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From the Collaboration of Companies to the
Interoperability of Information Systems (Concepts and
Perspectives)

B. Fagihi, N. Daoudi, and R. Ajhoun

Abstract—Recent years, the companies need to work together
to face the challenges. The international economic crisis and the
opening of borders between countries require the creation of
business groups in order to achieve a common goals: Increased
coverage, increased performance, optimization and security,
bargaining power,...etc. S0, these systems need to communicate,
collaborate and share content between them. Several domains
know this revolution, among these learning. In our article, we
will recall a set of concepts used since collaboration to
interoperability. We will also analyze the different existing
approaches in the literature as well as patterns of integration.
Then we will make connections between the approaches and
methods according to the use cases. Finally we will choose the
appropriate approach for our context.

Index Terms—Alignment, federated approach, mapping,
merging, unified approach, semantic interoperability.

I. INTRODUCTION

The concept of collaboration between companies is very
wide. We can feel it in several scenarios for different
purposes:

1) Increased coverage:
complementary skills.

2) Increased performance: Groups of companies positioned
on the same segment,

3) Optimization and security: gatherings of suppliers from
the same client,

4) Bargaining power: platform purchasing.

And all other kinds of novel networks established, casual
or conjunctural [1]. The achievement of collaboration in
industrial environments requires a fluidification of the
structures of business (Fig. 1 a)). But we are faced with the
agility constraints so critical.
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Fig. 1a) From crystallized structure to a fluid structure.
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Yesterday, the quality of collaboration between business,
was based on the robustness of the fixed connections, today it
rests on the ability of firms to evolve and connect them
effectively and fast way.

Il. FROM COLLABORATION TO INTEROPERABILITY

According to [2], the concept of collaboration can be
studied from different aspects :

1) Temporal: It is opportunistic, occasional, periodic,
systematic, permanent?

2) Relationnel: she relates competitors, complementary
organizations, customer and his suppliers, a combination
of these relations?

3) Topologique: it is structured in a star network, point to
point on a linear chain or a combination of these
structures?

4) Intimité& what is the criticality or information power or
functions shared by the partners? Etc.

In the literature, there are several ways to decline the
collaboration. According to [3], This description is divided
into four levels:

1) Communication: The data exchange This is pure and
simple data exchange. At this stage, companies must
communicate, exchange and share information to
maximize their individual operation.

2) Coordination: sharing and synchronization of tasks.
Indeed, the absence of common purpose makes the
design of a collaborative process difficult or impossible.

) Cooperation: pursuit of a common goal. The purpose of
the business network is to pursue a collective goal. This
requires the establishment of a collective process that
members must define and integrate.

4) Integration: transparent membership to the same entity.
Whether virtual or real. The three levels mentioned
above are inherent because companies are integrated into
a single entity.

w

I1l.  LEVELS OF COLLABORATIVE MATURITY

A summary of the standard IEC TC 65/290/DC [4] on the
evaluation of the compatibility of the companies is described
[5]. By comparing of these results with the four levels
mentioned above, we can deduct the following levels of
collaborative maturity:

1) Interconnecting: The initial ability of firms to have
communication interfaces allowing asynchronous
communication.
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2) Open: The ability to share features, services and to be
open his skills outwards but also to access external
features that are available to them. Exchanges must be
synchronous [6].

3) Federated: ability to work in a collective behavior. This
requires knowledge of internal processes for integrate to
the collaborative process. (Certifications de type 1SO ou
Capacity Maturity Model).

4) Interoperable: The ability to immerse themselves within
a larger entity and to become an active component able
to participate in behavior in which it is melted. This
amounts to fluidize: the flow of data, application
management and process execution. Interoperability is
seen as a means for achieving integration.

For this fourth level (Interoperable), which interest us, it is
noted that this capacity is characterized by the level of effort
required for businesses to reach. Indeed, the achievement of
interoperability can be achieved by a business overhaul
thorough in the absence of standardization in relation to
standards ensuring their integration capacity. However, this
vision "totalitarian" or "radical" is not the only one. We can
reach enterprise interoperability by limiting required effort
using ontologies.

