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Abstract. In this paper we present a new approach for building RDF
schemas by integrating existing ontologies and structured vocabularies
(thesauri). We will present a simple mechanism based on the specification
of inclusion relationships between thesaurus terms and ontology concepts
and show how these relationships can be exploited to create application-
specific RDF schemas incorporating the structural views of ontologies
and deep classification schemes provided by thesauri.

1 Introduction

With the emergence of the World Wide Web, Internet and Intranet technologies,
a large number of information sources from a variety of different application do-
mains have become available on line. In such open and evolving environments,
discovering, accessing and integrating information are difficult and complex tasks
due to the existence of semantic heterogeneities [35], resulting from the differ-
ent terminologies and conceptualizations employed by the various information
providers and consumers.

A partial solution to the semantic heterogeneity problem is the exchange of
domain-specific metadata [22/4T35] between interconnected systems, describing
the semantics of the underlying information. More specifically, these seman-
tics are expressed by metadata schemas, defined by specific resource description
communities. A metadata schema is comprised of (1) a vocabulary, i.e. a set of
element names to be used for the description of information in a domain (e.g.
the creator, title elements of the Dublin Core [12] metadata element set), and (2)
a set of semantic relationships to structure this information. One of the several
roles of metadata schemas in open and evolving environments such as the Web,
is to support a sharable, structural view of information with rich semantics to
be communicated between users and applications.

Metadata specification languages, such as the Resource Description Frame-
work (RDF) [346], support standard mechanisms for the representation of meta-
data schemas as well as source specific metadata (source descriptions). RDF is
an ongoing standardization effort of the World-Wide Web Consortium (W3C)
for the creation of metadata describing Web resources. Although it enables the
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description and exchange of metadata schemas, it does not provide a mecha-
nism to facilitate their construction, which is a difficult and time consuming
task especially in environments that comprise a large number of information
sources. Moreover, it offers no mechanism to decide whether a particular meta-
data schema meets the needs of an application or domain. For that sake, we
need to consider semantic components and structural views that describe the
organization of the underlying information.

In this paper, we present a modular approach for the creation of RDF schemas
based on the integration of existing ontologies and thesaurus hierarchies defined
according to the ISO 2788 [20] standard for monolingual thesauri. Ontologies and
thesauri can be considered as orthogonal ways for describing information. The
former provide structural, sharable views of information, with usually shallow
semantics, captured in metadata schemas. They are declarative specifications of
the concepts and roles in a domain of discourse. Thesauri are structured vocab-
ularies, with rich semantics but little or no structure. For example, although the
Art & Architecture Thesaurus, one of the largest thesauri in the field of western
art terminology, includes extended taxonomies of cultural artifacts and styles,
there is no explicit relationship denoting the fact that artifacts have a style. In
the context of our approach, ontologies are perceived to have a dual role: provide
a generic view of information and a structural interface over thesauri.

We follow a three-step approach to the construction of RDF schemas. In a
first step, we specify for each thesaurus term, a set of ontology concepts, the
former being considered as sub-concepts of the latter. The result of this step is
a connection relation between terms and concepts with inclusion semantics. In
a second, intermediate step, we extract automatically for each concept a concept
thesaurus. This thesaurus contains only the terms connected to this concept by
the connection relation, along with broader-generic relationships derived from
the initial thesaurus. In the final step we integrate these thesauri with the on-
tology to produce an RDF schema consisting of (1) a structural view provided
by the ontology, (2) connection relations between concepts and terms, and (3)
thesaurus hierarchies. With this intermediate step it is possible to construct the
resulting schema incrementally by extracting on demand concept thesauri that
correspond to different ontology concepts.

Our contribution is two-fold. First, by using existing components, we mini-
mize the time and effort to specify appropriate notions that describe the content
and structure of a domain in the form of an RDF schema. Second, the resulting
RDF schema is not bound to a specific implementation and can be used by any
application which is based on the RDF standard.

To illustrate our approach, we take examples from the cultural application
domain. Thesaurus examples are taken from the Art & Architecture Thesaurus
(AAT). The Art & Architecture Thesaurus is one of the Getty Information In-
stitute’s (http://www.gii.getty.edu/) ongoing projects and known as one of the
largest thesauri in the area of western art historical terminology. Ontology exam-
ples are inspired from the ICOM/CIDOC Reference Model. The ICOM/CIDOC
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Reference Model [19] is the result of one of the most significant efforts for a
formal representation of the basic notions of the cultural application domain.
This paper is organized as follows. Related work is presented in Section
Section [3l gives a short presentation of RDF. In Sections @land 5] we describe the
notion of ontology and thesaurus respectively. In Section [l we present our ap-
proach to the automatic construction of RDF schemas by integrating ontologies
and thesaurus hierarchies. Conclusions and future work are given in Section [7l

