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Abstract: Problem statement: The huge number of information on the web as aeglthe growth of
new inexperienced users creates new challengesftaomation retrieval. It has become increasingly
difficult for these users to find relevant docunsetfiat satisfy their individual needs. Certainly turrent
search engines (such as Google, Bing and Yahoej aff efficient way to browse the web content.
However, the result quality is highly based on wpesries which need to be more precise to findragie
documents. This task still complicated for the migjaf inept users who cannot express their negts
significant words in the query. For that reason bekeve that a reformulation of the initial usegisery
can be a good alternative to improve the infornmatielectivity. This study proposed a novel approach
and presents a prototype system called Profileeb&aformulation System (PRESY) for information
retrieval on the webApproach: It used an incremental approach to categorizesusgiconstructing a
contextual base. The latter was composed of twesty context (static and dynamic) obtained udieg t
users’ profiles. The architecture proposed wadeémpnted using .Net environment to perform queries
reformulating testsResults: The experiments gave at the end of this artiobevstat the precision of the
returned content is effectively improved. The tegtse performed with the most popular searchingneng
(i.e., Google, Bind and Yahoo) selected in pardictor their high selectivity. Among the given risuwe
found that query reformulation improve the firgtel results by 10.7 and 11.7% of the next sevenned
elements. So as we could see the reformulatioserSuinitial queries improves the pertinence tdneed
content.Conclusion/RecommendationsTherefore, we believed that the exploitation afiteatual data
based on users’ profiles could be a very good veayeformulate user query. This complementary
mechanism would be highly improve the quality ddrmation retrieval on the web. In the other side,
believe that more the user’s profiles are propedgstructed more the returned documents are relevan
Thus, the approach of constructing profiles needmetdeeply studied in order to have more reprateat
elements. Additional data like historical searchamgl browsing activity of a user can be also coatbio
improve the query reformulation. This constitutgme of our perspectives to improve PRESY.
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INTRODUCTION and Wang, 2006). They do not know choosing thetrigh
words that best express their information needs, so
The Information Retrieval (IR) can be defined as a query reformulation is needed. This reformulatien i
activity whose purpose is to locate and deliveetacs  motivated by the fact that the initial query rewra
documents to a user according to his needs. Toowapr result that rarely meets the user’'s need, that méan
the performance of such systems, the contextuahodify the original user's query by adding sigruitt
information retrieval has recently emerged as arityi  terms to give back a more relevant result.

(Allan, 2003); its goal is to place the user at thee of In this study we propose a contextual query
models by making certain elements of context wiseth  reformulation system; this reformulation is called
influence systems performance more explicit. contextual because it takes into account the contex

On the other hand, users of information retrievalvia the user’s profiles to change his initial queBy
system are not professionals in the documentation ( adding the notion of the context during the
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reformulation, we aim to increase the effectivengfss The last type of the approaches, described in the
IRS by improving their relevance and allow the literature, uses external resources of terms sweh a
consideration of the user’s personal charactesistis  thesauri or ontology that contain the vocabularyduis
interests, his preferences and the historic of highe query enrichment, such approaches use ontology
interactions with a system. These elements araith equivalence and subsumption relations (Navigli
capitalized in our system as a static and dynami@and Velardi, 2003) in order to extract the termdé&
context for later use in the contextual reformalati added to the initial query.
The reformulation approach proposed in this stady

Classic query reformulation approach: The user is based on taking into consideration the user's otnte
often unable to express his exact need of infoomati using his profile. It offers a double benefit comipg to
Therefore, among the documents returned, some athe above presented approaches. On the one hand and
more interesting than others. Given the increasingontrary to the first two classes of approacheis, utsed
volumes of information bases, to find those that ar directly without a phase of analysis or of learniog the
relevant by using only the initial user's queryda  other hand it is not constrained by the problenthef
almost impossible task. third class of the approaches that use only ecgrical

