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Abstract

The explosion of information sources accessiblehéaWeb created the
need for mediation tools between users and hetermes information sources
on the Web. However, the interface design of thesgiators, with taking into
account the wide variety of skills and knowledgeusdrs, and the need for
them to share their preferences, requires systebis o guide the user
through the interrogation process. In this papee tny to raise this challenge
by proposing, on one hand, the use of a cooperatitelogy’s models, which
adapt with the evolution of user’'s profiles and thgnamic change of
integrated sources, and secondly ensure sharingtiosvledge between users
which will facilitate analysis of information andnprove the data quality
research process in space and time.
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I ntroduction

The rapid development experienced by the autonomdissributed
information systems, and the emergence of the Watwvarks enable users to
access an increasingly growing and highly hetereges data that does not
necessarily meet their expectations for their neguspreferences or for the level
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of quality information. The design and the develepmof a system that is both
flexible and efficient based on mediator/adaptershitecture is necessary (Cali
and al., 2003). The purpose of such a system istéwscept users requests and
locate data and services which are the most agptefp meet the demand of the
client, to pass parameters, to invoke the serviug t® return the result in a
transparent manner to users’s via the adaptersviedoThe mediator thus provides
a centralized sources view and adapters providéonami access to sources
(Kostadinov and al., 2005).

In another aspect, the concept of customizatiorugBghoub and al., 2005)
of the information access process improves theitguaf information obtained
through a mediator and will give the user adeqirdtemation to their preferences,
interests, or more generally to their profile. listpaper, we discuss a technique
for building the user’s profile as part of a sttE approach using the user’s
behaviour as a source for predicting the implictdal. This technique is based
specifically on the interaction between the profilanensions represented by
historical research sources integrated by the n@dand the user’s interests. In
this context, profiles and the interest can be nmicier, because the sources are
heterogeneous, with application areas that are lerngmtary.

A possible improvement consists in incorporating tloncept of ontology in
the integration and interrogation process via thegiator (Dung Nguyen, 2004).
Indeed, the creation and use of ontologies wouldluste the data meaning
relatively to the exploitation by users. Thus, itllvbe possible to link the
operations of extracting and presenting data basedisers’ profiles. Another
contribution of the use of ontology would be a dettvaluation and optimization
of results. In the following sections, we develogdetail the concept of ontologies
development and exploitation in the process ofrautigon and interrogation based
on a classification of ontologies.

Application field and proposed integration scenario

To demonstrate the practical value of our methagioland bring up all its
facets, we will apply it in the medical and hedl#id where the treated data are of
a great sensitivity, especially with the existenta multitude sources specific to a
medical fields and the difficulty of evaluating thesliability of medical
information. But we point out that although the e&atudy concerns the medical
field, the concerns about the customization ofgragon and querying process of
mediators using cooperatives ontologies are netfledicated nor specific to this
sector; methodology and the proposed solutionsappéicable to a wide range of
applications. We use throughout this article, apliagtion example, relied on a
medical application that tracks the different tneemts of patients medical
document (PMD): The PMD is a computerized file tbatains information about
the care was administered to a patient. It aimfad¢ditate patient access to their
health data and to encourage information sharirdy@operation among health
professionals.
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In the practice of medicine, the exchange of dathlkaowledge in relation to
a patient’s medical document, among the differextegories of users, creates a
problem of dysfunction and disagreement in thettneat of medical document
and analysis results. Indeed, the data treatetidoynedical systems are often used
with more than one meaning in the same domain,ifeeyeht conceptualizations
must be specified and different names must be gieeconcepts in order to
distinguish their meanings.

To address these problems, medical ontologies (€&h&007) define a way
to achieve efficient to store and communicate keolgé and general medical
information about the patient. These ontologieseh@een appropriate to the
available support for archiving, processing anddmaission of knowledge, such as
demand for the reuse and sharing of patient data.

