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Abstract. Nowadays, internet users are faced with a big quantity of information
on the Web. This leads to a difficulty in obtaining information relevant to their
needs and adapted to their contexts. In order to better solve these problems,
personalized systems where a user model contains information about user
context and profile have arisen. As a means to represent user information,
ontology constitutes a better technique of Semantic Web that improves the way
to maintain user information. In this paper, we propose an approach through
that we construct the ontological user model in a first time and we integrate this
model in a personalized system in a second time. In this context, we present
main concepts of our ontology. We have enriched our ontology with SWRL
rules on the one hand and FOAF ontology concepts on the other hand. This has
the advantage of deducing services adapted to the user through a personalized
system. After that, we expose functionalities of our system with evaluation.

Keywords: inference, SWRL rules, user model ontology, personalization,
handicraft domain.

1 Introduction

The arrival of the social web has brought new opportunities to access and share
knowledge. However, many difficulties related to the information and communication
technologies (ICT) can face many people and prevent them from exploiting their
benefits. Social Network Services (SNS) wikis and blogs are examples of social web
applications that generate a large amount of information and, therefore, require
specific techniques so as to apprehend appropriate information to users. When SNS
impose challenges on information access, they may also have a dominant role in
influencing ICT use. In developing countries, some people can be considered as
experienced ICT users and some of them can effectively use these technologies across
the web.

The main contribution of this paper is to show how to produce ontology-based
search mechanisms that enable users in the process of accessing information using
keywords.

With the goal of optimizing search results, researchers in the semantic field have
incorporated techniques with a variety of other research areas, and implemented a
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number of practical systems. Search mechanisms with semantic features require that
the mechanism be based on the model of domain knowledge. This means that
knowledge can be better represented by ontologies. These ontologies are Semantic
Web technologies which are often written in OWL (Ontology Web Language)
language.

This work is involved in the context of the project BWEC (Business for Women of
Emerging Country) that aims to improve the socio-economic situation of handicraft
women. The project treats handicraft women from Tunisia and Algeria. In this
context, an interactive system is going to be built based on many works and steps. Our
work is focused mainly on the first step which is the user modeling that concerns the
handicraft woman profile in our case. To do that, we have made interviews to collect
information about these women and their productions. These interviews cover five
main topics: craft production nature, production process, the use of coordination tools,
the latent needs and socio-demographic data. After analyzing these interviews, we
noticed that handicraft women can have multiple needs by interacting with a
personalization system. Indeed, she may request raw material with a suitable price.
She can also look for a supplier that is nearby her house. She may, as well, look for a
particular training to improve her skills. Several sides of handicraft women must be
specified in the user model that we try to accomplish such as production, sale,
knowledge and skills, using new technologies, training, etc. To treat these sides, the
user model must be extensive and expandable. It contains concepts that are related to
the user's personal side that represents the user profile such as age, name, level of
education, intellectual level, marital status, etc. It contains other concepts that are
related to the handicraft field. It contains as well another type of concepts
representing contextual information such as location.

This paper proposes an ontology-based approach that aims to provide a solution to
get semantic search results corresponding to many users at the same time while
respecting the individuality of each one.

In the rest of this paper, we present the motivations of our proposed solution, in
section 2. In section 3, we present the basic notions related to our work. Then, we
provide our ontology for user model and for handicraft domain, in section 4. In
section 5, we present our system to exploit the ontology for searching on the web,
searching on Facebook social network and for local search in the ontology. In section
6, we give experimentation results with discussion. We conclude by giving a
conclusion and presenting future works in section 7.

2 Motivations

As ICT technologies emerge, they become considerably used by people so as to
access information through the internet. However, not everyone can use these
techniques due to many reasons: internet is not covered in rural areas, or people do
not have idea about using such technologies. For this reason, there is a need to an
enhanced search application that can be used by these people. Thus, they will be able
to access information although the lack of knowledge about these advanced
technologies.
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We notice that in developing countries such as Tunisia and Algeria there is a big
number of people who use ICT technologies and access internet. However, this is not
the case in all areas of the countries. In fact, the rural areas suffer from the lack of use
of these technologies, it can be either technological, educational or economic
difficulties that restrain them.

