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ABSTRACT

Ontologies have been established as effective and efficient
means of knowledge sharing and are being widely used to
conceptually model domains of knowledge. With the grow-
ing use of ontologies in various domains of interest, the
problem of overlapping knowledge in a common domain
becomes critical. In this context, much work has already
been done developing semi-automated applications that
enable the merging, mapping or alignment of ontologies.

On the other hand, a big effort is being currently developed
by many communities (e.g. eLearning, telemedicine, cul-
tural heritage) in order to standardize their contents and
data models facilitating the integration and exchange of
content coming from heterogeneous data sources.

This paper presents the work that is currently being carried
out in two different directions: first, to align two existing
ontologies (the art-E-fact project domain ontology and the
CRM ontology); second, to pursue a culture of re-using
existing ontologies and content, generalizing the alignment
method so that it becomes standard and applicable in other
domains so that existing knowledge can be re-used and
shared easily.
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INTRODUCTION

A unified representation for Web data and resources is
needed in today’s large scale Internet data management
systems. This unification of standards will allow machines
to meaningfully process the available information and to
exchange and integrate data coming from distributed data-
bases and information management systems. This has been
occurring, e.g. in the context of eLearning with the devel-
opment of the SCORM (http://www.adl.net) and AICC
(http://www.aicc.org) standards, or in the context of tele-
medicine applications with the development of standard
data transport protocols such as HL7 and ISO/IEEE/CEN
11073, among others.

In the area of cultural heritage, there have also been some
initiatives to enable distrubuted data exchange and integra-
tion. Interoperability between databases has to be provided
on both technical and informational (semantic) levels. Prob-
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lems that may arise due to heterogeneity of the data are
already well-known within the distributed database systems
community: structural heterogeneity and semantic hetero-
geneity.

Problems related to structural heterogeneity of distributed
databases have already been solved by the database man-
agement systems community. Furthermore, in order to
achieve semantic interoperability, i.e. achieve communica-
tion between two agents that work in overlapping domains,
the meaning of the information that is being interchanged
has to be understood across both systems. The use of on-
tologies for the description of implicit hidden knowledge is
a possible approach to overcome the problem of semantic
heterogeneity.

This paper presents the work that is currently being carried
out in two important lines of research:

e  First, research on information integration and ex-
change standards in the context of cultural heri-
tage: suitability of alignment of the art-E-fact do-
main ontology into the CIDOC CRM ontology;

e Second, research on ontology merging and align-
ment, in order to align the art-E-fact ontology into
the CIDOC CRM ontology.

This paper is organized as follows. Section 2 presents previous
work upon which this article is based briefly describing the
CIDOC Conceptual Reference Model and the art-E-fact project
and domain ontology. Section 3 is a comparative analysis of both
the art-E-fact and CRM ontologies and summarizes the differ-
ences between them. Section 4 describes the working method that
is currently under development. Finally, Section 5 gives some
conclusions.

PREVIOUS WORK

The CIDOC Conceptual Reference Model
(CRM)

The CIDOC CRM, a core ontology explaining the extended mean-
ing of data structures from humanities and cultural heritage, in-
cluding history of science, is the outcome of a long-term disci-
plined knowledge engineering activity, which excels in its onto-
logical commitment, i.e. acceptance of its constructs by domain
experts.



The primary role of the CRM is to enable information exchange
and integration between heterogeneous sources of cultural heri-
tage information [Doe03]. It aims at providing the semantic defi-
nitions and clarifications needed to transform disparate, localised
information sources into a coherent global resource within a larger
institution, in intranets or in the Internet. More concretely, it de-
fines and it is restricted to the underlying semantics of database
schema and document structures used in cultural heritage and
museum documentation in terms of a formal ontology.

