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Résumé

L’intégration de I'information fournie par de multiples sources de données hétérogenes est un besoin
croissant des systemes d’information actuels. Dans ce contexte, les besoins des applications sont
décrits au moyen d’un schéma cible et la facon dont les instances du schéma cible sont dérivées a
partir des sources de données est exprimée par des mappings. Dans cette thése, nous nous
intéressons a la génération automatique de mappings pour un schéma cible XML a partir des sources
de données XML ainsi qu’a I'adaptation de ces mappings en cas de changements survenant dans le
schéma cible ou dans les soutces de données.

Nous proposons une approche automatique de génération de mappings en trois phases: (i) la
décomposition du schéma cible en sous-arbres, (ii) la recherche de mappings partiels pour chacun de
ces sous-arbres et enfin (iii) la génération de mappings pour I'ensemble du schéma cible a partir de
ces mappings partiels. Le résultat de notre approche est un ensemble de mappings ; chacun ayant une
sémantique propre. Dans le cas ou l'information requise par le schéma cible n’est pas présente dans
les sources, aucun mapping ne sera produit. Dans ce cas, nous proposons de relaxer certaines
contraintes définies sur le schéma cible pour permettre de générer des mappings. Nous avons
également proposé une approche d’adaptation des mappings existants en cas de changement
survenant dans un des sources ou dans le schéma cible. Nous avons développé un prototype d’un
outil pour supporter notre approche.

Abstract

The integration of information originating from multiple heterogeneous data sources is required by
many modern information systems. In this context, the applications’ needs are described by a target
schema and the way instances of the target schema are derived from the data sources is expressed
through mappings. A mapping describes the transformation and the integration of the source
instances to conform to the target schema. In this thesis, we address the problem of mapping
generation for a XML target schema from multiple XML data sources and the automatic adaptation
of these mappings when the target schema or the source schemas evolve.

We propose an automatic generation approach that first decomposes the target schema into subtrees,
then defines mappings, called partial mappings, for each of these subtrees, and finally combines these
partial mappings to generate the mappings for the whole target schema. Applying our approach
creates a set of alternative mappings: all for the given target from the sources. If the information
required in the target schema cannot be provided by the sources, then no mapping can be generated.
In this case, we propose to relax some constraints of the target schema such that mappings can be
generated. We also propose a mapping adaptation approach to keep existing mappings current if
some changes occur either in the target schema or in one of the source schemas. We have developed
a prototype implementation of a tool to support the generation process.
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Chapter 1. Introduction

1. Context and Motivation

Nowadays, interoperability is an increasingly important issue within many information management
contexts. Many modern information systems such as data migration systems, mediation systems, and
data warehouses need to import existing data with some particular structure and re-use it in a
different format. Building these applications begins with an understanding of how data will be used
and viewed; this consists in determining the application’s needs, represented by a schema called the
target schema. The data required by the application is provided by some data sources. The data
exported by each data source is described using a source schema. Mappings are therefore needed
between the target schema and the source schema to express the way instances of the target schema
are derived from the instances of the source schemas. That is, they state how the application’s data
needs are satisfied by the sources.

Consider the example given in Figure 1-1: a data source provides information about professors
and students of a university. It exports a source schema that contains information about professors,
students, and the teaching relationships between professors and students. Suppose that an application
requires the same information in another representation; this application provides a target schema
that contains information about persons representing both professors and students and the teaching
relationships between persons. A mapping can be defined to specify how instances of the target
schema can be derived from the instances of the source schema. Instances of a person are obtained
by constructing the union of the professor instances and student instances from the data source.
Instances of the teaching relationship in the target schema are obtained from the instances of the
same relationship in the data source; the mapping ensures that each teaching instance relates two
persons that correspond to a professor and a student related by the data source instance.

