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Abstract. Ontology used in many Information Systems and Knowledge Sharing
Systems to represent the domain knowledge. As use of ontology increased
significantly in recent years that gives importance to proper maintenance of
ontology. Ontology change management is a multifaceted and complex task
incorporating research areas like; ontology engineering, evolution, versioning,
merging, integration, and maintenance. Ontology evolves from one state to
another state in response to the changes requested. Crucial task is how to
accommodate the new changes while preserving its consistency. This paper
provides state of the art analysis of existing approaches covering ontology
evolution, and their critical analysis. Pending/Unsolved challenges that need to
be address in order to get the process done automatically are also discussed.

Keywords: Ontology Evolution, Emerging Concepts, Change History Ontology,
Change History Log.

1 Introduction

Ontologies are formal description of shared conceptualization of a domain of
discourse. Ontology serves as back bone of many Information Systems and
Knowledge Sharing Systems representing  domain knowledge. Ontologies are
complex and often large structured, their maintenance give rise to interesting research
problems like; evolution, versioning, merging, and integration [FPA06]. The ontology
based systems need to have complete and accurate information. So there is a need to
keep the ontology up-to-date and should accommodate all the new changes which
make the ontology to evolve. Ontology evolves as communities of practices
concerned with knowledge develop better understanding of their perceived knowledge
[SMMO02]. The evolution process deals with the growth of ontology. More
specifically, ontology evolution means modifying or upgrading the ontology when
there is a certain need for change or there comes a change in the domain knowledge.
The process of evolution takes ontology from one consistent state to another
[CFHO6]. Ontology change management handles the evolution process which may
involve different strategies like merging and integration (fundamentally different)
[FPAO6]. It has several subtasks (see Figure 1); 1) Capture all the required change(s)
to be applied to ontology and is known as change request. 2) The required changes
are represented using a common representation format. This representation may be
using semantic structure/schema [KLK08a and KLL09] or simple text representation.
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Change Request  Representation of Change and Verification Propagation

Fig. 1. Process of Ontology Evolution

3) The change effects are tested on the ontology for consistency and if required some
deduced changes are also included in the change, which becomes part of the required
changes. 4) The complete change request (modified) is executed by implementing the
changes in ontology. Change verification subtask validates the subject ontology to
confirm that the requested changes have been committed to the ontology [KLLO09]. 5)
Finally, the changes are propagated to dependent data, applications, and ontologies.

Different researchers have provided overlapping solution to the problem of
ontology evolution. These approaches do have some pragmatic advantages, but also
have several weaknesses, such as: manual specifications of new changes, manually
resolving inconsistencies (selecting deduced changes from available alternatives), and
also the absence of proper and complete undo and redo facilities in case we want to
recover the ontology [KLL09]. To automate the process, these weaknesses need to be
eliminated. The automation is also necessary because human intervention is time
consuming and error prune. Goal of this research is to provide the survey of ontology
evolution approaches. We highlight the main features of all the approaches with the
limitations in those systems. After that we discuss some open problems that need to
be addressed in order to completely automate the evolution process.

This paper is arranged as follows: Section 2 describes general terms related to
ontology change management. Section 3 presents different ontology evolution
approaches. In Section 4 we present the challenges still needs to be worked out for
automation of evolution procedure. Finally we conclude our discussion in Section 5.

2 Ontology Change Management

Ontology change management activities are sometimes confused together while they
are fundamentally different activities [FPA06]. 1) Ontology Evolution: is the process
of modifying the ontology when there is a certain need for change or a change in the
domain knowledge. 2) Ontology Versioning: is the process of modifying ontology
while keeping the original version intact. Mostly used in CVS systems. It handles an
evolving ontology by creating and managing different versions of it [FPA06]. 3)
Ontology Merging: is composition of new ontology from two or more ontologies
covering highly overlapping or identical domains, e.g. merging ontologies ACM
hierarchy and MSC hierarchy. 4) Ontology Integration: is composition of a new
ontology from two or more ontologies covering related domains, e.g. integration of
health ontology and crime ontology for information of a person.

The evolution is mainly because of new changes and evolution can be of two types.
i.e. 1) Ontology Population: When we get new instances of concept(s) already present
in the ontology. Only the new instance(s) are added and the ontology is populated. 2}
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Omiology Enrichment: When we get concept(s), totally new for our ontology or it
does have some sort of changes from its counter concept(s) in the ontology. Then we
ennich ontology to accommodate the new changes and also populate it for its instance.
Our focus in this research work is on ontology enrichment, where hierarchy,
concept(s), properties, and constraints modifications are made to the ontology. Here
we briefly highlight some of the critical changes while most of these changes are
discussed in [CFHO06 and Kle04]. '

*  New Concept: This is the most common change in any ontology. New concepts
emerge and have to be accommodated in the concept hierarchy.

* Concept Hierarchy: In this case the concept in focus might have different
hierarchical position to the existing one.

*  Concept with Changed Properties: When the concept in focus is already present
in the ontology but its properties are different from the existing one.

* Concept with Changed Restrictions: In this case, the concept in focus having
restrictions that are dissimilar from those associated with existing concepts.