After analyzing the interviews, we find that 12.85% of interviewed handicraft
people are illiterate and 40% have secondary level. 91.25% of people are fine with
using ICT technologies, while 8.75% are not ready to use them. 43% of people who
are ready to use ICT technologies belong to the interval of age [30,40] and 29% are
between 40 and 50 years old.

Social networking is a known concept that exists from a long time ago. However,
with technological progress and Internet advances, social network became a tool that
connects people and allows a new way of contact. In this context, we notice the
emergence of many social network sites with the advance of Web 2.0 such as
Facebook and Twitter.

With the increasing use of ICT technologies and social network site, user
information is treated so as to build upon to permit personalization. In fact, social
profiles contain information about social networks users. Treating such information
has the aim to deliver users with personalized experience when searching for
information.

Personalization in a system represents the way this system provides information
relevant to a user according to his preferences, interests and context. In fact, context is
an important concept in personalization. Indeed, it permits to surround the knowledge
about a situation of a user when he is interacting with the system.

The proliferation and the wide use of social network sites have influenced research
related to semantic web. In fact, knowledge capture through social networking opens
new manners in which ontologies are developed and used. For this reason, many
ontologies have emerged, facilitating the process of representing knowledge that is
extracted from social network.

3 Background and Related Works

The term "ontology" has been known in the field of human sciences before being
defined in the computer field. It appeared in metaphysics and it is interested in the
notion of existence in the fundamental categories of the existent, and it studies the
most general properties of being. Then, it has become used in the computer field,
where it was defined, by Gruber, as "an explicit specification of a conceptualization
of a given domain™ [13].

Ontologies developed in OWL incorporate internal logical rules that are defined by
the semantics of the language. Inference is the deduction of explicit information from
implicit data. This inference can be achieved through inference rules that can be
associated with the ontology and performed by the reasoner. These rules are defined
by the programmer after modeling and completing the implementation of the
ontology.

For the development of these rules we employed SWRL (Semantic Web Rule
Language) rule language. In fact, it offers a powerful expansion technique that
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permits user-defined procedures to be exploited in rules. These procedures are called
built-ins and are predicates that accept one or more arguments. A number of basic
built-ins are already defined in the SWRL presentation.

Social networks offer several characteristics. In fact, users can change their profile
information by adding or removing information such as contact information, photos,
hobbies, books, movies, music, and more. Users can browse the profiles of other users
through the search and subsequently get lists of their friends and put them into
categories. A social network is a model in which social entities such as people,
organizations and locations are interconnected by certain relationships. In order to
visualize a social network, several techniques appeared like the sociogram [30], the
graph [7], the adjacency matrix [36] and the ontology [24]. A synthesis of these
different forms of social network representation is presented in our previous work
[25]. Since social networks are developed by different types of relationships, it may
be impossible for graphs and numerical values of matrices to explain all semantic
relationships. As a solution, ontology can be adapted to represent social networks.
The first ontology built to represent social networks elements is SIOC (Semantically
Interrelated Online Communities) [3]. Nevertheless, the first ontology invented to
represent people and relationships between them is FOAF (Friend of A Friend) [5].

Social networking sites use the users’ contextual information in order to adapt their
use according to user’ own interests. There are several works on the literature that use
context in social networks. Each of these works deals with an aspect that shows the
importance of using the context in social networks. Some discuss the importance of
using contextual information such as Brézillon [4] and Wang [39]. Others deal with
the extraction of contextual information Zitnik [44], Ghita [10], Joly [20], Narayanan
[31] and White [40]. Others deal with the use of contextual information in social
networks through mobile devices like Johansson [19], Zigkolis [43], Hardy [14] and
Qiao [33].

Personalization approaches are related to the way personalization is done. It is an
important aspect nowadays, with the search for information requires taking into
account the need of the user, and the recommendation of people or elements requires
knowing the interests and preferences of the user.

Kostadinov [23] defines the personalization of information as a set of individual
preferences, ranking criteria or specific semantic rules for a user or group of users.
This way of definition is used to describe the interest of the user, the level of quality
of the data he prefers or the way in which the data is presented. The methods used for
the implementation of personalization of the contents are the result filtering, the
classification of the obtained results, the recommendation, the personalized
information search and the automatic filling of forms.

Personalization in Personalized Information Retrieval (PIR) systems can be
accomplished by personalizing the query, personalizing search results, or both. This
personalization can be achieved by a number of techniques, which are: pre-sorting
results, filtering results and sorting results [29].

