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Abstract. Ontology plays a vital role in sharing a common understanding of the 
domain among groups of people and provides terminology interpretable by 
machines. Recently, ontology has grown and continued to evolve constantly, 
but there are not many tools to provide an environment to support ontology 
evolution. This paper introduces a framework to support the management and 
maintenance leading to the evolution of Ontology by focusing on Software 
Engineering Ontology. The proposed framework will take into account the 
users' perspectives on the ontology and keep track of the comments in a formal 
manner. We propose the use of technology such as Semantic MediaWiki as a 
means to overcome the aforementioned problems. 
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1   Introduction 

Sharing a common understanding of structured information amongst people, software 
agents and machines, has become more demanding for the industry, because 
information systems and computer technology are a part of every field nowadays. 
This is the main reason for using ontology embedded within application systems [1]. 
The development process and evolution process of ontology involves skilled ontology 
engineers and knowledge engineers but not users. Thus, the ontology is difficult for 
users to comprehend and does not fully serve users due to a lack of communication 
about ontology technical knowledge and domain knowledge between users and 
ontology engineers and knowledge engineers. Also, users have no involvement in the 
development and evolution processes, which confines the perspective of the ontology 
to a group of Ontology engineers and Knowledge engineers [1, 2]. Recently, the 
ontology has grown very rapidly reflecting the ever growing body of knowledge. To 
maintain ontology in such a condition, the ontology engineers need to capture the 
changes of ontology and introduce a new version to users. It would take some time for 
the new ontology version to be delivered to users and it is most likely that the 
ontology would change again before the ontology has been delivered [1, 3]. In this 
paper we propose a methodology for ontology evolution which takes the users into 
account as well.  
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The remainder of this paper is organized in the following manner. In Section 2, we 
discuss and present the motivation of our work. In Section 3, we propose our 
proposed methodology for ontology evolution. The significance of our work in 
presented and discussed in Section 4. Finally, the conclusions from the paper are 
drawn in Section 5, along with discussion about the future work. 

2   Background 

Software engineering ontology is the knowledge that has been consensually agreed by 
a group of domain experts to define a common sharable knowledge of the software 
engineering domain. Its concepts and constraints are defined to meet the standards 
and formal meaning of terms [4]. More specifically, Software Engineering Ontology 
(henceforth abbreviated as SEOntology) has conceptualised the Software Engineering 
knowledge. Many existing ontologies, including the Software Engineering Ontology, 
have domain experts who fully control its development and evolution process. 
However, it is crucial to note that such ontology development and evolution processes 
do not involve the users. This becomes a problem when domain knowledge is 
confined to a group of domain experts or individuals. Consequently, the ontology 
becomes complicated for users to use and to understand. The gap between domain 
knowledge (encoded in the ontology) and users then becomes greater. Users cannot 
access the domain experts for clarification or to discuss issues. As a result, users lose 
the motivation to use the ontology, thereby leading to a decline in the community 
acceptance of the ontology.  

Additionally, the domain knowledge encoded in the ontology is evolving rapidly 
and constantly. Thereby, the users do not know which version of the ontology to use. 
The aforementioned issues result in the ontology lacking maintainability, becoming 
obsolete and impracticable. Moreover, there is no suitable tool capable of effectively 
providing an environment for the discussion and formalisation of issues (from the 
perspective of users), supporting ontology evolution, and maintaining the various 
versions of the ontology [3]. Ontology development and evolution is a collaborative 
work requiring community consensus and more importantly community involvement. 
It should not consider only individual perspectives. The community of users should be 
involved in the ontology evolution process. 

Mika et al [5] have suggested that the influence of user involvement would make 
the architecture of Semantic Web successful and useful for the end-users as well. 
Preliminary work done by Mika et al [6] and Hoto et al [7] has also suggested that the 
enhancement, education and obtainment of formal ontology can be done by social 
software using various empirical techniques. These preliminary results have indicated 
that the social approach is a very promising direction that can put the SEOntology 
into practice, thus contributing to the software engineering community.  

The crucial previously mentioned issue, regarding the non-involvement of the 
users could be addressed by employing a semantic wiki. This approach enables users 
to share, discuss, comment, and tag issues or problems on software engineering 
knowledge encoded in the Software Engineering Ontology. The semantic wiki allows 
users to collaboratively edit and annotate the knowledge. By employing a semantic 
wiki, the users are able to express their understanding of certain concepts and 
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interpret them in ways different from current ones defined in the SEOntology. By 
making use of semantic wiki, the opinions/views of the users about the ontology (or 
certain concepts in the ontology) can be taken into account.  

