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ABSTRACT:   In this paper web search queries are optimized using genetic algorithm based on clustered query 

sessions for effective Personalized Web Search. The purpose of web queries optimization is to bridge the vocabulary 

gap between web queries and documents relevant to the queries in order to retrieve relevant documents for effective 

information retrieval.  These optimal set of queries are used for recommendation in order to retrieve relevant 

documents for personalization of web search according to the information need of the user. Experiment was conducted 

on the data set of user query sessions captured in three broad domains Academics, Entertainment and Sports and the 

results confirm the improvement of precision using cluster based optimal queries.  
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I.  INTRODUCTION 

 

Information Retrieval(IR) on the web for effective personalization of web search is a big challenge for search engines.  

The search engines retrieve large collection of search results on the web for a given user input query out of which very 

few are relevant. It is found that there is a vocabulary gap between the user input query and the keywords used in 

creating content on the web. Due to this vocabulary gap, the keywords of the user input query could not retrieve 

relevant web documents early in search results and therefore the precision of search results decreases. A novel 

approach is proposed in this paper for web queries optimization using genetic algorithm based on clustered query 

sessions with the objective of bringing the overlap between the vocabulary of user queries and documents on the web 

for effective information retrieval.  

 

Research has been done for improving the precision of search results in order to better satisfy the information need 

of the user. [27][52][46][48][3][15][37][40][51] Work related to IR generating related queries recommendations has 

been done in [17] using  Term Query Graph, using phrase substitutions or  tools [35][50], based on dynamic knowledge 

approach in [7], based on clustering process which group semantically similar queries in [23], using session based 

approach in [6], using snippet based method in [39], based on users behavior information in [54], using query 

reformulation techniques in [31], using genetic programming for improving the weighted Boolean query formulation in 

[12], Optimization of Queries in Arabic text Collections using GA in [13], using adaptive genetic algorithm under 

vector space model in [53] 

 

Thus in this paper novel approach is proposed for web queries optimization using genetic algorithm on clicked 

documents clustered based on their content.  The clustered query sessions has the repository of terms extracted from 

those documents which were clicked by the users with similar information need. The mutation pool is a set of terms 

that initially contains terms extracted from the clicked documents of the cluster in a specific domain.  Thus the 

clusterwise repository of terms in mutation pool are more likely to contain the terms relevant to the specific domain and 

will be effective for user queries optimization  using Genetic algorithm so that queries are enriched with domain 

specific relevant terms.  
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An algorithm is proposed for Personalized Web Search based on optimal set of web queries for recommendations. 

The entire processing of the algorithm is divided into two Phases: Phase I, Phase II. In Phase I, offline processing is 

performed. During offline processing, user query sessions on the web are processed to generate the query session 

keyword vectors and clustered. The genetic algorithm is performed on set of queries associated with each cluster in 

order to generate the optimal queries set. Thus these optimal set of queries are augmented with domain specific terms 

for retrieving relevant documents early in search results. Thus at the end of processing of Phase I, each cluster is 

associated with the optimal set of web queries. 

 

 In Phase II, online processing is performed. During online processing, the user input query issued for web 

search is used to select the most similar cluster for generating the recommendations of optimal set of queries along with 

the search results retrieved using initial input query. The user responses to the current web search results is tracked and 

stored in the user profile.  On the request of next result page, the user profile so far captured is transformed into 

keyword vector. This user profile keyword vector is then used to select the cluster for generating the next set of 

recommendation of optimal queries along with the web search result retrieved using the optimal query selected from 

the previous page.  Thus this recommendation of optimal queries along with the personalization of search results using 

optimal query will soon converge to the information need of the user. 

  

Experiment was conducted on the data set of user query sessions captured on the web in three selected domains 

Academics, Entertainment and Sports. The performance of the Personalized Web Search using optimal set of queries is 

compared with PWS using simple queries recommendations (without optimization) in [47]. The results which were 

verified statistically confirm the significant improvement in precision of search results using the optimal queries. 

 

The subsequent sections of the paper are organized as follows: second section discusses Related Work, third section 

explains basic concepts required as Background knowledge, fourth section describes the Personalized Web Search 

using Optimal set of Queries for recommendations, fifth section presents the Experimental Study and the last section 

concludes the paper. 

 

II. RELATED WORK 

 

 Work has been done in research which utilizes Web search engine query logs for mining related queries. In [42] 

study has been done to make use of Web logs for improving different aspects of search engines. In [25] technique is 

used for clustering similar queries in order to recommend URLs to frequently asked queries of a search engine. In [32] 

a method has been used for recommending associated queries based on clustering process over web queries from search 

engines query log. In [44] web recommender approach is proposed based on web logs analysis and user feedback. The 

re-ranked list of web pages is recommended to the users by comparing the proposed query with historic pattern. In [54] 

user behavior information is used for query recommendations. Recommendations are based on snippets clicked by the 

users and generate good results for low frequency queries. 

