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Chapter 1

Introduction
In the context of the Semantic Web, resources on the net are enriched by
well-deﬁned, machine understandable metadata describing their associated
conceptual meaning. Ontologies constitute the foundation upon which to
build the whole new generation web, and describe human knowledge by
specifying concepts related to many speciﬁc areas of interest and by modeling
relationships between them.
Although there is a clear vision of the Semantic Web generation, its
success or failure will -as with the WWW- be determined to a large extent by easy access to, and availability of high-quality and diverse content [Benjamins 2002]. An important challenge that it needs to be addressed
before this happen is to solve the multilinguality problem, which until now
has been very little investigated [Tjoa 2005]. This problem already exists in
the current Web, and should also be tackled in the Semantic Web. Studies
on language distribution over the WWW content show that even if English
is the predominating language for documents, there exist an important resources written in other languages: English 68.4%, Japanese 5.9%, German
5.8%, Chinese 3.9%, French 3.0%, Spanish 2.4%, Russian 1.9%, Italian 1.6%,
Portuguese 1.4%, Korean 1.3% ,Other 4.6% [Source: Vilaweb.com, as quoted
by eMarketer]. The diversity of languages is much more acute for European
WWW resources. In the case of the Semantic Web the problem is similar,
most of the ontologies that have been built so far have English or another
natural language as the basis. In addition, due to distributed and heterogeneous nature of the Web and its extension, the Semantic Web, implicate that
the ontologies used to describe content and services have to be represented
using diﬀerent formats and, more speciﬁcally, diﬀerent languages.
Basically, the number of multilingual ontologies available on the web is
insigniﬁcant. In fact, looking at the statistics of the OntoSelect1 ontology
search engine, we see that the vas majority of ontologies has labels in only
one language (English), while 18% have labels in two languages and only
1

http://olp.dfki.de/ontoselect/
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3% have labels in three languages. This is due to the fact that multilingual
ontologies are very time consuming and expensive to build.

In order to illustrate the eﬀort that means the building of a multilingual semantic resource, we propose as example the well-known EuroWordNet [Vossen 1997], a general purpose multilingual lexicon for eight European
languages. Its development involved 11 academic and commercial institutions and took three years to complete. The construction process was centred
on the development of independent monolingual conceptualizations in each
language taking as basis a common core of concepts, which would allow the
subsequent mapping of all conceptualizations. The rationale behind this was
the maintenance of the cultural and linguistic speciﬁcities in the diﬀerent
conceptualizations in each language. This modelling modality is deemed
particularly suitable for ontologies modelling general knowledge. However,
in highly technical domains, knowledge organization is usually shared among
diﬀerent languages and cultures, what makes the eﬀort of conceptualizing
the same domain for each language not worth. Furthermore, this would imply a great amount of material and personal resources (ontology engineering,
linguist, and domain experts). Therefore, it is attractive to consider new
ways of building multilingual ontologies.

The work presented in this thesis proposes an alternative to build a
multilingual ontology through automatic localization of an ontology. The
notion of localization comes from Software Development where it refers to
the adaptation of computer software to non-native environments. From an
Ontology Engineering perspective, localization makes possible to adapt an
ontology to diﬀerent languages and cultures [Suárez-Figueroa 2008b]. Our
main contributions are: i) the deﬁnition and characterization of the ontology localization problem, ii) the identiﬁcation and implementation of the
methods, techniques and tools for the automatic management of ontology
localization in collaborative and distributed environments, and ii) the deﬁnition of a methodology to support the ontology localization activity.

In this chapter we ﬁrst describe the motivation from which this work
arises. Second, we explain brieﬂy the current trends for transforming a
monolingual resource to multilingual. Thirdly, we introduce some features
of the software localization industry that we believe are valid in the ontology localization context. Fourthly, we introduce the main features of our
proposal to perform the localization of an ontology. Finally we present the
structure of this thesis.
2

1.1. MOTIVATION

1.1

Motivation

Currently, a great eﬀort has been done in the construction of ontologies.
Although access to top-quality ontologies (e.g., Galen2 , CYC3 , or AKT4 ) is
in many cases free and unlimited for users all around the world, most of these
ontologies are essentially monolingual and the international lingua franca is
English. It is clear that even if English is now the universal language of
sciences, one should not forget that exist other spoken languages and that
the agrement among users will have to cross the border of the language used
to deﬁne ontologies.
Due to the language barrier, there is a growing need for multilingual ontology resources that overcome communication barriers arising from
cultural-linguistic diﬀerences, lack of excellent command of English, need
for high precision in communication, etc. Multilingual knowledge is even
more prevalent in those countries that have more than one oﬃcial language [Yang 2003]. For example, Chinese and English are oﬃcial languages
of Hong Kong; French and English for Canada; and Dutch, French, and
German for Belgium.
On the other hand, usage of ontologies has grown not only in terms
of the number of application domains but also in the number of chosen
natural languages to build domain speciﬁc knowledge bases. Thus, multilingual ontologies is nowadays demanded by institutions worldwide with a
huge number of resources available in diﬀerent languages. Basically, usage of
multilingual ontologies traverses many disciplines, in Agriculture, the Food
and Agriculture Organization (FAO) has expressed the need for semantically
structuring the information they have in diﬀerent natural languages. Since
all FAO oﬃcial documents must be made available in Arabic, English, Chinese, French and Spanish, a large amount of research has been carried out
in the translations of large multilingual agricultural thesauri [Chun 2002],
mapping methodologies for them [Liang 2005, Liang 2006], and a deﬁnition of requirements to improve the interoperability of these multilingual
information resources [Caracciolo 2007]. In education, the Bologna declaration has introduced an ontology-based framework for qualiﬁcation recognition [Vas 2007] across the European Union, in an eﬀort to best match labor
markets with employment opportunities. In E-learning, educational ontologies are used to enhance learning experience [Cui 2004], and to empower
system platforms with high adaptivity [Sosnovsky 2006]. In ﬁnance, ontologies are used to model knowledge in the stock market domain [Alonso 2005]
and portfolio management [Zhang 2002]. In medicine, ontologies are employed to improve knowledge sharing and knowledge reuse, for example,
a notable amount of research has focused on the creation of a traditional
2
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Chinese medicine ontology.
The diﬀerent uses described above show that the multilingual dimension
of ontologies will inexorably have to be taken into account, sooner or later.
When the management of a company decide to postpone the multilingual
dimension of an new application to be developed until the application has
proved to be working eﬃciently in the companys language, it is more likely
that the multilingual version will never come out, or at least not without
a complete rewriting of the application [Kaplan 2000]. Indeed, the multilingual dimension of applications implies some data structuring needs that
should be directly tackled since the inception of the application.
Other factor that has increased the need for multilingual ontologies is the
development of some ontology-based systems. Some examples of these applications are: cross-lingual information retrieval [Guyot 2005], multilingual
question answering [Pazienza 2005] or knowledge management [Segev 2008].
These reasons should be enough to consider adding multilinguality to
ontologies right away, before trying to solve the numerous problems that are
still existing with the current monolingual approach. While there is a clear
need for ontology localization there are no well-deﬁned and broadly accepted
deﬁnitions of what of ontology localization activity entails. Moreover, to
our knowledge, no other study has focused on the techniques, methods and
tools for ontology localization. For this reason, in this thesis we detail our
approach for localizing an ontology into diﬀerent natural languages.

1.2

From Monolingual to Multilingual Ontologies

Over the last decade, research on ontologies was concentrated on methodologies and technologies for supporting the creation and management as well
as the population of ontologies. There are some well recognized methodological approaches (e.g., METHONTOLOGY [M. Fernández-López 1999],
On-To-Knowledge [S. Staab 2001], DILIGENT [S. Pinto 2004], and NeOn
Methodology) that provided guidelines to help researchers to develop ontologies. However, most of existing methodologies and technologies focus on
supporting knowledge management in monolingual environments.
The broadening of ontologies from single language to multiple languages
presents new challenges. Problems related to both the multilingual aspects
(human communication, communicating cross cultures) and the ontology
construction (equivalence and structural problems, and human eﬀort). The
major part of these problems already has been considered in the building of
other multilingual resources. This is the case of the vocabularies and thesaurus. A thesaurus is a list of controlled vocabulary, or keywords, displayed
in a hierarchical structure. Its purpose is to facilitate information retrieval
and documentation. The multilingual thesaurus are nowadays commonly developed for using on diﬀerent domains. For example, the EU has developed a
4
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multilingual Eurovoc thesaurus [Steinberger 2002], European social science
data archives have constructed a multilingual ELSST thesaurus [Miller 2001]
and FAO organization has been carried out a large amount of research in
the translations of large multilingual agricultural thesauri [Chun 2002].
Currently, the majority of the methods and techniques used for building
a multilingual thesauri has been adapted to ontologies. However, given the
more complex structure and sophisticated concept relationships of ontologies
on thesauruses, these approaches still are open subject of research. The two
main trends are:
• Merging of Existing Monolingual Ontologies. This approach uses the
integration of language-speciﬁc ontologies via ontology merging techniques. However, developing a multilingual semantic framework using
this approach, involves then the risk of getting an unmanageable entity
as an outcome, in which great care is required to deﬁne relationships
between “equivalent ontologies” and to track changes and coherently
update those relations [Bonino 2004].
• Reconciliation of a common set of concepts. This approach relies on
the building of a common set of concepts that could be shared by
diﬀerent languages. A common misunderstanding that usually aﬀects
this approach and criticizes its adoption is great amount of material
and personal resources (ontology engineering, linguist, and domain
experts) used for completing the task (a sample of this approach is
EuroWordNet explained in the introduction).
The main features and limitations of those works that it uses the methods
above mentioned for the building of multilingual ontologies are described in
the Section 3.3. Considering, that the current approaches do not reduce the
cost and eﬀort that means enriching an ontology with multilingual information, the present work introduces a novel approach for multilingual problem,
presenting methods, techniques and tools for the localization of ontological
resources and on how multilinguality could be represented in ontologies.

1.3

Context of the Thesis

In this section we ﬁrst presents a brief introduction to software localization
industry. Although, our goal is related to Ontology Localization, it is necessary to analyze the more relevant features to apply them to our particular
purpose. Thus, we describe ﬁrst the diﬀerent activities that are part of a
typical localization project. Then, we establish the deﬁnitions and terminology relative to the technology of localization and that we will use in this
thesis. Finally, we describe the diﬀerent levels of localization that has been
proposed in the Software Engineering area.
5
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1.3.1

Brief Introduction To Localization

The localization industry is relatively young. Until the early the 1980’s publishers did not appreciate the need for internationalized and localized their
products. This has changed dramatically over the past decade, localization has progressed from being an added eﬀort by some software publishers
to a multi-billion dollar professional industry. Basically, the main reason
that has promoted software export is the exponential growth of the Internet
which has oﬀered software developers a new way of selling and delivering
their products to customers all over the world [Essenlink 2000]. In many
cases, localization has proven to be the key factor for international product
acceptance and success.
Before the Internet and World Wide Web transformed the software development and localization, a typical localization project would encompass
full translation and engineering of a software application, its online help ﬁles
and related manuals. However, because of new web-based publishing and
distribution technologies, localization can now also included the translation
and adaptation of web-based applications and database driven web sites.
Traditionally, translation is only one of the activities in a project where
material is transferred from a language to another. Examples of activities
in localization which are not necessarily part of tradition translation include
multilingual project management, software and online help engineering and
testing, conversion of translated documentation to other formats, translation memory alignment and management, multilingual product support, and
translation strategy consulting [Essenlink 2000]. Figure 1.1 shows the workﬂow of a typical localisation project.

Figure 1.1: Workﬂow of a typical localisation project..
Every project starts with the evaluation phase in which the received
material is analysed and checked. The aim of this phase is to determine
the size of the project using, for example, wordcounts, and identify black
spots that need special knowledge or skills to be taken care of. The next
phase is the project setup in which the project manager recruites team
members, ﬁnds other resources and makes schedules. In this phase, the
project terminology is usually created and required technical adjustments
are done. After the project setup, translators start working on the material
to be translated. The next phase, quality assurance, includes all methods
6
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(e.g., testing and proofreading) that are used to ensure that translations are
consistent, appropriate and meet the customers needs. Detected errors and
bugs are then ﬁxed before the delivery of the product.
In the following sections, we will deﬁne and explain the relationship
between the diﬀerent terms used in localization. Then, we discuss the different levels of localization adopted in the software industry and that it can
be adopted for ontology localization.

1.3.2

Terms and Deﬁnitions

The following terms are usually used when talking about modifying software
for diﬀerent languages and cultures. They are closely connected to each
other. Sometimes they are even used interchangeably.
Globalization.
Globalization, also known as G11n, addresses all of the enterprise issues
associated with making a company truly global. For the globalization of
products and services this involves integrating all of the internal and external
business functions with marketing, sales, and customer support in the world
market. This term takes place outside software development and will be not
discussed in this thesis.
Internationalization.
In order to sell a software product world-wide it should be designed and
developed in a way that allows it to be translated into other languages and
to be adapted to other cultures easily. The most eﬀective way of doing this
is to separate culturally dependent elements from culturally independent
elements [Taylor 1993]. This process is referred to as internationalization
(I18N). During internationalization all language and culture speciﬁc items
are isolated and extracted, elements that are considered to be oﬀensive or
incorrect to some users are displaced, etc. [Esselink 1998, Vine 2002]. If a
software product has not been developed with I18N in mind, it is diﬃcult
or even impossible to localise it.
Internationalisation also covers technical issues, such as supporting different kind of character sets, sorting as well as input and output of international data. This part of I18N is sometimes called enablement. An
internationalized software product can be translated and adapted to diﬀerent cultures without making changes to the source code [O’Donnell 1994].
An internationalized software product should be translatable which means
that translatable text is not hard-coded within the source code, concatenated strings are not used to create user interface messages, ﬁxed resources
are not used, etc. Internationalisation does not require any translation but
it does require that a user can type data in his or her own language and see
7
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it displayed properly in that language [Kaplan 2000]. Internationalisation is
the task of software developers.
Localization.
In the ﬁnal step the internationalized software has to be adjusted to the
respective target market. This process is called localization, and it is not
only about the translation of text the user interface contains, but also about
further adjustments. These adjustments can be, for example:
• Extension of the dialog ﬁelds if the translation makes messages longer.
• Cultural circumstances that require adjustments of bitmaps, icons or
cursors.
Figure 1.2 shows the more commonly accepted, “Industry standard Globalization Model. The industry typically refers to “Globalization” when talking about the overall process, and “Internationalization” when describing
the development of a culture-independent/world-ready application. “Localization” depends directly on the eﬀort made in advance during internationalization of the product. Of course, there is more detail level under each of
these process, but the level of detail/terminology can vary from organization
to organization.

Figure 1.2: “Industry Standard” Globalization Model.

1.3.3

Levels of Localization

Diﬀerent levels of localization has been proposed in the Software Engineering
area, depending on the amount of translation and customization necessary
to create diﬀerent language editions. The levels, which are determined by
balancing complexity and need of further investigation, range from translating nothing to shipping a completely translated product with customized
features. Figure 3.2 show the most obvious levels of localization
8
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Figure 1.3: Localization levels for systematic product internationalization.

Technical Level.
This level covers all technical aspects of a product. It includes the technical infrastructure and technical standards used in the foreign country the
product has to be adapted to. It refers e.g. to
• Power supply standards for 50/60 Hz and 220/110 V including plugs
• PAL, NTSC or SECAM in the case of the video norm
• ISO-norms for character sets, Unicode
The adaptation of these issues ensures that the product works from the
technical point of view and is the basis for the next level.

Linguistic Level.
For most of the technical products the international adaptations stop here,
where diﬀerent language versions are produced. The words and texts of the
9
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interface and manuals are translated and several aspects like punctuation,
vocabulary and grammar are transferred, but often without the consideration of cultural diﬀerences.
The ﬁrst two levels of the linguistic level, translating nothing and translating documentation and packaging only, involve little development cost,
at most, developers will be called upon to explain technical issues to translators. The next level, enabling the code, involves no translation cost. The
term “enabling” involves altering program code to handle input, display,
and editing of bidirectional or double byte languages, such as Arabic and
Japanese. Finally, the last two levels involve a huge amount of eﬀort, due
to the diﬃculty of translating long pieces of text correctly.
The cultural level has to be seen apart from the linguistic level as cultural
diﬀerences in translations are a lot of times disregarded. This can be seen
e.g. in the fact that in most of the cases one Spanish version is taken for
all Spanish speaking countries. Not only is the usage of words but as well
diﬀerences in the grammatical structure ignored.

Cultural Level.
The third level includes the cultural dimension of the use of products. It
basically covers two areas: the context of the use and the meaning of symbols, graphics, colors and metaphors used in the user interface. The cultural
context of the product use and its position in the everyday life delivers the
information concerning the required functionality.
Cultural localisation is concerned about use of icons, metaphors, message
conventions, etc. In rural areas, there may not be a notion of a trash can, and
the trash can icon could be confused for a mail box, or a ﬁle folder. Similarly,
the concept of a Desktop is itself considered a part of urban culture.

Cognitive Level.
The list of the required functions does not yet deliver the information concerning the question of how they should be presented to the user. The
cognitive level therefore goes beyond the pure meaning of interface components covered by the cultural level. In encloses menu structures, priorities,
interaction styles and techniques as well as basic cognitive processes used in
human computer interaction. This level is undoubtedly the most underestimated one but has a great impact on the usability of a technical product.

1.4

Ontology Localization Approach

As mentioned in the introduction, the work presented in this thesis attempts
covering both the technological and methodological aspects of the ontology
10
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localization activity. In this context, many techniques, methods, methodologies, etc. developed in other areas, building of multilingual resources (e.g.
thesaurus), machine translation, software localization, distributed software
development, etc. can be re-adapted for our purposes.
Of course, these methods and techniques must consider now the semantic
wealth of ontologies. In the following we do a brief review of the main
aspects that we haven taken in account for ontology localization, indicating
the diﬀerences considered.
Five are the major issues that we consider to support the localization of
ontologies: 1) collaborative localization management; 2) automatic discovery
of translations; 3) modular storage of the linguistic information; 4) automatic
synchronization process; and 5) prescriptive methodological guidelines.

1.4.1

Collaborative Localization Management

Despite the high level of automation of our processes, we do not dream of
full automation and we acknowledge that the human component is critical.
We will always need highly qualiﬁed individuals to postedit the MT output,
to provide feedback, to perform a manual check of suggested dictionary and
glossary entries and, most importantly, to encourage and assist one another.
In fact, on most large projects today, localization is a collaborative eﬀort,
where the number of users participating in localization ranges from a handful
to a couple of dozens.
Examples of such collaborative localization processes can be found in
international institutions like the FAO, who have been developing and localizing the AGROVOC Thesaurus [AGROVOC 2005], which is used widely
to index agricultural information material all over the world. Thus, in the
building of the AGROVOC Thesaurus the translations were provided by
the same thesaurus experts, then, a set of specialists whose main work is in
translation of agricultural science literature were the responsible of checking and approving the thesaurus translation work. With larger groups of
users contributing to ontology localization, we believe that it is necessary
deﬁne appropriate workﬂows, strategies and infrastructure to support the
process that coordinates the collaborative ontology localization within an
organizational setting.
This process can be modeled as a collaborative workﬂow, describing how
project participants reach consensus on ontology label translations, who
can perform translations, who can comment on them, when ontology label
translations become public and so on. The collaborative workﬂow that we
propose in this thesis is designed to support all aspects of the ontology
localization activity. Figure 6.7 shows in a schematic way as the workﬂow
proceeds:
• An ontology is passed to the Localization Manager for localization.
11
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Figure 1.4: Workﬂow process used to localize an ontology.
• The Localization Manager selects the ontology labels to be localized
and send the selected labels for translation.
• A translators downloads the selected labels to be localized and (s)he
performs the translations
• The same translators uploads the translated ontology labels and send
them for review.
• The reviewers downloads the translated labels and checks for possible
errors.
• Finally, the Localization System update all linguistic information of
each localized label.
Our contributions about providing collaborative ontology localization
can be summarized in the following points:
• Analysis of the main requirements to support a localization of ontologies collaborative and distributed.
• Design of a formal model based on graphs for the representation of
the activities usually followed by diﬀerent organizations dedicated to
localization.
• Design and implementation of a centralized repository to store the
work of the diﬀerent ontology stakeholders.
12
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• Design of an architecture for managing versions of localized ontologies,
controlling ontology access (through some form of check in/check out
and ﬁle locking), and enabling remote or distributed access.
• Integration and implementation of an collaborative workﬂow to manage the sequence of translation/review/edit tasks, providing the status
of tasks and processes, and notifying participants of changes in state,
new work, or other information.
• Development of an architecture for supporting customizable workﬂows
for collaborative ontology localization.
• Development of an set of interface that allows users collaboratively to
perform the diﬀerent tasks of the localization process.

1.4.2

Automatic discovery of translations

A successful localization project is expensive. It involves manual work of
diﬀerent professionals, it requires a set of translators to discover the most
appropriate translations, and it also needs reviews to improve the quality
of translations. Of these manual labors, the process of translation requires
major eﬀort [Yang 2007]. In spite of this situation, automatic translations
tools has not been used extensively in the localization industry, because the
quality of these tools are still poorer in quality [Essenlink 2000]. However,
we believe that an automatic translation process is possible in the case of
ontology elements, due that ontologies consist of concepts and relationships
that are stated clearly and succinctly [Espinoza 2008a].
From our point of view this is the main contribution. Four main steps
are followed in order to discover the most appropriate translations: localization step selection, term context extraction, ontology label translation, and
translation revision [Espinoza 2008a, Espinoza 2008b, Espinoza 2009a].
• Localization Selection. The ﬁrst step involves the selection of the ontology elements that need be localized to diﬀerent natural languages.
This task is specially important when only limited time or recourses
are available. In such a case, it might be interesting knowing which
part of the ontology can best be translated.
• Term Context Extraction. Once identiﬁed the terms to be localized
is necessary to extract the context of each ontology term to be localized, up to a certain depth. That is (depending on the type of
term), their synonyms, textual descriptions, hypernyms, hyponyms,
properties, domains, roles, associated concepts, etc. The context of an
ontology term allows to discern among the diﬀerent meanings that an
ontology label may have.
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Figure 1.5: Automatic translation approach for the Ontology Localization
Activity.
• Ontology Label Translation. The goal of the label translation task is to
discover the more appropriate translation for each ontology label. In
our approach, the task of translation is performed by the combination
of diﬀerent translation methods based on MT techniques. These techniques are combined following diﬀerent translation strategies inspired
from multi-engine machine translation approaches.
• Translation revision. A revision process is needed to evaluate the
quality of the obtained translations. This task include measure the
adequacy and ﬂuency of all translations.

1.4.3

Modular Storage of the Linguistic Information

Including multilingual data in the ontology meta-model is the most
widespre-ad modelling modality within the ontological community nowadays. It consists of making use of the rdfs:label and rdfs:comment properties to deﬁne labels and descriptions in natural language for classes (see
RDF(S)5 ). The following example, shows a class deﬁnition that includes
both an English and an Italian label (this is in RDF/XML):

<owl:Class rdf:ID="ShakespearePlay">
<rdfs:label xml:lang="en">Shakespeare’s plays</rdfs:label>
<rdfs:label xml:lang="it">Opere di Shakespeare</rdfs:label>
5

www.w3.org/TR/rdf-schema/
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</owl:Class>

This approach allows localizing the ontology model, as labels for ontology classes can be expressed in various natural languages. However, this
approach limit the amount of linguistic information that can be included
in the ontology limited to strings without information about senses in their
respective languages, nor provenance of the information, which makes concept localization to diﬀerent natural languages quite diﬃcult. Full synonym
relation or 100% equivalence is assumed among labels in diﬀerent languages
associated with the same class, since it is not possible to establish more
speciﬁc relations between the linguistic elements associated with ontology
classes.
In this thesis, we follow the current trend in the integration of multilinguality in ontologies, which suggests the suitability of keeping ontology
knowledge and linguistic (multilingual) knowledge separated and independent [Montiel-Ponsoda 2008, Buitelaar 2009]. Our contribution here is to
supply the support for a modular approach, in which the conceptualization
is kept apart from the multilingual information [Espinoza 2009a]. This representation form allows the inclusion of as much linguistic information as
wished, as well as the possibility of establishing links among the linguistic
elements within one language or across languages. In this sense, nuances or
diﬀerences between languages can also be reported and even formalized in
the terminological layer, in order to avoid the 100% equivalence correspondence among the diﬀerent names of ontology elements. Relevant information
as, e.g., the provenance of the linguistic elements, can also be included.

1.4.4

Automatic Synchronization Process

Whereas the translation process of ontology labels ‘per se’ implies certain diﬃculties, the maintenance and updating of translated ontology labels
throughout the ontology life cycle also requires special attention. The main
diﬃculty in the management activity is to identify policies for managing
changes in the ontology terms and their translated labels. In our case, this
situation is even more complicated, because we provide a model where sets of
ontology terms and linguistic information associated (in diﬀerent languages)
are separately stored (see previous aspect).
In order to keep both models synchronized we ﬁrst need to ﬁnd out exactly what has been changed in the ontology model, then ﬁnd the equivalent
places in the linguistic model, and only then start the updating. Thus, in
this thesis we provide a comprehensive solution to the problems of managing the conceptual knowledge and the linguistic knowledge by means of
synchronization techniques [Espinoza 2009a].
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1.4.5

Prescriptive Methodological Guidelines

The complexities of localization projects are very diﬀerent from the complexities of software development projects. Unlike software development
projects, where exist well-established and precise practices and methodologies; the localization projects do not explain the localization process with
the same style and granularity than those methodologies for developing software.
To facilitate a promptly assimilation by software developers and ontology
practitioners about ontology localization, we propose in this work methodological guidelines in a manner non oriented to researchers. We also include
examples of how to use the guidelines in diﬀerent use cases. From a methodological point of view, our contributions can be summarized in the following
points:
• A characterization of the ontology localization problems.
• A study of diﬀerent strategies for representing multilingual information
in ontologies.
• A prescriptive guidelines to help users in the development of multilingual ontologies.

1.5

Structure of the Thesis

This thesis is composed of nine chapters, including this one. In Chapter 2
we provide a presentation of the objectives and contributions of the thesis.
We describe also how this thesis can contribute to this ﬁeld of research with
the set of assumptions, hypotheses and restrictions taken into account.
Chapter 3 reviews the technological context in which this work has been
developed, and so we aim aspects concerning to machine translation as the
key to automatically discover the translations of the elements of an ontology,
methods for the building of multilingual ontologies, where we include related
work in order to do a comparison between diﬀerent approaches and ours,
and the models for the representation of multilinguality in ontologies.
In Chapter 4 we ﬁrst describe the motivation of this thesis through different applications that can take advantage of localizing ontologies. Then,
we analyze which elements or parts of the ontology are to undergo localization. The chapter also describe the diﬀerent levels of localization used
into ontologies depending on type of ontology elements to be localized and
the level of adaptation required. Also, we propose a characterization of ontology localization based on the problems found in related areas. After the
foundations, we give a formal account of our general localization process by
deﬁning the input, output, and the six main steps identiﬁed. Finally, we
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describe the most representative, as well as the most widely accepted linguistic and translation resources used to discover the translation of ontology
terms.
In Chapter 5, we ﬁrst consider various dimensions for localize an ontology. Then, we present a classiﬁcation of diﬀerent translation techniques
based on several of these dimensions. Later in this chapter we introduce
the main characteristics of diﬀerent translation techniques. To facilitate the
analysis of these translation techniques we introduced a framework that covers their main aspects. Then, we present at the strategic level, some natural
ways to compose and combine the output of diﬀerent translation techniques.
Finally, we discuss an alternative for classifying the localization approaches.
Chapter 6 describe the life-cycle of the ontology localization activity.
Then, it details the main modules to allow such a ontology localization
approach in distributed and collaborative environments, but ﬁrst it introduces some basic requirements for an ontology localization system. Finally,
it descibes general comments and diﬀerent technical details related to the
Labeltranslator system, our approach to perform an automated localization
in distributed and collaborative environments.
Chapter 7 describes in detail the general methodology used to guide users
in the development of multilingual ontologies. First, we describe the design
principles contemplated when deﬁning the methodology and the process followed to deﬁne it. Then, it details the methodology by describing its actors,
process and task. Finally, it explains how the localization methodology was
applied for performing ontology localization to diﬀerent ontologies.
Chapter 8 is dedicated to the evaluation of our work according to the
initial set of hypotheses. We describe a set of experiments that were carried
out with the objective of evaluating the methodological and technological
aspects of the localization activity. First, we describe two study cases to
measure the understanding and usability of the methodological guidelines
proposed in this thesis. Then, we present the evaluation of the technological
support that we provide for our proposed models, methods and strategies,
including the implementation of an ontology localization system.
In Chapter 9 we present the conclusions as well as our main contributions; we ﬁnish the future research work.
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Chapter 2

Work Objectives
This chapter presents the goals of our work, together with the open research
problems that we aim to solve. Besides, we detail the contributions to
the state of the art, the work hypothesis, the assumptions considered as a
starting point for this work and the restrictions of the resulted presented.

2.1

Goals and Open Research Problems

The goal of our work is to establish ontology localization as a new research
problem, which has not been explored yet and that in our opinion needs to
be investigated. To accomplish this goal, we intend to begin the state of
the art in ontology localization by providing a methodology to support
the ontology localization activity; and by proposing the methods,
techniques and tools for the management of ontology localization
in distributed and collaborative environments.
In order to achieve the ﬁrst objective, the following (non exhaustive) list
of open problems must be solved:
• There is no consensus about the characterization and classiﬁcation
of ontology localization problems. Some characterizations have been
proposed under diﬀerent perspectives (machine translation, natural
language processing, multilingual thesauri building, etc.), where the
same problems can be classiﬁed under diﬀerent groups.
• The lack of an ontology localization methodology. Although localization methodologies exist in Software Engineering and Knowledge
Engineering, these are general methodologies and in some cases they
are not applicable directly to the localization of ontologies (e.g., multilingual thesauri). Therefore, it is diﬃcult to use either of them in
the activity of localization of ontologies.
• There are not studies about the classiﬁcation of ontology localization
techniques neither an identiﬁcation of the techniques used in other
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areas and that they can be applied to ontology localization. Several
classiﬁcations have been proposed, but from diﬀerent perspectives, by
example: thesauri localization or machine translation.
With regard to the second objective (proposing methods, techniques and
tools for the automatic management of ontology localization in distributed
and collaborative environments), the following (non exhaustive) list of open
research problems must be solved:
• From a methodological perspective, we lack integrated methods and
techniques that support the complex task of building ontology localization systems. Existing systems are usually built without considering
that localization decisions can be taken depending of the ﬁnal purpose
of the localized ontology. Therefore, the criteria used on the localization are not clear and the ontology localization systems are diﬃcult to
maintain since the localization decisions are hidden inside their source
code.
• From a technology perspective, there are two open problems:
– The majority of the existing models to store the multilingual information associated to each ontology terms use a non-modular
approach. In this model the multilingual information is embedded in the ontology by means of the RDFS/OWL predicates.
This approach has important limitations related to the restricted
amount of linguistic information that can be attached to ontology concepts. Furthermore, multilingual information is limited to
strings without information about senses in their respective languages, nor about provenance of the information, which makes
concept localization to diﬀerent natural languages quite diﬃcult.
– There are only two systems that give a partial technological support to the task of building ontology localization systems: Ontoling [Pazienza 2006] and TermTranslator [Declerck 2006]. They
impose important limits regarding to linguistic resources used in
the translation (e.g. aligned parallel text). Besides, these works
do not provide support for collaborative ontology localization.

2.2

Contributions to the State of the Art

In this thesis, we aim at giving solutions to the previous open research
problems. Chapter 4 and chapter 7 will describe the solutions proposed
for the ﬁrst objective (the creation of a methodology for building ontology
localization systems) and chapter 5 and chapter 6 will describe the solutions
related to the second one (the description and implementation of methods,
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techniques and tools for the automatic management of ontology localization
in distributed and collaborative environments).
With regard to the ﬁrst objective, the thesis presents contributions to
the state of the art in the following aspects:
1. A characterization and deﬁnition of the ontology localization problems, based on the problems found in related areas. The
characterization proposed takes into account four diﬀerent aspects of
localization problems: translation, linguistic, management, and multilinguality representation.
2. An prescriptive methodology for supporting ontology localization activity, grounded on existing localization methodologies
from Software Engineering and Knowledge Engineering, as general as
possible so the methodology can cover a broad range of scenarios.
This methodology describes the localization activity with its sequential task, actors, inputs and outputs.
3. A classiﬁcation of the ontology localization techniques, which
can be used for comparing (analytically) diﬀerent existing ontology localization systems as well as for designing new ones, taking advantages
of state of the art solutions. The classiﬁcations of localization methods also provide some guidelines which help in identifying families of
localization approaches.
The second objective deals with the identiﬁcation and implementation
of the methods, techniques and tools for the management of ontology localization in distributed and collaborative environments. This work proposes
contributions to state of the art in the following aspects:
• An integrated method for building ontology localization systems in a distributed and collaborative environment, which
takes into account the more appropriate methods and techniques depending on: i) domain of the ontology to be localized, or ii) the amount
of linguistic information required for the ﬁnal ontology.
• A modular component to support the storage of the multilingual information associated to each ontology term. This approach follow the current trend in the integration of multilinguality in
ontologies which suggests the suitability of keeping ontology knowledge
and linguistic (multilingual) knowledge separated and independent.
• A customizable model based on collaborative workﬂows for
the representation of the process usually followed by diﬀerent organizations to coordinate the process of localization to diﬀerent natural
languages. We propose a customizable workﬂow that it allows to deﬁne
the diﬀerent actors used to support the ontology localization.
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• An integrated infrastructure implemented within the NeOn
Toolkit by means of a set of plugins and extensions (i.e. Localization
Support Feature and Workﬂow Support) that supports the collaborative ontology localization process. Additionally, appropriate user
interfaces have been implemented as part of the Workﬂow Support
Feature, to support the possible actions/operations that users can perform according to the collaborative process. To our knowledge do not
exist other approaches that coordinates the localization of ontologies
of distributed way.
All these contributions are backed up by a large number of experiments.
These experiments show how the methodological and technological solutions
proposed have been applied to real-word use cases, tackled in the context
of the following R&D projects: the EU funded NeOn Project1 , and the
National Project “GeoBuddies”.

2.3

Work Assumptions

The work described in this thesis is based on the set of assumption listed
below. These assumptions help explain the decisions taken for the development of the methodological and technological solutions and the relevance of
the contributions presented. Assumptions A1 to A3 are related to our ﬁst
objective, whilst the assumption A4 and A5 deals with the second one.
A1 According to Neon Methodology the ontology localization activity has
to be performed once the conceptual model of the ontology is stable,
with the aim of avoiding spending time and resources in a model that
is not deﬁnitive.
A2 We are working with ontologies of diﬀerent domain.
A3 The labels of the ontology elements to be translated are described
correctly. Therefore, it is supposed that does not exist labels with
Spanglish2 or something similar.
A4 The localization of ontologies can be performed by one ontology engineer or by a team of ontology engineers, translators, and linguists who
may be geographically distributed.
A5 The collaborative ontology localization within an organisation usually
follows a well deﬁned process for the coordination of the translation
activities.
1

www.neon-project.org
Spanish that contains many English words and phrases, esp. as spoken among bilingual people of Hispanic background
2
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A6 The set of labels to be translated is a subset of a unique natural language (e.g., English).
A7 The set of translated labels is a subset of a natural language (e.g.,
Spanish).

2.4

Hypotheses

Once the assumptions have been identiﬁed and presented, the set of hypothesis of our work are described. This set of hypothesis covers then main
features of the proposed solutions:
H1 Ontologies are formal models whose conceptualizations can be shared
between diﬀerent natural languages and cultures.
H2 Localization methodologies in other areas are general enough to be
taken as a starting point to develop a ontology localization methodology.
H3 The processes for localizating diﬀerent ontologies have common task,
which can be generalized to support the localization of ontologies of
any domain.
H4 The ontology localization methodology proposed in this thesis can be
used to translate diﬀerent types of ontologies independent of their
domain.
H5 The models, methods and strategies proposed in this thesis can be
implemented in an infrastructure that facilitates the work of ontology
editors, translators, linguists when localizing an ontology collaboratively.
H6 The use of external resources developed by outsiders provides translations of quality.
H7 The use of a external linguistic model to store the ontology term translations enables the scalability of the multilingual ontology.
H8 Both the ontology localization system and the localization methodology are independent of the language.

2.5

Restrictions

Finally, the following set of restrictions deﬁnes the limits of our contributions
and allows determining future research objectives. Most of these restrictions
are related to the technological aspects of the contribution (R1 to R4), while
R5 and R6 are related to the experimentation.
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R1 The proposed method and technology do not consider the optimization
of the localization process of the system generated, neither in terms of
the space required during localization nor in terms of the time needed
to complete the localization.
R2 An ontology localization systems does not necessarily have to ﬁnd an
translation for each ontology label. The localization of all the labels
of an ontology is normally a desirable feature, however in some cases
this depend of the degree of the shareability of the conceptualizations.
R3 The proposed models and strategies for the management of changes
only deal with the activities of the ontology localization process. For
instance, we do not deal with the management of changes of the activities of the ontology evolution.
R4 The process of localization only considers translations of ontology labels and instances. Translation of annotations labels as rdfs:comments
are not supported yet.
R5 We do not include support for the argumentation of the selected translations.
R6 We are only considering ontologies expressed in OWL as input of the
ontology localization activity.
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Technological Context
Along this chapter, and before presenting in detail our proposal to localize
an ontology to diﬀerent natural languages, we would like to describe ﬁrst
the technology related to our work. We start with an introduction to ontologies, describing what an ontology is from the perspective of Computer
Science, and some interesting issues about development of ontologies. Second, we present an introduction to Machine Translation (MT) as the key
to automatically discover the translations of the elements of an ontology.
We include the motivation for using MT and the classiﬁcation of diﬀerent
MT systems. Third, we describe the diﬀerent methods used for the building
of multilingual ontologies, the main goal of the ontology localization activity. For each method we describe the main features and limitations of the
related works that we consider more relevant. Finally, we present the diﬀerent models used for attaching linguistic and lexical information to ontology
elements.

3.1

Ontologies

In the last years, ontologies have increasingly been used in computer science,
but also in biology and medicine, or knowledge management. Accompanying
this development, the deﬁnitions of ontology have varied considerably. As
ontology is one of the key terms, this section will deﬁne its basics here.

3.1.1

Ontology basics

In [Studer 1998] an ontology is deﬁned as a formal, explicit speciﬁcation of
a shared conceptualization. Conceptualization refers to an abstract model
of some phenomenon in the world by having identiﬁed the relevant concepts
of that phenomenon. Explicit means that the type of concepts used, and
the constraints of their use, are explicitly deﬁned. Formal refers to the fact
that the ontology should be machine-readable. Shared reﬂects the notion
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that an ontology captures consensual knowledge, that is, it is not private of
some individual, but accepted by a group. Other approaches have deﬁned
ontologies as explicit speciﬁcations of a conceptualization [Gruber 1995] or
as shared understanding of some domain of interest [Uschold 1996].
Diﬀerent knowledge representation formalism exist for the deﬁnition of
ontologies. However, they share the following minimal set of components:
• Classes: represent concepts, which are taken in a broad sense, that is,
they can represent abstract concepts (intentions, beliefs, feelings, etc)
or speciﬁc concepts (people, computers, tables, etc). Classes in the ontology are usually organized in taxonomies through which inheritance
mechanism can be applied.
• Relations: represent a type of association between concepts of the domain. Ontologies usually contain binary relations. The ﬁst argument
is known as the domain of the relation, and the second argument is
the range. Binary relations are sometimes used to express concept
attributes. Attributes are usually distinguided from relations because
their range is a data type, such as string, numeric, etc., while the range
of a relation is a concept.
• Instances: are used to represent elements or individuals in an ontology.
There exist several categorization of ontologies in function of a particular aspect (such as expressiveness [Lassila 2001] or subject and type
of structure [van Heijst 1997]. An interesting classiﬁcation was proposed
by [Guarino 1998], who classiﬁed types of ontologies according to their level
of dependence on a particular task or point of view (see Figure 3.1).
• Top-level ontologies: describe very general concepts like space, time,
event, which are independent of a particular domain. It seems reasonable to have uniﬁed top-level ontolgies for large communities of
users. Some examples are Sowa’s [Sowa 1999], Cyc’s [Lenat 1989],
and SUO [Pease 2002]
• Domain ontologies: describe the vocabulary related to a generic
domain by specializing the concepts introduced in the toplevel ontology.
There are several representative ontologies in
the domains of e-commerce (UNSPSC1 , NAICS2 , SCTG3 , RosettaNet4 ), medicine (GALEN5 , UMLS6 , ON97 ), engineering (Eng1

http://www.unspsc.org
http://www.naics.com
3
http://www.bts.gov/programs/cfs/sctg/welcome.htm
4
http://www.rosettanet.org
5
http://opengalen.org
6
http://nih.gov/research/umls
7
http://saussure.irmkant.rm.cnr.it/ON9/index.html
2
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Math [Gruber 1995], PhysSys [Borst 1997]), enterprise (Enterprise
Ontology [Uschold 1998], TOVE [Fox 1992]), and knowledge management(KA [Decker 1999]).
• Task ontologies: describe the vocabulary related to a generic task or
activity by specializing the top-level ontologies.
• Application ontologies: they are the most speciﬁc ones. Concepts
in application ontologies often correspond to roles played by domain
entities.

Figure 3.1: Ontology classiﬁcation according to [Guarino 1998].
Our overall goal is to provide a concise methodology and implementation
for localize domain ontologies. However, the general localization approach
proposed in the Chapther 4 can be applied also to other type of ontologies.

3.1.2

Development of Ontologies

The set of activities that concern the ontology development process, the
ontology life cycle, the principles, methods and methodologies for building
ontologies, and the tool suites and languages that support them, is called Ontological engineering [Gómez-Pérez 2004]. Of classiﬁcation above described,
the Task and Domain ontologies are the most complex to develop: on one
hand, they are general enough to be required for achieving consensus between a wide community of users and, on the other hand, they are concrete
enough to present an enormous diversity with many diﬀerent and dynamic
domains of knowledge and millions of possible concepts to model.
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A global initiative such as Semantic Web relies heavily on domain ontologies. The Semantic Web [Berners-Lee 2001] tries to achieve a semantically
annotated Web in which search engines could process the information contained on web resources from a semantic point of view, increasing drastically
the quality of the information presented to the user. This approach requires
a global consensus in deﬁning the appropriate semantic structures (domain
ontologies) for representing any possible domain of knowledge. In consequence, there is wide agreement that a critical mass of ontologies is needed
for representing semantics on the Semantic Web [CACM 2002, IEEE 2001].
The construction of domain ontologies relies on domain modellers and
knowledge engineers that are typically overwhelmed by the potential size,
complexity and dynamicity of a speciﬁc domain. In turns out that, although
domain ontologies are recognized as crucial resources for the Semantic Web,
in practice they are not available, and when available they are rarely used
outside speciﬁc research environments. In addition, most of existing domain
ontologies are essentially monolingual and the international lingua franca is
English. Due to the language barrier, there is a growing need for multilingual ontology resources that overcome communication barriers arising from
cultural-linguistic diﬀerences, lack of excellent command of English, need
for high precision in communication, etc.
In computing literature,
various approaches or guidelines
have been reported for developing ontologies (more details
in [Gómez-Pérez 2004]). Several tools such as Ontolingua [Farquhar 1996],
OilEd [S. Bechhofer 2001], Protege [Noy 2001], OntoEdit [Sure 2002], and
NeOn Toolkit [P. Hasse 2008] are developed for the construction and
management of ontologies. Most prominent of these are Protege and NeOn
Toolkit. However, at the moment of writing this thesis only NeOn Toolkit
tool provides the technological and methodological support for localizing
an ontology.