2 Related Work

Over the past years a great amount of effort has been invested in the develop-
ment of metadata vocabularies for the exchange of information across different
applications and domains [12[25/40/10]. Dublin Core [12] contributes to seman-
tic interoperability by promoting a common set of elements which can be used
to describe in a consistent manner information concerning the contents of elec-
tronic documents, such as their title, creator, or subject. USMARC [40] defines a
set of descriptive elements for the representation and exchange of bibliographic
data. In the cultural domain, the Aquarelle Project [31] uses the SGML CI DTD
(Data Type Definition) of the French Ministry of Culture [L0] to describe a set of
element names, dedicated to territory inventory making. All the above metadata
element sets are the result of the collaboration of a number of user communities
and other authorities in the corresponding fields. Our approach can be consid-
ered as a methodology to provide such metadata element sets by using existing
semantic components of the domain of interest, namely ontologies and thesaurus
hierarchies.

Besides specific metadata element sets, ontologies have been developed and
used in several projects to structure and access Web knowledge. The OntoSeek [18]
system is used for gathering and organizing Web source descriptions. It exploits
the SENSUS Ontology [24] which is based on the WordNet [32] linguistic on-
tology to describe source contents. The WebKB set of tools [29] builds on a
terminological ontology and conceptual graphs to represent (and index) docu-
ments. Our approach can be considered complementary to the above systems,
in the sense that not only do we provide a methodology to define ontologies
enriched with thesaurus hierarchies, but also the choice of RDF as the represen-
tation language enables their exchange in a machine readable format.

Besides structuring and representing Web data, metadata schemas (referred
to as domain models) are also used in mediation based systems such as Infor-
mation Manifold [4], SIMS [9] and Carnot [II]. They provide a uniform view of
information in a domain of discourse and are used to describe the contents of
different information sources. For example, Carnot is an information integration
system that relies on the CYC [28] knowledge base for describing source contents.
The CYC knowledge base is a formalized representation of a “vast quantity of
fundamental human knowledge” and contains about 10° general concepts and 10°
assertions on these concepts. We do not aim at providing a mediation system
but rather a methodology to define mediator domain models. The interesting
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issue is that in some cases, underlying sources might use thesaurus hierarchies
that could be integrated in the mediator to produce expressive domain models.
Our approach can be considered as a first step towards this integration, which
is a requirement for the next generation information systems [3533].
Integrating ontologies and thesauri can be considered as a schema integration
problem [5]. An important issue in this field concerns the coherent integration
of database schemas with overlapping concepts, roles and data. Our approach is
more simple since ontologies and thesauri can be considered as orthogonal ways
of describing information. First, ontologies capture more general semantics than
thesauri, and consequently we consider thesaurus terms to be specializations
of ontology concepts. Second, thesauri incorporate only a fixed set of semantic
relationships defined independently of any application or domain. Finally, the
consistency of the resulting metaschema is not based on actual data, but on the
meaning of ontologies and thesauri as perceived by experts in the domain.

3 Resource Description Framework

The Resource Description Framework (RDF) is a foundation for processing meta-
data [34]6] which supports standard mechanisms for the representation of meta-
data schemas as well as source descriptions. It relies on a simple, graph-based
data model and uses XML (eXtensible Markup Language) [42], to communicate
and process metadata in a machine readable and human understandable format.
Similar to the separation of schema and instance in traditional databases, we can
distinguish between RDF descriptions and RDF schemas, the former considered
as instances of the latter.

3.1 RDF descriptions

RDF can be used to describe any kind of resource [26] that is identified by a
URI (Uniform Resource Identifier), such as a Web server, an XML document
or an element of an HTML page (e.g. an image). RDF supports the definition
of resource properties whose values can be other resources or literals (strings,
integers). A collection of property/value pairs that refers to a specific resource is
called an RDF description and can be represented as a labeled directed graph
where nodes correspond to resources or literals (values) and edges to resource
properties.

Figure M shows an RDF description for a Web page that describes a painting
of the French painter Claude Monet. RDF uses the XML namespace mecha-
nism to distinguish among different RDF schemas (Section 32) used in RDF
descriptions. For example, lines 2 and 3 define two XML namespaces where the
first (web-page) contains general properties of HTML pages (title, presents,
creator) and the second (artifact) specifies properties of cultural artifacts
(title, style, type, period). This mechanism is very important since it per-
mits the reuse of existing, distinct RDF schemas within the same RDF descrip-
tion, without creating naming conflicts (e.g. web-page:title, artifact:title).
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Line 4 tells us that the description that follows concerns the HIT'ML page which
can be accessed by the URL http://metalab.unc.edu/louvre/paint/monet-
/first/impression/. The title of this page is “Web Museum: Monet, Claude
o Impression : soleil levant 7 (line 5) and has been created by Nicolas Pi-
och (line 14). To describe properties of the painting, it is necessary to define
a local resource which is identified by URI soleil levant that refers to the
painting. The painting’s properties are its type (oil painting, line 8), title
(Impression : soleil levant, line 9), style (impressionism, line 10) and pe-
riod (first-impressionism, line 11).

