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Abstract— Information on the web is growing huge in size and
retrieval of relevant information from the web is a big
challenge for search engines. Search engines retrieve huge set
of documents out of which very few are relevant due to small
size input query having few keywords. User information needs
are vague or imprecise and changes his query as users are not
conscious of their exact needs of information and thus making
it difficult to understand the information need of the user and
hence the precision of search results is low. Fuzzy Logic is an
ideal tool to manage imprecise and vague information. In this
paper an approach is proposed using Fuzzy logic to
Personalize the web Search based on clustered query sessions.
The initial user input query is represented by fuzzy set and
expanded with related words based on Fuzzy thesaurus. This
Fuzzy expanded input query is used to select the cluster which
is most similar to the information need of the user input query.
The selected cluster is used to recommend the Fuzzy ranked
set of documents. The user’s response to recommended search
results is tracked to capture the user profile. The process of
expansion of user profile based on fuzzy thesaurus and
recommendations of Fuzzy ranked set of documents continue
till the search is personalized to the information need of the
user. Experiment was conducted on the data set of user query
sessions captured in Academics, Entertainment and Sports
domain and results confirm the improvement of precision of
search results.

Keywords— Fuzzy Information Retrieval, Search Engines,
Fuzzy Sets, Personalized Web Search, Information Scent.

I. INTRODUCTION

Web is a huge repository of data which can be accessed
using search engines. The user input query considered as
the bag of words is matched against the textual
representation of web data and retrieves millions of
documents out of which very few are relevant. The ratio of
relevant documents to the total retrieved documents is less
and is responsible for the low precision of search results.
The reason for low precision of search results is imprecise
and vague input query as users are not conscious of their
exact needs of information.

Hence to provide better service, a search engine should
go for the understanding of the information need rather than
depending on key words. This understanding will enable a
search engine to correlate well with the user query.

Fuzzy logic has been applied in Information Retrieval to
improve the precision of search results. Fuzzy logic is an
ideal tool to manage imprecise and vague information and it
has been widely used in the semantic web field.[7][9] In
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this paper Fuzzy logic has been applied for effective
Personalization of web search based on clustered query
sessions. The entire processing of the proposed approach is
divided into two phase Offline and online. During offline
processing, the data set is preprocessed to query sessions
where each query session contains the user query and the
associated clicked URLs. The term document matrix W
global to entire data set is created using tf.idf vector of the
distinct clicked documents present in the user query
sessions captured on the web. The terms of matrix W is the
set of distinct terms found in the vocabulary of the clicked
documents. Fuzzy thesaurus R is built from W and W' in
order to create term-term correlation matrix Fuzzy
thesaurus R. Query sessions are transformed into keyword
vectors using tf.idf content and Information Scent of
clicked URLs. These query sessions keyword vector are
clustered in order to group user query sessions with similar
need at one place. Each cluster groups query sessions with
similar information need in a specific domain. The term-
document matrix local to each cluster is built from global
matrix W.

In online processing, the user input query is represented
by Fuzzy Set A which is expanded with related terms based
on Fuzzy thesaurus R. The addition of related terms reduces
the impreciseness and vagueness of input query which
arises due to limited vocabulary of user query. The Fuzzy
expanded input query is used to select the most similar
cluster and is used with the term document matrix of the
selected cluster in order to identify the fuzzy set of ranked
documents on set D where documents are ranked according
to their membership in Fuzzy set. The user response to
recommended Fuzzy set of ranked documents is tracked to
collect the user profile. The user profile is vectored using
content of its clicked documents and is expanded with
related words based on Fuzzy thesaurus. This expanded
user profile is used to select the cluster for the
recommendation of Fuzzy ranked set of documents. This
process of user profile expansion with related terms and
recommendations of Fuzzy ranked set of documents
continues till the user information need is satisfied.

Experiment was conducted on the data set of user query
sessions collected in three domains Academics,
Entertainment and Sports. The results verified statistically
shows the improvement in precision of Personalized web
search based on Fuzzy IR in comparison to classical IR and
PWS(without Fuzzy IR).

