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PIRSIDIL: A personalized information retrieval system in a digital library
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ABSTRACT: The personalization in information retrieval has for goal to provide applicable information that corresponds
precisely to the user’s needs. In this paper, we are interested in creating a “Personalized Information Retrieval System In a
Digital Library” called PIRSIDIL in order to present to the current user relevant retrieved documents adapted to their centers
of interests and their needs. To achieve this goal, we are interested in modeling the user profile and in describing the
metadata of documents and use them in the matching. The first experimental evaluations show a significant improvement of
results offered by our system compared to Google.
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1. Introduction

The considerable development of the Internet in these last years has led to a large increase in the number of users and also the
number of heterogeneous resources available (structured data, textual documents, software components, pictures, etc.):
According to a statistical study published in the website “http://www.worldwidewebsize.com” covering several search engines,
the size of the Web is estimated between 20 and 40 billions of web pages in the year 2010. Thus, when a user issues a query, the
systems of information retrieval deliver massive results satisfying only the query and suppose that the user is completely
represented by his query without taking into account of his center of interest, his preference and his context of research [1] [2].

Overcome this limit and allow the user to easily find information that interests him are the subject of several recent research
projects [3] [4] [5]. This is the case of information retrieval known as personalized information retrieval that consists to integrate
the user in the process of finding information in order to satisfy the needs in information of every user.

In this context, our work focuses on the creation of a personalized information retrieval system in a digital library that we named
it PIRSIDIL in the goal to assist the user in the process of information retrieval. We are interested in this paper to describe the
metadata of documents and to build the user profile which will be used in a process of personalized information retrieval by
matching “user profile” with “metadata” and ordering search results according to the centers of interests of the user.

We begin to explore the dimensions of our personalization, then we illustrate the phase of exploitation of personalization in a
process of information retrieval based on our method of matching user profile with metadata, afterwards, we present our
implementation and the results of our first tests. We end with a conclusion summarizing our contribution.
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2. Dimension of personalization

Under our system, we propose to define two main dimensions of search personalization:

1- Dimension describes the user across their centers of interests and their preferences of research while building the user profile.

2- Dimension related to documents by presenting their metadata.

2.1 User profile
We define the user profile as a set of data (personal, professional and search preferences) that describe the user in order to
improve the result of information retrieval. The most important step in building the user profile is the acquisition that can be: [6]
[7].

i) Explicit: based on the collection of user’s data directly entered by him through an interface of the system.

ii) Implicit: based on the collection of user’s data by observing their interactions with the system during their activities of
research.

iii) Mixed: based on a combination of explicit initialization phase, that constructs the user profile and implicit phase for completing
the profile or infer new centers of interests not set by the user.

We chose to use the mixed acquisition because it combines the advantages of the two previous acquisitions methods. After the
acquisition phase, we attain the representation phase of user profile. It exists in the literature three main types of representation:
vector, semantic and multidimensional representation. We present the description, the strength and the weakness of the three
user profile representations in Table 1.

                                                                                                           Representation

                                Vector                                         Semantic                                    Multidimensional

Based on the vector model
proposed by Salton in 1971 [8].
The profile is represented by
one or several vectors defined
in a space terms.
The coordinates of the vectors
correspond to the weights of
terms in the profile [9].

Based on the construction of a
hierarchy of concepts or
ontology instead of a personal
set of independent terms.
Each category of the hierarchy
represents the knowledge of a
domain of interest of the user
[10] [11].

Captures and categorize all
information characterizing the user
profile. The last may contain several
types of information such as
demographics data, centers of
interests, historic information.
Each type of information represents
a dimension in the model [4].

Description

Strength  - Simplicity of implementation       - Avoid semantic ambiguity  - Better interpretation of user profile.

- Neither makes interpretation
nor considering levels of
characterizing general user.

- Do not use the hierarchic
structure to capture dynamics
profile change.

- Research strongly linked to the
databases domain.Weakness

We opted for a multidimensional representation; our choice justified by the fact that the profile is characterized by several
categories of information that is to say several dimensions that can be decomposed into sub-dimensions. Some dimensions will
be given explicitly by the user and others will be implicitly deducted by the system.