The query reformulation is to modify the user’s and subsumption relations and do not take advamtbge
query by adding significant terms. The idea of guer all semantic relations provided by the ontology.
refinement is not new; several approaches userelifte
techniques for select terms to be added to thélinit Context for information retrieval: The context is not
query. We distinguish three types of querya new notion in computer science: from the sixties,
reformulation approaches and the deference betweesperating systems, language theory and artificial
them lies on the one hand in the source of terrad irs  intelligence already exploited this concept. Witie t
the reformulation that may come from results ofemergence of information retrieval systems, thenter
previous research (relevance feedback) or from amas rediscovered and placed at the core of theteleba
external resource (semantic networks, thesauri owithout making subject of a consensus, clear and
ontology). On the other hand, it lies in the metlusdd  definitive definition. However, analysis of exiggin
for selecting terms to be added to the initial guer definitions in the literature leads to two concturss:

The first type of the approaches is based on ldagjlo
analysis of the considered collection of documemd « “There is no context without context” (Brezillon,
the most commonly among them is based on statistica  2003). In other words, the context does not exdst a
analysis of document corpus (Cei al., 2002). The such. It is defined or it emerges for a purpose or
objective is to increase the frequency of words  precise utility
appearing together in one document and select the “The context is a set of information. This set is

terms with the highest coefficient. The informatibiis structured, it is shared, it evolves and serves the
obtained is used to reformulate query automatidayly interpretation” (Winograd, 2001). The nature of
adding terms related to the terms already usedeén t information and interpretations got from it depend

query. The terms added from the documents give a on the purpose
better adequacy between the need for informatiah an
the document collection. In information retrieval, the context is definesi“all

The second type of approaches based on thgognitive and social factors as well as the usans and
principle of relevance feedback aims to reformuta&® intentions during a search session”, (Bekiml., 2004).
initial query to correspond better to the contehthe  Generally speaking, the context includes elemefits o
documents collection. The principle is as follow¢  various natures that delimit the understanding, the
user submits his initial query and the system ret@n  application fields or the possible choice. The most
initial set of documents that the user has to judgeommonly cited elements concern the spatiotemporal
(relevant, irrelevant). Knowing the relevance afiadly ~ data (location, time, date) or specific knowledge i
returned documents is used for selecting termseto brelation to the studied area. But rarely we seautigeof
added to the initial query. We quote in this catgghe  elements concerning the emotions, state of mind
work of (Winograd, 2001) in which the system offers cultural information (Brezillon, 2003). Thus some
based on the first query, a set of documents andlements of context can be difficult to identifychese
according to those viewed by the user, the systerve use them unconsciously, others are out of reéch
updates its terms index in concordance with autmmat machines input devices and therefore they arecdiffi
learning methods. to be implemented in information retrieval systems.
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MATERIALS AND METHODS e Direct: In contrast, in the direct management of
profiles, the user must intervene in all stagethef
Aspects of profile relevant to context capturing:A research process to manage his profiles

user profile is defined as “A source of knowledbatt
includes all the acquisition about the user’s aspdat  According to the reformulation moment: Here we
may be useful for the system behavior” (Wahlistet an look at the moment to use the profile in informatio
Kobsa, 1986). This proposal, although generalretrieval system;two possibilities are to retain:
corresponds better to our orientation; it highlgtitree
aspects of profile which are exploited as follows: « Pre-research: A profile can be used in a pre-
research stage to help the user to formulate or
» Source of knowledge: The user profile may include  reformulate his information need. It can be for
a variety of information according to the example to refine the expression of a query
considered task. In information retrieval the proposed by the user according to his profile
content of a user’s profile can be summarizedsn hi.  Post-researchA profile can also be used in a post-
personal characteristics, his interests and research stage to filter the search results
preferences, his competence, his current goal and
the historic of his interactions with the systemAccording to the complexity: In this category, we
(Belkin et al., 2004). We note that the notion of focus on the degree of the complexity of the
context, previously presented, is an extension ofnhformation contained in the profile. Different foats
the users profile. The context contains of this type of profile have been studied in (Kmdge,
complementary information allowing a better 1997), the most important ones are:
adaptation of the profile ) ) o
«  Acquisitions: The content of the users profile is® Simple: Simple profile is presented as a set of
knowledge to recover. Depending on the system keywords and eV(_antuaIIy an associated coef_ﬁment
adaptation degree, the user's profile data can be (0 measure the importance of each term in the

