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Abstract: Personalized web search techniques have been applied with success for effective information retrieval.

The users search queries are

vague and imprecise due to limited vocabulary of users and therefore the precision of search results is low. Fuzzy set has been used in research
to infer the user’s information need from imprecise and vague queries. Ant Colony Optimization techniques(ACO) have been applied to
optimize the search results in order to increase the relevant documents and improve the precision of search results. In this paper hybrid of Fuzzy
set and ant colony optimization technique have been used together and an algorithm is proposed for recommendation of relevant web pages
according to user’s information need. Experiment was conducted on the data set captured in three domains Academics, Entertainment, Sports

and results confirm the improvement of precision of search results.
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. INTRODUCTION

Personalization of web search aims at customizing the web
search according to the information need of the user. Research
has been done for effective personalization of web search based
on optimization techniques such as ACO, Fuzzy set and their
hybrid. [1][2][3][4][5] In this paper hybrid of ACO and Fuzzy
sets are used together for effective information retrieval. The
benefit of using both Fuzzy set and ACO together because of
the following reasons Fuzzy set is used to infer the user’s
information need from vague and imprecise queries. The ACO
technique is quite amenable to capture the user searching
behaviour on the web. A user is like an artificial ant searching
on the web for a specific information need. The user response
to clicked URL is captured using pheromone. The pheromone
of the clicked URLSs increases as more and more users visit that
page. Thus the Ant Colony optimization technique uses
pheromone value to optimize the set of documents relevant to
user’s information need. Thus an approach is proposed using
hybrid of Fuzzy set and ACO to recommend web pages
relevant to the information need of the user.

In this paper an algorithm is proposed for personalized web
search using hybrid of Fuzzy set and ACO. The entire
processing of the algorithm is divided into two phase Offline
and Online Processing. During Offline processing, query
session keyword vector is generated from query session using
Information scent and content of clicked URLs. Information
Scent measure the relevance of clicked URLs based on its web
usage data. The keyword vectors are clustered where each
cluster groups query sessions with similar information need in a
specific domain. The term-document matrix local to each
cluster is built based on high pheromone clicked URLSs selected
in a given cluster. The term document matrix W global to entire
data set is created using tf.idf vector of the clicked documents
present in the entire data set. 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.

During 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
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cluster and the term document matrix of the high pheromone
clicked URLs is used to identify the fuzzy set of ranked
documents on set D where documents are ranked according to
their pheromone value. The user response to recommended
documents is tracked to collect the user profile and the
pheromone is updated using ACO. The user profile is vectored
using content of its clicked documents and is expanded with
related words based on Fuzzy thesaurus. The 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.
The stepwise execution of offline and online processing is
given below in Fig 1.

Experiment was conducted on the data set captured in three
domains Academics, Entertainment and Sports. The results
were compared with Fuzzy IR [6]. The proposed approach
confirms the improvement of precision of search results.

Il. RELATED WORK

In [7][8] modeling of user preferences had been described
with fuzzy prdiles. In [9] a fuzzy ontology is combined with
the TF-IDF measure for document ranking.

A novel classification approach was developed in [10] [11]
in order to conceptualize documents into concepts using FFCM
(Fuzzy Formal Conceptualization Model). In [12] Fuzzy logics
were used to summarize text for extracting the most relevant
sentences.

In [13] fuzzy logic is considered as a necessity to add
deductive capability to a search engine. In [14] a new technique
was presented which integrates document index with
perception index for the refinement of fuzzy queries on the
Internet. In [15] the extended profiles containing additional
information related to the user were used to personalize and
customize the retrieval process as well as the web site. Fuzzy
clustering of these extended profiles was carried out and fuzzy
rules were constructed. Fuzzy inference was used to modify
queries and extract knowledge from profiles with marketing
purposes within a web framework. In [16] the expressiveness
of the queries can be increased with the use of  fuzzy
aggregation methods for intelligent search. In [17] fuzzy logic
for rule-based personalization was introduced and implemented
for personalization of newsletters.
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In [18] fuzzy set model had been used to define fuzzy queries.
In [19] [20] fuzzy relationship between query terms and
documents was introduced. In [21] fuzzy IR system uses fuzzy
logic to retrieve documents similar to the query document. The
system was tested on Arabic documents. In [22] 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.

