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Abstract

Ontology management tools are now mature as a core technology. They have been proven to be flexible,
scalable, so we know ontology-driven information systems can fly. But migration of legacy systems needs
methodology and guidelines regarding the way legacy concepts will be represented and used in the target
system in order. We propose here a functional approach, where the choice of representation framework is
driven by the intended usage of concepts, and how focusing on a single representation can be a conceptual
brake. We show how the terminological aspects can be integrated with the ontological ones, that different
representations of the same concept have generally to coexist in the system for different usages, and how the
various Semantic Web languages can be used to glue together those different representations. In particular
we focus on the central role of thesaurus-like representations as providing the needed bridge between the
various terminological and formal aspects of the same concept. At last, we show a few examples of ontology-
driven systems that have actually take-off in the real life, based on this methodology.

1. Introduction

Building a so-called semantic or ontology-driven information system is not a process starting from
scratch. Most of the concepts that will be made explicit and used in the target system are already implicitly or
explicitly present in the legacy, in the form of terminology, controlled vocabularies, indexing categories,
taxonomies, classification systems etc. The way those concepts will be migrated is critical, since the target
system has to take into account their role in the legacy system in order to formalize them correctly. Too
often, this migration is too much constrained by some a priori ideas about what concepts should look like in
the target ontology, like "Every concept is a class", and "The hierarchy of concepts is a subsumption
hierarchy".

2. Components of a semantic architecture

Bourigault & al. defined the notion of Terminological and Ontological Resources (TOR) at the crossroads of
the Terminologies and the Artificial Intelligence areas, and more particularly in the Knowledge Engineering
field [Bourigault, 2004]. This notion gathers different types of resources, from index and glossaries to
ontologies, including also lexical databases and thesaurus. In that section, we present the three main TORs
allowing the representation and the modeling of a domain knowledge: the terminologies, the thesaurus and



the ontologiesl.
2.1. Controlled vocabulary (terminology)

One way to describe a domain is to list the vocabulary that represents that domain. There are several ways to
do so: lexicons, controlled vocabularies, reference table, glossaries, etc. They all represent different views of
the same notion: the terminology. These terminological resources are very helpful to classify, search,
translate or write documents for the concerned domain. They are also used in Natural Language Processing
methods and tools to identify and extract the pertinent information of the domain. But they are not sufficient
by themselves to formally represent the knowledge of the domain.

Noun
restaurant Ip-';ra' restaurants)

1. An esting establishment in which diners are served food at therr tables

Translations

= Arabic ,-.'. ho (magiam) m = [ndonesian: rumah makan

= Belarusian: paciapas m = halian: nstarante m

= Bosnian: restoran m o JﬂDﬂnESE' L A3 (resutoran)
= Cantonese: 448 (chaan? tengl) » Korean: &Ef (sikdang), di = EE (reseutorang)
= Chinese. 2B, 21T (canting), 468, €12 (canguln) = Morwegian: restaurant m

= Crostian: restoran m, gostionica # » Polish: restaurac)a f

= (Czaech: restauraci = Portuguese: restaurante m

= Damsh; restaurant ¢ = Romanian: restaurant n

= Dutch: restaurant n = Russian: pectopan {restordn) m
= Esperanto: restoracio » Scoitigh Gaelic: taigh-bidh m

= Finnish. ravintola = Serlyan

= French: restaurant m Cynllic: pecropaH m

» German: Restaurant n, Gastslata f Roman: restoran m

= Greek: eomardpio (estiatério) m » Slovenian: restawacia
10 esiavwrac

= Hebrew nTvon (mis'adah) f = :
YR A ) » Spanish: restaurante m, rastorsn m

= Hindi: Teei=e {restorent’), 3= (restra.n), F=rar=e (jalapanagarha)

= Swedish: restaurang ¢
= Hungarian: étterem

= Tagalog: restawrant
Thai: fi®AATS (hattakhar)
= Urdu: Q0w (réstoran)