IV. CHARACTERIZATION OF ENTERPRISE INTEROPERABILITY

We will describe in this section, levels that characterize the
concept of interoperability. Indeed, firms differ in terms of
culture, language, art, technology,...etc. Several research
studies have focused on the framework that defines these
levels.

Among these frameworks, we can mention:

1) IDEAS (Interoperability Development for Enterprise
Applications and Software, 1ST-2001-37368) [7]: which
is defined as an approach for the collection of visions
and challenges of research on interoperability.

2) AIF (Athena Interoperability Framework) [8], [9] adopt
a holistic approach that allows understanding and
analysis of requirement of interoperability.

3) EIF (European Interoperability Framework) [10]
structure guidelines for interoperability between
European  administrations, and  between the
administrations and citizens.

The analysis allows inferring that these three frameworks
converge towards the consideration of three levels: Art,
Semantic et Technical.

The information system plays an important role in
becoming an enterprise interoperable. To achieving
interoperability between companies, we should assess the
degree of its information system to be interoperable. So we
will focus on the semantic aspect of interoperability between
information systems of companies.

More general, semantics refers to the meaning of the
various components of an information system. The meaning
or significance of a component may vary from one system to
another [11]. We must therefore ensure that the information
exchanged have the same interpretation between all systems.
Semantic interoperability is defined according F. Vernadat
[12], as “the ability to share, synchronize and aggregate the
information in heterogeneous information systems...”. It is

the ability to share information (processes, data and
application) with another information system. Companies
wishing to be semantically interoperable must clearly
describe and define their systems to be able to share
information with other companies by keeping the same
meaning. [13], For him, the semantic conflicts “affect not
only the data, but can also affect other layers of integration
including the functions and processes...”. This means that
the semantic interoperability of information systems, can be
decomposed into:

1) Semantic interoperability of process: It is the ability to
interoperate processes different areas.

2) Semantic interoperability of data: Pooling data for
describe differents repositories.

3) Semantic interoperability of applications: Is pooling
proposed functions by the corporate information systems.
Because we can see a difficulty in interpreting a function
or data offered by an application. The semantic services
oriented approach [13] is an application of this type of
interoperability.

Among the semantic conflicts: the disambiguation where
the same name covers several concepts, the synonymy where
several names cover the same concept. To overcome it, we
must appeal to mediation mechanisms to converge the
different semantic interpretations of the elements of the
information system. The design of this mediation should be
based on a repository able to unambiguously identify the
meaning and scope of each element used by Sl wishing
ensures such interoperability.

It is worth mentioning here the nuance between
interoperability, cooperation and collaboration. These last
two are specifically related to the combination of a number of
resources for a common purpose [14]. This is seen especially
in the context of an industrial process. Conversely,
interoperability is essential to ensure the achievement of
objectives set for collaboration or cooperation. It isn't a goal
sought by companies.

V. APPROACH TO THE INTEROPERABILITY OF INFORMATION
SYSTEMS

The interoperability between information systems is not
easy to achieve. In this area, the work analysis of INTEROP
[15]: European Network of Excellence shows that there are
two approaches:

1) An approach to unification and standardization: In
which, it must agree to unify the presentation the data,
processes and applications. The same applies to tools,
methods and strategies to facilitate the interoperability of
informations systems (1S).

2) An approach of "no standardization": The collaboration
is done without worrying the heterogeneity and by
keeping data formats, process models, existing
applications and hardware. It is collaboration without
special effort on the part of partners.

For systems not yet designed, the first approach is the most
suitable. However, in the case of existing systems that have a
historical, and that is the majority of cases, it appears that the
second approach is more realistic, more pragmatic and more
consistent with the principles of interoperability. In addition,
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the unification approach is very expensive, by the approach
against "no standardization" is very attractive because it
offers companies more freedom. The most concrete example
is the assembly of the United Nations.

VI.

Solving the problem of semantic interoperability amounts
to solving semantic conflicts during exchange. The objective
is to have a similar element interpretations. So we should
have description and formalism of these elements to facilitate
the sharing while keeping the same meaning. We must use "a
set of data that characterize other data to enable research,
management and conversion™ which means meta data. The
two solutions based on the use of metadata are: ontology and
standardization.