Web Page Recommendations using hybrid
of Fuzzy sets-600. Phase II. Online Processing
Phase I: Offline Processing Step 1: Selection of cluster
based on similarity measure
l with Fuzzy input query
Step 1. Web Query sessions are T

preprocessed and query session keyword v

Vectors are generated Step 2: Selected cluster Fuzzy

term-pheromone document

* matrix is used for
recommendation of pheromone

clicked URLs.
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Step 3 The pheromone of

recommended clicked URLs is
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l Step 4: The recommendation of
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pheromone  document  malrix

¥ for each cluster is updated.
Step 6. The global term document matrix
W and Fuzzy thesaurus R is formed based
on tfidf vector of clicked URLs in
clustered query session. ¥

I

Fig 1. Shows the steps of offline and online processing

Step 6 Online Processing is
resumed

In [23] Ant Colony Optimization (ACO) was applied to
build query association graphs from the query logs for the
purpose of query recommendation. ACO was applied to query
logs as an adaptive learning process.

In [24] recommender system based on ant colony
optimization (ACO) was proposed which recommends to the
users the shortest path to the target pages using ACO. The
target pages are the pages which the users search for. In [25]
Ant colony optimization was applied to predict the next request
of the user and make recommendations on the basis of these
predictions. The recommender model was updated according to
the changing user needs using the advantages of both the Click
Stream Tree Model [26] and the ACO method. In [3] the user
profile based on interest scores was built using the pheromone
deposited by the ants. The user’s behavior was reflected from
user profile as the pheromone being accumulated or
evaporated. In the mean time the content keywords of user’s
profile was classified in a reference concept hierarchy. A set of
experiments was conducted to determine the effectiveness of
personalized search using the proposed approach and obtained
the satisfactorily results.

In [27] model based on the learner’s cognitive level,
learning ability, cognitive ability, can adjust teaching methods,
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teaching strategies, achieve individualized to help the user
personalized distance learning. The clustering based on ants
was used to enable access to a variety of collaborative learning
agent groups so as to fully mobilize the enthusiasm of
collaborative learning team members. In [28] the ant colony
optimization was applied on the log data to build an adaptive
domain model automatically in order to satisfy user’s
information request effectively in more structured collections
such as digital libraries, local Web sites, and intranets. The
entire user’s population searching as well as navigation was
learned and this learned knowledge was incorporated in a
constantly adapting domain model. This domain model assisted
the user in search process and reflected the collection
characteristics.

In [29] approach was proposed which combines ant
based clustering and fuzzy c-means. Their model was
employed in [30] where a fuzzy ant-based recommender
system was presented that provides online users with a list of
recommendations based on the comparison of the user’s
navigational behavior with other user’s data. In this model
ACO algorithms and fuzzy logic were combined to generate
the recommendations. In [31] an ACO algorithm called Ant-
Recommender was developed with the aim of recommending
items within clusters of user profiles. In this method the ants
sense pheromone found on clusters rather than on individual
paths to determine the best cluster to provide a
recommendation.

In [32] the ant colony metaphor was also used for selecting
optimal solutions in his hybrid recommendation method. In
[33] a recommender system was presented based on the
collaborative behavior of ants.