= |celandic. veitingahis n

Fig.1: "restaurant" entry in the english Wiktionary
2.2. Structured vocabulary (thesaurus)

Since many years, terminologists and librarians have developed models to structure and organise the
terminological resources. These models can be simple classifications, structured taxonomies, or more
sophisticated thesaurus [Charlet, 2004]. Science always has the objective to identify and classify the objects
of the world for studying and understanding them as done in Natural Science to describe the fauna and flora
[Charlet, 2002]. The classification is usually set through a taxonomy that organises hierarchically the objects
or the terms of the domain. This hierarchy corresponds to the relation of hyperonymy, structuring the terms
of the vocabulary in which a term X has a broader sense (BT) or a narrower sense (NT) than a term Y. For
example, in Fig. 2, the term “Restaurants” has a broader term ‘“Catering” and two narrower terms
“Gastronomic restaurants” and “Restaurant chains”.

Besides, a thesaurus is defined as “a documentary language based on a hierarchical structure”, knowing that
a documentary language is “an organised set of normalised terms, used to represent the content of documents
to be memorised for later search” [Bourigault, 2004]. Thus a thesaurus is considered as a controlled and
structured vocabulary in which the relations between the terms of the domain are clearly specified,
constituting a terminological network. In addition to the taxonomic structure of the thesaurus, constituting its
backbone, a thesaurus models other types of relations such as synonymy, homonymy, and associative
between the terms. Some attributes, such as a definition or an abbreviation, can also be added to the terms.
As mentioned in its definition, the objective of a thesaurus is to facilitate document search by producing a

! See also the thesis of Audrey Baneyx [Baneyx, 2007] that presents the different existing TORs



consistent indexation’ of the documents that points to the terms modelled, also called descriptors in that
context.

“ Thesaurus Yiewer OMT Q@g|

Language: |English | Term | TOURISM SERYICES. CATERING. RESTALRANTS

Tree | List | Search TER b

:”ﬁ TOLURISM EYENTS ~ http:/fthes world-tourism, or FRESTAURANT
4 |27 TouRISM PROMOTION RESTAURANTS

7 LEISURE ACTIVITIES

7] TOURISM FACILITIES BROADER TERMS

7 TOURISM SECTORS

7 SPORTS CATERING
I ||z vistror FLows

=7 ACCOMMODATION MNARROWER. TERMS

) TRAMSRORT GASTRONOMIC RESTAURANTES

7 ECOLOGY OF TOURISM EESTAURANT CHAINS

=7 TOURISM SERVWICES

i ) ACTIVITY ORGANIZATION
= 7] CATERING
------ ® BAMQUETS

...... o HOTEL CATERING
...... [ JRESTALRANTS
...... o SPECIAL MEALS

...... o TAKEAWAY RESTALRANTS
I ......  TEA ROOMS A b

Fig.2 : "RESTAURANTS" descriptor in ThManager interface
Thesaurus of Tourism and Leisure Activities - World Tourism Organisation

2.3. Formal yocabulary (ontology)

Thanks to ontologies, we are reaching another level of domain representation: its concepts rather than its
vocabulary. At the beginning of the 90s, researchers in Artificial Intelligence started to use that notion,
originated from the field of Metaphysics, to formalise the knowledge. For them, what “exists” can be
“represented”. In that context, they defined an ontology as an artefact allowing the representation of the
existing by using a formal and consensual vocabulary. One of the first definitions of an ontology in Artificial
Intelligence is the one formulated by Gruber [Gruber, 1993], reworked by Studer & al [Studer, 1998] as the
“formal and explicit specification of a shared conceptualisation”.