The following are some of the most important functionalities of
the CRM:

e To serve as a common language for domain experts and
IT developers to formulate requirements and to agree on
system functionalities with respect to the correct han-
dling of cultural contents;

e To support the implementation of automatic data trans-
formation algorithms from local to global structures
without loss of meaning. This is useful for data ex-
change or data information integration; as well as,

e To support associative queries against integrated re-
sources by providing a global model of the basic classes
and their associations to formulate such queries.

The success of the CIDOC CRM lies in the fact that the explana-
tion of common meaning can be done by a very small set of primi-
tive concepts and relationships, in contrast to the data structures
that suggest to the user what to say about an object. The relations
in data structures that connect items directly by highly specific,
diverse kinds of relationship can frequently be expressed by data
paths composed of a few fundamental relationships defined in the
core ontology.

The CIDOC CRM has become the most promising core element
for realizing semantic interoperability in Archives, Libraries and
Museums, by its capability to link the intellectual structure of
highly diverse sources and products of scientific and scholarly
discourse with the elements formally handled by information sys-
tems. The CIDOC CRM is currently being elaborated by the In-
ternational ~Standards Organization as Committee Draft
ISO/DIS21127 and the CIDOC CRM Special Interest Group
(SIG) to become an ISO standard.

The overall scope of the CIDOC CRM can be summarised in
simple terms as the curated knowledge of museums [CDGO03]. The
Intended Scope of the CRM may be defined as all information
required for the exchange and integration of heterogeneous scien-
tific documentation of museum collections.

The art-E-fact project

The objective of the art-E-fact (IST-2001 37924) project was to
create a generic platform for Interactive Storytelling in Mixed
Reality that allowed artists to create stories in an original way
within a cultural context between the virtual and the physical
reality.

In other words, art-E-fact’s general purpose was to make art ac-
cessible in a different way from traditional methods. For example,
a piece of art could be introduced, explained and even discussed
by two virtual characters in the form of a story. They set up a
conversation first with each other and then with the visitor or

participant, who will feel involved in the virtual world generated
by the platform.

Furthermore, intuitive and easy to use Mixed Reality based inter-
action techniques enable the visitor to explore the art work in
depth by using physical devices that will be recognized by a ges-
ture recognition system. With art-E-fact, the visitors of the mu-
seum will deepen their understanding of the complex issues sur-
rounding the history, techniques, and social circumstances behind
the individual artworks.

So, if we want to make art accessible in the form of stories to
visitors of museum exhibitions we have to provide artists, users
and content generators in general with a tool (the art-E-fact Au-
thoring Tool) that allows them to create this kind of art with the
features we are describing.

Creation of art is the genesis of an original expression of feelings,
thoughts, passions etc. Expression is an output of what creators
obtain in their internal worlds, through their cultural background
and environment, as well as through their technical skills. The
huge amount of experiences and the stochastic way of assimilating
and mixing them is the kernel of the final expressions that arise.

Therefore, if art-E-fact’s target is “to tell” stories about (existing)
artworks the author or content generator (using the art-E-fact Au-
thoring-Tool) should be aware of this rich internal world which is
provided to him/her through the art-E-fact description-metalevel
ontology. The author’s technical skills aided by the Authoring
Tool, which retrieves the required information from the ArtWorks
Database (AWDB) using the metalevel ontology, arise in an opti-
mal way following the memory of creating art.

Description of the conception of the art-E-fact
ontology

The art-E-fact domain ontology is composed of 84 classes and
173 properties and has been implemented in RDF Schema. It
represents the artworks and its relational data stored in the AWDB
and it is referred to five levels of knowledge, enriched with a set
of metadata or descriptors of the data of the diagnosis. All these
levels of knowledge or "thematic entities" in the ontology concep-
tion are supported by the scientific diagnosis results and the re-
lated documentation:

e  The entity "Work identification" consists of general his-
torical data, identifying aspects such as subject, title,
category, type, dimensions, current location, context,
ownership or creator of the artwork;

e  The entity "Description" consists of information con-
cerning the descriptive details of the theme and forms of
representation, providing a better understanding of the
context, such as representation, people, background,
decorative elements, inscriptions or sceneries;