We identify the first critical question to ask: Havan we determine in an
automatic, selective and optimized manner the femitimedical information
resources and have them interrogate through afgpggstem in order to satisfy all
medical aspects for any questioning of potentials®

Hybrid mediator

In response to this question, we have proposeddhkzation of a hybrid
integration system, combining both physical antleirintegration of data, capable
of integrating multiple data sources specific ttigras. These data can be used by
patients, administrators, specialists and docibing. architecture we developed is
distributed across multiple data warehouses. Eamfelwouse (Hamdoun and al.,
2007) (Hammer and al., 1995) manages the datadpeaific region (analysis,
consultation Radiology, etc.). The data for eachrelvause are extracted from
existing health systems in the region to build pagent’'s medical document. The
user can also access the medical information regswn the web to complete its
request. That part of interrogation is accomplishbtbugh a set of virtual
mediators. Each mediator manages a set of sourbesewtheme is close. The
hybrid mediator handles the task of schedulingetkecution of sub-queries of the
initial request between the data warehouse andrtbdiator. To automatically
exploit the distributed resources among differestiadvarehouses and mediators,
the definition of a meta-ontology at the level lné thybrid mediator, an ontology of
domain at the level of each mediator and an onyofog the data warehouse is
necessary. Indeed, the definition and the use edettdata by multiple types of
users (Doctors, Patients, etc.) gives different asgim interpretations, and to
harmonize the exploit of these data, the use dflogy concept is essential. The
main purpose of this structuring is to optimize ihterrogation phase in space and
time.

Figure 1 shows the architecture of hybrid intégrasystem. The core of the
hybrid mediator is based on the infrastructure &iMed mediator that has been
developed in the LaSIT Laboratory (Ezziyyani and2005).

117



* Tus.-_-r

Hybrid Mediator

E:mm&m"“ ::||| mm ]@
T"ﬁ"“"‘-—-—-—_

Fig. 1.Architecture of the hybrid system of mediation

Ontologies classification

In the context of the mediation system that we psep ontologies have a
threefold objective to represent in a generic aubable manner a semantic of a
domain.

On one hand, through a shared ontology, they peovad common
understanding used to share knowledge or data foitiple resources to ensure
the interoperability of information systems. Thdgoaallow a precise description
of data sources using the standard concepts ofidpmbich helps prevent errors
in interpretation because all sources have a comseomantics described by the
shared ontology (domainontology).

On the other hand, using the concepts of an ongabdgrofiles to describe
the interest, as meta-information to ensure unaledstg and dynamic adaptation
of requests. They provide a dynamic understandinth® data relating to user
profiles (Kindo and al., 1997). The integration hwetologies unify the views of
different users by an ontology that is consisteith whanges in the semantics of
data based on user profiles and exploitation mode.

Besides the two goals mentioned above, ontologiesatso customize and
optimize the query process based on the semaritit®e @uery. The semantics of
the query is interpreted according to the conteftdhe queries ontology, which
can limit the exploration of data sources to theg® have information whose
semantic corresponds to the query.

Finally, to ensure the knowledge sharing betwees tiiree ontologies
mentioned before, we use a meta-ontology for deiscyi the semantic link
between different ontologies and the mapping betwleeal ontologies and the
global ontology.
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Subsequently, we focus on the description of tiferdint ontologies with the
deployment mode.

Shar ed Ontology

The global ontology allows describing the applicatdomain by providing a
shared vocabulary between different sources intedrédy the mediator. The
semantic of each source to be integrated is destihly its own ontology and the
different ontologies are connected together by arexth common vocabulary
(Visser and al., 1999). The space usage of ontdogi divided into two parts: the
communication between people with varying pointsviefv and different needs,
and interoperability between users who need to amgh data and tools. The
ability of these ontologies to share and reuse kedge is exploited in the
construction and use of knowledge-based systems. Udefulness of shared
ontologies in the domain of data integration ist tiiey establish semantic links
between different elements of the sources (Jellaodi al., 2008). They can also

serve as a model for querying the integrated systen used to describe the
global Schema.

Local ontology

Fig. 2.Shared ontology architecture

Profile ontology

The information personalization is a major challenigpr the computer
industry. The relevance of the information providés intelligibility and its
adaptation to user preferences and usage are fad®ys for success or rejection
of such information systems. For this, we focusedtiee modelling of user
preferences in information research area in sevhaiérogeneous resources
integrated via mediators. So for the definitioraofarchitecture for the user profile
(Amato and al.) taking into account the dimensidrfazus based on historical
interrogation, then the integration of this profitéo an information search process
to customize the results returned by the mediatipgstem. The use of profile
ontologies allows us to:
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— facilitate access to multiple information sources

— exchange information to improve, and participata collaborative process
of distributed resolution;

— distribute and balance the workload.

