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Abstract. The integration of the heterogeneous data is a major problem
encountered today by the users of the Web. A typical integration scenario is that
two heterogeneous systems A and B are built for different business purposes for
different users at different times by different software developers using different
information models. The two systems often have heterogeneous semantics, data
structures and business rules are different.
It involves in particular the differences between systems infrastructures, the

conceptual schematizations of the data and its meanings. Indeed, the ontology
specifies its systems of knowledge representation. It allows the modeling of
knowledge in an explicit and formal way by concepts and relations between
these concepts. The semantic integration comes after syntactic integration and
the mechanisms of translation connection.
In this paper, we proceeded to a semantic integration of the heterogeneous

data based on the management of the heterogeneousness and the semantic
ontology of the knowledge.
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Distribution

1 Introduction

The integration process of heterogeneous information sources in the ontologies context
of the semantic Web rely on several approaches. For that purpose, the last years have
seen the several researches works realization in the Web databases domains and the
ontologies concerning the integration design realization of different databases in open
environments such as Semantic Web.

This new Web generation is an important evolution compared to the other previous
generations will be based on ontologies and semantic knowledge management. Fur-
thermore, the ontologies are used in several areas of information processing. In addition
to, the semantic Web infrastructure has to allow their integration giving the impression
to the user that it uses a homogeneous system. However, the typologies information
distribution systems are generally based on software and sources of heterogeneous data
on several computers. Often, within a company, there are several heterogeneous sys-
tems that are not designed to integrate data or applications. Then, the development and
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deployment tools evolve over time. This raises integration problems, because infras-
tructures information systems do not easily exchange computerized data. In particular,
the semantic integration problems become then ontological integration problems [1, 2].

A machine and human readable language is therefore preferred to model both the
semantics of the systems and the heterogeneity between them. Data Semantics models
can be expressed in various forms ranging from schemas to system documentation.
Some well-known information modeling languages are evaluated below for the criteria
of machine and human readability. Gathered data often comes from heterogeneous
(different) sources; therefore, integration activities are needed and very important. In a
business context, integration activities are commonly referred to as Enterprise Inte-
gration. This means the ability to integrate information and functionalities of different
Information Technology systems.

In this paper, we divide our work as follows: the first part is this introduction. The
second part constituted by the problem of data integration. The third part makes a state
of the art on the heterogeneousness of the information system. The fourth part for-
mulated the set of heterogeneousness management approaches. The fifth part of this
article focuses mainly on a conception of the ontology models and the data integration.
Finally, the sixth part summarizes all of our works and gives some perspectives for
their continuation.

2 Problem of Data Integration

The systems of the information (SI) consist of Hardware and Software such as:
operating systems, communication protocols, local area network, network links,
DATABASE MANAGEMENT SYSTEM (DBMS), programs and software packages.
Data integration addresses problems related to the provision of interoperability to
information systems by the resolution of heterogeneity between systems on the data
level. The heterogeneousness of the information system is an inevitable problem in the
fact that the data and the applications of SI can be developed and deployed in inde-
pendent ways and according to approaches and different methodologies of design and
realization [3].

Data integration is an area of research that addresses a pervasive challenge faced in
applications that need to query across multiple autonomous and heterogeneous data
sources.

In this context, the systems of integration have to allow the user to access, via a
single access interface, data stored in several sources of data. These sources have been
independently designed by different designers. It entails the heterogeneousness of data,
that is to say, that the data relating to the same meaning are differently represented on
different information systems [4]. This heterogeneousness systems from different
choices which are made to represent facts of the real world in a scheme of design and
development.
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3 State of the Art on the Heterogeneousness
of the Information System

Heterogeneous (means from Greek “other” or heteros and geneous or “nature”) is the
characteristic to contain dissimilar constituents. A common use of this word in terms of
information technology is to describe a product as a measure to contain or to be a part
of a «heterogeneous hardware/ software», made up of various manufacturers products
that can (interoperate) [5].

In this context, the heterogeneousness of data concerns at the same time the
physical system, the syntactic and semantic structure. This informational heteroge-
neousness results from the fact that the sources of data may have different structures
and/or different formats to represent their data. And the sources of data are indepen-
dently designed, by different designers, having different application objectives.
Everyone can, thus, have a different point of view on the same concept and the object
[2]. As a result, it exists several types of heterogeneousness are due to the technical
differences of management of SI such as the differences between the physical hardware,
the software systems. The authors’ work [3, 6, 7, 27, 28] can distinguish mainly three
types of heterogeneousness as below:

• Technical heterogeneousness: refers to the difference between physical hardware,
network infrastructure, cables, operating systems and application platforms. It refers
to the resolution of structural heterogeneity; for instance, the heterogeneity of data
models, query and data access languages, protocols, and hardware platforms.