e  The entity "Aesthetic appearance" is concerned mainly
with plastic elements, which provide the appreciation of
the style/aesthetic appearance of the artwork, such as the
style, manner, composition set-up, colour, drawing style
or texture;

e  The entity "Technical" includes technical information
both revealing the techniques and the materials used in
the creation of the artwork, such as support, preparatory
layers, underdrawings, painting materials, varnishes or
stratigraphy, and also concerning exams of the condi-



tion, such as diagnosis or conservation treatments his-
tory;

e  The entity "Interpretation" is provided compared or as-
sociated with analogous or totally unlike artworks, such
as thematic relationships, persons, symbols, styles or
techniques;

These main entities and their metadata are supported, documented
and provided by the scientific diagnosis that has been applied to
the artworks.

COMPARISON OF THE CRM AND art-E-
fact ONTOLOGIES

The CIDOC CRM and the art-E-fact ontologies reflect a serious
commitment to the expression of common concepts underlying
the data structures used by their users. The art-E-fact model,
driven by requirements of artists and content generators was moti-
vated by the need to describe added-value content for the creation
of stories, whereas the CIDOC CRM model, motivated by cultural
artifacts, documentation experts and museum requirements, fo-
cuses on documentation processes among cultural institutions.
These are some of the most relevant differences between the art-
E-fact and the CRM ontologies:

e  The intended scope of the CIDOC CRM has been de-
fined as all the information required for the scientific
documentation of cultural heritage collections, with a
view to enabling wide area information exchange and
integration of heterogeneous sources. The main objec-
tive of the art-E-fact ontology is not devoted to docu-
mentation, but to content description and comprehen-
sion.

e In the context of the CRM, the term cultural heritage
collections is intended to cover all types of material col-
lected and displayed by museums and related institu-
tions, as defined by ICOM. This includes collections,
sites and monuments relating to natural history, ethnog-
raphy, archaeology, historic monuments, as well as col-
lections of fine and applied arts. The art-E-fact ontology
is also valid for interpretation centres and humanistic
research institutions, which may have access to data and
are not included among the ICOM concept.

e The scope of the CIDOC CRM is the curated knowl-
edge of museums, while the scope of the art-E-fact pro-
ject is the content generation by the artists.

e The CIDOC CRM is specifically intended to cover con-
textual information: the historical, geographical and
theoretical background in which individual items are
placed and which gives them much of their significance
and value. On the other hand, the art-E-fact ontology
takes into account different levels of knowledge in order
to provide rich content to build interactive amazing sto-
ries.

Therefore, the main difference between both ontologies is the
application domain. There is no incompatibility between both
models. Moreover, we believe it should be possible to consider
the art-E-fact ontology as an extension in the area of content de-
scription and generation of the CRM.

ALIGNMENT OF THE ART-E-FACT AND
CRM ONTOLOGIES

As proved before the art-E-fact domain ontology is (conceptually)
complementary to the CRM and could therefore be considered as
an extension of the standard model. We are proposing to incorpo-
rate the art-E-fact domain ontology into the CRM as part of the
standard to study and research different ontology alignment meth-
ods, developing a new one if necessary.

We have previously presented the different levels of knowledge or
thematic entities the art-E-fact domain ontology covers as well as
the scope of the CIDOC CRM. The CRM covers (“only”) infor-
mation about cultural heritage collections which would be equiva-
lent to the first thematic entity (Work Identification) defined in
the art-E-fact ontology. Therefore, we are going to link (unite)
common concepts of both ontologies, allowing this way the CRM
ontology to access to the rest of knowledge levels covered by art-
E-fact but not contemplated in it. Figure 1 (conceptually) shows
the work that we are currently carrying out.