1. <rdf:RDF xmlns:rdf="http://wuw.w3.0org/1999/02/22-rdf-syntax-ns#"

2 xmlns:web-page ="http://metalab.unc.edu/louvre/namespaces/web-pages"

3. zxmlns:artifact ="http://metalab.unc.edu/louvre/namespaces/artifacts">

4. <rdf:Description
about="http://metalab.unc.edu/louvre/paint/monet/first/impression">

5. <web-page:title>Web Museum: Monet, Claude: Impression: soleil levant
</web-page:title>

6. <web-page:presents>

7. <rdf:Description about="soleil_levant">

8. <artifact:type>oil painting</artifact:type>

9. <artifact:title>Impression : soleil levant</artifact:title>

10. <artifact:style>impressionism</artifact:style>

11. <artifact:period>first-impressionism</artifact:period>

12. </rdf:Description>

13. </web-page:presents>

14. <web-page:creator>Nicolas Pioch</web-page:creator>

156. </rdf:Description>
16. </rdf:RDF>

Fig.1. An RDF description for resource http://metalab.unc.edu/louvre/paint/-
monet/first/impression.

3.2 RDF Schemas

The RDF Schema Specification Language [7] is a declarative language used for
the definition of RDF schemad] incorporating aspects from knowledge represen-
tation models (e.g. semantic nets), database schema definition languages and
graph models. It is a simple language of restricted expressive power compared to
predicate calculus based specification languages such as CycL [28] and KIF [23].

An RDF schema defines classes and properties which can be instantiated
in RDF descriptions. More specifically, an RDF schema is comprised of (1) a
vocabulary, i.e. a set of class and property names to describe information in a

! In the following, RDF Schema will denote the specification language used to define
RDF schemas.
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domain (as for example, the creator, title elements of the Dublin Core metadata
element set), and (2) a set of semantic relationships to structure this information.
Classes are organized in hierarchies using the property rdfs:subclass0f which
is defined in RDF Schema (namespace rdfs) and has the standard semantics of
inheritance relationship in object-oriented data models. For example, the RDF
schema illustrated in Figure B defines class Man Made Object (line 4) and its
subclass Iconographic Object (lines 5,6). It also defines classes Style (line
7), Period (line 8). RDF Schema allows both typed and untyped properties.
Properties in our example are typed (i.e. they have a restricted domain and
range). In Figure [2, property period (line 15) is defined between classes Man
Made Object (line 16) and Period (line 17), using the RDF Schema properties
rdfs:domain and rdfs:range respectively.

Summarizing, RDF offers a rich, comparatively simple graph-based data
model and supports the definition of source specific metadata (RDF descrip-
tions) and metadata schemata (RDF schemas). It uses XML for the syntactical
representation, exchange, and processing of these metadata.

1. <rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

2 xmlns:rdfs="http://wuw.w3.org/TR/1999/PR-rdf-schema-19990303#"

3 xmlns:artifact="">

4. <rdfs:Class rdf:ID="Man Made Object"></rdfs:Class>

5. <rdfs:Class rdf:ID="Iconographic Object">

6 <rdfs:subclass0f rdf:resource="#Man Made Object"/></rdfs:Class>
7 <rdfs:Class rdf:ID="Style"></rdfs:Class>

8 <rdfs:Class rdf:ID="Period"></rdfs:Class>

9 <rdf:Property rdf:ID="style">

10. <rdfs:domain rdf:resource="#Iconographic Object"/>

11. <rdfs:range rdf:resource="#Style"/> </rdf:Property>

12. <rdf:Property ID="title">

13. <rdfs:domain rdf:resource="#Man Made Object"/>

14. <rdfs:range rdf:resource="#rdfs:Literal"/></rdf:Property>
15. <rdf:Property rdf:ID="period">

16. <rdfs:domain rdf:resource="#Man Made Object"/>

17. <rdfs:range rdf:resource="#Period"/></rdf:Property>

18. </rdf :RDF>

Fig. 2. An RDF schema for describing cultural resources.