3.2

Machine Translation

In this section we ﬁrst discuss the use of MT in the ontology localization
activity. Then, we present a brieﬂy description of MT systems and how these
systems can be distinguished according to diﬀerent criteria. The decision
of exclude lengthy discussions of MT in this thesis was made because for
two reasons. First, MT has already been the subject of much discussion
and is particularly well documented in the literature. Second, we do not to
provide a contribution to the state of the art in MT, our intention is only
to study the features of MT systems and identifying the best-suited for the
localization of ontologies.
Readers interested in learning more about MT can refer to [] for enlightening discussion of both linguistic and computational issues in MT research
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and development, as well as detailed descriptions of diﬀerent approaches to
MT and of speciﬁc MT systems.

3.2.1

MT and Localization

In general, the task of a machine translation (MT) is to translate text from
one language into another with or without human assistance. A distinction
should be made between systems where MT is used to help people understand foreign text, and where it helps to produce translations. Whereas
in the former case the quality of translation does not matter too much, as
long as the meaning is preserved, in the latter setting of so-called computerassisted translation systems, quality is the main concern. It is this latter
kind of MT that we are dealing with in this thesis.
Altought MT has not been used extensively in the localization industry, this situation is changing recently [Essenlink 2000]. MT has a visibility
today like it has not had for many years. New approaches and technology
providers are emerging, and both clients and suppliers are giving a serious look into MT technology for localization. Thus, diﬀerent pilot projects
has been successfully implemented to assess the viability of the technology
for localization projects. These test have shown positive results from the
perspective of both cost and productivity [Essenlink 2000].
The principal issues that they are changing the perception to use MT in
the process of localization can be summarized in:
• Some products contain massive amounts of information, therefore it
is impossible for humans to translate them fast enough to meet their
rapid expansions.
• Some technical terms are never or rarely used by users, however these
terms can be obtained by means of automatic mechanisms of knowledge acquisition using available repositories as Web.
• Commercial machine translation tools can produce results very satisfactory with the proper use of terminology and an adequate source
text preparation.
• MT can produce results that do not require a lot of human interaction, when the text is limited in vocabulary range and it uses general
sentence structure.
The most issues above described are applicable to ontologies. In addition, we argue that MT can be a valid tool for automatic ontology localization thanks to the ontologies consist of concepts and relationships that are
stated clearly and succinctly [Espinoza 2008a]. This is the reason why in the
following we do a brief review of the main aspects related to MT systems.
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3.2.2

Classiﬁcation of MT Systems

MT systems can be distinguished according to diﬀerent criteria. In the
following, we distinguish the type of the input text, the application, the
level of analysis and the used technology.
Type of Input.
Here, the input text (words or sentences) can typically be expected to be
grammatical and well-formed. The task is more complicated in the case of a
speech translation system. Then, the system has to deal with speech recognition errors and spontaneous speech phenomena such as ungrammatical
utterances, false starts or hesitations. Therefore, a speech MT system has
to be able to deal with ‘wrong’ input. In this thesis, we describe principally
word and simple sentence translation systems.
Applications.
There are various types of applications for MT technology. In gisting, the
aim is to produce an understandable raw translation. A possible goal is that
a human is able to decide whether a foreign language text contains relevant
information. To extract this information from the document, typically a human translation would be performed. In post-editing applications, the aim
is to produce a translation that is then corrected by a human translator. In
fully automatic MT, the computer is used to produce a high quality translation. For our purposes, we are interested in fully automatic applications
and only in some cases in post-editing applications.
Analysis.
Typically, three diﬀerent types of MT systems are distinguished according
to the level of analysis that is performed. Figure 3.2 gives the standard
visualization of the three approaches direct translation, transfer approach
and interlingua approach.

Figure 3.2: Diﬀerent levels of analysis in an MT system.
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The simplest approach is the direct translation approach where a wordby-word translation from the source language to the target language is performed. In the transfer approach, the translation process is decomposed
into the three steps analysis, transfer and generation. In the analysis step,
the input sentence is analyzed syntactically and semantically producing an
abstract representation of the source sentence. In the transfer step, this representation is transferred into a corresponding representation in the target
language. In the generation step, the target language sequence is produced.
In the interlingua approach, a very ﬁne-grained analysis produces a completely language independent representation of the input sentence. This
representation is used to produce the target language sentence. An often
claimed advantage of the interlingua approach is that developing translation systems between all pairs of a set of n > 1 languages is more eﬃcient.
There are only n components needed to translate into the interlingua and
n components are needed to translate from it. In a transfer approach or a
direct translation approach, the development of n ∗ (n − 1) components for
each pair of languages is needed.
Despite apparent advantages, interlingua based approach has been used
far less widely than other approaches. Perhaps the reason for this lies in the
heinous diﬃculty of deﬁning a universal, or even widely applicable, interlingua. In addition, the construction of interlingual resources continues to
be a labor-intensive processoften resulting in knowledge-based systems that
suﬀer from a lack of robustness. Such systems may work well on certain
types of phenomena, but their complex knowledge-based foundation makes
them diﬃcult to extend to new phenomena or languages []. For these reasons
we decided excluding the interlingual approach like one suitable solution for
ontology localization.
Technology.
MT systems can be distinguished according to the core technology that is
used. Here, we distinguish rule-based and statistical-based approaches.
In the rule-based machine translation (RBMT) approaches, human experts specify a set of rules, which are aimed at describing the translation
process. This is typically a very expensive work for which linguistic experts
are needed. Using an statistical machine translation (SMT) approach, the
knowledge sources to develop an MT system are computed automatically
by analyzing example translations. The translation examples are used to
train a statistical translation model. The decision rule used to decide for
the actual translation is derived from statistical decision theoretic considerations. An SMT approach might pursue a direct or a transfer approach. With
the rise in popularity of SMT, it appears that rule-based machine translation (RBMT) has been sidelined. Both approaches have their strengths and
weaknesses, however.
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A major advantage of SMT approaches to MT is that MT systems for
new language pairs and domains can be developed very quickly, provided
suﬃcient training data is available. If consistency of terminology is the
main factor to consider, then RBMT allows precise control of the terms
used. SMT tends to read more ﬂuently than RBMT, thus, if the plan is
to use the technology just to give a ‘gist’ of the meaning, SMT may be a
more attractive option. But if the plan is to use an automated translation
coupled with the skills of human translators, RBMT might be more useful.
Both technologies have their strengths and weaknesses, therefore, we
believe that a appropriate combination of these and other technologies can
be of great helpfulness for the localization of ontological elements.

3.3

Methods for the Building of Multilingual Ontologies

The multilingual processing is one of the most important issues that Semantic Web faces; this is the reason why in the following we do a detailed
overview of the diﬀerent methods that can be used to support the building of
multilingual ontologies - the main goal of the ontology localization activity.
Basically, all methods used for building multilingual thesaurus has been
adapted into building of multilingual ontologies. The ISO 5964 [ISO 1985]
(Guidelines for the Establishment and Development of Multilingual Thesauri) recognizes three approaches to the construction of multilingual thesauri:
1. Ab initio8 construction, i.e. the establishment of a new thesaurus without direct reference to the terms or structure of any existing thesaurus.
This method needs be adopted when a new multilingual system is being established and an existing thesaurus does not already exist.
2. Reconciliation and merging of existing thesauri, i.e. two pre-existing
monolingual thesaurus of similar domain which are used in order to
create a new multilingual thesauri. This situation may occur if a
new system is being formed on the basis of two or more pre-existing
monolingual systems.
3. Translation of an existing monolingual thesaurus, i.e. a monolingual
thesaurus covering the subject ﬁeld of the proposed multilingual thesaurus, and serving as the source language.
These three approaches have been adopted in diﬀerent measure for the
building of multilingual ontologies. We would like to point out that the
8

Latin phrase meaning “from the start”; literal meaning being something done “from
scratch”
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ﬁrst two methods are the current trends in the ontology engineering ﬁeld.
The last approach is a emergent research ﬁeld and it is the main focus of
this thesis. After a short explanation of each approach, we describe some
relevant works.

3.3.1

Ab initio construction

For the case of the ontologies this localization procedure is generally adopted
when: i) the ontology is being developed from the start and multilinguality
is included at the same time or ii) the decision of building a multilingual
ontology is taken during the ﬁrst stages of the ontology development.
The common feature that the majority of works that adopt this localization procedure is the eﬀort towards the construction of an upper-level
conceptual core. This conceptual core makes the ontology under consideration accessible in many languages on the one hand, and allows ontology
represents many diﬀerent cultures on the other hand. In the following we
provide the most relevant works in this area.
Two well known eﬀorts that they adopts this procedure are EuroWordNet (EWN) [Vossen 1997] and MultiWordNet (MWN) [Bentivogli 2000].
EuroWordNet explicitly was based on and had the same structure of the
Princenton WordNet9 [Miller 1995], developed as a monolingual lexical
database for American English. The work initiated in the EWN project
is now being continued by the Global Wordnet Association (GWA)10 .
The aim of EuroWordNet was to develop a multilingual lexicon with
wordnets for several European languages (English, Dutch, Spanish and Italian), which could be used “to improve recall of queries via semantically
linked variants in any of these languages”. The general approach for EWN
was to build the multilingual database taking advantage of existing resources
in each language. Participants from each country were responsible for a language speciﬁc wordnet using their already available tools and resources built
up in previous national and international projects. As in WordNet, information about nouns, verbs, adjectives and adverbs was organized in synsets.
A synset is “a set of words with the same part-of-speech that can be interchanged in a certain context” [Vossen 2004]. Synsets are related to each
other by semantic relations, such as hyponymy or meronymy, for example.
The wordnets in EuroWordNet are considered “autonomous language speciﬁc ontologies”. Then, multilingual wordnets are interconnected through
an Inter-Lingual-Index (ILI), a list of unstructured meanings mainly from
Princenton WordNet, speciﬁcally WordNet1.5, that provide the mappings
across the wordnets as illustrated in Figure 3.3. These ILI-records are related to one of more of the 63 top concepts from a Top Ontology11 and to
9

http://wordnet.princeton.edu/
http://www.globalwordnet.org/gwa/gwa grid.htm
11
The Top Ontology, created for this purpose, was based on semantic classiﬁcations
10
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domains from the Domain-Ontology (also Figure 3.3).

Figure 3.3: The global architecture of the EWN database [Vossen 2004].
MultiWordNet (MWN) is a multilingual lexical database including information about English and Italian words. The model adopted within MWN,
consists of building language speciﬁc wordnets keeping as much as possible
of the semantic relations available in the WordNet. This was done by building the new synsets in correspondence with the WordNet synsets, whenever
possible, and importing semantic relations from the corresponding English
synsets; i.e., if there are two synsets in WordNet and a relation holding
between them, the same relation holds between the corresponding synsets
in the new language. The MWN model minimizes the discrepancies that
it can appears when two wordnets are built independently for two diﬀerent
languages, by strictly adhering to the WordNet building criteria and subjective choices. However, MultiWordNet explicitly recognizes the presence
of “lexical gaps” in the correspondence between diﬀerent languages, due to
missing direct translations of some words.
Another approach is given by [Bonino 2004], where the authors introduce a simple approach to multilingual semantic elaboration using the Distributed Open Semantic Elaboration platform (DOSE). This approach uses
common in linguistic paradigms: Aktionsart models [Vendler 1967, Verkuyl 1972, Dowty
1979, Verkuyl 1989, Pustejovsky 1991, Levin 1993], entityorders [Lyons 1977], Aristotles
Qualia-structure [Pustejovsky 1995]; on ontological classiﬁcations from previous ECprojects: Aquilex (BRA 3030, 7315), Sift (LE-62030); and was compared with languageneutral ontologies such as CYC, Upper-Model, and Mikrokosmos. For a more detailed
information see (Vossen, 2002: 58-71).
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a language independent ontology in which concepts are deﬁned as high-level
entities for which language dependent deﬁnitions are speciﬁed. Such entities
are linked to a set of diﬀerent deﬁnitions, one for each supported language,
and a set of words that the authors call synset. Figure 3.4 shows the multilingual ontology deployment used in the DOSE platform.

Figure 3.4: Multilingual ontology deployment in the DOSE platform.
The ontology is physically distinct from deﬁnitions and synsets, allowing
separate management of concepts and language-speciﬁc information, isolating the semantic and the textual layers. This assumption guarantees
suﬃcient expressive power to model conceptual entities typical of each language and, at the same time, reduces redundancy by collapsing all common
concepts into a single multilingual entity. Synsets and textual deﬁnitions
are created by human experts through an iterative reﬁnement process. A
multilingual team worked on concept deﬁnitions by comparing ideas and
intentions, aided by domain experts with linguistic skills for at least two
diﬀerent languages, and formalizes topics in a mutual learning cycle.
Finally, the work presented in [Segev 2008] proposes a ontology-based
model for building multilingual applications. Their model was based on a
global ontology manually designed for a speciﬁc domain. Additionally, this
model uses local context to specify the ontology. The combination of ontologies and contexts lends itself well to multilingual applications in which
a single ontology fails to capture all nuances that stem from language and
cultural diﬀerences. The procedure used for adapting an existing ontology to the needs of a multilingual environment includes the following four
steps, selection, collection, extraction, and adaptation. In the selection step
an existing ontology is chosen. In the collection step, sample documents
that represent ontology concepts are collected. Contexts are extracted from
sample documents in the extraction step. Finally, extracted contexts are
associated with ontology concepts. The ontological system works simultaneously in multiple languages, and it is easily expansible and adaptable to
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other languages. As a ﬁnal comment, we can say that some of the steps that
involves this approach needs intensive human labor.
Main advantages and shortcomings
An advantage of the works that adopt this approach is that it is easier to
ensure language neutrality (i.e. lack of bias towards any one language).
However, the costs of producing such a ontology resources are very considerable, since the structure of the ontology has to be established a priori, as
well as the deﬁnition and multilingual equivalence of its terms.
Also, there are still two critical issues that need to be solved before
that the building of multilingual from scratch or other similar eﬀorts can
be used as a shared conceptual framework for all languages: the scarcity
of lexical semantic information (especially from endangered languages), and
the lack of a linguistically-motivated shared conceptual core as the basis of
multilingual conceptual representation.

3.3.2

Merging of Existing Ontologies

This approach for localizing an ontology may be adopted when monolingual ontologies already exist in similar domains and therefore a multilingual ontology could be quickly and robustly constructed from monolingual resources. The aligning and merging of ontologies is actually one
of the most active domain of investigation in the Semantic Web community [Euzenat 2007, Ehrig 2007]. However, the issue of mapping ontologies
written in diﬀerent natural languages is relatively unexplored at the moment.
The works that adopt this localization procedure try to identify the similarities between heterogeneous ontologies and then to automatically create
suitable mappings for transformation. Depending the way that alignments
between ontologies are discovered, these works can be in grouped in two categories: cross-lingual ontology alignment approaches and generic approaches
that involves machine translation tools and monolingual ontology matching
techniques. Note that the ontology localization activity proposed in this
thesis can contribute as a plausible solution for the approaches that use MT
tools. More details can be consulted in the Section 4.1
3.3.2.1

Cross-lingual Alignment Approaches

Dorr et al. [B. Dorr 2000] and Palmer & Wu [Palmer 1995] took a structural approach to this problem. They focused on HowNet verbs and
used thematic-role information, which denotes the contexts in which a
particular verb may occur. The HowNet thematic-role speciﬁcations are
mapped to word classes in an existing classiﬁcation of English verbs called
EVCA [Levin. 1993], whose structure is similar to that of the verb classes
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in HowNet. These mappings are then used to align English EVCA verbs to
Chinese HowNet verbs.
In [Chen 2004] the authors proposed an automatic technique to associate
the English FrameNet lexical entries to the appropriate Chinese word senses.
Each FrameNet lexical entry is linked to Chinese word senses of a Chinese
ontology database called HowNet. Firstly, each FrameNet lexical entry is
associated with Chinese word senses whose part-of-speech is the same and
Chinese word/phrase is one of the translations. In the second stage of the
algorithm, some links are pruned out by analyzing contextual lexical entries
from the same semantic frame. In the last stage, some pruned links are
recovered if its score is greater than the calculated threshold value.
Carpuat et al. [Carpuat 2002] merged thesauri that were written in English and Chinese into one bilingual thesaurus in order to minimize repetitive work while building ontologies containing multilingual resources. A
language-independent, corpus based approach was employed to merge WordNet and HowNet by aligning synsets from the former and deﬁnitions of the
latter. Similar research was conducted in [Malaisé 2007] to match Dutch thesauri to WordNet by using a bilingual dictionary, and concluded a methodology for vocabulary alignment of thesauri written in diﬀerent natural languages.

3.3.2.2

Monolingual Alignment Approaches with MT Support

Asanoma [Asanoma 2001] aligned the Japanese Goi-Taikei ontology with
WordNet by ﬁrst translating a signiﬁcant subset of the WordNet synonym
sets (synsets) into Japanese, automatically matching these based on (monolingual Japanese) lexical overlap, and ﬁlling in the gaps for the remaining
classes based on their hierarchical positioning relative to the aligned classes.
Trojahn et al. propose a multilingual ontology mapping framework
in [Trojahn 2008b], which consists of smart agents that are responsible for ontology translation and capable of negotiating mapping results.
In [Fu 2009a] Fu et al. present the SOCOM Framework which is designed
speciﬁcally to achieve cross-lingual ontology mapping. The SOCOM framework divides the multilingual mapping task into three phases: an ontology
rendering phase, an ontology matching phase and a matching audit phase.
The ﬁrst phase of the SOCOM framework is concerned with the rendition
of an ontology labeled in the target natural language, particularly, appropriate translations of its labels. The second phase concerns the generation
of matching results in a monolingual environment. The third phase of the
framework aids ontology engineers in the process of establishing accurate
and conﬁdent mapping results.
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Main Advantages and Shortcomings
The principal advantage of this approach is the existence of a great quantity of ontologies that they can be used to build a multilingual ontology.
However, some problems arises, i.e. the diﬀerence in the hierarchical structure of the relevant ontologies, as well as diﬀerences in the semantics of the
terms. While equivalency is sought between terms, this does not imply that
the hierarchical structures themselves must also be equivalent. Therefore,
developing a multilingual ontology using this approach, involves the risk of
getting an unmanageable entity as an outcome, in which great care is required to deﬁne relationships between “equivalent ontologies” and to track
changes and coherently update those relations [Bonino 2004].

3.3.3

Translation of Monolingual Ontologies

This localization approach is adopted in case an ontology has to be build in a
certain target language (e.g. English or Spanish) and there is a monolingual
ontology covering the domain of the proposed multilingual ontology, and
serving as the source language. Note that, this approach is the main focus
of this thesis.
In this section we describe the main features of related works that we
consider more relevant. But we ﬁrst classify them according the level of automatization used to localize an ontology into diﬀerent natural languages.
Basically, the methods for translating an ontology can be grouped in four
diﬀerent categories: hand, using a community, automatically and semiautomatically.
3.3.3.1

Translating an Ontology by Hand

In most cases, translating an ontology by hand gives a good result. One
has total control about how the translation is done and for small ontologies,
the amount of work is acceptable. There are however some disadvantages
to this method: the translation will be a somewhat subjective one, since the
translation is a product of one or few peoples skills, which is aﬀected by their
education, experience and temper. Furthermore, the amount of time and
eﬀort, and therefore expenses, to complete this task will be very high when
translating larger ontologies. On the other hand, in cases of very specialised
knowledge, this approach may be the only successful one.
3.3.3.2

Using a Community to Translate an Ontology

Another approach is to use a community to translate the ontology. This
approach combines the advantages of human translations with speed. If
the community is big enough, it would be possible to let them translate a
complete ontology. Of course, spammers and people with other bad means as
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well as inconsistency must be ignored. Therefore a certain threshold could be
introduced: a word must have been translated the same for a certain amount
of times, after which the translation is approved automatically. Some works
that adopt this approach are:
AGROVOC
Caracciolo [Caracciolo 2007], examines some of the issues associated with
development of AGROVOC, a multilingual thesaurus designed to cover the
terminology of all subjects of interest to FAO (agriculture, forestry, ﬁsheries, food and related domains such as environment). According to Caracciolo [Caracciolo 2007], translations are provided by native speakers of the
target language. Translations are typically made of the English version and
sent to FAO for validation and inclusion on the master version. Apparently,
terms are assigned an unique number e.g. ”Abalone” is assigned to the number ﬁve in English. The translation of the word, e.g. in French ”ormeau” is
also given the number ﬁve in the French version. As a result, the result is not
alphabetically ordered in each language, but multiple names are attached to
a single concept across the languages.
The number of terms in the vocabulary varies substantially by language.
The diﬀerences can be the result of diﬀerences in language, but also control
over additions to the vocabularies in those languages. Information about
the stability of such vocabularies is limited. Information about the impact
of that stability on the use or expansion of these vocabularies is also limited.
Further, based on these diﬀerent sizes of the vocabularies, either some vocabularies are under-speciﬁed or some are over-speciﬁed, or characteristics
of languages diﬀerentiate themselves from other language vocabularies for
the same set of concepts.
UK Data Archive Thesaurus
In [Balkan 2002] the authors describe an approach for the building of a multilingual thesaurus for the social sciences. The thesaurus was produced by the
UK Data Archive (UKDA) as part of the EU-funded LIMBER (Language
Independent Metadata Browsing of European Resources) project and was
derived from their in-house English monolingual thesaurus, HASSET (Humanities and Social Science Electronic Thesaurus). The multilingual thesaurus is available in four languages English, French, German and Spanish
and in various formats, including RDF (Resource Description Framework).
Basically, the construction of the thesaurus proceeded in two stages:
ﬁrst the monolingual thesaurus was reduced, and then the translation of the
reduced thesaurus was carried out. In the ﬁrst step reduction of monolingual thesaurus, diﬀerent policies were adopted for the task of restructuring
the UKDA HASSET for use across Europe. The reduction was made with
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the understanding that the rationale behind ELSST was to produce a common ontology which could be extended via local extensions to cater for the
cultural and institutional needs of the individual archives and also allow for
inclusion, via mappings, to specialized thesauri in certain subject areas. The
translation process was carried out by a team of translators at the UKDA,
who met on a regular basis to discuss problems as they arose. They provided
feedback to those working on the monolingual thesaurus, so that changes
to the monolingual thesaurus, such as the addition of scope notes, could be
implemented where necessary. Veriﬁcation of the translations was carried
out by bilingual information experts at the appropriate CESSDA sites.
3.3.3.3

Automatically Translation of an Ontology

This approach uses diﬀerent resources and automatic tools to ensure that
information represented in an ontology using one particular natural language
to achieve the same level of knowledge expressivity if translated into another
natural language. The main advantage of this third approach is that it does
not need human labor to discover the translations of an ontology. However,
in the process of achieving this goal, some important challenges have to be
addressed. The details on how these challenges are going to be reached
and their implementation and evaluation will follow in next chapters of this
thesis.
In the following we describe brieﬂy the main features of the most relevant
works, ordered by similarity with our approach. We wish to point out that
to the best of our knowledge do not exist works that support the localization
of an ontology. The diﬀerent approaches that can be found in the literature
to discover automatically translations of ontology terms oﬀer only a partial
solution to the problem from diﬀerent point of view.
LabelTranslation
LabelTranslation is a strategy and a platform created for supporting the
multilingual extension of ontologies existing in just one natural language.
This tool was developed in order to support the supervised translation of
ontology labels” [Declerck 2006] and, at the same time, to allow for the semantic annotation of multilingual web documents using the resulting multilingual labels of ontologies. By supervised translation”, it is meant that
this approach foresees the intervention of the domain expert or translator
in case no results outcome, or for validating them. Therefore, LabelTranslation oﬀers a semi-automatic strategy. LabelTranslation can be integrated
into any ontology engineering platform to enable its users to translate their
ontologies inside the application. For the development of LabelTranslation
already available multilingual semantic resources and basic natural language
processing tools were reused for providing a semi-automatic translation of
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labels in ontologies. In the current version of the LabelTranslation platform
three types of multilingual resources are included: i) EuroWordNet (EWN),
a semantic lexical resource, ii) Wikipedia12 , the multilingual free encyclopaedia on the Web, based on knowledge of the word, and iii) BabelFish13 , an
on-line translation service used as fallback position” [Declerck 2006].
The steps for the translation approach are summarized
1. Upload of an ontology in the LabelTranslator platform
2. Selection of the ontology labels to be translated in one of the target
languages (en, es, de)
3. The system accesses the EWN database for ﬁnding the selected term
(or part of a term), and also checks in the WordNet database, only if
the source language is English
4. Result(s) (synset and gloss) are displayed, if the matching is successful.
Users can then validate the suggestions, modify the translation and
save it in the database. A disambiguation problem can as well occur
(see Disambiguation problem below)
5. If the matching in EWN is not successful, the system checks in
Wikipedia, which also uses a mechanism for relating entries in the
various languages available
6. If steps three and ﬁve do not provide any results, the system turns to
BabelFish
7. If the translation is still not satisfactory, the user can enter a translation, together with partof- speech information and a deﬁnition
If the same translation session is repeated in the future, the system will
return the translation already saved in the memory. Developers of LabelTranslation give priority to the EWN resource because a “high quality in the
translation is expected since EWN has been built following semantic considerations and validated by language and/or domain experts” [Declerck 2006].
In the translation step using EWN (step three), sometimes more than just
one result (or synset) is returned, which could be the appropriate equivalent
translation for the label in the ontology. Then, glosses oﬀered by EWN can
be of great help, since the system can use them for disambiguating. Two
approaches -or a combination of both- can be used, and these are the following (Note that LabelTranslator developers suggest the implementation of a
hybrid approach combining both strategies):
12
13

http://es.wikipedia.org/wiki/Wikipedia
http://babelﬁsh.altavista.com/
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• Rule-based strategy: the terms in the gloss of the target language are
also present in the ontology; source and target languages share the
same or similar glosses.
• Static strategy: based on two gloss-based similarity measure algorithms
used in the Perl package WordNet::Similarity.
In order to solve the disambiguation problem in Wikipedia (step 5.), the
user can go to the Wikipedia encyclopedic articles and manually check that
the content, context, etc. of a term match with the ontology content.
Ontoling
OntoLing [Pazienza 2006] is a framework for a semi-automatic linguistic enrichment of ontologies. This framework was developed for supporting manual annotation of ontological data with information from diﬀerent, heterogeneous linguistic resources” [Pazienza 2006]. The latest version of OntoLing
even helps the user with automatic suggestions through the exploitation of
diﬀerent linguistic resources. By exploiting existing bilingual resources, OntoLing helps in the development of multilingual ontologies, in which diﬀerent
multilingual expressions coexist and share the same ontological knowledge”
(ibidem). In this sense, if ontologies are already available in one natural language, this tool helps in the process of ontology localization or, as has been
deﬁned by its developers, in the multilingual enrichment process” (ibidem).
In the current version of OntoLing, two LRs are available for the linguistic or multilingual enrichment, WordNet14 , for the linguistic enrichment
of ontologies with English labels, and DICT dictionaries15 , for the linguistic and multilingual enrichment of ontologies. This last resource accesses a
compendium of multiple on-line monolingual and bilingual dictionaries, as
for example, all bilingual Freedict Dictionaries: English-German, EnglishArabic, English-Croatian, English-Hungarian, etc.
Since OntoLing has been developed as a plug-in for Protg, the user has
to upload an ontology in the Protg ontology editor in order to use it. Any
Protg plug-in, exploiting linguistic resources, includes a linguistic watermark package, i.e., a package that contains abstract classes and interfaces
for accessing linguistic resources. As already mentioned, the current package contains two implemented linguistic interfaces related to freely available
resources, namely: WordNet and DICT dictionaries. Steps and techniques
of this localizing tool are summarized in the following:
• Open an ontology in the Ontology Panel of the Protg editor
14
15

http://wordnet.princeton.edu/perl/webwn
http://www.dict.org/links.html

42

3.3. METHODS FOR THE BUILDING OF MULTILINGUAL
ONTOLOGIES
• Select from the OntoLing menu of available linguistic resources those
that will be visualized during the translation task
• OntoLing accesses the selected linguistic resources by means of a wrapper called Linguistic Interface. With this Linguistic Interface the user
visualizes the linguistic information in the Linguistic Browser Panel
embedded in the Protg framework.
• The ontology can be enriched with:
– Additional labels for the selected class, i.e., synonyms
– Glosses as descriptions for the selected class
– IDs of the selected senses as additional labels for the selected
class. This is useful if pointers from ontology concepts to senses
from a given LR are needed.
• The user checks the suggestions oﬀered by the linguistic enrichment
module and selects the appropriate ones.
• Selections are added to the ontology.
Regarding the automatic linguistic enrichment of ontologies, this is currently under development. Moreover, this functionality will be only available if the ontology is in OWL (Web Ontology Language)16 , and the loaded
linguistic resource is a taxonomical lexical resource and/or a linguistic resource with glosses. The enrichment component will exploit the taxonomical
structure of the glosses of the linguistic resource to judge which linguistic
information can be used to enrich the ontology.
3.3.3.4

Semi-automatically Translation of an Ontology

A combination of the above approaches results in a semi-automatically translation. In this approach, translations are made automatically where after
the result is veriﬁed by a person or community. The main advantage of
this is that the system does the time intensive lookup of words, and the
human intervention could be limited to verifying the uncertain results. To
distinguish the certain from the uncertain results, multiple methods can be
used. One suggestion is to use multiple translation sources. For every word,
these sources are referenced for their translation(s). If the sources agree on
one translation, this one is most likely correct and does not need a validation by a human. Another idea is to consider a translation successful if one
source only returns one translation, thus excluding the fact of an ambiguous
word. Of course, in this case, the source should be totally complete and
all-knowing.
16

http://www.w3.org/TR/owl-features/
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3.4

Models to Represent Multilingual Information

Although the number of multilingual ontologies is still quite small in comparison with the ontologies available in the web (cf. OntoSelect17 or Watson18 ), some models for representing multilingual data have been developed
in order to respond to diﬀerent needs for linguistic information. By way
of summary, we may state that there are two main ways of modelling multilinguality in ontologies: i) including multilingual data in the ontology
meta-model19 and ii) associating the ontology meta-model to a multilingual
linguistic model.
Each modelling modality will be explained in more detain in the following sections. We have also provided a description of the advantages and
disadvantages of each modeling option:

3.4.1

Including multilingual data in the ontology metamodel

Including multilingual data in the ontology meta-model is the most
widespread modelling modality within the ontological community nowadays.
There are diﬀerent features included in RDF (and therefore in OWL) which
support multilingual into ontologies:
• Language Tagging: Text in RDF can have a language tag, such as
“en-US” or “ja” taken from RFC 306620 . In RDF/XML, this is done
using xml:lang, just like in other XML documents. The xml:lang
declaration can be on the root element, or lower down, as appropriate.
In an RDF graph there is no default language tag. Every string needs
to be individually marked. In a triple store, the language tag is stored
with each string.
• Natural Language Labels: Concepts, whether things, properties or
classes, in the semantic Web are represented using URIs. Normally,
these URIs have some intelligible meaning in some natural language,
usually English. However, there is a property rdfs:label, that is used
to provide natural language strings that should be used in preference
to the URI. In addition, these string labels should be tagged with a
language identiﬁer.
As an example, the sample class deﬁnition “ShakespearePlay” includes
both an English and an Italian label (this is in RDF/XML):
17

http://olp.dfki.de/ontoselect/
http://watson.kmi.open.ac.uk/WatsonWUI/
19
A meta-model is the ontology for a model, or, in other words, a meta-model is a
speciﬁcation/model of a speciﬁcation/modeling language
20
http://tools.ietf.org/html/rfc3066
18
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<owl:Class rdf:ID="ShakespearePlay">
<rdfs:label xml:lang="en">Shakespeare’s plays</rdfs:label>
<rdfs:label xml:lang="it">Opere di Shakespeare</rdfs:label>
</owl:Class>

In this example, the English and Italian labels are included in the
same RDF/XML ﬁle. It may be easier to organize the labels for each
language in separate ﬁles:

<owl:Class rdf:ID="ShakespearePlay">
<rdfs:label xml:lang="en">Shakespeare’s plays</rdfs:label>
</owl:Class>

in one, and

<owl:Class rdf:ID="ShakespearePlay">
<rdfs:label xml:lang="it">Opere di Shakespeare</rdfs:label>
</owl:Class>

in the other. The ability to do this gives ﬂexibility, however there is
no mechanism for persuading people to use the labels.
• Embedded XML/XHTML: There are some cases where natural
language cannot be adequately presented as a text string. These include mixed language examples, where some of the string is one language, and some another, and cases where complex markup is needed
such as Ruby annotation21 . RDF provides the ability to embed XML
within an RDF graph instead of a string value for these cases. From
a multilingual perspective, it is vital to appreciate that any language
tagging must be explicitly represented within the XML or XHTML
21

http://www.w3.org/TR/ruby
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fragment as an xml:lang attribute value, for example, on a <span>
or <div> element. Unlike with text strings within an RDF/XML document, an XML fragment ignores any xml:lang that lies outside it,
despite the usual scoping rules for xml:lang. Here is a Ruby example
from the OWL Test Cases:

<owl:Class rdf:ID="ShakespearePlay">
<rdfs:label xml:lang="en">Shakespeare’s plays</rdfs:label>
<rdfs:label xml:lang="it">Opere di Shakespeare</rdfs:label>
<rdfs:label rdf:parseType="Literal">
<span xml:lang="ja"> texto <ruby>
<rbc><rb> texto </rb><rb> texto </rb></rbc>
<rtc><rt> texto </rt><rt> texto </rt></rtc></ruby>
</span>
</rdfs:label> </owl:Class>

Notice the position of the “ja” language tag, diﬀering from the position
of the “it” tag.
A further limitation of the embedded XML support is that it is primarily designed for XHTML. Certain XML applications, in particular,
XSLT and XML Schema, use “QNames in attribute values, which do
not work with XML embedded within RDF.
• SKOS Approach: In a similar way, the Simple Knowledge Organization System (SKOS 22 ) data model for semantically structuring
thesauri, taxonomies, classiﬁcation schemes, etc., allows labelling concepts with multilingual strings, and even establishing relations between linguistics labels, as to determine which is the preferred label
(skos:prefLabel) and the alternative one (skos:altLabel), which
was not possible with RDF(S) properties. Apart from relations between labels, SKOS provides fuzzy semantic relations between concepts as skos:narrower, skos:broader and skos:related.
Disadvantages
Limitation of the amount of linguistic information that can be included in
the ontology limited to strings without information about senses in their
respective languages, nor provenance of the information, which makes concept localization to diﬀerent natural languages quite diﬃcult. Full synonym
22

http://www.w3.org/2004/02/skos/specs
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relation or 100% equivalence is assumed among labels in diﬀerent languages
associated with the same class, since it is not possible to establish more
speciﬁc relations between the linguistic elements associated with ontology
classes. In addition, we can mention that although the structure of language tags enables an ontology into diﬀerent natural languages on the Web,
however, the current Web Ontology Language (OWL) cannot exploit or interoperate with this ontology at all.
Advantages.
Labels can be integrated in the ontology in as many languages as wished
by the user. This model provides a suitable representation form for highly
specialized domain ontologies, e.g. in the technical ﬁeld, since that sort
of knowledge is shared among diﬀerent linguistic and cultural communities
and the equivalence relation among labels in diﬀerent languages is usually
adequate.

3.4.2

Associating the ontology meta-model with a multilingual linguistic model

In this modelling option, the elements of the ontology have links to multilingual data stored outside the ontology. We identiﬁed two emerging best
practices which we could use to attach linguistic and lexical information to
ontology elements: LexInfo [Buitelaar 2009] and LIR, the Linguistic Information Repository [Montiel-Ponsoda 2008].
LexInfo models linguistic information in an ontology combining
three previously proposed approaches:
LingInfo [Buitelaar 2006a],
LexOnto
[Cimiano 2007]
and
LMF
Lexical
Markup
Framework, [Francopoulo 2006]. At the time of writing, it mainly handles
ontological properties which are in most cases realised in language as verbs
and relational nouns23 . LIR (Linguistic Information Repository) is a model
for associationg lexical information to OWL ontologies proposed within the
NeOn project. The linguistic information pertaining to a given domain
ontology is modeled as an OWL ontology. In contrast to Lex-Info, LIR
concentrates mainly on ontology classes, which are in general represented
as plain noun or noun phrase class labels.
LexInfo and LIR are both conceptualisations of lexicalising a domain ontology in the form of an ontology structure and they both aim at integrating
the same existing standards (LMF). Still the resulting ontological structures
are quite diﬀerent. Firstly they are diﬀerent from a syntactic point of view.
Second, they also diﬀer semantically: LexInfo rather emphasises the representation of properties and in particular the syntax → semantics interface.
23

Most nouns as e.g. train refer to an ontology class. The nouns we call relational, e.g.
speed, may be used to express an ontology property.
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For example with LexInfo it would be possible to express that the sentences
The train speeds at 100 km/h. and The speed of the train is 100km/h. are
linguistic realisations of the same meaning. LIR adopts a more traditional
lexicographic position: one could express for example that train and rame
are both possible French translations of the English train, that they may be
used as synonyms in most cases but are not entirely synonymous. LexInfo
is arguably more suitable at verbalising ontologies or translating natural
language queries to database or web search queries, whereas LIR would
be more useful to human knowledge engineers or lexicographers for building
and maintaining a domain and lexicon ontology. It is in principle possible to
translate one lexicon format to the other, but the syntaxsemantics mapping
information of Lex-Info can not be extracted from LIR and conversely, the
lexicographic aspects represented in LIR can not be generated from LexInfo.
On this note the two models are complementary. This diﬀerence in perception also implies diﬀerent (semi-)automatic acquisition methods from texts:
to enrich a LexInfo lexicon one needs deep syntactic and semantic linguistic
analysis whereas for LIR one would make use of statistic semantic similarity
measures and high-quality linguistic semantic resources as (Euro)WordNet
or Wikipedia.
In both frameworks the procedure is the following:
1. Starting from the domain ontology . . .
2. the system builds an empty or default lexical ontology, the main building blocks of which are the lexical entries (LEs) which roughly correspond to the domain ontology components i.e. the classes and properties. The domain ontology elements are linked to at this stage possibly
empty LEs which in turn are associated to the corresponding ontology elements. LEs are constructed based on linguistic analysis of the
domain ontology labels, comments and/or identiﬁers;
3. The lexicon is enriched (semi-)automatically using domain relevant
texts and/or external lexical resources eg. WordNet24 , EuroWordNet25 or Wikipedia to search for further information (eg. deﬁnitions,
translations);
4. The lexical ontology is further completed manually.
Disadvantages:
Since there is just one conceptualization, some language speciﬁcities could
be lost, unless captured in language speciﬁc ontology modules, i.e., at the
conceptual layer, or in the linguistic model, i.e., at the terminological layer.
24

http://wordnet.princeton.edu/

25
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Advantages:
This representation form allows the inclusion of as much linguistic information as wished, as well as the possibility of establishing links among the
linguistic elements within one language or across languages. In this sense,
nuances or diﬀerences between languages can also be reported and even formalized in the terminological layer, in order to avoid the 100% equivalence
correspondence among the diﬀerent names of ontology elements. Relevant
information as, e.g., the provenance of the linguistic elements, can also be
included. This system also allows linguists or domain experts without ontology development expertise access to the terminological layer in a distributed
environment.

3.5

Summary of the Chapter

Along this chapter we have presented the technological context related to
the thesis. We have presented ﬁrst an introduction to ontologies, describing
what an ontology is from the perspective of Computer Science. Also we
have explained some issues about development of ontologies, focusing on the
methodologies and tools that can be used to build a multilingual ontology.
Later, we have introduced the key role of MT and other related technologies as tools that allow an automatic localization processing. Concerning to
MT technologies, we have explained how these systems can be distinguished
according to diﬀerent criteria.
A classiﬁcation of the diﬀerent methods used for the building of multilingual ontologies has been deﬁned. It includes some of the most currently
used methods for building a multilingual ontology. Later we have deﬁned
the diﬀerent models used for attaching linguistic and lexical information to
ontology terms. Finally, we described the main features of the most relevant
works with respect to our goal - to localize an ontology to diﬀerent natural
languages.
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Chapter 4

Ontology Localization
Problem
Open and dynamic systems, such as the Web and its extension, the Semantic
Web, are by nature distributed and heterogeneous. Such characteristics
implicate that the ontologies used to describe content and services can be
represented using diﬀerent formats and, more speciﬁcally, diﬀerent natural
languages. In this scenario, multilingual ontologies are required. As we
describe in the section 3.3 there is two current trends for the building of
multilingual ontologies, however these approaches do not reduce the cost
and eﬀort that means enriching an ontology with multilingual information.
In this chapter we ﬁrst describe the motivation of this thesis through
diﬀerent applications that can take advantage of localizing ontologies. Second, we analyze which elements or parts of the ontology are to undergo
localization. Thirdly, we brieﬂy analyze the diﬀerent levels of localization
used into ontologies depending on type of ontology elements to be localized and the level of adaptation required to make the ontology accessible
to speakers of diﬀerent natural languages. Fourthly, we described the problems that characterize the ontology localization activity. Fifthly, we provide
the foundations for the thesis. One characteristic of original research is the
lack of a standardized vocabulary. Therefore, we explain the terminology
related to ontology localization activity, providing the meaning that will be
used for the distinct terms. In addition, we give a formal account of our
general localization process by deﬁning the input, output, and the six main
steps identiﬁed. Finally, we describe the most representative, as well as the
most widely accepted linguistic and translation resources used to discover
ontology term translations.
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4.1

Applications

In this section we present diﬀerent applications where ontology localization
can contribute as a plausible solution. Basically, we focus on multilingual ontology mapping application where ontology localization is a crucial activity.
Then, we describe other well-known applications that depend of multilingual
ontology mapping techniques and therefore of ontology localization.

