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Abstract. Current matching algorithms cannot be optimally used in
ontology matching tasks as envisioned by the Semantic Web community,
mainly because of the inherent dependency between approaches and ontology properties. As one possible solution we propose a Metadata-based
Ontology MAtching (MOMA) framework based on a reuse-paradigm
that, given a set of ontologies to be matched, takes into account the capabilities of existing matching algorithms and suggests appropriate ones
for application. A Web-enabled matching framework requires a highly
flexible selection and composition of available matching services in order
to take full advantage of the broad spectrum of ontologies across the network. This will be reached by applying a flexible tool for decision-making
and dependency rules-statements.
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Motivation

“Would you be the first passenger on an airliner whose parts have just come out
of the R&D shop? Or would you prefer to board knowing the aircraft was designed
and constructed with parts that have successfully kept planes airborne for years?
Practicing engineers, whether they specialize in civil, mechanical, electrical or
aerospace engineering, select from components whose characteristics have been
tested and proven for safety and efficiency.” [22]. Reusability and reuse are fundamental principles of engineering, and their importance is also well accepted by
the Semantic Web community. While ontology reuse has already been addressed
in some methodologies [14, 15, 19, 21], the reuse of methodologies to merge, map
or match ontologies has not yet been treated in depth within the community.
A fully developed Semantic Web will contain numerous distributed and ubiquitously available ontologies which will be used in different tasks and disciplines.
A fundamental requirement for the realization of this vision is, first of all, proved
and tested ontology matching algorithms (matchers), which are able to deal with
the heterogeneity of ontological sources available on the Web. When implementing an application using a matching approach, the corresponding algorithm is
typically built from scratch and does not resort to available methods. Despite the
impressive number of research initiatives in the matching field containing valuable ideas and techniques, current matching approaches still feature important
limitations when applied to the emerging Semantic Web: They require specific

representation and natural languages [2], do not perform well on inputs with
heterogeneous (graph) structures (e.g. Cupid [6]), or are restricted to tree-based
conceptual models (e.g. S-Match [6]). Even combining multiple matching algorithms still does not overcome all the deficiencies: The quality of what is termed
the meta-learner approaches (e.g. LSD [3]) is directly proportional to the efforts invested in training the algorithms [20], while black box solutions such
as COMA [2] have proven to be unable to adapt well to complex application
scenarios due to the inflexibility of the built-in matching combinations.
To make full use of the existing matching approaches, we propose a solution
based on the reuse of approved algorithms. We argue that a possible solution to
the matching dilemma is to design a new matching strategy – as opposed to a new
(combined) matching heuristic – which strives to optimize the matching process
(by reusing existing approaches) whilst being aware of the inherent dependencies
between matchers, their execution characteristic, required output, and the types
of ontologies they are able to process successfully.

2

General approach of the thesis

This thesis proposal analyzes the difficulties of current ontology matching approaches, with the aim of developing a new strategy based on software reuse
paradigm to satisfy the core requirements of Semantic Web-compatible matching method and able to meet the demands of different users. We have been
developing a matching framework (cf. Sec. 3) which serves:
• human-matching users (e.g. ontology engineers) who, for instance, wish to
match two (or more) source ontologies to create a new target ontology based
on a combination of existing knowledge resources; this process of choosing the
suitable (w.r.t the given requirements) approach can occur manually;
• machine-matching users (e.g. service/matching providers, search engines looking for similar ontologies) that play a core role in enabling mediating Web Service
interactions; in this case the process of choosing a suitable matching approach
must occur automatically.
In reference to the above-mentioned goals, we defined our main problem as
a question: “How does one (human/machine) find a suitable matching approach
w.r.t. given requirements?” To find an answer to this question, at first we had
to find possible factors that have an impact on (the selection of) an adequate
matching approach. Accounting for the empirical findings of different case studies
in ontology engineering, regarding the requirements collected during the development of different Semantic Web application scenarios1 , and in intensive collaboration with ontology and software engineers, we defined six groups of factors
(dimensions) as relevant for the matching selection process: (i)input (ontologies)
characteristic; (ii)output characteristic; (iii)approach (matching algorithms) attributes; (iv)usability of the approach; (v)documentation of the approach and
(vi)costs of the approach. In accordance with established ontology engineering
1

Projects:
Wissensnetze,
Reisewissen,
reisewissen|swpatho].ag-nbi.de

SWPatho

http:\\[wissensnetze|

methodologies [5] and, additionally, by analyzing the common research in the
matching field [1, 4], we then refined the dimensions into factors (e.g. factors:
input size and input formality level for dimension input characteristic) and further refined the factors into attributes (e.g. attributes: number of ontologies and
number of specific ontological primitives for factor input size). These dimensions,
factor and attributes can be expressed as a simple form (questionnaire) which
can be understood by the human-matching users. However, to ensure a rich and
at the same time formal representation of the ambiguous semantics of these factors, and to enable their integration and exchange in and between Semantic Web
applications, we also modelled this information in ontological form and implemented it using Semantic Web representation languages. The chosen dimensions,
factor and attributes building the metadata ((i): ontology metadata and (ii)-(vi):
matching metadata, cf. Sec 3.1) do not stand alone but are rather in close relationship to each other. For this reason, we need powerful and flexible tools for
decision-making in complex multi-criteria problems that will allow us, by linking these various characteristics, to determine manually - with user interaction
- and automatically which matchers are to be used for the given input. Both
approaches supporting manual as well as automated processes of choosing the
appropriate matching form the so-called Metadata-based Ontology MAtching
Framework - MOMA framework (cf. Sec. 3).
The particular MOMA components and the framework as a whole have to
be evaluated. The evaluation of metadata was performed by means of an in-situ
experiment, in which the resulting model is compared against the requirements
derived from the different case studies. Since the framework supports two selection ways of appropriate matchings, we need two evaluation methods: the
MOMA-manual selection approach supported by the Web-based tool is to be
evaluated against manual selection without any tool support (tests will be conducted by different users looking for the suitable matchings w.r.t the same given
requirements), and the MOMA-automatic selection approach is to be evaluated
in the context of different case studies.