 

 Query expansion is another approach for recommending related queries. It is found in research that average query 

terms are near two. [4] It is found that most of the time queries are ambiguous and the promising solution is to expand a 

query with new terms.  

 

Research has been done on query expansion using number of different existing approaches like works based on 

query log [59] [38] , general or domain-specific ontology [30][19][16] user profile and collaboratively filtering [28] 

selecting popular words in the results [18][20][36][55],vector space model in [56] and only term frequency is 

considered in [55]. Query expansion is also related to the topics of faceted search in [26][1][5], cluster 

labeling/summarization in [8][33] and result differentiation in [60].  

 

Genetic Algorithm is found to be a powerful search mechanism and is known for its robustness and quick search 

capabilities. Genetic Algorithm is suitable for information retrieval since the document search space represents a high 

dimensional space and has been the choice of optimization technique because of the following reasons GA inspired 

from natural theory of evolution has the ability to work on many solutions in parallel. Due to parallel nature of genetic 

algorithms it is much more efficient at navigating vast space than traditional algorithms.  [29]  
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   In this paper novel approach is proposed for Personalization of web search using genetic algorithm for generating 

optimal queries based on clustered query sessions.   The purpose of using genetic algorithm for query optimization is to 

reformulate the queries using domain specific terms which could retrieve more and more relevant documents early in 

search results.  The effectiveness of the proposed method is further confirmed with experimental results.  

  

III. BACKGROUND 

A. Genetic Algorithm(GA) : 

GA is a search method based on the natural theory of evolution [21]. Genetic Algorithm being insensitive to the 

initial condition imposed on them discards any solution that is not promising. Due to this feature of Genetic Algorithm 

it is more flexible, robust and simple in design.[43] Thus the solution space is explored in multiple direction at one time 

and has a better chance at finding the true global maximum of the system on first try. Thus Genetic Algorithm almost 

always produces a relatively very good solution to the problem at hand. [2] In [34] the effectiveness of using different 

Genetic Algorithm with different similarity measure is studied in vector space model based on Arabic data Collection. 

It is concluded that GA approach which uses one-point crossover operator, point mutation and Inner Product similarity 

as fitness function is the best IR system in VSM. 

During the implementation of GA, the sequence of steps is defined as follows. [9][22][11][10][49] 

1. Initialization: In the initialization step, population of chromosomes is initialized using the problem specific 

domain knowledge. The chromosomes represent the different possible solution to the given problem. 

2. Evaluation: After the initialization of the population, the fitness value is defined relative to the problem. The 

fitness value measures the degree of goodness of the chromosomes in representing the solution to the problem. 

The selection of population of chromosomes for reproduction in next generations is done on the basis of the 

fitness value evaluated in this step. 

3. Selection: In the selection phase, chromosomes with high fitness values are selected and are allocated more 

copies in the mating pool for reproduction using recombination operators. There are number of selection 

methods such as roulette-wheel selection, stochastic universal selection, ranking selection, tournament 

selection and truncates selection. Tournament Method has been selected in this paper because it yields 

satisfied solution at earlier generations for the chromosomes representation used in this paper. 

4. Recombination: In the Recombination phase, the selected chromosomes are recombined using crossover 

operator which is a genetic operator for the reproduction of offspring from parent chromosomes. There are 

various types of crossovers like k-point Crossover, Uniform Crossover, Uniform Order-Based Crossover, 

Order-Based Crossover, Partially Matched Crossover (PMX). Single point Crossover has been selected for 

crossover of the chromosomes representation used in this paper.  

5. Mutation: In this phase mutation is applied to the selected chromosomes. The mutation is the genetic operator 

which changes the gene at the specific position in the chromosome. Single point/bitwise mutation is used in 

this paper since it is commonly used and suited for our problem.  

6. Replacement: In the Replacement phase, the offspring population generated using selection, recombination 

and mutation operators will replace the parent population. Some of them are Delete-all, Steady-state, Steady-

state-no-duplicates. The Steady-state-no-duplicates has been used in this paper since it provides the flexibility 

of specifying the number n of individuals to be replaced and strategy to select these individuals.  