informed by the user, or recovered by selecting a  Profile o _ -
preexisting profile created by experts in the® ExtendedExtended profile includes, in addition to

system during use that describes the research context

» Useful for the system behavior: In information
retrieval the role of the user’s profile is to allo
personalization or adaptation of services to
improve the system performance, or to filter the
results returned by a search engine

According to the nature of information: The last
class distinct user’s profiles based on the natfre
information they contain, the work of (Benamnegal.,
2002) exploits the following profiles:

e Identification profile: This component of the

Classification of profiles and their use in IR: profile is used to identify the user through a et
Different types of profiles are associated with taek information. It is defined in the first connectitm

of |r_1format|on retrleva_l. We_ d(_eflned four_cla_\sset 0 the profiles system and is updated at each
profile based on grouping criteria, these critenia the increment by creating a querying profile

degree of the user’s involvement, the moment tothise
profile for reformulation, the complexity of infoiation
accumulated by the profile and the nature of
information that composes the profile.

Querying profile: It can be likened to a query. It
reflects the user’s information needs and facédgat
the association of the research made by the user to
his context

According to the user’s involvement:lt is to measure The different classes of profiles that we ideatfi
the degree of the user’s involvement in the proc#ss can be used simultaneously in the same systemhend t
his profile catching. In (Benammat al., 2002), the usage of a profile type does not mean the isolaion
author distinguishes two types of profiles manageme  the others. However, a profile based system musteale
the characteristics of each type of used profiled the
* Indirect: It's the case where the profile links that connect them. In the rest of this stwdy
management is transparent to the user, in the senggesent our system and justify the choice of its
that the user does not intervene in the managemeptrameters in terms of profile, we also describe th
of its profiles proposed architecture and the developed prototype.
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Choice of system parametersWe have previously e
prepared a comparative study of the elements neteded

the development of our system. They are the
reformulation, the context and the use of profiles
information retrieval systems. This study has addw
us to categorize separately the characteristichede

elements and identify the limits of each categdme

present here the different parameters charactgrizim

proposal and describe our choices compared to the
approaches previously studied.

In terms of query reformulation: The reformulation
approach that we propose in this study is based on
taking user’s context into consideration via hisfie.

The contextual reformulation system proceeds an
automatic refinement or extension of the initiakegu

Degree of complexity: The profile is extended. It
includes, in addition to keywords, a set of
information describing the research context. This
information is stored in a table as an attributki@a
pairs, where each pair represents a property of
profile

Nature of Information: We use at the same time
and in a complementary manner identification and
querying profiles. The first to identify a user ngpi

a set of information defined in the first connentio

to the system and the second is recovered from the
historic search of the same user in the subsequent
sessions, so its content increases every time the
user makes a new search.

by adding or substituting words. The terms ofSummary: We group our choices in terms of profile
reformulation are extracted from the user's profileyse for the context modeling into two major classes

depending on the context of the underway research
session. Table 1, locates our approach comparéteto
approaches previously studied.

In terms of the profile use: Our choice was fixed on
the use of context for the user’'s query reformatati
We presented previously the different classes of
profiles and the specific aspects of each clasbleT2,
presents the parameters characterizing our system i
terms of user’s profile.