2831



Suruchi Chawla / (IJCSIT) International Journal of Computer Science and Information Technologies, Vol. 6 (3) , 2015, 2831-2837

II. RELATED WORK

In [2][8] modelling of user preferences have been
described with fuzzy profiles. Their work was focused on a
system where multiple (often diverging) sets of interests of
an individual are modeled in a user profile. In order to
personalize web search results, an adaptive algorithm is
designed to learn these multiple profiles of users. But it was
realized it makes little sense to keep unrelated profiles from
past searches. In [19] a fuzzy ontology is combined with the
TF-IDF measure for document ranking.

A novel classification approach was developed in [29]
[26] in order to conceptualize documents into concepts
using FFCM (Fuzzy Formal Conceptualization Model). In
[6] Fuzzy logics were used to summarize text for extracting
the most relevant sentences.

In [17] fuzzy logic is considered as a necessity to add
deductive capability to a search engine. In [18] qualitative
approach is expressed towards adding deduction capability
to the search engine based on the concept and framework of
protoforms. In [12] fuzzy conceptual graph is implemented
in the machine-learning framework. In [13] the basic
concept of fuzzy Bayesian Nets is presented for user
modeling, message filtering and data mining. In [30] the
fuzzy conceptual graph is presented for the semantic web. It
is concluded that the usage of conceptual graph and fuzzy
logic is complementary for the semantic web. In [31]
conceptual matching of text notes to be used by search
engines is presented. In [11] Fuzzy Reinforcement Learning
(FRL) for text data mining and Internet search engine is
used. In [3] a new technique is presented which integrates
document index with perception index and can be used for
refinement of fuzzy queries on the Internet. In [20] the
extended profiles containing additional information related
to the user are used to personalize and customize the
retrieval process as well as the web site. Fuzzy clustering of
these extended profiles is carried out and fuzzy rules are
constructed. Fuzzy inference was used to modify queries
and extract knowledge from profiles with marketing
purposes within a web framework. In [24] the
expressiveness of the queries can be increased with the use
of fuzzy aggregation methods for intelligent search. In [4]
the use of fuzzy ontology is proposed in search engines and
it is built automatically from a collection of documents.
Fuzzy ontology of term relations can be used for query
refinement and to suggest narrower and broader terms
suggestions during user search activity. In [10] fuzzy logic
for rule-based personalization is introduced and can be
implemented for personalization of newsletters.

In [7] fuzzy set model has been used to define fuzzy
queries. In [28] [32] fuzzy relationship between query
terms and documents is introduced.

In [16] three templates for the representation of keyword
importance are proposed. In [25] fuzzy IR system uses
fuzzy logic to retrieve documents similar to the query
document. The system was tested on Arabic documents. In
[21], the fuzzy logic model was actually used in
information retrieval and came up with a ranking model.
The ranking model had rules for fuzzification based on
three fuzzy variables; tf, idf and overlap. A third variable
that considers the document structure was added which is
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the title variable that reflects the term frequency in the
document title. idf was calculated by log(N/n ), where N is
the number of documents in the corpus and n is the number
of documents that had the considered term.

III. BACKGROUND

A. Fuzzy Set Theory in Information Retrieval(IR)
System

Fuzzy information retrieval methods are based on fuzzy
set in order to handle uncertain information. It utilizes the
tools defined in fuzzy logic and fuzzy relations to infer the
best results to a user query. Unlike Boolean systems, fuzzy
systems are most effective when dealing with data that may
display a degree of membership. In fuzzy systems, objects
described in terms of their properties which characterize the
objects are assigned relational membership values to show
relevancy from properties to objects or vice versa.

In order to implement the Information retrieval based on
the concept of Fuzzy Sets, two finite crisp sets are defined,
one is the set of ml recognized index terms, T =
{X1,X2peeemeene xm1} and other is a set of n relevant documents,
D= {dl, d2, veey dn}

A fuzzy document—term relation W is a fuzzy relation
from D to T.W represents the relevance of index terms to
individual documents W:DxT — [0,1] such that

membership value W (d}, x;) specifies for each x; €T
and d;j €D the grade of relevance of index term X; to
document d; . W (d}, x;) can be obtained in a probabilistic
manner by counting frequencies in the so called TF.IDF
approach.

