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Preface

Information infrastructures are integrated solutions based on the fusion of informa-
tion and communication technologies. An information infrastructure is defined as an
advanced, seamless web of public and private communications networks, interactive
services, interoperable hardware and software, computers, databases, and consumer
electronics to make available vast amounts of information. The term started to be
commonly used after the launching of the US plan for National Information Infras-
tructures [195]. Since then, the term has been widely used to describe national and
global communication networks like the Internet and more specialized solutions for
communications within specific business sectors. For example, following the US
path, the European Union published some years later its own plan for the creation
of European information infrastructures [46].

Information retrieval is a basic functionality in any information infrastructure. In-
formation retrieval deals with the representation, storage, organization, and access
to information items [13]. It consists in determining which documents of a collec-
tion are relevant to the user information request. The primary goal of an information
retrieval system is to retrieve all the documents that are relevant to the user infor-
mation need while retrieving as few non-relevant documents as possible. To do so,
it has to be able to extract syntactic and semantic information from the documents,
and use this information to rank the documents according to the degree of match
with respect to the user information need. However, the interpretation of the user
need is not an easy task. It is limited by the expressivity of the user query language
and by the inherent ambiguity and terminological dispersion of the written text.

An information infrastructure requires an efficient and effective information re-
trieval system to provide the users with access to the items stored in the infrastruc-
ture. It does not really matter how much information about a subject an infrastruc-
ture contains; if it is not possible to find it, it is useless. Therefore, it is important
to distinguish between an information retrieval and a data retrieval process. While
data retrieval systems are focused on determining which records stored in a cata-
log system contain the words specified in the user query, information retrieval ones
are more concerned with obtaining information about a subject or topic than re-
trieving the data which satisfies exactly a given query. Data retrieval techniques are
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viii Preface

applicable to systems with well structured data where returning a single erroneous
item means a total failure. However, in systems working with natural language text,
which is not always well structured and could be semantically ambiguous, informa-
tion retrieval systems could be a better option if some inaccuracies and small errors
are acceptable.

An information infrastructure is composed of several services and components
that have to interact to provide the desired functionality. If each component uses a
different set of interfaces and formats, the interoperability between them becomes
a difficult task. The use of standards is of great help to solve syntactic interoper-
ability problems establishing a common way to access to information (they provide
a common syntax). However, syntactic interoperability is not enough for informa-
tion retrieval. Natural language terms used in classification, indexing and querying
contain semantic relations between them (e.g., synonymy, polysemy, homonymy,
meronymy, hyponymy, lexical variants, or misspellings) may make difficult the cre-
ation of effective search services.

In order to increase semantic interoperability in search systems, libraries, muse-
ums, and archives have traditionally used controlled vocabularies (list of terms about
a certain subject) to describe resources, reducing in that way the possible terms used
in classification and search to the selected ones. Their use increases the homogeneity
in the descriptions, simplifies the query process and improves the results. Controlled
vocabularies are used in classification steps to describe (and index) the resources.
In the search components, they provide the user with the appropriate terminology
for constructing queries. And in information browsing, they are used to provide a
browsing structure through the resources based on the selected vocabulary. The se-
lection of an appropriate vocabulary represents nevertheless an important challenge
[74], it has to be adapted to the collection requirements avoiding terms irrelevant for
the desired context.

Having in mind the increase of terminological precision, the use of simple con-
trolled vocabularies has been progressively displaced by the use of more sophisti-
cated knowledge models. This tendency has been greatly increased in the last years
with the impact of Internet and the Semantic Web. The knowledge models stored in
paper (taxonomies, thesauri) by libraries and other institutions have been comput-
erized and transformed into more formal ontology models to provide a higher level
of semantics. The term ontology is used in information systems and in knowledge
representation systems to denote a knowledge model, which represents a particular
domain of interest. A body of formally represented knowledge is based on a con-
ceptualization: the objects, concepts, and other entities that are assumed to exist in
some area of interest and the relationships that hold among them. And an ontol-
ogy provides “an explicit formal specification of a shared conceptualization” [69].
Some ontology types are classification schemes that organize materials at a gen-
eral level (such as books on a shelf), subject headings that provide more detailed
access, authority files that control variant versions of key information (such as ge-
ographic names and personal names), or semantic networks and formal ontologies
that provide a complete set of formally defined relations. Depending on the formal-
ism level, Sowa [178] distinguishes two main classes of ontologies: terminological
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(also called lexical) and axiomatized (also called formal). Terminological ontolo-
gies are not fully specified by axioms and definitions and the relations are limited to
subtype/supertype or part/whole relations. On the other hand, axiomatized ontology
concepts and relations have associated axioms and definitions that are stated in logic
or in some computer-oriented language that can be automatically translated to logic.