Contextual information retrieval (CIR) has emerged in recent years [18], with the
aim of optimizing the relevance of research results. It involves two stages: the first is
the definition of the context of the user and the second is the adaptation of the search
through considering the user context while selecting relevant information related to
the user query.
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The personalization in the field of information retrieval relates to the integration of
the user profile in one of the following phases: query reformulation, calculation of the
relevance score of the information or presentation of the search results. A user profile
can be perceived in the search for information as the main interests and preferences of
the user. As for the query, it is discerned as the expression of a need of a user, which
will be treated by considering his profile. Several authors have exploited the user
profiles for the implementation of the personalization.

It is evident that contextual information is important in any personalization system.
Recently, contextual information has been employed as a core element, by the
research community, in Web recommendation and personalization systems. That is
why it is important to know that integrating relevant contextual elements is crucial in
personalized systems. Therefore, we have to take this information into consideration
in order to enrich user profiles and then to improve the quality of search results. In
fact, as the reach and amount of information on the Web increases, so does the
demand for users of tailored services. Thus, Web personalization systems must
provide users with not only recommendations for the relevant elements, but also
suggest those recommendations in the right situation or context [32].

To be able to personalize the contents for the benefit of a user, it is necessary to
know him first. Indeed, if no information is disposed on a user, the contents provided
to him will be obligatorily the same for the different users. Therefore, it is essential to
know the user better through the establishment of a user model. This model is
considered as the heart of all personalization systems. The purpose is to represent the
user of a system and personalize the content, the presentation and the navigation.
According to Kostadinov [23], the user model is a source of knowledge and a
database of a user. Indeed, it represents a particular user or group of users by
persistent data containing several characteristics, in the form of profiles. A user
template contains a set of information; some are directly related to the user, while
others are related to its context. According to [38], these characteristics are as follows:
Preferences, Areas of Interest, Tasks and Goals, Experiences, Knowledge and Skills,
Personal Data.

User profiles are unique pages where user can express his thoughts and feelings,
post photos and show his network of friends [42]. In fact, personalized
recommendation systems give recommendations based on user-specific information,
so it is essential to give importance to the representation and the construction of the
user profiles. In the field of user knowledge representation, several models of
ontology-based users have appeared in the literature. We have proposed a user model
in a previous work [26].

The fundamental purpose of any context-specific personalization system is to
provide proactive services that consider the context of the users. If the contextual
behavior of the system is opposed to their understanding and responds differently to
user expectations, the success rate of applications drops dramatically. Therefore,
personalization is essential for the success of these systems [22].

Some contextual personalization systems use ontological user models like Hawalah
[15], Gupta [12], Essayeh [8], Zhang [41], Heckmann [16], others use the user model
in ontology-based personalized recommendation systems such as Brut [6], Kadima
[21], Su [37], Hudli [17], Ameen [1], and Rattanasawad [34].
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4 Ontological User Model for Personalized Search

In this section, we present some concepts of the proposed ontology. Then, we show
enrichment with some inference rules in a first place and in a second place with
concepts of FOAF ontology.

4.1  Ontological Model Concepts

After collecting information about handicraft women, we need to model them in a
structured manner. In order to represent this information, we need to use a model that
is performing and efficient for manipulating knowledge and inferencing new facts.
For that, we use ontological modeling. Main concepts are extracted from already
established and preprocessed interviews. Interviewed women are actually
representative of the handicraft women population thanks to the diversity of their
activities, their ages, their intellectual levels, etc., and their location at diverse cities in
Tunisia and Algeria. To create an ontology, we followed few steps that are necessary
to have an accurate and validated ontology. There are different methodologies to
create an ontology. We followed the Methontology methodology proposed by
Fernandez [9] and Grininger [11] which primarily considers three steps that are
Conceptualization, Formalization and Validation. Conceptualization requires the
ontology objective definition and the definition of its concepts, relationships and
constraints. The formalization consists in expressing the ontology in a formal
language in a specific tool. Finally, the validation is performed by the instantiation of
ontology with actual instances on the user.

