Nabila Zouggar 
email: nabila.zouggar@laps.u-bordeaux1.fr
  
Semantic Enrichment of Enterprise Modelling

Enterprise modelling and ontology are two separated fields of research. On the one hand, there exist various enterprise modelling languages developed since twenty years, but most of them are considered primarily on a syntactic basis. On the other hand, ontologies have been elaborated, which aim to formally define concepts in order to avoid ambiguities of understanding of knowledge in a specific domain. Problems of application and use of enterprise modelling languages raised are mainly the lack of semantic. So, semantic enrichment of these languages is becoming an essential topic in enterprise integration and interoperability areas.

Introduction

This paper aims to present the research currently developed in LAPS/GRAI at University Bordeaux 1 about semantic enrichment of enterprise modelling using ontologies. This research is done within the frame of the European research programme: INTEROP NoE (Network of Excellence Interop, n° 508011) and ATHENA integrated project (Advanced Technologies for interoperability of Heterogeneous Enterprise Networks and their Applications, n° 507849).

These projects focus on the study of three fields which contribute to the development of interoperability; [START_REF] Braesch Ch | L'entreprise-système. La modélisation systémique en entreprise[END_REF] Enterprise Modelling (EM) to represent interoperability requirements; (2) Ontology (ONTO) to define interoperability semantic in the enterprise, and (3) Architectures and Enabling Technologies (A&T) to provide implementation platforms.

Considering the semantic lack of the existing Enterprise modelling languages, the objective of our research is to allow the semantic enrichment of enterprise modelling using ontologies. This research topic is also being developed within INTEROP NoE, through the task group 4 "Semantic Enrichment of Enterprise Modelling, Architectures and Platforms".

J.Ralyté and G. Di Marzo Serugendo (Eds.): Doctoral Symposium, I-ESA 2006.

The rest of the paper is organized as follows. We will firstly present in section 2 a definition and the role of enterprise modelling. We will insist here on the semantic deficit of enterprise modelling languages. Secondly we will briefly review in section 3 the current state-of the-art in Ontology.

Finally, we will present in section 4, before concluding the orientations that we consider for the semantic enrichment of enterprise modelling.

Enterprise Modelling and Semantic

Problems of semantic enrichment of the enterprise modelling find its sources in the nature of existing enterprise modelling languages. Indeed, research work on these languages is focused primarily on the syntactic coherence rather than on their semantic contents.

Enterprise Modelling

Enterprise is a complex reality which has to be modelled in order to understand it and in the same time allows reasoning on a well defined project. Enterprise modelling aims to formalize the whole or part of an enterprise with the purpose of including/understanding or explaining an existing situation or realizing and then validating a conceived project [START_REF] Braesch Ch | L'entreprise-système. La modélisation systémique en entreprise[END_REF].

A model is always built on the basis of a language that is either abstract (natural language), semi-formal (language with graphic formalism) or formal (mathematical language). Often, the models based on an abstract language are used to describe an existing situation while the models based on a formal language allow the checking of the properties designed in a given project [2].

In manufacturing engineering, the first work in enterprise modelling was developed in the United States in the 1970s and in particular the development of SADT, SSAD, IDEF0, Data Flow Diagram. In Europe, the programs of the European Commission largely contribute to develop and diffuse enterprise modelling languages and tools since 1980s (Esprit programme for example). We can mention, for example, MERISE, NIAM, M*, CIMOSA, OMT, IEM, IDEFx, METIS or ARIS Toolset [START_REF] Vallespir | L'intégration en modélisation d'entreprise : les chemins d'UEML. In actes de la 4 ème conférence francophone de Modélisation et Simulation[END_REF], [START_REF] Vallespir | Modélisation d'entreprise et architecture de conduite des systèmes de production[END_REF].

Languages Specialization and Conceptual Models

An enterprise model is always associated to a finality and it must, according to the needs, be able to take into account the structural, functional and behavioral aspects. In addition to these aspects, it must also be able to represent the particular point of view of an actor. Finally, a specific approach is often associated to each modelling lan-guage. This approach clarifies the various phases necessary to the construction and exploitation of the model (life cycle); each phase being often characterized by a level of abstraction (conceptual, organisational or technical). This last, explains why the work undertaken within the framework of the enterprise modelling gave place to many modelling languages and tools corresponding to a modelling finality. When a methodological approach has vocation to have a wide field of modelling, it uses several languages. The latter are structured within a modelling framework which clarifies the relative position of the models, the areas of coverage and the mechanisms of mapping of the one to the other. A method based on this principle is GIM (GRAI Integrated Methodology), its modelling framework ensures the coherence of the formalisms implemented based on an axis "view" and an axis "level of abstraction" [START_REF] Doumeingts | A proposal for an integrated model of manufacturing system : application to the re-engineering of an assembly shop[END_REF]. Thus, each language suggested by GIM is positioned in a view and a level of abstraction, which indicate de facto the finality of the language.