In this paper we propose a system framework to support the SEOntology evolution 
and management by involving remote team members that geographically work on 
software development. The members are able to efficiently and effectively 
communicate and share up-to-date knowledge encoded in the SEOntology. The 
system framework uses the Semantic Wiki based approach to support the ontology’s 
maintainability and management.  

3   Toward Semantic Wiki as a Basis for Ontology Evolution 

One of the key features of our proposed ontology evolution framework is the use of 
social network. Our proposed system supports remote collaborative ontology 
evolution and maintenance. The conceptual framework of the semantic wiki-based 
ontology evolution system architecture is shown in Figure 1. It is grounded in the 
notion of several components and data elements. 

Communication mechanisms such as blogs enable users to raise, share, discuss, 
comment and tag issues in an informal and lightweight manner. Blogs encourage 
people to engage in remote discussion, communication and collaboration. It is a 
preferable way to raise and discuss issues since it is more personal and people are 
more willing to engage in discussions. We integrate the Ontology into it through an 
open Ontology APT. 

Based on the subjects, semantic wiki-based Ontology evolution can be 
collaboratively edited and annotated by a group of domain experts. The semantic 
 

 
Fig. 1. Overall system architecture 
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Fig. 2. Semantic wiki-based ontology evolution architecture 

wiki-based ontology evolution is used by domain experts to express understandings of 
certain concepts and interpret them in ways different from current ones defined in the 
ontology. In this way, people can see how the meanings of terms have emerged. The 
collective knowledge within this Wiki can then be acquired through various text and 
data mining techniques. Our ontology semantic wiki-based ontology evolution 
approach considers both users’ opinions and experts’ decisions. 

Our proposed semantic wiki-based ontology evolution architecture is shown in 
Figure 2. The data elements of issues, proposals, and opinions are automatically 
categorised and stored in the database. Thus, they are represented as unresolved query 
pages, misunderstanding clarification pages and ontology modification pages in the 
semantic wiki-based ontology evolution (see Figure 2). 

In the prototype system, we use Apache Tomcat for our server to run WebProtege 
[8], MySQL [9], and PHP [10]. WordPress [11] and its plug-ins are used for creating 
blog communication systems. It is also linked to the ontology through Web-Protege. 
We use an open-source system to create the semantic wiki-based ontology evolution, 
i.e. semantic media wiki [12] with integration of the ontology. The complete sets of 
revision histories are stored in a Wiki server. This provides a preliminary tracking 
mechanism that facilitates “the quality assessment” extremely essential to the project 
solution recommendation for ontology evolution. For example, Lim et al [13] have 
suggested that Wiki articles’ qualities and contributions can be effectively measured 
using these revision editing data. However, Lim et al [13] and Hu et al [14] focus on 
the quality of each article by developed Basic, PeerReview and Probview models, 
whereas our work focuses more on the quality of each concept/term edited/defined in 
the Wiki. Nevertheless, the system needs quality assessment measures on both articles 
completeness and concepts integrity even though this requires not only distinct quality 
measurement models but also effective information extraction techniques that can 
capture important concepts from edited Wiki articles.  
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The quality of concept/term edited/defined on the Wiki are assessed by allowing 
domain experts and users to ensure that the definition of concepts is relevant to the 
target shared concept [15]. In other word, we are going to take advantage of the “Self 
- Healing” effect of Wikipedia by having reputation mechanisms. In addition, other 
quality related factors such as word count, article length [18], and rating on articles 
are possibly evaluated for Content Quality Assessment of Wiki articles. Tan et al. [19] 
have made considerable progress in mining semi-structured information and limited 
forms of partial structured natural language which can be further studied and 
leveraged by our system in order to facilitate the “extraction and mining” process. 
Once the quality assessment, data mining and information extraction are done, 
domain experts and ontology engineers will collaboratively discuss and decide 
concepts that need to be updated. 