Nowadays, ontologies play an important role in the information retrieval context.
Usually, the retrieval of resources through an information retrieval system implies
successive iterations of resource discovery, followed by resource evaluation, and a
final stage of access (direct as a data set, or indirect via a data access service) and
exploitation of the resource. In all these stages, different ontology models can help
to improve the produced results.

As concerns resource discovery, some of the most remarkable problems that af-
fect the interoperability and cooperation of discovery systems are metadata schema
heterogeneity and content heterogeneity [156].

In order to facilitate discovery and access, the content of a collection is summa-
rized into small descriptions, usually called metadata (data about the data), which
can be either introduced manually or automatically generated (index terms automat-
ically extracted from a collection of documents). Most Digital libraries define their
structured metadata in accordance to recognized standards such as MARC21 [149]
or the Dublin Core Metadata Element Set [85] (proposed by the Dublin Core Meta-
data Initiative') but other models can be used. This heterogeneity makes difficult
the integration of collections using different metadata models. In this context, given
that a metadata schema is a model that contains a set of concepts with properties
and relations to other concepts, their structure can be modeled as a formal ontol-
ogy, where metadata records are instances of this ontology [17]. This kind of formal
ontologies may be used to profile the metadata needs of a specific resource and its
relationships with metadata of other related resources, or to provide interoperability
across metadata schemas.

On the other hand, metadata try to describe in an accurate way information re-
sources to enhance information retrieval, but this improvement depends greatly on
the quality of metadata content. Even in the same collection, the content of each
metadata can be quite heterogeneous. Here, terminological ontologies facilitate clas-
sification of resources and information retrieval. One way to enforce the quality is
the use of selected terminology for some metadata fields in the form of lexical on-
tologies. These ontologies are used to describe contents but also allow computer
systems to reason about them. This role of terminological ontologies is even more
significant in the case of developing multilingual systems because they can provide
the translations of the terms used for classification to all the required languages.

Regarding resource evaluation, an information retrieval system and must pro-
vide enough means to visualize the data appropriately. In this scenario, one could
consider multilinguality and other specific issues related with the type of data stored.

In the case of viewing metadata in a specific language required by the user, one
may face the problem of having to translate it. Once again, formal ontologies and

! http://www.dublincore.org
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terminological ontologies may facilitate the work in two important aspects. Firstly,
a formal ontology may provide the labels, in the appropriate language, for the ele-
ments of the metadata schema. Secondly, terminological ontologies may be used in
the task of automatic translation of metadata to increase accuracy of translations.

Depending on the processed data, other issues where the use of ontologies helps
may raise. For example, in a map repository, developers must consider the interna-
tionalization of legends and the display of internationalized attribute information.

Finally, the resource access step may benefit as well from the use of ontologies to
facilitate data sharing and system development. Once again, formal ontologies help
to define the meaning of features or a resource and they can provide a “common ba-
sis” for semantic mapping, e.g. to find similarity between two features that represent
the same object but that have been defined using different language representations.

From the different types of ontologies, terminological ones are the most com-
monly used in every aspect of an information retrieval process. Their uses range
from classification to query construction and results visualization. However, if all
these different models are created, used and managed independently, the complex-
ity of the system increases in a great deal. This book focuses on providing a co-
herent framework for the integration of terminological ontologies in an information
retrieval system, with the objective of facilitating its creation, management, and use
for the different components requiring it. The integration problems that have been
faced can be divided into three main general categories: representation, acquisition
and access:

e Related to the representation problem, it is common to find that each organi-
zation has created a new ontology using an ad-hoc representation format, which
is only useful in its specific context. This has led to a big heterogeneity of rep-
resentation models that increases the difficulty and the cost of integrating the
models into a homogeneous system. In this context, a single and homogeneous
representation mechanism for terminological models is vital to provide uniform
ontology models to the components that require them. An additional problem
is the need to provide a single and homogeneous access to different data col-
lections classified with different terminological ontologies. For example, when
integrating data from different countries classified according to different termi-
nological models in different languages. To provide a homogeneous access to
the resources, the used ontologies have to be related to be able to identify equiv-
alences and obtain complete results. The process of matching ontologies (called
ontology alignment) is difficult and costly but other collections using the same
terminological models can reuse it. Therefore, in a similar way as it is required a
representation format for individual terminological models, it is required another
one for storing the mappings between them.