4.1.1

Multilingual ontology mapping

Multilingual ontology mapping (MOM) refers to the process of establishing relationships among ontological resources from two or more independent ontologies where each ontology is labeled in a diﬀerent natural language [Fu 2009b, Trojahn 2008b]. This activity requires support of ontology localization because MOM is achieved by ﬁrst localizing the labels of
a source ontology into the target natural language. Then applying monolingual ontology matching techniques to the translated source ontology and
the target ontology is possible establish matching relationships.
A large amount of research has been done in the area of monolingual ontology mapping [Euzenat 2007, Ehrig 2007], however, the issue of mapping
ontologies written in diﬀerent natural languages is relatively unexplored at
the moment. Matching contests such as the Ontology Alignment Evaluation Initiative (OAEI) encourage the progression of automated ontology
matching tools and recognize the importance of addressing issues that are
associated with multilingual ontologies. In the most recent OAEI competition1 , a test scenario (called very large crosslingual resources) involving
the mapping of the Thesaurus of the Netherlands Institute for Sound and
Vision (GTAA) to two other resources: the English WordNet [Miller 1995]
and DBpedia2 . Among sixteen contestants, only two took part in this test
scenario with results submitted from just one contestant.
Trojahn et al. [Trojahn 2008b] proposes a multilingual ontology mapping
framework, which consists of smart agents that are responsible for ontology
translation and capable of negotiating mapping results. For each ontology
label, the translation agent looks up a dictionary and returns a collection
of results in the target natural language. The ontology labels are then
represented with a group of the returned translation results. Once source
and target ontologies are in the same natural language, they are passed to
the mapping process which consists of three types of mapping agents, lexical,
semantic and structural. These agents each conclude a set of mapping results
with an extended value-based argumentation algorithm. Finally, globally
accepted results are generated as the ﬁnal set of mappings [Trojahn 2008a].
1
2

http://oaei.ontologymatching.org/2009/
http://dbpedia.org/About
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Fu et al. [Fu 2009a] also present the SOCOM Framework which is designed speciﬁcally to achieve cross-lingual ontology mapping. The SOCOM
framework divides the multilingual mapping task into three phases: an ontology rendering phase, an ontology matching phase and a matching audit
phase. The ﬁrst phase of the SOCOM framework is concerned with the
rendition of an ontology labeled in the target natural language, particularly,
appropriate translations of its labels. The second phase concerns the generation of matching results in a monolingual environment. Finally, the third
phase of the framework aids ontology engineers in the process of establishing
accurate and conﬁdent mapping results.
The approaches above described are a ﬁrst step towards achieving a
multilingual ontology matching for generic knowledge domains. However,
neither of these works do not take into consideration the diﬀerent problems
that arises when localizing ontologies between diﬀerent natural languages
(see Section 4.5 for more details). In the following we describe a general
cross-lingual ontology mapping scenario that can take advantage of localizing
ontologies.
A generic architecture to achieve MOM is shown in ﬁgure 4.1. Given a
source ontology representing knowledge in a source natural language (e.g.
English), the ontology localization process creates a localized source ontology into target language (e.g. Spanish). Notice that after of the localization process both the localized source ontology and the target ontology are
described in the same target natural language. Then, a monolingual ontology matcher is applied to generate matching results between the localized
ontology and the target ontology. The result is a set of correspondences
(alignments) between two ontologies.

Figure 4.1: Cross-lingual Ontology Matching using Ontology Localization.
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In such a multilingual ontology mapping scenario, challenge is mainly
found in the ontology translation phase, because in our opinion the translated ontology elements will impact on the quality of ontology mapping results generated by existing matching tools. A extensive survey of the main
matching systems that can be used for performing the matching process can
be found in [Euzenat 2007, Ehrig 2007].

4.1.2

Other applications

Through cross-lingual ontology matching, the ontology localization can be
used to support other applications too. In [Euzenat 2007] the authors describe traditional systems that it uses matching techniques as a prerequisite
of running of these systems. The majority of these applications are described
from one monolingual point of view, however the use of an multilingual ontology mapping extends still more its application. Thus, we believe that
ontology localization can be used implicitly for multilingual applications as
information integration, information retrieval, web service composition, or
navigation and query answering.

4.2

Ontology Localization Layers

The main goal of the ontology localization activity is to adapt an ontology to
a particular language and culture. Thus, the ﬁrst challenging question that
arises is which elements or parts of the ontology are to undergo localization.
The answer to this question requires a detailed analysis of the layers into
which an ontology can be divided. According to [Barrasa. 2007], we can
basically distinguish six layers in any ontology, namely:
1. Lexical layer: characters and symbols that make up the syntax (ASCII
encoding, UNICODE, etc.)
2. Syntactic layer: structure of characters and symbols, i.e., the grammar. It embraces diﬀerent representation languages (e.g. RDF(S),
OWL, etc.)
3. Representation paradigm layer: paradigm followed in the representation of the ontology (frames, semantic networks, DL, etc.) that allows
a certain way of expressing and structuring knowledge
4. Terminological layer: terms or labels selected to name ontology elements
5. Conceptual layer: related to conceptualization decisions, such as granularity, expressiveness, perspective, etc.
6. Pragmatic layer: ﬁnal layout of the model according to users needs
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According to this classiﬁcation, we deem the syntactic and representation
paradigm layers not to be aﬀected by Ontology Localization, because their
design options do not depend on the inclusion of multilingual information.
The terminological layer is the one most clearly aﬀected by the Localization
Activity, since the labels that name ontology terms will have to be expressed
in diﬀerent natural languages. Regarding the conceptual layer, we are of the
opinion that certain languages and cultures categorize certain knowledge
spheres in a way that may not be shared by other cultures. This brings
us to consider the conceptual layer as a potential candidate to be modiﬁed
during the Localization Activity. Finally, the pragmatic and lexical layers
may also need to undergo localization to meet target language needs, but
they remain out of the scope of this research.
Once we know the ontology layers that are aﬀected in the localization
process, in the next section we describe the diﬀerent levels of localization
used to enrich an ontology to diﬀerent natural languages.

4.3

Levels of Ontology Localization

An ontology is a fairly complex structure and it is often more practical to
focus on the localization of diﬀerent levels of the ontology separately rather
than trying to directly localize the ontology as a whole. This is particularly
true if we want a predominantly automated localization rather than entirely
carried out by human users/experts. Another reason for the level-based
approach is that the techniques involved in the localization are substantially
diﬀerent for the diﬀerent levels. Additionally, diﬀerent levels of localization
can aﬀect also diﬀerent layers of the ontology.
In our approach, the “levels of localization”, or scales of localization refer to the relationship among the amount of translation required and the
customization necessary to create diﬀerent ontology language editions. Figure 4.2 show the diﬀerent levels for ontology localization. These levels range
from the linguistic adaption of the ontology to a particular language (linguistic level ) to a cultural adaption of the ontology to a speciﬁc geo-political and
cultural environments (cultural level ). The technical level covers all technical
aspects for support multilingual information into ontologies.

4.3.1

Technical Level

This level includes the technical standards for the representation of multilingual natural language information within of the ontologies. It is the basis
for the next levels of localization.
In the Section 3.4 we already described extensively the diﬀerent models
that can be used to represent multilingual information into ontologies. Basically, the technical level is covered either with the use of: i) language tagging
standards which including multilingual data in the ontology meta-model,
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Figure 4.2: Ontology Localization levels.
or ii) external linguistic models which store the multilingual data outside
the ontology.

4.3.2

Linguistic Level

This level involves the adaptation (translation) of the ontology to a particular language. The adaptation to a particular language can only aﬀect
the lexical layer of the ontology, but not the ontology and conceptualization themselves. This task of adapting the lexical layer to another language
is however crucial to make the ontology accessible to speakers of another
language.
We consider diﬀerent levels of diﬃculty to translate ontology elements:
• Level 1 - Translation of ontology concepts, attributes and relations.
At this level, the localization process involves translating the labels3
or identiﬁers4 of concepts, attributes and relations. These labels or
identiﬁers can be simple or compound words. The main diﬃculty in
this level is to get the label speciﬁcations and its context correctly.
Consider for example the word ‘plant’, which depending on the context can be translated into Spanish as ‘planta’ in the sense of “living
organism” or ‘fábrica’ in the sense of “industrial plant”.
3

Name of an ontology term.
The identiﬁer is the name used in the URI reference of a term. The identiﬁers make
the ontology much more readable.
4
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• Level 2 - Translation of ontology instances. The main complication at
this level is to decide what instances should be translated and which
ones no. A big part of the instances are represented by a proper
name, and therefore should not be translated (e.g. a label containing
“Michael Schumacher” should not be translated). However, other instances as by example “South America” should be translated to other
natural languages.
• Level 3 - Translation of ontology term annotations. The main diﬃculty at this level includes translating a huge amount of phrases which
are part of the annotation of concepts, attributes or instances in an
ontology. To provide a human-readable description of a term the Ontology Web Language (OWL) uses for example the rdfs:description
statement, where a textual comment can be added. Thus, this level
involve the diﬃculty to translate long pieces of text correctly.
In all cases, the localization process needs to take care of cultural localization issues of source and target communities. For instance, the most
appropriate translation for the English term ‘computer’ in the sense of “a
machine for performing calculations automatically”, is ‘ordenador’ in Spain,
but ‘computadora’ in South America.

4.3.3

Cultural Level

The third level includes the ontology adaptation to a particular culture.
From a software product perspective this level covers two areas: the context
of the use and the meaning of symbols, graphics, colors and metaphors used
in the user interface. However, from an ontology perspective the cultural
level means to adapt an ontology to a speciﬁc geo-political and cultural
environment.
We perceive that the cultural adaptation is a special form of ontology reengineering which means transforming the conceptual model of an existing
and implemented ontology into a new, more correct and more complete
conceptual model which is re-implemented.
In this thesis we only describe the factors related to the automatic process for localizing ontologies to a linguistic level. The details about how
localize an ontology to cultural level is out of the scope of this work.

4.4

Perspectives on Localization:
Terms

Deﬁnition of

Ontology localization can not be fully or correctly understood without being
contextualized in reference to a number of interdependent processes. From
an Ontology Engineering perspective, these processes can be referred to
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as a group by the acronym ILT - Internationalization, Localization and
Translation. At this stage, two scenarios can be identiﬁed to perform the
localization activity:
• Scenario 1: Bottom-up approach. This approach starts from an
ontology already conceptualized and the goal is to get the translations
of the ontology labels in diﬀerent natural languages. Usually, these
ontologies are designed without taking into account the multilingual
and localization aspects.
• Scenario 2: Top-down approach. Starting at the ontology design
level, the ontology is built in such a way that it can be easily adapted
to new languages and culture conventions later on.
Figure 4.3 show the relationships between the scenarios above described
and the interdependent process.

Figure 4.3: Ontology Localization scenarios.
In general, ontology localization should be performed after the internationalization task, because internationalization takes place at the level of
the ontology design. In any case, localization is does not ‘per se’ come after
internationalization, nor is it subordinated task. Translation is a more independent task since you can translate without internationalizing, although
translations are greatly aﬀected by the other two concepts. In the following
we deﬁne in detail these three processes from the perspective of ontological
engineering.

4.4.1

Ontology Localization Deﬁnition

In this section we introduce the deﬁnition of the ontology localization activity exactly as we perceived it in this work. It does not pretend to solve
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each particular problem nor to strictly cover the complete ﬁeld. It aims at
serving as a guide for this thesis. Thus, rather than attempt to cover the
entire spectrum of research in ontology localization, we will concentrate on
process, methods and techniques to discover automatically the translations
of the elements of an ontology. The automatic process for translating monolingual ontologies into other natural languages is the core of the localization
activity and will be explained in detail in the remainder of this chapter. A
classiﬁcation of localization approaches focusing on the translation of the
diﬀerent elements of an ontology will be explained in Chapter 5. Additionally, in Chapter 6 we will give an intuitive view of whole localization
activity.
Given one ontology O, ontology localization means that for each entity (concept, attribute, relation, or instance) expressed in a source natural
language, we try to ﬁnd a translation term, which has the same intended
meaning, but in diﬀerent target natural language(s) L. There are some
other parameters that can extend the deﬁnition of the localization activity,
namely: (i) the localization parameters, p to accept a translation as suitable,
e.g., weights, thresholds; and (ii) external linguistic and semantic resources r
used by the localization process to obtain the translations, e.g., text corpus,
ready-to-use MT systems, or machine readable dictionaries.
Deﬁnition 1 (Ontology Localization) The Ontology Localization activity can be seen as a function f which, from an ontology O to be localized, a
set of target natural languages L, a set of parameters p, a set of resources
r, returns an localized ontology O′ .
O′ = f (O, L, p, r)
This can be schematically represented as illustrated in Figure 4.4. The
deﬁnition is inspired in the work presented by [Euzenat 2007] for ontology
matching.

Figure 4.4: The Ontology Localization Activity
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4.4.2

Related Terms

As we explained before ontology localization can not be fully understood
without being contextualized in reference to two interdependent processes:
internazionalization and translation.
Internationalization.
When an ontology is developed, its design is inevitably inﬂuenced by the culture and native language of theirs developers. To adapt an ontology successfully for international regions or markets, the culturally and linguisticallydepend parts of the ontology must be carefully designed, a process referred
as ontology internazionalization. This process include by example naming
conventions for ontology terms and/or hyphenation and morphological rules
of the ontology elements.
Thus, ontology internationalization can be deﬁned as the process of generalizing an ontology so that it can handle multiple languages and cultural
conventions without the need of re-design it. Internationalization takes place
at design level. There are two key reasons for ontology internationalization:
1. To ensure that an ontology is properly designed to be accepted in
international markets, and
2. To ensure that an ontology is localizable.
In the ﬁrst case, the labels and descriptions used in the ontology are
concise, clear and they do not contain any jargon or slang. The second reason above mentioned will help to reduce the localization costs by developing
the ontology in a way that ensures a smooth localization process. One way
to do this is by following some standard for naming conventions. Recently,
some works [Flied 2007, Schober 2007] have proposed naming conventions
for ontology terms. These guides are used in speciﬁc applications such as
ontology verbalization5 . We claim that the deﬁnition and use of style guidelines should be extended to ontology engineering too.
Translation.
Translation can be generally deﬁned as the process of “transferring a text
from a source language and culture into a target language and culture with
a certain purpose” (adapted from [Nord 1997]). Just as it occurs in software localization, in ontology localization the emphasis should be placed on
automatic translations tools that allow users to avoid the manual eﬀort of
building a multilingual ontology.
5

The verbalization makes ontologies accessible to people with no training in formal
methods. The goal of the ontology verbalization is to produce natural language from the
deﬁnition of class or properties.
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Some authors believe that this solution is not viable, since automatic
machine translation (MT) today suﬀers from several critical limitations to
support the translation of ontology labels [Segev 2008]. The general awareness is that automatic translation tools have yet to achieve a level of proﬁciency comparable to human translation. However, since ontologies consist
of concepts, attributes and relations that are stated clearly and succinctly,
we hypothesize that ontology components are more readily translatable than
full-length text [Espinoza 2008a].
When translating ordinary text, one has to deal with textual phenomena
such as anaphors or metaphors, and much care must go into assuring that
one obtains clear and natural-sounding sentences. This is not such a big issue
in ontology labels, which tend to have text with single words, compound
words, named entities, short phrases, or short sentence fragments. Also, the
ontology labels have characteristics which make these amenable to automatic
machine translation:
• Consistency. The lexical formats used for naming ontology terms are
very similar [Espinoza 2008a]. Also, the labels used for describing ontology elements commonly use a upper/lower case distinction. It poses
some advantages for MT because allows performing word segmentation accuracy. Some works have evidenced that even having a basic
word segmenter helps MT performance [P. Koehn 2003, Habash 2006,
Chang 2008]. Additionally, we can rely on the initial uppercase letter
to identify a phrase initial word.
• Accuracy. The accuracy in spelling is reported as 99.0%-99.5% [].
Therefore, typos can hardly aﬀect the translation quality. Furthermore, sentence boundaries (used in ontology term comments), which
are absolutely crucial for parsing in MT, are usually clear by accurate
punctuation.
Task Formulation
From a technical point of view, we consider the translation task in the
ontology localization activity as a word sense disambiguation task. In fact,
the translation task of ontology labels and the word-sense disambiguation
task have the same form: each label l is associated with a set of possible
labels Ul ; given a label context ctx containing label l, we must determine
which of the possible labels in Ul to assign to l in the context ctx. The only
diﬀerence in the two tasks is the set Ul : for word translation it is the set of
possible translations of l, while for word sense disambiguation it is the set
of possible senses of l in some resource. Thus, we may use any word sense
disambiguation algorithm as a word translation algorithm by appropriately
deﬁning the senses.
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The formulation of the translation task as a word-sense disambiguation task, has multiple advantages. First, if we knew the correct semantic
meaning of each word in the source language, we could more accurately
determine the appropriate words in the target language. Second, the availability of large amounts of resources from where we can infer the senses for
disambiguating the words. Thirdly, the improvement in the quality of MT
approaches, incorporating context-rich approaches from word sense disambiguation methods [Carpuat 2007, Apidianaki 2009].
We deﬁne the ontology label translation task as ﬁnding, for an individual
label l in the source language S, the correct translation, either a word or
phrase, in the target language T . Clearly, there are cases where l is part
of a multi-word term that needs to be translated as a unit. For this case,
this approach can be extended by preprocessing the data in S to ﬁnd shortphrases, and then executing the entire algorithm treating short-phrases as
atomic units. In this thesis, do not explore the extension of this approach to
the translation of sentences (e.g. comments of ontology term). Nevertheless,
we focus in the translation of simple and compound labels.

4.5

Characterization of Ontology Localization

Once deﬁned the main concepts of the ontology localization activity, we
describe in this section the localization dimensions that have to be taken
into account:

4.5.1

Translation Problems

Due to the fact that cultures classify the world in a diﬀerent way, when
translating ontologies we may encounter diﬀerent types of situations:
• Existence of an exact equivalent. This is typical of highly specialized
technical and engineering ﬁelds such as Mechanics, in which there is
a direct/complete equivalence among the terms in diﬀerent languages
referring to a certain object or process. In this case there is little
place for synonyms or variants. E.g.: ‘Wärmekraftmotor’ in German
is translated as ‘heat engine’ in English.
• Existence of several context-dependant equivalents. When one term in
a language can be translated by several equivalents in another language, and the user has to choose the most suitable depending on
the context of the ontology and the word connotations. For example, the English term ‘girl’ can be translated into Spanish as ‘niña’,
‘chica’, ‘joven’, o ‘hija’. Each translation reﬂects diﬀerent nuances of
the concept and it will be necessary to ﬁnd out which equivalent is
needed in the ontology to translate the English term ‘girl’ with the
most approximate or suitable equivalent.
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• Existence of a lexical gap. This is mainly due to mismatches at the
conceptualization level, i.e., when a certain culture categorizes reality
with a degree of granularity that does not correspond to the granularity
degree of the other culture, resulting in a lexical gap in the target
language. For example, in French there is a diﬀerence between big
rivers that ﬂow into the see, which are called ‘ﬂeuves’, and rivers that
ﬂow into other rivers, ‘rivières’. In most topography ontologies in
English this distinction is not made.

4.5.2

Management Problems

Whereas the translation process of ontology labels ‘per se’ implies certain diﬃculties, the maintenance and updating of translated ontology labels
throughout the ontology life cycle also requires special attention. The main
diﬃculty is to identify policies for managing changes in ontology terms and
their translated labels. Up to now, none of the works on managing ontology changes [Palma 2008, Tudorache 2008] deal with changes on ontology
elements with multilingual information. Several situations could happen:
• An ontology term is added, then the ontology label should be translated
to all supported languages.
• An ontology term disappears, then all their translations should be removed.
• An ontology term is renamed, then all multilingual labels should be
re-translated.
In all cases this process can be performed using two operation modes:
instant mode or batch mode. The ﬁrst is executed when changes are applied,
while the batch mode can be executed at the end of the user’s session, for
instance.

4.5.3

Multilinguality Representation Problems

As a result of the Localization Activity, we obtain an ontology in which
ontology labels are represented in diﬀerent natural languages. According
to the state-of-the-art, we can identify three main models of representing
multilinguality in an ontology:
• Inclusion of multilingual information in the ontology by means of the
rdfs:label and rdfs:comment properties. This has been the most used
approach by the Ontology Engineering Community until now, which
allows multilingual labels to be associated to ontology terms.
63

CHAPTER 4. ONTOLOGY LOCALIZATION PROBLEM
• Creation of one conceptualization per culture and language involved,
and mappings establishment among the diﬀerent conceptualizations.
Each conceptualization will reliably reﬂect the categorization of the
reality that each language makes. However, the eﬀort required in the
development of the various conceptualizations and the linkage among
conceptualiztions is by no means trivial. A representative example of
this approach is the well-known EuroWordNet6 lexicon.
• Association of external multilingual information to the ontology.
Diﬀerent models have been proposed to associate linguistic data to ontologies: a) the Linguistic Information Repository (LIR) [Montiel-Ponsoda 2008], specially designed to account
for cultural and linguistic diﬀerences among languages; b) LingInfo [Buitelaar 2006b] and, c) LexOnto [Cimiano 2007], whose focus
is on the linguistic enrichment of ontologies from a morphosyntactic
viewpoint. The main advantage of this third approach is that it does
not require the eﬀort of creating additional conceptualizations, and
can take advantage of the ontologies already available on the Web to
create multilingual ontologies.
The choice among the three models will be mainly determined by the
shareability of the conceptualization and the amount of linguistic information required for the ﬁnal ontology.

4.6

Ontology Localization Approach

After the foundations, the next step in research methodology is the actual creative and innovative one. This section describe our approach for
ontology localization based on the previous ﬁndings. In fact, this will be
achieved through several elements. Firstly, we study the key elements of
the translation process, with the dual aim of reducing the localization effort and identifying the phases to produce an ontology general localization
model. Secondly, we shape a general underlying approach for localization.
Speciﬁc methods for each task are then going to lead to a concise basic
approach [Espinoza 2008a, Espinoza 2008b, Espinoza 2009a]. Then, we explain the individual steps in detail.

4.6.1

Modeling the Translation Process for the Ontology Localization Activity

As we already mentioned in the introduction, the localization activity is a
complex task that involves diﬀerent manual tasks (e.g. management, translation, revision, etc). From these task we consider that the translation task
6

www.illc.uva.nl/EuroWordNet/
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requires deﬁnitively major eﬀort. For this reason, one of the main objectives of this work is to integrate an automatic translation method in the
localization of ontologies.
In order for an automated translation method to be useful in ontology
localization, it has to produce reliable translations, that exactly correspond
to what a human translator would produce. Having a computer assistant
that requires the translator to do signiﬁcant corrections to its suggestions is
nearly as good as having no assistant at all. Therefore, in order to produce
reliable translations, the system should quite strictly follow the rules and
style of the human translator.
With this speciﬁc goal in mind, we propose that the starting point in
the design of an general ontology localization approach should be guided
by the observation of how the translation process is performed by a human
expert. Thus, we ﬁrst consider the nature of “translation process” itself.
Malmkjr [Malmkjær 2000] points out that translation process may be used
to designate a variety of phenomena, from the cognitive processes activated
during translating, both conscious and unconscious, to the more “physical”
process which begins when a client contacts a translation bureau and ends
when that person declares satisfaction with the product produced as the ﬁnal
result of the initial inquiry. In translation practice, of course, the cognitive
aspects are expressed within the physical aspects.
Few studies deal speciﬁcally with the identiﬁcation and characterization
of the phases or stages of the translation process. After a short explanation
of some existing approaches for modeling the translation process as a “number of operations” performed by a translator, we identify the phases that
can be used in the localization activity.
In translation studies, the translation process is usually represented either in a two-phase or three-phase model [Nord 2005]:
• The two-phase model represents translation as a process consisting of
two chronological sequential phases namely analysis (in other terminologies decoding or comprehension phase) and synthesis (encoding,
reconstruction or reverbalization phase). In the ﬁrst phase a human
translator to try discern among the diﬀerent meanings that a word
may have, analyzing the word context. Depending on the context in
which the word is used, a certain meaning will be selected, whereas
the rest of potential meanings of the word will be discarded. This
process is performed almost unconsciously in the translator’s mind if
(s)he has a good command of the subject and the terminology used in
it. For example, if the word to be translated is ‘bank’, and the text
is about ﬁnances, the translator will undoubtedly assign the meaning
“ﬁnancial institution” to the word ‘bank’.
The next step in the translator’s mind is to look for possible equivalents of the word ‘bank’ with the meaning of “ﬁnancial institution”
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in the target language (synthesis phase). Assuming the translator’s
proﬁciency on the subject in both, the source and target culture, the
translator will look for an equivalent concept in the target culture. If
‘bank’ is going to be translated into Spanish, the translator has to
ﬁnd out if the English word is referring to a “savings bank” or to an
“investment bank”, for example, since in the ﬁrst case, ‘bank’ would
be translated into ‘caja’ and in the second into ‘banco’. Here again
the context is essential for the translator to make the right choice.
• The three-phase model inserts the transfer operation between the analysis phase and the synthesis phase of the two-phase model. The transfer phase is where the translator has to device a kind of translation
“strategy” for selecting the concept in the target language that better
matches the concept in the source language.
For example, in order to take the ﬁnal decision on which the most
appropriate translation for a certain word is, the translator can to
take into account the purpose of the translation. Once the purpose
and context have been checked again, the translator is able to select
the most appropriate translation for the source word.
Based on empirical data, several studies have seen the translation process as divided into three stages or phases, usually deﬁned as: planning,
text generation, and revision [Englund 2005]. Basically, the ﬁrst two phases
of this model agree with the steps of the two-phase model described previously. The revision phase requires a precise diagnosis information about
translations.
Task identiﬁcation
The terminological variation observed in the models above proposed reﬂects
the diﬃculty of ﬁnding terms to designate the phases or stages in a clearcut
way, since actually a variety of cognitive processes take place within each of
the phases. Of course all phases can be seen as further divided into several
sub-phases.
For our purposes, we adopt the two steps of the two-phase model because in the practice the transfer phase (in the three-phase model) usually is
reduced to a minimum of time or integrated as part of the synthesis phase.
Additionally, we include the revision phase deﬁned in the models that manage empirical data. We believe that this phase is specially important for
ontology localization because is necessary be sure that obtained translations
do not alter the context of the semantic knowledge source.
As the above selected tasks did not cover all the needs for successful
ontology localization, we included an additional task that allows selecting
the terms to be localized. Finally, all phases was re-labeled to describe their
functionality in the localization activity.
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In the following we explain our generic approach for localizing ontologies
to linguistic level.

4.6.2

Automatic Localization Approach

Figure 4.5 illustrates input, output, and the four main steps of the now following general automatic localization approach. This detailed stepwise approach for ontology localization is novel and one core contribution. Notice
that these steps cover only the translation task in the Ontology Localization Activity. The description of the life-cycle model for localization which
involves tasks that extend far beyond the translation process itself, will be
introduced in the Chapter 6.
In the sections following, the individual steps will be explained in more
detail.

Figure 4.5: Automatic translation approach for the Ontology Localization
Activity.

4.6.2.1

Input

Input for the process is one or more ontologies, which need to be localized
to diﬀerent natural languages. For clariﬁcation we ﬁrst provide a short
deﬁnition of ontology as used in our scenario.
So far we have considered ontologies without being precise about their
meaning. An ontology can be viewed as a set of assertions that are meant to
model some particular domain. Usually, the ontology deﬁnes a vocabulary
used by a particular application.
Deﬁnition 2 (Core Ontology) An core ontology is a structure
B := (C, ⊆C , R, σ, ⊆R , I),
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consist of,
- two disjoint sets C and R whose elements are called concept identiﬁers
and relation identiﬁers (or concepts and relations for short).
- a partial order ⊆C on C called concept hierarchy or taxonomy.
- a function σ: R → C × C called signature, where σ(r) =
⟨dom(r),ran(r)⟩ with r ∈ R, domain dom(r), range ran(r).
- a partial order ⊆R on R, called relation hierarchy .
- a set I whose elements are called instance identiﬁers (or instances for
short).
Relationships between concepts and/or relations as well as constraints
can be expressed within a logical language such as ﬁrst-order logic or Hornlogic. A formal deﬁnition of logical language have not been included at this
stage of the research, because it is no relevant for the rest of deﬁnitions.
Deﬁnition 3 (Lexicon) A lexicon for an ontology is a structure
Lex := (Lc , Lr , Li ),
consisting of,
- three sets Lc , Lr and Li whose elements are called signs for concepts,
relations, and instances, respectively.
In this work, an ontology consists of a core ontology, as well as a corresponding lexicon.
Deﬁnition 4 (Ontology) An Ontology O is therefore deﬁned through the
following tuple:
O := (B, Lex),
consisting of,
- the core ontology B.
- the lexicon Lex.
In this thesis we will often refer to a set of ontology elements OE. An
ontology element oe ∈ OE interpreted in an ontology O is either a concept,
a relation, or an instance, i.e oe ∈ C ∪ R ∪ I.
Deﬁnition 5 (Input). Given a set of ontologies O,
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input: O → ß(O).
selects one or more ontologies thereof.
If more than one ontology is taken, then each ontology is processed individually. A higher expressivity of the ontology, such as OWL constructs
provide, would be favorable. More semantic information allows identifying
more precisely the more appropriate ontology element translations. Preknown multilingual information of the ontology to be localized may be very
useful, giving to the localization algorithm good starting points for discovering the translations of other ontology elements.
Ontology Example
To clarify the term ontology as used in this thesis, this section contains an
ontology example. We will repeatedly refer to this example throughout the
work to illustrate our approach for ontology localization. The ontology describes the domain of employees in the context of an university. It is a simple
example, but noticeably helps to explain the basic ontology constructs.
The ontology is graphically shown in Figure 4.6. Concepts are depicted
as rectangular boxes, relations as ellipses, and instances as rounded boxes.
Subsumption relations are drawn as solid arrows. A object relation has an
incoming arrow from its domain and an outgoing arrow to its range. A attribute relation has a incoming arrow from its domain. The instantiations
of concepts and relations are depicted as dotted, arrowed lines. The example contains the eight concepts, employee, faculty, professor, administrative
staﬀ, associate professor, chair, dean, and director, one object relationship
belongsTo, two attribute relationships salary and name, and three instances
Faculty of Informatics, Eduardo Mena and Asunción Gómez-Pérez.

Figure 4.6: Ontology Example.
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4.6.2.2

Localization Step Selection

Before the localization of ontology elements can be initiated, it is necessary to choose which element from the ontology actually to consider. This
step may choose to discover the translations of certain candidate ontology
elements {(OE)|OE ∈ O} and ignore others (e.g., only localize ontology
concepts and not ontology relations)
Deﬁnition 6 (Localization Selection). Given an ontology for localization,
we deﬁne
selection: O → ß(OE).
resulting in a set of elements where OE are the ontology elements as previously deﬁned.
To the best of our knowledge, there are no speciﬁc methods for selecting
the space of candidates to be localized. We consider that the implementation
of a speciﬁc selection method may depend of various factors, for example:
the time and recourses available for performing the localization or the use
of the ontology after localization.
In [Prins 2004] the authors propose a method to make a semi-automatic
“intelligent” translation of only a part of the ontology. They use as strategy
of selection to ﬁnd out which concepts of the ontology contain the most
instances and then translating the concepts one by one. The intuition of
this approach is based on fact that instances are the ontological terms more
used in their particular use case (multilingual semantic search). To decided
which branches are the most important, they use a script that visualizes the
amount of concepts and instances in the ontology. This visualization allows
to user to identify the parts have an enormous amount of subclasses and
none or only few instances, and then starting with the translation of the
selected terms. In our work, we use a similar localization selection strategy,
where the user may choose to localize the complete ontology or only certain
ontological elements.
4.6.2.3

Context Extraction

In order to translate an ontology element oe ∈ OE from the ontology O,
one must considers its context7 . The context of an ontology term allows to
discern among the diﬀerent meanings that an ontology label (deﬁned in the
lexicon Lex of the ontology) may have.
The clues for discovering the context of an ontology term can be found
not only in the surrounding terms, but also in other terms semantically
7

Context is the environment in which a word is used, and context, viz. word usage, provides the only information we have for ﬁguring out the meaning of a new or a polysemous
word.
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related to term under consideration. In other circumstances the clues to
extract the context of an term are found in the textual descriptions and also
in the practical interpretation of the term.
In the rest of this thesis, we will not further distinguish between labels
and words, which will be interchangeable.
Deﬁnition 7 (Ontology Term Context). From an ontology element oe ∈
OE a list of features ctx is determined through.
context : oe → ß(ctx).
retrieves its neighbouring ontological elements characterizing its meaning.
The selected features may vary according to the requirements of the algorithm of translation used. In any case, the context of ontological term
(concepts C, relations R, and instances I) need to be extracted from intensional and extensional ontology deﬁnitions. The main goal of the context
of an ontological term is to reduce the “noise” of word translation, due to
a single source word can be translated into many words in any target language. For example, the concept term chair of the sample ontology can be
translated from English to Spanish as the nouns: silla (seat), and cátedra
(professorship), or as the verb: presidir (take the chair). However, if we
use as context the term professor, we can limit the number of obtained
translations.
We consider two diﬀerent dimensions for modeling the context ctx of an
ontology element oe:
• Context interpretation. This dimension is concerned to the way of
encoding the context used by a particular translation technique.
• Context size. This dimension makes reference to the number of used
elements to deﬁne the context of a term. It is diﬃcult to establish the
minimal size that should have the context for determining the meaning
of a term.
The combination of these two dimensions provides a broad range of possibilities for the translation algorithms. In the section 5.2.1 we categorize
these dimensions and we show how these can be used to classify diﬀerent
translation techniques.
An orthogonal dimension that need be considered is the context feature
selection. This dimension aims to select the most relevant context features,
removing the features least useful and thus improve eﬃciency or to improve
accuracy. There are several techniques for determining which words make
up the context of a word: distance-based window, syntactic based-window,
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relatedness computation between words, etc. [Gamallo 2007]. Some of these
techniques has been applied to word sense disambiguation domain, see for
example [Mihalcea 2002, Decadt 2004, Gamallo 2007, Gracia 2009]. In our
work we use a mechanism for context selection, which is based on the relatedness computation between words [Espinoza 2008a].
4.6.2.4

Term Translation

For a given ontology element (OE) from the ontology O, this step tries
discover the more appropriate translation. The translation computation of
an ontology element OE is done using a wide range of translation functions.
Each translation function is composed of the context of ontology term (ctx),
the target language(s) in which the ontology should be expressed, and the
linguistic and semantic resources R to obtain the translations.
Deﬁnition 8 (translation of a simple component into a target natural language) Be O = (B, Lex) an ontology, be oe ∈ C ∪ R ∪ I an
ontology element of O, be ctx a list of features that deﬁne oe, be R a set
of resources, and be l a natural language (Spanish, English, German, etc.).
A translation of oe to l is regarded as a tuple (oe, ctx, R, tl, v), where tl
is oe expressed in a target natural language l and v ∈ [0, 1] represents the
translation conﬁdence value.
In deﬁnition 8, it is assumed that, given an ontology, the most suitable
translation of each simple component into a target natural language is only
one.
In most of the cases the synonym equivalence relation between ontology label and its translation is one-to-one. Obviously, for some entities no
corresponding translation might exist.
Deﬁnition 9 (multilingual translation of a component) Be oe an ontology element of an ontology O, be ctx a list of features that deﬁne oe, be
R a set of resources, and be L = l1 , l2 , ..., ln a set of natural languages. A
multilingual translation from oe to L using ctx, regarded as multi-trans(oe,
ctx, R, L) is the set of translations (oe, tl1 , v1 ), (m, tl2 , v2 ), ..., (oe, tln ,
vn ) from oe to the languages in L.
Deﬁnition 10 (multilingual translation of an ontology) Be oe1 , oe2 ,
..., oen the set of ontology elements of an ontology O, be ctxoe1 , ctxoe2 , ...,
ctxoen the contexts that deﬁne respectively each ontology element, be R a set
of resources, and be L a set of natural languages. A multilingual translation
from O to L is the set of multilingual translations multi-trans(oe1 , ctxoe1 ,
R, L), multi-trans(oe2 , ctxoe2 , R, L), ..., multi-trans(oen , ctxoen , R, L) to
L.
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Deﬁnition 11 (ontology multilingual translation) An ontology multilingual translation process from an ontology O to the natural languages L is
a function
f-multi-trans: O × Ctx × R × (L) × T → O’
- O is the ontology to be translated.
- Ctx is the context that deﬁne each ontology element of the ontology.
- R is a set of both linguistic and semantic resources to obtain the translations.
- L is the set of natural languages in which the ontology should be expressed.
- T is the minimum threshold to accept a translation as suitable.
- O’ is the multilingual translation of O to a set of natural languages L.
In this work we use the term “multilingual ontology” for describe the
output of the ontology multilingual translation task.
Diﬀerent techniques can be used to perform the ontology multilingual
translation task. A classiﬁcation of these techniques will be extensively
deﬁned and explained in the next chapter.
4.6.2.5

Evaluation

In our approach we consider the translation task in a very speciﬁc setting
of computer-assisted software localization. This setting imposes that the
translations expected has an high quality. However, we recognize the need
of an adequate procedure to evaluate and to guarantee the quality of the
translation. Thus, from the obtained translations, we need to identify their
quality.
Deﬁnition 12 (translation evaluation) For each obtained translation of
an ontology element oe, evaluation is deﬁned as
eval: tl → [0..1]
where, tl is the result of the translation of a simple component oe into a
target natural language (see deﬁnition 8).
Ideally, without any time or money constraints, translation output could
be judged by humans to provide an idea of the systems performance. Obviously this is not the case hence, where we need a fast way of evaluating
translations. Goutte [Goutte 2006] review a few automatic MT evaluation
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metrics from two diﬀerent approaches8 : string matching based and information retrieval (IR) based.
All metrics presented below rely on a number of reference translations to
which the translation output is compared. This does not mean that all words
to be translated must have reference translations, only benchmark words.
This does however mean that the performance measured automatically on
that benchmark may not carry over to a diﬀerent body of labels, especially
in a diﬀerent domain.
String Matching Techniques. These metrics are based on the computation
of the minimum edit (Levenshtein) distance . This identiﬁes the minimum
number of insertions, deletions and substitution necessary to transform one
string into the other. Some metrics that uses this approach are:
• Word Error Rate (WER) is computed as the sum of insertions, substitutions and deletions, normalised by the length of the reference word.
A WER of 0 means the translation is identical to the reference. One
problem with WER is that this measure does not guaranteed a value
between 0 and 1 and in some settings a wrong translation may yield
a WER higher than 1.
• WERg [Blatz 2004], normalises the sum of insertions, substitutions
and deletions by the length of the Levenshtein alignment path, i.e.
insertions, substitutions, deletions and matches. The advantage of
this metric is that it is guaranteed to lie between 0 and 1, where 1 is
the worst case (no matches).
• Position-independent Error Rate does not take into account the ordering of words in the matching operation. In fact it considers the
translations and the reference as bag-of-words and computes the differences between them, normalized by the reference length.
In fact, any string comparison technique may be used to derive similar
translation evaluation metrics. One such example relies on the “string kernel”, and allows to take into account various levels of matching depending
e.g. on the part-of-speech of the words, or to take into account synonymy
relations [Cancedda 2005].
IR-style Techniques These metrics use measures inspired by Information
Retrieval. In particular the n-gram precision is the proportion of n-grams
from the translation that are also present in the reference. These may be
calculated for several values of n and combined in various ways.
8

This section is a summary taken from [Goutte 2006]
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• BLEU: This metric proposed by [Papineni 2002] is the geometric mean
of the n-gram precisions for 4 ≤ n ≥ 1, multiplied by an exponentially
decaying length penalty. This penalty compensates for short, high
precision translations such as “the”.
• NIST: This metric was used in the MT evaluation rounds organised
by NIST [Doddington 2002]. NIST computes the arithmetic mean of
the n-gram precisions, also with a length penalty. Another signiﬁcant
diﬀerence with BLEU is that n-gram precisions are weighted by the
n-gram frequencies, to put more emphasis on the less frequent (and
more informative) n-grams.
• F-measure: The F-measure [Melamed 2003] is the harmonic mean of
the precision and recall. It relies on ﬁrst ﬁnding a maximum matching between the translation output and the reference, which favors
long consecutive (n-gram) matches. The precision and recall are then
computed as the ratio of the total number of matching words in the
maximum match over the length of the translation and reference, respectively.
• Meteor: The Meteor evaluation system improves upon the F-measure
in at least two ways. It uses some linguistic processing to match
stemmed words in addition to exact matches, and it puts a lot more
weight on the recall in the harmonic mean [Lavie 2004].
BLEU and NIST are the metrics that are currently most widely used,
and the ones all other MT evaluation metrics have to be compared with.
The F-measure claims to provide higher correlation with human judgements [Melamed 2003], but this is apparently not always the case, especially
for smaller segments [Blatz 2004]. Empirical evidence [Lavie 2004] suggests
that putting more emphasis on recall further improves the correlation. In
fact it shows that recall alone often correlates best with human judgement,
at odds with the exclusive use of precision in BLEU and NIST.
4.6.2.6

Output

As we explained before, we consider a multilingual ontology as the output of
the ontology localization process. A multilingual ontology express the correspondences between entities belonging to ontology to be localized and the
multilingual terms pertaining to a natural language. A correspondence must
consider the two corresponding entities (ontologies entities and multilingual
terms) and the relation that is supposed to hold between them.
In the following we ﬁrst provide the deﬁnition of multilingual ontology
like it is used in our work. Then, we describe the other important component
of the output of the localization, the relation that holds between the entities.
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Deﬁnition 13 (multilingual ontology) An multilingual ontology O’ is
an association of ontology elements OE with a set of translations terms T
pertaining to a diﬀerent natural languages L.
O′ : OE → TL .
where, each ontology element oe ∈ OE is labeled by a set of translation
terms t1, t2, .., tn ∈ T in the language L. We denote O′ (oe) = {t1, t2, ..., tn}.
The multilingual ontology deﬁnes also the reciprocal relation
SL : TL → OE
by SL (t) = {oe ∈ OE|t ∈ O′ (oe)}.
The next important component of a multilingual ontology is the relation that holds between the ontology elements oe and its translations T .
We consider that ontology localization algorithms should use primarily the
equivalence relation (=) for expressing synonymy or equivalence relationship. However, according to guidelines for the establishment and development of multilingual thesauri [ISO 1985] equivalence is divided into: exact equivalence, inexact equivalence, partial equivalence, single-to-multiple
equivalence and non-equivalence. In the following we brieﬂy explain each
case:
• Exact equivalence (inter-language synonymy): the terms in X and Y
are semantic and culturally equivalent. Table 4.1 shows a sample of
equivalents terms into diﬀerent languages.
Table 4.1: Exact equivalent sample
German
English
French
Ducth
Schienennetz Rail network Résau ferroviaire Spoorwegnet
• Inexact or near equivalence (inter-language quasi-synonymy, with a
diﬀerence in viewpoint): the terms in X and Y express the same general
concept but the meanings of the terms in X and Y are not exactly
identical. Often the diﬀerences are more cultural than semantic, i.e.
there is a diﬀerence in connotation or appreciation . In the case of
inexact equivalence the terms can be treated as if they were exact
equivalents. Table 4.2 shows a sample of inexact equivalence terms in
diﬀerent languages. The terms in Spanish and English are equivalent,
however the term in French in only a near equivalence.
• Partial equivalence (inter-language quasi-synonymy, with a diﬀerence
in speciﬁcity): the term in one of the languages has a slightly broader
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Table 4.2: Near equivalence sample
English
Spanish
French
Historic settlements = Asentamientos históricos ≈ Site de peuplement

or narrower meaning than the preferred term in the other language.
Table 4.3 shows a sample of partial equivalence terms in diﬀerent languages. For this case, there are three possible solutions: i) treat the
terms as exact equivalents., ii) adopt the terms from each language
as loan terms in the other languages and organize these terms hierarchically; e.g. one term is designated as the broader term and one
as the narrower term.,and iii) treat the situation as single-to-many
equivalence.(see next case).
Table 4.3: Partial equivalence sample
German
English
Wissenschaft Science

• One-to-many equivalence (too many or not enough terms): to express
the meaning of the preferred term in one of the languages, two or
more terms are needed in the other language. The issue of one-tomany equivalence is solved by using “coined terms”. A coined term
represents a concept new to the target language, which accepts the
concept and constructs a new term in its language to express it. The
constructed term must be very precise, as short as possible, and represent as well-formed a descriptor or indexing term as possible
• Non-equivalence: no existing term with an equivalent meaning is available in the target language for a term in the source language. Just like
the previous case the solution are the “coined terms”.