4 Ontologies

The term ontology has been used in several disciplines, from philosophy, to knowl-
edge engineering, where an ontology is considered as a computational entity,
containing concepts and their properties, relationships between concepts and
constraints. Ontologies are defined independently of the actual data [16], reflect
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a common understanding of the semantics of the domain of discourse and are
used to share and exchange semantic information between sources [15133]. They
are declarative specifications of the basic concepts and roles in an application
domain. We only consider ontologies with inheritance relations (isa) and typed
roles between concepts, sufficient to model a large class of ontologies [17] that
can be easily represented as RDF schemas (Section [3.2)).

Definition 1. An ontology is a triple O = (C, R, isa) defined as follows :

1. C ={c1,¢2,...,¢n} is a set of concepts, where each concept ¢; refers to a
set of real world objects (concept instances),
2. R=A{r1,ra,...,rm} is a set of binary typed roles between concepts,

3. isa is a set of inheritance relationships defined between concepts. Inheritance
relationships carry subset semantics and define a partial order over concepts.

Ontologies can be represented as directed graphs where nodes correspond to
concepts and arcs correspond to roles and isa relationships. Figure Blillustrates
an example ontology, inspired from the ICOM/CIDOC Reference Model [19]
which is used to describe cultural information. Concept Physical Object col-
lects all physical objects, the latter composed of other physical objects. Activities
(concept Activity) are associated with physical objects, the former performed by
persons, institutions and organizations (concept Actor). Concepts Biological
Object and Man-Made Object are sub-concepts of Physical Object and in-
herit all roles defined in their superclass. Instances of Man-Made Object have a
title (role has-title) and have been created in a specific period (role of-period).
Iconographic Object is a sub-concept of Man-Made Object. Iconographic ob-
jects have a style (role style) which is an instance of concept Style.

Actor .
is-composed-of

performed by Q
associated with

Activity ————————>= physical Object
) P> S ) of-period
A _ - S LA Period

Biological Object Man-Made Object
/A\ has-title
1 isA Title
I

Iconographic Object ﬁ- Style
style

Fig. 3. A simple cultural ontology.
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5 Thesauri : Structured Vocabularies

A vocabulary is a collection of terms that describe information in a domain of
interest. Examples of such vocabularies are the ACM Computing Classification
System [2], the Library of Congress Subject Headings [27], the Unified Medical
Language System [39] for medicine and the Art & Architecture Thesaurus [38/T]
for the cultural domain. Thesauri are structured vocabularies of thousands of
terms which have and are being used as efficient means for consistent indexing
and retrieval of information [14].

Thesaurus terms are considered as the “representation of concepts in the
form of a noun or a noun phrase” [20]. Concepts are perceived by thesaurus
developers as referring collectively to a set of objects (concept instances) [30]
that are considered as such not with respect to a formal classification process
but through a common agreement. Under this perspective, the interpretation of
a thesaurus term is a set of objects, which we will call the extension of the term.
Thesauri are said to be structured since they include a fixed set of semantic
term relationships. Due to the set theoretic definition of terms, these semantic
relationships are interpreted as relations between sets [13/211/36].

The ISO 2788 Standard [20] for the documentation and establishment of
monolingual thesauri defines the following four kinds of term relationships which
distinguish structured thesauri from arbitrary collections of terms :

generalization (broader term generic - btg),
instance (broader term - bt),

partitive or part-of (broader term partitive - bip),
associative (related term - rt) and

equivalence (used for term - uf).

Al

Term relationships btg and btp are called hierarchical. In this paper we are
only concerned with btg relationship which carry subset semantics and are
the most frequently used hierarchical relationships. Btg-relationships are tran-
sitive and organize terms with similar semantics into directed acyclic graphs
(DAG), referred to as hierarchies, or classification schemes. Two examples of
btg-hierarchies are shown in Figures ] and Bl For example in Figure @] term
paintings is a broader term of oil paintings, with the interpretation that all ob-
jects that belong to the extension of the latter, belong also to the extension of
the former. A hierarchy is defined by its root term, a term with no broader term
(<wvisual works> in Figure Ml). We only assume mono-hierarchical thesauri, i.e.
each term has exactly one broader term.

In the following, we will consider a thesaurus as a set of hierarchies, organized
using the hierarchical btg-relationship. Although the definition we give is not
complete w.r.t. all possible term relations existing in real thesauri it is sufficient
for creating rich metadata schemata.

Definition 2. A thesaurus is a couple T = (D, btg) such that

2 The interested reader can refer to ISO 2788 [20] for a deeper presentation of the
remaining term relationships.
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< visual works >
A
I
< visual works by medium or technique >
BANS
- 1 ~ N
I

-
-

paintings sculpture drawings
7N,

- ~
- N

< paintings by material or technique > < paintings by form >

~

oil paintings miniatures —=> proader term generic relationship

Fig. 4. Part of the Art & Architecture Thesaurus hierarchy Visual Works which collects
all artifacts that are used for visual communication (paintings, sculptures, photos).