A fuzzy thesaurus or fuzzy term—term relation R is a
fuzzy relation from T to T. R is a reflexive relation on T.
For each pair of index term < x;,x;, >€ T, R(x;,x;)
expresses the association of x; with X}, that is the degree to
which the meaning of the index term X, is compatible with
meaning of the given index term Xx; . The role of this
relation is to deal with the problem of synonyms among
index terms. The relationship helps to identify relevant
documents for a given query that otherwise would not be
identified. = This happens whenever a document is
characterized by an index term that is synonymous with an
index term contained in the query.

R:TxT —[0,]

R(Xl,xz)Z%z W (di, x1) *W (dli, X2)
i=1
VX, X2eT (1)

The Fuzzy set A representing the initial input query is
defined on the set of index terms T. The augmented query
represented by Fuzzy set B in T is generated from initial
input query using max min composition operator with set A
and Fuzzy Thesaurus R.

That is, AoR = B (2)

where o is the max-min composition.

The retrieved documents expressed by a fuzzy set RD
defined on D, is then obtained by composing the augmented
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inquiry, expressed by fuzzy set B, with the term document
matrix W. That is

BoW = RD 3)

The user can now decide whether to inspect all
documents capture by the support of RD or to consider only
documents captured by some a- cuts of RD.[1][9]

B. Information Scent

Information scent is the sense of value and cost of
accessing a page based on perceptual cues with respect to
the information need of user. The users on the web tend to
click those pages in the retrieved search results on the web
which seem to satisfy the user’s information need. More the
page is satisfying the information need of user, more will be
the information scent perceived by the user associated to it
and more is the probability that the page is clicked by the
user. The interactions between user need, user action and
content of web can be used to infer information need from a
pattern of surfing. [22][23]

1) Information Scent metric: A The Inferring User
Need by Information Scent (IUNIS) algorithm is used

to quantify the Information Scent S;4 of the pages P;4
clicked by the user in i query session. [5] [14]

The page access PF. IPF weight and Time are used
to quantify the information scent associated with the
clicked page in a query session. The information
scent S;4 is calculated for each clicked page P;4 in a
given query session i for all m query sessions
identified in query session mining as follow

Siqg = PF.IPF(P;y) X Time(P;y)Vi € 1..mVd €

1..n @)

fp.
PF.IPF(Piq) = i fit— x log (M /mpd)
)

PF.IPF(P;;): PF correspond to the page P;; normalized

frequency f P;q IN @ given query session i where n is the

number of distinct clicked page in session i and IPF
correspond to the ratio of total number of query sessions M

in the whole data set to the number of query sessions Mp
that contain the given page P,;.

Time(P;q): It is the ratio of time spent on the page P;4 in
a given session i to the total duration of query session i. [27]
2) Generation of Query sessions keyword vector:

Each query session keyword vector is generated from
query session which is represented as follows query
session=(input query,(clicked URLs/Page)") where clicked
URLs are those URLs which user clicked in the search
results of the input query before submitting another query ;
‘+’ indicates only those sessions are considered which
have at least one clicked Page associated with the input

query.
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The query session vector Q; of the i session is defined
as linear combination of content vector of each clicked page
P,y scaled by the weight s,y which is the information scent
associated with the clicked page P,y in session i. That is

— 1
Qi = X4=1Sia * Pia

In the above formula n1 is the number of distinct clicked
pages in the session i and sy (information scent) is
calculated for each clicked page present in a given session i
as defined in eq 4. The content vector of clicked page Py is
weighted using TF.IDF. Each i query session is obtained
as weighted vector Q; using formula (6). This vector is
modeling the information need associated with the i query
session.