• Syntactic heterogeneousness: corresponds to the different presentations in the data
formats and interfaces of the applications. It refers to the resolution of semantic
mismatch between schemata. A mismatch of concepts appearing in such schemata
may be due to a number of reasons. For instance, different schemas may represent
the same information in different ways. The major issues that make integrating data
difficult include. The similar semantics of data representation might be quite dif-
ferent in each data source. Moreover, they may contain conflicting data. In addition,
heterogeneity may also occur at lower levels, including access methods, underlying
operating systems, etc.

• Semantic heterogeneousness: corresponds to the differences related to the inter-
pretation or the explanation in the sense associated with the data and functions of an
application. Data sources are independent elements that are not designed for a data
integration system. They cannot be forced to act in certain ways. As a natural
consequence of this, they can also change their data or functionality unannounced.

4 Approaches to Heterogeneousness Management

The web services development today has allowed the putting on line of an imaginable
number of heterogeneous and distributed information (data, files, video, images, sound
…). Each type of information offers autonomous access interfaces of other types and
often heterogeneous between different web technologies (HTML, PHP, JAVA, Web
Services ….), and by the communication infrastructure of the information system
(Systems, Networks, DBMS (DATABASE MANAGEMENT SYSTEM))
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heterogeneous [8]. Therefore, the integration and the exchange of the heterogeneous
data allow having a logical integration at the level of the access to the data.

In this case, the logical integration of the data takes place at the level access to the
data. At the global level, the applications have a uniform view of the data physically
distributed, through a representation of the data. At the local level, information systems
keep their autonomy of the data representation (identification, type, length …), and to
allow access the data via other applications [2, 9]. These approaches aim to solve the
above-mentioned heterogeneous problems and to move to the limits semantic inte-
gration ontologies.

4.1 Management of the Technical Heterogeneousness

The management of the technical heterogeneousness allows opening a dynamic man-
agement of the tasks and the human-machine interface. The evolution of the material
and the IT software have led to new needs in terms of adapted networks and highly
distributed architecture (offering to all the possibility of enriching the company’s
information system) [10].

In this context, software allows in this case to launch several tasks invited on host
machines and be placed next to several completely isolated operating systems. Then,
facilitate communications between the protocols of operating systems and networks.

For that purpose, all the potential machines are provided with linking network cards
which are in fact processors producing the option to exchange information with the
outside in order to establish easily effective interactions between the systems. As a
result, several technical solutions are used for the operation of the heterogeneous
hardware and software. The HAL stands for “Hardware Abstraction Layer”, or hard-
ware (or software) abstraction layer, whose function is to isolate the specificities of the
hardware through a number of hardware-specific functions: [11, 12].

(1) - Partitioning, isolation of the physical and/ or software resources.
(2) - The ability to manipulate remote machines by transcribing data, pausing,

stopping and starting, remote programming capabilities…
(3) - Possibility of “logical” networking of remote machines but also interfacing them

with physical networks.
(4) - The high availability for backup security: outsourcing and third-party central-

ization can be applied to any SI.

4.2 Management of the Syntactic Heterogeneousness

The syntactic heterogeneousness is when data of interest is available in various formats,
different representation schema or a query translation [13]. Thus, the interaction
between several information systems requires efficient management of the exchange of
computerized data between the heterogeneous applications of these latters.

The difficulty mainly arises from the data representations incompatibility. As for
example, «id-student of alphabetical type and length 10A» and «code-student of digital
type and length 6 N» are two different representations from the same meaning iden-
tification of a student.
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The authors’ work [6] proposed mechanisms of translation between the diagrams of
representations of data (designation, type, length…).

To resolve this problem of syntactic heterogeneity, translation mechanisms between
data representations must be implemented. We have proceeded to prove by recurrence
the two approaches presented by [6] (in position by type of distribution architectures
point-to-point, EAI (Enterprise Application Integration) and ESB (Enterprise Service
Bus)).

We distinguish two approaches according to the architecture of distribution
(Fig. 1):

In this approach to data representation of point-to-point architecture, the transla-
tions are directly established between two representations. To link two representations
(Ri, Rj), two translations Tij (from representation i to representation j) and Tji (from
representation j to representation i) carry out the syntactic correspondences.

