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Abstract

Instance-based ontology mapping is a promising family of solutions to a class of ontology alignment prob-
lems. It crucially depends on measuring the similarity between sets of annotated instances. In this paper
we study how the choice of co-occurrence measures affects the performance of instance-based mapping.
To this end, we have implemented a number of different statistical co-occurrence measures. We have pre-
pared an extensive test case using vocabularies of thousands of terms, millions of instances, and hundreds
of thousands of joint items. We have obtained a human Gold Standard judgement for part of the mapping-
space. We then study how the different co-occurrence measures and a number of algorithmic variations
perform on our benchmark dataset as compared against the Gold Standard. Our systematic study shows
excellent results of instance-based matching in general, where the more simple measures often outperform
more sophisticated statistical measures.

This paper is an abbreviated version of a paper accepted at the 6th International Semantic Web Con-
ference, ISWC 2007 [3].

1 Introduction
The semantic heterogeneity problem is probably the single-most urgent problem to be solved to realise a
web-scale Semantic Web. This makes automatic ontology mapping – determining relations such as equiva-
lence or subsumption between concepts of two separate ontologies – as the anticipated solution to semantic
heterogeneity, a research issue of paramount importance [1].

In this paper we focus on instance-based ontology mapping, i.e. the construction of links between
concepts based on their instances. In instance-based mapping semantic relations between concepts of two
ontologies are determined based on the overlap of their instance sets. The idea for mapping is then simply
that the higher the ratio of co-occurring instances for two concepts, the more related they are. The difficult
question is how to define the notion of significance for such extension overlap. We propose a systematic
approach considering the following dimensions:

• Measures: the most simple idea is to calculate the common factor of two concepts C and D, for
example, the Jaccard measure which measures the proportion of jointly annotated books over all books
annotated by C and D individually. In statistics and Information Theory a number of other measures
have also been developed, such as Pointwise Mutual Information, Information Gain or Log-likelihood
ratio.

• Thresholds: often the above mentioned measures are vulnerable for data-sparseness: if there are too
few instances, the common factor measure ranks mappings high when the two concepts involved are
each only used once to annotate the same book. The solution to dealing with this issue is to consider
thresholds in the measures.

• Hierarchy: following the semantics of ontologies we can use the hierarchy, i.e. including the in-
stances of descendants in the extension of a concept.



Based on a case where two book collections indexed with different thesauri overlap, we answer the
following research questions:

1. Is instance-based mapping a reliable technology to be applied in practical, possibly critical applica-
tions?

2. Which combination of measures, thresholds and information inclusion works best, possibly depending
on circumstances such as whether precision or recall is considered more important?

2 Use case
Our case is situated at the National Library of the Netherlands, which maintains a large number of col-
lections. Two of them are the Deposit Collection, containing all the Dutch printed publications, and the
Scientific Collection, mainly about the history, language and culture of the Netherlands. Each collection is
described according to its own indexing system: The Scientific Collection uses the GTT thesaurus – 35,000
concepts – while the books contained in the Deposit Collection are indexed against the Brinkman thesaurus
– 5,000 concepts. Both thesauri have similar coverage but differ in granularity. Around 250,000 books are
common to the depot and scientific collections, and have therefore been manually annotated with both GTT
and Brinkman vocabularies.

3 Experimental Setup
We have run experiments with the Jaccard, Pointwise Mutual Information, Information Gain and Log-
likelihood ratio measures, as well as with an version of Jaccard corrected to compensate concepts with
very few joint instances. For each measure we calculate four ordered lists, two taking the hierarchy into
account, two not, of which one is with a threshold of 1, and one with a threshold of 10.

To evaluate these results, we have developed a procedure consisting of three steps: producing a Gold
Standard based on sample data (1.600 mappings), calculating average precision over ranked mappings and
approximating recall using a set of mapping obtained by lexical similarity between concepts’ labels.

4 Results of the experiments
Generally, the results are surprisingly good, as compared to results from other ontology matching evaluations
on the same data [2]. This indicates that instance-based matching would probably be an easier task than
structure-based or label-based mapping methods, when there are instances available. This also indicates that
our technique will be suitable in critical applications. Based on our experiments, we learn the following
lessons:

• including a threshold generally improves precision but there is a price to pay in terms of the recall;

• considering hierarchical information to calculate concepts’ extension does no bring significant im-
provement, and in most cases even decreases performances;

• in our case, the most simple measures Jaccard and its corrected version perform the best.
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