7. Steps 2-6 are repeated until a terminating condition is met. 

  

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 Inferring User Need by Information Scent (IUNIS) algorithm is used to quantify the 

Information Scent 𝑠𝑖𝑑  of the pages 𝑃𝑖𝑑  clicked by the user in i
th

 query session. [14][24][41] 

In [46] 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 𝑠𝑖𝑑  is calculated for each clicked page 𝑃𝑖𝑑  in a given query 

session i for all m query sessions identified in query session mining as follows 

𝑠𝑖𝑑 = 𝑃𝐹. 𝐼𝑃𝐹 𝑃𝑖𝑑 × 𝑇𝑖𝑚𝑒 𝑃𝑖𝑑 ∀𝑖 ∈ 1. .𝑚 ∀𝑑 ∈ 1. . 𝑛  (1) 

𝑃𝐹. 𝐼𝑃𝐹 𝑃𝑖𝑑 =
𝑓𝑃𝑖𝑑

max 𝑑∈1..𝑛 𝑓𝑃𝑖𝑑

× log  𝑀 𝑚𝑃𝑑
           (2)  
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𝑃𝐹. 𝐼𝑃𝐹 𝑃𝑖𝑑 : PF correspond to the page 𝑃𝑖𝑑  normalized frequency 𝑓𝑃𝑖𝑑
 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 𝑚𝑃𝑑
 that contain the given page 𝑃𝑑 .   

𝑇𝑖𝑚𝑒 𝑃𝑖𝑑 : It is the ratio of time spent on the page 𝑃𝑖𝑑  in a given session i to the total duration of query session i.  

 

C. Clustering 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.  

 The query session vector Qi of the i
th

 session is defined as linear combination of content vector of each clicked page  

Pid scaled by the weight sid which is the information scent associated with the clicked page Pid  in session i. That is  

 

𝑄𝑖 =  𝑠𝑖𝑑 ∗ 𝑃𝑖𝑑        ∀ 𝑖 ∈ 1. .𝑚𝑛
𝑑=1            (3)  

In the above formula n is the number of distinct clicked pages in the session i and   sid  (information scent) is 

calculated for each clicked page  present in a given session i as defined in eq 1. The content vector of clicked page Pid  

is weighted using TF.IDF. Each i
th

 query session is obtained as weighted vector Qi using formula (3). This vector is 

modeling the information need associated with the i
th

 query session.  

The k-means algorithm is used for clustering query sessions keyword vectors since its performance is good for 

document clustering. [45] [57][58] 

 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 query session keyword vectors 

and centroid of the assigned clusters. 

 

IV. PERSONALIZED WEB SEARCH USING OPTIMAL SET OF QUERIES FOR RECOMMENDATIONS 

 

In this paper an approach is proposed for Personalization of web search using optimal set of queries for 

recommendations. The set of queries in a specific domain are optimized using genetic algorithm by adding/replacing 

with the domain specific terms in order to retrieve more and more relevant documents early in search results. An 

algorithm is defined in this paper for Personalized Web Search using optimal set of queries for recommendations. The 

entire processing of the algorithm is divided into two phases: Phase I and Phase II. 

 

In Phase I offline processing is performed. During offline processing, the user query session containing the user 

input query and associated clicked URLs are transformed into keyword vector using content and Information Scent of 

clicked URLs. These user query session keyword vectors are clustered using k-means algorithm. Each cluster contains 

the collection of user query sessions in specific domain and associated clicked URLs which satisfy the similar 

information need in a given domain. The genetic algorithm is applied on user input queries present in a given cluster 

for optimization.  Thus at the end of offline processing, each cluster is associated with the optimal set of queries. The 

stepwise execution of Offline processing of Phase I is given below. 

 

Phase I: 

Offline Preprocessing 

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.  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. 

3. Query sessions keyword vector is generated from query sessions using Information Scent and content 

of Clicked URLs(TF.IDF) using eq 3. 

4. k-means algorithm is used for clustering query sessions keyword vector. 
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5. Each cluster j is associated with the mean keyword vector 𝑐𝑙𝑢𝑠𝑡_𝑚𝑒𝑎𝑛𝑗 . 

6. For each cluster j maintain the list of Queries in list Qj. 

7. For each cluster j apply the algorithm Generate Optimal set of queries using genetic algorithm on 

the List Qj associated with  the cluster j to determine the optimal set of queries associated with each 

cluster and is represented by OQj  ( Optimal Queries j). 

Algorithm 2: 

 Generate Optimal set of queries using genetic algorithm  

Input:  List  Qj, cluster mean keyword vector 𝑐𝑙𝑢𝑠𝑡_𝑚𝑒𝑎𝑛𝑗  

Output: Optimal set of Queries, OQj 

1. Initial population of chromosomes is generated using the user queries associated with a given clusterj where 

each chromosome represents a distinct user query and a gene in a given chromosome represents non zero 

weight allocated to a particular term in a given user query .The number of genes in each chromosome is 

equal to the number of distinct terms associated with all user queries in a given cluster.  

