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Abstract- Many challenges are to be addressed when it comes
to integrating ontologies. = The common challenges are
ontology mismatches. It is important for the integrated
ontology to model the intended meaning and resolve all the
conflicts so that it will not form a false commitment to the
system. Much work has paid attention to finding similarities
between ontologies. Little work has considered overcoming
coverage mismatch, to solve non-existent concepts, the same
concepts being defined differently, and differences in
hierarchical structure. This paper identifies, analyzes and
models coverage mismatches, filling that gap using OWL
ontology. This work is an enhancement to the current findings
of ontology mismatch.
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I. INTRODUCTION

One of the key reasons using ontologies is to facilitate
interoperability for distributed systems [1]. Today,
ontologies have played major roles in various areas such
as knowledge management [2], [3], software engineering
[4], [5], [6] and information retrieval [7] [8]. Ontology
describes the facts of domain using a collection of terms.
These terms are represented using classes, properties and
individuals  processable to the machine and
understandable to humans. Ontologies facilitate the
machine to understand the underlying meaning of the
domain thus enabling information to be exchanged among
software agents.

Many ontologies are develop independently and made
available to the public to comply to various specifications,
needs, and tasks. However, in a distributed environment,
it is very unlikely a system will commit to a single
ontology. Many have overlapping parts and some are not
complete to the point they require the ontology to be
integrate with others. Integrating ontologies is part of
reusing knowledge and adding value to the domain.
There are many challenges to integrate ontologies and the
most anticipated problem is ontology mismatch.
Extensive studies on ontology mismatches have been
conducted [9]. [10] has developed the mismatch
framework.  Later [11] and [12] have refined the
framework. Even though much work has been done to
identify and overcome the mismatches, there are some
parts that received less attention. This paper is intended to
fill that gap.

This paper is to enhance the current findings of
ontology mismatch. The purpose is to highlight and
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position the importance of addressing coverage mismatch
in ontology integration. This paper is organized as
follows. Section 2 describes ontology mismatch. Section
3 defines coverage mismatch. Section 4 discusses the
importance of addressing coverage mismatch and Section
5 the future works from this paper.

II. ONTOLOGY MISMATCH

Ontology integration is one of the ways to overcome
heterogeneous ontology. One of the challenges
integrating the ontologies is to solve ontology mismatch.
This challenge has been addressed in [13], [14], [15], [16],
[17],[18], and [19].

Mismatches occur in ontology when two or more
ontologies are badly matched. This happens due to
inconformity from one ontology to the other. Ontology
mismatch happens at two level — language and ontology
level [10]. Language mismatch happens when two
ontologies are using different languages to represent the
same concepts. For example, Ontology A is using OWL
and the other is using XML. This requires one of the
ontology to be translated into the preferred language.

Mismatch at ontology level happens when concepts are
overlapped. This mismatch can occur for ontologies that
are written using the same language. Overlaps happens
when similarities exist in the way the ontologies are used
and interpreted which known as conceptualization or the
way it is presented which known as explication. This
paper is positioning mismatches at conceptualization
level. It is found that less attention has been paid in
conceptualization mismatch and this paper is intend to
complement the existing research findings by refining the
coverage mismatch into greater detail as shown in Figure
1.

This paper is using domain ontology to classify the
coverage mismatch. Domain ontology is selected due to
the increasing number of available ontology developed
and made available to the public. The shaded boxes in
Figure 1 are the type of coverage mismatches found in
this study. The framework from [10] is refined with more
coverage mismatches. The details of the coverage
mismatch are elaborated in the next section.
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Figure 1 : A Refined framework of ontology mismatches
adapted from [10]

III. COVERAGE MISMATCH

[20] has highlighted that task context has a significant
influence on the coverage, content and structure of the
developed ontology. Coverage of an ontology refers to
the amount of classes or properties modeled compared to
the domain corpus [21]. Coverage mismatch exists in
between two ontologies when there are differences in
scope or area that are formally represented. It covers
different subsets of the domain.

The differences can be detected in the level of detail of
the ontology. Coverage mismatch can be detected with
the presence or the absence of classes or property in
between two ontologies [22] [11]. This mismatch could
occur even if the ontologies are using the same language.
This paper has found that coverage mismatch happens at
three levels which are class level, property level and
ontology level.

A. Coverage Mismatch at Class Level

A class represents a concept of from the selected
domain. OWL has four different types of classes which
are simple naming class, defined class, enumerated class
and disjoint class.

A class is defined as a structure of
c EC(D,R) ¢
where
C is conceptualization
D is domain

R is a set of relation that is relevant to D

There are two cases where coverage mismatch could
happen at class level, 1) Non-existent class 2) Different

types of class. The first case occurs where a class exists
in one ontology but not in the other. This is applies to
classes that have no matches in the ontology. It is known
as unmatched class. For example, Ontology A and
Ontology B are both model for tourism domain. Class
CarRental exists in Ontology A but not the other.
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Figure 2 : Illustration of unmatched area indicating entities that
exist in one ontology but not the other.