Before presenting the proposed ontology model, we collected all the necessary
concepts. Initially, we begin with creating ontology in [26]. In this ontology, we
defined concepts related to domain ontology (which are customer, supplier, handicraft
woman, raw material, production tools and products.) and concepts related to user
model. Concepts related to user profile are skills, capability, preferences, interest and
personal information. Concepts related to the context are User Context (Activity,
ICT _use and Intellectual_level), Computing Context (Device) and Physical Context
(Location, Time and Environment). We have only described domain concepts and
user model concepts without social network concepts. Then we enriched this ontology
by SWRL rules for personalization purposes.

In the first proposed ontology, in [26], we adopted that the concepts context and
profile are disjoint but it reveals that these two concepts are close to each other and
one may be subclass of the other. In our case, we opted for the context as the upper
class and the profile is the subclass of it. In fact context is the upper concept of three
concepts, in our work, that forms the set of contextual dimension. These concepts are
Profile, Environment and Platform. The profile gives information about the user so
we defined concepts that may describe the user profile in a personalization system
like Personal information, Interests, Preferences, Skills and Abilities.

Fig. 1 presents a fragment of our ontology that contains main classes of our user
model ontology.

— Actor: Describes a handicraft woman and the people with whom she has a
relationship (supplier and customer).
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— Context: Describes the contextual dimension of handicraft woman

— Platform: Describes information about used platform which is divided into
Hardware and Software.

— Environment: Describes information about environment like Location and Time.

— Location: Describes information about location which is divided into Country and
City.

— Profile: Represents user profile

— Personal information; Represents personal information such as date of birth,
address, marital status.

— Competence: Contains the data that define the skills of handicraft woman in a
particular area, such as experience in the domain.

— Interests: Describes information about interests

— Ability: Describes information about user’s abilities.

— Preferences: Represents the preferences of handicraft woman. It is divided into
General preferences and Application related preferences.

— Language: Describes information about the spoken language.

— Experience: Describes information about experience.

— Job: Describes information about user job.

— Intellectual_level: describes information about user intellectual level.

— ICT_use: describes information about the user ability to use ICT.
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Fig. 1. A fragment of our ontology.
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4.2  Ontology Enrichment

Knowledge inference is the fact to use information provided explicitly to infer new
knowledge. In order to do this, we use SWRL rules language to classify users into
categories. The descriptive logic rules can be:

— Deductive rules: allow to deduce a fact from a set of conditions.
— Reactive rules: allow to execute an action if a set of conditions are verified.

4.2.1 Deductive SWRL rules for the classification purpose

Enrichment by SWRL rules is proposed in order to classify handicraft women into
categories and to personalize search results according to their category. We noticed
that the main different characteristics that we can be based on to do this classification
are intellectual level, ICT use and experience. Thus, we define the first set of rules
that permit to designate if a handicraft woman is illiterate, has primary school level,
has secondary school level or has university level. The second classification shows
two types of handicraft women: those using ICT technology and those who do not use
it. The third classification leads to classify handicraft women according to their
experience. She may be whether beginner or expert in her work. Some SWRL rules
are described in previous work [26] so as to personalize query results sent by her
through our system.

The first criterion is based on the handicraft women intellectual level. These are
our SWRL rules of classification according to the first criterion:

Alnterest(?) A Intellectual _level(?, 71
Alnterest(7) A Intellectual _level(%i, 1
Alnterest(7) A Intellectual_level(%, 1
Alnterest(?i) A Intellectual level(? 71

= Handlicraft_woman(?

(%) A Profile(?c) A has_context
= Handlicraft_woman(?

(

(

( 7%, %) A has_skils(%c, 7
AProfie(?c) A has_context

(

(

) (
7%, %) A has_skils(%c, i
7%, 7e) A has_skils(?e, i
7%, %) Ahas_skils(%c

A swirl:edual
A swrihequal
A swirlb:edual
A swrlbequal

7l "literate”) - lterate(?x)

7, "arimary") = pritary(7x)

71, "secondary") = secondary(7x)
2, "universty") = universty(?x)

= Hanclicraft_woman(?x
= Handicraft_woman(?x

A Profile(?c) A has_context
AProfie(?c) A has_context

The second criterion is based on ICT use which means that some women use
internet and ICT technology and others don’t. These are our SWRL rules used for
classification according to the second criterion:

= Handicraft_woman(7x) A Prafile(?c) A has_context(?x, 7c) A has_skils(7c, 7i) A Interest(7i) A ICT_use(%i, 70) A swrikequal(?, 'true") = ICT_user(?x)
= Handicraft woman(?x) A Profile(%c) A has_context(?x, %) A has_skils(%e, 70) A Interest(T) A ICT use(%i, 70 A swrlhequal(?, "false") = Nt ICT user(?x)