3

MOMA Framework

We foresee several usage patterns for the proposed MOMA framework. On one
hand, data and service providers can systematically publish their resources, be
they ontologies or new matchers, Web-wide with the help of the MOMA framework. In so doing, they are expected to provide the required descriptive metadata for the resources subscribed, as this guarantees a higher visibility of their
products to the incoming inquiries. On the other hand, matching consumers (humans and machines) consult the MOMA framework to get (information about)
matching algorithms adequate for their particular tasks.
In the following we describe the matching and ontology metadata and their
role within the MOMA-selection process of suitable matchings.

3.1

MOMA Metadata

The MOMA matching metadata2 captures information ((ii)-(vi) dimensions)
about existing ontology matchers. For the classification of the algorithms, we
are initially relying on Rahm and Bernstein [16], who make the distinction between individual and combining matchers3 , but in further developments the
metadata will also take into account additional subsumptions and characteristics proposed e.g. in [12] and [18]. Beside the aforementioned classification, the
metadata model includes different factors and attributes, such as input type
(instances or schemas, additional input in the form of e.g. numerical values),
matching level (atomic level, e.g. attributes in an XML schema and non-atomic
level e.g. XML elements), and cardinality (i.e. whether a matcher compares one
or more elements in one schema with one or more elements in a second schema).
The dimension output characteristic including factors and attributes (MOMA
ontology metadata) is described using the metadata model4 introduced in [13],
which can be used to describe ontologies in various phases of their life-cycle.
Accounting for the fact that matching algorithms cannot be applied with equal
success regardless of any parts of the ontology metadata model, we have identified
the following ontology factors as relevant for matching tasks:
• syntactic features, such as number of specific ontological primitives that affect
the matching execution performance and quality of, for example, structuredbased matchers that typically perform better on simple graph structures;
• semantic features, such as modelled domain, representation/natural language,
level of formality or domain generality that restrict the number of applicable
matching algorithms, which might be adequate for a sub-set of these features.
The MOMA metadata models are defined in a formal representation language
(currently OWL) and the dependencies between the dimensions are defined on
the basis of a decision-making approach or formalized in terms of rules.
3.2

Selection of the suitable matcher

For a given pair of ontologies to be matched, the MOMA framework must decide
which matching algorithms are to be applied to satisfy the requirements and
to obtain the desired output. To support a manual selection of the suitable
matching approaches we decided to adopt Analytic Hierarchy Process (AHP) [17]
— an approach that had been already successfully applied for different selections
especially for reuse decisions [9, 10]. AHP allows the gathering of knowledge
about a particular problem, and the quantification of subjective opinions as well
to forcing the comparison of alternatives in relation to established criteria. By
reducing complex decisions (which matching is suitable) to a series of pair-wise
comparisons (dimensions, factors and attributes) and synthesizing the results
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(list of suitable algorithms), decision-makers arrive at the best decision based on
a clear rationale [17].
In order to automatically determine which matchers are to be used (or excluded) we propose to formalize the knowledge concerning dependencies between
these algorithms and the inputs on which they operate in terms of dependency
rules-statements (e.g. if no instance data is available, then apply only scheme
matchers; apply only matchers which are capable of dealing with the representation language of the inputs). For the purpose of the first implementation, the
matching rules are put into effect in SWRL [8], a rule language for the Semantic Web which the rules formalized in terms of the concepts defined in the two
metadata models. However, the deployment of rules in decision-making processes
requires a reasoning engine able to operate on ontologies and (SWRL) rules, an
issue which is still the subject of active research in the Semantic Web community.

4

Summary and Future work

This paper presents ideas of the first two years of work on the proposed PhD thesis which, taking into account problems and limitations of both individual and
combining matchers, aims to develop an ontology matching framework relayed
on a reuse-strategy of existing algorithms. Our strategy is based on dependencies
between algorithms and the types of ontologies these are able to process successfully, and factors that have influence on the matching tasks. Since two different
policies, the manual, based on AHP, and the automated, applying rules, are to
be integrated into the MOMA framework, it can serve both human as well as
machine users.
The preliminary version of the prototypical implementation of the MOMA
framework contains, in consideration of dimensions, factors and attributes, the
ontology metadata and (the first version of) matching metadata, as well a few
general prescribed rules. The first phase of further development will be dedicated
to expansion of the matching metadata, the application of AHP for the manual
decision-making process, and the definition of the comprehensive set of rules
using information related to the factors of matchings and ontologies for the
automated detection of suitable matchers.
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