3)
vector:

The k-means algorithm is used for clustering query
sessions keyword vectors since its performance is good for
document clustering. [15] [33] The vector space
implementation of k-means uses score or criterion function
for measuring the quality of resulting clusters. The criterion
function is computed on the basis of average similarity
between vectors and centroid of the assigned clusters.

The criterion function I is defined as follows:

I = 1/M Z’lg:lzviecpsim(vi,cp) (7)

where Cp be a cluster found in a k-way clustering

Viel.m (6

Clustering of Query session keyword

process (pel.k), ¢, is the centroid of p™ cluster , V; is
the vector representing some query session belonging to the
cluster Cp and M is the total number of query sessions in
all clusters as defined below . [34]

— k
M= r=1 |Gyl ®)
The centroid Cp of the cluster Cp is defined as below:
(ZviECp vi)
cp = ©)

[o%

where |Cp | denotes the number of query sessions in

cluster Cp and sim(vi ‘Cp) is calculated using cosine
measure.

IV.USE OF FUzZZY INFORMATION RETRIEVAL FOR EFFECTIVE
PERSONALIZED WEB SEARCH BASED ON CLUSTERED
QUERY SESSIONS

In this paper an approach is proposed which is based
on using fuzzy sets for effective Personalized Web Search.
The use of Fuzzy sets is mainly due to imprecise and vague
information need of the web users which is responsible for
the low precision of search results. In this approach initial
input query is represented by Fuzzy set A on the term set T
is augmented with related terms wusing max-min
composition with Fuzzy thesaurus R for better representing
the information need of the user.

B(X;) = max,  min(A(X;), R(X;, X;))vx; €T (10)
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The augmented query B is then used to select the cluster
which is most similar to the information need of query. The
term-document matrix W; constructed based on tf.idf(term
frequency inverse document frequency) associated with the
selected cluster is used for max-min composition with
augmented input query B in order to identify the fuzzy
Document set RD on D.

RD(d, ) =max, ., min®B(x).W(%,d,))¥d, € D(1)

The documents in Fuzzy set RD are recommended to the
user. The user response to recommended documents is
tracked to capture the user profile. On the request of next
result page, the user profile is transformed into keyword
vector FUP and is further expanded with related terms
using Fuzzy thesaurus R for handling the vagueness due to
synonyms and poli-semis of vocabulary used in profile.

FB(x,) = max, ., min(FUP(x),R(%, X))V, €T (12)

This expanded user profile fuzzy set FB on set T is used
to select the cluster for the recommendations of set of
ranked documents where ranking is generated using
composition of Fuzzy set FB and Fuzzy term document
matrix Wj associated to a given cluster.

RD(d; ) = max, ., min(FB(x)W, (x.d;))¥d; € D(13)

Thus an algorithm is proposed for personalized web
search based on Fuzzy Information Retrieval. The entire
processing of the algorithm is divided into two phases:
Phase I and Phase II.

In Phase I offline processing is performed, the user query
sessions collected on the web contains its associated clicked
URLs. The content(tf.idf) of each distinct clicked URL
present in the data set is fetched using crawler and loaded
into database in the form of document-term matrix W for
further processing. The Fuzzy thesaurus which is term-term
correlation matrix is generated using W and W'. Thus each
query sessions is transformed into keyword vector using
Information Scent and Content of clicked URLs. The
resulting keyword vectors are clustered in order to group
similar information need query sessions in one region. Each
cluster is associated with term-document matrix of the
clicked documents present in it. The stepwise execution of
offline processing is given below.

X €T

is a fuzzy relation from T to T identifying the
synonym relations using eq (1).

6. For each clicked URLs in a given query session,
the Information Scent Metric is calculated which is
the measure of the relevancy of the clicked URLs
with respect to the information need of the user
query session using eq(4).

7. Query sessions keyword vector is generated from
query sessions using Information Scent and
content of Clicked URLs(TF.IDF) using eq (6).

8. k-means algorithm is used for clustering query
sessions keyword vector.