The third criterion is experience. If women have less than 4 years of work in this
job so they are beginners otherwise they are experts in this domain. These are our
SWRL rules used for classification according to the third criterion:

=+ Handicratt_woman(?x) A Profilec) A has_cantext(?x, 7c) A has_skils(?e, ) A nterest(7) a Experience(?l, ¥) A swrlboresterThan(?l, "4") = Expert(?x)
=+ Handicratt_woman(?x) A Profile(c) A has_context(?x, 7c) A has_skils(?e, ) A Interest(%)  Experience(?), 7 A swrkilessThan(?, "4") = Beginner(?x)

4.2.2 Reactive SWRL rules for personalization purpose

In order to recommend a given service, we have to know the experience of the
handicraft woman. For instance, if she is beginner we can propose to her Basic
training containing the basic notion of the technical knowledge concerning a chosen
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business. Then if she is expert we can propose to her an Advanced Training
containing more detailed information about her business (she would have a bigger
experience than the first one and she would have an ability to learn detailed notions or
new available techniques).

— Handicraft woman A beginner — propose basic training
— Handicraft woman A expert — propose advanced training

= Beginner(7x) A has_context(?x, 72) A Profile(?z) A has_interest(7z, 7a) A Training(?a) A training_kinel(?a, %) = swrib:equal(h, "hasic")
= Expert(7x) A has_context(?x, ?2) A Profile(?z) A has_interest(?z, 7a) A Training(?a) A training_kind(7a, 7h) = swrib:equal(?h, "advanced")

The use of new technologies can facilitate the life and also the job of a handicraft
woman. For that, if we want to improve the socio-economic level of the handicraft
woman, we should know whether she uses ICT or not. If she uses these new
technologies, we can propose her, for example, a training in French on the internet.

Handicraft woman A (ICTuse = yes) — provide training on the internet +
training language is French

= Handicraft_woman(?x) A has_cortext(?x, ™) A Profilel?y) A has_interest(?y, Tl A Training?a) A
training_kind(?a, b A training_language(?a, 7)) = swerlbequall b, "an internet) A swrlbcequal?c, "french™)

Web content recommendations are based on the user's browsing history. In fact,
when the user enters his search query, some search results provided as a response are
stored in the user profile model and are then used to derive the recommended links.

This rule infers certain links to the user based on previous search results. In fact,
the query terms (keywords) used by a user in his searches reflect his short-term
interests. That is why, in our ontology, the concept of "short_term_interest" is
composed of a couple of concepts: the "user_query™ concept and the “search_results"
concept. These concepts are dynamically supplied by the application. According to
this, each time the user enters his query, the keywords and the results of the query are
stored in the ontology.

Handicraft_woman(?:) » has_context(7x, 71 » Profile(?y) A has_interest(Ty, 721 A User_guery(?2) ~ has_sresults(?z, TV
Ao Search_results(?v) Adtitle(?y, 7 A url_s(7y, W) A has_recommendation(?x, Yh) A Recommended_links(7?h) ~
url_r(7h, 751 = wrl_r(Th, 7u)

We define three recommendation rules for recommending articles to the user with
similar context with the contexts of the users in our ontology. These rules concern
production tools and raw materials as elements to recommend. We choose these items
as the area of our work is in the domain of handicraft. These rules are presented in
previous works [28].

4.3  Enrichment by FOAF Concepts
Our system permits us to personalize search results based on information about social
network profile of the handicraft women. Thus, we need a structure to save this

important information. FOAF ontology [5] is known as an ontology that represents
persons (foaf:person) and their relations between them (foaf:knows). It contains

ISSN 1870-4069 95 Research in Computing Science 147(10), 2018




Maha Maalej, Achraf Mtibaa, Faiez Gargouri

concepts that we need in order to get information about a person, his relationship with
others and his online account (which can be a social network account) such as
foaf:person, foaf.online_account and foaf:project which can describe information
about handicraft woman, her social network profile and her products respectively.
Thus, we reused some concepts from FOAF ontology. We have already proposed in
our previous work [27] an enrichment of our initial ontology with FOAF concepts
with bridge axioms and semantic relationships.