<styles and periods>
P SN
<styles and periods by region> < international post-1945 styles and movements >
A A
I I
european < post-1945 fine arts styles and movements >
A A
I I
<european styles and periods> abstract impressionist
o=~
_- i -
-7 - ! Tt- -
<modern european styles and movements> Art Deco <renaissance baroque styles and periods>
A A
I I
<modern european fine arts styles and movements > renaissance
ST NS~ TN
- A N _ A -
impressionism ! post-impressionism early renaissance ' high renaissance
first-impressionism late renaissance
— == broader term generic relationship

Fig. 5. Part of the Art & Architecture Thesaurus hierarchy Styles € Periods which
collects all styles, periods and movements of Art in the western world.
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1. D = {t1,ta,...t,} is a set of terms,

2. btg is a binary relationship between terms such that for each pair of terms
(t,t’) there exists at most one btg-path between t,t’ (mono-hierarchical the-
saurus).

6 Creating RDF Schemas from Ontologies and Thesauri

In this section, we present a methodology for the construction of RDF schemas
based on the integration of ontologies and thesaurus hierarchies. The construc-
tion of an RDF schema is done in three steps. In a first step, we specify for
each ontology concept, a set of terms, the latter considered as sub-concepts of
the former. This step is similar to establishing inter-schema assertions [8/11]
for database schema integration and cannot be a completely automated pro-
cess since it requires the knowledge of the thesaurus and ontology semantics.
Nevertheless, we must note that this knowledge could be partially derived from
source data when thesauri are used to index concept instances. In a second, in-
termediate step, we extract automatically for each concept a concept thesaurus.
This thesaurus contains only the terms connected to this concept by the connec-
tion relation, along with broader-generic relationships derived from the initial
thesaurus. This process can be done automatically and does not require the
knowledge of the ontology. In the final step we integrate these thesauri with the
ontology to produce an RDF schema consisting of (1) a structural view provided
by the ontology, (2) connection relations between concepts and terms, and (3)
thesaurus hierarchies.

Observe that by the intermediate step it is possible to construct the resulting
schema incrementally by extracting on demand concept thesauri that correspond
to different ontology concepts. Moreover, another benefit of the separation of the
integration into several steps is that we are able to monitor the result at any level
of the integration process. Last, it is important to mention that our methodology
is not related to a specific implementation platform.

6.1 Step 1 : Specialization of Concepts with Terms

In the first step of the integration process, thesaurus terms are “connected” to
ontology concepts. These connections have inclusion semantics and are repre-
sented by a binary connection relation Con C T x C over a set of thesaurus
terms T and a set of ontology concepts C'. An example of a connection relation
is presented in Figure Bl Terms impressionism, post-impressionism and abstract
impressionism of the Art € Architecture Thesaurus hierarchy Styles € Periods
(Figure B) describe specific styles (ontology concept Style in Figure B)). Term
first-impressionism of the same hierarchy describes both a style and a period
(concepts Style and Period respectively). Similarly, term renaissance and its
narrower terms of Styles & Periods hierarchy describe different types of styles and
periods (ontology concepts Style and Period respectively). Finally, terms paint-
ings, oil paintings and sculpture of the AAT hierarchy Visual Works (Figure H)
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define different kinds of iconographic objects (ontology concept Iconographic
Object).

Term Concept|| || Term Concept
1MPTessIonism Style paintings Iconographic Object
POSL-1MmpPTessionism Style otl paintings Iconographic Object
abstract impressionism|Style sculpture Iconographic Object
renaissance Style early renaissance |Style

renaissance Period early renaissance |Period

late renaissance Style high renaissance |Style

late renaissance Period high renaissance |Period
first-impressionism Period first-impressionism|Style

Fig. 6. A connection relation Con for AAT hierarchies Styles é Periods, Visual Works
and ontology concepts Style, Period and Iconographic Object.

In the following we will say that, if term ¢ is connected to concept ¢, it is
labeled by c. The way the user actually labels terms (chooses concepts to be
connected to a given term) will not be discussed in this paper because of lack
of space. Briefly speaking, either one labels ¢t with some concept ¢ with the
assumption that all descendants of ¢ are connected to (labeled with) ¢ or one
chooses explicitly among the descendants of t.