As a result, each representation (Ri) there are translations as follows:

Tij; j ¼ 1; 2; ::; i� 1; iþ 1; ::; n

Tji; j ¼ 1; 2; ::; i� 1; iþ 1; ::; n

Therefore; for each (Ri) in (n) representations of the data: (n−1) + (n−1) = 2 * (n−1).
The principle of this approach: for (n) representations there exists n * (n−1)

translation mechanisms.
We suppose that valid for (n-1) representations and we prove by the recursion for

(n) representations.
For (n−1), the representation number is (n−1) * (n−2)

A) - A point-to-point architecture for data translation approach

Fig. 1. Data translation by point-to-point architecture

192 C. O. E. Mabrouk and K. Konaté



For “nth” the representation number is 2 * (n−1)
So, the number of representation this sum of:
(n−1) * (n−2) + 2 * (n−1)
As a result, to represent (n) there must exist [n * (n−1)] translation mechanisms.

In this approach of the data representation of the EAI (Enterprise Application
Integration), ESB (Enterprise Service Bus) architectures they are necessary to translate
the entire source representation to a central representation and then translate this central
representation to the target representation scheme (Fig. 2).

Consequently, for each representation scheme (Ri) there are two translation
mechanisms from and to the central representation scheme (Rcentral): Tic, Tci.

The principle of this approach is that for (n) diagrams of representation there must
be (2 * n) translation mechanisms.

We suppose that valid for (n-1) representations and we prove by the recursion for
(n) representations.

For (n−1), the representation number is 2 * (n−1)
For n «nth» the number of representation is 2
So, the number of representation this sum of:
2 * (n−1) +2 = 2 * (n−1 + 1) = 2 * n
Finally, to represent n there must exist [2 * n] translation mechanisms.

b) An approach of data translation by architectures EAI, ESB

Fig. 2. Data translation by central mediation EAI, ESB
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4.3 Management of the Semantic Heterogeneousness

The semantic heterogeneousness means resources of the data highly varied and more or
less structured information sources (databases, XML documents, texts); whereas, in
homogeneous sources from the viewpoint of their level of constitution but nevertheless
coherent. The semantic heterogeneousness describes the difference in the meaning of
the data between the various sources of the data [6, 14] (Fig. 3).

The Extraction of integration rules is based on the heterogeneity analysis of the
different systems. Therefore the quality of the heterogeneity description decides
directly the quality of integration rules. In order to describe the heterogeneity,
semantics of the source systems need to be described first. Machine readable semantic
models are preferred compared to only human understandable semantic models
because machine readability provides the possibility of utilizing automated reasoning
and thereby the possibility of automation of the integration rules extraction.

In the ontology-based approach, the knowledge representation is done by designing
and implementing an initial ontology that captures all data models and requirements in
advance. The designer defines the classes, attributes and relations of ontology that will
be populated automatically by using tool during the data collection step. In the
ontology, the designer should also define restrictions, rules and axioms that are used for
data quality assurance to check the syntax and the constraint of the data [26].

Fig. 3. Comparison of traditional and ontology integration processes [27].
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In this context, Semantic web is an integrative vision of many problems of
heterogeneous data and ontological knowledge and of indexing and the communication
of information. However, ontologies as information server interrogation interfaces and
a tool for combining data from heterogeneous data sources and where core semantic
Web applications and as well as rules and axioms that cover a rich data management.

According to the authors [15–17, 23, 25]; they are based on the three approaches:

• The acquisition: identify all the different sources of the knowledge and the concepts
and its logical relations in a specific field.

• The modeling: to indicate the set of data or knowledge that fixes the linguistic
meaning of the concepts in a specific domain.

• The representation: define the set of concepts linked by specific relations.

Finally, heterogeneity managing approaches are limited in terms of modeling
ontological for each domain of knowledge.

5 Ontology Models and Data Integration

Ontology models are used to facilitate the integration and the exchange of heteroge-
neous data. In association with the syntactic translation and the semantic management
almost one-to-one object, class, type entity and the converter to the attribute, property,
type value and contribute to the accurate modeling of the properties, and classes for the
semantic integration of information [18, 22].

In this context, Ontologies have been extensively used in data integration systems
because they provide an explicit and machine-understandable conceptualization of a
domain.

5.1 Modeling Ontological Knowledge

Knowledge modeling involves depositing the entities of different identical concepts,
retaining the concepts and the relationships, in determining their domain, and indi-
cating the set of data or knowledge that sets the linguistic meaning of the concepts for
each type of semantic ontology and logical link.

The works of the authors [19, 20, 24] proposed ontologies ranking approaches
before semantic integration:

• The regional ontology is seen as a tree of semantic concepts and its relationships. Its
interpretation is constrained by the differential principles associated with the ele-
ments constituted of the tree: root, ancestor, branch, leaf…

• The referential ontology describes a set of referential (or formal) concepts that are
characterized by a term/ designation whose semantics is defined by an extension of
objects.