Hierarchical organization of interests

The public or shared interest is common to all siskeut can be customized
dynamically as and when users query the mediatystes forming appropriate
interest centres to different groups of the systémleed, the public interest
concerns a specific area (research or not), pravigeexperts, and will be used by
the system for the construction of users interektssified by categories. These
will include knowledge and data shared among asugeyup of the same mode of
operation of the system concerned.

Shared intersst Area

Userl group Userd group Userngroup

Interest by groups

Users Userl User 2 User3 Userd Usern

Fig. 3.Hierarchy of interests

In our application context, we are particularlyeir@sted in site users to
manage online PMD. We identified three groups antbioge users for which our
approach can improve the effectiveness of theirkwonline: administrative,
doctors and patients. The main common point ofethesers is ignorance of the
accurate purposes of navigation when you starttth@ composition of the original
document of the PMD.

It is therefore necessary to compose the patiem¥dical document not only
in own way to each user, but also as and when d@khéyation of that user. To do
this, the use of cooperative medical ontologiesrdaysing the techniques from
personalization, customization and adaptive quéoyveoptimizing resources and
improving the query process of mediation systems.

Interest dimensions

The interest is to consolidate in a knowledge libsepersonalized research
results in relation with the use profile. This krledge is used by the monitoring
tool for communicating the news of sources on gesitor in a specific area. The
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interest is therefore a continuous updating of Kedge of a user or group of users
vis-a-vis the data sources integrated by the mediat

In order to evaluate the degree of change conteldted to the user interests,
we describe a context with an adaptive ontologyreltike focus is described by
four dimensions. The first represents the histofyuser interactions with the
mediator. The second characterized its recurreedsieas information and is
inferred and evolves from the first dimension. Tihird defines the security
exploitation of interfaces and access to data ssur€inally, the fourth includes
knowledge in the semantics, data and functionalioéfered by the mediation

system.
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Fig. 4.The interest

Below is a class diagram of the focus that impletmeelationships between

domains and users.

Class diagram

Specliation of acees rights

Queriesontology

Fig. 5.Class diagram of the interest

For this classification of ontologies, we were megted also in the
consideration of users profiles in the interrogatiprocess whose goal is to
improve the relevance in terms of research resmtsvarious data sources
integrated via the mediator. The solution we previd based on the use of
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ontologies to represent knowledge of the researeh eovered by queries and user
profiles on the selected area. In this context,dhery ontology can retrieve the
desired information effectively and efficiently froa large collection of data.
Especially for mediation systems, where the quemare complex and the answer
IS not correct. Mediation systems have the functionallow users to access
heterogeneous and distributed data that contritiute unifying response to user
queries. Certainly, ontologies will improve the lityeof access to this information.
However, the overabundance of information and ievavailability has led to a
deterioration in their performance both efficacyd agfficiency. Indeed, as and
when the global response is generating and therviateed sources are
diversifying, the mediation system delivers masgiesults in response to user
queries. In that case, the user is confronted antiinformation overload in which
it is difficult to distinguish pertinent informatiofrom secondary information, and
even noise. In addition, the evaluation of a quemnysually without considering the
context and / or specific needs of the user whaeidst. The same request made by
two different users, produces the same results dviliese users have different
expectations.

To address this problem, firstly, the use of ani@nary model of ontology
and an adaptation process will allow ontologieadapt to changing knowledge of
an area by a user group. Then, the exploitatiathisftype of ontology to improve
the process of interrogation by an incrementalnoizétion algorithm (Figure 7).
The parameters of this algorithm are the differstntictures and separate data
sources, and the degree of importance of thestesrity extract pertinent data.

Indeed, our ontology model is based on a orienteghlg of dependence
between entities of data sources integrated byrtheiator. The graph defines an
execution order of sub-queries after the phasewfiting the query. Each node in
the graph represents an entity of the global ogtolof the area. The ontological
approach is adopted in the modelling process déctihg data in a specific area of
interest from the point of view of a user who gasrthe mediator in order to
retrieve results from multiple sources. The proceas be programmed to
automatically update the facts of the ontology aptimize the path of execution
graph by a user request.