Modelling languages are based on conceptual models (or reference models). These conceptual models correspond to coherent valid concepts for the whole of the systems class that language applies. Within this framework, modelling language aims to apply concepts for an operational issue.

In the two cases, precise modelling field or operational variation of a conceptual model, it proves that a modelling formalism corresponds to a defined "semantic field", so it carries this semantics.

Syntactic dimension of the languages

In spite of this necessary semantic component of any modelling language, most of enterprise modelling languages has only the syntactic dimension. This situation is particularly highlighted when we seek to federate different modelling languages. Two approaches are possible, the first is based on an exchange format like PSL, and the other seeks to unify the languages, following the example UEML. PSL (Process Specification Language) has been designed to facilitate correct and complete exchange of process information among manufacturing systems, such as scheduling, process modeling, process planning, production planning, simulation, project management, work flow, and business process reengineering [START_REF] Roque | Contribution à la définition d'un langage générique de modélisation d'entreprise[END_REF]. UEML (Unified Enterprise Modelling Language) is the consequence of the several existing modelling languages that is difficult for the users to really include/understand them and to choose most adequate one. However, a more detailed study of these languages shows a great similarity in their underlying concepts. The approach which follows is to identify the components (constructs) of languages and to bring them in a single syntax [START_REF] Vallespir | L'intégration en modélisation d'entreprise : les chemins d'UEML. In actes de la 4 ème conférence francophone de Modélisation et Simulation[END_REF], [START_REF] Vallespir | Modélisation d'entreprise et architecture de conduite des systèmes de production[END_REF], [START_REF] Roque | Contribution à la définition d'un langage générique de modélisation d'entreprise[END_REF], [START_REF] Roque | From a model translation case towards identification of some issues about UEML[END_REF].

Semantic Enrichment Of Enterprise Modelling 119

Semantic lack of enterprise modelling

However, semantics resulting from the subjacent conceptual model to the modelling language is quite present in the model built with this language. Also, we can consider in a first approach that the modelling language ensures a certain syntactic rigour whereas semantic is interpreted by the analyst himself (fig. 1). Thus, the semantic guarantee of the models depends only on the analyst's competences.

To avoid the modelling dependency with respect to the analyst's competence, it is necessary to transmit whole or part of semantic by the modelling language itself. This can be possible by the semantic enrichment of the language. 

Ontology

The development of enterprise ontology was performed by several researchers in the nineties, in particular in the United States and Canada. The most known work is [START_REF] Ideas | Ontology state of the art[END_REF]:

-"Enterprise Process Handbook" developed by MIT, work on knowledge and process modelling (KIF, PIF/PSL) with the major contribution of Stanford University, -"Enterprise Ontology", developed by AIAI Edinburgh University, -"TOVE" (Toronto Virtual Enterprise) developed by the University of Toronto, -"SymEnterprise" research carried out by the LEKS of the IASI-CNR.

These researches aim to the knowledge definition and organization about the whole activities of enterprise (process, organizations, strategies, sale, etc).

Definition

Ontology is the study of what exists, i.e. the whole of knowledge of the world. That is the definition used in philosophy. The concept was introduced in Artificial Intelligence (AI) 15 years ago to answer problems of knowledge representation within the data processing systems [START_REF] Fürst | L'ingénierie ontologique[END_REF]. Among all the definitions suggested on ontologies, we adopt the one proposed by Gruber: "ontology is an explicit, formal specification of a shared conceptualisation" [START_REF] Gruber | What is an Ontology? Summary statement of Gruber's defintion of ontology[END_REF].

According to the working group W3C (Web Ontology Working Group), ontologies are employed by people, data bases and applications which must share information on a specific or wide field like medicine, tools manufacture, financial management, etc. Ontologies include definitions witch are exploitable by the machine and basic concepts as well as relationship between them [START_REF] W3c | Les cas et conditions d'utilisation du langage d'ontologie web OWL[END_REF].

In practice, ontology results in agreeing on the terms meaning employed in an organization, a community, a trade, with a purpose of people and software comprehension. Therefore, we can say that ontology is an organization model of knowledge in a given field.