The profile is structured in our system along three dimensions: The first is called “personal data” which contains all data from
user’s identity (first name, last name, civil status, date of birth, country, city, and email). The second is a dimension that
represents the “professional data”, it contains the level of study, the specialty and the centers of interests of the user and finally
a third dimension designed by “search preferences” that defines the year of publication, the type, the format and the language
of resources that the user wants to look for in the digital library.

Table 1. User profile representations
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Personal data                                       Professional  data                                              search peferences

- First name
- Last name
- Civil status
- Date of birth
- Country
- City
- Email

- Level of study
- Specialty
- Centers of interests

- Year of publication
- Type
- Format
- Language

Figure 1. User profile model in PIRSIDIL

2.2 Metadata
Metadata is by definition “a data about data, specifically, it is a structured set of information describing any resource” [12]. To
make the data usable by others, it must register in models widely recognized by actors in the Web. The metadata concept existed
before the advent of the Internet but its interest grew with the number of electronic publications and digital libraries. The
solution proposed by the World Wide Web Consortium (W3C) is to use the metadata to describe data in order to facilitate
information retrieval. They guarantee interoperability by sharing and exchange of information that make the content readable
and understandable by machines.

Several organisms of standardization proposed and published metadata diagrams susceptible to be used by the largest number
of users. The most used metadata diagram is proposed by the organization Dublin Core Metadata Initiative (DCMI) [13]; it is
often called the Dublin Core. The Dublin Core aims since its creation to solve the problem of the unified description to the
electronic resources of information. It becomes a standard ISO 15836 since February 2003.

The Dublin Core Metadata Element Set is a vocabulary of fifteen properties for use in resource description that are:  title, creator,
subject and keywords, description, publisher, date, type, format, language, identifier, contributor, source, relation, coverage,
rights. The real interest of these metadata is the addition of semantic content of nature to the documents published, which
greatly increases the quality of information available and improves the relevance of results for the research tools.

To build our model of metadata that will be used in PIRSIDIL, we adopted the model of Dublin Core because of its simplicity, with
which we can modify some elements and we adapted it to our needs. We retained ten of properties from Dublin and we modified
the properties of some elements that are: title, Author, keywords, description, publisher, date (date of publication), type, format,
language, identifier. In addition; we added 4 other properties that are: size, level, discipline and under discipline in order to
adequately characterize the database resources of our digital library.

3. Proposal of a method of matching

To search for documents, users filled up a form of multi-criteria query. At least one of fields “keywords”, “title” or “author” is
filled up by the user, the other optional fields are: Year of publication, type, format and language, the system compares it’s with
those metadata of documents available in the database of digital library . The objective in this first level matching is to eliminate
documents that do not correspond to the preferences of the user in his research. Thus we define nine criteria for comparison to
establish the matching query metadata E(Q) in Table 2.

For criteria C1, the system verifies the existence of query keywords in the metadata “keywords”, “description” and “title” of the
documents, so it gives the note 1 in the case of existence of keywords in any of these metadata; otherwise it gives the note 0. For
the remaining criteria, the system makes a Boolean comparison providing a note 0 or 1.
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The matching query metadata E(Q) will be calculated in the formula (1) by the product of the note affected to each evaluation
criteria (Ci ) specified in Table 2.

Ci         Query    Metadata

C1 Keywords Keywords,  Title,  Description

C2 Title Title

C3 Author Author

C4 Year of publication Date (Year)

C5 Type Type

C6 Format Format

C7 Language Language

Table 2. Element of comparison for E(Q)

i =1

7
(1)

The user can activate or deactivate his profile. The profile can be activated for a research centered on the domain and the centers
of interests of the user or can be deactivated to widen the field of research.

- If the query is formulated without taking into account of the user profile, the documents selected through the matching query
metadata E(Q) represent the final result.

- If the query is formulated by taking into account of the user profile, we integrate the matching user profile metadata E(P) in the
calculations.

For establishing the matching E(P), we will associate the user profile elements that we identified through a questionnaire that we
have made references to the services of the library of the faculty of economics and management of Sfax, the results of this
questionnaire allowed us to classify the user profile elements in order of importance:

Specialty or the domain: (40% positive responses)
Centers of interests: (35% positive responses)
Level of study: (25% positive responses)

So, we define in Table 3 three criteria of comparison for E(P).

Ci User profile Metadata Weight(Wi)

C1 Specialty Discipline 40%

C2 Centers of interests Under discipline 35%

C3 Level of study Level 25%

Table 3. Element of comparison for E(P)

The matching user profile metadata E(P) in the formula (2) is evaluated by the sum of the scores affected to each criteria weighted
by the weights clarified in Table 3.

