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Abstract: Because of the rapid improvements occurring in the dynamic environment of web applications, ontologies 
have to be modified to reflect the changes made to the applications. Management of the changes within ontologies is 
one of the most crucial tasks that needs to be resolved. Various approaches and frameworks have been devised by 
the researchers to handle it. Despite all the efforts made in this direction, the problem still requires to be researched. 
To address the problem, we have critically analyzed a number of existing ontology evolution approaches against a 
criterion we have defined in this paper. Having identified the limitations and weaknesses along with their strengths, 
we have proposed some requirements that must be incorporated in the design of ontology management approaches. 
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1. Introduction 

The current web is unfathomable sea 
information. Because of huge volume of its content, 
it is hard to relate and retrieve relevant information 
from various dispersed sources and to extract 
knowledge efficiently as well as effectively. Having 
explored the limitations and drawbacks of the current 
web, Tim Berners-Lee, the creator of World Wide 
Web, floated the idea of Semantic Web [30]. With 
the advent of vision of Semantic Web, the researchers 
started developing ontologies to overcome 
weaknesses of the current web.  

Ontologies have now been an integral part 
of the Semantic Web. They are used to model the real 
world. They encode knowledge of a particular 
domain and provide a shard understanding of 
conceptualization to exchange information among 
different applications as well as machines [19].They 
are being used to cope with heterogeneous 
representations of web resources, providing a 
common understanding of a domain to be shared 
among human beings and software agents. 
Ontologies provide not only semantics but also the 
structure to content of the domains.  They enable 
content-based access, interoperability among 
different applications and communication between 
various agents [8].  

Because ontologies capture the domain 
knowledge, they have to be modified when changes 
occur in the real world. In order to sustain the 
compatibility between ontology and its corresponding 
domain, the management of such changes is a critical 
task and it is referred to as the ontology evolution.  

In order to tackle the crucial task of 
ontology evolution, the researchers have proposed 
many approaches and frameworks [20] [21] [22]. 
Despite all the efforts made to overcome the 

limitations and drawbacks of the existing approaches, 
the problem of ontology evolution still needs to be 
addressed. 

 In this paper we have critically analyzed 
some of the existing ontology evolution management 
approaches to explore both their strengths and 
weaknesses so as to seek the better solutions to the 
problems associated with them. On the bases of the 
outcome of our analysis, we have proposed the 
requirements that a new approach must have for 
better results.  

 The remainder of this paper is organized as 
follows. In Section 2, a review of the existing 
ontology evolution approaches. In Section 3, we have 
critically analyzed the approaches reviewed in 
Section 2. Details of the proposed requirements for 
the design of the new approaches are described .in 
Section 4.  Finally, in Section 5, we give concluding 
remarks and future work 
 
2. Literature Survey  

Various researchers groups have been 
working on the critical problem of ontology evolution 
in order to cope with the changes occurring in the 
ontology-based applications. Some researchers have 
made use of the research already conducted in the 
field of database schema evolution and schema 
versioning [23] in their approaches. Others have 
borrowed the concepts and principles from the field 
of belief change [17] in their research to handle the 
task. Still others, inspired from natural evolutions, 
have insisted on adopting biological concepts in the 
ontology evolution approaches [31]. 

Noy and Klein have identified two modes of 
ontology evolution: traced and untraced [25]. In 
traced mode; the evolution is defined in terms of 
series of changes made to the ontology. After every 
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change operation, the effect of each change on the 
instance data as well as on the depending artifacts is 
observed. Finally, the resulting effect is evaluated by 
combining these operations. In the untraced mode, 
the differences between two versions of the ontology 
are determined in a semi-automated way. 

In [26], the researchers have categorized the 
ontology evolution approaches into two types: 
modification-centered and fact-centered. In the 
former approaches, the fact causing the change is 
unimportant. The actual change that is to be 
performed is fed into the system. In the later one, a 
fact rather than the actual change is entered into the 
system which identifies the change to be performed.  

Some approaches [27] [28] deal ontology 
evolution on the instance level as well as on the 
conceptual level. An event-based approach described 
in [29] supports evolution on the instance level. In 
[29], the authors have discussed manual as well as 
computer-based approaches. In the next section we 
have a look on the various existing ontology 
management approaches in order to learn about their 
salient features. This will also help us identify the 
limitations and shortcomings associated with them. 
 
2.1. Existing Ontology Evolution Management 
Approaches 

In this section, we narrate various existing 
ontology evolution management approaches 
proposed by different researcher groups. 
  