We believe that the equivalence relationships above described can be
represented using relations from the ontology language. For instance, using OWL, it is possible to take advantage of owl:equivalentClass for describing an exact or near equivalence; rdfs:subClassOf for representing
an partial equivalence; and owl:disjointWith for representing an nonequivalence. We consider that one-to-many equivalence is a special case
of exact equivalence. These relations correspond to set-theoretic relations
between classes: equivalence (=); disjointness (⊥); more general (⊇). They
can be used without reference to any ontology language.
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4.7

Resources used in Ontology Localization

We believe that the quality of translations produced by any automatic translation process is severely aﬀected by the nature of the data, domain, resources used, and the relative linguistic distance between the source and
target languages. From all these factors the resources used are the only
ones that can be supervised; this is the reason why in the following we do
a brief review of the main resources used to obtain the translation of each
ontological element.
Although among the community of linguists and terminologists there
is no absolute consensus on the deﬁnition of the diﬀerent kinds of lexical
resources, for most of them the diﬀerence depends on “the information they
need to express and the richness of their internal structure” [Lassila 2001].
However, the internal structure is not the only characteristic to take into
account when deﬁning resources. Purpose of the resource, end users and
representation of the information are other important features that have
to be considered. Bearing all this in mind, we have distinguished three
diﬀerent types of lexical semantic resources which can be used in ontology
localization:
• Simple Linguistic Networks: Linguistic resources that group together
similar words without much distinction in the kind of similarity relation (e.g. linguistic databases, dictionaries, thesauri, web, etc).
• Linguistically Oriented Semantic Networks: Semantic resources that
group together objects denoted by words (or more complex lexical
items) according to a principled set of paradigmatic (meta-)relations
like synonymy, hyponymy, meronymy, antonymy and syntagmatic
(meta-)relations according to dependency structure (e.g. lexical
databases as Wordnet).
• Knowledge Representation Oriented Semantic Networks: Semantic resources that group together objects denoted by natural language expressions (not only lexical) according to a set of relations that originate
in the nature of the domain of application (e.g. ontologies).
All resources above described can be used during the processes of analysis
and synthesis of the translation task.
In the following we brieﬂy describe the most representative, as well as
the most widely accepted lexical semantic resources9 . Whenever possible we
talk about online resources.
9

Our purpose is not to analyze and compare the existing deﬁnitions for the resources
above mentioned so as to give a deﬁnitive deﬁnition, but to justify their convenience in
the ontology localization process.
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4.7.1

Linguistic Databases.

Linguistic databases are digital repositories of structured information intended to document natural language. Like most scientiﬁc databases, linguistic databases have made little use of standard database technology.
The main use of a linguistic database within of the process of localization
is to store the words, compound-words and phrases that have already been
translated. Thus, linguistic databases are speciﬁcally designed to recycle
previously created translations as much as possible. Possibly, the main limitation of linguistic databases is that these are not useful until they contains
a large amount of parallel source and target text. In our knowledge does
not exist linguistic databases with information of translations performed on
ontology elements.

4.7.2

Terminology Databases.

A terminology database is a collection of concepts and their designations
(including the relations among them) in a domain and its language. Thus,
a terminology database includes information such as deﬁnitions, context,
gender, source, synonyms, etc.
The use of terminology databases could be help in acquisition or conﬁrmation of the terminology of a domain specialized of knowledge. Particularly, in localization, terminology lookup features are optimized when used
in conjunction with a linguistic database, i.e. during the translation, terminological equivalents can be linked to linguistic database resources for automatic term lookup. Some examples of terminology databases that could be
used in ontology localization are: IATE10 , Base de Terminologie11 , Termcat12 , Eurodicautom13 , Terminological Information System (TIS)14 , UNTerm15 , WTOTerm16 , etc.
Currently, a number of web sites are concentrating on providing information about and links to terminology resources and other sites relevant for
translation, for example:
• the Terminology Forum of the University of Vaasa17 with links to a
variety of terminological online-databases and dictionaries,
• the terminology portal of the Institute of Translating and Interpreting
at the University of Innsbruck18 with useful information on terminol10

http://iate.europa.eu/
http://www.cilf.org/bt.fr.html
12
http://www.termcat.net
13
http://europa.eu.int/eurodicautom
14
http://tis.consilium.eu.int
15
http://unterm.un.org
16
http://wtoterm.wto.org
17
http://www.uwasa.ﬁ/comm/termino/
18
http://info.uibk.ac.at/c/c6/c613/termlogy/termsrch.html
11
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ogy in the Internet URODICAUTOM,
• the terminological database of the Commission of the European Union,
which is freely available in the Web19 ,
• the web site of the Department for Applied Linguistics, Translating
and Interpreting of the University of the Saarland with a comprehensive collection of translation-oriented links20 to other training institutes, professional organizations, language industry etc.,
• the web sites of the International Federation of Translators (FIT)21
and of national organizations like the German Bundesverband der Dolmetscher und bersetzer (BD)22

4.7.3

Machine-readable dictionaries.

A machine-readable dictionary (MRD) is a dictionary in an electronic form
that can be loaded in a database and can be queried via application software. It may be a single language explanatory dictionary or a multi-language
dictionary to support translations between two or more languages or a combination of both. If a MRD is arranged in a subtype-supertype hierarchy of
concepts (or terms) then it is called a taxonomy. When the dictionaries contains hierarchical (broader term/narrower term), associative, and equivalent
(use/used from or see/seen from) relations, then it is called a thesauri.
The MRDs are considered a valuable source of information for use in
natural language processing because they contain an enormous amount of
lexical knowledge. Some examples of MRDs that could be used in ontology
localization are: WordReference23 , Merriam-Webster’s Online Dictionary
and Thesaurus24 , Uniﬁed Medical Language System (UMLS) Metathesaurus
25 , Agrovoc Thesaurus26 , EuroWordNet27 , WordNet28 , etc.

4.7.4

Text Corpus.

Text corpus is a large body of collected text which might be general or
subject speciﬁc. The word corpus was originally used for any collection of
19

http://eurodic.ip.lu/cgi-bin/edicbin/EuroDicWWW.pl
http://www.uni-saarland.de/fak4/fr46/deutsch/www.htm
21
http://www.ﬁt-ift.org
22
http://www.bdue.de
23
http://www.wordreference.com/
24
http://www.m-w.com
25
http://www.nlm.nih.gov/research/umls/
26
http://aims.fao.org/website/AGROVOC-Thesaurus/sub
27
http://www.illc.uva.nl/EuroWordNet/
28
http://wordnet.princeton.edu/
20
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writings by a speciﬁc author [Baker 1995]. Nowadays, corpus means primarily a collection of texts held in electronic form, capable of being analyzed
automatically or semi-automatically rather than manually.
Elaborate typologies of corpora has been proposed in the literature [Baker 1995, Laviosa 1997, Laviosa 2001] taking into consideration aspects as: the relationship of translation between the diﬀerent language sections of the corpus, and the number of languages represented in the corpus.
The two main types of corpus are:
• Parallel corpora can be deﬁned as a corpus that contains source texts
and their translations. Parallel corpora can be bilingual or multilingual. They can be uni-directional (e.g. from English into Chinese or
from Chinese into English alone), bi-directional (e.g. containing both
English source texts with their Chinese translations as well as Chinese
source texts with their English translations), or multi-directional (e.g.
the same piece of writing with English, French and German versions).
• Comparable corpora in contrast can be deﬁned as a corpus containing
components that are collected using the same sampling frame and
similar balance and representativeness [McEnery 2003], e.g. the same
proportions of the texts of the same genres in the same domains in a
range of diﬀerent languages in the same sampling period. However,
the subcorpora of a comparable corpus are not translations of each
other. Rather, their comparability lies in their same sampling frame
and similar balance.
Some available corpus are: British National Corpus (BNC)29 , BAF Parallel Corpus30 , Bible of University of Maryland Parallel Corpus Project31 ,
Bundesregierung Multilingual Corpus32 , etc.

4.7.5

The Web

In the last years, with the enormous growth of the Information Society, the
Web has become a valuable resource of data for natural language processing,
not only in terms of data size but also in terms of data type (e.g., multilingual
data, link data).
This has motivated many researches to start considering the Web as a
valid repository for Information Retrieval and Knowledge Acquisition tasks.
However, the Web suﬀers from many problems that are not typically observed in the classical information repositories. Those sources, even written
in natural language, are often quite structured in a meaningful organization
29

http://sara.natcorp.ox.ac.uk/lookup.html
http://www-rali.iro.umontreal.ca/arc-a2/BAF/
31
http://benjamin.umd.edu/parallel/bible.html
32
http://solaris3.ids-mannheim.de/tractor/telri/MAN/man-04.htm
30
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or carefully selected by information engineers and, in consequence, one can
assume the trustiness and validity of the information contained in them. In
contrast, the Web raises a series of new problems as i) the Web resources are
presented in human oriented semantics (natural language) and mixed with
a huge amount of information about visual representation, ii) the amount of
available resources, on the one hand, can overwhelm the ﬁnal user or information engineer that tries to search and access speciﬁc data; on the other
hand, it makes nonviable a complex machine-based processing for extracting
data in an automated way.
Despite all these shortcomings, the Web also presents characteristics that
can be interesting for knowledge acquisition: due to its huge size and heterogeneity it has been assumed that the Web approximates the real distribution
of the information in humankind [Cilibrasi 2004]. Moreover, its high degree
of redundancy and the presence of publicly available search engines, can be
useful for developing reliable translation methods.

4.7.6

Ready-to-use MT systems

Ready-to-use MT systems can be deﬁned as free online software applications
that it enables an automatic translation between diﬀerent languages without
the need of additional resources for its use.
The quality issue is central to the debate, and is the most frequently
cited reason for not automating translation functions. Some MT researches
believe that MT systems produce output which must invariably be revised
or “post-edited” by human translators if it is to reach the quality required.
Sometimes such revision may be substantial, so that in eﬀect the MT system
is producing a “draft” translation. As an alternative, the input text may be
regularized (or “controlled” in vocabulary and sentence structure) so that
the MT system produces few errors which have to be corrected.
There are a lot of things that we can say to favor and against of the online
MT systems, but whether an existing MT system is useful or not depends
not only on how well it can translate but also largely on how it is utilized.
When there is real demand for translation and the suitability, strengths,
and weaknesses of available MT systems are well understood and controlled,
why not incorporate online MT services into ones working environment as
ontology localization?. More practically, they are free of charge.
There are many free online machine translation systems such as: Google
Translate33 , Babelﬁsh34 , Live Translator35 , etc.
33

http://translate.google.com/
http://babelﬁsh.altavista.com/
35
http://translator.live.com/
34
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4.7.7

Ontologies

Ontologies are computational knowledge organization systems for domain
speciﬁc text and domain speciﬁc knowledge. The ontologies have become
crucial instruments of knowledge management processes, since they provide
a formalized, hence exact conceptualization of a speciﬁc knowledge area that
is usually contained in domain speciﬁc text corpora.
In localization, and particularly in machine translation ontologies have
been used to improve the performance of translation systems [E. Hovy 2001]
by enhancing the knowledge base that support the linguistic algorithms of
source language text analysis and target language text generation.
Today, the relationship between ontology engineering and text processing is bilateral: ontologies can be extracted from text, and the same time,
text can be generated on the basis of ontologies, serving as conceptual models of the text to be generated. Ontology extraction is relying on robust
term extraction techniques that in turn are subject to extensive research &
development in many diﬀerent languages. Although reliable term extraction
is diﬃcult enough, ontology extraction is even more ambitious: all the terms
extracted are related to each other in a formal concept model. The type of
the conceptual relation becomes an integral part of the text ontology. When
imported into a machine translation process, this analysis phase can then
be mirrored into a generation phase for the target language by using multilingual aligned ontologies as the starting point for text generation on the
basis of the target language ontology for a speciﬁc type of text (equivalent
to the source text and its ontology that was just extracted).

4.8

Summary of the Chapter

During this chapter we have presented ﬁrst a set of applications that can take
advantage of localizing ontologies. These applications showed a widespread
need for ontology localization (in a wide sense). Then, we analyzed which
elements or parts of the ontology are to undergo localization. Basically, we
identiﬁed that the terminological layer is one most clearly aﬀected by the
Localization Activity, since the labels that name ontology terms will have
to be expressed in diﬀerent natural languages.
Once we knew the ontology layers that are aﬀected in the localization
process, we described the diﬀerent levels of localization used to enrich an
ontology to diﬀerent natural languages. A description of the problems that
have to be taken into consideration for localize an ontology has been presented later. Then, we have explained the terminology related to ontology
localization, providing a standardized vocabulary for each one of the related
terms.
The core of the chapter has been presented in Section 4.4.2 where we
have detailed the diﬀerent steps that involves the localization process. The
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diﬀerent steps have been explained by means of a formal deﬁnition and with
the help of the sample ontology used in previous chapters. We have showed
that a variety of techniques can be used to develop multiple approaches for
localizing ontologies. These techniques will be classiﬁed in the next chapter
and further detailed in latter ones.
Finally, we have described the most representative, as well as the most
widely accepted linguistic and translation resources used to discover ontology term translations.
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Chapter 5

Translation Techniques for
Ontology Localization
Having deﬁned what the ontology localization problem is, we attempt at
classifying the methods and techniques that can be used for localizing an ontology to linguistic level. All techniques proposed in this work aim reducing
the eﬀort to localize an ontology manually. Therefore, the major contributions for discovering appropriate ontology element translations arises of the
machine translation discipline. The diﬀerent analyzed approaches address
the translation problem but from other perspectives, such as multilingual
term mapping, or query translation. In this work we have attempted to
consider the above mentioned works together, focusing on translating ontology elements, and aiming to provide a common conceptual basis for their
analysis.
In this chapter we ﬁrst consider various dimensions for localize an ontology. Then, we present a classiﬁcation of diﬀerent translation techniques
based on several of these dimensions. Later in this chapter we introduce
the main characteristics of diﬀerent translation techniques. To facilitate the
analysis of these translation techniques we introduced a framework that covers their main aspects. Then, we present at the strategic level, some natural
ways to compose and combine the output of diﬀerent translation techniques.
Finally, we discuss an alternative for classifying the localization approaches.

5.1

Dimensions for Localize an Ontology

Following the complexity of ontology localization, there is a variety of techniques that can be used to solve the diﬀerent stages of this activity. A
complete description of all stages of the ontology localization activity will
be described in the Chapter 6. However, in this thesis we focus only on those
techniques that are directly related with the translation phase described in
the previous chapter. The description and classiﬁcation of the techniques
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and methods used in other stages of the ontology localization process is out
of scope of this thesis.
We may primarily classify algorithms according to i) the input of the
translation techniques and ii) the technology used to discover the translations. The other characteristics, such as the parameters used to accept a
translation as suitable, are considered less important. Let us discuss these
two main aspects in turn.

5.1.1

Input dimensions

These dimensions concern the kind of input on which translation algorithms
operate. Remember that in our approach we consider the task of wordsense disambiguation for the purpose of machine translation. Thus, as a
ﬁrst dimension, algorithms can be classiﬁed depending on the way of encoding the ontology term context used by a particular translation technique.
For example, the translation technique can interpret the ontology element
context using a linguistic or semantic approach. The ﬁrst case interprets
the surrounds words of an ontology term as simple linguistic objects. The
second approach interprets the surrounds words as the entities that appear hierarchically organized in an ontological structure. A second possible
dimension depends on the kind of natural languages that the algorithms
support: diﬀerent translation algorithms only allow the translation between
related language pairs, for example between Romance languages (Spanish,
French, Italian, Catalan, etc); and others algorithms perform a translation
independent of the distance between the languages.

5.1.2

Process dimensions

A classiﬁcation of the translation techniques could be based on the way that
the technology help to reduce the human eﬀort to discover the ontology term
translations. In the literature is possible to identify two large classes based
on the ways in which machines can support human translators. It has therefore become common draw a distinction between human assisted machine
translation (HAMT), which is a often shortened simply to machine translation (MT), and machine-assisted human translation (MAHT). MAHT is
also know as machine-assisted (or -aided) translation (MAT), but currently
it is most commonly referred to as computer-aided (or assisted) translation (CAT). For the purposes of this thesis we will use the terms HAMT y
MAHT, in order to group other technologies that can be classiﬁed in one of
these categories.
In the next section we present a classiﬁcation of term translation techniques that draws simultaneously on these criteria.
86

5.2. TRANSLATION TECHNIQUES FOR ONTOLOGY
LOCALIZATION

5.2

Translation Techniques for Ontology Localization

For classifying translation techniques, we propose two categories based on
the most salient properties of the ontology localization dimensions (see Figure 5.1). These categories are:
• Term Context Interpretation classiﬁcation is based on the way of modeling the context and the size or depth of the context.
• Kind of Technology Used classiﬁcation is based on the kind of technology used to localize an ontology into diﬀerent natural languages.
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The overall classiﬁcation of Figure 5.1 can be read both in descending
(focusing on how the translation techniques interpret the context of each
ontology term) and ascending (focusing on the kind of technology manipulated) manner in order to reach the Translation Techniques layer.

5.2.1

Term Context Interpretation Layer

The Term Context Interpretation layer classiﬁcation is concerned with the
way of modeling the term context used for disambiguate the candidate translations:
• The ﬁrst level is categorized depending on size or depth of the context on: without context and with local context. These categories are
assumed to be independent of the modalities used for encoding the
context of each ontology term to be translated.
a. without context approach uses only the information related with
term itself as context. This option is sometimes disregarded, but
it contains important information about the internal structure
of the ontology term, e.g., term annotation (see rdsf:comment),
type of term (concept, relation, or instance), which often relates
the word to other words with similar meaning in the ontology.
b. In with local context approach the context involves a narrow group
of terms centered on the ontology term itself, which fairly well approximates contexts starting from the immediately surrounding
direct relationship terms to the whole ontology.
We wish to point out that the division of context into diﬀerent sizes
allow to show their relative inﬂuence on translation techniques. One
can argue by example that there are no distinct boundaries between
local context that uses a small set of terms and a local context that uses
many related terms. There are only more or less inﬂuential context
features, whose general tendency is that their inﬂuence diminishes with
increasing distance from the ontology term itself.
• The second level of this classiﬁcation decomposes these categories taking into consideration the way of encoding the context of each ontology
term to be translated. There are two diﬀerent points of view for context pre-processing: linguistic and semantic.
a. The linguistic encoding process the context of an ontology term
as linguistic objects. Basically, linguistic encoding approach uses
the information obtained from the lexicon of the ontology in order
to generate the term context.
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b. The semantic encoding process the context as the entities that
appear hierarchically organized in an ontological structure. In
this approach of encoding, the context is obtained from the entities that are part of both lexicon and core ontology. In other
words the semantic encoding make use of all information of the
ontology.
• The third level of this classiﬁcation particularize the categories above
mentioned on seven groups of syntactic, semantic, and pragmatic context knowledge: term description, term category, term list association,
term description association, term verbalization, and structural context. The ﬁrst two categories do not have context more that the information of term itself, also they use a linguistic decoding approach.
The rest of the categories use a local context, but with the diﬀerence
that both term verbalization and structural categories use a semantic
encoding; the other approaches use a linguistic encoding.
To illustrate the diﬀerent way of modeling the context of an ontological
term, we will show how the ontological information is applied in seven
categories identiﬁed above. We will use the sample ontology sample
introduced in the section 4.6.2. In the following we describe brieﬂy
these categories:
a. Term description. This category is represented using a short
description in natural language of the ontology term under consideration. Usually these descriptions help clarify the meaning
of ontology terms. The rdfs:comment property is used to deﬁne
an ontology term description in natural language (see RDF(S)1
for more details). The term description context of the concept
professor of our sample ontology can be:
ctxprof essor := ( a professor is a member of the faculty ...)
b. Term POS tagging. In this case the context is represented using
the grammatical category of the term. In order to obtain the
grammatical information of an term, the Part-of-Speech (POS)
tagging is a natural option. POS tagging is the process of assigning a part-of-speech like noun, verb, pronoun, preposition,
adverb, adjective or other lexical class marker a each word of a
text. Most POS taggers2 need at least one short phrase from
1

www.w3.org/TR/rdf-schema/
A Part-Of-Speech Tagger (POS Tagger) is a piece of software that reads text
in some language and assigns parts of speech to each word (and other token),
such as noun, verb, adjective, etc. Available POS tagger tools can be consulted
in the web page of the Stanford Natural Language Processing Group (http://wwwnlp.stanford.edu/links/statnlp.html#Taggers)
2
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where it be possible to derive the lexical categories, or parts of
speech of each word.
We have identiﬁed that for the majority of compound labels (e.g.
associateProfessor) is not necessary an additional processing to
determine the part of speech of each token. However, for obtaining the POS of a single term (e.g. professor) additional information is required, i.e., relationship with adjacent and related words
in a phrase, sentence, or paragraph. One way to solve this problem is use empirical rules to annotate a simple term. Based on
our experience, we propose the following rules:
- The concepts, instances and attribute relations are considered nouns.
- All the rest of the terms (e.g. object relations) are considered
verbs.
Other option is to try generate a natural language sentence from
the ontology term. In the literature this process is known as
ontology verbalization. Some authors have studied this problem
extensively (see [Hewlett 2005, Flied 2007, Schober 2007] for example). This approach can be used for verbalizing the ontology
term and then use a part-of-speech tagger to discover the POS of
the term.
The context of the concept term professor will be:
ctxprof essor := ( NN )
Where, NN represents a singular noun.
c. Term lists. This category is represented using a bag-of-words consisting of n words adjacent to the target ontology term. Thus, by
instance the context to depth two of the ontology term professor
can be:
ctxprof essor := ( employee, associateProfessor, chair, ...)
d. Term list descriptions. In this category, the descriptions (in natural language) of surrounding terms in the context are expanded
to include descriptions of the terms related through subsumption
relations in ontology. The natural language descriptions of each
term are extracted from the rdfs:comment property. For the
term professor the context can be:
ctxprof essor := ( a professor is a member of the faculty .... ; a
person who is hired to provide services into a university ....)
In the example, the second description belongs to the broader
term UniversityEmployee.
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e. Term verbalization.3 For modeling the context using this approach is necessary to transform an ontology term into a natural
language sentence. As we commented previously recent works
already have studied the way of generating natural language sentences from ontology elements.
Intuitively, we can see that this option is an alternative to the
approach previously described. Also, the ontology term verbalization has some advantages. In contrast to term list description approach, where the descriptions not always deﬁne the exact meaning of the term, term verbalization reﬂects exactly the
meaning of the ontological term. An sample of the context for
the term professor is shown in the following:
ctxprof essor := ( a Professor is a University Employee; a
Professor belongs To Faculty; ....)
g. Structural term context. The structural context is encoded exactly as the entities appear together in a ontological structure.
Also, the structural context uses all logical relations represented
in an ontology, such as equivalence, subsumption, disjoint, etc.

5.2.2

Kind of Technology Used Layer

The Kind of Technology Used layer classiﬁcation is concerned with the technology used to perform a particular translation technique:
• The ﬁrst level is categorized depending on the ways in which machines
can support human translators on: human assisted machine translation (HAMT) and machine-assisted human translation (MAHT). The
major distinction between HAMT and MAHT lies with who is primarily responsible for the task of translation. In HAMT the computer
translate the text (here ontology elements), though the machine output may latter be edited by a human translator. In MAHT, human
translators are responsible for doing the translation, but they may
make use of a variety of computerized tools to help them complete
this task and increase their productivity.
• The second level of this classiﬁcation particularize the categories above
mentioned on: translation memory, terminology management. These
resources can be categorized as human assisted machine translation.
Two principals lines of researching can be identiﬁed in MAHT, approaches which exploit explicit representations of translation knowledge (such as bilingual dictionaries or machine translation lexicons)
3

According to the Merriam Webster dictionary, one of the deﬁnitions of verbalization
is to use words to express or communicate meaning. In this thesis we use this term in the
same sense.
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and those which seek to extract useful translation knowledge from
training corpora. We refer to the approaches in the ﬁrst group as
“knowledge based ” and those in the second group as “statistical-based ”.
Finally, the knowledge acquisition-based techniques can be categorized
within of MAHT approaches.
We discuss below the main classes of the Translation Techniques layer
according to the above classiﬁcation in more detail.

5.3

Overview of Term Translation Techniques

In this section, we introduce the main characteristics of the diﬀerent term
translation models. To facilitate the analysis of the techniques shown in the
Figure 5.1 (see middle layer) we have designed a framework, which covers
the main aspects of the translation techniques.
1. Aims and scope. This section includes information about aims and
purpose of the translation technique, core resource, and core MT technology used.
2. Methods employed. This one is the widest section of the evaluation framework, where translation technique is detailed, describing the
main methods available to obtain the ontology term translations. Different methods has been proposed in the literature to discover the
translations of a term. However, in this thesis we focus in those
approaches that incorporates source context information to improve
translation quality. Thus, the proposed techniques will diﬀer in the
way term context are detected and exploited.
In this section, we focus the discussion on the following three basic
research tasks:
• Resource pre-processing4 : Each one of the MT techniques identiﬁed in the middle layer of the ﬁgure 5.1 ground its operation on
some lexical resource (e.g. dictionaries, corpora, etc). In some
cases, these resources need some mechanism of processing before
being used; this section describes this process.
• Translation candidate extraction: This section describes the process used to identify possible candidate translations.
• Translation selection: Once identiﬁed the candidate translations,
this section describes ranking methods based on word sense disambiguation measures to select the more appropriate translations.
4

The absence of this section in the method means that it does not require a resource
pre-processing.
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In some cases it is possible generalizing the technique through the
use of an only mechanism of translation. For all the methods we
use the terms: word, text, segment, phrase, short phrase sentence,
and paragraph in order to refer to the diﬀerent elements that can be
translated in one ontology. These elements can be: simple ontology
labels, compound labels, or term annotations.
3. Advantages In this section we specify the main advantages of the
model in the localization process.
4. Disadvantages. The main limitations of the model under consideration are described in this section.

5.3.1

Linguistic-Based

The essential idea behind of the linguistic-based translation techniques is
the use of a linguistic database (also called translation memory) in order
to reuse previously translated words. These techniques are often used in
order to compare segments in the source text with the translated segments
in the linguistic database. For our purposes, a segment can consist of simple
ontology labels, compound labels, or term annotation paragraphs.

Methods Employed
This approach can be applied to ontology localization using:
• Translation candidate extraction:. Linguistic databases provide a number of eﬃcient search options to extract candidate translations:
– Fuzzy matching. This is the dominating approach for the retrieval of similar segments from linguistic databases, because
the possibility of exactly repeated segments is small, except
in the context of re-translating the labels of a modiﬁed ontology. The method can be based on orthographic similarities,
which can be eﬃciently computed by comparing the number
of corresponding substrings (e.g. bi- or trigrams) of two segments [Angell 1983, Rapp 1997]. Other option to measure the
distance between two fuzzy matching content segments is to use
Levenhstein algorithm [Levenshtein 1965]. The Levenshtein distance between two strings is given by the minimum number of
operations needed to transform one string into the other, where
an operation is an insertion, deletion, or substitution of a single
character.
– Syntax trees. This approach requires parsers for both languages
to be considered. The parse tree of the segment to be translated
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is compared to the parse trees of all source language sentences in
the linguistic database. If an identical parse tree is found, it is
assumed that the parse tree of the correct translation should be
identical to the parse tree of the corresponding target language
sentence retrieved from the linguistic database [Maruyama 1992].
The main problem with this approach is that high quality parsers
for unrestricted language are not available for many languages.
Also, the disambiguation of semantically ambiguous words is not
always possible by considering syntax only.
• Translation selection: Basically, the process of selection is a manual
labor, where the user performs the dominant role and makes the ﬁnal
decisions concerning to chosen translations. A solution to this problem
is to describe the linguistic database data with the Translation Memory
eXchange format5 (TMX). TMX is an open standard that uses XML
for the archiving and mutual exchange of the Translation Memories
(TM). In TMX a translation unit6 can contain markup content elements, which can be used to disambiguate the candidate translations.
For example, using the term POS tagggig context, we can to select
only those annotated translations whose POS match exactly with the
POS of the searched term. This assumption is accomplished for the
majority of languages.

Advantages
The main advantage of these techniques is the cost of implementation, which
generally is low. Also, by using a linguistic database each ontology element
of a source language needs to be translated only once. Finally, the new
standards used for the interchange of translatable text between diﬀerent linguistic databases (see Localization Industry Standards Association7 ) can be
used to support a context sensitive translation. Thus, each ontology element
in the linguistic database can be supplemented with context information, i.e.
concerning the ontology domain or the type of term, which can be taken into
account when retrieving an translation.

Disadvantages
The greatest drawback of these techniques lies in their language independence: the proximity match is based on the mathematical processing of
character codes in the segments. Character codes, however, do not infer
any linguistic (syntactic or semantic) information in themselves. Basically,
5

http://www.lisa.org/ﬁleadmin/standards/tmx1.4/tmx.htm
In TMX, an entry consisting of aligned segments of text in two or more languages is
called a Translation Unit.
7
http://www.lisa.org/
6
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the matching processes used in the linguistic databases are entirely inadequate in terms of assessing syntactic or semantic similarity. Also, linguistic
database with information of one localized ontology cannot be reused directly (without the intervention of a translator) in other ontology.

5.3.2

Terminological Database-Based

The terminological database-based techniques described here are those
which take advantage of a searchable database that contains a list of multilingual terms and rules regarding their usage. These translation techniques
rely on a direct translation process.

Methods Employed
These methods search one or more translations of the searched term in the
terminological database. The translation process can be generalized in the
following steps:
• Translation candidate extraction: Before to discover candidate translations a pre-processing step should be performed on the term. For
example, removing noise characters; resulting in a search string for use
in the database. Once normalized the term, any of the terminological’s
search options can be used to extract candidate translations:
– Wildcard searching. Some terminology database permit the use of
wildcards in order to perform truncated searched of translations.
A wildcard is a character, such as a asterisk, that can be used
to represent any other character or string of characters. For instance, a wildcard search using the search string “comput*” could
be used to retrieve the term records for “computer”, “computing”
and so on, together with their respective translations.
– Fuzzy matching. Most terminology databases employ fuzzy
matching techniques. A fuzzy match will retrieve term records
that are similar to the requested search pattern, but that do not
matching it exactly. Fuzzy matching allows it to retrieve records
for morphological variants (e.g., diﬀerent forms of verbs, words
with preﬁxes or suﬃxes), spelling variants (or even spelling errors), and multi-word terms.
• Translation selection: Same as with the linguistic-based techniques,
the process of selection is a manual labor. To automatize this task we
envisioned at least two possible alternatives:
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– to formalize the terminological information using the Term Base
eXchange8 (TBX) format. TBX is the open, XML-based standard for exchanging structured terminological data that has been
approved as an international standard by LISA and ISO.
This standard allows to annotate a term with diﬀerent type of
information. For instance, a term can contain grammatical information such as gender, part of speech or references to other
related terms. Thus, we can to use the POS tagging context as
disambiguation mechanism. Obviously, this option is available
only when extensions can be performed on the terminological
database.
– to use a sense disambiguation measure between the term description used as context and the deﬁnition or usage context deﬁned in
the terminological database. These disambiguation measures are
based on two facts that the sense of target word is semantically
related to the surrounding words in context and the overlaps of
sense glosses reﬂect the degree of semantic relatedness between
senses of a target word and senses of surrounding words in context [Resnik 1999].

Advantages
Terminological-based techniques ensure consistency, and they are highly useful for the translation of technical domains as the ones that we found in
ontologies.

Disadvantages
The main weaknesses of the terminology techniques are related to one of the
following factors: i) the limited number of online terminology, specially in
languages other than English, ii) the limited implementation of the access
mechanisms to the existing databases.

5.3.3

Dictionary-Based

Dictionary-based techniques take advantage of the multilingual information
available in machine readable dictionaries, taxonomies, thesaurus or lexical databases to discover the translations. Same as the terminology-based
techniques the main diﬃculty of the dictionary-based techniques is to select
the correct translation of a term among all the translations provided by the
resources.
8

http://www.lisa.org/Term-Base-eXchange.32.0.html
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Methods Employed
The dictionary-based translation techniques produce one or more translations for each term in the source language.
• Translation candidate extraction: Some dictionaries requires a normalization process before on each word be submitted as a query to the
dictionary. The normalization process involves by example, transform
the word to singular form, verbs in the inﬁnitive form, and adjectives
in their positive form. After the normalization, the dictionary returns
a set of translations any time the label exactly matches a word in the
dictionary entries.
Basically, all current machine readable dictionaries oﬀer a exact search
mechanism to extract the candidate translations. To prevent an explosion of nuisance matches, the term POS tagggig context can be
used. POS information has shown to solve 87% of all word ambiguities [Wilks 1997]. This is useful, since dictionaries in general have
separate hierarchies for words of diﬀerent POS, and contemporary
POS-taggers are of high accuracy [Brill 1995]. With this context information we can only to retain those translations whose POS match
exactly with the POS of the search term. This assumption is accomplished for the majority of languages.
• Translation selection: In spite of the process of selection performed
in the previous step, it is common for a single word to have several
translations, some with very diﬀerent meaning. To disambiguate the
sense of a source term, we can employ i) the example sentences listed
for each sense division of a source word, and ii) the implicit relations
such as synonym, hypernym, hyponym, etc., found in some linguistically oriented dictionaries. In eﬀect, the senses of surrounding words
in the context can be expanded to include the senses of these related
words to which they are semantically related through extended relations. Banerjee and Pedersen [Pedersen 2005] presented a measure
of extended gloss overlaps thorough the rich network of word sense
relations in Wordnet rather than simply considering the glosses.

Advantages
Machine-readable dictionaries are widely available, dictionary based approaches are easy to implement, and the dictionaries has the ability to produce consistent, high-quality translations (conditioned on the quality of the
original bilingual dictionary).
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Disadvantages
The main problems associated with dictionary-based techniques are: i) untranslatable words due to the limitations of general dictionaries, ii) the
processing of inﬂected words, iii) phrase identiﬁcation and translation,
and iv) lexical ambiguity in source and target languages. The category
of untranslatable words involves new compound words, special terms, and
cross-lingual spelling variants, i.e., equivalent words in diﬀerent languages
which diﬀer slightly in spelling, particularly proper names and loanwords.

5.3.4

Online MT systems

Online MT techniques take advantage of the recent availability of commercial online machine translation systems to discover translations. Some of
these systems are based on 1st generation ‘word-for-word’ direct translation technology, and share a number of characteristics: i) they are designed
to translate wide-coverage, general language material; ii) they are robust;
and iii) they perform comparatively limited linguistic analysis.
Online MT techniques provides an obvious approach to term translation,
but we are aware of very few prior experiments that they use this technique.

Methods Employed
• Translation candidate extraction: As ﬁrst step to discover translations,
the online MT systems perform a linguistic analysis of the input. Because the linguistic analysis of a text input is potentially costly (both
in terms of processing time and required linguistic tools such as computational grammars etc.), some of these systems often consider only a
limited linguistic context. A consequence of this is that existing commercial systems are much stronger when translating shorter sentences
than they are on longer, more complex input. The reason behind this
is simple: the longer the input sentence to be translated, the more
likely that the automatic translation system will be led astray by the
complexities in the source and target languages.
In the literature some works show that better performance in terms of
output quality can be achieved when these systems can to process the
texts that they are required to translate into smaller chunks [Wu 2008].
Our own experience with these systems suggest that the translation
of simple words without context aﬀect negatively the performance of
online MT systems. To solve the translation of simple labels we have
investigated the use of the term verbalization context as translation
input. Remember that the term verbalization context produce a short
phrase of the term in the ontology. We have obtained signiﬁcant improvements from incorporating the term verbalization context as input
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to these systems. For the case of the translation of compound labels,
we have not found problems.
• Translation selection: Each online translation service uses its own machine translation engine. Therefore, the mechanism used depend on
type of translation service.

Advantages
The advantage of online translation services is obvious. Online translation
services are at hand and therefore it is possible to translate information
quickly with this service.

Disadvantages
No extensions can be made, e.g. addition of very speciﬁc domain terms or
proper names to the system. User-speciﬁc settings for translation options
are also not possible, e.g. choosing between American English and British
English, between old and new German spelling rules or searching for unknown words in the text. The translation quality can suﬀer as a result.
In addition, the translation produced by free services is often limited to a
certain number of characters.

5.3.5

Corpus-Based

The main characteristic of corpus-based translation models is that they assume the existence of a bilingual parallel text (an already translated corpus)
to derive the translation of the input. Corpus-based MT is grounded on the
conviction that there are no preestablished solutions to translation (theoretical procedures), but most possible solutions can be found in texts already
translated by professionals. In other words, a large portion of a translator’s
competence is encoded in the language equivalencies that can be found in
already translated texts.
These translation models are particularly promising when dealing with
sentences or phrases as translation input. In fact, phrase-based models represent the current state-of-the-art in statistical machine translation. Therefore, we believe that these methods should be used to discover the translations of compound labels (short-phrases). An corpus-based model might
pursue a direct or a transfer approach.

Methods Employed
There are two fundament approaches in corpus based MT: statistical and
example-based MT.
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Statistical MT
These approaches use statistical metrics to choose the most probable structures in the target language. The statistical models analyzed in this thesis
are only those works can beneﬁt from using context-rich approaches from
WSD methods to enhance lexical selection [Stroppa 2007, Gimpel 2008].
• Resource pre-processing: This method is built on top of word-aligned
parallel corpora linguistically annotated at the level of shallow syntax
(i.e., lemma, and part-of-speech information). This means that for increasing the quality of translation, or in other words, the probability of
matching between bilingual word/phrases a pre-processing on corpora
must be completed. Pre-processing includes tokenization, stop-word
removal, and stemming. The ﬁrst task is the process of breaking a
stream of text up into meaningful elements. In the stop-word removal
common words (e.g. a and the in English), are removed to increase
alignment performance. The stemming involves the reduction of inﬂected (or sometimes derived) words to their stem, base or root from.
Additionally, in order to take into account the contextual information
(e.g. part-of-speech) of the labels that need be translated, the corpora
need be tagged also.
• Translation selection: In order to discover the translations, these
methods to consider basic contextual information such as parts-ofspeech, or lemmas (based on standard WSD methods [Chan 2007].
For these purposes, the POS tagging context can be used. The goal of
the contextual information is to help predict the correct translations,
for a given target language, in the context of a phrase. A complete
description of the diﬀerent parameters that must be considered to incorporate a WSD technique in a SMT is out of scope of this work.
However, this information can be consulted in [Carpuat 2008].
Example-based MT
The
philosophy
of
example-based
machine
translation
(EBMT) [Nagao 1984] combines the features of rule-based and statistical approaches in a manner that seems favorable for the task at hand. The
main idea behind EBMT is that a given input phrase in the source language
is compared with the example translations in the given bilingual parallel
text to ﬁnd the closet matching examples can be used in the translation of
that input phrase.
One of the main approaches in the EBMT paradigm is to use pattern
matching techniques. First, these approaches collect word sequences from
each corpus by ﬁrst using translation patterns to acquire candidates for
bilingual expressions. Second, a search for pairs of words that satisfy the
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correspondences of the sequences is performed. Therefore, a pre-processing
step such as part of speech tagging and syntactic category identiﬁcation, is
necessary when we apply them methods.
• Resource pre-processing: Before to discover candidate translations, a
bilingual template acquisition from a simple monolingual corpus or
parallel corpora have to be completed. In general, this process involves three phases: retrieving local patterns, assigning their syntactic
categories with part-of-speech (POS) templates, and making translation patterns.
– Retrieving local patterns. In order to retrieve local patterns any
method for retrieving word sequences may be used [Kansai 1996,
Sato 2002]. These methods generates all n-character (or n-word)
strings appearing in a text and ﬁlters out fragmental strings with
the distribution of words adjacent to the strings. This is based on
the idea that adjacent words are widely distributed if the string
is meaningful, and are localized if the string is a substring of a
meaningful string.
– Identifying syntactic categories. Since the strings are just word
sequences, this task gives them syntactic categories. Thus, this
task involve the assignation of part-of-speech tags for each component words discovered in the previous step. A syntactic category
can be used to group similar tagged word. For example, the syntactic category NN can be used to group the following sample
POS templates, (word) (word) or (word) (preposition) (word).
In the example NN represent a noun phrase.
– Making translation patterns. The ﬁnal process is to generate the
bilingual translation patterns. In the case of using a monolingual
corpus as base to discover the patterns, we need translate each
word (identiﬁed in the step one) as step previous to identify its
syntactic categories.
The output of this process is a repository of lexical templates for MT.
• Translation candidate extraction: Term POS tagging context could be
valuable to ﬁlter and prune the extracted candidate translations. To
retrieve candidate translations, we can collect the n-grams of POSs
appearing in a translation pattern (e.g., NN, JN, etc.) from each
corpus. As this method simply extracts word sequences according to
POS tags, it also collects noisy sequences. However, most meaningless sequences can be eliminated, estimating diﬀerent types of word
similarity correspondences.
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• Translation selection: After generating a ranked list of translation
candidates for each source term, re-scoring techniques must be used
to estimate the coherence of the translated label and decide the best
phrasal translation. The re-scoring factor can be estimated using one
of the techniques, described below:
– Re-scoring through the WWW. The WWW can be considered as an exemplar linguistic resource for decisionmaking [Grefenstette 1999, Li 2003]. In this approach, each candidate translation is sent to a web search engine (e.g. Google) to
discover how often the combination of translation alternatives appears. Number of retrieved WWW pages in which the translated
sequence occurred is used to rank the translation candidates.
– Re-scoring through a Test Collection. Large-scale test collections
could be used to re-score the translation alternatives and complete a ﬁnal translation. We can follow the same steps as the
WWW-based techniques, replacing the WWW by a test collection and a retrieval system to index documents of the test collection.
An interactive
– Re-scoring through an Interactive Mode.
mode [Ogden 2000] could help solve the problem of identifying
ﬁnal translations. The interactive environment setting should
optimize the label translation, select best translation alternatives
and facilitate the information access across languages. For instance, the user can access a list of all possible candidates ranked
in a form of hierarchy on the basis of word ranks associated to
each translation alternative.

Advantages
Translation corpora are an ideal resource for establishing equivalence between languages since they convey the same semantic content. Also, these
techniques can be quickly adapted to new language pairs since the algorithms
are almost language independent and most language speciﬁc information is
automatically derived from parallel corpora. Finally, most of these methods
can achieve high translation accuracy.

