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Exploring Ontology Merging with examples

Liwei Deng'

Abstract. We review some recent work on ontology merging using
Category Theory and explore some simple problematic examples.

1 INTRODUCTION

We review some recent work on ontology merging; use the tech-
niques presented in these to merge non-trivial ontologies and in the
process analyse both the methods and the ontologies themselves.

We are interested in ontology management using a Category The-
oretic framework; the origin of such an approach can be traced back
to [5], which at the end outlines a work program for its realization.
Progress on this will be reviewed here.

Before that, it will be useful to have a review of all the main on-
tology operation terms used by the papers cited in this report, since
sometimes the same term is used by different authors to mean dif-
ferent things, and some authors give more precise definitions than
others.

The techniques mentioned above will enable us to compute the
merge of non-trivial ontologies, to give us an idea of how they work
in practice. One of the merges will be from [5] and [3]. It seems to
have some problems (pointed out in [3]) and is analysed further in
an attempt to understand the cause of the problem, and possibly find
remedies.

Another example, from a completely different source (a talk by
Kai-Uwe Kuehnberger), besides being a good test for merging, can
also be easily extended and refined, thus allowing for more rigorous
tests of current techniques and tests of more powerful methods in the
future.

2 DEFINITIONS OF SOME ONTOLOGY
OPERATIONS

A survey of ontology mapping [1], gives definitions to many ontol-
ogy operation terms. However at least two of the papers cited in this
report, [6] and [2], are published after [1]; they used old terms with
similar meanings while introducing new, mostly related ones.

This ever growing collection of related ontology operations terms
is on the threshold of becoming a non-trivial ontology in itself. They
include mapping, translation, alignment, articulation, merging, con-
nection, integration and refinement. It is useful, for both understand-
ing what follows in this report and generally, to review these terms
and explain their relations.

3 ONTOLOGY MERGING, V-ALIGNMENT,
HETS

In [5], an approach to ontology merging using Category Theory was
presented; it is argued that this approach does not depend on a par-
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ticular specification, therefore achieving a greater level of generality.

To illustrate this approach, it gave a definition of the merge of two
ontologies as the result of a pushout operation.

This is generalized and extended in [6] with the notion of a V-
alignment, with a set of well defined operations for ontology merging
and alignment operations.

The V-alignment is placed in a yet more general framework in [2]
(though in this case not totally rigorously), through which it can
be practically implemented in the Heterogeneous Tool Set (HETS)
(see [4]).

4 ONTOLOGY MERGING EXAMPLES
4.1 Ontology merging in literature

In the literature there seems to be relatively few examples of merging
of non-trivial ontologies using the framework above (particularly the
Category Theoretic one).

[6] gives a very simple example illustrating problems of using the
V-alignment; [2] gives the specification of a W-alignment (see [6]),
which is made out of V-alignments and is more difficult to automate,
in the appendix.

It seems natural to try out the more basic construction first, which
is what we will do later. As already mentioned in the previous sec-
tion, we will implement these examples in HETS, along the lines set
out in [2].

4.2 A problematic example
[5] gave an example with the following two partial orders, with an

OHtOIOgy mapplng of {(a» 1)7 (ba 2) (Cv 4)a (f7 5)7 (gv 3)} They are
then merged with a pushout operation.
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In [3], the elements in the example of [5] were instantiated by the
author, which then obtained a merged ontology with the same struc-
ture. We are unhappy with the instantiation since it is of no help in
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illustrating the point to come, but rather confuses the issue by intro-
ducing problems with interpretation of the terms used; therefore they
are not included here.

The merged ontology in [5] is shown below.
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In the merged ontology there is an element, {c, g, 3,4} that con-
tained four elements of the original ontology (two from each);
whereas intuition would suggest elements of the merged ontology
should contain an equivalent pair of elements or singleton elements
without equivalence, from the original ontologies.

This is pointed out in [3], where it’s taken as evidence that this
approach is deficient. We do not believe the problem lies with the ap-
proach, but rather the failure indicates a problem with either the orig-
inal ontologies or the ontology mapping used to compute the merge.
(This is in fact hinted at in [5] at the end of the 4th step of the ‘How
to put our approach into practice’ section, even though where the
example was presented the authors didn’t seem to think it was prob-
lematic.) This belief is investigated, with a view to fixing any errors
detected.

4.3 A more complicated example

Finally, we finish with a more complicated example (this is from
a talk by Kai-Uwe Kuehnberger at University of Edinburgh). This
example has the advantages of being natural and from a third party
not directly concerned about ontology alignments and merging.

‘We note that there is an obvious analogy between an atom and the
solar system (numerous small bodies orbiting a large core); this is
formalized in Kuehnberger. At a crude level, the analogy works well
and we expect ontologies formulated at this level to be very similar,
and so the merge will be very similar to the originals.

But if we refine or extend the ontologies we will get big differ-
ences, with the intuitive merge more dissimilar to the original on-
tologies; so this provides a tougher test of the categorical techniques,
and further techniques developed in the future.
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