2.1.1. Ontology Evolution Approach based on 
Documents Clustering 

In [22], the authors have proposed a semi-
automatic approach based upon documents clustering 
for the ontology evolution. It uses the model 
introduced by Motik et al in [23] based on the 
THESUS system [24]. The THESUS system 
organizes web documents as semantic clusters. Its 
clustering algorithm not only updates the domain of 
the real world but also utilizes a hierarchical 
thesaurus to map the web documents to ontology 
concepts. The Document Clustering approach 
suggests to the user four types of changes: new 
concept insertion, new instance insertion, concept 
merge and concept decline. The approach handles 
elementary/simple as well as composite changes to a 
single ontology only.  
 
2.1.2. Ontology Evolution Approach Based on 
Version Log 

To tackle the problem of change 
management in the underlying ontologies, the 
researcher has proposed an approach that maintains a 
version log [25] to keep all versions of each concept 
ever defined in the ontology from its creation until its 

final stage. In this approach a change request is 
formulated in term of simple and composite changes 
which is made to the ontology whenever the ontology 
engineer requires. Changes to ontology are defined 
by using a language called Change Definition 
Language. The approach has the following 
limitations: 
(i) The language used to represent changes is 

limited in its expressiveness as well as in 
scope.  

(ii) It does not support complex dependencies that 
exist among the concepts of multiple 
ontologies. 

(iii) It lacks support for collaborative development. 
Only a single engineer is responsible for the 
management of ontology.  

(iv) The tools developed using this approach do 
not cover all aspects of the ontology evolution. 

 
2.1.3. Component-based Approach 

This approach described in [26] comprises 
of a meta-ontology of change operations, complex 
change operations, transformations sets and the 
specification of relations between different ontology 
versions. The Approach not only identifies changes 
but also provides semantic specifications for the 
changes amongst different versions. The methods 
described in the framework can find changes when 
only two versions of the ontology are available. The 
other limitation is that it does not handle the problem 
of inconsistency after changes are made to the 
ontology. 
 
2.14.  Six- Phase Ontology Evolution Approach  

This is the most popular approach for 
ontology evolution management. It is proposed and 
adopted by a number of researchers for KAON 
ontology language [14] [15] [12] [16] [7] [23].  
Change capture phase, change representation phase, 
semantics of change phase, change propagation 
phase, change implementation phase and change 
validation phase constitute this approach. The Six-
Phase Ontology Evolution Approach not only tests 
consistency but also handles inconsistency in the 
ontology. The drawback associated with this 
approach is that it does not provide mechanism for 
detecting complex changes which are defined in 
terms of simple changes. 

A number of researchers have extended the 
six-phase ontology evolution in [27] [11] to enable it 
to support the evolution for OWL ontology language 
as well. The extended approach not only tests 
consistencies but also resolves all types of 
inconsistencies: structured, logical and used-defined. 
It also supports collaborative and usage-driven 
evolution of ontologies. In addition, annotation of 
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both concepts and axioms of ontologies is also 
possible that helps suggest ontology changes to other 
users.    
  
2.1.5. Ontology Evolution Approach based of 
Belief Change  

The approach [17] makes use of the 
extensive research already conducted in the mature 
field of belief change. It borrows the techniques, 
methods, tools and ideas from belief change and 
applies them to the handling of ontology evolution. 
Belief change deals with the automatic adaptation of 
knowledge base to new knowledge [28] without 
human participation. The major drawback of using 
belief change is that we cannot directly apply its 
theories to ontology evolution because such 
approaches focus on classical logic.  
 
2.1.6. Ontology Evolution through Editors 

Not all existing editors are capable of 
handling changes to ontology. There are special types 
of editors dedicated for this task. In their paper [29], 
the authors presented a comparison of three well 
known ontology editors: Protégé, Onto Edit, and 
OilEd. They described both strengths and drawbacks 
of each one. They also suggested and expounded the 
following requirements that an ontology editor 
handling ontology evolution must possess; 
(i)Functional requirements, (ii)User’s supervision 
requirements, (iii)Transparency requirements, 
(iv)Reversibility requirements, (v)Auditing 
requirements, (vi)Ontology refinements 
Requirements, and (vii)Usability requirement. It is of 
the view of the researchers that editors having these 
requirements would perform well. 
 
2.1.7. Event-Based Approach 

The event-based approach discussed in [30] 
handles ontology evolution on the instance level only 
and deals with a single ontology. It maintains two 
types of ontologies: evolution ontology and event 
ontology. The former contains a log of changes and 
the later a log of event types and events itself. When 
a change is made to instance base, the evolution 
ontology is updated to keep track of the changes. The 
approach utilizes event types to maintain consistency 
between an instance base and depending artifacts. It 
supports evolution on the instance level. It keeps 
track of changes and resolves inconsistencies.  
 