SEMANTIC INTEROPERABILITY BETWEEN IS

A. Ontology

In the literature, there are several definitions. It defines the
common vocabulary for various entities that want to share
information in a specific area. It's "a formal explicit
description of concepts in a domain of discourse". That
means, it allows two entities exchange, eliminate the
semantic conflicts and improve communication and the
sharing of meaning.

B. Standardisation

Based on metadatas, standardization of structures allows to
describe content. It is important for ensure sharing of the
content meaning exchanged. It is strongly recommended,
inter alia, in the following areas: health information system,
government management, education, etc. So the common
structure and the metadata that describes the content
exchanged, allows to heterogeneous entities the opportunity
to share the meaning during exchange according to
standardization models identical.

VII. SEMANTIC INTEROPERABILITY AND ONTOLOGIES

Solving the problem of semantic interoperability amounts
to solving semantic conflicts during exchange. The objective
is to have a similar element interpretations. So we should
have description and formalism of these elements to facilitate
the sharing while keeping the same meaning. We must use "a
set of data that characterize other data to enable research,
management and conversion" which means meta data. The
two solutions based on the use of metadata are: ontology and
standardization.

Interoperability brings two major problems, the syntactic
and semantic conflicts. These two types of conflicts require
characterize syntactic interoperability and semantic
interoperability [16]. Ensure semantic interoperability
between information systems is to ensure it be achieved
between ontologies that represent these information systems.
In the literature[17]-[19], several solutions projects were
presented.

They can be summarized into four broad categories:

1) Mapping of ontologies: Whose objective is the
representation of mappings between ontologies? This
allows, for example, interrogating heterogeneous
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knowledge bases using a common interface or
converting data between different representations.
Merging of ontologies: It allows create a new ontology,
named the merged ontology by capturing the knowledge
of the origin ontologies. The challenge then is to ensure
that all correspondences and differences between
ontologies are properly taken into account in the
resulting ontology.

Alignment of ontologies: The objective is to find
correspondences between ontologies.

Integration of ontologies: It is a process of building a
new ontology. Il n'est pas né&essairement destiné a
remplacer les autres. They may continue to be used, to be
updated and evolve, etc. These ontologies can be related.

2)

3)

4)

C. Mapping

The most relevant definition is probably of Noy for which
the mapping of ontologies is a process that specifies a
semantic convergence between different ontologies to extract
correspondences between certain entities [20]. It isn't a
creation of a new ontology. This process applies, inter alia, in
the following areas: information retrieval, e-commerce,
medicine, etc., which have the ontologies with a big size and
which should be reused.

These mappings are expressed by introducing axioms
formulated in a specific language.
Three main phases can be distinguished in these processes
(Fig. 1 b)):
1) Discovery of the mapping;
2) Representation of the mapping;
3) Operation/Implementation of the mapping.
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Fig. 1 b). Mapping of ontologie.

The tools and methods most used in this category are:
MAFRA [21], IF-Map [22], RDFT [23], C-OWL [24] and
OntoMap [25].

D. Merging

[26] gives the following definition of merging ontologies :
"Ontology merging is the process of generating a single,
coherent ontology from two or more existing and different
ontologies related to the same subject”. Merging ontologies is
the creation of a new ontology from two or more ontologies.
The resulting ontology unifies and replaces the original
ontologies (Fig. 2).
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This definition does not specify how the resulting ontology
is connected to the original ontologies for leave open the
problem of selecting the fusion method. The most common
approaches use the union or intersection. In the union
approach, the resulting ontology contains the union of
features from the original ontologies and assumes that the
differences in representation of the same concept were
resolved. In the approach of intersection type, resulting
ontology contains only the common parts of the original
ontologies.

o oz

merged ontology

Fig. 2. The principle of merging ontology.

Several approaches to implement the merger of ontologies
have been proposed such as: PROMPT [27], CHIMAERA
[28], FCA-Merge [29] and OntoMerge [30].