Disadvantages
While this method alleviates the problem of limited scalability found in
the previous approaches, it relies on the existence of a parallel corpus in
the desired domain, which is often an unreasonable requirement. It is not
always possible to ﬁnd corpora of diﬀerent languages and domains, together
with the fact that corpus annotation requires a lot of eﬀort and resources.
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5.3.6

Web-based models

Particularly for domains where suﬃciently large text corpora are not available, or accuracy and coverage of translation dictionaries are rather low,
Web-based models are a good alternative.
These models propose to mine translations from web corpora specially for
discovering OOV term translations. OOV terms consist principally in short
phrases such as named entities (person, location and organization names),
book and movie titles, science, medical or military terms and others9 . Therefore, we consider that the web-based models can be used to discover the
translations of instances and very speciﬁc domain terms.

Methods Employed
Several web-based methods proposed in the literature can be used to discover
ontology term translations:
Anchor-Text Mining Method
This approach searches the web for parallel text and extracts translations
pairs among anchor texts pointing together to the same webpage [Lu 2002].
An anchor text is the descriptive part of an out-link of a Web page used to
provide a brief description of the linked Web page. For instance, the text
part “Apple” is the anchor text in the example below.
<a href="http://en.wikipedia.com/wiki/Apple_Computer">Apple</a>
This method suppose that for a source term appearing in the anchor text
of a Web page, it is likely that its corresponding target translations may
appear together in other anchor texts linking to the same page.
• Resource preprocessing: As ﬁrst step, the method needs to extract the
Web pages whose anchor−text sets contain both source and target
terms. In order to collect large numbers of pages from the Web and
build up a corpus of anchor-text sets, a web crawler process need be
implemented. A crawler process
• Translation candidate extraction: Considering that an anchor text
might be a short text, heading, phrase, or URL, the term extraction
process needs to extract key terms as translation candidates from the
anchor-text corpus. Diﬀerent method can be used to extract translation candidates:
9

Some names are single word, which could be regarded as one-word phrases.
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– PAT-tree-based: The PAT-tree-based keyword extraction method
is an eﬃcient statistics-based approach that includes n-gram
modeling, and completeness and signiﬁcance analysis of semantics [Chien 1997]. The advantage of this method is the ability to
extract many signiﬁcant terms and phrases without the limitations of string length and that of using a dictionary.
– Query-set-based: This method takes user queries from real-world
search engines as vocabulary sets to segment key terms in anchortext sets. All the query terms in the target language are taken as
translation candidates and their similarity to the source query is
estimated.
– Tagger-based: This method uses a tagger system, to segment the
texts into meaningful words and to extract unknown words such
as proper nouns and new terms. This method is diﬀerent from
the PAT-tree-based method in that it is more linguistically-based.
• Translation selection: The process of selection assumes that a translation candidate has a higher chance of being a translation only if
it frequently co-occurred with the source term in the same anchor
text sets. To estimate the degree of similarity between a source term
and each translation candidate that co-occurs in the same anchor-text
sets, any symmetric similarity measure can be used. In the literature, diﬀerent works use a function based on the probabilistic inference
model [Wong 1995] for these purposes.
Search-result mining.
These methods are grounded on the observation that for many source language search-result pages, there is rich snippets of summaries with a mixture
of source and target texts. Given an input term in a source language, the
search engine searches the translation terms in documents written in other
languages. The returned snippets containing the term are collected, and
translations are extracted from the snippets.
Although a quite large amount of term translations can be acquired using
search snippet-based mining scheme, the scheme may fail to extract low
frequency term translations due to the following two facts. First, if a term
translation pair occurs only a few times on the Web, the translation of
the term may not be retrieved by the search engine since the search engine
ranks web pages based on the PageRank algorithm which is irrelevant to the
occurrence of its translation. As a result the top-n returned snippets may
not contain the translation. Second, even if the returned search snippets
contain the translation, depending heavily on co-occurrence frequency by
the existing translation extraction algorithm is not very reliable.
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• Resource-preprocessing: The collection process of Web pages is performed using a Web search query. Basically, there are two approaches
for the building of the query: i) using a monolingual query for source
language pages containing the target language terms [Cheng 2004],
or ii) using cross-lingual query expansion [Zhang 2005]. In the last
approach to search for pages containing the term to be translated and
its translation, the Web search query contains the term and one hint
word generated by cross-lingual query expansion.
• Translation candidate extraction: The terminology translation mining
performs a preprocessing on Web snippet text by ﬁltering out HTML
tags, punctuation marks and non-query source words. Then, it extract the translation from the processed top-N snippets, and provide
conﬁdence scores for each translation candidates.
• Translation selection: In order to select the translations these methods rely on diﬀerent term similarity estimation techniques. Diﬀerent
measures have been proposed in the literature for estimating the association between words/phrases based on co-occurrence analysis, including mutual information, the DICE coeﬃcient, and statistical tests,
such as the chi-square test and the log-likelihood ratio test.

Advantages
The Web-based translation models are mainly used to discover key phrases
such as named entities (person, location and organization names), book and
movie titles, science, medical or military terms and others10 , which are not
covered by existing bilingual dictionaries or parallel corpora, therefore standard data-driven or knowledge-based machine translation systems cannot
translate them correctly.

Disadvantages
There are some issues that need to be solved using Web information to
mine terminology translation: i) How to ﬁnd more comprehensive results,
i.e. mining all possible forms of annotation pairs in the Web; ii) How to
obtain the boundary of candidate translations, especially for the language
without the boundary mark such as Chinese and Japanese. Because we do
not know the translation is at left or right, and what is between the pair,
and where is the candidate endpoint?, and iii) How to remove the noises
formed in the statistics and rank the remained candidates.
10

Some name and terminology is a single word, which could be regarded as a one-word
phrase.
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5.3.7

Ontology-Based

The ontology-based techniques supports semantic processing in a knowledgebased MT system by providing a set of language-neutral symbols and semantic information.
All translation approaches described previously allows to identify a direct correspondence between words (explicit translations) which in two languages. They will ﬁnd by example that fabrica in Spanish and factory in
English are translations of each other. However, these techniques will not
capture similarities of a diﬀerent degree.

Methods Employed
A speciﬁc ontology-based method has been implemented as part of this thesis. In the following we describe brieﬂy the general process used to discover
the translations of a term.
Multiontology Semantic Translation
This method take advantage of diﬀerent sources of knowledge to discover
semantic descriptions of a term, which are used to map onto diﬀerent target
semantic constructions and discover translations.
• Translation candidate extraction: As ﬁrst step, this method tries to
discover the diﬀerent senses of a term, using for this purposes semantic
descriptions available in diﬀerent sources of knowledge. The semantic
knowledge can be obtained from available online ontologies accessed
by means of ontology search engines. These tools crawl the World
Wide Web for obtaining diﬀerent type of semantic information such
as ontologies, instance data, and speciﬁc terms i.e., URIs that have
been deﬁned as classes and properties.
Some ontology search engines require a normalization process before on
each word be submitted as query. The normalization process involves
to rewrite the words in lower-case, to remove hyphens, etc. After
normalization, the ontology search engines returns diﬀerent ontological
terms that match those normalized keywords. The main advantage of
using a pool of ontologies instead of just a single one is that many
technical or subject-speciﬁc senses of a term cannot be found in just
one ontology.
For each term obtained from the ontology search engines, a sense is
built. Each sense is represented by means of the hierarchical graph
of hypernyms and hyponyms of synonym terms found in one or more
ontologies. Thus, senses are built with the information retrieved from
matching terms in the ontology pool. Notice that the more ontologies
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or knowledge bases accessed, the more chances to ﬁnd the semantics of
a term. As matching terms could be ontology concepts, attributes or
instances, three lists of candidate keyword senses are associated with
each normalized keyword: concepts, attributes and instances. The
result of this process is a list of possible senses for each word.
• Translation selection: This step uses the structural context information for ranking the diﬀerent senses obtained in the previous step according to the similarity with its lexical and semantic context. To
estimate the probability of synonymy, in other words the degree in
which the words are related, any semantic relatedness measure can be
used. These measures consider not only similarity between the words,
but any possible semantic relationship among them [Gracia 2009]. To
avoid the use of a cross-language semantic measure as the source and
target senses are expressed in diﬀerent natural languages, the external ontologies can be limited to those resources that have linguistic
information in other languages.

Advantages
The main advantage of this approach is the increased availability of online
semantic resources. Making the best use of such resources leads to higher
quality translation with lower development cost.

Disadvantages
While these techniques allows obtaining more exact translations, the lack
of ontologies enriched with linguistic information into diﬀerent natural languages implicates the use of cross-lingual semantic disambiguation measures.
As these measures use generally the web as multilingual corpus to establish
the similarity, so the translation process can be very slow.

5.3.8

Summary

The various MT paradigms have diﬀerent advantages and shortcomings.
Linguistic and Terminological paradigms are the current facto “standars”
in the localization industry, however, these methods need extensive manual
control mechanisms to produce sophisticated translations. Dictionary-based
approaches have the ability to produce consistent, high quality translations,
but because of the vocabulary limitation of dictionaries, very often the translations of some words can not be found in a dictionary. In contrast, Online
MT-Systems are mostly designed for translating wide-coverage, language
material, however, they are diﬃcult to adjust to more specialized text and
consequently suﬀer from limited portability. Corpus approaches to MT are
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trained on huge bilingual corpora, yet the portability of these methods remains low. As a compromise between the diﬀerent approaches, Web and
Ontology translation approaches have emerged as an MT option. Nevertheless, these techniques need additional tools to obtain results.
Therefore, in this work we propose as hypothesis that a appropriate
combination of the previous translations techniques leads to better localization results that using only one at a time. In fact, attempts at combining
outputs from diﬀerent systems have proved useful in many areas. For example, people in the speech community pursued the idea of combining oﬀthe-shelf Automatic Speech Recognizers(ASRs) into a super ASR for some
time, and found that the idea works (Fiscus [Fiscus 1997], Schwenk and
Gauvain [Schwenk 2000], Utsuro et al. [Takehito Utsuro 2003]).
In Information Retrieval (IR), we ﬁnd some eﬀorts going (under the name
of distributed IR or meta-search) to selectively fuse outputs from multiple
search engines on the Internet (Callan et al. [Callan 2003]). In Ontology
Engineering, some ontology matching systems is using the combining of
diﬀerent matchers to produce a more eﬃcient matching algorithm. Coming
back to the Machine Translation issue, diﬀerent multi-engine MT systems
has been designed as an attempt to integrate the advantages of diﬀerent
systems without accumulating their shortcomings.
In the section 5.4 we present at the strategic level, some natural ways to
compose diﬀerent translation algorithms to localize an ontology.

5.4

Ontology Localization Strategies

In the previous section we describe a variety of translation models that can
be used to localize an ontology to linguistic level. We also show that all
of these approaches have some advantages and disadvantages to discover
the more appropriate translation of an ontology element. With such a wide
range of term translation approaches, it would be beneﬁcial to have an
eﬀective strategy for combining these models into an localization system
that carries many of the advantages of the individual models and suﬀers
from few of their disadvantages.
From a technical point of view, the diﬀerent translation models can be
seen as the building blocks on which a ontology localization solution is built.
In particular, the following aspects of building a working localization system
are considered in this section:
• organizing the composition of various translation algorithms (§5.4.1).
• combining the results of the basic translation algorithms to discover
the more appropriate translations for each ontology element (§5.4.2).
As the diﬀerent translation methods focus on the same objective there
are several dependencies between them. Nevertheless, certain combinations
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are not reasonable: basically because the output of an translation algorithm
in some cases can not be used as input for other methods.

5.4.1

Translation composition

In this section we present at the strategic level, some natural ways to combine
diﬀerent translation algorithms. We choose to use multiple MT paradigms
to localize an ontology based on the following assumptions:
• Using more than one MT paradigm gives us a wider range of word
translation candidates to choose from, and the correct translation is
more likely to appear in multiple MT systems than a single MT system,
and
• Using the ontology entity information of both lexicon and core ontology gives us a context in which to better select the correct translation
candidate.
The combinations are inspired in all empirical studies described in the
literature about multi-engine MT or MEMT architecture which operates by
combining outputs from diﬀerent translation engines. In order to classify the
translation strategies, a distinction can be made as to whether translation
paradigms are triggered in parallel or sequential.
5.4.1.1

Parallel composition

In a parallel strategy, each translation algorithm is fed with the source
ontology element and generates an independent translation. The translations are then collected from their output and (manually or automatically) recombined. While there is an element of redundancy in such approaches given that more that one algorithm may produce the correct translation [Way 2001], one might also treat the various outputs as comparative
evidence in favour of the best overall translation.
The parallel combination of translation algorithms to localize an ontology is illustrated in Figure 5.2. In the ﬁgure, the ovals represent the context
extracted from lexicon and core ontology, and the translation results are
represented as concentric circles.
5.4.1.2

Sequential composition

In this approach, two or more translations algorithms are triggered on different sections of the same source ontology element. The output of the
diﬀerent techniques is then concatenated without the need for further processing. For instance, one would like to ﬁrst use a dictionary based translation (section 5.3.3) to discover candidate translations, before running one
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Figure 5.2: Parallel combination of translation algorithms.
translation based on corpus (section 5.3.5) or ontologies (section 5.3.7) to
select ﬁnal translations. The reasoning behind this approach is that if one
know the properties of the translations algorithms involved, reliable translations can be produced by using fewer resources that in a parallel approach.
Integration of an linguistic-based translation with a rule-based component
is a common strategy in commercial translation.
The sequential combination of translation algorithms for localizing an
ontology is illustrated in Figure 5.3. Note that this sequential process can
be used to eliminate the need of multilingual resources in the ﬁnal stages
of the localization process. Thus, in this setting, the second phase beneﬁts
from the candidate translations obtained of the ﬁrst algorithm. Indeed,
the second translation algorithm (translation) can use only a monolingual
resource to select the more appropriate translations.

Figure 5.3: Sequential composition of translation algorithms.

5.4.2

Translation combination

When several translation algorithms or resources are combined, a crucial
problem is to choose an translation among multiple translation produced
for each algorithm. Note that this problem must be considered even though
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we combined algorithms that follow the same translation process. Translation algorithms adopting the same paradigm usually produce diﬀerent
translations for the same input, due to their diﬀerences in training data,
or preprocessing strategies. Therefore the question we want to address in
this section is, how do we go about choosing among MT outputs so that we
end up with a best one?
Traditionally, translation combination has been conducted in two ways:
black-box combination and glass-box combination. To choose a speciﬁc translation, the black-box combination method use basically the external information of each translation approach. The information can be extracted
from the general conﬁdence that we have in the method, the input text to
be translated, or the output produced by translation method. This approach
can be particularly useful when it is not possible to have access to internal
features of the MT approaches (e.g. online MT systems).
In the glass-box combination, each MT system provides detailed decoding information, such as translation model score, phrase and word probabilities, segmentation lattices11 , or alternative translations per source word.
This information is used to recombine the best parts from multiple candidate
translations into a new utterance that can be better than the best of the
given candidates. The main advantage of these approaches is that a possibly
new translation can be generated that includes “good” partial translations
from each of the involved systems.
In the following we brieﬂy describe some of the well-known combination methods which have been used in MT, such as linear combination,
hypothesis selection, noisy channel models, confusion networks, and lattice
combination. The ﬁrst two methods use a black-box combination, while that
the other approaches use a glass-box combination.
5.4.2.1

Linear Combination

The ﬁrst intuitive method to combine diﬀerent translation resources is by a
linear combination. In this approach each model is assigned a coeﬃcient denoting our conﬁdence in it. Then all the translation candidates are weighted
and then combined linearly [Nie 2001]. This kind of combination assigns a
single conﬁdence score to all the translations from the same translation resource.
An important issue that it must be considered in this approach is that a
translation resource does not cover all the words with equal conﬁdence. For
some words, its translations can be accurate, while for some others, they are
inappropriate. By using a linear combination, the relative order among the
translation candidates is not changed. In practice, a translation with a low
score can turn out to be a better translation when other information becomes available. Therefore, we have to reconsider the relative weights of the
11

alternative ways of breaking the input to an MT system into words
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translation candidates when another translation resource is available. The
purpose of this reconsideration is to determine how reasonable a translation
candidate is given all the information now available.
5.4.2.2

Hypothesis Selection

The approaches that use this combination method try to select the best output from a number of systems, i.e., for each phrase to be translated, one of
the provided candidate translations (hypothesis) is selected. Thus, the resulting translation comes from a set of already produced translations. The
hypothesis selection is made based on the combination of diﬀerent scores
from n-gram language models [Callison-burch 2001], [Nomoto 2004], but
also from translation models and other features [Paul 2005]. The best translation can also be selected from the combined N -best lists of the diﬀerent
translation systems. To be successful, such approaches require comparable
translation scores. However, the scores produced by most machine translation approaches are not normalized and therefore not directly comparable.
For some other MT systems (e.g., knowledge-based systems), the scores of
hypotheses may not be even available. If scores are available, they have to be
rescaled. Some suggestions how this can be done are found in [Tidhar 2000],
and [Nomoto 2004].
5.4.2.3

Noisy Channel Model

In the noisy channel model, an undistorted signal passes through a noisy
channel and becomes distorted. Given the distorted signal, we are to ﬁnd
the original, undistorted signal. IBM applied the noisy channel model idea
to translation of sentences from aligned parallel corpora, where the source
language sentence is the distorted signal, and the target language sentence is
the original signal [Brown 1990]. This model can be adopted for combining
the translations, with the source language candidate terms as the distorted
signal and the target language terms as the original signal. To ﬁnd the target
language terms given the source language terms, the model computes the
probability of the target language terms given the source language terms,
using:
P (T | S) = P (T ) P (S | T )
where, P (T ) is the language model and P (S | T ) is the translation
model. For estimating the probabilities of the translation model and the
language model, an option is to gather statistics from the World Wide Web.
There are three advantages in utilizing the web for gathering translation
statistics: i) it contains documents written in many diﬀerent languages, ii) it
has high coverage of virtually all types of words and phrases, and iii) it is
constantly updated.
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We can deﬁne the translation model probabilities of each term, using the assumption of the work of Turney on the co-occurrence of synonyms [Turney 2001]. The terms that are translations of each other co-occur
more often in mixed-language web pages than terms that are not translations
of each other.
log(co(si , ti,j ))
P (si | ti,j ) = ∑
log(co(si , ti,j ))
i

where, si is the i-th term in the source language and ti,j is the j-th
translation candidate for si . Let hits be a number of web pages retrieved
from a certain search engine. co(si , ti,j ) is the hits given a query si and ti,j .,
where log is applied to adjust the count so that translation probabilities can
still be comparable at higher counts.
A simple solution to estimate the language model probabilities consist
on obtaining hits given a conjunction of all the candidate terms in the target language, and divide that count by the sum of the occurrences of the
individual terms:
P (T ) =

(co(t∑
1 , t2 , ..., tn ))
o(ti )
i

The ﬁnal score of a translation candidate for a term is the product of
the translation model score P (S | T ) and the language model score P (T ).
5.4.2.4

Confusion Networks-based

In recent several years, the system combination methods based on confusion networks developed rapidly ([Park 2001]; [Matusov 2006]; [Sim 2007];
[Rosti 2007b]; [Rosti 2007a]; [Rosti 2008]). A confusion network consists of
a sequence of sets of candidate words. Each candidate word is associated
with a score. The optimal consensus translation can be obtained by selecting
one word from each set to maximizing the overall score.
To construct a confusion network, one ﬁrst need to choose one of the hypotheses (i.e., candidate translations) as the backbone (also called “skeleton”
in the literature) and then decide the word alignments of other hypotheses
to the backbone. Hypothesis alignment plays a crucial role in confusion
network-based system combination because it has a direct eﬀect on selecting consensus translations.
However, a confusion network is restricted in such a way that only 1-to1 mappings are allowed in hypothesis alignment. This is not the fact even
for word alignments between the same languages. It is more common that
several words are connected to another several words. For example, “be
114

5.5. CLASSIFICATION GUIDELINES FOR ONTOLOGY
LOCALIZATION APPROACHES
capable of” and “be able to” have the same meaning. Although confusionnetwork-based approaches resort to inserting null words to alleviate this
problem, they face the risk of producing degenerate translations such as “be
capable to” and “be able of”.
5.4.2.5

Lattice-based combination

As a more general form of confusion network, a lattice is capable of describing arbitrary mappings in hypothesis alignment. In a lattice, each edge is
associated with a sequence of words rather than a single word. Therefore,
we select phrases instead of words in each candidate set and minimize the
chance to produce unexpected translations.
Basically, lattice-based system combination involves the following
steps: i) collect the hypotheses from the candidate systems, ii) choose the
backbone from the hypotheses, iii) get the alignments of the backbone and
hypothesis pairs, iv) normalize the alignment pairs, v) construct the lattice
in the light of phrase pairs extracted on the normalized alignment pairs,
and vi) decode the lattice using a model similar to the log-linear model.
The confusion-network-based system combination model goes in a similar
way. In fact, the ﬁrst two steps are the same as the lattice-based model. The
diﬀerence is that the hypothesis pairs are aligned just in one direction due
to the expression limit of the confusion network. As a result, the normalized
alignments only contain 1-to-1 mappings.

5.5

Classiﬁcation Guidelines for Ontology Localization Approaches

There are many high level factors that can be used to classify the approaches
used to localize an ontology into diﬀerent natural languages. For example,
depending on level of localization chosen for the ontology, we may classify
the approaches used to make the ontology accessible to speakers of other
languages on: linguistic and cultural methods.
In this section we provide some classiﬁcation guidelines for localization
approaches. The classiﬁcations discussed above provide a common conceptual basis for organizing them, and, hence, can be used for comparing
(analytically) diﬀerent existing ontology localization systems as well as for
designing new ones. We now explain the four main factors: type of localization, localization process, output, and use case.
• Type of Localization. Localization approaches may vary in the type
of localization chosen for ontology. We have identiﬁed two dimensions
involved which determine the type of localization that needs to be
performed:
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– Level of Localization. According to level of localization, approaches can be classiﬁed on: linguistic and cultural. In the
linguistic level, ontology localization will aﬀect only the lexical
layer of the ontology. In some cases the conceptualization can
be maintained and only the lexicon of the ontology (in particular the labels of it) is translated. The cultural level includes the
ontology adaptation to a particular culture. When adopting the
ontology to a new culture, this will typically lead to changes at
the three levels (language of the labels, terminology and conceptualization).
– Localization Purpose. Depending on localization purpose, localization approaches can be categorized on: instrumental and documental. In the ﬁrst case, the goal of the target ontology can be
to have the same function in the target community as the original
ontology in the source ontology. The purpose of the localization
can be also to “document” the ontology in another language to
make it accessible to a community which speaks another language.
• Localization Process. The main factor is the process of localization.
In fact, the processes of ontology localization approaches may diﬀer
most, as there exist a large number of parameters and methods.
– Ontology Elements Supported. A ﬁrst dimension to be considered
is the type of ontology elements that can be localized. Depending
on the ontology elements considered, the algorithms of localization can be more or less complex. For example, the localization of
ontology concept and relations is less complex that the localization of ontology instances, because a big part of the instances are
represented by a name, and therefore should not be translated
(e.g. a label containing “Michael Schumacher”).
– Degree of Automation. Ontology localization approaches may
vary in the degree of automation, ranging from fully manual
through automatic recommendations to fully automatic.
– Resources Used. The grade of consensus, coverage and precision
of the used resources to discover the translations are three important factors to have in account in order to compare localization
approaches. These three parameters can be used to estimate in
some degree the quality of diﬀerent localization approaches. In
fact, we believe that the heterogeneity of used resources can be
the principal reason why diﬀerent approaches cannot be directly
compared.
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• Output.
proaches.

The output may diﬀers considerably for diﬀerent ap-

– Degrees of equivalency. Apart from the information that localization algorithms exploit and how they manipulate diﬀerent tools
and resources, the other important class of dimensions concerns
the form of the result these systems produce. The kind of equivalence between the ontological terms and its translations might
be of importance. For example, the ISO 5964 [ISO 1985] deﬁnes
a classiﬁcation scheme for diﬀerent types of equivalence between
terms: exact equivalence, partial equivalence, single-to-multiple
equivalence, inexact equivalence and non-equivalence. The simplest cases are one-to-one translations. However, in real world,
one will often encounter n-to-m translations instead.
– Conﬁdence. Other signiﬁcant distinction in the output results,
concerns to conﬁdence measures of the translations. Only recently have researchers started to investigate conﬁdence measures for machine translation [Ueﬃng 2003, Gandrabur 2003,
Blatz 2004, Quirk 2004]. Possible applications of the conﬁdence
measures include: i) post-editing, where words with low conﬁdence could be marked as potential errors, ii) improving translation prediction accuracy, iii) combining output from diﬀerent
machine translation systems: hypotheses with low conﬁdence can
be discarded before selecting one of the system translations (Akiba et al., 2004), or the word conﬁdence scores can be used for
generating new hypotheses from the output of diﬀerent systems
(Jayaraman and Lavie, 2005), or the conﬁdence value can be employed for re-ranking (Blatz et al., 2003). We consider the conﬁdence measure a factor essential for any ontology localization
system.
• Use case. As we described in the section 4.1 the ontology localization
activity can contribute as a plausible solution to diﬀerent applications.
For example, a typical use case of ontology localization activity is
multilingual ontology matching. We believe that even though the use
cases might not directly be reﬂected in input, process, or output, they
deﬁnitely inﬂuence the complete setting of the localization process.
Therefore, the use cases must be considered a factor for distinction.

5.6

Summary of the Chapter

Ontology localization has diﬀerent facets, one of this facets is the translation. To automatize the translation task, there is a variety of techniques
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that can be used. The classiﬁcations discussed in this chapter provide a
common conceptual basis for analyzing the advantages and shortcomings of
each technique for the localization activity.
We have provided such classiﬁcations based on way of modeling the context used for the translation on the one side and the kind of technology
used to localize an ontology into diﬀerent natural languages on the other
side. Once identiﬁed the diﬀerent translation techniques, we have presented
the strategic issues involved in creating localization solutions. In particular, this involves the composition of basic translation techniques and the
combinations of their results.
We have ﬁnished this chapter describing some high level factors that can
be used to classify the approaches used to localize an ontology into diﬀerent
natural languages.
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Lyfe-Cycle Model and
Architecture
In this chapter we discuss two important issues related to ontology localization activity: life-cycle model and system architecture. As we discussed
in the introduction a typical localization project involves several tasks that
extend far beyond the translation process itself. This is why the goal of
this chapter is to describe both the life-cycle model and the global system
architecture. On the one hand, the life-cycle model divides the whole localization activity into diﬀerent tasks. The model presented in this thesis
covers life cycle models we have surveyed. On the other hand, the system
architecture show the basic components needed to allow such a ontology
localization approach.
First, we give an intuitive view of whole localization activity, including
the translation phase described extensively in the previous chapters. Later
in this chapter, we will propose a system architecture based on the ontology
localization life-cycle model. Then, we will see the main modules needed to
allow such a ontology localization approach in distributed and collaborative
environments, but ﬁrst we introduce some basic requirements for an ontology
localization system.
Finally we describe general comments and diﬀerent technical details related to the Labeltranslator system, our approach to perform an automated
localization in distributed and collaborative environments.

6.1

Ontology Localization Life-Cycle

Localization is a very eﬀort intensive activity and requires a systematic approach covering the entire life cycle of the localized product. However, based
on our investigation of existing academic projects and commercial systems,
we have identiﬁed that the current R&D eﬀorts on localization (specially in
the software area) suﬀer the lack of a comprehensive life cycle model. We
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consider that the ontology localization is not a once-in-a-lifetime activity. It
should be viewed as a continuous, iterative activity in which the localization
outcomes of the current and past localizations can and should aﬀect the
future choice of localization policies and strategies and, thus, the behavior
of an automated localization system. A comprehensive localization life cycle model is needed to clearly deﬁne the diﬀerent phases of a localization
process and to show:
• what information and knowledge should be speciﬁed or deﬁned at different phases, and
• how the results of ontology element translations provide the feedback
to other phases of the life cycle.
In this section we present an ontology localization model, which identiﬁes the key concepts and elements needed to build an automated ontology
localization system. One of the elements in the model is the translation
phase, which in many analogous implemented software localization systems
is missing to be automated. In the previous chapters of this thesis, we study
the key elements of the translation phase, with the dual aim of reducing
the localization eﬀort and identifying the steps to produce an ontology general localization model. In fact, the translation phase used to localize an
ontology have been the core of our ontology localization life-cycle model.

The Automated Ontology Localization Model
The ontology localization life-cycle model is presented in Figure 6.1. This
generic model illustrates the major issues involved in automating ontology
localization workﬂow. Although the order of steps presented here is logical,
we believe that diﬀerent ontology localization systems may use a diﬀerent
order, may group two or more steps into a single step or may not implement
certain steps at all. The model is also independent of who actually performs
the work. For example, if the ontology developer is using an distributed
and collaborative team for localizing an ontology then, many steps will be
performed by the developer and others by the localization team. When
working with a small translation house, there will be a diﬀerent sharing of
responsibilities. The value of the model is that it covers the major issues
involved in this process and provides a vocabulary to discuss these issues.
In the ﬁgure the phases are represented by a rectangle. All phases considered fundamental stages of any localization model are shown in gray color.
The thick line represent the main process ﬂow; the secondary ﬂow process
is represented with a solid line. The data access is shown as a dotted line
in the model. In the following we describe the main components involved in
the ontology localization life-cycle model:
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Figure 6.1: The Automated Ontology Localization Workﬂow Model.
Source
The source ontology may comes in a variety of ontology languages (eg. OWL,
RDFS or FLogic).
Target(s)
The ﬁnal objective is to deliver an ontology enriched with linguistic information in any number of natural languages.
Central Data Structures.
All steps shown in the model revolve around two major data structures:
Workﬂow and Linguistic Assets. Workﬂow has to do with process automation, while Linguistic Assets help minimize translation work and ensure
consistency. They can be located at the ontology developer‘s site, at the
localization team‘s site, or any combination thereof. They store the basic
objects of the system: the participants in the localization activity, and the
tools for localize an ontology, respectively. These objects requires management and maintenance with the appropriate tools.
• Workﬂow. In theory, the workﬂow engine is a general purpose tool
that allows arbitrarily complex processes to be deﬁned: any number
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of steps, any number of people involved anywhere in the world, any
task be it manual or automated. In practice, we believe that there is a
trade-oﬀ between complexity and ease-of-use. Thus, some systems will
have a ﬁxed sequence of steps and the only conﬁguration possible is
to skip a step; other systems will support general workﬂow templates
with conditionals and have their own scripting language.
• Workﬂow Management. This refers to the process of deﬁning and
maintaining the workﬂow templates that specify the steps that jobs in
the system will execute. Some systems will have wizards with only a
few questions to answer, others will require several pages of options to
be set, others still will have graphical interfaces that allow a process
to be deﬁned as a ﬂowchart.
• Linguistic Assets. These will include one or more human assisted
machine translation tools and/or machine-assisted human translation
tools. Linguistic assets reduce the cost, increase the quality and increase the consistency of translation work. In the most general sense,
linguistic assets store translation knowledge; if the system knows how
to do something once, it may be able to do it again automatically (or
at least make pertinent suggestions to the human translator). Some
ontology systems will have one large centralized translation memory
in Oracle, while others systems will rely on automatic translation of
the ontology elements.
• Linguistic Assets Maintenance. An often neglected point is that linguistic assets must also be maintained. The more work that is routed
through the ontology localization system, the more translation knowledge is accumulated, promoting more re-use. But as more and more
data is accumulated, the system will also accumulate diﬀerent translations for the same ontology elements. As translation knowledge grows,
it becomes less precise and contains more “noise”. Linguistic Asset
Maintenance is required to avoid chaotic growth of translation knowledge and ensure that the captured data can be leveraged in a meaningful way.
Automated Localization Cycle
The ontology localization cycle is the sequence of phases any ontology element goes through in order to be localized:
• Change Detection. The Change Detection module monitors the source
ontology content and is responsible for detecting changes and initiating
action. We believe that change monitoring may operate continuously
or at regular intervals.
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• Extraction. Each ontology term requires its own extraction method
from ontology. The extraction method is responsible for extracting
the ontology labels (representing any ontology element) and its context
from the ontology.
• Segmentation. Once the label of the ontology element is extracted, it
must be segmented into individual short phrases or multiword units1
(MWU) in order to be translated appropriately.
• Leveraging. The Leveraging phase tries to translate all source labels
using the translations stored in previous ontology localizations. It may
use one or more translation memories to store the pre-translated ontology labels. This phase can be performed only when ontologies to be
translated have a similar domain to ontologies previously translated.
• Work Distribution. Once the ontology localization activity has been
initiated, the work must be distributed to one or more translators/reviewers in one or more countries. The systems should provide
some form of database which store a list of translators and reviewers along with the language pairs they can handle. We consider that
when the ontology to be localized is small and the target languages
are known the own ontology editor may execute all tasks.
• Translation. In this phase, the translator actually translates the ontology labels received using the tools provided by the system or his own
tools if the system can interface with them. This is likely the most
important step as the main cost of localization is translation and the
cost of translation is largely determined by how eﬃcient an environment is provided to the translator. The translator may work online
with a browser-based tool, or oﬄine on his desktop PC. However, the
oﬄine method requires some mechanism to update the realized work.
• Review. The translation work is then routed for review (editing and
prooﬁng). The work is checked for translation accuracy and for overall
term correctness. The system should allow any way of measuring the
translation quality.
• Linguistic/Cultural Updating. The goal of this task is to update the
ontology with the linguistic information obtained for each ontology
term(s) in target language. This phase may require only the adaptation of the ontology to a particular language or a ontology reengineering which means transforming the conceptual model of an ex1

A multiword unit (MWU) is a connected collocation: a sequence of neighboring words
whose exact and unambiguous meaning or connotation cannot be derived from the meaning
or connotation of its components” [Choueka 1988].
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isting and implemented ontology into a new, more correct and more
complete conceptual model which is re-implemented.
All steps above described are the base of our generic architecture for
localizing ontologies and distributed and collaborative environments. The
details of our approach will be described in the section 6.3.

6.2

Key Requirements for an Ontology Localization Infrastructure

In this section we describe some desirable requirements for an ontology localization system, motivated by some works in related areas and own experiences. To deﬁne infrastructure requirements, we took key factors as
our starting point. We have been collecting factors from diﬀerent software localization systems, comparing them with our own observations in
the ﬁeld of ontology localization, and grouping them according to their nature and relationship into three groups: i) collaboration and distribution of
the tasks; ii) translation; and iii) extensibility. This grouping has given us a
clearer idea of how to convert some of these identiﬁed factors into positive
inﬂuences on ontology localization. This has inspired the deﬁnition of the
infrastructure requirements. In the following we describe the ﬁrst group of
requirements and brieﬂy the second and third group.

6.2.1

Requirements for Collaborative and Distributed Localization Activity

In this section we present the most relevant requirements to support an
distributed and collaborative ontology localization based on the analysis of
the process (i.e. workﬂow) typically followed by organizations in the development and localization of ontologies. Firstly, for our analysis, we considered existing processes for collaborative localization used in international
institutions. As case study, we focused on the collaborative localization
process followed at FAO for localizing diﬀerent types of resources such as
thesauri or ontologies. Secondly, we observed how diﬀerent software development paradigms and approaches deal with issues like cooperation among
distributed team members. Finally, we discuss the main features identiﬁed
as core requirements to support a collaborative and distributed ontology
localization
6.2.1.1

Use Cases for Collaborative Ontology Localization

In the following we describe the two FAO use cases analyzed to support a
collaborative and distributed ontology localization activiy.
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AGROVOC Thesaurus
AGROVOC is a multilingual thesaurus under development at FAO since
1983. Originally, it was available only in printed copy, but since 2000 it
is available online. The development of the thesaurus was done by several
experts who met regularly in order to discuss how to enrich it. The collaboration was therefore achieved by face-to-face meetings. Nowadays, the
localization (translation) is done in each partner country. Experts meet and
organize themselves for the development of a version of the thesaurus in the
national language. FAO provides guidelines2 and tools for this task. Generally, FAO users can make use of the FAO AGROVOC current maintenance
tool3 , but some countries also have their own tools. Once the national version is completed, it is sent to FAO for inclusion in the master copy of the
thesaurus and for its online publishing. Figure 6.2 illustrates the localization
workﬂow of the AGROVOC thesaurus.

Figure 6.2: Localization workﬂow of AGROVOC thesaurus.
Currently, new terms in several languages can also be added to
AGROVOC by direct suggestions from users all over the world. Suggestions in multiple languages arrive to FAO through a speciﬁc web-form or
per email. Suggestions are then evaluated and committed to the ontology
by the FAO AGROVOC team (see Figure 6.3).
During the year 2009, FAO has promoted a virtual conference, the socalled the AGROVOC E-conference. This has been recognized as an eﬀective
method for further collaborations between AGROVOC experts and users all
over the world. This technique did not require any working mission or trips
2
3

ftp://ftp.fao.org/gi/gil/gilws/aims/publications/papers/agrovoc translation guidelines.pdf
http://www.fao.org/aims/tools thes.jsp
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Figure 6.3: Current Workﬂow for Collaborative Localization of AGROVOC
thesaurus.
by participants, with the consequent save of money and time, and allowed
asynchronous participations, giving in that way time to users to reply when
and from where was more convenient for them. In this case, collaboration is
achieved thorough Internet as a mean for communication and organization
of the work. We have seen how both activities, creation and localization of
the thesaurus, involved many actors who needed strict collaboration for the
sequential actions that are involved:
• First, the creation of terms involves many domain experts, whose task
is to identify which the best term to use is, and which terms have to
be created as non-descriptors;
• Then, the translation of terms involves discussions between translators and domain experts in order to evaluate and deﬁne the better
translations of terms;
Therefore, in the collaborative aspects of the creation and localization
of an ontology we need to consider:
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• collaboration over diﬀerent steps performed by diﬀerent people, and
• collaboration among several participants for every single step
AGROVOC Concept Server (ontology)
.
A diﬀerent use case for collaborative localization used at the FAO is
the AGROVOC Concept Server, and ontology developed on the basis of the
AGROVOC thesaurus. The development of the AGROVOC Concept Server
Workbench was based on: i) the need of making the development and maintenance of the AGROVOC thesaurus more collaborative and especially more
direct for users without the intermediate actions of FAO staﬀ, and ii) the
idea to convert AGROVOC into a more complete structure allowing the representation of more information (such as additional linguistic information,
or the ability to have multiple translations for a speciﬁc term, etc.).
AGROVOC Concept Server Workbench allows collaborative and distribute management of the new restructured AGROVOC. Figure 6.4 shows
the new workﬂow. The new collaborative features are summarized in the
following:
• AGROVOC editors all over the world can have direct access to a
unique and homogenized maintenance tool;
• changes are immediate and there is no need to wait for FAO actions
(eventually only validations of proposed editions);
• all users can immediately see and beneﬁt from other users contributions;
• the cycle of adding data to AGROVOC and reuse it in their systems
is more immediate, because once the data has been inserted in the
system, and eventually validated, it becomes immediately available
for remote access through web services or can be immediately downloaded (while currently publications of the updated AGROVOC are
done every three months online or in the ftp area).

6.2.1.2

Related Software Development Approaches

In addition to the use cases, analyzed in the previous section, we have observed how diﬀerent software development paradigms and approaches deal
with issues like cooperation among distributed team members. We have
focused our research on techniques from diﬀerent domains that extensively
rely on communication, collaboration and/or coordination techniques. Important inﬂuences to our proposal of requirements are:
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Figure 6.4: Workﬂow for Collaborative Localization of AGROVOC Ontology.
• Distributed software development (DSD). We have transposed major
characteristics of DSD to the ontology localization context, exploring how they could be extended to localization of ontologies. We
have considered reported issues related to global DSD in wider context: [Carmel 2001, Prikladnicki 2008]. Some issues they arise may
apply to collaborative and distributed ontology localization. The following characteristics, already adapted to deal with process improvement has been preserved for our purposes: i) the process management
is distributed by the Internet and ii) the process improvement is collaborative and decentralized.
• Bug tracking tools. As in software maintenance, it is possible to identify and deal with the weaknesses (translation errors) of a localized version, converting them into improvements to the next version. In this
way, one can relate error-handling management to ontology localization. Both approaches follow a similar workﬂow including submission
(proposal), evaluation, and approval (or rejection). In the software
testing context this error handling is being supported by bug-tracking
tools. These tools could be customized to handle ontology translations.
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• Knowledge Management (KM) practices. Developing software can
beneﬁt from many KM practices, and indeed several aspects of KM
employed in software development have been studied. There are many
tools to support some KM practices (e.g. contribution, knowledge dissemination, and collaboration) that can be useful to ontology localization. We are particularly interested in how to promote collaboration
and improve participation beneﬁting from diﬀerent skills. Building
networks and knowledge communities” powered by accumulated translation knowledge can be a good strategy to facilitate the localization
of ontologies.
6.2.1.3

Summary of the Main Features

In this section we discuss the main features of both FAO localization workﬂows (described in the section 6.2.1.1) and distributed software development
paradigms (described in the section 6.2.1.2). The goal of this discussion is
to identify the core requirements to support a collaborative and distributed
ontology localization activity. When appropriate, we illustrate the diﬀerent
features using FAO use cases.
• Flexible workﬂow support. The main common thread for the process
that we described in the FAO use cases is that many steps in these
workﬂows require human actions. Human-centred workﬂows are different from service workﬂows that combine software services for automatic execution. For our purposes we consider that a combination
of these workﬂow approaches are a good alternative. We envisage
a service workﬂow that enforces and automatically executes critical
ontology localization steps such as ontology submission, change detection, e-mail notiﬁcation of localization tasks and events, and real-time
tracking and reporting of individual localization works. Localization
activities such as select ontology labels or review the translations may
be controlled by a human-workﬂow.
• User management and provenance of information. With multiple users
contributing to the localization of an ontology, it is critical for users
to understand where information is coming from. Thus, users must be
able to see how localization participants reach consensus on ontology
label translations, who can perform translations, who can comment on
them, when ontology label translations become public and so on. Any
ontology localization system must include these features.
• Centralized control. A centralized view on all localization projects
should be provided by all ontology localization systems, giving localization managers easy access to critical information, such as assigned
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ontologies and workﬂow tasks, required to manage and coordinate the
ontology localization activity eﬀectively.
• Collaborative localization support. As we have described in the use
cases of FAO, the localization activity is a collaborative eﬀort, where
the number of users participating in localization ranges from a handful to a couple of dozens. With larger groups of users contributing to
ontology localization, we believe that it is necessary deﬁne appropriate
workﬂows, strategies and an infrastructure to support the process that
coordinates the collaborative ontology localization within an organizational setting.
• Distributed localization support. The most obvious element of complexity in the use cases that we described in the previous section is
the number of parties involved in it and their geographic distribution
(see the typical localization scenario in Figure 6.5). The geographic
distribution of the parties is motivated by the fact that localization
in most cases requires in-country reviews to check the content of the
translation.

