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Abstract. Significant developments in information and communication
technologies and challenging market conditions have forced enterprises
to adapt their way of doing business. In this context, providing mecha-
nisms to guarantee interoperability among heterogeneous organisations
has become a critical issue. Even though prolific research has already
been conducted in the area of enterprise interoperability, we have found
that enterprises still struggle to introduce fully interoperable solutions,
especially, in terms of the development and application of ontologies.
Thus, the aim of this paper is to introduce basic ontology concepts in
a simple manner and to explain the advantages of the use of ontologies
to improve interoperability. We will also present a case study showing
the implementation of an application ontology for an enterprise in the
textile/clothing sector.

Keywords: Interoperability, Ontology, Thesaurus, Case-Study, Textile/
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1 Introduction

Nowadays, firms are required to work in an effective and efficient manner to
create greater possibilities of success in the international market. In order to
achieve this, they must collaborate with each other, and it is at this point when
communication problems arise. Thus, even if the companies in collaboration
belong to the same sector the differences in format or layout of documents or
the business logic used, may cause the collaboration process to slow down and, in
the worst case scenario, to fail, decreasing opportunities for the companies in the
market. Interoperability enables the above mentioned problems to be resolved.

According to the IEEE association interoperability is the ability of two or more
systems or components to exchange information and to use the information that
has been exchanged [1].

Three main research themes or domains that address interoperability issues
have been identified by the Thematic European Network IDEAS[2], namely: (1)
Enterprise modelling (EM) dealing with the definition of interoperability require-
ments; (2) Architecture & Platform (A&P) defining implementation solutions to
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achieve interoperability; (3) Ontologies (ONTO) addressing the semantics nec-
essary to assure interoperability [3]. Ontologies have critical roles in support of
browsing and searches for e-commerce and in support of interoperability for fa-
cilitation of knowledge management and configuration. Ontologies can be used
as central controlled vocabularies that are integrated into catalogues, databases,
web publications and, knowledge management applications, providing a concrete
specification of term names and term meanings [4].

The purpose of this paper is to clarify ontology related concepts to researchers,
managers and end users and present how ontologies can be used to support inter-
operability. In this paper we present a case study showing the implementation of
an application ontology for a business in the textile/clothing sector that should
serve as a basis of a public domain ontology. In next section we review the
basic ontology related concepts and we introduce the methodology followed to
develop our application ontology. Section 3 introduces the most relevant works
about enterprise ontologies. Section 4 describes the main characteristics of the
textile/clothing industry. In section 5, we introduce a textile thesaurus devel-
oped after the study of the domain and we describe the evolution from that
thesaurus to an application ontology specially designed for the case study, a
local textile/clothing company, introducing the benefits obtained from the use
of ontologies for the enterprise interoperability. Finally, conclusions and future
research proposals are included in section 6.

2 Ontology Basic Concepts

Several definitions of the concept ontology have been made, but the one by
Gruber [5] is the most popular and widely accepted, and adopted in this paper:
an ontology is an explicit specification of a conceptualisation.

Ontologies define the terms and common concepts used to describe and rep-
resent a particular domain or knowledge area, as well as the relationships among
these terms and the rules for combining them. The choice of an ontology de-
termines the way in which we perceive and represent our environment. Thus,
ontologies are no other than a formalism for knowledge representation. This
knowledge can be formalised using the following components: concepts, rela-
tions, functions, axioms and instances.

One of the most extended uses of ontologies is the support of structured,
comparative, and customised searches. But ontologies are more than just that,
they are also powerful tools for providing interoperability support. In general
Interoperability projects, approaches and frameworks developed, consider as a
requirement for their solution the development and use of Ontologies where ter-
minology can be clarified for all the stakeholders as for example in [3,6,7,2,8]. In
the simple case of considering controlled vocabularies, there is enhanced inter-
operability support since different users/applications are using the same set of
terms. In simple taxonomies, we can recognise when one application is using a
term that is more general or more specific than another term and facilitate inter-
operability. In more expressive ontologies, we may have a complete operational
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definition for how one term relates to another term and thus, we can use equality
axioms or mappings to express one term precisely in terms of another [4].

2.1 Ontology Representation Formalisms

Generally, ontologies are represented in languages that allow abstraction of the
low-level data modelling; in practice, ontology representation languages present
an expressive power close to first order logics [5]. This capacity for abstraction
is what allows ontologies to support interoperability.