Table 2 shows our choices concerning the user’s
profiles and therefore the manner in which the exint
is used to help the contextual query reformulation.
These choices are interpreted as follows:

e« User involvement: In our system the user

Static Contextlt is defined from an identification
profile with an extended degree of complexity, an
indirect involvement of the user and a pre-research
moment of use

Dynamic Context:lt is defined from a querying
identification profile with an extended degree of
complexity and an indirect involvement of the user
and a Pre-research moment of use:

Static Context = (Identification profile + Extended
+Pre-research + direct)
Dynamic Context = (Querying profile + Extended +Pre

research + direct)

intervenes partially to define his profile, so the System architecture: We propose a contextual query
involvement is direct; the system automatically "éformulation system for information retrieval omet

recovers the supposed relevant information tgveb. This reformulation is called contextual beeaits
enrich the users context for possible futureis based on coupling between the static and thardin
research and provides them to the user, who wiliser’s context that are modeled by using the user’s
validate those he deems truly relevant among alprofiles to allow the expansion of the initial gueiThe

proposals

goal is to return a result more relevant than the o

* Moment of reformulation: In our case it is a pre-returned by a search without reformulation. Figlire
research profile. _T_he system reformulayes theshows the general architecture of our system and
user’s need by refining the expression of his queryllustrates how static and dynamic contexts areghtu

according to his context

Table 1: Characteristics and limits of the appreador query reformulation

to be used later in the contextual reformulationcpss.

Class of approaches Characteristics

Limits

Based on statistical analysis

Calculates the freqyef terms in a document

Requires a analysisghas

Selects the terms with the highest coefficient

Based on relevance feedback

Performs a first sessiol initial query terms

Requires a learning phas

Relevant documents returned by using the first
query are used to refine the search

Based on terms of external resources

Our approach
Based on static and dynamic context

Uses ontalothesauri containing the
vocabulary used in the enrichment of query

Does not take advansag# semantic
refeti provided by ontology

Uses the cowigexhe user’s profile to reformulate

automatically the initial query by adding terms
extracted from the context of current research
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system parameters in terms of the upeafile

Criteria Our choice
User Direct Indirect
involvement X
Moment of Pre-research Post-research
reformulation X
Degree of Extended Simple
complexity X
Nature of Querying profile Identification profile
information X X
I e W
Pt R 7 User I
' b I
’ : ¥ ~
( Catching of static % y '
\ context re S '
Nl ; _»“ | Identification J !
e L "
| ~F—1—~L |
I I
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I — :
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I ~ I
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)| Tl s "'-':_f_""'::
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J I
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Jl
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: Choice of search engine [
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’ - I
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] . \ . |
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Before formulating his query, the user must be
identified in the system which proceeds to the vecp
of its static context that consists of the useesspnal
characteristics that may influence the researcheson
(age, sex and language), his interests and prefesen
related to the research task (domains of competemde
specialty) and his competence level or his expertis
(profession and level of study). This informatios i
stored in the user’'s context base during the first
connection to the system. In case of a user whe dot
have a profile, the system asks him to complete his
preference and the user’'s context base will be teplda
in order to use it in any future search sessions.

After having recovered the static context, theruse
can formulate his query and the system takes chafrge
his reformulation automatically. It generates thewn
query by selecting terms related to the contexthef
current research session. This selection is mana fr
the user’'s context base. Both types of contexiti¢sta
and dynamic) mutually contribute to the operatidn o
reformulation. Thereafter the system proceeds to an
open search on the web by using the reformulatedyqu
and calling, according to the user’s choice, on¢hef
three search engines that suggests (google, yahoo o
bing). The search result is finally returned to trser
and it will also be stored in the historic searesé in
order to be used later in the catching of the dyoam
context.

At the end of each search session and based on the
historic search base, the system automaticallyerets
the information that supposed relevant to enrich th
dynamic context of the user (contextual elemefitbg
system suggests this information to the user tmlatd
those he considers truly relevant among all progosa
and increases the content of the dynamic context.

RESULTS

To prove the applicability of the proposed
architecture, we implemented a prototype of a syste
for contextual query reformulation. PRESY is a .Net
application using a Microsoft Access data base lwhic
manages the users’ profiles. This database contams
tables, the first serves to save the user’s prete®
(static context) and the contextual elements (dyoam
context) and the second table contains the histmiric
the user’s research that is used to catch the dignam
context.