The main concepts that we need from this ontology to describe a handicraft woman
profile or any other actor profile in his presence in social network are: foaf:Person,
foaf:online_account and the relationships related to these concepts are foaf:knows,
foaf:has_account.

5 Integrating Ontology in an Interactive Information Retrieval
System

We propose an approach, which is illustrated in Fig.2, in order to create an ontology
for user model in handicraft domain and in order to assist handicraft woman in their
search in social network. This approach is composed of three steps which are: the first
is the extraction and elicitation from interviews with handicraft women from Tunisia
and Algeria. The second step is ontological modeling of extracted knowledge. The
third and the last step is the integration of the ontology in an interactive system.

women I
ITextual document in Natural language
o= i S
i 2- Constructing ontology \
1 1
| - Concepts K
I -Semantic relationships 1
I -SWRL rules : >
'\ -FOAF ontology concepts integration ! &O
N o o o o o o e o o e o o e ' d
rcn-T=7 LT T ST
User ;" 3- Personalized system Y, LocalSearch in OWL
identification ! _SWRL based personalization ~ §— the ontology ontology
1 Search algorithms :\
eywords | . Ontolf)gy based query . User profile
. I expansion I
Adequate '\ - Search results personalization
User  search e == s
results T
Search in the SN Social Network
Google
Search in the Web

Fig. 2. Ontology-based information retrieval system architecture.
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5.1  Conducting Interviews with Handicraft Women

In this step, we collect information about handicraft women. This is established
through interviews that we made with them in many areas of Tunisia and Algeria. At
this stage, we got a set of interviews in textual form. We preprocessed these
interviews through many manual operations to eliminate ambiguity and repetition.
Then, we extracted the most useful information related to the domain, the personal
information and the ICT use. It mainly concerns the name, the age, etc. as personal
information, the production tools, the raw materials, etc. as information about their
domain and their readiness to use new technologies, their interests, etc. as information
about ICT use.

5.2  Constructing Ontology

Acquiring information about users in a personalized system is a crucial task. It can be
explicitly or implicitly acquired for personalizing search results. Apart from
interviews, social network user profiles have been used to implicitly extract
information about users’ interests for personalization. For instance, Facebook user
profiles which contains personal and contextual information such as gender, date of
birth, language, location, etc. permit to implicitly extract user information from his
social network account. This information is saved by the majority of users in their
profiles and can be extracted. This helps us to find better results in information
retrieval.

In this step, we create the ontology already described in section 4. Then, the
knowledge extracted, implicitly from Facebook user profiles and explicitly from data
provided by the user through the form interface, is then used to instantiate the
ontology. In fact, ontology is not only an effective mean of modeling digital
information and user context, but also, it can be a very useful tool for improving
navigation effectiveness as well as personalized search results and query refinement
because it represents an overview of the domain, related to a specific area of interest.
The information gathered about the user and represented by our ontology, will be
instances of concepts in the ontological user model.

5.3  Personalized System

We create two search engine categories that focus on different sites. Once we have
defined our search engines, they can be accessed through a search box in our web
application to help users make searches from our web application. At the first place,
the user has to choose the search modality he wants to use. He has the choice to
search either on "Facebook" or on the integrity of the Web "Google". After the
selection of search type, the user will be able to input his query. For the local search
in the ontology, it concerns the description of some tools or materials related to
handicraft domain.

In this step, first the user enters the search word. Then, after collecting data related
to the user in the previous step, the user selects the information that can help him to
improve search results and uses them in search. The selection focuses on the
information and data that are appropriate to seek the word. Then, search results are
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provided to the user in a personalized way in order to fit his needs and preferences. If
a user selects refinement labels, or categories of search results, we append his queries
with additional search terms to help him retrieve more targeted results or redirect him
to a different page, so that he can refine his searches and get quick answers.

5.3.1 Search on integrity of the web module

If the user selects search on integrity of the web, for the search results and query
personalization, we used the Google Custom Search Control API that enables us to
create a Custom Search Engine (CSE) and then to embed the resulted custom search
element in our web application. Moreover, custom search enables us to append search
terms to our users' queries (rewrite queries) and this is possible to be implemented
through refinements labels in order to get relevant searches and quick answers. After
that, we attributed weights to the inclusive labels. This is helpful to promote or
demote a tagged site so that to adjust the ranking of the search results provided by our
search engine. Search on integrity of the web is well detailed in a previous work [35].