Figure 1 presents the existing formalisms for knowledge specification according
to their semantic expressiveness. Genuine lexical resources are placed closer to
the left, while more formal ontologies are at the right end of the spectrum. We
consider a lexicon as a compilation of domain terms. A thesaurus is no other
than a lexicon that includes basic relationships between concepts and, generally,
classifies those terms within a hierarchy. On the other hand, domain ontologies
integrate complex rules and axioms concerning a particular case of application.

Fig. 1. Adapted Ontology Spectrum based on [4,9,10]

Lexical knowledge (i.e. lexicons, thesauri) has been integrated into ontologies
in different ways. In the simplest approach, it is introduced directly as one of the
properties of the concept. Even though the previous scenario seems to be the
preferred one by the community, authors in [9,10] propose that ontologies and
lexical resources (thesauri in our case) to be kept separated from each other.
This organisation enables the reuse of a thesauri by several resources within
the same domain. This reuse may improve ontology alignment since ontology
concepts will be linked to entries of the same thesaurus. Figure 2 shows such
linkage between ontology concepts and thesaurus terms. If the same entry in the
thesaurus is linked to several ontology concepts, this may indicate that these
concepts are potentially aligned.
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Fig. 2. Ontology thesaurus link based on [10]

2.2 Ontology Development Methodologies

There are several design criteria and development approach methodologies for
Ontologies, including those proposed by Natasha Noy et al [11], Uschold and
Gruninger [12], Guarino [13],and A. Gomez-Perez et al [14].

All these methods focus, in particular, on scenarios where a harmonisation
between similar ontologies is required or there is a need to achieve the inter-
operability of distributed knowledge sources, which may be either databases or
ontologies or both.

INTEROP Network of Excellence [6] adopts UPON (Unified Process for ON-
tology building) [15]. UPON is an incremental methodology for ontology building
that takes into account that in most cases companies require a migration of the
already existing knowledge bases (typically relational databases) to ontologies;
and generally these existing knowledge bases would still continue to exist and
need to interoperate with the newly designed ontology as well.

UPON’s characteristics stem from the Software Development Unified Process,
one of the most widespread and accepted methods in the software engineering
community, and it uses the Unified Modelling Language (UML) to support the
preparation of all the blueprints of the ontology project.

What distinguishes UPON from other methodologies, for software and on-
tology engineering respectively, is their use-case driven, iterative and incremen-
tal nature. UPON presents cycles, phases, iterations and workflows. Each cycle
consists of four phases (inception, elaboration, construction and transition) and
results in the release of a new version of the ontology. Each phase is further
subdivided into iterations.

For each iteration five workflows take place: requirements, analysis, design,
implementation and test; and a richer and more complete version of the target
ontology is produced. The incremental nature of UPON first requires the iden-
tification of relevant terms in the domain, gathered into a lexicon; then this is
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progressively enriched with definitions, yielding a glossary; adding the basic on-
tological relationships to it allows a thesaurus to be produced, until, with further
enrichments, it takes a final shape.

The methodologies for ontology design mentioned above have many points in
common, but in this paper we will mainly focus on the UPON methodology as
we consider that its iterative nature is more appropriate and adapts better to
our domain and case study. But, as we mentioned already in this paper, we will
keep the thesaurus and the domain ontology separated from each other.

3 Enterprise Ontology Review

Enterprise Ontology (EO) has its origins in the need to develop models at a high-
level of abstraction with the development of effective inter- and intra-enterprise
information systems. These models need to be understood by both business
people, who are defining their functionality, and software engineers, who are
constructing and implementing the software systems that realise the systems’
functionality. The idea of business components for modelling information systems
is very valuable since they directly reflect the business rules and the constraints
that apply to the enterprise domain [16].

Thus, an Enterprise Ontology is a collection of terms, definitions, relations
and rules relevant to business enterprises. In order to develop an enterprise on-
tology, all the terms in the business need to be considered and clearly defined.
This includes the company’s intended purposes, the processes and everything
happening in the business. From the research of AIAI (Artificial Intelligence
Applications Institute in the University of Edinburgh) the main uses for the
Enterprise Ontology include to [17]:

– Enhance communication between humans, for the benefit of integration.
– Serve as stable basis for understanding and specifying the requirements for

end-user applications, which leads to more flexibility in an organisation.
– Achieve interoperability among disparate tools in an enterprise modelling

environment using the EO as an interchange format.