Figure 6.5: Typical Ontology Localization Activy.
Managing a large number of parties presents a lot of challenges. However, in this thesis we focus only on two challenges found in the FAO
use cases: communication and version tracking. Thus, for example, in
order to reach consensus on a speciﬁc action to be performed in the
AGROVOC thesaurus, the most used mechanism is email exchange
among AGROVOC experts. Because it is simple and readily available, e-mail is usually the primary tool for communicating, which in130
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cludes handing oﬀ projects and ﬁles that contain versions of ontologies,
as well as tracking status. However, the use of e-mail frequently results in confusion over which version of which document is current,
the status of each document, and who is currently doing what, all of
which leads to ineﬃciency and waste of time. Therefore, we believe
that an ontology localization must support a eﬃcient mechanism for
managing versions of localized ontologies, controlling ontology access
(through some form of check in/check out and ﬁle locking), and enabling remote or distributed access.
The second main source of complexity is due to the high number of documents that need to be distributed across project participants. This
situation is even further complicated when changes are made to the
original ontology elements during the course of the localization activity. These late modiﬁcations need to be introduced manually into the
translation chain and lead to the existence of multiple versions of the
same set of ﬁles, which in turn leads to frequent errors and substantial
management overhead. In the case of FAO, a unique and homogenized
maintenance tool for the collaborative management of AGROVOC is
employed. We consider that a similar approach that it uses a workﬂow
model integrated with a content management component for providing
greatest ﬂexibility and power can be used.
Along with the features above described, the requirements introduced
the next sections are considered in our approach to support the automated
localization of ontologies in distributed and collaborative activity (see section 6.3).

6.2.2

Requirements to Support Automatic Ontology Translation

The major requirements identiﬁed are the following:
• Coping with speciﬁcities of translation. A key issue for any localization system is to handle some traditional problems in translation:
some concepts from the source language have no equivalents in other
languages, polysemous words and homographs, quasi-synonymy, etc.
• Dealing with transcription of domain terms. Unlike translation of textual material (technical manuals, etc.), translation of ontology elements must address the diﬃculties of unknown words (proper names,
technical names, etc.), fragmented input (partial sentences), transcription errors (typographical errors, omissions), etc.
• Cannot make use of pre-editing. Pre-editing is not feasible, because
the ontology elements must be preserved exactly as they have been
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designed. Pre-editing is possible only when the ontology editor has
authorized the edition.
• Produce texts as accurate as possible. All ontology elements should
be translated accurately to avoid misinformation on the multilingual
ontology.
• Support for diﬀerent natural languages. Although most ontologies that
have been built so far have their labels in English, an ontology localization system should allow the translation between any pair of natural
languages.
• Automatic. As there are many available resources that can be used to
localize and to acquire knowledge of a domain, the localization system
should automatically translate the labels, minimizing the requests to
the user.
Notice that although some of the translation requirements are challenging for MT, however as we describe in the section 4.4.2 ontology elements
does have characteristics which make it amenable to automatic localization
using MT techniques.

6.2.3

Requirements for an Extensible Ontology Localization
Infrastructure

It is a challenge to design an extensible platform for ontology localization.
We consider that extensibility is a key factor for leading to the success of
these systems. From our point of view, the following items ensure although
be partially the extensibility of the localization systems: independence of
both ontology language and domain, broad coverage, easiness of extension
to new languages, and automated content extraction.
• Independence of ontology language. The system has to support localization of ontologies described in diﬀerent ontology languages eg.
OWL, RDFS or FLogic.
• Independence of domain. The system has to support ontology localization in any domain of knowledge.
• Broad coverage. The localization system should translate not only
concept labels, but also to attributes and relations.
• Easy to extend to new languages. The localization system should have
the ability to include new languages in the system with a minimum
level of eﬀort required to implement the extensions. This means that
no alterations of the knowledge representation in the ontology should
be needed when the localization process is applied to a new language.
This characteristic should be a key design criterion for any system.
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• Automated content extraction. The system should enables to automatically highlight localizable content within a ontology prior to routing to
the translation process using prepackaged or custom-developed ontology labels ﬁlters, reducing time spent in ontology content preparation.
All requirements above described have to goal optimize the performance
of the ontology localization activity, however we consider that the accomplishment of all these requirements is a very complicated task.

6.3

Global Description of the Architecture

In this section we present a generic architecture for localizing ontologies
in distributed and collaborative environments. The system architecture is
based on the life cycle model proposed in the Section 6.1.
The philosophy used in the design of our general architecture was to
create a system that it supports a great part of the system requirements
described in the previous section. Translation and Collaboration and Distribution has been the key factors in the design since we think of an Ontology
Localization System as a tool that to reduce the cost of translation and minimise the time to localize an ontology. Also, to solve the quality problem in
automatic localization systems we propose an collaborative and distributed
approach to: i) enhancing the communication and collaboration among localization stakeholders; and ii) increasing ontology user’s participation in
improving ontology localization process.
Our approach relies on three diﬀerent modules, namely: Ontology Management, Localization Management and Ontology Translator. These modules solves also the diﬃculties faced by three primary groups involved in ontology localization: ontology editors and managers, localization managers,
and individual translators/reviewers, groups, and communities responsible
for localizing ontologies. A description more detailed of these localization
roles will be introduced in the Chapter 7. The high-level modules of the
architecture are illustrated in Figure 6.6 and their features will be explained
along this section.
• The Ontology Management is the module which enables ontology editors and managers to automatically and securely access, and manage
multilingual content for localization. The Ontology Management provides also other functionalities such as: i) to create and update ontology and instances, ii) manage large amount of ontologies by providing
fast indexing, searching and querying to ontologies and its instances,
and iii) to handle diﬀerent versions of the ontologies.
• The Localization Management is the module designed to help manage,
monitor and control the localization activity. It is is the key for the
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Figure 6.6: General architecture to support Ontology Localization.
interoperation between the diﬀerent ontology localization stakeholders.
The Localization Manager use workﬂow technology to automatically
detect new or modiﬁed source ontology content, to automatically route
the ontology elements to the localization stakeholders, to support the
diﬀerent localization tasks, and to automatically deliver the translated
ontology elements back to the Ontology Management.
• The Ontology Translator is the core of the whole system. It allow automatically discover the more appropriate translations for each ontology
element. It relies on diﬀerent MT models to provide the best possible
translation of each input. To achieve more accurate translation, each
MT model has access to diﬀerent linguistic and semantic translation
resources.
The modules above described have been used and/or implemented on
an ontology localization system, which translating ontologies among English,
German and Spanish [Espinoza 2008a, Espinoza 2008b, Espinoza 2009a]. In
the following we explain these modules in detail and provide examples obtained using our system.

6.4

The Ontology Management Module

The Ontology Management is the module designed to help to ontology editors and managers to automatically and securely access, and manage multilingual content for localization. The main uses of the Ontology Management component are: i) development and store the ontologies that need to
be localized, ii) select the ontology elements to be translated into diﬀerent
natural languages, iii) handle diﬀerent versions of the localized ontologies,
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and iv) deploy all multilingual information associated with ontology elements.
Analyzing the state-of-the-art ontology management tools4 , we observe
that the evolution of semantic technologies has led to a number of concrete
implementations to support speciﬁc ontology engineering activities and that
in particular the ﬁrst three functionalities used in the ontology localization
activity is well supported. However, popular tools available today for ontology development are limited with respect to how to model multilinguality
in ontologies. While typically today’s ontology management infrastructures
include multilingual data in the ontology meta-model, (see Section 3.4 for
more details), we require an environment that adequately support the inclusion of as much linguistic information as wished, as well as the possibility
of establishing links among the linguistic elements within one language or
across languages.
The NeOnToolkit5 an ontology management tool for engineering contextualized networked ontologies and semantic applications, addressed this
aspect. Within NeOnToolkit, we aim at starting the state of the art in ontology localization by developing an ontology localization system. Particularly,
we aim at improving the integration of multilinguality in ontologies, using
a repository which to keep ontology knowledge and linguistic (multilingual)
knowledge separate and independent.
The Ontology Repository (OR) is the critical component which support
the association of the ontological model(s) (sources ontologies to be localized) with a multilingual linguistic model. Thus, ontology repository relies
on the combination of two independent modules, the ontological and the
linguistic one. In our system, the linguistic information needed to build a
multilingual ontology is generated automatically by the Ontology Translator
module, which will be explained more later.
The rationale underlying OR is not to design a lexicon for diﬀerent natural languages and then establish links to ontology concepts, but to associate
multilingual linguistic knowledge to the conceptual knowledge represented
by the ontology. What the Linguistic Repository does is to associate word
senses as deﬁned by Hirst [Hirst 2003]- in diﬀerent languages to ontology
concepts, although word senses and concepts can not be assumed to overlap. The LR goes in the line of what Pustejovsky [Pustejovsky 1991] deﬁned
as Sense Enumeration Lexicon, in which a unique sense is associated with a
word string. It enhances the scalability of the ontology localization approach
by avoiding the need for investing time and energy for the development of
a multilingual ontology for each target language.
4
Readers interested in the state-of-the-art of ontology management tools can refer
to [Martin 2008].
5
The NeOnToolkit is the heart of the infraestructure of the NeOn project. NeOn is
an large European Research project developing an infrastructure and tool for large-scale
semantic applications in distributed organizations.
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The linguistic information stored in the OR is initialized when new ontologies join to Ontology Management module. Also, for each ontology
element localized, the OR automatically establish a link with the ontology
term under consideration.

6.5

The Localization Management Module

This section describes in detail the goal and functionalities of the Localization Management which is the key module that allows localization managers
to monitor, manage and control the localization activity. The Workﬂow Localization Manager (WLM) is the core component of this module. The main
goals of the WLM are:
• manage the timely ﬂow of the localization activity from initiation to
delivery,
• detect the changes in the Ontology Management module, and
• manage the individual localization task performed in the Ontology
Translator module.
In order to support the ﬁrst goal the WLM includes a collaborative workﬂow, which implement the necessary mechanisms to allow ontology stakeholders perform the activities of the ontology localization life-cycle. Thus,
the collaborative workﬂow is responsible for the coordination of who (depending on the user role) can do what (i.e. what kind of actions) and when
(depending on the status of the ontology elements).
From a technical point of view, the collaborative workﬂow is associated
with a set of initialization parameters (e.g. user roles, assigned tasks, etc),
source and target languages, and a partially ordered set of activities or
states. The WLM stores individually the initialization parameters of each
ontology. However, the information about user, roles and skills are stored
in a shared database, which have two beneﬁts:
1. Improved Project Staﬃng. The Localization Managers can see all the
information related with a participant (e.g. language skills). This
saves time and allows for better decisions when staﬃng an new ontology localization project.
2. Shared Information Across Ontology Projects. The shared information
provides a particular beneﬁt for ontology projects that need to localize
several ontologies. Maintaining a single user database allows to share
users in diﬀerent ontology projects.
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Coming back to the description of the workﬂow, the activities supported
are: selecting the ontology elements to be translated, translating the selected
elements, reviewing the translations, and updating the ontology with the
linguistic information obtained. These activities summarize the localization
tasks commonly followed by diﬀerent organizations (see section 6.2.1.1 for
more details). Figure 6.7 shows in a schematic way as the workﬂow proceeds:

Figure 6.7: Workﬂow process used to localize an ontology.
• An ontology is passed to the Localization Manager for localization.
• The Localization Manager selects the ontology labels to be localized
and send the selected labels for translation.
• A translators downloads the selected labels to be localized and (s)he
performs the translations
• The same translators uploads the translated ontology labels and send
them for review.
• The reviewers downloads the translated labels and checks for possible
errors.
• Finally, the Localization System update all linguistic information of
each localized label.
In the next sections we explain the rest of the associated components.
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6.5.1

Synchronization component

The Synchronization component supports the second goal of the workﬂow
localization manager, that is detect the changes in the ontology management module. This component listens the changes in the ontology model
and then automatically to propagate those changes to the linguistic model
using synchronization techniques. Remember that our system follows the
current trend in the integration of multilinguality in ontologies, which suggests the suitability of keeping ontology knowledge and linguistic (multilingual) knowledge separated and independent [Montiel-Ponsoda 2008,
Buitelaar 2009]
In order to keep both models, the ontology model (OM) and lexical model
(LM), synchronized we ﬁrst need to ﬁnd out exactly what has been changed
in the ontology model, then ﬁnd the equivalent places in the linguistic model
and only then start the updating. In a previous work [Espinoza 2009a]
we introduced the module for managing the conceptual knowledge and the
linguistic knowledge by means of synchronization techniques. Hence, we
brieﬂy highlight the main features.
Addition of new terms in the ontology, or deletion of an existing term
can be controlled by some mechanism of change tracking. Change tracking
in our approach enables system to obtain only changes that have been made
to the ontology terms, along with the information about those changes. By
adopting this feature, our system can accurately identify the minimal set of
changes needed to adjust the structure of the linguistic model, a critical ﬁrst
step to ensure that a matching change is made in the localized ontology. To
correctly update the linguistic model, the system needs to identify:
1. all ontology terms in the original ontology whose labels have changed
in the updated ontology,
2. any ontology term that has been added to the updated ontology,
3. any ontology term which has been removed from the original ontology,
and
4. any ontology term whose position in the updated ontology diﬀers from
that in the original ontology.
Finding where a translation is required is only part of the problem. We
also need to ensure that changes in the ontology structure are accurately
propagated to the linguistic information. This requires that elements whose
structure need to be updated are clearly ﬂagged in the linguistic model, and
that the relevant structural changes are indicated in a form that turns updating the translation into a simple process, thus involving minimal work
on the part of the linguist user or domain expert. Figure 6.8 illustrates the
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process used in our system to synchronize the conceptual and linguistic information. In the following we analyze the process in more detail, describing
the actions performed by each actor of our scenario.
• Ontology expert. (S)he is responsible for editing the changes in the
ontology model. All the changes executed in each user session are
stored in a repository as a new version. The types of changes that
our system can manage are the following: changes of the label content
(e.g., ontology label rename) and ontology structure changes (e.g.,
delete or add operations). For each case, LabelTranslator stores the
type of operation executed and its additional information (e.g., the
name of the renamed label). This information is used in our system
to synchronize the conceptual and linguistic information.
• Linguist expert(s). The linguist expert in a speciﬁc target language is
responsible for performing the localization process. Notice that this
process always uses the last version of an ontology. When the linguist
needs to update the linguistic model (LM), our system tries to synchronize both models, performing the following actions: (1) obtaining
the current version of the LM to be updated, (2) extracting the last
version of the changes in the ontology model (OM) from which the
last localization was taken (normally the one with the same number
as the LM), (3) performing all the actions of the ﬁle of changes in the
LM, and (4) updating the LM version in the repository.

Figure 6.8: Synchronization of ontology and linguistic model.

6.5.2

Localization component

The last goal of the workﬂow localization manager is supported by the Localization component. This component controls and manages the tasks that
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the ontology stakeholders are allowed to perform depending on their roles
and the status of the ontology elements to be localized. The possible tasks
in the collaborative workﬂow (described previously) apply at diﬀerent levels
of abstraction. In our solution we consider two levels: ontology element level
and translation level. Although the workﬂows can be used independently of
the underlying ontology model, the speciﬁc set of ontology terms depends on
the ontology model. In our approach, we are mainly considering the OWL
ontology model, in which an OWL ontology consists of a set of axioms and
facts. Concepts, properties, instances and ontology term comments is the
set of ontology elements we are taking into account.
The possible states that can be assigned to ontology elements are:
• In Use: This is the status assigned to any element when it passes
ﬁrst into the collaborative workﬂow, or when it was localized and then
updated in the Ontology Repository.
• New: If the ontology element was added to the ontology after that
the ontology has been localized, the ontology element is passed to the
“New status, and remains there until that the element be localized.
• Changed: If the original label of the ontology element have changed,
then the element is passed to the “Changed” status, and remains there
until that the element be checked if it needs be localized again.
• Unused: If the ontology element has been deleted, then this element is
passed to the “Unused” status, and remains there until the ontology be
synchronized (see synchronization component in the previous section).
The localization component controls also the status of the translations.
Figure 6.9 show the workﬂow to translation level. States are denoted by
rectangles and actions by arrows. The actors on the ﬁgure speciﬁes the
actions that an ontology stakeholder can perform depending on its role. In
the following we provide a detailed explanation:
• Not translated: This is the status assigned to any translation when it
passes ﬁrst into the collaborative workﬂow or when any change has
been performed in the element of the ontology under consideration.
• To be Translated: Once Localization Manager selects the translations
with not translated status, these translations are passed to the ”To be
Translated” status, and remains there until a “Translator” translates
it.
• Auto translated: If a “Translator” uses the automatic translation algorithm provided by the system, then the translation is passed to the
“Auto-translated” status, and remains there until the own “Translator” send the translations to the “To Be Reviewed (auto)” status.
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Figure 6.9: Workﬂow to the Translation level.
• Translated: If a “Translator” discovers manually a translation, then
the translation is passed to the “Translated” status, and remains there
until the own “Translator” send the translations to the “To be Reviewed” status.
• To be Reviewed: If a “Reviewer” approves the translations send by the
translator, it passes to the “Complete” status. The reviewer knows in
advance if translations have been discovered automatically or manually. For example, the word “automatic” in the message “To Be
Reviewed (automatic)” indicates to reviewer that these translations
have been obtained automatically. Additionally, when the translations reach the “Complete” status, they are automatically updated in
the Ontology Repository.
Note that during the collaborative workﬂow, actions are performed either
implicitly or explicitly. For instance, when a user updates (i.e. modiﬁes)
an ontology label, he does not explicitly perform an update action. In this
case the action has to be captured from the user interface and recorded
when the ontology is saved. In contrast, Reviewers by example explicitly
approve/reject proposed translations and the action is recorded immediately
when performed.

6.6

The Ontology Translator Module

In this section we explain the ontology translation approach that was already commented intuitively in Chapter 1. Also, in the Chapter 5 we already describe the label translation component, showing some natural ways
to combine diﬀerent translation algorithms to localize an ontology. Now
we extend the explanation by introducing the additional steps given by the
Ontology Translator to discover the more appropriate translations.
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With the help of the ontology translator module, the translators/reviewers can to reduce the eﬀort to localize an ontology manually.
The main steps given by the ontology translator are: label pre-processing,
label translation and label post-processing; (see Figure 6.10 which show the
steps presented in Figure 6.6 in more detail). In the following we describe
the ﬁrst step and brieﬂy the second and third steps.

Figure 6.10: Detailed Ontology Translator in Localization System.

6.6.1

Label Pre-Processing

We consider that ontology label pre-processing is essential in an ontology
localization system, in order to simplify the core translation processing and
make it both quality and time eﬀective. The ontology labels pose diﬀerent
challenges to MT, which can be attributed to two distinct characteristics:
• Ontology labels diﬀer linguistically and stylistically from written
language: phrases are shorter and in some cases poorly structured, also they can contain ungrammaticality expressions (e.g. Service Transport instead of Transport Service)
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• The current “standard” for naming the ontology labels is to use a
CamelCase6 approach. Therefore, we cannot rely on the initial uppercase letter to identify a phrase initial word or recognizing proper
name, since names cannot be identiﬁed by an initial capital.
These problematic factors are dealt with in a pre-processing pipeline
that prepares the input for processing by a core MT system. Thus, the task
of the ontology label pre-processing pipeline is to make the input amenable
to a linguistically-principled, domain independent treatment. This task is
accomplished in two ways:
1. By normalizing the input, i.e. removing noise, reducing the input to
standard typographical conventions, and also restructuring and simplifying it, whenever this can be done in a reliable, meaning-preserving
way.
2. By annotating the input with linguistic information, whenever this
can be reliably done with a shallow linguistic analysis, to reduce input
ambiguity and make a full linguistic analysis more manageable.
In the following we describe the functionalities of the diﬀerent tasks in
more detail:
Normalization
The label normalization groups three components, which clean up and tokenize the input.
The text-level normalization phase performs operations at the string level
(ontology term comments by example), such as removing extraneous text
and punctuation (e.g. brackets, used to mark synonyms or usage context),
or removing periods from abbreviations. E.g.:
“A publication may have an I.S.B.N.”
⇒
“A publication may have an International Standard Book Number”
The tokenization phase breaks a ontology label into words. The tokenlevel normalization recognizes and annotates tokens belonging to special
categories (times, numbers, etc.), expands contractions (e.g AssistProfessor
to AssistantProfessor), recognizes, and normalizes typographic errors (e.g.
Profesor by Professor), and identiﬁes compound words.
6

CamelCase (also spelled camel case, camel-case or medial capitals) is the practice of
writing compound words or phrases in which the elements are joined without spaces, with
each element’s initial letter capitalized within the compound, and the ﬁrst letter is either
upper or lower caseas in “LaBelle”, “BackColor”, or “iPod”. The name comes from the
uppercase “bumps” in the middle of the compound word, suggestive of the humps of a
camel. The practice is known by many other names.
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“British” “System” “Education”
⇒
“British” “System Education”
Tagging
In the tagging phase a tagger system7 assigns parts of speech to tokens. Part
of speech information is used by the subsequent pre-processing modules, and
also in parsing, to prioritize the most likely lexical assignments of ambiguous
items.
Proper name recognition
Proper names are ubiquitous in ontology labels, specially in instance terms.
Their recognition is important for deciding what instances should be translated, with an annoying eﬀect if any instance term is systematically mistranslated (e.g. a sport domain ontology where the golfer named Tiger
Woods is an instance systematically referred to as “los bosques del tigre”,
lit. “the woods of the tiger”).
Name recognition is harder in the ontology domain by the fact that capitalization information is used commonly for naming all type of ontological
terms (concepts, properties and instances), thus making unusable all methods that rely on capitalization as the main way to identify candidates. Of
course, this problem is even more heavy when no capitalization information
is given. For instance, an expression like “mark shields”, as a possible instance in the ontology, is problematic in the absence of capitalization, as
both ‘mark’ and ‘shields’ are three-way ambiguous (proper name, common
noun and verb). Our approach does not support the proper name recognition for the moment.
Segmentation
Segmentation breaks a ontology label into one or more segments, which are
passed separately to subsequent modules. For our purposes, the translation
units that we identify are syntactic units, motivated by cross-linguistic considerations. Each unit is a constituent that can be translated independently.
Its translation is insensitive to the context in which the unit occurs, and the
order of the units is preserved by translation.
One motivation for segmenting is that processing is faster: syntactic ambiguity is reduced, and backtracking from a module to a previous one does
not involve re-processing an entire phrase, but only the segment that failed.
A second motivation is robustness: a failure in one segment does not involve
7

A tagger system is a tool for annotating text with part-of-speech and lemma information.
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a failure in the entire phrase, and error-recovery can be limited only to a
segment. Further motivations are provided by the problems of the conventional MT systems. These systems have serious problem in dealing with
long sentences due to the grammar coverage, memory limitation and computational complexity. Without proper treatment of long phrases, the base
MT systems, may fail to produce understandable translations. Although in
our proposal we did not treat the translation of phrases (as the found in
term annotations), we considered this component of utmost importance for
future versions of the system.
In our approach we use a basic segmentation process to divide the
tokens of a compound label. However, for the translation of phrases
we devised a segmentation component based on machine learning techniques [Kim 2001], syntactic analysis techniques [Kim 1997] or support vector machines [Kim 2008].

6.6.2

Label Translation

After preparing the ontology element for an eﬀective MT processing, the
Ontology Translator invokes the label translation component, which obtains
the most probable translation for each ontology label. This component integrates diﬀerent MT approaches, combining the output by means of diﬀerent
translation combination strategies. Some natural ways to combine diﬀerent
translation algorithms was presented in the section 5.4.1. In addition, in the
section 5.4.2 we introduced some of the well-known combination methods
used for integrate the output of diﬀerent MT approaches. The output of
this component is a ranked set of translations for each ontology label.

6.6.3

Label Post-Processing

This component show the translations to the user for review the quality of
them. The quality of the translations is measured by means two factors
adequacy and ﬂuency. The ﬁrst factor to determinate the quantity in that
the meaning of a correct translation is preserved. On the other hand, the
ﬂuency to determine how good the corresponding translation in the target
language is.
The checking of the quality of a translation is the only task of the ontology localization activity in which the user interacts necessarily. In the next
versions of our system we will try automatize this component.

6.7

LabelTranslator System

In this section we describe ﬁrst, general comments and diﬀerent technical details related to the LabelTranslator system. LabelTranslator is our approach
to localize automatically an ontology into diﬀerent natural languages. Also,
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in the rest of this section we describe details about the design and implementation of the main components of the our system.

6.7.1

Technical details of the LabelTranslator system

LabelTranslator [Espinoza 2008a, Espinoza 2008b, Espinoza 2009a] has
been designed to support ontology localization by automating the main components described in our generic architecture and with the aim of reducing
human intervention. The tool has been implemented in the ontology editor
NeOn Toolkit as a plugin8 .
Our system implements the basic ideas resulting of our research work
during the past three years. However, a previous version of the system,
without including support for a collaborative and distributed process and
with a basic approach of translating of ontology labels was implemented as
ﬁrst prototype. This version has been replaced by the system described in
this thesis. Concretely, in the Localization Management module we design
and implement support for workﬂow. This new feature helps to manage,
monitor and control all localization activity. Also, in the Ontology Translator module we incorporate a label pre-processing component in order to
simplify the core translation processing and make it both quality and time
eﬀective. Finally, in this same module we improvement the translation task,
combining diﬀerent translation strategies depending of the type of label to
be translated. These changes in the implementation have signiﬁcantly improved quality of our system.
As a motivating example to illustrate the results obtained by our system, let us consider the extract of the sample university ontology shown
in Figure 6.11. Let us suppose that the user wants to translate the term
chair from English into Spanish. According to the domain of the sample
ontology, the correct translation of the selected term should be in the sense
of the position professor, nor in the sense of a place where one person can
sit down and nor an instrument of execution by electrocution, etc.
Employee (name, salary)

Legend
subClassOf

Faculty
Professor (researchInterest)
AsociateProfessor

Lecturer
Chair

AdministrativeStaff
Dean

Director

SystemsStaff

Figure 6.11: Extract of the sample university ontology.
In the following we describe diﬀerent features and technical information
of the main components of the system from the point of view of implementation.
8

http://www.neon-toolkit.org/wiki/index.php/LabelTranslator
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6.7.2

Ontology Management

The Ontology Management is the key of the multilingual information management of Labeltranslator as it allows the deﬁnition, storage and retrieval
of both the source ontology(ies) that provides the conceptual information to
be localized and the linguistic model(s) adopted for organizing and relating
linguistic information with each ontology in the system.
In our approach we have implemented the linguistic support on NeOn
toolkit, a state-of-the-art, open source multi-platform ontology engineering
environment, which provides comprehensive support for the ontology engineering life-cycle. For our purposes, we have extended the architecture
of the NeOn toolkit incorporating two components: the localization GUI
component and the repository component.
Localization GUI component
This component provides additional extension-points to modify the main
components of the NeOn ToolKit, with the aim of controlling the aspects
related with the localization activity. For the diﬀerent localization stakeholders, a whole set of interfaces has been developed, which interact with
the diﬀerent components of the system. The following functionalities has
been implemented:
• Conﬁguration of the parameters used in the localization activity.
• Creation of new ontology localization project.
• Assignment of the participants, roles, skills and tasks of the workﬂow.
• Manage multilingual labels.
• Visualization and edition of the linguistic information associated to
each ontology.
All those functionalities are provided thought diﬀerent interfaces. The
system starts with an ontology (described) in OWL-DL, F-Logic, or RDF
provided by the ontology user. LabelTranslator uses some views9 of the Neon
ToolKit to load the ontology and store the multilingual results, respectively.
In Figure 6.12, we show a screenshot of both the Ontology Navigator and
the Entity Properties view with information related to our sample ontology.
Along this section we will show some of interfaces used in our tool.
9

In the NeOn ToolKit a view is typically used to navigate a hierarchy of information,
open an editor, or display properties for the active editor
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Figure 6.12: A screenshot of the NeOn Toolkit views used by the LabelTranslator system.
Repository component
This component captures all the linguistic information associated with the
localized ontology elements. LabelTranslator supports the linguistic information repository model [Peters 2007] (LIR) designed for the representation
of multilingual information in ontologies. The LIR model is a structured,
non-exhaustive set of linguistic and terminological data categories, built up
on the basis of existing standards. The inclusion of the LIR in the system
ensures separation of information that is considered orthogonal in nature,
we refer to the ontological and linguistic information.
Figure 6.13 show the association between the OWL meta-model and the
LIR. This association is established by the hasLexicalEntry relation between OntologyElement and LexicalEntry. The latter manages the access
to the linguistic and terminological knowledge. The units of description that
have been selected for the LIR such as: lexicalization, sense, deﬁnition, usage context, and notes form an eclectic set of data categories. These units
constitute useful information for ontology engineers when e.g. editing lexicalizations and browsing available linguistic information such as alternative
lexicalizations and translations.
In the Figure 6.14 we show the Linguistic Information page implemented
in LabelTranslator to allow ontology users to manage the linguistic information provided by the LIR model. The page shows ﬁve sections that correspond to the lexical entries of the selected ontology element (chair in our
example). For instance, in this case the concept chair has two lexical entries,
one in English and other in Spanish.
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Figure 6.13: Connecting the Ontology Model with the Linguistic Model
(taken from [Elena-Montiel-Ponsoda 2008]).

Figure 6.14: Linguistic Information page that support the LIR model.
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In our approach, the LIR model is represented as an ontology, with instances representing the lexical knowledge. All information managed by the
LIR model is controlled by a specialized unit of the repository component.
This unit provide the following features:
• It provides a special API to retrieve linguistic knowledge or to update
the linguistic model. Also, it acts as a wrapper around any possible
representation of the model.
• It implements both load and save mechanisms which can serialize the
lexical entries associated with one ontology.

6.7.3

Localization Management

The Localization Management is the core of the LabelTranslator system.
Our solution provides a ﬂexible mechanism to supports a collaborative and
distributed scenario for localizing an ontology. In our implementation, the
workﬂow localization management implements the strategy described in section 6.5
Each one the ontologies imported in the NeOn toolkit is associated with
a set of initialization parameters (e.g. user roles, assigned tasks, etc.) that
deﬁne the behavior of the workﬂow. In order to conﬁgure the localization
parameters the localization management module extends the NeOn toolkit
with a set of wizards10 . For example the user wizard shown in Figure 6.15,
allows managing the proﬁle of each participant of the localization activity.
The wizard records information about the skills of each participant (source
and target languages), and describes the roles, operations and policies that
apply to a certain ontology. All this information is used for Labeltranslator
for checking the users credentials at login time, and for determining whether
a user is allowed to perform a certain operation based on the policies of the
ontology to be localized. In our approach a user can play several roles in
the localization activity. For example, a user Elena can play the role of
Translator and Reviewer.
In the remainder of this section, we present ﬁrst the synchronization component, which is used to maintain the ontological and linguistic information
updated. Then, we describe the main features of the automatic localization
workﬂow, which provides a ﬂexible mechanism to supports a collaborative
and distributed scenario.
10

A software wizard is a user interface element that presents a user with a sequence
of dialog boxes that lead the user through a series of well-deﬁned steps. Tasks that are
complex, infrequently performed, or unfamiliar may be easier to perform using a wizard.
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Figure 6.15: User wizars used by the Workﬂow Localization Manager.

Synchronization component
In the NeOn ToolKit, an advanced change tracking based on Resource
Delta11 is able to capture changes even when ontological terms have changed
their position within the ontology model. By adopting this feature, the synchronization component can accurately identify the minimal set of changes
needed to adjust the structure of the linguistic model.
In a nutshell, the synchronization component is notiﬁed about events
that consist of ontology changes performed by the user in the ontology editor.
For each of these events, the synchronization component stores the change
information in the Sqlite database12 .
Concretely, the information stored for each change is a tuple with i) the
type of change (e.g. add, delete or rename13 ), ii) the type of ontology
term (e.g. concept, attribute, relation or instance), iii) the related ontology (e.g. name or identiﬁer of the ontology), and iv) the label or identiﬁer
11
A resource delta represents changes in the state of a resource tree between two discrete
points in time.
12
SQLite is a software library that implements a self-contained, serverless, zeroconﬁguration, transactional SQL database engine (http://www.sqlite.org/)
13
This operation is triggered when the label of an ontological term is renamed
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of the ontological term on which the change was executed. For example,
adding a concept in the ontology editor creates the following tuple in the
database (“add”, “concept”, “university Ontology”, “academicSupervisor”).
Finally, this component is also in charge of synchronizes the changes using
the method presented in the section 6.5.1

Localization Management component
In our implementation, the localization component implements automatically the actions deﬁned in the workﬂow. Thus, this component takes care
of enforcing the constraints imposed by the collaborative workﬂow. In detail, whenever a new workﬂow action is performed, the component performs
the following tasks:
• It gets the identity and role of the user performing the action.
• It gets the status of the ontology element/translation associated to the
action/change
• It veriﬁes that the role associated to the user can perform the requested
action when the ontology element/translation is in that particular status.
• If the veriﬁcation succeeds, it performs the workﬂow action (e.g. enabling all corresponding ﬁelds in the interfaces); else neither action is
performed.
Additionally, the localization component extends some views in the Neon
toolkit which allow ontology localization stakeholders i) to see the appropriate information of the translations in the workﬂow and ii) to perform the
applicable workﬂow actions (select, translate, review, etc.), depending on
their role (as described in the section 6.5.2).
Figure 6.16 shows the perspective14 used by Labeltranslator in order to
support the localization workﬂow. The Ontology Navigator in the ﬁgure is
located on the left side of the main view. It contains all ontologies that need
be localized. The localization view is located on the middle of the main
view. This view is used to add or to update the translations associated
with the ontology terms that has been selected in the project tree on the
left. Each ontology term is located in its own row. The localization view
contains several shortcuts that make work faster, and are enabled according
to user proﬁle. Finally, the ﬁlter view is located on the right side of the
ﬁgure. It contains several check box that allow user to modify what items
are shown in the localization view.
14

A perspective is a visual container for a set of views and content editors.
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Figure 6.16: A perspective of the Ontology Localization Activity.

6.7.4

Ontology Translator

This component is responsible of obtaining the most probable translation for
each ontology label. LabelTranslator allows localize ontologies in English,
German and Spanish. The operations executed by the Ontology Translator
module are achieved with the help of diﬀerent translation methods. In
our approach these methods are composed strategically with the aim of
improving the quality of the obtained translations.
The current version of Labeltranslator allows adapt (translate) an ontology to Linguistic Level - diﬃculty 1. This means that our system only allow
the translation of ontology concepts, attributes and relations (see section 4.3
for more details). For the translation of these type of ontology elements we
have identiﬁed two translation strategies: one for simple labels and other for
compound labels.
In the following we describe the translation strategies identiﬁed for the
translation of simple and compound labels.
6.7.4.1

Translating simple labels

.
The strategy used for the translation of simple labels is a hybrid composition of two components, see also ﬁgure 6.17. The ﬁrst component combines
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two diﬀerent translation paradigms to discover diﬀerent candidate translations. The second component use an approach based on ontologies to
discover the semantic senses of each translated label.

Figure 6.17: LabelTranslator strategy for localize concept, attributes and
relation terms represented by simple labels.

First component - obtaining candidate translations
The ﬁrst component takes as input an ontology label l described in a source
language and returns a set of possible translations T = {t1 , t2 , ..., tn } in a
target language. In order to discover the translations of each ontology label,
each translation method accesses diﬀerent lexical resources. On the one
hand, the terminological-based approach use IATE15 . On the other hand, the
dictionary-based approach use the multilingual dictionary Wiktionary16 . A
buﬀer stores previously translations to avoid accessing the same data twice.
The algorithm used by the ﬁrst component is summarized in the following:
1. If the selected ontology label is already available in the target language
in our buﬀer, then LabelTranslator just displays it, with all the relevant
available information,
2. If the translation is not stored locally, then each translation method
accesses remote repositories to retrieve possible translations. A simple
disambiguation process based on term POS tagging is used to avoid a
explosion of nuisance candidate translations.
15
16

http://iate.europa.eu/iatediﬀ/SearchByQueryLoad.do?method=load
http://en.wiktionary.org/wiki/
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3. If no results are obtained from the two previous steps, then the user
can enter his/her own translation (together with the deﬁnition).
To combine the output of the diﬀerent translation methods we use a
linear combination (see section 5.4.2.1). We assigned a major weight to obtained translations from the dictionary-based approach, because the translations obtained from these resources in our tests had high quality. In
our approach, the translation of an ontology label denoted by t, is a tuple
⟨trs, senses⟩, where trs is translated label in the speciﬁc target language,
and senses is a list of semantic senses extracted from diﬀerent knowledge
pools. In the following we brieﬂy describe the task of automatically retrieving the possible semantic senses of a translated label (second component in
our translation strategy).
Second component - obtaining semantic senses
In order to discover the senses of each translated label (ti ), we have considered the ontology-based approach proposed in a previous work [Trillo 2007].
Our system takes as input a list of words (each ti ), discovers their semantics
in run-time and obtains a list of senses extracted from diﬀerent ontology
pools; it deals with the possible semantic overlapping among senses. We
summarize here the key characteristic of the sense discovering process:
1. To discover the semantic of the input words, the system relies on a
pool of ontologies instead of just a single ontology.
2. The system builds a sense (meaning) with the information retrieved
from matching terms in the ontology pool.
3. Each sense is represented as a tuple sk = <s, grph, descr>, where s
is the list of synonym names17 of keyword k, grph describes the sense
sk by means of the hierarchical graph of hypernyms and hyponyms
of synonym terms found in one or more ontologies, and descr is a
description in natural language of such a sense.
4. As matching terms could be ontology classes, properties or individuals,
three lists of possible senses are associated with each keyword k: Skclass ,
Skprop and Skindv .
5. Each keyword sense is enhanced incrementally with the synonym
senses (which also searches the ontology pool).
6. A sense alignment process integrates the keyword sense with those
synonym senses representing the same semantics, and discards the
synonym senses that do not enrich the keyword sense.
17

The system extracts the synonym names of a term by consulting the synonym relationships deﬁned in the ontology of such a term.
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A detailed description of this process can be found in [Trillo 2007]. In
order to perform cross-language sense translations, the external resources
are limited to those resources that have multilingual information like EuroWordNet; however other resources can be used too. For example, a speciﬁc domain resource for the FAO (Food and Agricultural Organization) is
Agrovoc18 , which could cover the vocabulary missed in EuroWordNet. The
multilingual retrieval of a word sense (synset) in EuroWordNet is done by
means of the InterlingualIndex (ILI), that serves as a link among the diﬀerent wordnets. For example, when a synset, e.g. “chair” with the meaning
“the position professor”, is retrieved from the English wordnet, its synset
ID is mapped through the ILI to the synsets IDs of the same concept in
the diﬀerent languages-dependent wordnets,(German, Spanish, etc.) that
describe the same concept, but naturally contain the word description in its
speciﬁc language. A similar retrieval process is used in the case of multilingual ontologies, but using the references between concepts and labels as
oﬀered by the standard owl:comment and rdfs:label properties.
Coming back to the example of section 6.7.1, in Figure 6.18 we show
the translations of the ontology label “chair” from English into Spanish; our
prototype ﬁnds eight translations, in the ﬁgure we only show three. Notice
that t3 has the desired semantics according to the similarity with the lexical
and semantic ontology context (see ﬁgure 6.11 in section 6.7.1).

Figure 6.18: Some translations of the ontology label “chair” into Spanish.
Once identiﬁed the semantic senses, the ontology-based method uses
a ranking method for sorting the list of translations according to similarity
with the structural context of the label to be translated. The ranking method
relies on the disambiguation algorithm described in [Pedersen 2005]. Once
all the translations are ranked, the method allows two operation modes:
18

http://www.fao.org/aims/ag download.htm
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• Semi-automatic mode: It shows a list with all the possible translations
sorted decreasingly. The method proposes the most relevant translation to be selected ﬁrst although the user can change this default
selection.
• Automatic mode: It automatically selects the translation with the
highest score.
Next, we ﬁrst describe how the system obtains the context of each ontology label, and then we describe the disambiguation algorithm used to sort
the translations according to similarity with their context.
• Determining the Context of an Ontology Term.
We deﬁned context as the information/knowledge that can be used
additionally to perform some task. In our approach, the context of an
ontology term is used to disambiguate the lexical meaning of the term.
To determine the context of an ontology term, the system retrieves the
labels of the set of terms associated with the term under consideration.
The list of context labels, denoted by C, comprises a set of names which
can be direct label names and/or attributes label names, depending
on the type of term that is being translated.
In order to mitigate risks associated with system performance, the
ranking method limits the number of context labels used to disambiguate the translated label. Every context label c ∈ C is compared
with the ontology label l using a measure based on Normalized Google
Distance [Cilibrasi 2007] (NGD). NGD measures the semantic relatedness between any two terms, considering the relative frequency in
which two terms appear in the Web within the same documents. Those
labels with the higher values of similarity are chosen (maximum 3). To
discover the senses of each context label (denoted by Sc ), the system
performs the same process used to discover the senses of each translated label (as explained in the previous section).
In Figure 6.19, on the left, the dashed area represents all the context
labels found for the ontology label “chair”. Our prototype ﬁnds ﬁve
labels, but only selects three (see the dotted area) to disambiguate the
term. In the table on the right, we show for each type of ontology
term (concept, attribute, or relation) the context labels that could be
extracted. For instance, for the concept “chair” the system retrieves
its hypernyms, hyponyms, attributes, and sibling concepts.
• Disambiguating the Senses of the Translations.
In some works [Pazienza 2006, Pedersen 2005] the glosses are considered as a very promising means of measuring relatedness, since they
can be used: 1) to make comparisons between concepts semantically
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Figure 6.19: Context of the ontology label “chair”.
diﬀerent, and 2) to discover relations of which no trace is present in
the resource they come from. For the current version of the prototype,
the ranking method relies on a measure based on glosses proposed
in [Pedersen 2005] to sort the translations according to their context.
However, we recognize that glosses are by necessity short and may
not provide suﬃcient information on their own to make judgments
about relatedness. Therefore, we make use of the hierarchical graph
of the sense to extend the gloss with the relatedness glosses of their
ontological terms.
We carry out disambiguation in relation to the senses of each translated
label and the senses of the context labels. In the following we describe
the method: let us suppose that the ontology label l after executing
the translation process has yielded n translations: T = {t1 , t2 , ..., tn }.
For each translation the system retrieves its corresponding senses, for
example the ﬁrst translated label (t1 ) to be disambiguated has n senses
St1 = {s1t1 , s2t1 , ..., snt1 }. We use the notation T SC (translation sense
collection) in order to group the senses of all translated labels.
T SC = {St1 ∪ St2 ∪ ... ∪ Stn }
where Stj , tj ∈ T , represents all senses corresponding to j th translated
label.
Now, suppose that the ontology label l has the context C which comprises several labels: c1 , c2 , c3 . Each of these context labels has a
list of corresponding senses, for instance, ci has m senses: Sci =
{s1ci , s2ci , ..., sncm }. We use the notation CSC (context sense collection)
in order to group the senses of each context label.
CSC = {Sc1 ∪ Sc2 ∪ Sc3 }
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where Scj , cj ∈ C, represents all senses corresponding to j th context
label.
The goal of the disambiguation algorithm is to select one of the senses
from the set T SC as the most appropriate sense of the translation of
label l. The algorithm performs word sense disambiguation by using
a measure of semantic relatedness that is given by:
|T SC|

maxj=1 (SenseScore(T SCj , CSC))
where T SCj is the representation of one of the senses of each translated
label. The chosen sense is the one with the greater value of SenseScore,
deﬁned as:
SenseScore(T SCj , CSC) =

∑|CSC|
k=1

(Similarity(T SCj , CSCk ))

where CSCk is the representation of each sense of the diﬀerent context
labels.
In order to compute the similarity between the senses of each context
and the translated label, the method applies an overlap scoring mechanism. Details about this process are available in [Pedersen 2005] as
it is not the main goal of this paper.
In our example, “cátedra” (cathedra) in the sense of “the position of
professor” is ranked as ﬁrst translation of the ontology label “chair”.
Once the right sense has been selected, the system updates the linguistic information of the corresponding ontological term.
6.7.4.2

Translating compound labels

Compound labels which have an entry in linguistic resources such as lexical
databases, dictionaries, etc. (for example “jet lag”, “travel agent” and “bed
and breakfast”) are treated as single words in our approach. Others like
“railroad transportation”, which have no entry in the previous resources,
are translated using a compositional method (see ﬁgure 6.20)
This approach uses a hybrid composition of two translation components.
The ﬁrst component is similar to the ﬁrst component used for translating
simple labels. However, in this case we have incorporated a method based
on online MT systems in the parallel combination. The fundament behind
of this approach is the vocabulary limitation (specially for compound labels)
of both terminology and dictionary translation approaches. The online MT
approach uses diﬀerent multilingual systems such as GoogleTranslate19 , Babelﬁsh20 , and FreeTranslation21 .
19

http://www.google.com/translate t
http://babelﬁsh.altavista.com/
21
http://ets.freetranslation.com
20
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The second component relies on a similar approach to the example-based
method identiﬁed as part of the corpus-based translation techniques (see section 5.3.5). Two are the main diﬀerences. First, instead of extracting the
bilingual translation templates from a simple monolingual corpus or from a
parallel corpora, we derived these templates from diﬀerent ontologies. The
second diﬀerence concerns to the used method to discover the translations.
We do not extract the translations from a corpus, but from diﬀerent linguistic resources.