In [34] it was found that Information Scent of the clicked
page guides user in finding the relevant information on the web
in the same way as the pheromone guides the ant in identifying
the shortest path to food source. The performance of the
Personalized Web Search was improved when converted into
optimization problem and solved using Ant Colony
optimization techniques by replacing the pheromone in ACO
with Information Scent. In this research it was motivated to
apply the hybrid of Fuzzy set and ACO for effective
personalized web search since the use of ACO for optimal
ranking of clicked pages retrieved based on fuzzy set will bring
more and more relevant documents up in ranking for the
improvement of precision of search results. Hence thus the
precision of search results can be improved using Fuzzy set
with ACO for web page recommendation.

I11. BACKGROUND

A. 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. [35][36]

e Information Scent metric: The Inferring User Need by
Information Scent (IUNIS) algorithm is used to
quantify the Information Scent s;; of the pages Py
clicked by the user in ith query session. [37][38]
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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 P4 in a given query session i for all m query
sessions identified in query session mining as follows in (1)
and (2).

Siq = PF.IPF(Py) X Time(Py)Vi e 1l..mvd € 1..n

1)
fp.
PF.IPF(Py) =mx‘i;%x10g(M/de) (2)

PF.IPF(Py): PF correspond to the page P,; normalized
frequency fp,, in a 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,;): It is the ratio of time spent on the page P, in a
given session i to the total duration of query session i.
[39][40][41][42][43]

e 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 URLSs 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.

The query session vector Q; of the i session is defined as
linear combination of content vector of each clicked page Pig
scaled by the weight s;3 which is the information scent
associated with the clicked page Piy in session i as given in (3).

Q=XYglisu*Py Vi€l.m

®)

In the above formula nl is the number of distinct clicked
pages in the session i and s;q (information scent) is calculated
for each clicked page present in a given session i as defined in
(3). The content vector of clicked page Py is weighted using
TF.IDF. Each i" query session is obtained as weighted vector
Q; using formula (3). This vector is modeling the information
need associated with the i"™ query session.

. Clustering of Query session keyword vector: The
k-means algorithm is used for clustering query
sessions keyword vectors since its performance is
good for document clustering. [44] [45] 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 | is defined as given in (4):

I= 1/M Z§=1 Zvi €Cp Sim(vi ,Cp) (4)

where C, be a cluster found in a k-way clustering
process (pel.k) ,c, is the centroid of p" cluster , v, is the
vector representing some query session belonging to the cluster

C, and M is the total number of query sessions in all clusters

as defined in (5). [46]

M= Z§=1 (=% (5)
The centroid c, of the cluster C,, is defined as in (6):

© 2015-19, IJARCS All Rights Reserved

Zvie » U
Cp = ( g %Cp|

where |C,| denotes the number of query sessions in cluster
C, and sim(v; c, ) is calculated using cosine measure.

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

The 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 m1 recognized index terms, T = {X1,X2,0c0cv.... Xmi}
and other is a set of n relevant documents, D = {d;, d,, ..., d,}

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; €D the grade
of relevance of index term x; to documentd; . 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;) in (7) 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 x; . 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]]
D W (dli, X1) *W (dli, X2)
R(xl,xz):% i=1 VX, X2 eT @)

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 in (8) is generated from initial
input A using max min composition operator with Fuzzy
Thesaurus R.

Thatis, AoR = B (8)

where o is the max-min composition.

The retrieved documents expressed by a fuzzy set RD
defined on D in (9), is then obtained by composing the
augmented inquiry expressed by fuzzy set B, with the term
document matrix W. That is

BoW = RD 9)

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. [47][48]
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In [6] initial input query is represented by Fuzzy set A on
the term set T is augmented with related terms using Fuzzy
thesaurus R based on max-min composition for better
representing the information need of the user in (10).

B(x;) = max, o min(A(x;),R(X;, X;))Vx; €T (10

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 in (11).

RD(d;) = max, ., min(B(x;),W,(x;,d;))vd; e D

(11)

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 FB using Fuzzy thesaurus
R in (12) for handling the vagueness due to synonyms and poli-
semis of vocabulary used in profile.