e Regarding the ontology acquisition problem, the needed ontologies have to be
obtained or created, and adapted to integrate them in the required systems. How-
ever, this is not an easy task. On the one hand, the heterogeneity in the creation
of terminological models limits their reusability in contexts different from the
original ones. Therefore, even if a suitable terminology is found, it has to be
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transformed to facilitate its integration with the rest used in the system. This re-
quirement involves additional integration issues due to the need of a different
transformation process for each required ontology. On the other hand, the cre-
ation of a new one from scratch is very costly in time and resources. In this con-
text, to reduce the development effort, it is useful to reuse sections of other ontol-
ogy models that contain suitable terminology. An additional issue that has been
taken into account is the overlapping of the acquired models. Here, the common
elements of different models have to be properly managed to avoid classification
problems.

o Finally, with respect to the access problem, the applicability of these models in a
wide range of application domains has led to the creation of a great variety of ter-
minological ontologies with very different levels of specificity, language cover-
age (i.e., from monolingual list of terms to multilingual thesauri covering dozens
of languages), formalization (i.e., from simple glossaries to well-structured the-
sauri), or size (e.g., AGROVOC thesaurus [126] contains more than 16,000 con-
cepts). Additionally, it is important to note that they are distributed to the public
through ad-hoc services created for each institution providing them. This ad-hoc
distribution is not appropriate in an information infrastructure where it is re-
quired to provide the ontologies to all components in a simple and common way.
In this context, it is needed a coordinated view of the ontologies that can only be
obtained through a homogeneous management and access not dependent of the
original providers.

In order to solve these specific problems, this book describes a homogeneous
solution for each of these discovery scenarios. These solutions are interrelated in
such a way that they can be combined to facilitate all the steps required to integrate
a new terminological ontology into an information retrieval system.

1. In order to deal with the representation issues, the existent representation formats
for terminological models have been analyzed. From them, the most appropriate
has been selected, extending it to cover those information requirements that were
not fulfilled in the original format model. A similar work has been done with
respect to the representation of mappings between different terminological mod-
els. In this case, given that no suitable format exists, a new one based on textual
recommendations indicated in the terminological ontology standards has been
designed.

2. With respect to the acquisition issue, each problem described has required a dif-
ferent approach as part of a global transformation process. First, a general trans-
formation process is proposed to harmonize the way a terminological ontology
is converted to the selected representation format. The format allows defining
the structure of the source and destination models and simplifies the definition
of relations between them. The proposed architectural pattern helps to reuse the
common elements of the different transformations. Secondly, to simplify the con-
struction of a new ontology, a process that uses a set of ontologies as base and
combines them into a new model is described. To focus the result into the de-
sired domain, the process limits the content of the new ontology pruning the
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non-relevant concepts. Finally, with the objective to increase the formalization
of the models when required, a process that helps in the identification of the
existent is-a relationships has been developed.

In the ontology management context, it has been identified the need for an ef-
ficient and common ontology management service to filter and select the most
appropriate ontology for each specific context. However, before the creation of
these services, the design of a common repository is proposed to store all the
required terminological ontologies. On top of this repository, the design of an ef-
ficient editor and other GUI widgets is proposed to facilitate the annotation and
the update of terminological ontologies. Additionally, a centralized ontology ser-
vice, called Web Ontology Service (WOS), which enables uniform management
of terminological ontologies (including discovery services) has been developed
to provide access to terminological ontologies via Web services. To provide a full
integration with the rest of components of a typical information retrieval system,
it follows and extends standard interfaces used by the Semantic Web community.

This book consists of seven chapters describing in detail the integration problems

and the proposed solutions. The content of these chapters is organized as follows:

Chapter 1 reviews the types of ontologies and the techniques used for establishing
alignments between them. The concepts, ideas and techniques described are used
along the entire book.

Chapter 2 focuses on the problems of representation of terminological ontolo-
gies. It starts analyzing the problematic of representation of simple models, and
then follows with the issues related to representing the relationships between
overlapping models.

Chapter 3 analyzes the issues related to the creation of terminological ontologies
using data from different sources such as data corpora, dictionaries, schemata
and other knowledge models.

Chapter 4 describes the issues related to the lack of formalism in terminological
models and how to increase it in order to provide additional semantic functional-
ity.

Chapter 5 analyzes the way to provide access to terminological models. It de-
scribes the structure of a terminological ontology repository, a tool for managing
and editing the ontologies, and a web service for providing access to them.
Chapter 6 describes how the components proposed in chapter 5 can be integrated
into an information retrieval system. As a result of this integration we present:
tools for creating metadata facilitating the management of terminological models
for classification; search clients able to use the stored ontologies to improve the
search results; and browsing systems providing access to the resources on the
basis of the structure of a terminological ontology.

Chapter 7 contains some concluding remarks and an outlook of future areas of
work.

Zaragoza, Javier Lacasta
April 2010 Javier Nogueras-Iso

F. Javier Zarazaga-Soria
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