3.1 Enterprise Ontology Approaches

TOVE (TOronto Virtual Enterprise) ontology is the result of the TOVE [18]
project conducted by the University of Toronto. The TOVE project provides a
generic, reusable data model that provides a shared terminology for the business
and enterprise.

The researchers in the National Institute of Standards and Technology devel-
oped PSL (Process Specification Languages) [19]. PSL, initially based on TOVE,
identifies, formally defines, and structures the semantic concepts intrinsic to the
capture and exchange of discrete manufacturing process information.

Finally, the Edinburgh Enterprise Ontology or the Enterprise Ontology (EO)
[17] project’s goal is to provide “a collection of terms and definitions relevant to
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business enterprises to enable coping with a fast changing environment through
improved business planning, greater flexibility, more effective communication
and integration”. The EO project has also developed tools for modelling, com-
municating and representing enterprises and processes in a unique way. The
EO is represented in an informal way (text version) and in a formal language
(Ontolingua).

All these efforts offer a great contribution to ontology development as a sup-
port mechanism for interoperability. But, in real life, only large companies can
afford these solutions. In fact, a large number of enterprises have a very poor un-
derstanding of what ontologies and their advantages are. Moreover, even though
a huge amount of information about ontologies and their applications has been
written, the number of tangible or free-accessible ontologies is very scarce.

The aim of this paper is make all this information accessible to the gen-
eral public and provide the reader with a practical and simple example of how
an application ontology can be designed and implemented. More precisely, we
will focus on the design of an application ontology for a local textile/clothing
company.

4 Case Study Context

Because the aim of this document is to present an application ontology devel-
oped for a textile/clothing enterprise, we will now briefly review the main char-
acteristics of this sector and describe the most significant research conducted to
introduce interoperable solutions in the domain.

4.1 About the Textile/Clothing Industry

The production process within the Textile/Clothing sector is based on collabora-
tion between a large number of small and medium enterprises (SMEs) to create
and deliver items of textiles and clothing. Each of these enterprises is responsible
for a particular aspect of the production process: such co-operation is regulated
by the exchange of request/response messages necessary to carry out all the steps
in the supply chain. The delivery timing of the final product is affected by the
communication mechanism adopted within the supply chain. In this sector the
introduction of fully interoperable solutions and standards is a harder task when
compared to other production processes, since the sophistication and specificity
of the cooperation among the enterprises of the supply chain (mainly based on
human relationships instead of Information and Communication Technologies)
are very high and represent a peculiar competitive factor.

4.2 Textile/Clothing Industry Interoperability Approaches Review

Up until 2000, most innovation was aimed at automating internal business pro-
cesses. In many cases, even this was usually only within individual departments,
leaving inter-enterprise processes as manual. The only existing interoperability
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solutions were based on EDIFACT [20] technology, and EDITEX [21], which are
described below.

The EDI, Electronic Data Interchange, defined by a UN Commission, was
focused on the simplification of international commerce. It was based on:(1)A
document structure for international electronic commerce; (2) the UN dictionary
of the words for international trade; and (3)the ISO syntax for the electronic
transfer of data within flat files. The result was a rigid technology, EDIFACT,
where customisations were made by suppressing of unused parts of a common
general structure. This approach was valuable because it conveys a universal
standard, but it was only affordable for large organisations.

In the period between 1980 and 1990, the EDITEX project developed the
EDIFACT subsets for the European Textile and Clothing industry. Despite these
efforts, the diffusion of the EDITEX solution was also limited to a few very large
organisations.

eTexML [22] is a French project coordinated by the Institut Francais du Tex-
tiles et de l’Habillement - IFTH. The project was initiated in order to provide a
set of EDI tools based on XML to allow manufacturers and retailers to implement
a reactive delivery strategy.

TEX-WEAVE [23], Standardisation and interoperability in the Textile Supply
Chain Integrated Networks, is an international project in which AITEX (Instituto
Tecnológico Textil) [24] based in Alcoi (Spain) is involved. The aim of this project
is to provide the Textile/Clothing sector with a framework for interoperability
based on standardised electronic document exchange based on XML Schemas.

Moda-ML [25] (now denominated Moda-ML initiative) was a European project
based in Italy. The project objective was to facilitate the exchange of technical
and managerial information between the companies of a supply chain in the
Textile/Clothing sector. The project is especially focused on the relationship
between textile providers and clothing manufacturers.