FB(X;) = max, . min(FUP(x), R(X;, X;))Vx; €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 RD where ranking is generated using composition
of Fuzzy set FB and Fuzzy term document matrix W;
associated to a given cluster as given in (13).

RD(d;) = max, . min(FB(x;),W,(x,d;))vd; € D
(13).
C. ANT COLONY OPTIMIZATION

ACO is inspired from the social behavior of ant colonies.
Ants communicate with each other indirectly through chemical
called pheromone released by the ants on their path to food
source. [49][50][51]

The objective of ACO is to construct the path of the ant
from source to destination by making local optimal choice at
each point of decision using probability rule as given in (14)
[52].

X €T

X T

X €T

o B
Pll;(t) — [Tij (t)] * [nll] ’]- € le

e N [ty (D] * [n,]#

PE(D) = 0,j & Nf (14)
Where PX(t) : is the probability of the k™ ant to move from
node i to node j at the t"

iteration/time step.

NK is the set of nodes in the neighborhood of the k™ ant in
the i node.

PE(t) = 0,j & Nf means the ants are not allowed to

move to any node not in their  neighborhood. The
neighborhood definition is problem-specific.

[ri]- (t)]a is the pheromone amount on the arc connecting
node i and node j, weighted by o .

[nij]B is the heuristic value of arc connecting node i to j
weighted by B.
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a and B are weight parameters that control the relative
importance of the pheromone versus heuristic information.

In the beginning of the optimization, the pheromone value
of all arcs on the constructed path is initialized to the constant
value t,. The pheremone trails are updated in two ways as
defined in (15) and (16) given below. This pheromone updation
process increases the probability of the quality paths to be
followed by the more ant in future while finding solution to the
problem. The quality paths include solution component that
were either used by the many ants in the past or was at least
followed by the ant which produces high quality solution. [53]

Tt +1) « (1 —p) * (D) + Xky ATil]?(t) Vi,jEAOD<
p<1 (15)

Ati(t) = Q/C*(V), (i,)) € T(t) (16)

Ari}}(t) =0, otherwise

Where Q is an application-specific constant, m is the
number of ants, A represents all arcs of the problem of
construction graph, CX(t) is the overall cost function of tour
Tk (t)constructed by the kth ant at the t" iteration, and T (t) is
the set of all arcs visited by ant k at the iteration t. Other
variations of ACO, however, restrict pheromone depositing to
the arcs of the best tour TSt only.

IV. PERSONALIZATION OF WEB SEARCH USING Fuzzy IR
AND ACO

In this paper an approach is proposed for effective
personalized web search using hybrid of Fuzzy set and ACO.
The advantage of using the hybrid of Fuzzy set and ACO is to
infer the information need from user’s imprecise and vague
queries and optimize the search results with more and more
relevant documents. The entire processing of the proposed
approach is divided into two phases: Phase 1(Offline) and Phase
[1(Online). During Offline processing, the user query sessions
and its associated Clicked URLs are collected on the web. The
tf.idf vector of clicked URLs is fetched using crawler and
forms the document-term matrix W. The Fuzzy thesaurus
which is term-term correlation matrix is generated using W and
W'. The query session keyword vector is generated using
Information Scent and tf.idf content of clicked URLs. The
resulting keyword vectors are clustered in order to group
similar information need query sessions. The pheromone value
of clicked URLSs associated with each cluster is initialized using
Information Scent. Information Scent measures the relevance
of clicked URLs based on its usage statistics. Each cluster j is
associated with term-document matrix Wj of clicked URLs
selected based on pheromone threshold. The user’s clicks to the
web pages are captured using pheromone updation and identify
the web pages relevant to the users information need.