9. Each cluster j is associated with the mean keyword
vector clust_mean;.

10. Generate Fuzzy term- document matrix W; using
tf.idf vector of distinct Clicked URLs CL; present
in a given cluster.

W, :T xCL; - [0,1]

Phase |
Offline Processing

1. Data Set of web queries and the associated clicked
URLs is collected on the web and further
preprocessed to get the Query Sessions.

2. Generate the tf.idf vector of each distinct clicked
URLs present in the data set.

3. The set of distinct terms present in data set is
represented by set T={x1,x2,x3,...... Xmi} and set
of distinct documents is represents by set
D={d1,d2,d3...... ,dn}

4. Generate the term document relation W a fuzzy
relation from D to T where |[Dj=n and |T|=ml
where D refers to the distinct clicked URLs
collected from the data set for the construction of
fuzzy thesauri.

5. A fuzzy thesaurus or fuzzy term—term relation R

In Phase II online Processing is performed. Due to
imprecise and vague initial input query, the input query is
augmented with related keywords based on Fuzzy thesaurus
which also reduces the impact of uncertainty and vagueness
of user’s information need expressed with the input query.
This augmented initial input query based on Fuzzy set is
used to select the cluster closer to the information need of
the query. The Fuzzy term-document matrix associated with
the selected cluster is used to determine another fuzzy set
RD which is ranked set of documents which are more
expressive than crisp relevance. The Fuzzy set RD on D
using threshold a is presented to the user. The user clicks to
recommended documents is tracked to capture the user
profile. The user profile is then converted to keyword
vector using information scent and content of clicked URLs.
The user profile keyword vector is also augmented with
related words based on Fuzzy thesaurus. This fuzzy set
representing the augmented user profile is used to select the
most similar cluster for the generation of next set of ranked
documents based on Fuzzy set using max-min composition
operation. This process of user profile expansion and
recommendation of ranked set of documents based on fuzzy
sets continues till the user information need is satisfied.

The stepwise execution of online processing is given
below.

Phase 11
Online Processing

www.ijcsit.com

1. Consider a query Q. Ignore all the stop words from
the search query. Final query is represented by
Fuzzy set A on T based on tif.idf.

2. Collect the fuzzy thesaurus R restricted to the
support of A and non zero columns for the
expansion of input query A.The support of A is the
set of terms belonging to set A and used in
expressing query Q.

3. Compute expanded input query B «<— A o R using
eq (10)

4.  Find the cluster j which is most similar to
expanded input Fuzzy expanded input query B.
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Use the term-document tf.idf matrix W; associated
with the selected cluster j and select the relevant
part of the W; matrix restricted to support of B and
non zero columns for computing the Fuzzy
document set RD on D.

Compute Fuzzy Document set RD «— B o W; using
eq(11)

Inspect only those document ids in RD captured
by some a-cut of RD in which only those
documents are filtered for retrieval whose degree
of relevance is greater than or equal to a.

For each selected document d in a-cut of RD is
retrieved and ordered according to their degree of
membership in set RD.

If the user request for the next result page

a. The users clicks to the search results
on the current page have been
tracked and user selected input
query are stored in user profile.

b. Model the partial information need
of the current user profile using the
information scent and content of the
URLSs clicked so far in his partial
user profile and obtain the user
session keyword vector FUP.

c. Compute expanded Fuzzy User
Profile FB « FUP o R where the
part of fuzzy thesaurus R, restricted
to the support of FUP, and non zero
columns, is relevant for the
expansion of user profile FUP using
eq (12).

d. Select the j th cluster which is most
similar to the information need
associated with the FB.

e. Identify the term-document tf.idf
matrix W; associated with the
selected cluster j. The relevant part
of the Wj matrix restricted to
support of FB and non zero columns
is used for computing the Fuzzy
document set RD on D .

f. Compute Fuzzy set RD < FB o
Wj using eq (13).

g. Inspect only those document ids in
RD captured by some a-cut of RD
in which only those documents are
filtered for retrieval whose degree
of relevance is greater than or equal
to a.

h.  For each selected document d in a-
cut of RD is retrieved and ordered
according to their degree of
membership in set RD.