*  Simple vs. Aggregated Concept: The concept in focus might be a combination of
multiple existing concepts (or vice versa). The ontology evolution framework(s)
shall properly detect and act accordingly to accommodate these types of changes.

®  Concept vs. Property: The concept can either be a class in OWL or used as a
property of some other existing class. For example, the concept deliverable could
be a separate class or could be modeled as property of the concept project. In the
first case it could have been implemented as a subclass of document and in the
second case it could take the instances of software as its value.

Understanding of change types is necessary to correctly handle explicit and implicit
change requirements, and these are the changes that introduce deduced changes in
change request.

3 Ontology Evolution Approaches

Ontology over time needs to be updated to accommodate changes in domain, user
requirements, and to incorporate incremental improvement in the system. In this
section we discuss and critically analyze different ontology evolution approaches.

3.1 User Driven Evolution

L. Stojanovic et al. in [SMMO2] proposed a four phase ontology evolution process
which copes with ontology changes due to business requirements and dynamic
environment. As ontologies are frequently used for information interchange among
organizations, so changes in ontology also have ripple effects on the other side use of
the same ontology. A process-oriented evolution procedure is presented that focus on
the consistency of the ontology during evolution for complex changes. The main
modules are; 1) Change representation, the business requirements for change (i.e.
change request) is described in formal representational format. 2) Semantic of change,
the requested changes are checked on ontology for consistency. It is checked for the
actual effects on the dependent data (i.e. instances), applications, and the source
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ontology due to these changes. If it results in inconsistency, then the user mmrosdace
deduced changes to resolve the inconsistencies. 3) Implementation. the comspless
change request (included deduced changes) is applied to the source ontology =md the
ontology evolves to another state. The local instances of ontology as well as s
instances of concepts in the ontology are all updated. 4) Propagation, propagatios of
these changes to dependent data, applications, and ontologies is very importamt. Al
the changes are propagated to remote instances as well as applications in a consisent
and coherent manner. Change propagation for instances are done in a way that owt-o-
date instances are simply replaced with the up-to-date instances.

3.2 Evolution Framework for Distributed Ontologies

Change and Annotation Ontology presented in [KINO3] to represent ontology
changes, while complete detail of number and types of changes are discussed in
[Kle04]. They developed the idea on change ontology to drive various ontology
evolution tasks [KINO3]. The idea of change representation is borrowed from [Kle(4],
but has made extensions like; identification of a changed resource, change author,
timestamp, and link to annotations about change. A component based framework for
distributed ontology evolution is presented using change representations that formally
describe ontology changes required to perform in evolution of ontology.

In [NCLOG6], the authors on top of their previous work (discussed above) presented
different scenarios for ontology maintenance and evolution in distributed and
collaborated ontologies. Several features and high-level tasks that an editing
environment must support for these scenarios are defined. For this, a unified set of
tools for different scenarios and user navigation to different modes are provided.

3.3 Discovery Driven Evolution

In [CFHO6], the authors presented an idea of evolution based on the changes
recognized by the system after analyzing some domain artifacts. The new concept(s}
discovery process proposed supports ontology enrichment activity for multimedia
ontology. A multimedia object is first fragmented and then new resources are detected
from the fragmented parts. Automatic discovery of change(s) using ontology
matching techniques from multimedia objects with additional domain specific
metadata is the main achievement. For discovery of new concepts from the
fragmented objects, H-Match is used for finding the match for the new concept from
the already existing concepts in the ontology. WorldNet thesaurus is used for
additional metadata. For accuracy improvement, they have implemented four
matching models namely; surface, shallow, deep, and intensive discussed in [CFHO&].

3.4 Integrated Framework for Evolution Management

We proposed an integrated framework for ontology evolution management [KLL{*%]
with four main modules that supports automatic evolution of ontology from ocee
consistent state to another. 1) Change detection and description, the new changes e
automatically detected. These changes are because of emerging conceptis) |sumghe
concept, group of concepts and concepts in a hierarchical structure). After detectiom
these changes are represented in a semantically sound structure (i.e. Change Hismmes
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Wmmniege «CHO) [KLKOSa]) to represent and log all the ontology changes. 2)
Mwsmsessency detection, all possible syntactic and semantic inconsistencies due to
@ meguest are resolved here. For this resolution, deduce changes are introduced
am e chamge request. For its implementation, we used the technique of KAON API
MESVDL]. 3) Change implementation and verification, here complete change request
# applied to the ontology. We focus on changes at atomic level and it completes in
ssodaton. If after applying certain changes we get the ontology inconsistent then there
= a loop back facility to inconsistency detection to make the ontology consistent by
resolving inconsistencies. After implementation, all the changes are logged in Change
Hustory Log (CHL) [KLKO8a] for undo/redo and recovery purpose. Verification is
made 10 verify that all the requested changes are implemented properly by consulting
the change request. 4) Change log, a repository that keeps track of all the changes
applied. We have developed a semantic structure i.e. Change History Ontology
IKLKO8a] as a storage structure for ontology changes. It provides facilities like
properly managing changes, undo/redo of changes, recovery, visual navigation of
change effects on ontology, and visual navigation of ontology changes [KLK08b].