During online processing, the user input query which is
vague and imprecise due to small length is augmented with
related keywords based on Fuzzy thesaurus. 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 of clicked URLs
associated with the selected cluster is used to determine another
fuzzy set RD which is ranked set of documents. The Fuzzy set
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RD on D using threshold o is presented to the user in
decreasing order of relevance based on pheromone value. The
user clicks to recommended documents is tracked to capture the
user profile. The user’s response to recommended web pages
are used to optimize the recommended set of web pages with
the updation of pheromone of clicked URLs. The optimization
of clicked web pages using ACO identifies the colony of

Phase | :Offline Preprocessing

1. Data Set Collected on the Web is preprocessed to get
the Query Sessions where each query session
contains the user input query and associated clicked
URLs.

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

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

4.  Generate the global term document relation W a fuzzy
relation from D to T where |D|=n and |T|=m1 where n
is the distinct document(clicked URLSs) collected from
the entire data set and m1l is the set of distinct terms
present in data set for the construction of fuzzy
thesauri.

5. A fuzzy thesaurus or fuzzy term—term relation R is a
fuzzy relation from T to T identifying the synonym
relations using (7).

6.  For each clicked URLs in the query session, the
Information Scent Metric is calculated using. (1)
which is the measure of the relevancy of the clicked
URLs with respect to the information need of the user
associated with the query session.

7. For each cluster i the initial value of pheromone is
calculated as follows

a.  Each clicked URLs of the user query
session is associated with the initial
pheromone value
TpheremoneclickedURLs (0)= Information
Scent of the Clicked URLs. Aty =0.
where Atyp,(is the quantity trail substance
(pheromone in real ants) laid on Clicked
URLs by the k™ user/ant between time t
and t+n;

b.  For each distinct clicked URL in the given
cluster Iden“fy ravgp heremoneURLs (0)
which is calculated over all the query
sessions present in the given cluster.

8.  Query sessions keyword vector is generated from
query sessions using pheromone and content of
Clicked URLs where content of clicked URLSs is

TF.IDF weighted vector as given below.
nl

Qi = Z Tavgp heremoneURLid (0) * Ly Viel.m
d=1

Where n1 is the number of distinct clicked URLs in a
given session i

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

10. Each cluster i is associated with the mean keyword
vector clusteri_mean.

11.  For each cluster j maintain the list of clicked URLs
in list CL; whose avgpheremone >= threshold( ¢).

12. Generate Fuzzy term- document matrix W; using
tf.idf vector of Clicked URLs CL; having
Tavgp heremoneurLia (0) > = &€ for clicked URLs
present in a given cluster j.

W, T xCL; —[0]]
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relevant web pages based on user search behavior. The user
profile is then converted to keyword vector using pheromone
and content of clicked URLs and augmented with related words
based on Fuzzy thesaurus. This process of user profile
expansion based on fuzzy set and recommendation of optimal
ranked set of documents using ACO continues till the user
information need is satisfied. The stepwise execution of offline
& online processing is given below.

Phase Il :Online Processing.

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
tf.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

3. gompute expanded input query B «— A o R using (10)

4. Find the cluster j which is most similar to Fuzzy expanded input
query B.

MatchScorej(B, cluster;)= sim(B, cluster;_mean)

5. Use the term-document tf.idf matrix W; of the clicked URLs whose
avgpheremone >= threshold( €).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.

6. Compute Fuzzy Document set RD « B o W; using (11)

7. 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 o.

8.  For each selected document d in a-cut of RD is retrieved and
stored in L.

9.  Thelist L is presented to the user in decreasing order of their
pheremone value

10. The user response to the recommended URLs is tracked and stores
it in current user profile.

11. For each i" clicked URL of the current user session if present in the
selected cluster j, then pheromone value of the clicked URLs w.r.t
current user profile will be added to the average pheromone value
of the corresponding clicked URLSs in each selected cluster j in
order to update its average pheromone value.

Tavgp heremoneURLs _ij (t)

=(1-p)
X Tavgp heremone URLs_ij (t - 1) + T; (t)

where i is the URLs clicked by the current user at time
t and present in the selected cluster j. This is for all i
where i is the clicked URLs of the current user and i €
selected cluster j and z;(t) is the information scent of
clicked URL i in the current user
SESSION.  Tgygp heremoneurLs i (t) IS the  average
pheromone of the i"" clicked URL in j™" cluster.