Figure 2 illustrate the conceptual unmatched and
overlapped area to indicate the coverage mismatch.
Classes can be syntactically or semantically overlapped.
Thus, the overlapping classes can be measured using
lexical similarities [23] and semantic matching [24].
However, the classes from the same domain are very
likely to have the high lexical similarities.

The first case of class level mismatch can be computed as

csNCr
csUct

@

MUS(cse) =

where
¢, 1s class of source ontology
¢, is class of target ontology
mis(cs, ¢;) is a mismatch value (0 | 1) which
indicates 0 has coverage mismatch and 1 no
coverage mismatch.

The second case occurs where the same concepts are
defined using different types of classes. This might exist
in overlapped area as shown in Figure 2. For example
Ontology A models Accomodation into several types of
information context which are BedAndBreakfast,
BudgetAccomodation, Campground and Hotel.
Ontology B defines Accomodation using descriptive
logic if an instance hasRoom either GuestRoom or
ConferenceRoom type.

B. Coverage Mismatch at Property Level

A property defines relationship of a class and an
individual. In OWL, a property can be defined using two
types either object property or data property. Object
property members are using defined classes for domain
and range whereas data property is using primitive values
to specify the value of the range.

A property is defined as a structure of
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p =<(d,nr),rt,n>, (3)

where
d is domain instance of a class
r is range of class instance or primitive data type,
rt is restriction and
n is cardinality

There are two cases where coverage mismatch could
happen at property level, 1) Non-existent property, 2)
Different types of properties. The first case occurs where
a property exists in one ontology but not in the other.
This is happens when the property in one ontology has no
match in the other. For example property hasBooking
exists in Ontology A but not in Ontology B. The
similarity of properties can be measured using the same
approach as the class similarities in the previous section.
Therefore this first case of property coverage mismatch
can be model as follows

Ps N Pr

(4
psY Pt )

MIS (pspe) =

where
ps is property of source ontology
p¢ 1s property of target ontology
mis(ps, pe) is @ mismatch value (0 | 1) which
indicates 0 has coverage mismatch and 1 no
coverage mismatch.

The second case occurs when similar properties are
defined using different types. For example, class
Accomodation in Ontology A has a domain for a
property named hasRating. hasRating domain is
AccomodationRating and range is
OneSt‘arRating, TwoStarRating or
ThreeStarRating. In Ontology B, Accomodation
is a domain for a property named hasStarRating
which the range is an integer value. Here hasRating
and hasStarRating are deemed to be similar.
However, the range is different. One is using multiple
values of classes and the other is using primitive value.

Therefore the coverage of two properties can be
determine with the function of

- _(ds n dy).( 0 7). (rts 0 TE). (ng N )
PP = (@ U d,). (15 U ). (1t U 18). (5 U 1p)

)

where
d is domain for a property
r is range for a property
from s, source and ¢, target ontologies
MiS(p, p,) 1S the mismatch value
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C. Coverage Mismatch at Structural Level

Classes are organized using hierarchical structure in
ontology. A class can have one or more siblings. This
type of class is known as super class. A class can belong
to one or more parents. This class is known as sub class.

The coverage mismatch at structural level can happen
in one of these two cases 1) No hierarchy, 2) Different
hierarchy. The first case happen when two classes are
deemed as similar where by one class has superclass (es)
or subclass(es) but the other does not have either
subclass(es) or super class(es). For example, Ontology A
models Accomodation into several sub classes which
are BedAndBreakfast, BudgetAccomodation,
Campground and Hotel. However in Ontology B,
Accomodation do not have super class(es) or sub
class(es).

The second case happens when two classes that are
identified as similar are located in different hierarchy in
the ontology. A class in one ontology can be a super class
but not in the other and vice versa. For example
Destination and TravelDestination are deemed
to be the same concepts, sub classes such as City,
Country and Region are also deemed to be the same
concept. However, City in Ontology A has different
structure from City in Ontology B by which City in
Ontology A is sub class of UrbanArea.

IV. THE IMPORTANCE OF ADDRESSING COVERAGE
MISMATCH

In general coverage mismatch happens because the
ontology is model to different sub domains. The sub
domains represents different parts of a domain. [25]
address coverage issue in Figure 3.  When the needs to
use these ontologies together, coverage mismatch is
important to be address because the ontologies need to be
used as a coherent source, to get higher precision and to
maximize the ontology coverage. Differences of the
classes and properties in the way it is defined and
structured must be solve to avoid unintended conflicts
such as concept or property redundancies. The new
ontology should reflect the complexity of all concepts
captured from the sub domains.

Addressing the coverage should reduce the gap
between the ontology model and the domain concepts. In
a way, solving coverage mismatch will cover the intended
portions that will not form a false commitment between
the system and the ontology.
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Figure 3 : Comparison of different ontologies with respect to
precision and coverage [25]

V. CONCLUSION AND FUTURE WORKS

Integrating two ontologies is a difficult task which has
become more and more important with the expected
advancement in Semantic Web.  This paper has
categorized and analyzed types of coverage mismatch.
This paper has selected OWL based ontology due to its
prominency. This work has complements the existing
findings of ontology mismatches. It is hope that by
categorizing and analyzing these coverage mismatches
would provide a good basis to select the right strategy for
integrating the ontologies.
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