are many updates regarding the new 
methodology techniques to handle semantic aspect on multi-
agent system, discussions on the ontology-based in the 
methodology phase is still limited [4, 8]. One critical problem 
that makes the development of multi-agent system becomes 
unsuccessful is because of not using a good development 
methodology [2, 5, 9]. Researchers are focusing on the 
methodology design to accommodate the need of semantic 
aspects in multi-agent system development. This is due to the 
fact that the existing methodologies are obsolete and need to be 
improved with the current needs.  

The aim of this paper is to critically analyze the existing 
development methodology on multi agent system, named 
Methodology for Developing Ontology-Based Multi-Agent 
Systems (MOMA) [4]. After identifying the limitations of 
MOMA, this research proposes an improved development 
methodology named Ontology-Based Methodology Phases to 
Develop Multi-Agent System (OmMAS). 
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This paper is divided into several sections. The first is the 
introduction and the problem statement.  The second section is 
to analyze and identify the weaknesses of MOMA. The third 
section is to define the suitable Ontology-Based Methodology 
Phases to Develop Multi-Agent System (OmMAS). And 
finally, the last section is to conclude OmMAS as a potential 
development methodology. 

II. EXISTING ONTOLOGY-BASED METHODOLOGY 

(MOMA) 

Nowadays there are many methodologies that have been 
proposed based on a variety of concepts, notations, and 
techniques [4, 5, 8]. Among them are the ontology 
development methodologies, such as MOMA [4], 
Methontology [10], Kactus [11], On-To-Knowledge [12], 
Enterprise [13, 14], Cyc [15], Sensus [16], Tove [17], NeON 
[18], Diligent [19], (KA)2 [20], and CO4 [21, 22].  

Every methodology has a specific purpose and has 
different phases to build the ontology knowledge. One purpose 
for building ontology is to allow reuse of domain ontology. 
Second, is to share among the people or the software agents 
about the common understanding on the structure of 
information.  Third, is to separate the domain knowledge from 
the operational knowledge. Another common reason to 
construct an ontology is to make the domain assumption 
explicit, so that it is easier to update and to validate the 
assumptions.   

Unfortunately, not all methodologies are suitable to 
develop ontology knowledge in the multi agent system. To 
develop ontology knowledge, it should be well defined, 
designed and developed using the right phases to illustrate the 
state of reality or the domain of discourse. Moreover, 
developing ontology knowledge is not an easy process and 
need more time, resources and deeper analysis [22-24]. This 
paper focuses on the methodology for developing Ontology-
Based Multi-Agent System (MOMA) [4] as the current 
ontology-based methodology in a multi-agent system. 

This paper investigates in details the ontology 
development phase of the MOMA. 

A. Methodology for Developing Ontology-Based Multi-Agent 
Systems (MOMA) 

MOMA is compelled by semantic aspects using ontology-
based. To develop a multi-agent system in the MOMA 
methodology, there are two main phases of the MOMA [4]. 
The first phase is the ontology development phase. The second 
phase is the agent development phase and one extra phase is 
the agent application that is outside of the MOMA. There is no 
detail explanation of the agent development phase in the 
previous research [4], how to use and involve the result from 
ontology development that will be used in the agent 
development phase. Detail of the MOMA phases can be seen 
in figure 1. 

This research focuses only on the ontology development 
phase in the MOMA. The purpose of this ontology 
development phase is to develop ontology knowledge that will 
be used in the agent development phase. There are four main 

phases in the ontology development phase that can be seen on 
figure 2. 

Fig. 1. Main Phases of MOMA based on Ying, W et al [4]. 
 

Fig. 2. Ontology Development Phases on MOMA based on 
Ying, W et al [4]. 

Figure 2 illustrates the detail breakdown process of the 
ontology development phase in the MOMA methodology, as it 
conveyances from domain knowledge to ontology to java code 
[4]. There are four main phases in the ontology development 
phase in the MOMA methodology. Firstly, various sources of 
knowledge are gathered by the domain experts. Secondly, is 
the phase to create concepts, relationships, and attributes using 
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a tool based on Grounded Theory (GT). Third, is modeling the 
application ontology through the Protégé ontology 
development tool.  The final phase is the conversion of the 
ontology into java code using the Bean Generator.  The result 
from this flow is the code generation in which it can be reused 
in an ontology-driven application. 

In general, the steps in the ontological development 
process are run without involving iteration. 
 

Determine scope  consider reuse  enumerate terms  
define classes  define properties  define constraints  
create instances. 