Regarding semantic-like interoperability, Moda-ML represents an interesting
initiative to provide semantics for the e-business vocabulary [26,27]. They carried
out the following steps based on UPON methodology: they started by identifying
the necessary vocabulary terms (i.e. lexicon), then they created a basic organisa-
tion of the terms (i.e. thesaurus), and finally they automatically built an ontology
following a set of patterns and descriptions extracted from a database.

The next section presents our case study, which is a study we carried out of the
main requirements for developing a reference vocabulary and ontology. As Moda-
ML, we have followed a three-steps approach: definition of term requirements (i.e.
lexicon), analysis and organisation of terms (i.e. thesaurus), and implementation
of a formalisation (i.e. ontology).

5 Development of an Ontology for the Textile/Clothing
Industry

The case study is an enterprise involved in the hosiery and textile/clothing indus-
try. The company expanded and diversified its operations to also manufacture
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socks and to produce all its own yarn and fibre requirements. The company has
kept growing and introduced new product areas such as underwear, beachwear,
pyjamas and lingerie.

For the sake of brevity, in this paper we will focus on the part of the ontology
developed to describe the technical specifications or characteristics of the wide
range of products manufactured and commercialised by the company.

Next we will describe the steps conducted in order to complete our ontology,
based on the UPON methodology described in subsection 2.2,. Figure 3 shows
how UPON methodology has been adapted to our particular case of study.

Fig. 3. Steps conducted in order to develop our application ontology based on [15,28]

5.1 Determine the Domain, the Benefits and the Scope of the
Ontology

During this phase of the study it is vital to determine what the domain of the
ontology is, what the ontology will be used for and who will use and maintain
the ontology.

After a precise study of the enterprise to gain a deep understanding of its
workflow, we decided to focus our ontology on the textile products that are
produced and marketed.

It is improtant to determine how the company would benefit from the devel-
opment of an application ontology. The most immediate and evident advantage
is the possibility of introducing semantic searches on the enterprise web portal
from which employees and customers would benefit.

The creation of the ontology and the introduction of a shared thesaurus for the
domain can also provide interoperability support. As shown in Figure 4, ontolo-
gies can be used to formally abstract the knowledge represented in a particular
database. Additionally, if these ontologies share a domain thesaurus, interoper-
ability support is enhanced since different users/applications are using the same
set of terms; moreover, mappings between them can be directly defined.

Regarding the semantic integration, ontologies can also be used to detect
incompatibilities between database schemas to be integrated. When merging in-
dependently developed ontologies, given a set of mappings between them, errors
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Fig. 4. Use of ontologies to support interoperability

are likely to occur due to different points of view in the respective conceptualisa-
tions [29]. In general such errors are due to global restrictions which are not true
in all contexts (e.g. only items have a name), but in a specific application. Thus,
when integrating different applications and databases with different contexts,
these global restrictions should be avoided.

In our particular case of study, the application ontology enhances internal in-
teroperability between the different departments of the company since they now
have a shared domain thesaurus defining the most common terms. A specific
ontology could also be developed for each department. This particular ontology
should take into account the most relevant processes of every unit. Moreover, a
mapping between these ontologies may also be implemented. Thus, the shared
thesaurus and the set of departmental ontologies will provide a fully interoper-
able solution within the company.

On the other hand, external Enterprise Interoperability could be also achieved
by providing the enterprises that usually collaborate with the company under
study with ontological solutions based on our shared thesaurus. This will allow
local companies to cooperate with each other in a more effective and efficient
manner.

5.2 Identification of Relevant Terms

Once the scope and the domain of the ontology have been clearly defined, the
next step is to identify the relevant terms in the application domain (i.e. the
lexicon), the textile/clothing sector in our case of study, and elaborate a lexicon
including the most general terms.

In order to achieve this, we studied and analysed several clothing catalogues
from the most important companies in the sector. We especially focused on
nightwear, hosiery, socks and underwear, as they are the main items commer-
cialised by our case study. The result of this study was a compilation of the
domain’s most relevant terms (see Figure 5). Some of the concepts included in
our lexicon are Brand, Colour, Size, Fabric, Item, Season, Collection, etc.
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Fig. 5. UML representation of a subset of the domain concepts

5.3 Introduction of Basic Relationships between Terms

The next step after the lexicon development is the introduction of the basic
relationships between domain concepts to obtain a thesaurus. As mentioned in
section one, this thesaurus will ideally be shared among different companies in
the sector or different departments within a company and it will be the founda-
tion for the development of an application ontology reflecting the particularities
of each individual enterprise in the textile sector. By basic relationships between
domain concepts, we understand: the classification of the domain concepts within
a hierarchy and establishment of linguistic relationships such as synonyms and
translations. In our thesaurus, for example, terms are defined in English and
Spanish and an equivalence between the sizes used in different countries has
been introduced.