In the previous example, we do not connect the whole thesaurus hierarchy
Styles & Periods to concepts Style and Period. We adopt this selective ap-
proach, i.e. relating thesaurus terms to ontology concepts explicitly, for several
reasons. An obvious reason is that some terms could be out of the scope of the
application that has to be described by the resulting RDF schema. For exam-
ple, if some application is only concerned with paintings, then terms referring
to artifacts other than paintings (e.g. sculpture, drawings) need not be consid-
ered in the resulting schema. Another reason is that some terms (e.g. guide
terms in [20/38]) are used to organize thesaurus hierarchies (e.g. <wvisual works
by medium or technique>) and might have no use for describing information.
Finally, another important reason is that thesaurus hierarchies might contain
terms which can be connected to different concepts. For example, terms of the
AAT hierarchy Styles € Periods (Figure B describe styles (e.g. impressionism),
periods (e.g. art deco), or both styles and periods (e.g. renaissance). Connect-
ing terms to concepts in a selective manner allows users to clarify between the
multiple semantics of a term (e.g. as in the case of homonyms) and consequently
resolve semantic ambiguities at the thesaurus level.

6.2 Step 2 : Thesaurus Extraction

After having defined the connection relations between terms and concepts, we
extract for each concept in the connection relation, a thesaurus, called concept
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thesaurus. This is done in two steps. First, each term in thesaurus 7 is labeled
by the concepts to which it is connected in the relation C'on. Observe that a
term can be connected to several concepts, i.e. term labels are sets of concept
names. For example, in the connection relation illustrated in Figure[@, term first-
impressionism is connected to both Style and Period concepts. In this case, the
label of term first-impressionism is the set of concepts {Style, Period}.

Second, we define a selection operation o that constructs from a labeled
thesaurus 7y and a set of concept names S a new labeled thesaurus that contains
(1) the set of terms in 7, whose labels contain at least one concept in S and
(2) btg relations between these terms, induced by the btg relations in the initial
thesaurus. More precisely :

Definition 3. Let T\ = (D, btg) be a labeled thesaurus where each term is labeled
by a (possibly empty) set of concepts : X : D — 2%, Let S be a set of concept
names. The selection o(S,Ty) creates a new thesaurus as follows :

1. keep all terms t of Ty which are labeled by at least one concept name in S
(SNAR) #0),

2. create btg relations between all terms t and t' in o(S,Ty) which are related
by a btg path in Ty that contains no term in o(S,Ty).

A naive algorithm calculating (S, 7y) is shown in Appendix[Al Since o (S, Ty)
can be evaluated without the knowledge of the underlying ontology, this algo-
rithm can be executed on the thesaurus site without accessing information from
the ontology. This property is useful in a distributed environment where thesauri
and ontologies might be stored on different sites.

Using this selection operation it is possible to define a labeled thesaurus 7y
for each concept ¢ in the set of ontology concepts C' as follows :

Definition 4. Let T, = (D, btg) be a labeled thesaurus. Let ¢ be a concept and
S¢ be the set of sub-concepts of ¢ in C including c. Then, we can define a labeled
concept thesaurus 7Y = o (S, Ta) which contains all terms connected (in Con)
to ¢ or a sub-concept of c.

For the definition of a concept thesaurus we exploit not only the btg relations
between the terms but also the isa relationships at the ontology level. Consider
the example in Figure [[l Term v is labeled by concept d, term ¢t by ¢ and w
by e. The selection operation on concept ¢ will construct the thesaurus 7y that
contains besides term ¢, terms v and w that are labeled by its sub-concepts.
Observe also that a term can appear in multiple concept thesauri, and terms
that are not labeled by any concept have disappeared from the concept thesauri.
For example, term u is not connected to any concept and has disappeared from
the concept thesauri in Figure [l Moreover, the selection operation on concept
c created a btg relation between terms w and t which were not directly related
in the original thesaurus.

Each concept thesaurus can be extracted independently and contains only
a subset of the terms defined in the connection relation. This means that the
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Fig. 7. Extracted Thesaurus Examples.

size of the extracted thesauri is bound by the number of terms in the connection
relation and is independent of the size of the original thesaurus.

At this point, we should mention that a concept thesaurus can be induced
by those of its super-concepts. For example, if d is a sub-concept of ¢, and Ty
is the concept thesaurus of ¢, then the concept thesaurus of d can be extracted
as follows : 'TAd = 0(84, 7). In the previous example, only concept thesaurus
Ty of concept ¢ has to be extracted from the original thesaurus 7. All thesauri
corresponding to sub-concepts of ¢ might then be created on demand during the
creation of the RDF schema (Section B.3)).

6.3 Creation of the RDF Schema

In this section we will present how the RDF schema is constructed out of a set of
concept thesauri. This schema will incorporate the set of ontology concepts and
roles, the concept thesauri defined for each ontology concept and connections
between terms and concepts. In short, ontology concepts and thesaurus terms
are modeled as RDF classes, ontology roles as RDF properties. Ontology isa
relationships, connection relations between terms and concepts and btg relations
between terms all carry inclusion semantics and are modeled with the RDF
subclassOf property.