The Semantic Wiki will provide an authentication and access level control as part 
of its overall framework. Each team member will have a username and password as 
part of the authentication process. Access level control will restrict the accessible 
information based on the privileges of each different user group. Users would be 
divided into three groups: Domain experts, Ontology engineers and Project manager. 
Domain experts are users who maintain the integrity of the domain. They will have 
full privilege to modify the knowledge encoded in the ontology. Ontology engineers 
are users who ensure that the ontology is consistent. Full privilege access is granted to 
the ontology engineers to maintain the consistency of the ontology. Project managers 
and members are users who can access and modify the project information encoded in 
the ontology. All of them can raise issues and make changes regarding the ontology 
evolution, closely monitored by domain experts and ontology engineers. 

This framework employs two categories of the Software Engineering Ontology, i.e. 
Software Engineering Domain Knowledge and Software Engineering Sub Domain 
Knowledge. The Software Engineering Domain Knowledge represents generic 
concepts of the software engineering and its relations captured in the ontology. The 
concepts captured in the ontology can be partially used depending on the problem 
domains. Software Engineering Sub Domain Knowledge represents some concepts of 
software engineers for a particular problem domain. For each project, the existing 
project information or actual data including project agreements and project 
understanding are instance knowledge of the Software Engineering Sub Domain 
Knowledge. The project information that especially fulfils a particular project requires 
the software engineering knowledge to define instance knowledge in the ontology [20]. 

4   Significance of Our Work 

We discuss the significance of this research under two broad sections, namely: 

1. The scientific significance or the scientific contribution; (and) 
2.  The impact on the field.  

From a scientific perspective, this research proposes a novel framework, which 
employs the use of Semantic Wiki for ontology evolution and ontology management. 
The impact on the field of software engineering from this research includes the 
following:   
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• Increase of Communication and Resource efficiency: Lack of communication and 
resources are the main factors that may potentially lead to other problems. This 
research provides an adequate management of these factors. The SEOntology is 
shared and reused as centralised domain knowledge. Hence, users can access the 
knowledge encoded in the ontology at all times, leading to an increase in resource 
efficiency. Furthermore, the ontology becomes up-to-date as users keep updating 
and raising ontology issues. Finally, the system will benefit from the user’s 
motivation to resolve issues and maintain the ontology evolution via the system.  

• Increased Productivity of all the involved parties: Since the issues are clearly 
identified upfront and the solution to those issues is agreed upon within the 
community, this would result in an increase of productivity of all the involved 
parties. Additionally, the system allows users to access the domain knowledge 
effortlessly and instantaneously. The more effortless and instantaneous the system 
is, the more productive the users would be. Moreover, it is important to note that 
the users are not overloaded as they do not have the responsibility of additional 
tasks, such as conducting training sessions or maintaining the domain knowledge 
system.  

• Cost Abatement:  The third major impact of this proposed research is that it would 
result in cost abatement. Increase in communication and resource efficiency, would 
directly lead to cost savings. Additionally, the approach reduces evolution costs as 
the system allows users to participate in the evolution process. Also, the cost of 
equipment and storage for the domain knowledge database systems can be reduced 
as the domain knowledge is centralised and stored in one database system. All 
these factors would translate to significant cost abatement.  

5   Conclusion and Future Work 

Semantic technologies make use of ontologies to make knowledge accessible and 
understandable by machines. However, it is important to note that knowledge is not a 
static aspect and it always keeps on evolving and growing with time. This leads to 
ontology evolution and ontology maintenances requirements. In this paper, we 
propose the conceptual framework of our proposed method for SEOntology evolution. 
It is important to note that this paper documents our preliminary research findings. 
Our future work will be focussed along two main dimensions. We intend to 
investigate the issues of ontology alignment and ontology versioning in the Semantic 
Wiki environment.  

Additionally, we will be carrying out validation and verification of our proposed 
system using a prototype system. The prototype system would be engineered by 
making use of tools such as PHP, Protégé and Semantic MediaWiki. Using the 
prototype system, we would measure the performance of our proposed system by 
making use of certain metrics for benchmarking purposes. Further evaluation 
activities such as making use of the prototype platform to obtain feedback from users 
[21] will be carried out in order to find issues with the prototype. We would try to get 
additional feedback about the prototype by making use of focus groups. The focus 
user groups are the software development team members who are working on the 
multi-site software engineering projects. In order to make the platform more effective, 
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the evaluation and validation will be divided into an iterative cycle of six months as 
the platform can be adjusted and enhanced based on the obtained validation. 
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