 
Even though the steps in the ontological development 

process are run without involving iteration, but in reality the 
process involved iteration. 
 

Determine scope  Consider reuse  Enumerate terms 
Consider reuse  Define classes  Enumerate terms 
Define classes  Define properties   Define classes  
Define properties  Define constraints  Create instances  
Define classes  Create instances  Consider reuse  
Define properties  Define constraints  Create instances. 

 

B. Critically analysis on MOMA 

One main advantage of MOMA is that the ontology 
development phases is simple.  There are only four main steps, 
which are: identify domain knowledge; create concepts, 
relationships and attributes using GT guided tool; develop 
ontology using protégé tool; and generate code from ontology 
to java code.  By using the tools driven by the ontology, 
MOMA can be applied in the multi-agent system (MAS) 
development. This approach can speed up the development of 
the ontology-based application. 

On the other hand, there are several constraints of MOMA 
methodology that have been discovered. It is revealed that 
MOMA only partially successful in enabling the development 
of a complete application development by the domain experts.  
In other words, MOMA still requires the agent developer and 
the software engineer to get involve [4].  

Another limitation of MOMA is that it is tested and 
evaluated specifically in the financial services.  This means 
that MOMA is highly successful to be used in the financial 
services only, but not in other domain.  

Moreover, Ying W. et al mentioned that the ontology 
development phases on MOMA methodology are not 
structured and generalized in order to be reused in other 
domains [4].   

Another drawback for the user who builds an ontology 
with MOMA methodology is the inconsistent ontology.  An 
inconsistent ontology happens when no classes in ontology 
can have instances and no meaningful knowledge can be 
drawn from the ontology. As a result, it becomes impossible to 

interpret the axioms in the ontology.  The ontology can 
become inconsistent during the editing process, where some 
axioms are added.  To overcome inconsistencies, several 
numbers of common phases need to be iterated. Unfortunately, 
there is no iteration occurs in the ontology development of 
MOMA [4].  Currently, MOMA consists of four phases with 
no reiteration.   
 

Domain Knowledge  concepts, relationships, attributes   
application ontology  ontology as java code. 

 
 As a result, when inconsistent ontology occurs, it is very 

difficult to iterate back to the concept. In order to overcome the 
ontology inconsistency, there’s a need to propose an ontology 
development process that involved iteration. 

III. SUITABLE ONTOLOGY-BASED METHODOLOGY PHASES FOR 

MUTI-AGENT SYSTEM (OMMAS) 

From comprehensive literature review and conduct the 
critical analysis, this paper proposes custom phases of 
ontology development methodology. The methodology phases 
are to develop an ontology and come out with nine essential 
phases as shown in Figure 3. Six of the phases are the general 
phases which are obtained from the ontology development 
methodology.  Meanwhile, three phases are added in the 
methodology that is considered as the essential contribution to 
this work.    

The first phase of this methodology is to define the 
purpose of ontology development. The domain ontology is 
important to be acknowledged in order to identify and limit 
the scope of the ontology. With the identified scope, ontology 
developer is able to specify the requirements that the ontology 
should fulfill. 

The second phase is to identify the resources from the 
multi-agent system that relates with information that contains 
specifications of the system. Based on the requirements 
specified in the first phase, ontology developers should 
develop criteria and measures for identifying related 
resources; they should then identify possible resources related 
to the domain and make them available. 

The third phase is to Reengineer and Reuse the Resources 
phase which involves the selecting of important information to 
be used in the multi-agent system. This phase relates to the 
purpose of ontology development. However, such resources 
are not entirely useful as they are. So, they should be selected 
and modified or re-engineered to serve the intended purpose. 

The fourth phase is to Conceptualize all the terms and 
relationships into meaningful models at the knowledge level. 
Terms are possible information that generated from every 
multi-agent system. Terms are represented as classes and 
relationships are presented as object properties on ontology 
perspective. This should be done by identifying key concepts 
and relationships in the domain of interest, to produce precise 
and unambiguous text definitions for such concepts and 
relationships and to identify the terms to refer to such concepts 
and relationships. 
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Fig. 3. Ontology-Based Methodology Phases for Muti-Agent 
System (OmMAS) 

During the conceptualization phase, the conceptual or 
domain ontology should be built [25]. The output of this phase 
should be a document containing the conceptual model and all 
the terms and relationships that should be in the ontology, with 
a text definition of each term and relationships, constraints 
among these terms, relationships, and properties of the terms 
and relationships. 