Figure 6.20: LabelTranslator strategy for localize concept, attributes and
relations respresented by compound labels.
In a nutshell, this method split the label into tokens (“railroad” and
“transportation” in the example); the individual components are translated
and then combined into a compound label in the target language. Care is
taken to combine the components respecting the word order of the target
language. A set of lexical templates derived from diﬀerent ontologies are
used to control the order of translation. The main steps of the algorithm
are:
1. The compound label is normalized, e.g., rewriting in lowercase, hyphens are removed, it is split into tokens (see segmentation task in the
ﬁgure), etc.
2. A set of possible translations is obtained for each token of the compound label using the diﬀerent translation paradigms (ﬁrst component
in our translation strategy). Note that neither process of combination
is executed among diﬀerent translations obtained from each method.
The method uses all possible combinations of translation obtained for
each token.
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3. Since translations between languages do not keep the same word order,
the algorithm creates candidate translations in the target language
using lexical templates22 . Each lexical template contains at least a pair
of patterns, namely ‘source’ and ‘target’ patterns. A source pattern is
a template to be compared with the tagged compound label 23 , described
in the source language, while the target pattern is used to generate the
label in the target language. If no applicable template is found, the
compound label is translated using the translation service directly.
4. All the candidate labels that fulﬁll the target pattern are returned as
candidate translations of the compound label.
In the following we describe the process to learn the lexical templates
used to control the order of translation of compound labels.
Learning Lexical Templates from Ontological Labels
We believe that lexical templates used to translate compound labels are a
necessary component to produce high quality translations because 1) it
guarantees grammatical output and, 2) it makes sure that the structural
source language meaning is preserved. In our approach, we used a semiautomatic process to obtain the lexical templates. As we explained before,
each lexical template is composed of source and target patterns. The ontology labels used to learn the source patterns were extracted from diﬀerent
domain ontologies expressed in English, German, or Spanish. Each label was
tokenized and tagged using the language independent part-of-speech tagger
proposed in [TreeTagger 1997]. On the other hand, the labels used to learn
the target patterns were extracted either from the multilingual information
associated with each ontological term or by means of a manual translation
process. The same process used to annotate part of speech (POS) in the
labels of the source patterns was used to annotate the labels of the target patterns. The empirical results collected during the learning of lexical
templates are brieﬂy described below:
• Existing ontologies share the same lexical patterns. For instance, approximately 60% of the labels that describe an ontological concept
makes use of an adjective followed by a noun (e.g. spatial region,
industrial product, natural hazard, etc.). Other labels use as lexical
pattern (≈ 30%) a noun followed by another noun (e.g., transport
vehicle, knowledge domain, etc.).
22

The notion of lexical template proposed in this paper refers to text correlations found
between a pair of languages.
23
We use TreeTagger [TreeTagger 1997] in order to annotate the compound labels with
part-of-speech and lemma information.
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• Ontology labels usually have less than four tokens. Approximately 85%
of labels fulﬁll this. Thus, for the current prototype we only focus on
the deﬁnition of lexical templates for compound labels of two o three
tokens.
A repository is used to store all the lexical templates obtained for each
pair of languages. Table 6.1 show only a sample list of the lexical templates
learned to translate compound labels from English into Spanish.
Table 6.1: Some lexical templates to translate a compound label from English into Spanish.
Templates (4/25)
Samples of source and target patterns
English
Spanish
[J1 N2 ]en→[N2 J1 ]es
spatial region→
región espacial
industrial product→
producto industrial
natural hazard→
peligro natural
[N1 N2 ]en→[N2 ⟨pre⟩N1 ]es
transport vehicle→
vehı́culo de transporte
knowledge domain→
dominio del conocimiento
research exploration→ exploración de la investigación
[J1 VB2 ]en→[VB2 ⟨pre⟩J1 ]es
remote sensing→
detección remota;
detección a distancia
[J1 N2 N3 ]en→[N2 ⟨pre⟩N3 J1 ]es associated knowledge
dominio de conocimiento
domain→
asociado
J: adjective; N: noun; VB: verb
As an illustrating example of the compositional method, we show in Figure 6.21 the steps of the algorithm when collecting Spanish translations for
the English compound label “AssociateProfessor”, which was introduced in
our motivating example (see Figure 6.11). Our system ﬁnds ten translations for the token “associate” and one for “professor” (normalized in the
ﬁrst step). In the next step, our tool searches a lexical template (in our
repository) to create candidate translations. In the template found, [J1
N2 ]en represents the source pattern in English whilst [N2 J1 ]es represents
the target pattern in Spanish. In both cases, numbers represent the position of each token of the compound label. Notice that, in the last step the
candidate translations “profesor socio” (professor member) and “profesor
compañero” (accompanying professor) are discarded because they do not
fulﬁll the target pattern.

6.8

Summary of the Chapter

Along this chapter we have discussed two important issues related to ontology localization activity: life-cycle model and system architecture. We
have ﬁrst described the phases of life-cycle model of the localization activity.
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AssociateProfessor
Step 1: Ontology Label Normalization
associate professor
Step 2: Obtain English−Spanish translations
(using Translation service)
some translations of "associate" (4/10)

translations of "professor" (1/1)

socio (partner)
asociado (having partial rights and privileges)
vinculado (having a logical or causal connection)
compañero (mate)

profesor (professor)

Step 3: Creating translations into Spanish
using Lexical Templates
Lexical Template for "associate professor": [J1 N2]en−[N2 J1]es
Source Pattern
[J1 N2]en

some Candidate Translations (4/10)

Target Pattern

profesor socio (professor member)
profesor asociado (associate professor)
profesor vinculado (connected profesor)
profesor compañero (professor mat)

J : adjective
N : noun

[N2 N1]es
[N2 J1]es
[N2 J1]es
[N2 N1]es

Step 4: Select candidate translations
profesor asociado (associate professor)
profesor vinculado (connected professor)

Figure 6.21: Algorithm to translate the compound label “AssociateProfessor” into Spanish.

A description of the key concepts and elements needed to build a ontology
localization system have been included.
Second, we have explained the diﬀerent modules in the generic architecture for an automated ontology localization in collaborative and distributed
environments. We have presented the global architecture motivated by the
phases identiﬁed in the life-cycle model. Also, in order to deﬁne the infrastructure requirements we took diﬀerent key factors from diﬀerent software
localization approaches and then we compared them with our own observations in the ﬁeld. Concretely we described three groups of requirements:
collaboration and distribution of the tasks, automated translation, and extensibility.
The Ontology Management has been introduced as the module that enables to ontology editors to automatically manage the multilingual content
for localization. We have also explained that the control and management
of the localization activity is performed by the Localization Management
module. The functionality of the Ontology Translator module has been
presented later.
Finally, we have presented the LabelTranslator system our approach to
automatically localize ontologies among English, Spanish and German. We
have included the description of technical details of the main components
in the architecture. So, we have discussed the diﬀerent aspects concerning
to the implementation of the Ontology Repository component included in
the Ontology Management module. A description of the capabilities of the
implemented interfaces has also included. Concerning to the Localization
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Management module we have described their main functionalities, that are:
synchronize the changes of the ontology and linguistic model and implement
the actions described in the collaborative workﬂow. We have ﬁnished the
description of technical details of the main components in the architecture
by commenting some implementations details about Ontology Translator
module. We have described here the translation strategies used for localize
simple and compound labels.
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Chapter 7

Methodological Guidelines
In this chapter, we explain the guidelines we propose to help ontology practitioners in the Localization Activity, which are inspired in the Software
Localization methodologies. First, section 7.1 presents the scope of the
methodological guidelines described in this thesis, but before we provide a
detailed account of localization guidelines in a systematic way from practical
and application perspectives. In the section 7.2 we present the design principles taken into account when deﬁning the methodology and section 7.3
describes the process followed to deﬁne it. Then, section 7.4 details the
methodology by describing its actors, process and tasks.

7.1

Scope of the Methodological Guidelines

Methodological guidelines for localization can be discussed from diﬀerent
perspectives:
• guidelines for the development of internationalized ontologies,
• guidelines for the localization of existing ontologies, and
• guidelines for reaching a mature ontology localization process.
The fundamental diﬀerence among guides above described are i) the
target audience, ii) the objective and scope of the guidance, and iii) type of
studies covered. In the following we ﬁrst brieﬂy describe these factors for
each of guidelines with the objective of comparing them. Then, we describe
the design principles contemplated for deﬁning the guidelines used in this
thesis.

7.1.1

Guidelines for the development of internationalized ontologies

• Objective and Scope: The aim of these guidelines is to enhance the
design and implementation of internationalized ontologies in order to
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reduce the cost of localization. Starting at the ontology design level,
the internationalized ontologies are built in such a way that it can be
easily adapted to new languages and culture conventions later on.
• Target Audience: The guidelines are intended particularly for ontology developers, who are concerned with design and development of
ontologies. In addition, they are intended for international institutions interested on planning, design and implement internationalized
domain ontologies.
• Studies Covered: These guidelines provide diﬀerent recommendations
for naming conventions of the ontology elements. The key goal here is
that the ontology elements be clear (avoid ambiguity) and simple (easy
to translate to other languages). Recently, some works [Flied 2007,
Schober 2007] already have proposed naming conventions for ontology
terms.

7.1.2

Guidelines for the localization of existing ontologies

• Objective and Scope: The aim of these guidelines is to enhance the localization process of ontologies already conceptualized. Usually, these
ontologies are designed without taking into account the multilingual
and localization aspects. Therefore, these guidelines must to help reduce the cost, improve the quality and increase the consistency of the
Localization Activity.
• Target Audience: The guidelines are intended particularly for ontology
stakeholders such as localization managers, translators and reviewers,
who are concerned with the ontology localization activity. In addition,
they are intended for communities interested on localizing ontologies.
• Studies Covered: These guidelines describe diﬀerent stages for the
localization activity. In each stage of the process the guidelines explain
the ontology activity with the same style and granularity than those
methodologies for developing software. To the best of our knowledge,
do not exist guidelines for supporting the ontology localization activity.
However, the software localization methodologies can be adapted for
ontology localization, as these methodologies are very general.

7.1.3

Guidelines for reaching the ideal localization process

• Objective and Scope: These guidelines are intended to reach the ideal
localization process within of an organization. Usually, the most organizations pass through diﬀerent stages of maturity before reaching
the ideal localization process. Therefore, these guidelines describe behaviors or best practices demonstrated by successful projects.
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• Target Audience: We envisage that these guidelines can be intended by
organizations dedicated to development of semantic web applications
that require the use of multilingual ontologies.
• Studies Covered: These guidelines should describe diﬀerent maturity
levels used to improve and appraise the ability of an organization to
perform the functions required in the ontology localization activity.
The Localization Maturity Model [DePalma 2007] (LMM) is a new
advance in the deployment of software localization. While LMM compliance will not guarantee success, it does increase the likelihood of
succeeding by helping planners understand what others have experienced and learned before them. As this methodology is quite general,
we believe they can be adapted to Ontology Engineering methodologies.
In this thesis we propose general guidelines that covers the localization
of existing ontologies (second group above). The principles that guide the
construction of such a guidelines are:
• The guidelines should be general enough in the sense that it should
help software developers and ontology practitioners to localize ontologies in diﬀerent natural languages and domains.
• The guidelines should deﬁne each process or activity precisely; state
clearly its purpose, its inputs and outputs, the actors involved, when
its execution is more convenient, and the set of methods, techniques
and tools to be used for executing it.
• To facilitate a promptly assimilation by software developers and ontology practitioners about ontology localization, we present the guideline
in a prescriptive way none oriented to researchers.

7.2

Design Principles

The design principles applied when developing the ontology localization
guidelines were extracted from the conditions that each methodology should
satisfy [Paradela 2001]. These conditions already have been applied in the
development of other methodologies, for example, the NeOn Methodology [Suárez-Figueroa 2008a] for building ontology networks or the Bechnmarking methodology [Garcia-Castro 2008] for semantic web technologies.
The conditions proposed by Paradela can be classiﬁed into necessary
conditions, which are independent of the domain where the methodology is
applied and are common to any methodology, and into suﬃcient conditions,
which are speciﬁc to each domain where the methodology is used, in our
case to the domain of ontology localization.
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The necessary conditions involved in the localization methodology are
the following:
• Completeness. The methodology must consider all the cases presented,
regardless of who presents the case, and of their degree of diﬃculty,
typology, etc.
• Eﬃciency. The methodology must be an eﬃcient procedure, in the
sense that it must be independent of the person who uses it.
• Eﬀectiveness. The methodology must be eﬀective and able to solve
adequately all the cases that, having a solution, are presented.
• * Consistency. The methodology must produce the same results for
the same problem independently of who carries it out.
• Responsiveness. The methodology must consider the “what”, “who”,
“why”, “when”, and “how” of every task.
• Advertency. The methodology must consider the general methodlogical rules of Descartes‘ Cartesian Method: evidence (never to accept
anything for true which I do not clearly know to be true), analysis (to
divide each of the diﬃculties under examination into as many parts
as possible, and as might be necessary for its adequate solution), synthesis (to conduct thoughts by commencing with objects the simplest
and easiest to know and ascending little by little to the knowledge of
the more complex) and test (to make enumerations so complete, and
review so general, that I might be assured that nothing was omitted).
• Finiteness. Both the number of the elements composing the methodology and the number of tasks must be ﬁnite and they should consume
a short period of time.
• Discernment. The methodology must be composed of a small number
of structural, functional and representational components.
• Environment. The methodology must be classiﬁed into one of two
main groups: scientiﬁc or technological.
• Transparency. The methodology must be like a white box, allowing
us to know in every moment which is the task being proposed, what
is being performed, who is performing it, etc.
The suﬃcient conditions involved in the Ontology Localization methodology are the following:
• Localization-oriented. The methodology must be focused on producing
a continuous improvement of the ontology localization activity.
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• Grounded on existing practices. The methodology must be grounded
on existing methodologies, practices and models in the areas of Software Localization, and Translation Process so as to facility its understanding and use in diﬀerent organizations.
• Collaborativeness. The methodology must permit carrying out localization in a collaborative way and should be ﬂexible enough so that any
localization stakeholder interested in participating could do it. This
collaboration will lend quality to the ontology localization results.
• Openess. The methodology must not limit the type of ontologies to be
considered in localization, nor the people resposible for carrying out
localization. This openness will permit applying the methodology in
a broad range of scenarios.
• Usability. The methodology must be easy to understand and learn,
and the eﬀort needed to use the methodology must be minimal independently of the complexity and domain of the ontologies to be
localized.

7.3

Research Methodology

This section describe the process followed to develop the ontology localization methodology. The NeOn Methodology [Suárez-Figueroa 2008a] considers the localization of an ontology as one activity. Thus, for describing the methodology, the deﬁnitions of activity and task set out by the
IEEE [IEEE 2000] have been strictly followed:
• Activity. A constituent task of a process. An activity is a deﬁned
body of work that is to be performed, including its required input and
output information.
• Task. The smallest unit of work subject to management accountability. A task is a well-deﬁned work assignment for one or more project
members.
For the development of the ontology localization methodology, we adopt
the process followed by Garcia Castro [Garcia-Castro 2008] in the develop
of a benchmarking methodology. The steps followed are described in the
following:
1. To analyze diﬀerent relevant methodologies from the Software Localization area.
2. To identify the main tasks of selected works by choosing the tasks that
are considered in most of the works.
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3. To complete these tasks in order to cover the ontology localization
requirements.
4. To analyze task dependencies in order to deﬁne task order.
The next sections will examine each step in more detail.

7.3.1

Analysis of relevant methodologies

In the ﬁrst step we analyze diﬀerent relevant methodologies related with the
ontology localization activity. In particular, we focus on the Software Localization approaches. These area provide an overview of diﬀerent tasks that
deal with issues relevant to ontology localization activity, such as analysis
of source material, translation process, or product quality assurance.
We described here diﬀerent software localization methodologies or in
some cases best practices extracted from academia and industry. These
methodologies view localization as a mechanism to satisfy the needs and
requirements of international markets or cultural nuances and also consider
the localization as a continuous process. The list of selected methodologies
and models are neither meant to be exhaustive nor complete but rather only
informative.
Software Localization Methodologies
Unlike software development projects, where exist well-established and precise practices and methodologies; the localization projects do not explain the
localization process with the same style and granularity than those methodologies for developing software. Possibly, one of the reasons of the lack of a
coherence methodology be that the localization does not consist of a discrete
process or a deﬁned set of tasks, but rather represents a focal point in the
corporate matrix at which various business units, objectives, and processes
intersect [Dunne 2006].
However, in the literature there are various works that follow diﬀerent methodological steps, which are not applicable to all projects, but are
to be seen as general goals in the localization chain. For example, Essenlink [Essenlink 2000] is one of the ﬁrst in identifying and describing some
typical phases for a localization project sequence:
• Analysis of source material. Its goal is to analyze all aspects of the
material to be localized to create the foundation for an eﬀective localization. The essential steps of this phase are:
– To identify the localization problem areas.
– To select the localization tools.
– To analyze all aspects of the new localization project.
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• Scheduling and budgeting. The goal of the schedule and budget task
is to ensure a timely shipping of localized software. Some steps are
recommendable:
– To identify all tasks and activities.
– To deﬁne the dependencies between activities
– To establish the sequences of activities.
• Identiﬁcation and setup of both source and target language terminology. Its goal is to deﬁne the basic terminology list, also called project
glossary, which would typically contain terms that are commonly used
in the product user interface or support documentation. Some tasks
of this phase are:
– To select methods for collecting terminology information.
– To extract the terminology information.
– To identify the terms that should not be localized such as proper
names.
• Preparation of source material. Once analyzed the material a translation kit is is created for the translators. The preparation of the source
material includes:
– To investigate leveraging possibilities for the software, i.e., checking whether existing translations can be automatically re-used.
• Translation of software. The goal of this task is to translate the software applications resources such as dialog boxes, menus and strings
and to validate the translations in context (in the running applications).
• Translation of online help and documentation. As soon as a software
glossary or a preliminary build of the localized software is available,
translation of online help and documentation can start.
• Engineering and testing of software and online help. The engineering
task involves resizing the user interface, assigning unique hot keys, and
compiling the localized resource ﬁles into a running application. The
main step of this phase is:
– To test the functionality of localized versions.
• Processing updates. The goals of this task are to process updates
using ﬁles compares, copying and pasting, or translation memory tools
and to prevent unnecessary software engineering, testing or desktop
publishing work.
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• Product quality assurance and delivery. Its goal is to check the quality
of all localized material. The pre-delivery QA check includes:
– To review the quality translations.
– To ﬁnalize bug or problem reports.
– To ensure the instructions given in the initial hand-oﬀ or statement of work from publisher were covered.
• Project closure. The goal of the project closure task is to organize
a post-mortem or project audit with the localization vendor after a
project has been completed. Issues involved in this step include:
– To process the evaluation of the completed project
– To evaluate the technical and linguistic quality of deliverables.
– To identify the areas for improvement.
– To suggest process modiﬁcations for future projects.
In a publication of the MultiLingual Computing1 , Muller [Müuller 2009]
identiﬁes nine phases for software localization:
• Project setup phase. The phase is devoted to establish the project plan
with milestones, time buﬀers and constraints. The essential tasks of
this phase are:
– To analyze the characteristics of the material to be translated.
– To identify the time for translation preparation and revision.
– To identify the constraints such as project end, money and resources of each task.
• Translator training phase. The goal of this phase is to prepare to
translators in the software to be localized. The idea of this phase is
to avoid that the ﬁrst contact of the translator with the software not
be the translation of a context-less list of words. The tasks that this
phase comprises are:
– To organize a course of training on software to be localized.
– To provide tools of support for solving the translators problems.
– To introduce the localization kit so that the translators become
familiar with the style guide and the workﬂow they should follow.
1

Multilingual Computing is one of leading industry magazine for Web
site globalization, international software development and language technology
(http://www.multilingual.com)
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• Terminology deﬁnition phase. The goal of this phase is to deﬁne the
basic terminology to be used for translation. The main step of this
phase is:
– To extract the terminology from the elements to be translated.
• User interface translation. The main purpose of this phase is to start
the localization of the software. The main tasks that follow this phase
are:
– To select the tools for supporting the translation.
– To enable the interpretation of context-less strings, providing additional information.
• Test of user interface translation. The goal of this phase is to control the quality of the localized versions of the software. The tasks
recommend are:
– To design a list of test that cover a wide range of topics (e.g. check
messages for consistent wording, check that text is not truncated
due to its length, etc.)
– To implement all designed tests.
• Documentation translation phase. Its objective is to translate the
documentation of the software product.
• Review of documentation translation. In this phase, the documentation translated is checked for possible errors. The steps recommend
are:
– To design and implement both usability and quality documentation tests.
– To ensure the consistency between user interface and documentation.
• Finalize documentation translation The main goal of this phase is to
update the localized documentation.
• Lessons learned. Its objective is to ﬁnd out problems during localization between all internal and external team members, the root causes
of the problems and the enablers that particularly contribute to the
diﬃculties. This phase involve the following tasks:
– To identify problems in the performance level.
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– To review the causes of the problems based on the lessons learned
log maintained during the project.
In her doctoral work about Internet Software Localization, Jevsikova[Jevsikova 2009] identify ﬁve phases that should be carried out to localize
a software product. For each phase she describe the goals and the process
used:
• The Preparational phase of localization process is aimed to evaluate
the number of potential users of localized product, the software and
the potential of localization. The preparational phase helps also to
choose suitable software to localize.
• Software adaptation is the second phase of localization process, which
can be run in parallel with the translation and adaptation of dialogs
phase (explained latter on). The diﬃculty of this phase depends on
the level of internationalization of the software. Basically, this phase
involve the adaptation of all cultural elements of software to the target locale. Locale deﬁnitions are used to prepare software for such
adaptation.
• The Translation and adaptation of dialogs involve as ﬁrst task the
preparation of contextual information for translating the user interface strings. Then, the experimentation of the software is performed
by running the program and looking for interface strings. After correction of translation, testing and correction cycle is repeated, because
correction of one string can cause errors in other interface parts.
• Translation and adaptation of help documents The main goal of this
phase is to ensure the consistency between user interface and the help
information.
• Overall localization testing includes internal and external testing when
all the previous stages of localization are completed. This stage includes testing of consistency of user interface elements, consistency in
token functionality, aesthetics, inter-product communication, scripting considerations, error messages, cross-platform, hardware platform
and other [O‘Sullivan 2001].
The SDL Language Technologies2 , incorporates nine basic steps in their
software localization tool (SDL Passolo3 ). The standard localization process
includes the following steps:
2

SDL Language Technologies is a division of SDL International, the world leader in
Global Information Management (GIM).
3
http://www.translationzone.com/en/products/software-localization/sdl-passolo.asp
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• Analysis of the material received and evaluation of the tools and resources required for localization.
• Cultural, technical and linguistic assessment.
• Creation and maintenance of terminology glossaries.
• Translation to the target language.
• Adaptation of the user interface, including resizing of forms and dialogs, as required.
• Localization of graphics, scripts or other media containing visible text,
symbols, etc.
• Compilation and build of the localized ﬁles for testing.
• Linguistic and functional quality assurance.
• Project delivery.
As can be observed, the previous works contain some similar tasks. In
the next step of the development of the methodology we identify the set of
common task that these works treat.

7.3.2

Identiﬁcation of main task

From the works described previously we selected the common task, as can
be seen in Table 7.1. These common tasks has been grouped into phases
according to the phases used in the selected works.
Table 7.1: Common tasks in software localization methodologies
Phase
Task
Preparation Choose suitable tools for localizing
Select methods and tools for collecting terminology information
Create translation kit for translators
Translation Provide contextual information for the translation.
Translate software strings.
Translate documentation and help.
Revision
Implement functionality tests
Implement linguistic and quality tests.
Delivery
Update and compile the localized software
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7.3.3

Task completion

The third step in the development of the methodological guidelines is to
complete the ontology localization requirements with additional tasks. In
our case, only one task was included to complete the coverage of the selected
task. This task has to goal choose the element that must be localized. This
step may choose to discover the translations of certain candidate ontology
elements and ignore others (e.g., only localize ontology concepts and not
ontology relations). Therefore, a task related to this involvement was added.

7.3.4

Analysis of task dependencies

The last step, once a set of candidate tasks were selected was to identify
the logical order in which these task are to be performed. To arrange the
order of the tasks, a task A was considered to be previous to a task B if the
output of the task A is needed as an input in task B.
An ordered ontology localization process with sequential tasks was obtained. To simplify the methodological guidelines, some tasks were merged
into one. For example, the choose suitable tools for localizing, select methods
and tools for collecting terminology information, and create translation kit
for translators were merged because the tasks and their outputs were highly
coupled.
The resulting tasks was re-labeled for the case of localize ontology elements. Therefore, the ﬁnal list of tasks include the following:
• Select the most appropriate linguistic assets.
• Select ontology label(s) to be localized.
• Obtain ontology label translation(s)
• Evaluate label translation(s)
• Ontology update

7.4

Proposed Guidelines for Ontology Localization

In this section we explain the guidelines to help ontology practitioners in the
localization activity. First we present the diﬀerent kind of actors involved
in the ontology localization activity. Then, we describe the guidelines for
localizing ontologies to diﬀerent natural languages.
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7.4.1

Ontology Localization Actors

The tasks of the ontology localization activity are carried out by diﬀerent
actors according to the kind of roles that must be performed in each task.
In the following, we presents the actors involved in the localization activity:
• Ontology Expert and ODT. The ontology expert and the Ontology Development Team (ODT) are the responsible of performing the ﬁrst
tasks of the ontology localization activity. Their work consists in
preparing the localization material (e.g. identify the ontology elements
to be localized) and distributing it to localization team.
• Localization Manager. The localization manager plays a key role in
the localization activity, as it must prepare all technical aspects of the
localization activity, including the selection of the right resources and
tools to perform the ontology localization, creation of the localization
team, assignation and monitoring of the tasks.
Another task performed by the localization manager is the updating
and ﬁnal quality revision of the translated ontology.
• Linguistic Experts. The linguistic experts can be:
– Translator (Localization Specialist). Once the localization manager assigns the localization tasks to each member, the Translator
or Localization Specialist takes care of discovering the more appropriate translations for each ontology element.
– Reviewer (QA Specialist). The reviewer or QA specialist reviews
translated ontology elements. A reviewer does not necessarily focus on the translation quality, but specially on the ﬁnal linguistic
quality of the ontology elements. The revision is a ﬁnal language
check for spelling errors, grammar mistakes and consistency.
The current industry trend is to use external localization service
providers for translation to avoid the high ﬁxed cost of using in-house translators, and to use translators who are based in the target markets who know
the up-to-date usage of particular languages. We conceived a similar situation for ontology localization. Figure 7.1 show the high-level overview of the
people who are directly involved in ontology localization activity, both on
localization service and ontology publisher side. The localization manager
and the ontology expert are the responsible of the communication between
both groups.
The Quality Assurance Department (QA Department) of the ontology
publisher performs a ﬁnal quality check on all localized ontology elements
received from the localization service provider for looking for possible problems in the translations.
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Figure 7.1: Actors in the Ontology Localization Activity.

7.4.2

Ontology Localization Guidelines

Taking
into
account
the
methodological
work
included
in [Suárez-Figueroa 2008a], we provide the ﬁlling card for the ontology localization activity shown in Table 7.2. Such ﬁlling card allows us to
explain the information of the ontology localization activity in a practical
and easy way.
Next, we describe the detailed tasks for performing the ontology localization activity in a prescriptive manner. Figure 7.2 shows how the activity
should be carried out, with inputs, outputs and the actors involved.
Task 1. Select the most appropriate linguistic assets
The goal of this activity is to select the most appropriate linguistic assets
that help in the Localization Activity. Localization Manager carry out this
activity taking as input the ontology to be localized. The activity output is
a set of linguistic assets that can help to reduce the cost, improve the quality
and increase the consistency of the Localization Activity. The choice of a
speciﬁc resource is performed manually and looking for linguistic assets with:
• Consensus. Used resources should contain multilingual terminology
already consensuated by the community, thus the eﬀort and time spent
in ﬁnding out the right translation labels for the ontology terms will
decrease considerably,
• Broad coverage. The resources should cover translation information
from general to speciﬁc domain labels. Also, since each resource supports diﬀerent feature and language sets, the selected resources should
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Table 7.2: Ontology Localization Filling Card.

cover all target languages for current and possible future ontology localization projects, and
• High precision. The resources used for ontology localization should
be able to identify the lexicographical diﬀerences that exist between
diﬀerent natural languages.

Task 2. Select ontology label(s) to be localized
The goal of this task is to select the ontology label(s) to be localized. Domain Expert(s) and ODT carry out this task taking as input an ontology
whose ontology labels expressed in a source natural language need to be
localized to a target language. The task output is a set of ontology labels
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Figure 7.2: Proposed tasks for the Ontology Localization Activity.
and its context4 . The context describes the meaning of a speciﬁc label in
the ontology and consist of a small excerpt of ontology labels around the
ontology label itself (e.g., direct hypernyms labels, hyponyms labels, etc.).
Since there are no methodological guidelines for guiding in the selection
of the ontology labels, we believe that the user is the one who has to choose
the space of candidates to be localized. At this stage, the user may choose
to localize the complete ontology or only certain labels.
Task 3. Obtain ontology label translation(s)
For each ontology label, the goal of this task is to obtain the most appropriate translation in the target language. Linguist experts (translator) carry
out this task taking as input the ontology label(s) to be localized. Diﬀerent
techniques can be used to perform this task (see section 5.3 for more details).
The identiﬁcation and combination of the translation techniques more
appropriate depend on two factors:
• The type of domain of knowledge represented by the ontology. We
4

In NLP, context it is the environment in which a word is used, and context, viz. word
usage, provides the only information we have for ﬁguring out the meaning of a new or a
polysemous word.
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mainly consider here two types of domains of knowledge: domains
whose categorization usually ﬁnds consensus among diﬀerent cultures,
and culturally-dependant domains, i.e., domains whose categorization
is normally inﬂuenced by a certain culture.
On the one hand, ontologies categorized within ﬁrst domain will require techniques of translation that allow to identify a direct correspondence between words (explicit translations). For example, techniques
based on linguistic resources such as dictionaries, terminologies, etc.
On the other hand, ontologies culturally-dependant domain (e.g., the
judicature) in which categorizations tend to reﬂect the particularities
of a certain culture, they will require translation techniques that allow
to identify semantic correspondences.
• The level of localization. A second factor to be considered is the type of
ontology elements that can be localized. Depending on the ontology
elements considered, the algorithms of localization can be more or
less complex. For example, the localization of ontology concept and
relations is less complex that the localization of ontology instances,
because a big part of the instances are represented by a name, and
therefore should not be translated.
The task output is a ranked set of labels in the target language for each
ontology label(s).
Task 4. Evaluate label translation(s)
The translation quality measurements must accomplish two basic criteria:
• Repeatable. Two assessments of the same sample must yield similar
results.
• Reproducible and Objective. Diﬀerent evaluators should arrive at a
similar assessment for the same piece of translation.
The goal of this task is to evaluate the label translations in the target
language. Domain and linguist experts carry out this activity taking as
input the labels in the target language. The output of this task is a set of
labels with its corresponding evaluation. Diﬀerent linguistic criteria can be
used for the evaluation of the label translations. We propose two levels of
evaluation criteria and for each level a set of tests, which can be automated
as far as possible.
• Semantic ﬁdelity evaluation. The aim is to control that the label
translation be conceptually equivalent to the ontology label in the
source language. A way of evaluating the semantic ﬁdelity is to perform a backward translation test, which provides a quality-control step
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demonstrating that the quality of the translation is such that the same
meaning is derived when the translation is moved back into the source
language.
• Stylistic evaluation. The aim is to control the clarity and syntax of
the target language, which depends on the style of the source language
and on the peculiarities of the individual idiolect. The following are
descriptions of the tests that could be checked.
– Blank test checks whether a translation is totally blank. This will
check to see if a translation has inadvertently been translated as
blank i.e. as spaces. This is diﬀerent from untranslated which is
completely empty.
– Double words test checks for repeated words in the translation.
Words that have been repeated in a translation will be highlighted
with this test e.g. “the the”, “a a”. These are generally typos
that need correcting. Some languages may have valid repeated
words in their structure, in that case either ignore those instances
or switch this test.
– Long test checks whether a translation is much longer than the
original string. This is most useful in the special case where the
translation is multiple words long while the source text is only
one word long. Be aware that this test may create a number of
false positives.
– Short test checks whether a translation is much shorter than the
original string. This is most useful in the special case where the
translation is one word long while the source text is multiple
words long. Be aware that this test may create a number of false
positives.
Task 5. Ontology update
The goal of this task is to update the ontology with the label translations
obtained for each localized label. Domain experts carry out this task taking
as input the selected label translations. The activity output is an enriched
ontology with labels in the target language associated to each localized term.
The choice of the linguistic model more appropriate to store the multilingual information will be mainly determined by two factors: 1) the type
of domain of knowledge represented by the ontology, and 2) the amount
of linguistic information required for the ﬁnal application. To explain the
options that can be used to store the linguistic information into ontologies,
we will refer as: Model 1, the inclusion of multilingual information in the
ontology by means of the rdfs:label and rdfs:comment properties; Model 2,
the creation of one conceptualization per culture and language involved,
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and establishment of mappings among the diﬀerent conceptualizations; and
Model 3, the association of external multilingual information to the ontology.
These models were introduced in the section 4.5
The options identiﬁed are the following:
• If the conceptualization represents a consensual domain, there are two
options: we can opt for the inclusion of multilingual information in the
ontology (Model 1), or for the association of an external model with
the ontology (Model 3). The decision between these two options will
depend on the linguistic needs of the ﬁnal application. If morphosyntactic data is needed for the purpose of Information Retrieval or Information Extraction, for example, the most suitable option will be the
association of an external model such as LingInfo, which enriches the
ontology with a great amount of morphosyntactic information.
• If the conceptualization represents a culturally-dependant domain, and
conceptualization mismatches among diﬀerent cultures are faced, we
have again two options: the creation of one conceptualization per language and culture involved (Model 2), or the association of an external
model that permits to account for those cultural divergences at the terminological layer (Model 3). In this sense, from the models presented
so far for the association of multilingual information to ontologies, the
LIR is the only one that permits explaining cultural divergences among
languages at the terminological layer.

7.5

Summary of the Chapter

During this chapter we have presented the methodological guidelines that we
propose to help ontology practitioners in the Localization Activity. These
guidelines assumes that the researchers have some knowledge of localization
but are presented so that non-researchers can understand the guidelines.
First, we have described three diﬀerent options to describe the guidelines of
the ontology localization activity. We have showed that the level of scope
of the guidelines depend on i) the target audience, ii) the objective of the
guidelines, and iii) type of studies covered. Then, we have identiﬁed the
scope of the methodological guidelines described in this thesis.
Second, we have explained the design principles taken into account for
deﬁning the methodology. Then, we have included the description of the
conditions that each methodology should satisfy.
Third, we have described the process used to development the guidelines.
As ﬁrst step of the process, we have analyzed ﬁve relevant methodologies
from the Software Localization area. Then, we have identiﬁed the main tasks
of the selected methodologies. In the third step of the process we included
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additional tasks for covering the ontology localization requirements. As ﬁnal
step, we analyzed the task dependencies in order to deﬁne task order.
Once identiﬁed the ontology localization tasks, we have described the
inputs, outputs, and the actors involved in each one of the tasks of the
methodological guidelines.
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Chapter 8

Experimentation
In this chapter we describe a set of experiments that were carried out with
the objective of evaluating the methodological and technological aspects of
the localization activity. First, we describe the experiments used to evaluate some aspects related to the translation ranking techniques, where the
task is to select the most appropriate translation for ontology labels (section 8.1). Section 8.2 describes the study used to assess the usability of
the LabelTranslator system for carrying out the ontology localization activity. Finally in the seection 8.3 we describe two study cases to measure the
understanding and usability of the methodological guidelines.

8.1

Performance Evaluation

The localization activity (when discussed generally, and speciﬁcally for ontology engineering) is commonly suggested to give two kinds of beneﬁts: to
guarantee high productivity and outstanding quality. High productivity is
here concerned with reducing the human eﬀort to localize an ontology manually. Outstanding quality is here concerned with the quality of the obtained
translations. The experiment described below intends to address all of these
issues.
In the following sections we describe the manual experiment designed to
measure the quality of translation of the algorithm used for performing the
localization activity. This experiment was divided into two phases, each of
which is reported here as a separate study (mainly for the purpose of clarity
and to enable comparison):
1. Experiment carried out with preliminary ranking algorithm.
2. Experiment carried out with ﬁnal ranking algorithm included in this
thesis.
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8.1.1

User Study #1 - Preliminary Experiment

To evaluate the quality of translation of the LabelTranslator system we conducted in March 2008 a preliminary experiment [Espinoza 2008a] involving
PhD students. The main goal of the experiment was to evaluate the translation ranking techniques used by the system to select the most appropriate
translation for each ontology label. This was done on the base of the comparison of the translations provided by an expert (gold standard) with the
translations provided by the ranking algorithm used in LabelTranslator.
The ontology corpus used for the evaluation was selected from the set of
KnowledgeWeb [Corcho 2006] ontologies used to manage EU projects. The
corpus statistics are given in Table 8.1.
Table 8.1: Ontologies corpus statistics.
Ontology Domain
Number of Ontological Terms
concepts attributes relations
Documentation-Meeting
42
61
22
Person&Project
25
18
12
Organization
10
7
11
Oﬃce
20
12
8
University
30
10
12

8.1.1.1

% Compound labels
≤3 tokens >3 tokens
44%
25.6%
47.2%
10.9%
46.4%
7.1%
12.5%
0%
17.3%
0%

Analysis and discussion

In particular, we evaluated two aspects of the algorithm: the quality of the
output when the algorithm automatically suggest an translation, the quality
of all the set of translations, and the quality of translation of the compound
labels. Based on these aspects we deﬁne some metrics to see whether the algorithm used by LabelTranslator system facilities the automatic localization
of ontologies among diﬀerent natural languages.
The manual evaluation that we decided to apply was done by Spanish
speakers with a good level of English. In all the experiments a reference
translation (gold standard) provided by the evaluators was used. The “gold
standard” allows users to compare the quality of the translations provided
by an expert with the translations provided by the algorithm.
Next, we give an overview of each experiment and show the obtained
results.
Experiment 1: Accuracy.
In order to evaluate the quality of the output of the ranking method in
automatic operation mode we proposed a measure of accuracy. The accuracy
measures the capacity of the algorithm of translation to get in an automatic
way a correct translation according to context. To measure the accuracy
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of the algorithm, we counted the number of times the ﬁrst translation was
correct.
accuracy =

number of times where the f irst translation is correct
number of labels of the ontology

Experiment 2: Precision and Recall.
The previous evaluation does not allow checking the completeness of the
translations since it does not observe the behavior of all the translated labels.
Thus, we have measured precision as the number of correct translations of
all the translations provided by the system and divided by the total number
of translations provided by the system. To measure the recall, we divided the
number of correct translations of all the translations provided by the system
into the number of correct translations (provided by the gold standard). To
calculate both measures each evaluator identiﬁes for each ontology label
which one is a correct translation.
precision =

number of correct translations of all the provided by the system
total number of translations of all the provided by the system

recall =

number of correct translations provided by the system
number of correct translations

Experiment 3: Adequacy and Fluency.
In order to measure the quality of the translation of compound labels we
proposed a subjective 1-5 score for adequacy and ﬂuency. The adequacy
measures the capability of the translation algorithm to determinate the
quantity in which the meaning of a correct translation is preserved. On
the other hand, the ﬂuency measures the capability of the algorithm to determine how good the corresponding language is. In this experiment, each
evaluator assigned ﬂuency and adequacy ratings for each translated label.
The adequacy and ﬂuency scores of two evaluators for each sentence were averaged together, and an overall average adequacy and average ﬂuency score
was calculated for each evaluated ontology.
adequacy = percentage of obtained values in each category of adequacy

f luency = percentage of obtained values in each category of f luency
The used criteria to interpret the measures above described were: for
accuracy, precision, and recall measures we expect to obtain values near
one. For adequacy and ﬂuency the values ranges of one to ﬁve (with one
being the poorest grade and ﬁve the highest).
In order to collect the measurements a set of interfaces was implemented.
These interfaces allow gathering the subjective scores and parameters about
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the translations of each ontology label. All data are stored in memory and
the results exported to a ﬁle. Each elementary experiment was performed
only one time per participant. Also, in order to run the experiment was
necessary one person to supervise.
8.1.1.2

Identiﬁed strengths and weaknesses

In Table 8.2 we show the results achieved by the prototype in each experiment of the preliminary experiment. The values were organized by target
language. All the percentages of adequacy and ﬂuency shown in this table correspond to those translations punctuated with a value greater than
4. The experimental results showed that our system suggested the correct
translation 72% of the times. Also, the values of recall obtained suggested
that a high percentage of correct translations were part of the ﬁnal translations shown to the user.
Table 8.2: Results obtained in the three experiments.
Spanish
Ontology Domain Accu. Prec. Rec. Adeq. Flu.
Documentation
0.51
0.47
0.39
68%
75%
Person&Project
0.73
0.35
0.81
89%
93%
Organization
0.81
0.41
0.78
87%
95%
Oﬃce
0.79
0.49
0.77
93%
95%
University
0.80
0.36
0.87
96%
93%

Accu.
0.73
0.78
0.71

German
Prec. Rec.
0.33
0.64
0.34
0.74
0.23
0.71

Moreover, the obtained results in each metric helped us to analyze which
components need improvement. The main limitations discovered were:
• Translation service is highly dependent on the types of resources used
and their domain coverage. The worst values of precision and recall
were obtained by the documentation ontology, because the domain of
this ontology is covered by the resources used for the translation only
partially.
• The lack of learning of new lexical patterns limits the scalability of our
tool. The percentages of adequacy and ﬂuency obtained for EnglishGerman compound label translations are in general lower than the
percentages of the English-Spanish ones. Our explication is that a
major eﬀort was put (in the current version) for the learning of templates between English-Spanish languages. However, this situation
can be improved by allowing users to provide, in runtime, new lexical
templates when these do not exist yet in any repository.
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73%
67%
69%
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8.1.2

User Study #2 - Enhanced Ranking Algorithm

Once the results of the ﬁrst experiment were analyzed, we implemented some
improvements to algorithm to solve the main limitations (see section 8.1.1.2).
In order to test the implemented improvements a new experiment was carried
out in the “Artiﬁcial Intelligence (AI)” master course at the Facultad de
Informática (Universidad Politécnica de Madrid) with 17 master students.
We decided to use a questionnaire that allows collecting the assessments
of the students about the capacity of the translation algorithm to provide
correct translations according to the context.
8.1.2.1

Analysis and discussion

For this experiment we selected two ontologies from the set of Knowledge
Web [2] ontologies used in our ﬁrst attempt to measure the quality of translation. The selected ontologies registered the worst values in the quality
of the output of the ranking method. Therefore, our goal is re-evaluate
the quality of translation on these ontologies, but using the new algorithm
implemented in the second version of our ontology localization system.
The two selected ontologies are in English and our aim is to localize
them into Spanish. In this experiment we decided to use a questionnaire
that allows collecting the assessments of the students about the capacity of
the translation algorithm to provide correct translations according to the
context. The questions used to evaluate the quality of the translation deal
with the weaknesses found in our ﬁrst evaluation (see section 8.1.1.2). Such
a questionnaire is included in Appendix ??.
This experiment was divided in the following phases:
1. Student groups will perform the ontology localization following the
new algorithm used to rank the translations.
2. Student groups will compare the quality of the translations provided
by the algorithm in front of the expected translations (according to
ontology domain).
3. Students will ﬁll in a questionnaire about the quality of translation
obtained.
8.1.2.2

Findings and observations.