12.  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 pheromone and content of the URLs
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 (12).

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

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

f.  Compute Fuzzy set RD < FB o W; using (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 stored in L.

i Goto step 9.

Else
Current search session is terminated.

End

V. EXPERIMENTAL STuDY

Experiment was conducted on the data set of user query
sessions collected on the web. The architecture is developed
using JADE, JSP and Oracle database. The dataset of user
query sessions is captured on the web using the GUI of the
architecture, the user enter the input query through a GUI to
retrieve the search results. The search results are displayed
along with the check boxes and the user’s clicks to search
results are captured using checkboxes as given below in Fig 2.
The captured clicked URLs of user query sessions are stored in
the database for query session mining.
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QL‘,- I e tocamhost B ; NEEE

j5p - Windows Interet

Coogle v 4 Search + | More»
Esmgt @ &1
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st 4080/ suDBandQVLjsp G-B

@ Intranet settings are now turned ff by default, Intranet seffings are less secure than Infemet sefings, Cic for aptions..

Google Search Results
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Fig 2: Shows the GUI of the proposed architecture displaying the Google
search results with check boxes.

The experiment was performed on i3 processor with 2 GB
RAM on Windows 8. The clustering agent developed in JADE
was executed to generate the query sessions keyword vector
using the tf.idf vector and pheromone of the clicked URLs. The
tf.idf vector of clicked URL was fetched using the Web Sphinx
Crawler and loaded into database using oraloader. During the
execution of clustering agent, clusters of query session
keyword vectors were generated and Fuzzy term-high
pheromone document matrix was formed local to each cluster.
The Fuzzy thesaurus is formed using tf.idf document matrix
based on distinct documents found in whole dataset.

The parameters used for experimental evaluation were
Information Scent lies in [0,1] and threshold value of
pheromone ¢ is set to 0.5.The following parameters set as
follows the pheromone evaporation factor p =0.5 as the
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experiments was conducted with different value of parameters
based on the preprocessed collected data set, where the value of
p € [0,1) (Dorigo, 1992. It is further found by setting the value
of p below 0.5, the evaporation rate of the pheromone was not
effective enough to the capture the changing user’s need in the
clustered query sessions, therefore the pheromone evaporation
factor was set at p =0.5.

During Online processing, the input query was issued to
GUI based interface designed each for both Personalized Web
Search with fuzzy IR(with/without ACQO) based on the same
clustered query sessions dataset. In Personalized Web Search
with fuzzy IR(with ACO) the input query was used to find the
cluster most similar to the information need of the current user.
The resultant set of the clicked URLs associated with the
selected cluster were recommended and displayed in decreasing
order of their pheromone value.

The user’s clicks to the personalized search results were
tracked to capture the user’s profile and dynamically update the
pheromone associated with the stored clicked URLs. This
dynamic updation of the pheromone of the clicked URLSs using
ACO optimizes relevant set of clicked URLS for each identified
information need associated with the clusters.

The performance of the Personalized Web Search using
fuzzy IR (with ACO) was evaluated from the average precision
of search results and compared with Personalized Search
Results using Fuzzy IR(without ACO). In Personalized Web
Search(PWS) with fuzzy IR(without ACO) the recommended
search results were displayed in decreasing order of their Fuzzy
membership function.

In order to evaluate the performance, the test queries were
chosen in three domain Academics, Entertainment, Sports. The
purpose of selecting the queries in a given domain is to cover
wide range of user queries on the web. Sample of queries is
given below in Tablel.

Table I. Shows the test queries used for experimental evaluation of

Fuzzy IR(with/without ACO).