Source Schema Mapping Target Schema
Professor
name
Address Professor U Student
— Person Person
1 - .
name !
teaching )
. teaching(Professor, Student)
- = teaching(Person, Person) 1
Student -
teaching
name
degree

Figure 1-1. One example of a mapping between a target schema and a source schema
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Mappings can be used in many different contexts such as data migration systems, data translation
systems, wrappers, mediation systems, or data warehouses. A data migration system |BH, CG04
and LD94] is used to transfer data from a legacy system to a new system. Mappings have to be
defined between the schema provided by the legacy system (source schema) and the schema of the
new system (target schema). They state the way to populate the new system using the data of the
legacy system. A data translation system [ACM97, Bil79 and KA0O4] manages information exchange
between applications. It has to create mappings between the schema of the information provider
(source schema) and the schema of the information consumer (target schema) to specify the way
information can be exchanged. A wrapper [IS06, LPH00O and THHO5] encapsulates a single data
source to make it usable in a more convenient fashion than the original source. Thetefore it has to
specify the mapping between the internal representation (the source schema) and the external
representation (target schema). In a mediation system [GPQ97, TRV98 and Wie92] that provides the
users a transparent access to heterogeneous data sources, the system defines a global view of these
sources (target schema). Mappings either define the target schema in terms of source schemas (in the
Global-as-View approach), or define each source schema in terms of the target schema (in the Local-
as-View approach). These mappings will be used to rewrite user queries expressed over the target
schema into local queries over the sources. In a data warehouse [Inm96 and TS99], mappings are
defined between the source schemas and the integrated schema of the system to derive the storage of
the data warehouse from the integration of the data sources.

Defining the mappings between the target and the sources is also called schema mapping. 1t is
often considered to be a manual process. To perform this task, the designer must have a thorough
understanding of not only all the data sources, but also the semantic links between the sources and
the target schema. Especially when there are a large number of data sources such as in mediation
systems and data warchouses, the amount of metadata to manage may be very important and makes
the manual definition of mapping extremely difficult and time consuming. Thus, it is necessary to
provide support for the automatic mapping generation.

Mappings are necessarily dependent on the schemas they relate. However, individual sources are
autonomous, freely evolving both their content and their capabilities, or even changing their status
between available and unavailable. Likewise, the applications also freely evolve their target schemas
to adapt to their new needs. These schema changes lead to continuous obsolescence and re-
definitions of the mappings. If the number of the source schemas is small and if the schemas are
simple, it is possible to check manually the mappings and to adapt them. But if the number of the
schemas is important and if they have complex structures, manually adapting the mappings becomes
a difficult task. If some change occurs in the sources or the target schema, one solution is to restart
the generation process; but this can be costly, especially when the changes have little impact on the
mappings. For example, the renaming of a source element can be propagated in a very simple way in
the existing mappings and does not require generating the mapping from scratch.

2. An Overview on Mapping Generation and Adaptation

Given one target schema and several source schemas, mapping generation produces mappings that
describe the way instances of the target schema are derived from the instances of the source schemas.
If one of the schemas referenced by the mapping evolves, the mapping may become obsolete.
Mapping adaptation consists in adapting this obsolete mapping to keep it consistent with the evolved
schemas.

Some research approaches [BKS04, MHHO00, FW06, SKR01, Zam04, CLL03, PVMO02 and FS03]
and industrial solutions [AIS, AMF and Sty] have been proposed for automatically or semi-
automatically generate mappings. Some of them [BKS04, MHHO0 and FWO006] consider relational
schemas and the others [SKRO1, Zam04, CLL03, PVM02, FS03, AIS, AMF and Sty| consider XML
schemas. Many of the existing approaches generate mappings over one single source schema. Only
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two approaches [BKS04 and FS03] generate mappings over several source schemas and the output
mappings can express joins between different sources. Some approaches [BKS04, MHHO00, SKRO1
and CLLO3] generate mappings described in a standard query language such as SQL, XQuery or
XSLT. The other approaches [FW06, Zam04, PVMO02 and FS03] generate mappings expressed in a
specific language. Among these existing works, some [SKR01, CLLO3 and FS03] still assume that the
target schema and the source schemas have homogeneous structures. The existing industrial tools
can only generate very simple mappings to derive instances for every construction of the target
without considering the structure of the whole schema.