2.1.8. A Process-based Approach  

In [16] the authors have attempted to resolve 
the issue of ontology evolution by proposing a 
process-based approach that focuses on ontology 
consistency problem under complex changes during 

evolution... The authors have introduced the notion of 
ontology strategy that lets users customize the 
process according to their requirements. The 
researchers also have identified a set of design 
requirements [31] for ontology evolution. The 
approach not only analyzes the requirements but also 
drives an evolution process that fulfills them. 
Moreover, it suggests users to make additional 
changes in the ontology so as to make it more 
suitable for user’s needs. It also supports semi-
automatic discovery of changes to ontology 
 
3. Critical Analysis of the Existing Ontology 
Evolution Approaches 

Before we analyze the existing ontology 
evolution approaches, we need to define the criteria 
against which we can evaluate them. Following are 
the questions we have proposed for their evaluation: 

Does the approach resolve the elementary 
changes? 
Does the approach handle composite changes? 
Does the approach detect inconsistency? 
Does it resolve inconsistency? 
Does it support at instance level? 
Does it support at concept level? 
Does it support single ontology evolution? 
Does it support multiple ontology evolution? 
Does it handle the problem manually? 
Does it handle the problem semi automatically? 

 
Having set the criteria, we now evaluate the 

existing ontology evolution approaches against it. To 
show the results of our findings, we have constructed 
a table. The columns headings contain various 
approaches to be evaluated and row headings give the 
criteria to be used. The value “yes” in the element 
indicates that the approach in the column meets the 
criterion in the row. The value blank indicates that 
the approach in the column does not meet the 
criterion in the indicated row. So we can visualize the 
strength that each approach can have in Table 1.  

In the approaches described above, the authors 
have used different methods to capture the changes 
made to the underlying ontology. Some of them use 
version log to store changes. Others create ontology 
log for this purpose. These methods are not only 
complex but also impractical in a dynamic and de-
centralized environment. Some of the approaches do 
not handle the problem of insistency which causes 
retrieval of incorrect information. 

In these approaches no proper mechanism is 
devised to incorporate temporal information. To 
detect changes, some of them have to create a 
number of versions of the same ontology which 
makes the process inefficient. 
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Table 1: Analysis of ontology evolution approaches 

Approaches  / 
Criteria 

Document 
Clustering 

Version 
log 

Component 
Based 

Six -
Phase 

Belief 
Change 

Using 
Editors 

Event- 
based 

Process 
based 

Elementary 
Change Detection 

yes yes yes yes yes yes Yes yes 

Composite 
Change Detection 

yes yes yes yes yes yes Yes  

Support to detect 
Consistency 

 yes yes yes yes yes Yes yes 

Support to resolve 
consistency 

yes        

Support for 
Instance Level 

 yes yes   yes Yes  

Support for  
Concept Level 

yes yes yes yes yes yes Yes yes 

Supporting  Single 
Ontology 

yes yes yes yes yes yes Yes yes 

Supporting 
Multiple Versions 
of Ontology 

  yes yes     

Manual handling yes yes yes yes  yes Yes yes 

Semi-Automatic yes yes   yes    
 
 

4.  Requirements for the Future Approaches  
Having learned the flaws in the existing 

approaches, we suggest the following requirements 
that would help design more appropriate mechanisms 
for the management of changes in the underlying 
ontologies: 

 To revolve inconsistencies, we suggest that 
the visual mechanism be adopted. 

 To detect and handle changes in the 
ontology, the mechanism must be as simple 
as possible.  

  To keep the history of changes, temporal 
mechanism should be devised for ontology 
evolution approaches. 

  In order to tackle the evolution process 
efficiently, the number of versions of the 
same ontology should be avoided.  

     
5. Conclusions and Future Work   

In this paper we have presented the review 
of the some of the existing ontology evolution 
management approaches to summarize the works 
done in this field so that the reader or researcher 
could learn the state of the art of the research to 
further it. We have defined criteria against which we 
made extensive and critical analysis of the existing 
approaches in order to explore new dimensions 
towards better solutions to the problem of ontology 
evolution. In the end we have suggested some 

requirements that each approach must have to 
accomplish the required results. 

In the future, we are going to develop a new 
system of ontology evolution management that would 
not only address change management but also keep 
track of the events over time. 
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