General description: The system displays two

Fig. 1: General architecture of the system for thgesults. The first without reformulation (Fig. 2rea
contextual query reformulation

A) and the second with reformulation (Fig. 2, aBa
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The main interface of the prototype
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Fig. 4: User’s query reformulation

The aim is to compare the scores of relevanceringe
of page number returned in the two situations; w&n
that these scores are calculated by the selectwdhse
engine. The interface also offers the possibility t
choose the desired search engine (Fig. 2, area®) a

gives the score of relevance in terms of number of

pages returned in both cases, research with arnbutit
and reformulation (Fig. 2, area D). Finally the teys
captures and offers the contextual elements witehes

used to enrich the dynamic context of the user. (Ejg
area E). Figure 2 presents the main interface ef th
developed prototype.

Catching of dynamic context: To catch the dynamic
context, the system automatically analyzes theerunt
of the returned web page and proceeds as follows:

Retrieves the title of each result and proceedtsto
segmentation into a set of words

It eliminates the empty words using an anti-
dictionary

It proposes the obtained words witches are
supposed relevant to enrich the dynamic context to
the user

Finally the user validates terms those he considers
truly relevant among all proposals and the system
increases the content of the dynamic context

User's query reformulation: To ensure the
reformulation of the initial user's query, the st
retrieves the user’s input and compares it with the
contents of its context database, after the systéneves

all attribute-value pairs whose left side is ideatito the
initial query and offers the right side as oppoities

of reformulation proper to the current context sbar
The content of the list of proposals is updatedhas
user progresses through the seizure of his query.
Finally, the best form of reformation is used ahe t
search result is displayed. The Fig. 4 presentsisee’s
query reformulation process.

DISCUSSION

To carry out the evaluation of our system we
performed the same set of 15 queries, both on @oogl
yahoo and Bing. These queries were made up of 10
simple scenarios covering the range of current aieéd
a user (they were simple applications of themasiedl,
consumption, news and culture) and 5 complex
scenarios (rare word or specialized search). Eauf, t
the first ten results displayed have been examaretl
evaluated for both research, with and without
reformulation.

We evaluated the performance of our system
according to the relevance of the top 10 resultthé
three following criteria:

Criterion 1 (C1): the relevance of the first three
results
Criterion 2 (C2): the relevance of the last seven
results
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Table 3:Th¢ role of the queries reformulation be three search of our system, we justified our choice of system
engnes ____ parameters, presented our architecture, showedmw

Reformullation of the initial query static and the dynamic contexts are caught and
Google Yahoo Bing illustrated the manner in which these two contexts

mutually used in our proposal. Finally, we desailze

Without ~ With ~ Without With  Without With  gcenario of a contextual reformulation as processed
Cl 662 769 578 6.11  3.38 423 oyr system.

C2 560 6.77  4.92 418  3.94 4.87 . . .
Cc3 740 819 756 855 554 6.22 This study paves the way for diverse perspectives

that are located on two levels: deepening of redliz
research and enlargement of its application figlth
regard to the deepening of the proposed work, itldvo
be interesting to improve the developed prototypéhe
o sense that catching the elements related to thesuse
Each criterion (Cwas rated on 10. Each querygynamic context is done without his interventiord am
received an overall rating out of 30 (3 criterigechon  terms of the application field expansion, it woule
10). Each search engine has received-in both aafses jnteresting to test the proposed architecture orersée
research, with and without reformulation-a notedd0  search engines to measure the contribution of gtk
points (30x15 scenarios) reduced to a note on 1Qeformulation on each of them and focus the prowty

e Criterion 3 (C3): the rate of redundant results (or
from the same site)

Table 3 shows the results of this evaluation. on the search engine that adapts best to oppgal.
Table 3 shows that for the relevance of the first
three results with the three search engines, segrch REFERENCES
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