E. Alignment

The alignment of ontologies allows establishing semantic
relationships between concepts of ontologies, as shown in the
definition of Namyoun [26]: "Ontology alignment is the task
of creating links between two original ontologies. Ontology
alignment is made if the sources become consistent with each
other but are kept separate. Ontology alignment ismade when
they usually have complementary domains”. Ontology
matching is a process of finding matches between two
sources of ontologies. It is generally described as an
application of the operator MATCH [31], whose input is
constituted by a set of ontologies and the output is formed by
correspondences between these ontologies. (Fig. 3).

Fig. 3. The operator match.

In the literature, there are several algorithms that
implement this operator. These algorithms are usually
grouped into four classes. We find: Matching based on
schema, matching based on instance, matching based on
element level, and matching based on level of structure.

A matcher based on the scheme takes into account
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different aspects of concepts and relationships in ontologies
and uses similarity measures to determine the
correspondence. Instances belonging to concepts of different
ontologies are compared in order to find similarities between
the concepts. The "element level matcher" compares the
properties of a particular concept and a particular relationship
(eg to find similarities by name). The "structure level
matcher" compares the structure, that is to say, the hierarchy
of concepts in order to find similarities [32], [33]. According
Ehrig, these "matchers™ may also be combined [34].

Among the ontology alignment approaches, there are:
Anchor-PROMPT [32], GLUE [35], [33], QOM [34] and
ASCO [36].

F. Approaches to Semantic Interoperability

In the literature, there are three main approaches (See
Table 1) [37]: integrated approach federated approach and
unified approach. We will detail them in the following
paragraphs:

1) Integrated approach

Also called, a global ontology, a unique ontology or a
simple ontology. Its principle is to get agreement with a
single ontology, finding a consensus on vocabulary, the
semantics, the viewpoint, etc. The other data sources (fig. 1
b)) must be connected to this ontology. It is a fusion of all
ontologies into one. This approach is used when we have a
global ontology with a shared vocabulary, or when multiple
ontologies covering the same area and having the same goal
with a similar granularity. By cons, it has limitations when
the ontology to be integrated contains heterogeneous data
and evolve independently. It is mandatory in this case, to
maintain global ontology and the other data sources
regularly.

2) Federated approach

Also named distributed mediation or multiples ontologies.
In this case, each source is described by its own ontology and
each ontology is completely independent of the other. The
advantage of this approach is that the definition of each
source ontology can be set apart from others. A large
flexibility is ensured because ontologies can evolve
independently and can undergo to frequent updates. In
addition, deleting ontology doesn't block the overall system.
Just remove the links concerned with the ontology. However,
the lack of a common vocabulary for federated approach
makes the comparison of ontologies sources very difficult.
To overcome this problem, a mapping formalism between
ontology is highly recommended, it identifies the semantic
links and connections between different source ontology.
This action is extremely difficult to achieve because many
problems will appear: the semantic heterogeneity, the
synonymy, The homonymy and especially the ambiguity due
to the lack of information [33].

3) Unified approach

The unified approach, also called "hybrid" combines the
two previous approaches. It involves first identifying links
(Fig. 3) between different local ontologies of each source.
Then, it establishes correspondences between different
ontologies and one upper ontology named global ontology.
Like the previous approach, the ontology and its source can
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evolve independently. Just update the correspondence of
ontologies involved in evolution. This is a very interesting
approach if designing of ontologies is based on a standard.
The authors [34] recommend that all local ontologies should
be described based on a common shared vocabulary that can
itself be ontology. This dictionary must contain the basic
terms of a given domain. Other fairly complex terms may
arise from the basic terms through dedicated operators. The
advantage of this approach is that it's open and scalable.
Other new sources can be added without modifying the
common vocabulary. In addition, ontologies use a common
language although their sources can be independent.

TABLE I: THE SUMMARY TABLE

Approach Advantages Limits
integrated | Interesting when you have a | To avoid when
global ontology providinga | ontologies are
shared vocabulary for the heterogeneous and
semantic specification or evolving
when multiple ontologies independently.
covering the same domain.
federated Each ontology can be defined | Very difficult to
without considering other compare different
ontologies. It allows ontology sources. It
flexibility in using ontologies | grows to think about
which evolve independently. | the problem of
semantic
interoperability.
unified Interesting if the ontology
conform to a certain standard.
New ontologies can be added
without the need to change the
vocabulary.