An ontology must propose descriptions for the following concepts:

object classes to be organized (project, products, commercial documents, contracts, etc), existing relations between objects (object "person" can be connected by a relation "employed by" to an object "organization"), properties, or attributes attached to these object (reference, description, address, size, etc).

Role of ontology

An ontology can have various roles which are [START_REF] Ideas | Ontology state of the art[END_REF]:

knowledge acquisition and representation, knowledge research and extraction: infer the knowledge which is relevant to the request of the user, knowledge sharing and integration: integration of the various information sources, knowledge management, -Simplification of the man-machine dialogue.

On the Web, the interaction of several ontologies defines specifications relating to several fields, it allows the machine to compare information received with knowledge Semantic Enrichment Of Enterprise Modelling 121 in order to extract a meaning and be able to exploit them. This representation of knowledge is made using ontologies. It is from there that was born the semantic Web.

Anatomy of ontology

According to Gruber [START_REF] Gruber | What is an Ontology? Summary statement of Gruber's defintion of ontology[END_REF], knowledge in ontologies is mainly formalised using five kinds of components:

a class or concept wich represent a set of entities within a domain, relations which represent the interaction between concepts of the domain, functions are a special case of relations in which the n-th element of the relationship is unique for the n-1 preceding elements, axioms are used to model sentences that are always true, instances are used to represent specific individual elements.

As illustrated in figure 2, the elements that compose ontology can be seen distributed over three layers [START_REF] De Nicola | A Proposal for a Unified Process for Ontology Building: UPON[END_REF]:

upper Domain Ontology (UDO), which incorporates the most general domain concepts, application Domain Ontology (ADO), which incorporates the specific concepts of the application domain, lower Domain Ontology (LDO), which incorporates attributes and other elementary concepts that are used to compose Application concepts. 

Ontology representation

As for enterprise modelling languages, the representation language of ontologies can be of various degrees of formalization [START_REF] Uschold | Ontologies: Principles, Methods and Applications[END_REF]:

informal (natural language text, drawings), semi-informal (structured natural language), semi-formal (formally defined language), formal (formally defined language with a formal semantic).

We can classify ontology languages into graph-based languages, frame-based languages and logical languages.The distinction among these three can be characterized by differences in main "symbols" used to represent the knowledge.

Graph-based languages use nodes and links. Frame-based languages use frames to represent concepts (classes), which contain slots or properties and they are closely related to object-oriented languages. And Logical languages use logical statements, such as KIF. OPAL is an ontology representation methodology based on UML and OWL, developed at LEKS, IASI-CNR. The main objective of OPAL is to provide an ontology representation method that incorporates (categorial) elements of the target domain, to support and guide business experts when building and maintaining ontology. OPAL organises concepts in three primary and some complementary categories. The primary categories are [START_REF] De Nicola | A Proposal for a Unified Process for Ontology Building: UPON[END_REF], [START_REF]The Athos specification[END_REF]:

-Business actors: entities of domain, those are able to activate or perform a business process. A business actor is an active element of a business domain. Domain experts, in analyzing the reality, are asked to identify relevant actors that operate pro-
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ducing, updating or consuming business objects. An actor can be an enterprise, a computer system, an employee, or a business unit. -Business objects (and business object documents [BODs]): entities on which a business process operates. A BOD is a further refinement that represents a type of document in the business domain. -Business processes: business activities aimed at the satisfaction of a business goal, operating on a set of business objects. It can be rather simple, with a limited duration in time, or complex, with parallel branches and phases that last for a long time span.

The complementary categories are:

-Message: it represents the interaction between processes. It is characterized by a content that is a BOD. -Complex/atomic attributes: in modeling the properties of a concept, we distinguish between structured information, such as address, and elementary information, such as street name. Essentially, a (structured) complex attribute is defined as an aggregation of lower level complex and/or atomic attributes. -Operation: represents an activity that is not further decomposable. Its use depends on the level of details we are managing.

The OPAL model includes semantic relations defined among categories. The OPAL semantic relations represent well known modeling notions common to (the meta-model of) the majority of Knowledge Representation Languages. They can be organised into two groups: vertical and horizontal relations [START_REF] De Nicola | A Proposal for a Unified Process for Ontology Building: UPON[END_REF].

The vertical relations are:

-ISA (refinement): relation among concepts. For instance, an invoice is an accounting document, decomposition: part-of relationship among concepts. For instance, a department is a part of an enterprise.

The horizontal relations are:

predication: it relates attributes to a concept. For instance, an invoice is in predication relation with date, amount, and recipient, relatedness: domain specific relationships (named or unnamed) among concepts.