5.3.2 Query expansion module

There are several models and algorithms which are used in the search for information.
We rely on the query reformulation model. This model is necessary to target the
search for relevant documents by increasing the query terms got from the user profile.
Within this model, there are several algorithms used. Among them, we use Rocchio
algorithm in our personalized search on Facebook. Search based on this algorithm
identifies the user profile as a pair of concepts from an ontology and operates in the
query reformulation. The first concept represents the relevant concepts from the user
and the second concept represents the irrelevant concepts selected. In our approach
we use the same principle of Rocchio algorithm in the query reformulation using
terms from the user profile. We proposed an extension of the formula used in this
algorithm. We identify the user profile as being a pair of concepts through an
ontology. The first concept is the profile which is composed of personal data and the
second concept is the context which is composed of context data. The query
reformulation is made by applying the equation as follows:

Q2 = a Q1 + B Prf + y Cont.

In this formula, Q1 represents the original query, Q2 represents the new query, Prf
is a vector of terms representing the concept of profile and Cont is a vector of terms
representing the concept of user context. The factors a, B, y are weights associated
with, respectively, the original query, profile concept and the concept context such as:

o+ R +y=1and o =B + vy.
5.3.3 Search on Facebook module
If the user selects search on Facebook, the search results will be displayed according

to the chosen type. In this step, the user must select the type of results he prefers. The
result type must be either page or group or user. This step determines the type of
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results displayed to the user adapted to its needs. We added a third type of search
based on contextual and personal information (stored in our ontology) to reformulate
the query and to ameliorate the search results. The purpose of this module is to obtain
different types of results with the use of profile and context of the user to improve the
search. To retrieve information from user context, we extract information that
characterizes the context namely location and time. Then, we apply search by selected
type of search and using the profile and contextual information extracted in the
previous step. We choose the profile information and user context information that
has a relationship with the personalized search to improve performance and to meet
the user needs.

5.3.4 Personalized recommendation module

In this step, we recommend an item to the user after comparing the contexts. In fact,
when the user performs a search on the social network via our application he must be
connected to his account on the social network. The profile and context of the user are
saved in our ontology. In order to recommend elements of the ontology we compare
the context of the user with other contexts of other users in the ontology. If they have
similar contexts, they probably need the same raw materials, for example. Otherwise,
we do not recommend items for him. This recommendation is based on the SWRL
rules that we have previously defined.

6 Results and Discussion
6.1 Results

Personalization is a process that adjusts the ranking system based on context-specific
user discovery. We will compare the accuracy of the search results returned before
and after personalization of a user who chooses the search category in "Web
Integrity". He submits as a search term "pottery".

We notice that the first search results delivered to the user are general results and
can be returned to anyone entering the same query. On the other hand, when he
executes different refinement labels, the search results are then more specific to what
he is looking for and customized to meet his needs. For example, by clicking on the
"clay" refinement label, we add the search terms "ceramic™ and "clay" to the original
query of the user. As a result, the returned search results are then more relevant and
match his needs.

For the first type of search, on the integrity of the web, we can conclude that the
results given after personalization are better than those given at the beginning for the
reason that they increase, as we demonstrated in [35], user satisfaction with a short
response time.

For the second type of search, on Facebook, the first results given for our research
concern the status. The contents of the returned status, related to the search of the
user, are written in other languages that are not understandable and that are not
relevant to the user. For this, we added a step that allows the user to select the type of

result. The results types are either "pages”, "groups” or "users", but the returned
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results are not yet adapted to the needs and preferences of the user. To improve our
search, we used the account information in which we find information about the user's
profile and context. The user, when he has done his research, can choose the type of
result and can add labels that represent his interests and preferences.

In this case, we obtain results that are better adapted to user needs and remarkably
improved. According to the obtained results, we perceive that the search has become
more focused and provides more relevant results. The search for information in the
statutes is very expensive in terms of time consumed to produce results; it can even
last infinity.