The fifth phase is to restructure resources, this phase is the 
activity of correcting and reorganizing the knowledge 
contained in an initial conceptual model, and detecting 
missing knowledge [26]. After the conceptualization activity, 
from the selected and re-engineered resources, ontology 
developers should perform the restructuring activity to modify 
ontology after evaluating it technically. Determine which 
Terms to be classes in ontology and which Terms to be sub 
classes in ontology perspective. In the restructure resources, is 
to create a new attribute in ontology named data property. 
Data property also important in ontology is because of data 
property gives an extra attribute on each instance in the 
ontology. As a more information, instances are included into 
ontology from semantic data integration process. The 
instances are all of related data and information in every 
source to be integrated into the ontology as a final purpose of 
this research. 

The sixth phase is to Formalize all terms and relationships, 
this phase is the conceptual model to transform all terms and 
relationships into a semi-computable model. Semi-computable 
model is using diagram-drawing tools to draw the ontology 
model before the ontology develops in ontology development 
tools. This stage aim is to start the evaluation process to see 
and analyze whether the ontology is in conformity with the 
objectives or not. The completed description of the domain in 
the previous step is written in a more formal form, although 
not yet its final forms. Concepts are usually defined through 
axioms that restrict the possible interpretations of the 
meanings of those concepts. 

The seventh phase is to implement all terms and 
relationships into the ontology.  Choosing the appropriate 
ontology representation language is important to precisely and 
unambiguously represent the model. Furthermore, choosing 
the best tools is indispensable to facilitate building the 
learning ontology. In this research, protégé 4.3 is chosen as a 
tool to develop the ontology knowledge. Protégé 4.3 is one of 
recommendation tools to develop an ontology knowledge, it is 
because of protégé is a free tool and have a reasoner as a one 
of the methods to validate the ontology development. 

The eight phases are Evaluate and validate the ontology, 
this phase is to get the verification of the ontology weather it 
has consistency acceptance or still has any inconsistency on 
that ontology. Evaluation and validation phase is the 
continuous and iterative activity of carrying out a technical 
judgment of the ontologies, with respect to the requirement 
specification document during each phase and between 
phases. It is also worthwhile considering Gruber’s (1995) 
design principle during the development process. The final 
evaluation is to develop a prototype in a real world setting and 
evaluate the result in relation to users’ requirements [27]. 
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The tenth phase is Refine the ontology, this phase is the 
iterative process to improve the ontology to get the better 
ontology result. This phase is to fulfill the ontology 
requirement and the purpose of the ontology development. 
Refinement phase can be done when the evaluation and 
validation of the ontology successfully or get some error. 
Although the evaluation and validation phase is successful 
sometimes ontology knowledge still need to do refinement 
phase to improve the ontology knowledge and get the better 
result. 

The final step is to create ontology documentation that 
explains in detail every phase on ontology development 
process. Each completed phase should be clearly and 
exhaustively documented to facilitate maintenance, use, and 
reuse. Since this chapter is explaining the phases, then the 
ontology documentation creation is fulfilled. 

To overcome the inconsistency ontology, this paper offers 
a methodology of Ontology-Based Methodology Phases For 
Multi-Agent System (OmMAS) that consists of an iterative 
process. 
 

Ontology development  Purpose  Identify the resources 
Re-engineer and reuse the resources  Conceptualize terms 
and relationships  Restructure resources  Formalize and 
Implement terms and relationships  Evaluate and Vaidate   
(Inconsistency)  Refine the ontology  Restructure 
resources  Formalize and Implement terms and relationships 
 Evaluate and Vaidate  Consistency 

 

IV. CONCLUSION 

There are a lot of methodology phases to develop the multi-
agent system. This research is focused on ontology-based 
methodology phases to develop the multi-agent system. We 
try to critically analyze MOMA as the latest ontology-based 
methodology phases for the multi-agent system. We found that 
MOMA has several advantages and disadvantages, and from 
this research we try to solve weaknesses problems on MOMA.  
Two main problems that solved in this research are about 
MOMA methodology is not structured and generalized to be 
reused in other domains; and too simple and there is no 
iterative activity to evaluate and refine the ontology. 

This research developed Ontology-Based Methodology 
Phases for Muti-Agent System (OmMAS) that contains nine 
phases including three additional phases as the main 
contribution to this research. OmMAS phases are more 
structured and have an iterative activity to evaluate and refine 
the ontology.  

In the next extended paper, we will try to go detail into the 
development process of OmMAS and implement the OmMAS 
to develop an ontology-based multi-agent system on learning 
domain. 
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