E(Q) = Π E(Ci)

The results of search will be ordered according to the ordering of the centers of interests of the user.

E(P) = Σ Wi * E(Ci)
i =1

3
   (2)



           International Journal of  Web  Applications Volume  3   Number  4   December  2011                        183

4. Implementation

Our system was created by EasyPHP v5.3.1 (Apache Server, PHP language and MySQL data base) which allows hosting it on
several platforms and multiple operating systems. The choice of this technology is justified by the availability. It has proven
itself in terms of robustness and compatibility.

During the enrollment phase system, the user must fill up a form by entering his personal data, his professional data and his
search preferences.

When the user connects to the system, he has the possibility to update his user profile, to search documents or to host
resources to feed the database of our digital library while adding the metadata for each document.

In PIRSIDIL, research is multi criteria and takes place by the seizure of the keywords. Thus, the user can define many filters of
research as the type, the format, the language, etc. In the filling up of research form, the user can activate or deactivate his
profile.

Figure 2. Register new user Figure 3. Hosting resources

PIRSIDIL has been tested by users with two modes of research (with and without activation of user profile) We will take an
example of research with the registered user shown in Figure 2. Their professional data are:
specialty: computer science, center of interest 1: algorithms and programming, center of interest 2: networks, center of interest
3: multimedia, level of study: license.

We will focus more specifically for research with keywords, as this option allows us to better highlight the advantages of our
system. If the user searches for the keyword “programming”, it will have the following results:

- First case: The user does not activate his user profile in his query of research : The first ten documents returned by PIRSIDIL
shown in Figure 5.
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Figure 4. Research form

Figure 5. Research results Figure 6. Research results

In this case, the system returned a list of all documents containing the word « programming » in the title, in the description or in
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the keywords metadata of documents.  If we look more precisely to the first ten documents returned, we find that the first, the
second and the third documents dealing with the electronic domain, the fourth, the fifth and the sixth documents dealing with
the computer science domain, but on the doctoral level. The seventh and the eighth dealing with the computer science domain,
on the license level but touching the under discipline multimedia, the ninth and the tenth dealing with the computer science
domain, on the license level with the under discipline algorithms and programming.

All this means that the user who wants to search documents related to his professional data and he deactivate his profile in his
query of research will get irrelevant documents, in this example,  the first document that is relevant for the user located in the
ninth result.

- Second case: The user activate his user profile in his query of research

The first ten documents returned by PIRSIDIL shown in Figure 6.

The first ten documents returned dealing with the computer science domain, on the license level and with the under discipline
algorithms and programming. So, in this case, the user finds all these documents relevant for him.

To validate our system, we created hundreds of annotated resources. The evaluation process is to compare the search results
provided by Google and our system PIRSIDIL with activation of user profile for the same information need. Then, we calculated
separately for the 50 first responses provided by Google and PIRSIDIL the number of relevant documents and the number of
irrelevant documents. This is interesting since we know that users of information systems generally only explore the first
responses which have been provided [14]. Our goal is to determine and compare between Google and PIRSIDIL the recall and
precision rates.

We have found in the tests that the results provided by our system are generally better quality than those provided by Google.
The shape of the precision-recall curves obtained from the basis of 5 search sessions shown in Figure 7.

Figure 7. Comparison Precision/Recall between Google and PIRSIDIL

We note that for the first documents in the list returned by our system, recall/precision rates are close to 1.
Thus, these experimental studies have allowed us to demonstrate the impact of the personalization on the performance of
results.

5. Conclusion

We presented in this paper our personalized information retrieval system in a digital library which we constructed the user profile
model and we represented the metadata of documents and then we incorporated a method of matching user profile with
metadata. Our system presents of the user aware the answer documents relevant and responsive to their centers of interests and
their preferences of research.
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The first results to validate our system show an encouraging improvement in the quality of responses to the user. Moreover, as
our sample of users is not sufficiently representative, our current work will extend the existing tests on a larger number of users,
clearly differentiated profiles and conduct a comparative evaluation with other personalized information retrieval systems given
by other authors.

The perspective of improvement of our system is located in the integration of ontology in our method of matching and the
sharing of profiles between users within a collaborative work.
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