Our context is more consistent with the federated approach.

Indeed, in the field of learning, universities do not have a
common vocabulary for the allocation of a given diploma.
This is a problem of equivalence of diplomas. In addition, it
creates more and more college graduations, which are known
and recognized in the economic environment of the
university... Therefore, the establishment of correspondence
is increasingly difficult. The approach that fits our situation
should allow to universities to create freely diplomas and
grow in their regions. It shall also provide increasingly using
standards. So, we propose the creation of a global ontology
that each university should first refer when creating its
diplomas. Indeed, the problem is much more than
correspondences. We have two candidates from two different
institutions. The first graduated in three years. The second
received the same degree in four years. They had a review of
access to public office. In cases where they were selected,
what will their administrative situations? From what is
mentioned above, we note that there is a strong liaison
between the approaches and methods of integration. We will
be based on use cases, for identify the feasible modes for
each approach. For the federated approach, we do not have a
comprehensive ontology that serves as a reference for local
ontologies O1 and O2, relating respectively to data sources
S1and S2. But if it is created it will respond perfectly to our
problem. The unified approach, in turn, requires the existence
of a global ontology. Something that does not exist for the
community of Moroccan universities.  Admittedly,
universities tend to standardize the terminology used.
Especially to address the problems related to the equivalence
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of diplomas. But they are far from having single reference
ontology. To exchange between systems S1 and S2, we will
be in one of the approaches: integrated, federated or hybrid.
In the federated approach is that we have a global ontology?.
In general, we aren't in this case. Whether O1 and O2: two
different ontologies. The case of the hybrid approach is very
close to the unified approach. Indeed, in the absence of
reference ontology, its implementation is quite difficult.

The following Table Il summarizes the correspondence
between the approaches and the possible mode of integration
according to the use cases:

TABLE Il: CORRESPONDENCE BETWEEN THE APPROACHES AND THE
POSSIBLE MODE OF INTEGRATION

Integration
Approach Mgode Some technical Use Cases
integrated | Integration and CHIMERAE, It is interesting if
fusion: since PROMPT. we have multiple
these two modes FCA-MERGE, ontologies
provide the SMART. covering the same
implementation domain.

I think it is close to
our problem since

of ontology by
gathering

knowledge of two each  university
lor more existing has its own
ontologies. ontology and all of
the ontologies
cover the same
area
federated | Mapping or Similarity Most appropriate
plignment: since [Flooding, to our context that
each ontology is [Anchor-prompt, |is the learning
defined without [GLUE, MAFRA, | field because the
considering other [S-MATCH, addition or
ontologies. IONTOMAP, removal of
MOMIS. ontology or a
IONION partnership with a
university does not
influence the
general
agreements.
unified [Integration: since CHIMERAE, Far from being
it is assumed that PROMPT, suitable to our
there is a global FCA-MERGE, context since it

ontology at which SMART. assumes that the

the local creation of local
ontologies  will ontologies is based
refer when on the standard
creating. vocabularies and

shared. This is not
the case for the
ontologies of our
universities.

According summary table, it seems clear that for our
context where universities are regarded as remote
information systems, which are represented by their
ontologies must fit one of the following approaches:
integrated or federated. Though that | prefer federated
approach because it allows more flexibility. Thus, each
university can develop his ontology in its own way. It can
also establish specific diplomas, determine modules, the
learners qualification and teachers qualification who will be
affected. All this independently of the other ontologies. This
approach also allows the use of ontologies that can evolve
independently and can be updates frequently. Better yet, this
approach is not blocking. Because, if an ontology or an
university wants to break exchange, sharing and
collaboration, it has no impact on other ontologies or other
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universities.

VIIL.

In this article, we try to clarify the concepts used in the
framework of the collaboration. Initially we treated the
enterprise level, the types of collaborations as well as its
levels of maturity. Then we discussed the existing
approaches in the literatures which tackle our problems. Then
after we presented some existing techniques. At the end, we
conducted an analysis to determine the appropriate method in
our context which is the interoperability of information
systems of universities.

CONCLUSION
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