• The computational ontology deals with computational concepts that are character-
ized by the operations that can be applied to them to generate inferences. The global
ontology provides a conceptual view over the schematically-heterogeneous source
schemas.
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5.2 Semantic Integration

The semantic integration focuses on the intended meaning of the concepts, and to
establish the semantic relationships between the concepts of the modeled ontologies.
This process of semantic integration based on two ontological approaches: [2, 21].

• A posteriori: to perform in a manual or semi-automatic manner and to establish the
correspondence between the basic concepts of the ontologies.

For [n] ontologies one has to create [n * (n−1)] correspondence.

• A priori: allows to automatically integrating each ontology source [Oi] of the
semantic relations as a subset of the global ontology.

For each [Oi] of the global ontology of [n] elements one has to create [(n−1)]
correspondence.

5.3 A Semantic Integration Procedure

In this procedure we have proceeded to an approach of our semantic integration by:
Proposed algorithm, schema simulation of syntactic and semantic representations, table
of semantic integration results of heterogeneous data, and discussion.

(A) -Algorithm “Sematic Integration”

BEGIN  
management of technical heterogeneity 

Web Services "connection of heterogeneous and distributed systems" 
management of syntactic heterogeneousness 
 IF Architecture Type = Point-to-Point THEN 

Translation number = n * (n-1)
       ELSE Translation number = 2 * n 
    END IF 

management of semantic heterogeneousness 
    Creating, Modeling and Representing Semantic Data 

Semantic ontology modeling 
    Classification of ontologies by type 
    Definition of ontological relationships 
 BEGIN  
  IF type of information Automatic THEN number of matches = 2 * (n-1) 
    ELSE number of matches = n * (n-1) 
  END IF 
 END 
END
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(B) - Algorithm Simulation
Table 1

(C) - Result

– Manual semantic integration by point-to-point representation MP = (N * (N−1)) 2

– Manual semantic integration by representation Mediation MM = 2 * (N−1) * N2
– Automatic semantics integration by point-to-point representation AP = N * (N−1) 2

– Automatic semantics integration by representation Mediation AM = 2 * N * (N−1)
(Table 2).

(D) – Discussion
The solution we propose offers a heterogeneity management algorithm that resembles
all the necessary processes for the syntactic and semantic integration of heterogeneous
information. In our algorithm, we have combined the two approaches: [6] and [21],
integrating the identification and description of data that existing web services

Table 1. Schema of syntactic and semantic representations

Number Syntactic
heterogeneousness

Semantic heterogeneousness

Point-to-point Mediation Manual or semi- automatic Automatic

1 0 2 0 0
2 2 4 2 1
3 6 6 6 2
4 12 8 12 3
..
N N*(N-1) 2*N N*(N-1) (N-1)

Table 2. Result of heterogeneous semantic integration data

N MP MM AP AM

1 0 0 0 0
2 4 8 2 4
3 36 36 12 12
4 144 96 36 24
5 400 200 80 40
6 900 360 150 60
7 1764 588 252 84
8 3136 896 392 112
9 5184 1296 576 144
10 8100 1800 810 180
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capabilities into models for integration direct and effective interesting parts that
implement the web service of the information environment.

The process begins with the management of technical heterogeneity, which is
considered as a preparatory step of the integration phase, where we will decide whether
it is possible or even recurring to continue composing the information environment
towards an integrated environment. This step is very important to manage the
heterogeneity of an integrated data environment, hence the clear and deep under-
standing of the translation mechanism and the management of syntactic and semantic
heterogeneity.

In the same run, we calculate the two last phases of translation and the represen-
tation of the data. From these, we distinguish the types of architectures that exist in the
system and that must be exchanged the translation mechanism to other representations.
The integration of information environments is realized by the integration of their
applications via web services interfaces. The final step is the integration of web data
into a central control flow of the information system.

6 Conclusion

The integration of heterogeneous data is an important problem in the current and future
times. To this end, the ontology of the semantic web has been proposed to solve this
problem. An important evaluation of the web generations shows that it produces a
semantic integration of heterogeneous data.

In this paper, we have shown the semantic integration process based on the man-
agement of heterogeneity and semantic ontology of knowledge and we discussed the
main issues and the proposal solutions.

This proposal presents a limited syntactic integration approach towards semantic
integration, calculations of the different models translation mechanism and the infor-
mation representation.

Our future works concerns the semantic evolution problems towards knowledge
integration. The advantages and disadvantages for each proposed approach, the queries
optimization approaches of the heterogeneous web data, and to explore other ontolo-
gies models to develop the semantic integration process towards global integration.
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