i.  Goto step 9.

else
Current search session is terminated.
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V. EXPERIMENTAL STUDY

The experiment was conducted on a data set of user
query sessions collected on the web. System architecture is
developed in this work to collect the data set of user query
sessions by capturing the user’s clicks on Google search
results. The user is required to enter the input query through
a GUI based interface of the architecture which is then
passed on to the Google search engine API, to retrieve the
search results displayed with the check boxes on the user
interface. A SnapShot of GUI interface of the architecture
showing the Google search results for the input query
“hindi song” is given below in Fig 1.

e e R ——

@D-Q- Tocahst 0802 D1 = RIS B
x Gongle * Msuche Moren

x Bt @ &

g Fovortes | g 2 stepsto rnfrstprogram - - Noida Medicare Center . @ Suggested Stec = ) W Sice Gaery w3 deskng

[l bt chosti080 s DBy sp h-8-
W) Intranet settings are now bumed off by default. Intranet setfings areless secure than Intemee settings. Click for options.

Google Search Results

Soags.PK - Download Bollvwood Soags, Songspk Mp3 Soags — www songspk pkc

Hindi songs from Raaga.com - hindi songs, videos and latest movies ¥ wovw razga com chassels hindi

Hindi Bollywood Songs - Andio Videa MP3 New [ vww ndia-station com music beml
HINDISONG.COM-Premier Indian Extertainment Portal-Biggest and  www hindisong com

Hindi Mp3 Songs, Music Dowaloads, Bollvwood Song, Hindi Song | wvwrw musicmara com

Hindi Soags . net - Free hindi soags and music directory " www bindisongs net

Hindi Songs, Bollywood Songs and Indian Music - Dhingana Music | www dimgana com

Hindi Songs [ www s colostate e’ malasya bncicongs bird

Hindi Video Songs - SmasHits Logo " wiw smashits com hind-soags movie-vidzos-Et-2 bl

Hindi Film songs, Hindi Film music, Hindi Film albums starting with | v smashits com bindifim mosic-40-movies-an bimd

Fig. I Screen SnapShot of architecture displaying Google Search results
along with the checkboxes.

The user clicks on the retrieved search results are
captured through the check boxes displayed on the GUI and
stored in the database in the form of query sessions. The
captured user query sessions on the web are processed
further to find the query session keyword vector using
Information Scent and content of clicked URLs. The k-
means algorithm is then applied to group the similar
information need query session keyword vector in clusters.

In order to evaluate the performance of personalized web
search based on fuzzy information retrieval, the experiment
was performed on Pentium IV PC with 120 GB RAM under
Windows XP using JSP, JADE , Oracle and MATLAB.

During offline preprocessing, the tf.idf vector of the
clicked URLs of the query sessions are fetched using the
web sphinx crawler and loaded into database using
Oraloader. The clustering agent developed in JADE is
executed to generate the clusters of query session keyword
vectors.

The approach proposed for PWS wusing Fuzzy
Information retrieval based on the clustered query sessions
was compared with Classical IR/ PWS (without Fuzzy IR)
in [27] based on clustered query sessions.

During online processing, the input query is issued to
GUI based interface designed for both PWS with/ without
Fuzzy Information Retrieval. In PWS with Fuzzy based
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Information Retrieval, the augmented input query based on
fuzzy set is used to select the cluster most similar to the
information need of the user and the selected cluster is used
to identify the fuzzy ranked set of documents. The ranked
documents based on fuzzy sets are displayed with
checkboxes to capture the user’s clicks where the value of
0=0.5.

The user’s clicks to the fuzzy ranked documents are
tracked to capture the user’s profile and dynamically update
the user’s clicked profile during the search session of the
user. When the user requests for the next result page, this
captured user’s profile is transformed into keyword vector
and is augmented with related keywords based on fuzzy
thesaurus. This augmented user profile is used to select the
cluster similar to the information need of the current user
profile. The selected cluster is used to generate the next set
of ranked documents based on fuzzy sets. This process of
generation of user profile and recommendations of ranked
set of documents based on fuzzy set continues till the user
search is personalized to the need of the user.