Entertainment free pics

online audio stores

free download mp3
skies of arcadia pictures
vced files

mpeg movies

Sports grand american road racing
series

arena football

south dakota wrestlings
major league baseball tryout

kit car arena football

Academics cgi perl tutorial

sql tutorial

tutorial oracle
windows 2000 tutorial
macros

templates

weblogs

The number of test queries in the three domains was 25 in
Academics, 25 in Entertainment and 25 queries in Sports.
During online searching, these test queries were issued in each
of the selected domain to the GUI based interface to retrieve
the personalized search results using fuzzy IR(with/without
ACO). The average of precision of test queries is computed in
each of the selected domain where precision is fraction of
retrieved documents that are relevant.

The experimental results showing the average precision of
25 test queries computed in the domains of academics,
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entertainment and sports using PWS with Fuzzy IR(with/
without ACO) and their percent improvement over ClassicIR is
given in Fig 3 and Table II.

Table II. Shows the average precision of test queries using Fuzzy
IR(with/without ACO) and percentage improvement over Classic IR(Google
Search Engine).

Average Precision using % improvement
25 TEST Information Retrieval over Classic IR
QUERIES Techniques
Domains Classic PWS PWS PWS PWS
IR with with with with
Fuzzy ACO Fuzzy ACO
IR Fuzzy IR Fuzzy
IR IR
Academics 0.45 0.7 0.76 55 68
Entertainment 0.46 0.75 0.79 63 71
Sports 0.44 0.72 0.78 63 77

The obtained results were analyzed using the

statistical paired t-test for average precision of PWS with
ACO Fuzzy IR versus both (ClassiclR/Fuzzy IR) 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
of Fuzzy IR(with ACO) versus (ClassiclR) for a combined
sample is 89.54, 96.43 in Academics, 35.79 in Entertainment
and 117 in Sports. The value of t for average precision of
Fuzzy IR(with ACO) versus Fuzzy IR(without ACO) for a
combined sample is 7.2, 5.9 in Academics, 11.09 in
Entertainment and 11.47 in Sports.
It was observed that the computed t value for paired difference
of average precision lie outside the 95% confidence interval in
each case. The value of t shows that Web Information
retrieval based on Fuzzy ACO shows the high t value both
over classic IR and Fuzzy IR. Hence Null hypothesis was
rejected and alternate hypothesis was accepted in each case
and it was concluded that average precision is improved
significantly using web page recommendations with fuzzy
IR(with ACO). It is shown that personalized search results
using fuzzy IR(with ACO) recommend Fuzzy clicked URLS
with high pheremone value since the use of high pheremone
clicked urls increases the likelihood of generating more
relevant documents for recommendations. The pheremone is
updated for each click to recommended URLs and will
identifies the colony of webpages relevant to the information
need of the user and personalizes the web search more effectively.
Thus the PWS with Fuzzy IR(ACO) shows the significant
improvement in precision in comparison to PWS with Fuzzy IR
(without ACO).

1
0.8 T i
0.6 —&—ClassicIR
0.4 ="
0.2 PWS (with
0 . . . Fuzzy IR)
. . . —&—PWS(with
bé{\\(' (_)Qoé (06& aco Fuzzy IR)
w

Fig 3. Compares the average precision of search results using Fuzzy
IR(with ACO), Fuzzy IR with Classic IR.
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VI. CONCLUSION

In this research an approach is proposed for personalized web

search using Fuzzy set and ACO. The user query expansion
based on fuzzy set infers the information need of user query
which is otherwise difficult to infer. The association of
pheromone with web pages and its updation using ACO
identifies the relevant web pages for recommendations. Thus
the use of hybrid of Fuzzy set and ACO recommend relevant
web pages according to the information need of the user.
Experiment was conducted on the data set of web query
sessions collected in the three domains mainly entertainment,
academics and sports. The results were compared and confirm
the significant improvement in the precision of search results.
The proposed algorithm proves to be effective for web search
personalization according to the information need of the user.
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