For the second type of search, the user can obtain information in the form of pages,
groups or users. The search time for the information search is four and a half seconds.
For the latter type, which is based on the use of the profile and the context, the search
results become more relevant to the needs of the users and the execution time of this
type of search is one second. These results are shown in Fig.3.
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Fig. 3. Search on the integrity of the web comparison and search on Facebook comparison.
6.2  Discussion

The proposed model has a generic part that is related to the user model. In fact, the
concepts defined to describe the context are applicable for any user in any domain as
same as for the user profile. The specific part of the model concerns the field of
application. In fact, the model can be used for other domain if the part related to the
domain is changed by the expert in order to model concepts for the targeted domain.
The defined rules are two folds. Some are specifically meant to classify users
according to some characteristics. Those rules are generic and can be applied in any
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field where the objective is to classify users for some personalization purposes. Other
rules, which are related to recommendation, are specific to the domain (handicraft
domain). Therefore, if the expert wants to reuse these rules, he has to extend the
model by concepts of his field of application.

The concepts chosen to describe the context part are mainly inspired by the work
of Bacha [2] and which are user, environment and device. This representation of the
context notion is suitable so as to determine, which are the main elements that can
describe and indicate the interaction context between a user and a machine. At the
interaction time, the user profile, the device employed and the time and location of the
interaction can affect the experience of using a personalization system.

The choice behind using ontology to represent the user model is explained by the
ability of this technology to take into account the semantic relationship between
concepts and the semantic of the concepts themselves. However, the use of this
technology is not limited and can be expanding by using other models like UML
(Unified Modeling Language) diagrams in order to describe dynamic diagrams and
functional diagrams.

The proposed user model could also be represented with other models (e.g. UML)
and the recommendation could also be done with traditional techniques of data
mining (e.g. association rules). This paper confirms that Semantic Web Technologies
can be used for the same purpose but it is more interesting to use them in order to
preserve the semantic in the model.

Ontologies make it possible to better represent and keep the semantics of the
concepts represented and their relationships. Their construction and use in
personalization was not always obvious due to the complexity of the domains to be
represented and the non-limitation of the number of concepts to be created to better
cope with the personalization thereafter.

The advantage of using our ontological model is that it is extensible at any
moment, that is to say, we can add concepts that are supposed to be necessary for a
given objective.

The modification of the names of the concepts or the suppression of some concepts
is not conceivable or advisable because this will affect the SPARQL queries
developed in the ontology.

The model of the proposed context meets the criteria of personalization because it
makes it possible to detect the profile of the user and to enrich his request. The change
of context must be detected automatically without the intervention of a human being.

In our study we wanted to focus on the inference side of ontology using the SWRL
rules in its two forms; deductive for the classification of individuals and reactive for
the personalization.

The good side of using these rules is that they allow reasoning on explicit data and
infer the necessary personalization related to these data.

The bad side is that the complexity is exponential with the expansion of the
knowledge base i.e. the ontology becomes cumbersome and consumes more resources
and time for the execution of the SWRL rules.

The results show that working with ontology based models proves that it is more
efficient and easier to achieve than with other models.
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7 Conclusion

In this paper, we proposed an approach that highlights the role of the proposed
ontology in the content personalization. This ontology is built as part of a case study
of handicraft domain. In this context, we have implemented the proposed approach
for personalization through the integration of our ontology in a personalization
system. Our ontology serves as a bridge to deliver personalized content to handicraft
women based on their profiles. In addition, we have proceeded to classify these users
into categories through SWRL rules. Thus, the information characterizing the user
and SWRL rules are implemented to be exploited to enrich the user queries. Indeed,
this method enriches the user query by a set of predicates contained in their profile.
Therefore, they allow better tailoring responses to users according to their profiles.
For the search results and query personalization, we have defined two search engine
categories that covered the modality of search on Facebook and on the integrity of
Web. The result of our approach is encouraging. In fact, we have relied on SWRL
rules language to improve query results and therefore to better meet user needs.
Moreover, custom search has enabled us to append search terms to our users' queries
(rewrite queries) and this has been possible to be implemented through refinements
labels in order to get relevant searches and quick answers.

In our future works, we aim at adding other contextual and profile information
describing a user. This extension will provide users with more personalized results.
Second, we look at testing our prototype and our approach to other social networking
sites. We aim, furthermore, at formalizing more our ontology by proposing other
SWRL rules. In fact, those rules help us to infer new knowledge, from the user profile
model, which is useful to enhance handicraft woman’s search experience and satisfy
her with more relevant personalized results. Another interesting prospect is to
implement our contribution in the interactive system of the project. The idea to test
and evaluate the use of our approach to other fields is one of our future works.
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