The creation of the RDF schema S for an ontology O = (C, R,isa), and a
set of concept thesauri 7Y = (D, btg) is straightforward :

1. The set of RDF classes in S is obtained as follows:
a) for each ontology concept ¢ define RDF class c,
b) for each term t in 7 define RDF class c:t,
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2. The set of RDF properties is obtained by defining for each typed role r(c, d)
in R an RDF property with domain RDF class ¢ and range RDF class d.

3. The set of RDF subclassOf properties is obtained as follows:
a) for each isa(c, d) relationship between ontology concepts ¢ and d define

an RDF subclassOf property between RDF classes ¢ and d.
b) for each RDF class c:t, corresponding to a root term in thesaurus 7,
add an RDF subclassOf property between RDF classes c:t and c.
¢) for each btg relation between two terms ¢ and ¢’ in a concept thesaurus
v, define an RDF subclassOf property between RDF classes c:t and
c:t’.
It is interesting to note that we connect only the root term of each concept
thesaurus to the corresponding concept. Due to the transitivity of the RDF
subclassOf property, it can be induced that a term ¢ is a subclassOf another term
t or a concept c.

The RDF schema illustrated in Figure B has been constructed from the on-

tology in Figure [, the thesaurus classification schemes in Figures [ [, and the
connection relation in Figure [
Ontology concepts Man Made Object, Iconographic Object, Style, Period
and terms oil paintings, paintings, impressionism and first-impressionism are
all represented as RDF classes (lines 5,7,9,11,21,23). For simplification, we
only prefix terms with the corresponding concept if they are contained in dif-
ferent concept thesauri. RDF class paintings is defined as a subclass of class
Iconographic Object (line 22), since term paintings is the root term of Icono-
graphic Object concept thesaurus. In the same way, classes impressionism
and first-impressionism are defined as subclasses of concepts Style and
Period respectively (lines 26,28). Class oil paintings is a subclass of class
paintings (line 24) (defined by the btg-relations between term oil paintings and
term paintings). Ontology role style, is defined as an RDF property, its domain
being the class Iconographic Object (line 19) and its range class Style (line
20). By definition of the subclassOf property, all subclasses of Iconographic
Object inherit this property.

Using this RDF schema, one can provide RDF descriptions about specific
web resources. For example, a new RDF description for the source described
in Figure [ is shown in Figure @ When comparing this new description with
the previous one, one can observe that we have replaced namespace artifact
by a new namespace int which corresponds to the RDF schema in Figure B
In this RDF description, semantic information that was captured as a value in
the previous description has been added at the schema level. For example, the
fact that the resource described an impressionist painting was encoded in the
value of tag <artifact:style>. This value corresponds in fact to a term in
the AAT and is represented as an instance of class int: impressionism (line 11)
in the new schema. The same argument holds for the value first-impressionism
which is now represented as an instance of RDF class int:first-impressionism
(line 12). Observe also (tag <rdf:Description>) (Figure[l] line 7), has been
replaced by a typed node tag <int:o0il paintings> (line 8) indicating that
the described resource is an oil painting.
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1. <rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

2. xmlns:rdfs="http://www.w3.org/TR/1999/PR-rdf-schema-19990303#"
3. xmlns:int="">

4. <rdfs:Class rdf:ID="Physical Object"></rdfs:Class>

5. <rdfs:Class rdf:ID="Man-Made Object">

6. <rdfs:subclass0f rdf:resource="#Physical Object"/></rdfs:Class>
7. <rdfs:Class rdf:ID="Iconographic Object">

8. <rdfs:subclass0f rdf:resource="#Man-Made Object"/></rdfs:Class>
9. <rdfs:Class rdf:ID="Period"></rdfs:Class>

10. <rdfs:Class rdf:ID="Title"></rdfs:Class>

11. <rdfs:Class rdf:ID="Style"></rdfs:Class>

12. <rdf:Property rdf:ID="of-period">

13. <rdfs:domain rdf:resource="#Man Made Object"/>

14. <rdfs:range rdf:resource="#Period"/></rdf:Property>

15. <rdf:Property rdf:ID="title">

16. <rdfs:domain rdf:resource="#Man Made Object"/>

17. <rdfs:range rdf:resource="#Title"/></rdf:Property>

18. <rdf:Property rdf:ID="style">

19. <rdfs:domain rdf:resource="#Iconographic Object"/>

20. <rdfs:range rdf:resource="#Style"/></rdf:Property>

21. <rdfs:Class rdf:ID="paintings">

22. <rdfs:subclass0f rdf:resource="#Iconographic Object"/></rdfs:Class>
23. <rdfs:Class rdf:ID="oil paintings">