In this section, we provide some ﬁndings extracted from the analysis of the
experiment results.
From the second experiment, in which students evaluated the quality
of translation obtained by the new translation-ranking algorithm, we can
mention the following observations:
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• As Figure 8.1 shows, 33% of the students identiﬁed the level of correctness of the translations greater than 80%. The rest of students believed
that the obtained translations had a level of correctness greater than
90%.

Figure 8.1: Level of correctness in label translations.
• Figure 8.2 shows that 83% of errors found in the translation of ontology
labels correspond to errors in the terminology used in the translation.
Also 17% of the errors correspond to problems in the lack of a correct
equivalent in the target language.
• Finally, to the question “Are the compound labels translated correctly?” the majority of the students believed that the quality of translation of the compound labels was correct. However, they reported errors in those labels that contained tokens with acronyms, for example,
“Workshop URL”, “EPMB Meeting Minutes” or “EC Templates”.
Basically, there was a signiﬁcant improvement in the translation of the
compound labels; this is not surprising, because in the initial translation algorithm we only focused on the deﬁnition of lexical templates for compound
labels of two or three tokens. The goal of the lexical templates is to produce
high quality translations, however, for those compound labels with more
than three tokens the algorithm relied directly in the output of the diﬀerent
resources of translation used. In the current version of the algorithm we
implement two improvements in that respect:
• a recursive function that attempts to match the bi/tri-tokens of a
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Figure 8.2: Type of errors found in the translation of ontology labels.
compound label with the lexical templates1 stored in the database, or
• a method that learns new lexical templates from the translations supplied by the user.

8.2

Usability Evaluation

In this section we focus on the evaluation of the usability of our ontology
localization system.

8.2.1

Overview and Objectives

To asses the usability of the LabelTranslator system we conducted an experiment following the Software Usability Measurement Inventory (SUMI)
method [Kirakowski 1993]. The SUMI questionnaire includes 50 items for
which the user selects one of three responses (“agree”, “don’t know”, “disagree”). The following sample shows the kind of questions that were asked:
• This software responds too slowly to inputs.
• I would recommend this software a my colleagues.
• The instructions and prompts are helpful.
• I sometimes wonder if I am using the right command.
1

The notion of lexical template refers to text correlations found between a pair of
languages.
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• Working with this software is satisfactory.
• I think that this software is consistent.
The questionnaire is designed to measure the aﬀect, eﬃciency, learnability, helpfulness and control of a software product [Dumas 1993]. SUMI is
also mentioned in the ISO 9241 standard as a recognized method of testing
user satisfaction [ISO 1992].
The experiment involved 10 participants, most of whom were PhD students with a good command on ontology engineering. The experimenters
met with all participants for 10 minutes to explain the purpose of the evaluation session and present the methodology of the SUMI evaluation. Then,
participants had 20 minutes to test the LabelTranslator system, and 10 minutes to ﬁll the SUMI questionnaire for user-interaction satisfaction. During
these two phases of the experiment users were not allowed to ask questions
to the evaluators.

8.2.2

Findings and observations

Figure 8.3 (overleaf) shows the percentage values for three grades (positive,
negative or undecided) of user perception with respect to the goals of each
SUMI dimension. In the following we describe the results obtained for each
dimension of SUMI questionnaire:

Figure 8.3: Results of SUMI Questionnaire for LabelTranslator.
• Eﬃciency. After analyzing each of the 10 questions for measuring the
degree to which users feel that the software assists them in their work,
we found out that only one question contributed in particular to the
7.78% of disagreement: “I sometimes don’t know what to do next with
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this software”. This means that the great majority of the users did
not have problems when using the tool. Moreover, we found that the
two questions that most contributed to 34.44% of indecision were: “If
this software stops, it is not easy to restart it” and “I ﬁnd that the
help information given by this software is not very useful”. However,
this situation can be taken positively because it means that users did
not have opportunity to check these events.
• Aﬀect. The aﬀect dimension measures the user’s general emotional
reaction to the software - it may be glossed as Likeability. For this
dimension we found that the question that most contributed to 18.89%
of disagreement in the user’s general reaction to the software was: “I
feel safer if I use only a few familiar commands or operations”. We
believe that we must improve this aspect of the system, so that all
functionalities can be perceived with same degree of positiveness by
users.
• Helpfulness. 65.56% of the users believe that the software is selfexplanatory (helpful). Moreover, we found that the question that more
contributed to 27.78% of indecision was: “This software is awkward
when I want to do something which is not standard”. This means that
the majority of the users did not have the need to ﬁnd alternative options to perform the available actions in the system.
• Control. We consider that the evaluation of the degree to which the
user feels that (s)he, and not the product, is setting the pace, is satisfactory, because we only obtained 4.44% disagreement. In the same
sense, 33.33% of indecision, correspond to aspects that did not appear
in the software such as “Error prevention messages are not adequate”,
which is positive.
• Learnability. measures the speed and facility with which the user feels
that they have been able to master the system, or to learn how to use
new features when necessary. 71.11% of the users coincided in that
the software i) it has a very attractive presentation, ii) it is relatively
easy to move from one part of a task to another, iii) it is not necessary
to look for assistance to use the software.

8.2.3

Identiﬁed strengths and weaknesses

The most important ﬁndings of the experiment are related with the high
level of learnability shown by LabelTranslator, especially in the case of a
novice user. There was only one evidence about the need of making minor
modiﬁcations in the LabelTranslator user interface to improve aﬀect and
eﬃciency with better navigation and informative functions. These aspects
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have been taken into consideration for the version of the system described
in this thesis.

8.3

Methodological Evaluation

In the Chapter 7 we describe in detail the methodological guidelines for supporting the Ontology Localization activity. Our concern here is to describe
two use cases that can show the eﬀects and beneﬁts of using ontology localization guidelines. There are several diﬀerent aspects of guidelines that need
to be studied and several types of eﬀects of guidelines usage that need to be
deﬁned and measured. So far no indisputable evidence has been put forward
to support the beneﬁts of using ontology localization to build a multilingual
ontology. Only in the software engineering ﬁeld, where the localization is
used to adapt a software product to a speciﬁc region or language, can we
ﬁnd some evidence of the beneﬁts of localization.

8.3.1

Usability of the Methodological Guidelines

In this section, we propose an experiment to learn about the understandability and usability of the methodological guidelines for carrying out the
ontology localization activity.
The main goal of the study case is to test the beneﬁts of using the
proposed methodological guidelines and additional material included in the
Chapter 7 for obtaining a multilingual ontology as output of the ontology
localization activity.
8.3.1.1

Assumptions and user study setup

In this experiment we proposed a questionnaire about the methodological
guidelines for the ontology localization activity, to be answered by people
carrying out the experiment. People carrying out the experiment have different experience levels and background in databases, software engineering,
etc, but no extensive experience in ontology engineering.
The experiment was carried out in the ”Artiﬁcial Intelligence (AI)” master course at the Facultad de Informtica (Universidad Politcnica de Madrid)
with master students, having background in databases, software engineering,
and artiﬁcial intelligence, but no extensive practical experience in ontology
engineering. We proposed a questionnaire about the use of methodological
guidelines for ontology localization activity. For interpreting the results, we
analyzed the answered questionnaires and extracted some statistics.
The experiment was divided in the following phases:
• Lecture will provide to students the proposed guidelines.
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• Student groups followed the methodological guidelines to carry out the
ontology localization activity. Students had two weeks for carrying out
the experiment using the provided material.
• Students documented in detail each task proposed in the methodological guidelines and performed during the ontology localization activity.
• Students ﬁlled in a questionnaire about the methodological guidelines
for the ontology localization activity. Such a questionnaire is included
in Appendix ??.
8.3.1.2

Analysis and discussion

In this section we include the analysis of the user study carried out with the
methodological guidelines for the ontology localization activity.
The experiment included eight questions about localization guidelines
solved by 15 students, and as a general conclusion we can say that students
did not have problems with the use and understanding of each one of the
tasks identiﬁed in the methodological guidelines. In the following, we provide
some observations extracted from the analysis of the experiment results:
• 95% of the comments provided by the students to question 1 indicated
that guidelines were well explained.
• For the comments obtained to question 2: “Is more detail needed in the
guidelines?”, we can say that 85% of the students consider that more
detail is not necessary in the guidelines, however 15% think there is an
opportunity to improve the explanations of i) how to select the most
appropriate linguistic assets (step 1 in the guidelines), and ii) how to
obtain the ontology term translations (step 3 in the guidelines).
• In question 3: “Are the guidelines complete?”, 95% of the evaluators
believe that the guidelines to perform the localization activity are complete. However 5% consider it necessary to enhance the guidelines to
support the evaluation of the obtained translations.
• For the comments obtained to question 4: “Do you think more techniques and tools should be provided?”, we can say that all evaluators
believe that the techniques and tools to execute each activity of the
guidelines are suﬃcient.
• The generalized comment to question 5: “How can we improve the
proposed guidelines?” is to include more examples of how to use the
proposed guidelines for the ontology localization activity and what
results are expected.
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• Finally, with respect to question 6: “Did you ﬁnd these localization
guidelines useful?”, all students believed that the guidelines were useful, but also necessary.
8.3.1.3

Identiﬁed strengths and weaknesses

Based on the comments obtained in the experiment we can say that the majority of students found that the methodological guidelines were useful and
understandable. The main weaknesses included a more complete description
of some tasks of the methodology. Some examples are:
• A more detailed description of the criteria to choose a technique to
help in the localization activity.
• The lack of basic guidelines to select a localization tool depending on
the type of ontology to be localized, or,
• An exhaustive description of the diﬀerent levels of diﬃculty that can
be found in the translation of ontology labels

8.3.2

Use Cases of Methodological Guidelines

In this section we include two diﬀerent examples of how to use the proposed
guidelines for the ontology localization activity and the obtained results.
The ﬁrst example describes the usability evaluation of the methodological guidelines using a manual translation with independence of the utilized
software. The goal is to localize the FAO Pest control ontology, by means
of using the guidelines proposed in this thesis. Basically, the ontology localization activity is carried out by FAO Information Management specialist
with the contribution of domain and linguistic experts.
The second example instantiate the guidelines for the localization of the
ontology proposed in the ﬁrst sample (Pest control ontology), but using the
automatic localization tool described in the Chapter ??. It is important
to mention that the work done within the LabelTranslator system in the
localization activity has been one of the inputs to get preliminary guidelines
for this activity. Such preliminary guidelines have been extended, improved,
and proposed in this thesis. Using the proposed guidelines we described the
localization activity with the Pest control ontology.
8.3.2.1

Manual Localization - Pest control ontology

The objective in this FAO example is to localize the Pest control ontology
from English to French and Italian. The input ontology is a module of the
AGROVOC Concept Server2 containing English terms identifying one or
more concepts.
2

http://naist.cpe.ku.ac.th/agrovoc/
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Next, we show the tasks that were have carried out to localize the Pest
control ontology to French and Italian.
Task 1. Select the most appropriate linguistic assets.
In general, FAO experts make use of several computer aided translation
tools to perform the localization of their ontologies.
Basically, FAO experts used mainly FAOTERM, the institutional multilingual terminological system3 . However it only covers the six oﬃcial languages of the FAO: English, Spanish, French, Arabic, Chinese, and Russian.
In addition to FAOTERM, another important asset used in the localization
activity was the Google deﬁne functionality. Finally, for this use case FAO
experts used some cataloguing systems such as AGRIS4 or FAODOC5 .
Task 2. Select ontology label(s) to be localized.
From the Pest control ontology, they manually extracted the ontology labels
to be localized. As example, they extracted the ontology label “pest control” and their related terms to be localized into French and Italian. The
related terms are: “postharvest sparring”, “product protection”, “postharvest control”, and “postharvest treatment”.
Task 3. Obtain ontology label translation(s).
For each ontology term we use a manual process for discovering translation
equivalents, discovering the possible senses or deﬁnitions of the translations,
and to disambiguate the translation senses.
Cross-language term extraction. Translations in French were obtained using FAOTERM, but for Italian they resorted to specialized dictionaries, online or printed.
For example for the term “pest control”, FAOTERM returns 11 entries
(see Figure 8.4. Most of them are titles of conferences or journals. However,
two entries refers to terminology in the area of Plant production (“control
(of a pest)”) and in the area of pest control (“pest control”).
The multilingual information related to label “pest control” in the sense
of “regulation or management of a species deﬁned as a pest” is shown in
Table 8.3.
On the other hand, the multilingual information related to the result
“control (of a pest)” in the sense of “plant production” is shown in Table 8.4.
As we could see this technique may be useful only for a limited number of languages, mostly of the oﬃcial FAO languages. Domain experts at
this point referred to specialized dictionaries, online or printed for discover
3

http://www.fao.org/faoterm/
http://www.fao.org/agris/search/search.do
5
http://www.fao.org/Documents/
4
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Figure 8.4: Related items for the term “pest control” extracted from
FAOTERM.
translation for Italian. Thus, for example some candidate translations for
the term “pest control” were: “lutte contre les ravageurs”, “lutte phytosanitaire”,...(French), and “nebulizzazione postraccolta”, “difesa dei prodotti
immagazzinati”, ...(Italian).
Word Sense Discovery. In order to discover the deﬁnitions, domain
experts used the Google deﬁne functionality. For example, the search [deﬁne:pest control] will show you a list of deﬁnitions for “pest control” gathered from various online sources. In Figure 8.5 we show a sample of the
deﬁnitions obtained for the term ”pest control”.
Additionally, they checked the use of the term “pest control” and possibly translated documents that make use of its translations in the desired
languages using AGRIS/CARIS resource 6 . Figure 8.6 shows a screenshot
of the document related with the sample label “pest control”.
Word Sense Disambiguation. With the information obtained in
the previous steps they used a manual disambiguation process to rank the
translations of the each ontology term. For example in Table 8.5 we show
the ranked translation obtained for the sample term “pest control”.
Task 4. Evaluate label translation(s).
Based on the proposed guidelines they identiﬁed the following situation:
• Semantic ﬁdelity evaluation. In order to evaluate the semantic ﬁdelity
of the translation they implemented the “Backward Translation” cri6

http://www.fao.org/agris/search/search.do
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Table 8.3: Linguistic information related to area of “pest control”.

teria. In many cases the translation did not match exactly the original
meaning, but in a deeper analysis, taking in consideration the context
and the topics (agriculture), they identiﬁed that the semantic ﬁdelity
was covered 100% while the syntactic ﬁdelity was not ensured.
• Stylistic evaluation. In this case, they checked elements such as
acronyms, the use of multiple words, capitalizations, etc. For the mentioned use case, no particular problems arised but the use of the parenthesis: for example, the English term “Product protection (stored)”
appear to be translated in Italian as “Difesa dei prodotti immagazz199
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Table 8.4: Linguistic information related to area of “control (of a pest)”

inati”, and they proposed the label “Difesa dei prodotti (immagazzinati)”. In other cases instead, the proposed translations were consistent.
Task 5. Ontology update.
In this task domain experts stored the translated labels in a external module
linked to the AGROVOC Concept Server. This model has been implemented
through the AGROVOC Concept Server Workbench tool, which allows users
to easily update the ontology. The ﬁnal ontology will contain at least the
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Figure 8.5: Google deﬁnitions of the ontology label “pest control”.

Figure 8.6: Uses and “possibly” translated documents of the ontology label
“pest control”.
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Table 8.5: Ranked translations of the term “pest control” for French and
Italian”

terminology shown in Figure 8.7.

Figure 8.7: Final Ontology using external module.

8.3.2.2

Automatic Localization (with LabelTranslator) - Pest
control ontology

The objective of this example is to localize some terms of the Pest control ontology from English to Spanish using the LabelTranslator system described
in the Chapter ??.
LabelTranslator has been designed with the aim of automating ontology
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localization, and has been implemented in the ontology editor NeOn Toolkit
as a plug-in. In its current version, it can localize ontologies in English,
German and Spanish. In its design, the methodological guidelines proposed
in Chapther 7 have been followed, and some of the techniques described in
section ?? have been used.
In the following, we brieﬂy describe how the tasks are performed by
LabelTranslator system, and which are the techniques and tools used for
each end.
Task 1. Select the most appropriate linguistic assets.
The linguistic assets that the current version of the LabelTranslator NeOn
plug-in access to perform ontology localization are multilingual linguistic
resources (EuroWordNet, Wiktionary, or IATE) and translation web services
(GoogleTranslate, BabelFish, etc.). The addition of further domain speciﬁc
resources is foreseen for domain ontologies.
Task 2. Select ontology term(s) to be localized.
Once an ontology has been created or imported in NeOn, LabelTranslator
allows users and domain experts to manually/automatically sort out the
ontology elements that should undergo localization. For each ontology element, LabelTranslator retrieves its local context, which is interpreted by
the system using a structure-level approach. For this sample we manually
extracted some concept terms that will be localized into Spanish. Figure 8.8
shows a screenshot of both Ontology Navigator and the Entity Properties
View with information of the sample term ”PestControl”.
8.3.2.3

Task 3. Obtain ontology term translation(s).

In order to obtain the most appropriate translation for each ontology element
in the target language LabelTranslator uses the following techniques in the
indicated order:
• In step 1 the system obtains equivalent translations for all selected
labels by accessing the linguistic assets listed in task 1.
• In step 2 the system retrieves a list of semantic senses for each translated label, querying diﬀerent third-party knowledge pools: Watson
, which indexes many ontologies available on the Web, and remote
lexical resources as EuroWordnet.
• In step 3 the senses of each context label are as well discovered as in
step 2.
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Figure 8.8: Screenshot of the NeOn Toolkit views used by the LabelTranslator plug-in.
• In step 4 the system uses a disambiguation method to sort the translations according to their context. LabelTranslator carry out this task
in relation to the senses of each translated label and the senses of the
context labels. At this stage, domain and linguist experts may decide
to choose the most appropriate translation of the ones in the ranking. In default of this, the system will consider the one in the highest
position.
In Figure 8.9 we show a sample of the equivalent translations obtained
for the term ”PestControl”. Notice that the obtained translations are ranked
according to ontology context.
8.3.2.4

Task 4. Evaluate label translation(s).

The current version of LabelTranslator does not provide a method for semiautomatically evaluate the translations obtained in the previous step. Therefore, we used a manual evaluation to perform this task. Based on the NeOn
guidelines we would identify the following situation:
• Semantic ﬁdelity evaluation
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Figure 8.9: Candidate translations for the term “PestControl”

In order to evaluate the semantic ﬁdelity of the translation we would
implement the “Backward Translation” criteria. Table 8.6 shows the
semantic ﬁdelity evaluation results (only few cases have been analyzed)
for some terms translated to Spanish.
Table 8.6: Semantic ﬁdelity evaluation results.

• Stylistic evaluation Within this sample we did not carry out this step.
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8.3.2.5

Task 5. Ontology update.

The ontology is updated with the resulting linguistic data, which is stored in
the LIR model, a separate module adopted by the LabelTranslator system
for organizing and relating linguistic information within the same language
and across languages to domain ontologies. Figure 8.10 shows the Linguistic
Information page of the sample term “PestControl”. The linguistic page
uses a model based on modular approach to store the linguistic information
associated to each ontology term.

Figure 8.10: Linguistic Information associated to ontology term “PestControl”

8.4

Summary of the Chapther
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Conclusions
In this last chapter, we present diﬀerent conclusions about this work, focusing on the main advances made by the author to support an automatic
ontology localization. Basically, in this thesis we have attempted at covering
ontology localization in its diversity. In particular, we have identiﬁed that
the main goal of the ontology localization activity is to enrich an ontology
with multilingual information. Also, we have shown that there are diﬀerent
applications that may use the localization output for performing their tasks
and that the pressure of applications on ontology localization is tangible.
Ontology localization can take advantage of innumerable basic techniques
composed and supervised in diverse ways. We analyzed the implications of
localizing an ontology, and the diﬀerent strategies that can be followed to
solve translation problems, and to store the multilingual information resulting from the Localization Activity.
We have provided a systematic view over the resources for helping users,
and developers in performing the localization of an ontology. This has been
substantiated by identifying application needs and classifying localization
techniques. Finally, we have presented a generic methodological guidelines
for the localization of ontologies whenever a conceptualization is available.
The proposed guidelines has been used in the design of a tool for automatically localizing ontologies.
In the remainder of this chapter we ﬁrst enumerate our main contributions to the state of the art of automatic building of multilingual ontologies; second, we present an description of the results achieved; and third,
we present some promising research directions which we believe worth and
need further investigations.

9.1

Main Contributions

As described in the chapter 2, the objectives of the work here presented were
the following:
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• The identiﬁcation and implementation of the methods, techniques and
tools for the management of ontology localization in distributed and
collaborative environments.
• The development of an ontology localization methodology for guiding users in the development of multilingual ontologies, grounded on
existing localization methodologies and practices in other areas, as
general and open as possible as it can cover the scenarios to perform
the localization activity.
The next sections present the conclusions related to the main contributions made to the state of the art by this thesis.

9.1.1

Identiﬁcation and Implementation of the Technological
Support for Ontology Localization

The future of the Web, the Semantic Web will allow the integration of
data-oriented applications as well as document oriented applications. In
the process of achieving this goal, ontologies and more precisely multilingual ontologies have become a core technology for representing structured
knowledge as well as an instrument to enhance the quality of information
retrieval and machine translation.
Before starting this thesis, we have identiﬁed two current trends for the
the building of a multilingual ontology, i.e. the establishment of a new
multilingual ontology from scratch and the reconciliation and merging of
existing ontologies. However, neither of these methods reduce the cost and
eﬀort that means enriching an ontology with multilingual information. In
this thesis, we have presented a novel approach which attempts to automatize the enrichment of an ontology with multilingual information, using an
ontology localization method. The main contributions of our approach to
the state of the art are:
• The deﬁnition and explanation of the main processes related with ontology localization activity such as internationalization and translation.
• The analysis of the diﬀerent levels of localization used into ontologies,
depending on type of ontology elements to be localized and the level
of adaptation required to make the ontology accessible to speakers of
diﬀerent natural languages.
• The identiﬁcation and formalization of a generic process for automatizing the task of translation of ontology labels.
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• The identiﬁcation and classiﬁcation of diﬀerent translation techniques
based on way of modeling the context used for disambiguate the candidate translations and the kind of technology used to localize an ontology into diﬀerent natural languages.
• The description of eﬀective translation strategies that carries many of
the advantages of the individual translation models and suﬀers from
few of their disadvantages.
• The description of a comprehensive localization life cycle model that
show i) what information and knowledge should be speciﬁed or deﬁned at diﬀerent phases, and ii) how the results of ontology element
translations provide the feedback to other phases of the life cycle.
• The design of a generic architecture for an automated ontology localization in collaborative and distributed environments.
In this thesis, we discuss how an existing ontology whose labels described
in a source natural language can be localized into diﬀerent natural languages.
We also identiﬁed the translation strategies more suitable for the diﬀerent
ontology elements. Based on this, we use one method for the translation
of simple labels and other for the translation of compound labels. In both
cases, the methods rely on diﬀerent linguistic and semantic resources for
discovering the more appropriate translations. All translations are ranked
based on similarity with their context in the ontology, and the ranked list
is used to either present to the user the best candidates ﬁrst, or to use the
highest-scoring candidate to automatically translate the label.
We propose an architecture that supports two work scenarios: single
and collaborative scenario. In the ﬁrst scenario, there is only a person
impersonating the diﬀerent roles of the localization activity (e.g. project
manager, translator, and reviewer) all at the same time. As such, (s)he
will have to perform all organizational and translation tasks. While in the
collaborative scenario, there is a team sharing the translation work. This
requires a higher volume of organisational work. In this case, one of the
participants should be appointed to assume the responsibility of project
management.
For the collaborative scenario we also advocate the use of a workﬂow
model that addresses the organizational setting typically followed by organizations in the development and localization of ontologies. The above ideas
have implemented as part of the Labeltranslator system. The system is being used in the NeOn Toolkit, a state-of-the-art, open source multi-platform
ontology engineering environment, which provides comprehensive support
for the ontology engineering life-cycle.
209

CHAPTER 9. CONCLUSIONS

LabelTranslator system
Concerning to the contributions of each module in the architecture to the
general achievements of our system, we can emphasize the following issues:
The Ontology Repository
The Ontology Repository is the critical component which support the association of the ontological model(s) (sources ontologies to be localized) with
the linguistic model (multilingual information). The independency of the
information stored is one of the most value features of the Ontology Repository. The deﬁnition, storage and management of multilingual information is
completely separated from ontologies. Thus, changes concerning to improve
the linguistic information associated to ontology terms can be performed
by diﬀerent linguistic experts. The following are other main reasons for its
relevance in the system:
• It allows the inclusion of as much linguistic information as wished,
as well as the possibility of establishing links among the linguistic
elements within one language or across languages.
• It stores the linguistic information in a ontology format. The beneﬁts
of having a linguistic ontology is that it allows the formal and explicit
representation of the linguistic knowledge in a machine-understandable
format, that can be easily integrated with other models.
The Localization Manager
It is the module which interacts with the localization stakeholder and guides
the process that begins with the selection of the ontology elements to be
localized and ends with the updating of the linguistic information into source
ontology. The following are its key features:
• It centralizes the access to information of the localized ontologies. This
enables users to view and access to localization information from a
unique point.
• It tracks and maintains participant information for faster and more
eﬃcient selection and turnaround.
• It detects changes in source ontology, enabling content managers to determine what action needs to be taken without having to track content
updates manually.
• It enforces and automatically executes critical localization tasks such
as ontology submission, change detection, e-mail notiﬁcation of localization management tasks and events, and real-time tracking and
reporting of individual localization tasks.
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• It takes into account the diﬀerent role permissions and the status of
the ontology elements to be localized to control and distribute the
localization tasks.
• It maintains updated the conceptual and linguistic information associated to each ontology element. This listens the changes in the
ontology model and then automatically to propagate those changes to
the linguistic model using synchronization techniques.
The Ontology Translator
The Ontology Translator itself is the key of most of the main contributions
of our system. It allows the automated translation of the ontology labels
using diﬀerent translation strategies. We enumerate in the following its main
features:
• It decreases localization volume by leveraging previous translations.
• It prepares content for translation to increase translation quality and
decrease the time for translation.
• It integrates diﬀerent MT approaches, combining the output by means
of diﬀerent translation combination strategies.
• It invokes diﬀerent linguistic and semantic resources to discover the
translations.
• It correlates the diﬀerent translations coming from diﬀerent algorithms
and presents a ranked list of translations to the user to review their
quality.

9.1.2

Development and Use of the Localization Methodology

At the moment of starting this thesis, the identiﬁcation of the main problems
of the ontology localization activity were unknown. Also, the current software development methodologies are diﬃcult to use in ontology localization
because they are not deﬁned in detail.
The main contribution to solve the ﬁrst problem is the identiﬁcation of
the main dimensions that must be taken into account in the localization of
ontologies. In this thesis we explain these dimensions from three diﬀerent
point of view. First, we describe the translation problems that can be found
at the moment of localizing the ontology elements. Second, we describe
the management problems, which make reference to the maintenance and
updating of translated ontology labels throughout the ontology life cycle.
Finally, we present the multilinguality representation issues, which must be
determined by the shareability of the conceptualization and the amount of
linguistic information required for the ﬁnal ontology.
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Concerning to the ontology localization methodology proposed in this
thesis, it has been deﬁned having as a starting point well-know localization
models and development methodologies from other areas and reusing the
common task of these methodologies. To the best of our knowledge, the
study presented here is the ﬁrst attempt to oﬀer guidelines for the localization of ontologies.
This guidelines has not been formally evaluated. Nevertheless, as we
shown below, it has been validated by checking that it meets the necessary
and suﬃcient conditions that a guideline should satisfy. The applicability
has been proved by using it in one of the use cases of the NeOn Project.
We cannot ensure that the guidelines is valid in all localization scenarios,
but further validation of the guidelines will be possible in future ontology
localization projects with diﬀerent settings.
Furthermore, as presented at the end of this section, using the ontology
localization guidelines has provided us with ideas on how to improve the
guidelines with recommendations for localization of ontologies of diﬀerent
domain.
The localization guidelines meets the necessary conditions that every
methodology guidelines should satisfy, which were stated in the section 7.2.
Speciﬁcally, the methodological guidelines are:
• Complete because it allows considering any type of domain ontologies,
and described in diﬀerent semantic web languages.
• Eﬃcient because it is described in a simple way, and it is easy to understand and use it with no special eﬀort. Furthermore, being general
as it is, it can be adapted to the personal and working conditions of
diﬀerent organizations.
• Eﬀective because following the diﬀerent task of the guidelines and producing the expected results in each of these tasks ensures that progress
is being achieved and that the goals of the localization guidelines are
met at the end of it.
• Advertent because the localization problem is divided into diﬀerent
tasks, each of them producing some partial results, which allows the
evaluation of the localization activity at the end of each task and of
the whole localization process.
• Transparent because the actors, inputs, and outputs of each task are
speciﬁed. Therefore, we can know, in every moment and according to
the output already produced, the current ontology localization task
being performed and who is performing what in this task.
The localization guidelines also meets the suﬃcient conditions of a
methodological guideline for localize an ontology to diﬀerent natural languages. Speciﬁcally the ontology localization guidelines are:
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• Grounded on existing practices because it has been deﬁned by combining tasks of existing methodologies guidelines.
• Collaborative because it contemplates the participation and consensus
of diﬀerent actors distributed geographically.
• Open because it does not limit the types of ontologies or the speciﬁc
ontology terms (classes, object or datatype properties) to be considering in localization.
• Usable because it is clearly documented and using it does not involve
a high eﬀort.
The applicability of the ontology localization methodology has
been proved in the NeOn Projet where this methodology has been used for
localize the FAO Pest control ontology, by means of using the guidelines proposed in this thesis. We have proven that it is feasible to perform a manual
localization using a basic guidelines instead of a tool-focused approach.

9.2

Evaluation of Results

The work developed in this thesis has been the goal of several publications
in international conferences, workshops and journals. Here we enumerate
them in a chronological order.
The method used to discover the set of candidate meanings for a
given word (or words) from a pool of ontologies available on the Web was
presented in [Espinoza 2006a]. This approach is the core of our proposal
to automatically discover the translations of an ontology element. A ﬁrst
approach to extend the discovering of semantic words using ontology matching techniques was brieﬂy presented in [Espinoza 2006b, Espinoza 2007b].
A joined solution to discover and extract the implicit semantics of a set
of words, obtaining their most suitable senses according to their context
was the goal of [Gracia 2006]. A long article which summarizes our work
for discovering the semantic of a set words from available ontology pools
was selected to submit to a special issue of the journal on Universal Computer Science [Trillo 2007]. Although the main goal of the previous works
was discovering the diﬀerent semantic meanings of a word to try to discover the more appropriate translations of an ontology element. We present
in [Espinoza 2007a] other use of the semantic keywords.
The description of the main components of our approach to automatically localize an ontology to diﬀerent natural languages was
ﬁrst presented in [Espinoza 2008a]. The paper also included the experiments
performed in order to evaluate the quality of translation obtained with our
approach. The description of the main functionalities of LabelTranslator
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system was presented in [Espinoza 2008b]. An approach to extend the ontology localization proposal in order to incorporate a modular approach to
store the linguistic information associated to ontology terms and to manage the conceptual knowledge and the linguistic knowledge by means of
synchronization techniques was presented in [Espinoza 2009a]. And lately,
the description of a generic Ontology Localization Activity and a
methodology for guiding in the localization of ontologies was presented in [Espinoza 2009b]. This paper also describe a set of experiments
used to evaluate the methodological and technological aspects of the Ontology Localization Activity.

9.3

Future Challenges

Here we present some directions in which, in our opinion, research on ontology localization should or is likely to evolve. In particular, in this section,
we point out current needs that are not addressed in this thesis and that
will have to be addressed for the ﬁeld to be considered mature. We detail
these improvements in the following:
• Applications. In this work we have conceived the use of ontology localization in diﬀerent applications, however at the momento of writing
this thesis neither of these applications have incorporated the output
of the ontology localization activity as part of their process. Thus, we
can expect that there will be deﬁnitely applications which use ontology localization. They will start in niche places with a speciﬁc setting
rather than presenting a general solution to a global problem. Then,
gradually, the proven solutions will start spreading to other applications.
• Foundations. Foundations of ontology localization, and particularly
the identiﬁcation of the necessary methods to localize ontologies
culturally-dependant domains (e.g., the judicature) in which categorizations tend to reﬂect the particularities of a certain culture, deserve
additional investigations.
• Translation techniques. As testiﬁed by Chapter 5, there is a wealth
of basic techniques that can be used to discover the translations of
the ontology elements. In this thesis we have used only some of these
techniques to discover the translations. However, further investigation
is necessary in order to incorporate both corpus-based and web-based
techniques in the localization activity.
• Translation strategies. In this work we have incorporated two basic
translation strategies for discovering the translations of simple and
compound labels. One of the important issues to deal with is the
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proper combination and integration of various categories of translators. In particular, the integration of corpus-based (statistical) and
ontology-based (semantic) techniques is of high interest.
• Evaluation of localization systems. It is necessary to design extensive
evaluation mechanism of ontology localization systems. Beside evaluating systems, it is necessary to be able to help users in choosing the
appropriate translation technique or to combine the most appropriate
techniques for their tasks. We have tried in this thesis to identify some
localization strategies, but a lot remains to be investigated, for example for the localization of instances and ontology term translations.
• Ontology Localization Systems. Developments in Natural Language
Processing technologies promise a variety of beneﬁts to the ontology localization activity, both in its current form in performing bulk
community-based localization and in the future in supporting personalized web-based localization on increasingly user-generated content.
As an increasing variety of natural language processing services become available, it is vital that the ontology localization activity employs the ﬂexible software integration techniques that will enable it to
make best use of these technologies. We expect that the ontology localization systems make good use of the beneﬁts of modern integration
technologies such as web service integration and orchestration.
• Processing translations. Processing translations according to application needs is the ultimate goal of localization. In this thesis we do
not have considered a possible application of the translations obtained
for each ontology element. However we believe that the processing
of the obtained translations may vary depending on the ﬁnal application of the multilingual ontology. Therefore, the storing of useful
translations in an independent format such as those presented in the
section 3.4.2 is very important. It would allow sharing and processing
them in diﬀerent ways independently form the applications.
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[Espinoza,08a] Mauricio Espinoza, Asunción Gómez-Pérez and Eduardo Mena, “LabelTranslator - A Tool to Automatically Localize an Ontology”, Proc.
of 5th European Semantic Web Conference (ESWC’08), Tenerife (Spain), Springer Verlag LNCS, ISBN 978-3-540-68233-2, ISSN-0302-9743,
pp. 792-796, June 2008. demo paper.
[Trillo et al.,07] Raquel Trillo, Jorge Gracia, Mauricio Espinoza and Eduardo Mena,
“Discovering the Semantics of User Keywords”, Journal on Universal
Computer Science (JUCS). Special Issue: Ontologies and their Applications, ISSN 0948-695X, 13(12):1908-1935, Springer Verlag, December 2007.
[Espinoza,07b] M. Espinoza and E. Mena, “Discovering Web Services Using Semantic
Keywords”, 5th IEEE International Conference on Industrial Informatics (INDIN-2007), Vienna (Austria), IEEE, ISBN 1-4244-0864-4,
pp. 725-730, July 2007.
217

CHAPTER 9. CONCLUSIONS
[Espinoza,07a] M. Espinoza, J. Gracia, R. Trillo and E. Mena, “Discovering the Semantics of User Keywords”, 4th European Semantic Web Conference
(ESWC-2007), Innsbruck, Austria, June 2007.
[Espinoza,06b] M. Espinoza, R. Trillo, J. Gracia and E. Mena, “Discovering and
Merging Keyword Senses using Ontology Matching”, 1st International
Workshop on Ontology Matching (OM-2006) @ 5th International Semantic Web Conference ISWC-2006, Athens, Georgia (USA), CEURWS, ISSN 1613-0073, volume 225, pp. 1-5, November 2006.
[Gracia et al.,06] J. Gracia, R. Trillo, M. Espinoza and E. Mena, “Querying the Web:
A Multiontology Disambiguation Method”, Sixth International Conference on Web Engineering (ICWE’06), Palo Alto, California (USA),
ACM , ISBN 1-59593-352-2, pp. 241-248, July 2006.
[Espinoza,06a] M. Espinoza, J. Gracia, R. Trillo and E. Mena, “Discovering the Semantics of Keywords: An Ontology-based Approach”, The 2006 International Conference on Semantic Web and Web Services (SWWS’06),
Las Vegas, Nevada (USA), CSREA Press, ISBN 1-60132-016-7, June
2006.

218

Appendix A

Ontology Localization
Framework Evaluation
A.1

Eﬃciency

1. This software responds too slowly to inputs.
• Agree
• Undecided
• Disagree
2. I would recommend this software to my colleagues.
• Agree
• Undecided
• Disagree
3. The instructions and prompts are helpful.
• Agree
• Undecided
• Disagree
4. The software has at some time stopped unexpectedly.
• Agree
• Undecided
• Disagree
5. Learning to operate this software initially is full of problems.
• Agree
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• Undecided
• Disagree
6. I sometimes dont know what to do next with this software.
• Agree
• Undecided
• Disagree
7. I enjoy my sessions with this software.
• Agree
• Undecided
• Disagree
8. I ﬁnd that the help information given by this software is not very
useful.
• Agree
• Undecided
• Disagree
9. If this software stops, it is not easy to restart it.
• Agree
• Undecided
• Disagree
10. It takes too long to learn the software commands.
• Agree
• Undecided
• Disagree

A.2

Aﬀect

1. I sometimes wonder if Im using the right command.
• Agree
• Undecided
• Disagree
2. Working with this software is satisfying.
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A.2. AFFECT
• Agree
• Undecided
• Disagree
3. The way that system information is presented is clear and understandable.
• Agree
• Undecided
• Disagree
4. I feel safer if I use only a few familiar commands or operations.
• Agree
• Undecided
• Disagree
5. The software documentation is very informative.
• Agree
• Undecided
• Disagree
6. This software seems to disrupt the way I normally like to arrange my
work.
• Agree
• Undecided
• Disagree
7. Working with this software is mentally stimulating.
• Agree
• Undecided
• Disagree
8. There is never enough information on the screen when its needed.
• Agree
• Undecided
• Disagree
9. I feel in command of this software when I am using it.
• Agree
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• Undecided
• Disagree
10. I prefer to stick to the facilities that I know best.
• Agree
• Undecided
• Disagree

A.3

Helpfulness

1. I think this software is inconsistent.
• Agree
• Undecided
• Disagree
2. I would not like to use this software every day.
• Agree
• Undecided
• Disagree
3. I can understand and act on the information provided by this software.
• Agree
• Undecided
• Disagree
4. This software is awkward when I want to do something which is not
standard.
• Agree
• Undecided
• Disagree
5. There is too much to read before you can use the software.
• Agree
• Undecided
• Disagree
6. Tasks can be performed in a straightforward manner using this software.
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• Agree
• Undecided
• Disagree
7. Using this software is frustrating.
• Agree
• Undecided
• Disagree
8. The software has helped me overcome any problems I have had in
using it.
• Agree
• Undecided
• Disagree
9. The speed of this software is fast enough.
• Agree
• Undecided
• Disagree
10. I keep having to go back to look at the guides.
• Agree
• Undecided
• Disagree

A.4

Control

1. It is obvious that user needs have been fully taken into consideration.
• Agree
• Undecided
• Disagree
2. There have been times in using this software when I have felt quite
tense.
• Agree
• Undecided
• Disagree
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3. The organisation of the menus or information lists seems quite logical.
• Agree
• Undecided
• Disagree
4. The software allows the user to be economic of keystrokes.
• Agree
• Undecided
• Disagree
5. Learning how to use new functions is diﬃcult.
• Agree
• Undecided
• Disagree
6. There are too many steps required to get something to work.
• Agree
• Undecided
• Disagree
7. I think this software has made me have a headache on occasion.
• Agree
• Undecided
• Disagree
8. Error prevention messages are not adequate.
• Agree
• Undecided
• Disagree
9. It is easy to make the software do exactly what you want.
• Agree
• Undecided
• Disagree
10. I will never learn to use all that is oﬀered in this software.
• Agree
• Undecided
• Disagree
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A.5

Learnability

1. The software hasnt always done what I was expecting.
• Agree
• Undecided
• Disagree
2. The software has a very attractive presentation.
• Agree
• Undecided
• Disagree
3. Either the amount or quality of the help information varies across the
system.
• Agree
• Undecided
• Disagree
4. It is relatively easy to move from one part of a task to another.
• Agree
• Undecided
• Disagree
5. It is easy to forget how to do things with this software.
• Agree
• Undecided
• Disagree
6. This software occasionally behaves in a way which cant be understood.
• Agree
• Undecided
• Disagree
7. This software is really very awkward.
• Agree
• Undecided
• Disagree
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8. It is easy to see at a glance what the options are at each stage.
• Agree
• Undecided
• Disagree
9. Getting data ﬁles in and out of the system is not easy.
• Agree
• Undecided
• Disagree
10. I have to look for assistance most times when I use this software.
• Agree
• Undecided
• Disagree
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