Some approaches [BFKO03, LNR02, MP02, VMP04 and YPO5] have been proposed to adapt
mappings automatically when the related schemas evolve. The approaches proposed in [BFK03 and
LNRO2] assume relational schemas and mappings expressed in SQL. [VMP04 and YPO05] consider
nested data models and mappings expressed in a specific language. [MP02] assumes schemas
described using an Entity-Relationship like model and mappings are expressed using a series of
transformation operations. The approaches proposed in [BFKO03 and VMP04] are related to an
existing mapping generation methodology and the proposed mapping adaptation can be considered
as an incremental execution of this methodology. These approaches assume that all the intermediate
results of the mapping generation are provided. They define, for every change they consider, the
actions of re-computing the intermediate results and then the final results of the mapping generation
process. The approaches presented in [MP02 and YPO5] consider that schema changes are expressed
using a mapping and the mappings have to be generated using a specific mapping generation
approach. Their adaptation consists in combining the original mapping with the mapping expressing
the changes to obtain new mappings. The approach proposed in [LNRO2] adapts mappings between
relational schemas for its considered changes. This adaptation is performed using some information
about the source such as the possible joins between source relations and the inclusion relations
between different source instances, etc.

All the existing approaches on mapping generation and mapping adaptation use semantic
correspondences. Semantic correspondences involve elements of different schemas and state that
these elements represent the same concept. For example, a semantic correspondence can be defined
between “professor” and “teacher” to state that they represent the same meaning. Transformation
functions can be used in semantic correspondences. Generating semantic correspondences is also
called schema matching. Providing support to schema matching is a difficult problem and has been
an active research topic for a long time [BLN80] and is still an active research area [DLD04, DR02,
Gal06, HCO06, RB01 and SE05]. The definition of semantic correspondences is beyond the scope of
our work.

3. Our Proposal

Only some of the existing mapping generation approaches can produce mappings involving joins
between different sources. The approach proposed in [FFSO3] generates mappings involving inter-
source joins for XML schemas. However, it assumes that the target schema and the source schemas
have homogeneous structures; this cannot always be the case in distributed and heterogeneous
environments. Most of the existing works proposed for mapping adaptation ate related to a specific
mapping generation approach. They either require providing all the intermediate results of the
mapping generation process, or the generation of a mapping to describe the schema evolution. The
approach proposed in [LNRO2| does not make such an assumption but it requires a large volume of
source descriptions and some of them are difficult to obtain such as the list of all possible joins
between the sources.

In this thesis, we address the problems of automatic mapping generation and adaptation. We
assume that the target and source schemas are described in XML Schema. We generate automatically
a set of mappings between the target schema and the source schemas and we adapt existing
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mappings when the target and source schemas evolve automatically as well. Similarly to the existing
approaches, we assume that a set of semantic correspondences is provided between the schemas.

To handle the complexity of mapping generation, our approach comprises three steps:

— decomposing the target schema into a set of subtrees, called target subtrees,

— then finding different ways, called partial mappings, to derive instances of each target
subtree from the instances of the source schemas; the partial mapping generation for each
target subtree is done independently from the others.

— finally combining the partial mappings of different target subtrees to generate the mappings
for the whole schema, called zarger mappings.

The result of our approach is a set of mappings having different semantics. They are specified in
an abstract language and can be translated into another specific language such as XQuery. The
generated mappings can involve joins between different sources. Every resulting mapping represents
an alternative way to derive instances of the target schema that is different from the others.

If some information required in the target schema can not be found in the data sources, no
mapping can be generated (e.g. the target schema asks for “authors” writ