More precisely, an ontology provide the means to identify the concepts of a domain by organising them
hierarchically and by defining their semantic properties in a formal knowledge representation language. That
language eases the sharing of a consensual view on that domain between the software applications that are
using it [Bourigault, 2004]. Thus, an ontology is a structure consisting of a set of concepts (or classes),
relations and attributes. The concepts, organised in a taxonomy, represent the objects, abstracts or concretes,
elementary or composites, of the real world, such as the concept “Restaurant” in Fig. 3. The relations model
the interactions between concepts whereas the attributes correspond to characteristics or specificities of a
concept used to uniquely define that concept in the domain [Charlet, 2004]. The instances of concepts, also
called individuals, are not part of the ontology, but rather of the knowledge base [Handschuh, 2005].
Actually, the knowledge base stores not only the instances of concepts, but also the instances of relations and
the data values of the attributes accordingly to the ontology’s constraints.

2 Cf. Norme ANSI/NISO Z39.19-1993 (R1998), p. 1.
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Fig.3 : "Restaurant” class in Protégé interface
Mondeca "Nievre" ontology

Until now, we described a first level of ontologies called the Conceptual Model. A second level allows the
definition of more complex ontologies by making reference to Logic theories, and particularly those from
Description Logics [Laublet, 2007]. They formalise a set of axioms and inference rules used to restrict the
ontology model, to verify its validity and its consistency and to perform some reasoning actions on the
domain. Most of the researches in Knowledge Engineering are looking forward to building such ontologies in
order to express the semantic of the domain the more formal as possible. As such, in a concrete application,
the goal of an ontology is clearly different from the one of a thesaurus: it is used to semantically formalise
the way the domain operates, to infer new knowledge, to constraint the user interfaces or the reasoning
mechanisms... Therefore it must also take into consideration the functional needs and objectives of the target
application that will make use of it. Bachimont in [Chaumier, 2007] specifies that “ontologies are artefacts
built as a function of a definite task and cannot be reused, as formal objects, for another task”. On the other
side, a thesaurus is more independent from the application as it just describes and organise the vocabulary of
the domain. It can be more easily shared and reused by various applications based on the same domain; it is
to say in different indexation contexts.

2.3. Complementarity of the Terminological and Ontological Resources

The Terminological and Ontological Resources do not offer the same level of knowledge representation: the
terminologies are less expressive than the thesaurus, themselves less formal than an ontology. We would like
to emphasize here the fact that thesaurus are not ontologies: they model the vocabulary of a domain but they
do not provide a representation of the knowledge of the domain. On the one hand, the capacity of the
thesaurus to express a controlled vocabulary as well as a set of lexical relations between the terms of that
vocabulary constitutes a first level of semantic annotation. In that case the annotations are simple pointers to
the thesaurus’ descriptors. They are used as index entries to improve the results of the search engines that use
this kind of annotations. On the other hand, the domain ontologies are more and more used to annotate the
resources. In fact, a same resource can be annotated by different domain ontologies, offering different points
of view on the same content. Not only the semantic annotations created from an ontology improve the



information search as they can rely on inference and reasoning mechanisms, but they can also be combined
to enrich the knowledge base of the domain.

Actually, the thesaurus and the ontologies offer content accesses from different angles: the one of the
vocabulary for the thesaurus and the one of the conceptualisation for the ontology. Consequently, they play
complementary roles in knowledge engineering for indexation and annotation applications [Hernandez,
2005] and as resources for assisting the creation of ontologies [Charlet, 2004]. As Bachimont said, “the
ontologies are not without connection with the terminologies; one can find in the thesaurus the resources to
bootstrap an ontology. But we must be very cautious that they only consist of ‘resources for’ and not of
‘embryons of” [Chaumier, 2007].

3. Integration and use of Semantic Web languages

Most semantic architectures will need to integrate the three above aspects. Therefore, for each concept
involved, the choice of the type of representation must be guided by the functional objectives. And for some
concepts several different representations, corresponding to different functional objectives, are likely to
coexist. In the “Restaurant” example, a Tourism Agency system may need any or all of the following, as will
be shown in the first example (section 4.1 below)

1. Terminological resources for "Restaurant”, in order to correctly use the word and its translations in
multilingual publications.

2. A descriptor "Restaurants" and its broader and narrower terms to index publications, and for faceted
search on a public website.

3. A class "Restaurant" to represent, manage and query specific instances in a back-office knowledge
base, with specific properties and relations (number of tables, menu, prices, opening hours ...)