24. <rdfs:subclassOf rdf:resource="#paintings"/></rdfs:Class>

25. <rdfs:Class rdf:ID="impressionism">

26. <rdfs:subclass0f rdf:resource="#Style"/></rdfs:Class>

27. <rdfs:Class rdf:ID="first-impressionism">

28. <rdfs:subclass0f rdf:resource="#Period"/></rdfs:Class>

29. </rdf:RDF>

Fig. 8. The RDF schema resulting from the integration of the ontology and thesaurus.
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1. <rdf:RDF
2. xmlns:web-page ="http://metalab.unc.edu/louvre/namespaces/web-pages"
3. xmlns:int ="http://www.connectit.com/icom/aat">
4. <rdf:Description
5 about="http://metalab.unc.edu/louvre/paint/monet/first/highway/">
6 <web-page:title>Web Museum: Monet, Claude :Impression :

soleil levant</web-page:title>

7 <web-page:presents>

8. <int:oil paintings

9. about="http://metalab.unc.edu/louvre/paintings/monet/impression">
10. <int:title>Impression : soleil levant</int:title>

11. <int:style><int:impressionism/></int:style>

12. <int:of-period><int:first-impressionism/>

13 </int:of-period>

14. </int:o0il paintings>

15. </web-page:presents>

16. <web-page:creator>Nicolas Pioch</web-page:creator>

17. </rdf:Description>
18.</rdf :RDF>

Fig. 9. RDF description for Claude Monet painting using the integrated schema.

7 Conclusions and Future Work

In this paper, we have presented a modular, component based approach to the
construction of RDF schemas based on the integration of ontologies and the-
saurus hierarchies. Our examples were taken from the cultural application do-
main, however the presented approach can also be applied to other semantically
rich scientific (e.g. medicine, biology or chemistry) or electronic commerce (e.g.
electronic catalogue) applications.

An interesting issue concerns the specification of the connection relation.
Whereas, this relation can be specified manually for a limited number of terms
and concepts, its creation gets cumbersome when the number of connected terms
and concepts increases. There are two possible solutions to this problem. First,
as already mentioned, thesaurus terms are used for indexing documents and
other actual data. The existence of these terms at the data level might then be
exploited for the automatic creation of the connection relation by using data
mining techniques. The second solution consists in the definition of a query lan-
guage for thesauri which allows to extract sets of terms by simple declarative
queries (e.g. path expressions). In this way, the connection relation can be rep-
resented as a conceptual view on the thesaurus where concepts are defined by
term queries.

The resulting RDF schema can be perceived as the domain model in me-
diation based systems such as Information Manifold and SIMS and it plays an
essential role in achieving semantic interoperability between the sources. This do-
main model provides a uniform view of information in the domain of discourse.
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Users pose queries against this model and information sources export their con-
tent descriptions as views on this model. The source descriptions, are used by
mediators to identify the set of relevant information sources with respect to a
user query. We intend to apply our approach to the definition of semantically
rich domain models in the context of the Artemis project [3], which proposes
a flexible framework for the definition of cultural mediators. In the same appli-
cation context, we consider that an important issue is the exploitation of the
related term (synonym) relation for query rewriting and concept subsumption.
In this direction, we intend to study more thoroughly the integration of mul-
tilingual thesauri and the exploitation of inter-thesaurus relations for creating
multi-lingual RDF schemas. Such schemas can be used effectively in the context
of querying multi-lingual information sources.

A first prototype is currently under implementation. We have already im-
plemented a loader of RDF descriptions into the Os object-oriented database
management system of Ardent Software using the SIRPAC [37] RDF parser to
parse RDF documents (RDF schemas and descriptions). The next step is to
provide tools for specifying the connection relation and create concept thesauri.
Finally, we want to provide a query interface based on OQL for selecting re-
sources according to their descriptions.
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A A Naive Algorithm for Thesaurus Extraction
Input : (i1) set of concepts S
(i2) a thesaurus 7 = (T, btg)
(i3) a labeling function A
(i4) a set of root terms R in T
Output : (ol) a thesaurus (7))
Procedure :
Ts := 0; btgs := 0
for all terms r in R
for all narrow terms ¢ of r

create_btg(r,t)

create btg(r,t) :if A(r)NS =0

u=t
else
add r to Ty
ifAE)NS#0
add t to Ts
add (t,r) to btgs
u=t
else
u=r

for all narrow terms ¢’ of ¢
create_btg(u,t’)
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