For instance, an invoice is related to customer (unnamed), customer buys product (named).

Conclusion

Ontology languages aim at the specification of an ontology and are not adapted for the modelling of the structure and the functioning of a particular enterprise. We can note that the existing ontology languages are not adequate to represent manufacturing act with other applications which already use specific ontologies or controlled vocabularies -Enumerate the significant terms in ontology. Indeed, it is useful to note in a list form all the terms to be treated or explained to a user, and the properties related to these terms. -Define the classes and their hierarchy -Define the class properties (attributes) and their facets (values types, autorized values, number of values, etc). -Create class instances in the hierarchy All these steps are based on the conceptual model of modelling enterprise language. Ontology created must be able to be used by other languages which share the same concepts.

Semantic Annotation

The annotation is one of the most common forms of meta-data in the Web context, it is also graphic or textual information attached to a document and generally placed in this document.

The semantic annotation is a particular case of annotation because it refers to ontology. It can be made in the form of comments, of explanations note, questions or another type of external remark which can be attached to a document or a selected part of this document (fig. 4).

Reference Ontology

Inn

Manor-House Accommodation Services

Swimming pool

Resource to be annotated

A nice place where a tourist can enjoy his stay…

Hotel

Reference Ontology

Inn

Manor-House Accommodation Services

Swimming pool

Resource to be annotated

A nice place where a tourist can enjoy his stay…

Hotel

Fig. 4. Semantic annotation example

To perform an annotation it is necessary to proceed through the three following phases which are [START_REF] Hung | Développement d'un outil efficace pour annoter les documents[END_REF], [START_REF] Desmontils | Annotation sur le web : notes de lecture[END_REF].

the location which consists in placing in the document the ontology concepts references that it contains. These elements are considered as meta-data,

the instantiation which allows to give attributes values of the concepts using information present in the document, the enrichment which aims at adding information by the intermediary of concepts attributes which could not be given values in the preceding phase.

We note that in the first two steps, there are not information addition but rather localization and characterization of information already present. They are insertion steps. At the last step, the document is enriched by information which did not exist; it is a step of annotation formalized by meta-data.

Conclusion

In this paper, we presented the basic concepts and principles of semantic enrichment of enterprise modelling by ontologies.

Research that we carry out uses a bottom-up approach, which consists to enrich existing languages by elaboration of ontology from their conceptual model.

We are also interested in another approach known as top-down. It consists first to create an ontology. Based on this ontology, a new enterprise modelling language can be developed.

We can note that there is another research orientation in this field. It is concerned with the enrichment of enterprise models. More precisely it defines the precise meaning of information (process, decisions, resources, etc.) represented in a model. Current research in this direction also focuses on the semantic annotation technique using ontology. The term "enrichement" is used to mean that annotated information can be mapped to other models entities, and consequently allow interoperability between the enterprise models.

It is quite obvious that this research topic is only at its beginnings. A first example will have to be built soon. Then, a full-scale work can start. All these works will be carried out in collaboration with relevant research activities currently running in ATHENA project and INTEROP NoE.
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 1 Ontology languages classification

	Graph-Based	Frame Based	Logic Based
	• Semantic networks • Conceptual graphs • UML	• Frame Systems • OKBC, XOL	• Description Logics (e.g., OIL, DAML+OIL, OWL) • Rules (e.g., RuleML,
			LP/Prolog)
			• First Order Logic
			(e.g., KIF)
			• Non-classical logics
			(e.g., Non-mon, probabil-
			istic)
	3.4.1 OPAL (Object, Process, Actor modelling Language)

enterprise concepts [START_REF] Ideas | Ontology state of the art[END_REF]. New solutions are to be developed on the basis of language with an adequate expressive power.

Semantic enrichment of enterprise modelling

The solution that we propose to enrich enterprise modelling languages by ontologies consists to use semantic annotation of terms used in a language.

That supposes to define an ontology created from the conceptual model of the language (fig. 3) which will be useful in the second time to annotate the language.
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Fig. 3. Enterprise modelling and ontologies

To enrich the enterprise modelling languages, we propose to follow two steps:

ontology creation, semantic annotation.

Ontology Creation

The development of ontology is based on the conceptual model, which identifies and structures the basic concepts implemented by the language.

The steps to follow to create ontology are [START_REF] Noy | Ontology Development 101: A Guide to Creating Your First Ontology[END_REF]: -Determine the field and scope of the ontology.

-Study the possibility of using existing ontologies, to extend and refine them. Reuse existing ontologies can even constitute a requirement if our system needs to inter-