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Abstract. Data integration is the process that gives users access to
multiple data sources though queries against a global schema. Semantic
heterogeneity has been identified as the most important and toughest
problem when integrating various data sources. Several approaches were
proposed to deal with this problem. These approaches can be classified
using three criteria: (1) data representation which means whether data of
sources will be materialized in a warehouse at the integrated system level
or accessed via a mediator, (2) the sense of the mapping between global
and local schemas (e.g., Global as View, Local as View) and (3) the nature
of the mapping (manual, semi automatic and automatic). Mapping is
manual each time when ontologies are not used to make explicit data
meaning. It is semi automatic when ontology and ontology mapping are
defined at integration level. In this paper, we propose a fully automatic
integration process based on ontologies. It supposes that each data source
contains a conceptual ontology that references a shared ontology. The
mappings between a local ontology and the shared ontology is defined at
database design time and also embedded in each source. This approach
is implemented using PLIB-based ontologies (officially ISO 13584). It is
assumed that there exists a domain ontology, but each data source may
extend it by adding new concepts and properties. Therefore the shared
ontology is referenced when ever it is possible. This integration approach
was developed for automatic integration of component databases. It is
currently prototyped in various environments including OODB, ORDB,
and RDB.

1 Introduction

The overwhelming amount of heterogeneous data stored in various data reposi-
tories emphasizes the relevance of data integration methodologies and techniques
to facilitate data sharing. Nowadays integrating heterogeneous and autonomous
data sources represents a significant challenge to the database community. The
availability of numerous sources increases the requirements for developing tools
and techniques to integrate these sources. Data integration is the process by
which several autonomous, distributed and heterogeneous information sources
(where each source is associated with a local schema) are integrated into a single
data source associated with a global schema. Data integration recently received
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a great attention due to many data management applications : examples are
Peer-to-Peer data [1], Data Warehouse [2], and E-commerce [15].

Formally, a data integration system is a triple I :< G,S, M >, where G is
the global schema (over an alphabet Ag) which provides a reconciled and an
integrated schema, S is a set of source schemas (over an alphabet Ag) which
describes the structure of sources participating in the integration process, and
M is the mapping between G and S which establishes the connection between
the elements of the global schema and those of the sources. Queries to a data
integration system are posed in terms of the relations in G, and are intended
to provide the specification of which data to extract from the virtual database
represented by I.

Various integration systems have been proposed in the literature [3, 11, 5,
18, 13]. Their fundamental problem is their inability to integrate automatically
at the meaning level several heterogeneous and autonomous data sources. In the
first generation of integration systems (e.g., TSIMMIS [5]), data meaning was
not explicitly represented. Thus, concept meaning and mapping meaning were
manually encoded in a view definition. The major progress toward automatic
integration resulted from the explicit representation of data meaning through
ontologies [22]. Various kinds of ontologies were used, either linguistic [4] or
more formal [10]. All allowed some kind of partially automatic integration under
expert control. In a number of domains, including Web service, e-procurement,
synchronization of distributed databases, the new challenge is to perform fully
automatic integration of autonomous databases. We claim that: if we do not want
to perform human-controlled mapping at integration time, this mapping shall be
done a priori at the database design time. This means that some formal shared
ontologies must exist, and each local source shall embedded some ontological
data that references explicitly this shared ontology. Some systems are already
developed based on this hypothesis: Picsel2 [18] project for integrating Web
services, the COIN project for exchanging for instance financial data [7]. Their
weakness is that once the shared ontology is defined, each source shall used the
common vocabulary. The shared ontology is in fact a global ontology and each
source is less autonomous.

Our approach gives more autonomy to various data sources. To achieve this
goal:

1. each data source participating in the integration process shall contain its
own ontology. We call that source an ontology-based database (OBDB).

2. each local source references a shared ontology.

3. local ontology may extend the shared ontology as much as needed.

Consequently, the automatic integration process involves two steps: automatic
integration of ontologies and then an automatic integration of data.

The context of our work is the automatic integration of industrial component
databases [17]: we have already prototyped several implementation of the pro-
posed approaches in object oriented database, object-relational database, and
relational database environments.
















