The various languages of the RDF family will be used to support those different representations.
v SKOS provides the natural representation framework for (2).

v" SKOS extensions could be able to link (1) and (2), depending if terms are eventually handled by
SKOS independently of concepts (see 4.1.3 below)

v" RDFS or OWL are languages relevant to the expression of (3).

(3) and (2) can be linked using OWL vocabulary, by anonymous classes based on restrictions on the value of
an attribute. Instances of a class can be inferred from the values of an indexing attribute, or the other way
round indexing rules can be based on semantic properties defined in the ontology. (see 4.1.1 below).

4. Examples

4.1. Mondeca examples

In this section, we present three actual uses cases met in Mondeca applications. Those use cases come from
various domains of application, showing both the variety of functional requirements that can be met, and the
genericity of the approach presented in section 3.

4.1.1. Management and publication of tourism resources



The customer is a regional tourism agency (Nievre en Bourgogne) which uses Mondeca I'TM to manage and
publish information about its territorial offer : accomodations, restaurants, products and crafts, heritage.
Those objects are described and managed by business experts in the agency back-office using a fine-grained
OWL ontology as presented in Fig.3 above. For the front-end website, each object (instance) is published in a
simpler XHTML format, and accessed by end-users using a faceted navigation, based on a taxonomy
expressed in SKOS. Specific business rules based on the ontology features map objects to taxonomy entries.
What is in the back-office an instance of the "Restaurant" class ends up in the front-end as a published page
indexed against the "Restaurant” category, but also on its geographical location, spoken languages, quality
labels ... The indexing process is quite straightforward in this case, but it can be based on more complex
rules. The faceted navigation is mixed up with full-text search in product description.

Votre recherche € Notre catalogue d'offres

m  “produite du terroir’ = s

= MNotre catalogue d'offres = \ Recommandé par de nombreux guides, notre restaurant propose une
fen Un restaurant = 47 gamme etendue de plats traditionnels ol les produits du terroir sont

a 'honneur : Charolais Label Rouge, agneau du Bourbonnais, magret du ...

D Logi= de France =

Allemand =

.
Restaurant du Relais Fleuri, il propose . maitre par Philippe Martin
B+ qui compose des menus A théme selon les saisons a base de
produits frais du terroir, accompagnés de . " propose des produits locaux,
utilisés ...

Précisez vos envies avec vos mots

produits du terroir o

.. Ol les nitres

®  Un restaurant (2}

Fig.4 : Selecting a restaurant in Nievre, using integrated faceted navigation and full-text search

4.1.2. Dealing with multiple classifications

Exemple Bureau Veritas : navire "a passagers" et "Ro-Ro". Indexation et classes anonymes (on Property ...
hasValue).

4.1.3. Dealing with multilingual terminologies

Exemple Lafarge : distinction descripteurs et termes pour la gestion multilingue
4.2. TAO case study : the ATA model
Cas générique : un systeme de classification hiérarchique a sémantique multiple

5. Conclusion



Since 2001, we have built ontologies for dozens of customers and projects on the behalf of Mondeca. To do
so, we developed a pragmatic approach and identified a certain number of bottlenecks. Since it is easier to
identify what does not work instead of finding the killer methodology, let’s start by listing a those things that
do not work when transitioning real applications towards a domain-oriented ontology model.

1. Building ontologies ‘“from scratch” out of “tacit knowledge” of domain experts, using ontology
editors. Domain experts have generally no or poor expertise in knowledge representation tools and
languages. The learning curve is thus too steep to expect them to get such expertise quickly in a
project life-time. And supposing domain experts have the needed expertise, working this way would
be costly and most of the time wasting their precious time. In most cases it is likely to miss the target,
if the task is not supported by a previous audit of the legacy of data, documents and schemas, and a
specification of requirements for the target system.

2. Re-using complex domain ontologies built for the domain in similar projects. The more complex an
ontology is, the more tied it is to its original context of development and use and the less likely it is to
fit another context. It’s often as difficult and costly to trim such ontologies in order to keep only the
relevant parts than to re-build those parts completely.