The question that arises at this stage is how dodefene an order of
execution of sub-queries that is consistent with tjuery posed and provides
pertinent and satisfactory response to the user?

To answer the question we take this example:

Let us suppose a doctor poses the following query:l want to know the
medications that the patient X may take”.

The research process involves the execution ootlemfs:

— Search all diseases of the patient X in the dat@house which contains
medical data of the patient X (according to itsniifesr).

— Search in the Health Integrated Web site of @gmate list of drugs
prescribed for each disease.

— Selective search in the integrated pharmaceuited of compatibility of
prescription drugs for each disease.
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Execution order of gquery R

Fig. 6.Oriented graph obrdering entities and the corresponding matrix

The data search in the oriented graph of execurder passes in the first
through the extraction of area model entities (w&ldarea in our case). Then we
proceed with the representation of these entiBes @iented graph which gives the
logical order to be followed by the query. We const the matrix corresponding to
the graph which the intersection between the rameés the columns represents a
path and we search the shortest path among pogslte that give a pertinent
answer and satisfy the query posed by the usenirt fo note is that the research
data in our situation is incremental (Np Full), @igorithms that must operate in
this type of research is very complicated, buteine have limited the number of
sources that we will search by defining an executioder and all predefined
ontologies by taking into account the user profites search becomes much less
complicated, which shows the practical value of methodology.

Presentztion of compatible drags
to the patient

Research of pharmaceutical
information for aach patient’s
disease

. Patient disease researcn

Fig. 7.Stages of research data
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M eta-ontology

The Meta-ontology allows us to combine the basicege knowledge in a
shared ontology. The types of knowledge adaptedouo context can be
summarized into five types:

— Profile knowledge: They provide information onvitiidentification,
geographical location and some characteristics.

— Mediator knowledge: They allow easy manipulat@inthe mediator by
users.

— Area knowledge: This type concerns knowledge @atsdl to services
related to the area and sub-areas of application.

— Queries knowledge: They involve the elements seay to establish the
user's query, which is defined by a semantic basisesearch and the research
context.

— Restriction knowledge: These are global accesicteng constraints to
data of sources specific to the user.

* Profile 1.
* System

®Salrces
#[Data

—

et

= Jueries
= Pactibutica

® security
» Tz edback

)

Fig. 8.Meta-ontology

Deployment Process

The process consists of intercepting user requasts modifying their
behaviour using a set of functional adaptation ajoes described by the queries
ontology. The strategy we have developed has twgpgses: (i) integrating
knowledge described by the domain ontology in thatext of the users in an
incremental way and (i) ensuring the adaptatiasmfra simple description of
interest offered by the user dynamically. Indeée, knowledge relatively to the
dimensions of interest and personal data descriyethe profiles ontology are
used to orient the user requests after the opttroizand adaptation of integrated
data sources. The adaptation data consist in tansfg or replacing the data
returned by the mediation system which is not wesablthe considered context
situation by other data adapted to the need of pisdiles. This phase selects the
sources expected to partially satisfy user requdste interrogation of selected
sources is preceded by an audit of access rightpa@mission systems defined by
the security dimension of data described by thelogy of profiles.
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Conclusion

The aim of our approach was to make the informatieailable and optimal
anywhere at any time via the mediator. The lattestrbe used in different contexts
depending on the environment, the category of #ex and his profile. However,
one of the major problems of this type of systemceons the adaptation to the
context of use. In an effort to be able to overcdimese difficulties, we have
proposed in this work a generic and evolutionargtegy for the adaptation of the
mediators interfaces to the context of users binohef three types of ontologies.

In a perspective for a personalized access to tifiernnation via the
mediators, we defined a model based on the cleadh and cooperation between
ontologies for customization and optimization oftegration process and
interrogation. More precisely, the model is dessdlithrough the interaction of two
aspects. The first reflects the history of intdmatt with the mediator, represented
by an ontology from the application and a usergigaeon the sources implicitly
integrated in the successive search sessions.etiad reflects the interests of the
user automatically derived from the history of matgions. These interests evolve
according to a strategy based on a measure of depea between all types of
users and sources included, to examine the shafipgofiles between users and
implicit exchange of data between sources in thecg®ss of interrogation and
search sequentially.
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