Fig. 6. Excerpt from the developed SKOS-like Thesaurus
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We have used SKOS (Simple Knowledge Organization System) [30,31] as a
formal language to represent our textile thesaurus (TextileTh). This language
has a rich support for labelling and reporting term metadata (e.g. Preferred
label, Alternate labels, definitions, examples) as well as for defining linguistic
relationships (e.g. Has Broader, Has Narrower, Related, Exact Match). Figure 6
shows an example of a set of SKOS-like entries organised within a hierarchy
(skos:broader) and showing different synonyms and translations (skos:altLabel).

5.4 Design and Creation of the Required Application Axioms

Once we have developed a domain thesaurus, our objective is now to introduce
the required axioms to model the particular business rules and complex relation-
ships between the case study products to create an application ontology. Thus,
we will create the enterprise’s application ontology taking the shared domain
thesaurus as a reference.

Table 1. Excerpt from the product definition required in the case

XS and S are small sizes

α1 Small Sizes ≡ XS � S

XL, XXL and XXXL are big sizes

α2 Big Sizes ≡ XL � XXL � XXL

A Pack includes two or more items with the same Size

α3 Item S ≡ Item � ∃hasSize.S � ∀hasSize.S

α4 Pack S ≡ Pack � ∀hasItem.Item S � � 2 hasItem.Item S

α5 Pack ≡ Pack S � Pack XS � . . . � Pack XL � Pack XXL � Pack XXXL

A Basic Pack includes three items: 1 black, 1 white and 1 ecru

α6 White Item ≡ Item � ∃hasColour.White � ∀hasColour.White

α7 Black Item ≡ Item � ∃hasColour.Black � ∀hasColour.Black

α8 Ecru Item ≡ Item � ∃hasColour.Ecru � ∀hasColour.Ecru

α9 PackBasic S ≡ Pack S � ∃hasItem.White Item � ∃hasItem.Black Item

� ∃hasItem.Ecru Item � = 3 hasItem.Item S

α10 PackBasic ≡ PackBasic S � PackBasic XS � . . . � PackBasic XXXL

The creation of an application ontology requires a deep understanding of the
business rules, processes and particularities of the company you are developing
the ontology for. In order to fully understand how the enterprise works, we
arranged several meetings with the different departments involved in the design
and commercialisation of their products, including IT.

We have adopted OWL (Ontology Web Language) [32,33,34] as the ontology
language, and we have used Protégé 4 [35] as the OWL ontology editor. Table 1
shows some of the product definition specifications required they are enumerated
in English, but their formal representation using description logics [36] is also
included.
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6 Conclusions

Theoretically, there is no doubt about the benefits of using ontologies to support
enterprise interoperability and to facilitate the development of the semantic web.
The aim of this research is to clarify ontology related concepts to companies and
end users, so they can benefit from the actual application of these mechanisms.
Moreover, in this paper we have presented a practical approach to ontology
design and development by introducing an application ontology for the textile
sector, that should be the beginning for a development of a public ontology in
this sector.

The main problem encountered during our research is that even though there
have been plenty of efforts in the last few years to develop a textile thesaurus
that could be used as a standard in this domain, nowadays, few companies
are aware of the actual benefits of investing in these mechanisms and using
them as tools to support interoperability. In this paper, we have developed a
simplified thesaurus for the sector that could be the foundation for the creation
of a standard. Moreover, we have introduced how an application ontology can
be developed, taking this thesaurus as a reference. Even today, the creation of
a standard thesaurus is necessary for the future development and actual use of
application ontologies within the textile sector.

Thus, we can conclude that there is still a lot to do before the actual use of
application ontologies in the textile/clothing industry. As we have already men-
tioned, the main reason for this is the lack of a standard thesaurus or taxonomy
collecting the domain relevant concepts and basic relationships. We also consider
it is very important to carry out initiatives to educate companies and employees
in the use of ontologies, and to prove to them that they can benefit from these
mechanisms. Practical examples of use may be introduced so enterprises can
better understand how the use of ontologies can enhance communications with
customers, suppliers and stakeholders.
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