3. Building domain ontologies with a ‘‘top-down’ approach as extensions of “foundational
ontologies”. Foundational ontologies are often highly abstract and constraining. Besides, they are
almost never adapted to business requirements. They bear strong constraints that are rarely part of the
requirements for the system to build.

4. Building ontologies without knowing the technical and functional requirements of the system
that will implement them: meta-model, components, architecture, interfaces, queries, automatic
population, publication, etc.

5. Building ontologies without considering the legacy data which will be used to populate the
knowledge base(s) of the target system. At some point the explicit semantics of the target system will
have to match the implicit semantics embedded in the data structure of the source. Otherwise
migration of such data will be impossible.

Generally speaking, what does not work is to build ontologies without a complete specification of the target
system they will be part of. Having in mind just a static knowledge representation is not enough. Ontologies
are developed to be parts of a target information system and consequently, they have to fit smoothly with all
components of this system, even more so as they are backbone components, upon which all other
components will rely.

Besides, we can notice that there is no generic, standardized and consensual methodology existing for
transitioning existing applications to a SOA based on domain ontologies. But rather several methodologies
for building ontologies have emerged among which we can cite the ones described by Uschold [Uschold,
1995], by Gruninger [Gruninger, 1995], by Fernandez & Gomez-Perez in Methontology [Fernandez, 1997]
[Blasquez, 1998] and by York Sure & al. in On-To-Knowledge [Sure, 2003].

The lifecycle of these methodologies is strongly based on the software engineering one and we can identify
the following common steps:

o The specification / assessment of the application need

o The conceptualisation, i.e. the knowledge acquisition

o The formalisation, i.e. the ontology coding

o The integration of existing ontologies, thanks to their alignment or merging through mappings
o The implementation of the ontology into the target application

o The ontology evaluation, documentation and maintenance



Various methods, techniques and tools have been proposed to assist the knowledge engineers in the different
tasks of the methodology lifecycle, such as:

o Extracting ontologies from texts [Bourigault, 2004] [Aussenac, 2000];

o Structuring the hierarchies of concepts and relations [Guarino, 1992] [Guarino, 2000] [Bachimont, 2001]
[Kassel, 2002];

o Merging and adapting existing ontologies by using tools such as Onions [Gangemi, 1999] and Prompt
[Noy, 2003];

o Collaborative development [Domingue, 1998], [Tolksdorf, 2005].

Nevertheless, we consider that the actual tools to automate the creation of ontologies are still far away from
fulfilling the requirements described earlier. Moreover, they do not permit to solve the identified bottlenecks.
To our point of view, the best they can provide are a terminology of the domain, in some cases a thesaurus, a
taxonomic backbone of concepts based on the terminology and high-level properties (attributes and/or
relations) between those concepts. But we agree that some of the proposed tools, such as OntoGen [Fortuna,
2005] or Terminae [Szulman, 2002] can bootstrap the ontology creation and really assist the knowledge
engineer in the identification of the domain’s concepts. Then, she can rework the suggestions made by the
tools to restructure them, to enrich them and to add the restrictions, rules and axioms necessary for reasoning.

To conclude, we are convinced that the process of building ontologies, and by the same way of transitioning
legacy systems to ontologies, still relies on a close collaborative work with the domain experts. Indeed the
legacy systems are composed of an important part of implicit knowledge that requests the help of the domain
experts to be made explicit. From that perspective it seems difficult to fully automate the transitioning
process. Yet the use of some utility tools to integrate several heterogeneous legacy data sources and to
transform automatically their formats into the target one, being the target ontology model, can alleviate the
transitioning burden. What would highly assist the knowledge engineer in her task is a tool able to design the
transition rules between the different data sources into the ontology format.

= peut-étre rajouter un mot en conclusion sur la maniére de modéliser qui doit étre pris en comte par
rapport a ce que tu as présenté dans tes parties... ?
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