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Abstract. In many digital repository implementations, resources are often
described against some flavor of metadata schema, popularly the Dublin Core
Element Set (DCMES), as is the case with the DSpace system. However, such
an approach cannot capture richer semantic relations that exist or may be
implied, in the sense of a Semantic Web ontology. Therefore we first suggest a
method in order to semantically intensify the underlying data model and
develop an automatic translation of the flatly organized metadata information to
this new ontology. Then we propose an implementation that provides for
inference-based knowledge discovery, retrieval and navigation on top of digital
repositories, based on this ontology. We apply this technique to real
information stored in the University of Patras Institutional Repository that is
based on DSpace, and confirm that more powerful, inference-based queries can
indeed be performed.

1 Introduction

In this paper we present and document a process that builds upon the well-known
digital repositories paradigm and enhances it with the Semantic Web’s features. In
other words, the main goal that drives our efforts is not to re-implement a digital
repository system using Semantic Web APIs and technologies, but to provide
inference-based knowledge discovery, retrieval and navigation on top of such a
system, based on existing metadata and other semi-structured information.

To prove our concept, we describe a concrete, working prototype that provides for
inference-based search and navigation on top of the DSpace digital repository system.
DSpace metadata follow the Dublin Core (DC) specification by default, while it is
possible to import and use other metadata schemata as well. Our work and results are
based on real-world data and applied on the official University of Patras institutional
repository that is based on DSpace (http://repository.upatras.gr/dspace/). Its metadata
are based on the original DSpace schema extended with learning object (LOM)
metadata.

A partial description of this work and source code are publicly available at:
http://wiki.dspace.org/index.php/User:Kotsomit.
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2 Extracting an ontology out of metadata records

In many standard repository configurations (including the DSpace digital repository
software), resources are described based on the Dublin Core Metadata Element Set
(DCMES) which is often implemented as a flat aggregation of elements. The semantic
interpretation of the DC model that is not always represented in applications, is
formalized through the DCMI Abstract Model (DCAM) specification [5] as well as
the most recent recommendation for expressing DC in RDF [3]. These documents
virtually suggest an ontology of DC, expressed in RDF(S), a Semantic Web standard.
Such a DC ontology bears its own semantic structure that may be taken advantage of
in order to enable more refined descriptions of resources. However, as pointed out in
[1], the burden of producing from scratch a whole new set of richer descriptions can
be prohibiting. -
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Fig. 1. Partial view of the DSpace ontology class hierarchy (excluding some imported axioms).

As a potential solution to this problem, within our work we have implemented a
DC ontology in terms of a most centralized approach. To do this we are based on the
semantic profiling technique, well-applied previously on fully-structured knowledge
domains [1]. Our goal is to upgrade this ontology up to OWL and OWL 2 level [4],
by incorporating new constructs and refinements, available only in these languages.
At the same time, we build upon the initial model and do not require any alternations
in its original specification. In this process, we also take into account the LOM
metadata, with which we have extended the original DSpace schema. The resulting
ontology, including the new refinements, is then populated in an automated way from
metadata already existing within the live DSpace installation of the University of
Patras institutional repository, through its OAI-PMH interface.

Part of the resulting ontology is depicted in Figure 1.



2 Semantic Search and Navigation

The most important modules and interfaces that enable semantic services in our
digital repository are the following:

e Semantic Search interface (Fig. 2), which, in collaboration with the
appropriate inference engine, allows for the construction, submission and
evaluation of a semantic query. Retrieved results are displayed here in the
form of a list.

e Semantic Navigation interface (Fig. 3) is where detailed ontological
information about a selected entity (individual) is presented.

e Ontology Population refers to the dynamic construction of the ontology,
which comes from DSpace’s OAI harvested metadata, after applying the
appropriate XSLT transformation on them.

e The Inference Engine is responsible for processing the ontological
documents and for performing reasoning over them.

Semantic Search
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Fig. 2. The Semantic Search interface.

These facilities have been implemented in Java servlets, using the OWL API.
These servlets extend DspaceServilet, an extension of the Java HttpServlet
class. This is the only (and necessary) reference to the DSpace API. Reasoning is
performed by the FaCT++ inference engine, but any other DL reasoner may be used.
FaCT++ is interfaced by the appropriate abstract class of the OWL API
(Reasoner), through JNI.

The populated ontology is dynamically constructed and silently fed to the reasoner
over HTTP. In fact, our semantic search and navigation services are designed and
implemented in such a way, that they can work with any OWL document, not just the
one populated with the repository’s metadata: Since the ontology URI is passed as an
HTTP parameter, it is easy to parameterize the user interface to ask for an ontology
URL as well, making our implementation totally independent of the specific
ontological model.
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Fig. 3. The Semantic Navigation interface (viewing item 1987/117).
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