The performance of PWS based on Fuzzy IR is evaluated
using the average precision of Personalized Search Results
and compared with average precision of ranked Documents
using Personalized Search Results (without Fuzzy IR) and
Classical IR(Google Search Results) in each of the selected
domains (Academics, Entertainment and Sports). In order
to evaluate the performance, the 25 test queries were
selected randomly in each of the domains Academics,
Entertainment and Sports. The purpose of selecting the
queries in these three domains is to cover wide range of
queries on the web. The relevancy of the documents was
decided by the experts in the domain to which the queries
belong.

During online searching, the test queries were issued in
each of the selected domain to the GUI based interface to
retrieve the personalized search results(with/without Fuzzy
IR) . The precision of a query is computed using the
fraction of retrieved documents which are relevant in the
personalized search results. The average of the precision of
the collection of queries in a given domain is computed for
comparing the performance results showing the average
precision of test queries computed in the domains of
academics, entertainment and sports using both PWS with /
without Fuzzy IR/classical IR are shown in Fig 2.

0.8
0.7 — T Bs
0.6 —
0.5 —  OClassical IR
0.4 - —
0.3 - —
0.2 - - EPWS(without
0.1 - — Fuzzy IR)
0 - — .
. . . OPWS(with Fuzzy
((.\\(J oé Q/Q |R)
) R &
O N
?S;b &3
<@
(é\

Fig.2. Shows the avgprecision of Classical IR/PWS (without/with Fuzzy
IR) in Academics, Sports and Entertainment.
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The average precision is improved in each of the selected
domains using personalized web search with ranked
documents(with fuzzy IR). The obtained results were
analyzed using the statistical paired t-test for average pre-
cision of PWS (with/without Fuzzy IR). The comparison
was done on the basis of data set of 25 queries in each of
selected domain with 74 degrees of freedom (d.f.) for the
combined sample as well as in all three categories
(Academics, Entertainment and Sports) with 24 d.f each.
The observed value of t for average precision was 58.09 for
the combined sample. Value of t for paired difference of
average precision was 39.90 for academics, 25.34 for
entertainment and 46.38 for the sports categories. It was
observed that the computed value for paired difference of
average precision lies outside the 95% confidence interval
in each case. Hence Null hypothesis was rejected and
alternate hypothesis was accepted in each case and it was
concluded that average precision improved significantly
when personalized web search using Fuzzy IR in
comparison to improvement in average precision of search
results (without Fuzzy IR).

This proves that use of Fuzzy set for queries
augmentation with related keywords and document ranking
for PWS retrieves higher number of relevant clicked URLs
up in top ranked clicked documents and increases their
probability of being clicked by the users. The increase in
the ratio of relevant documents to the total documents
retrieved is responsible for the improvement in the
precision in each of the selected domains. Thus the use of
Fuzzy set for personalization of web search satisfies the
user information need effectively. The experimental results
which were also verified statistically confirm the significant
improvement in precision in comparison to PWS (without
Fuzzy IR) and classical IR.

VI. CONCLUSION

In this paper an approach is proposed for personalized web
search based on fuzzy IR. The significance of using Fuzzy
IR is to deal with vagueness and impreciseness of input
queries which arises as users are not aware of their actual
information need and as a result of which precision of
search results are low. An algorithm is proposed for
Personalized Web Search based on Fuzzy IR. The Fuzzy set
is used for both query augmentation with related keywords
and document ranking in order to disambiguate the context
of input queries for better understanding the information
need of the user and increases the probability of bringing
relevant documents up in ranking. The process of
recommendation of ranked documents and augmentation of
queries with related keywords based on fuzzy set continue
till the search is personalized to the information need of the
user. Experiment was conducted on the data set of query
sessions captured on the web in the domains: Academics,
Entertainment and Sports. The results confirm the
improvement in the average precision of search results
using Personalized Web Search with Fuzzy IR.
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