Semantically Map
common concepts as
identities

Figure 1: alignment of the art-E-fact and CRM ontologies

For the alignment of both ontologies we are going to use a rule-
based methodology by the means of the emerging Semantic Web
rule languages. Reasoning languages for the Web are an emerging
technology that does not exist today. This technology will soon
represent an essential breakthrough for Web systems and applica-
tions. One possible rule-based ontology language that we can use
in this process is the Web Rule Language (WRL) for the Semantic
Web. This language is located in the Semantic Web stack next to
the Description Logic based Ontology Language (OWL).

The ontology vocabulary can be specified using WRL or OWL, or
using their common semantic subset, denoted by the WRL-Core
subset of WRL and the OWL-DP subset of OWL [Grosof et al.,
2003]. With common semantic subset we mean in this context that
every WRL-Core has a corresponding OWL-DP ontology and
vice versa, where both ontologies entail exactly the same set of
ground facts.

So, the alignment work of both ontologies can roughly be summa-
rized in the following tasks:



e  Since the alignment of both ontologies is going to be
carried out using the WRL language, we have to use the
OWL DL version of the CRM and art-E-fact ontologies;

e The art-E-fact ontology was built using the RDF(s) lan-
guage, therefore we have to represent this ontology us-
ing OWL DL;

e  We have to standardize the art-E-fact ontology. Here,
the word standardize stands for giving to the art-E-fact
domain ontology’s classes, slots etc. the same name they
would have in the CRM ontology;

e Then, we have to identify the common concepts
(classes) in both the art-E-fact and CRM domain on-
tologies and link them. To do so, we are going to follow
a semantic rule-based process with WRL as rule lan-
guage. This is the reason because we have to use the
OWL (DL) version of both ontologies;

e In this linking process we have to be specially careful
with the possible subclasses and slots each of the linked
classes has, so that no information at all is lost in the
alignment process;

We have now presented a very specific example of ontology
alignment. In order for this process to be generic enough, we
should also work on the standardization of the linking process so
that it can also be used in the alignment of other ontologies.

Much previous work related to ontology mapping and merging
has been done. To generate the bridging axioms, we must first
find out the correspondence between the concepts of the two on-
tologies, which is the target of ontology mapping. Lots of systems
have been implemented to map ontologies, e.g. CUPID, GLUE,
Chimaera, PROMT and many others.

SUMMARY AND CONCLUSIONS

Technology, in the wider sense of its meaning, is tending to stan-
dards in order to enable and ease information exchange across
different and usually distributed information management sys-
tems, should they be mobile devices or desktop computers. Thus,
standards are not just a need but a must.

In this paper we have presented the CIDOC CRM and the art-E-
fact domain ontologies. Then, we have compared them and, fi-
nally we have justified why we built a new ontology from scratch
after analyzing their differences. Now, we are trying to align the
art-E-fact ontology with the CRM standard in our commitment
with standards and the re-use of previously developed work. In
order to achieve this goal, we will study different methodologies,
tools and ways of doing it and we will apply the most suitable
one.

This is, however, a very concrete example of aligning ontologies.
Therefore, another work that is under development is the stan-
dardization of the mapping process so that this alignment process
can be carried out in a semi-automated way for other kinds of
ontologies.

Ontology alignment, merging or mapping processes are very tedi-
ous and time consuming. There are various (semi-automated)
tools that have already been used in some previous initiatives,
however at some point of the alignment process there has to be

some kind of manual intervention. We shall very carefully study
their functionality and see whether they are finally suitable or if
we should develop a new aligning tool.

Standards are becoming a very important issue within the new
Information and Communication Technologies (ICT) context.
With this research project, we would like to contribute to the ex-
tension of the most important information and data exchange for-
mat there is in the area of cultural heritage, i.e. the CIDOC CRM,
giving the possibility to general cultural heritage institutions to
exchange and integrate added value data related to artworks.
Moreover, some research is going to be done in the alignment of
ontologies and we expect to contribute with methodologies, e.g.
standard mapping methodologies.
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