3.5 Critical Analysis

Most of the existing ontology evolution systems do not support automatic ontology
evolution except the one proposed in [KLL09] for emerging concepts. In [PIT05 and
SMMO2], user manually creates requests for changes due to business requirements,
while in [OVMO04, PITO05, and SMMO2], experts are required for conflict resolutions
in case of inconsistencies. The system discussed in [CFH06] mostly focused on the
discovery of the new change and afterwards the system needs expert to insert the
concept at suitable place suggested by the system.

In [KLLO9], work related to change detection, its implementation and conflict
resolutions are all done automatically. The main concerns in this system are, still a
best matching resource search problem for the newly detected change. The second
problem is inconsistency resolution. This is the toughest problem that needs special
attention. We have to train the system for different deduced changes but training a
system for different changes is a tough job. After proper training the system results
may not be according to user intentions, as for one conflict resolution there might be
many alternative deduced changes. Secondly selecting a deduced change from
alternative also needs some predefined criteria.

4 Open Challenges

In this section we will discuss some of the challenges that still need to be addressed to
achieve the automated ontology evolution procedure.

4.1 New Change Detection

To detect new changes among the emerging concept(s) (single concept, group of
concepts, and concepts in a hierarchical structure), different correspondence, difference,
and matching [CFM06 andOVMO04] techniques are applied. These techniques suggest the
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relevance of new emerging concepts to the source ontology. Then existence of new
resources is checked, and if it does not then matching process starts to detect the most
relevant concept(s) in the source ontology [CFHO06 and KLL09] where the new concept
should be inserted. Here we encounter two problems;

e Relevance Detection: best and mostly used difference, correspondence, and
matching algorithms are defined in [CFM06, OVMO04, and HuQO7]. But the
results of these algorithms are still not matured for diverse domains, so using
these algorithms are not completely reliable and user intervention is required.

e Selection among Newly Detected Changes: To understand this issue look at the
Figure 2, where we have emerging concepts i.e. Deliverable and Publications
with Book and Article as sub-concepts, and source ontology of Documentation to
which the changes will be made. The Publications sub-tree is added as a sub-
concept of Documentation concept. For concept Deliverable, we have three
alternatives; 1) make Deliverable as sub-concept of Documentation concept, 2)
make Deliverable as sub-concept of Project_Docs concept, 3) make Deliverable
as a property of Project_Docs. An ontology expert knows that second alternative
is more obvious, but the decision is to be made by the system. Proper heuristics
should be implemented or system should be trained for such situations. But it is a
tough task as ontology is very much different in its nature than any other
information representation schemes [NoK04]. These issues are stilled unfolded.

4.2 Conflict Resolution

Introducing deduced changes in order to resolve conflicts and make ontology
consistent is the most highlighted problem in ontology evolution literature without
proper solution other then involving ontology expert [CFH06, KINO3, PITO3,
SMMO2, and StM02]. In KAON [GSVO04], rules are specified prior to the start of
evolution procedure. For example, if there are two alternatives for a concept change.
1) to become a property of some concept, and 2) to become a sub-concept of some
concept in the source ontology (like Deliverable concept case in previous sectionl.
then the alternative of sub-concept should be selected. In [KLL09]. we proposed thas
the system is trained for different types of deduced changes. and then accordimgly




i AM Kiamak ot al

sellent @ alternative (deduce change) that have less impact on ontology. To resolve
e comflacts in this way needs to address two very important issues.

®  Swstem Training: It is very hard to train the system for exhaustive list of changes
feven of specific domain) and then expecting accurate results. Secondly, the
results may also not be acceptable to ontology engineer. In addition, there might
be cascading conflicts and in result the system will have weak response time.

* Impact of Deduced Changes: In [KLL09], we proposed to select those deduced
changes having less impact on ontology. But here two points needs special
attention. It is to be decided that impact on which aspect of ontology is
considered for deduced changes. There are changes that have large change impact
on the structure of ontology but have less impact on the semantics of resources in
the ontology. For example (see Figure 2), adding the concept Publications as a
sub-concept of Documentation have large structural impact but less semantic
impact. The same way if we make Publisher_Docs (see Figure 2) disjoint with its
sibling concepts, then this change have less structural impact but can have very
large impact on semantic of the resources as its effects will also be reflected on
the sub-concept(s) of all the disjoint concept(s).

Currently, these issues are still not resolved properly for automated ontology
evolution from one consistent state to another.

5 Conclusions and Step Ahead

Ontology evolution is a collaborative process incorporating work from other related
fields such as ontology matching, merging, integration, and reasoning. In this paper
we talked about the change management activities and based on these changes the
ontology evolves from one state to another state is discussed in detail. We discussed
different approaches followed by the research community to handle the evolution
process with their pros and cons. At the end we elaborated some open challenges still
unhandled to fully automate the process of ontology evolution. Currently, we are
working on solutions to these challenges and also on reconciliation of mapping in
evolving ontologies.
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