2. Once the population is initialized with the queries chromosomes, the fitness value of the candidate solution 

represented by a given chromosome is evaluated. Each chromosome C representing the user query q is 

evaluated using the Fitness Function. Fitness function Fitness(q) is defined as follows 

  𝐹𝑖𝑡𝑛𝑒𝑠𝑠 𝑞 = max𝑑𝑖𝜖 𝐴𝑞   𝜎 𝑡, 𝑑𝑖   

 

where t is the mean keyword vector associated with the cluster and Aq  is the set of top 10 url retrieved from 

search engine using query q. 𝜎  is the similarity measure for a document di and the mean keyword vector  t . Only 

the snippets of di returned    by the search engine are used for computing the similarity. 

3. Select those chromosomes which have the highest Fitness value using Tournament selection and also 

followed Elitism which copies the best chromosome (or a few best chromosomes) to new population 

without mutation and crossover. 

4. Apply the single point crossover and single point mutation with mutation probability 0.25 and crossover 

rate of 0.8   on the selected chromosomes not included in Elitism. 

5. Apply the steady-state-no-duplicates replacement policy to replace the population of parent chromosome 

with the reproduced offspring chromosomes obtained in step 3 and 4 in order to generate the next 

generation of population P. 

6. Goto step 2 until the required number of n1 iterations or terminating conditions is satisfied where the 

difference between the optimal Fitness values of last 50 generation is less than the threshold value τ.  

7. Upon termination, queries chromosome with maximum fitness value is collected and stored in the set OQj 

associated with the cluster.  

 

In Phase II online processing is performed. During online processing, the user search input query issued for web 

search is used to select the cluster which is most similar to the information need of the input query. The selected cluster 

is used to recommend the optimal set of queries along with the search results retrieved from the web using initial input 

query. The user clicks to the search results are tracked and user selected recommended query is stored in user profile. 

When the user request for next result page, the user profile containing the clicked URLs is transformed into keyword 

vector and is used to select the cluster for generating the next set of recommendations of optimal set queries along with 

the search results retrieved from the web using optimal query selected from the previous page. This process of optimal 

queries recommendations along with the personalization of search results using the selected optimal query continues till 

the user information need is satisfied. The stepwise execution of online processing of Phase II is given below. 

  

Phase II 

Online Processing. 

 

1. The search query q1 entered by the user is used to retrieve the search results on the web and at the 

same time select the j
th

 cluster which is most similar to the information need of the keyword based user 

input query q1 measured using cosine similarity measure. 

2. The Optimal query set OQj associated with the cluster j is selected. 

3. The selected OQj is presented to the user along with the search results page retrieved using input query 
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q1. 

4. 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 

optimal 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 URLs clicked so far in his partial user profile and obtain the user session 

keyword vector current_usersessionvectort. 

c. Select the j 
th 

cluster which is most similar to the information need associated with the 

current_usersessionvectort  

d. The Optimal query set OQj associated with the cluster j is selected. 

e. The user selected optimal query from the previous page is used to retrieve the web search 

results for the next requested result page.  

f. Thus the optimal queries in the set OQj along with the web search results obtained in step e 

are displayed on the next requested result page. 

g. Goto step 4. 

else 

                        Current search session is terminated 

 

V. EXPERIMENTAL RESULTS 

 

The experiment was conducted on a data set of web user query sessions collected using the system architecture 

developed to capture the user’s clicks on Google search results. In order to generate the dataset of web query sessions, 

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. The user clicks on the 

retrieved search results are captured through the check boxes displayed on the GUI and stored in the database.  

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.  

 

The experiment was performed on  Pentium IV PC with 120 GB RAM under Windows XP using JSP, JADE , 

Oracle and genetic algorithm tool box of MATLAB. In the experimental set up for evaluating the performance of 

personalized web search using optimal set of queries, the values of following parameters are used in the genetic 

algorithm: MAXGEN, length(P), crossover rate, mutation rate, Tournament Size in the Tournament Selection method. 

The MAXGEN is the maximum number of generations of population generated in the evolutionary process, length(P) 

represents the number of chromosomes individuals in the population, crossover rate is the recombination rate of the 

selected chromosome individuals in the population and mutation rate is the rate of mutating the chromosomes in the 

population.  

 

In this study, the experiment was conducted with the following values of selected parameters- the size of the 

population represented as length(P) was m for each cluster where m is the number of user queries in set Q j associated 

with each j
th

 cluster, crossover probability was varied in the range of [0.6-0.8] in increment of 0.1  and the mutation rate 

was varied in the range in [0.1-0.3] in increment of .05. 

 

During offline preprocessing,the clustering agent developed in JADE is executed to generate the clusters of query 

session keyword vectors. The Genetic algorithm is performed on each cluster in order to get the optimal queries set 

associated with each cluster. In this study, the process of generating the population continues till the difference in the 

optimum fitness value of last 50 consecutive generations is less than the threshold value τ=0 .000001.The genetic 

algorithm tool box of MATLAB software package was used for applying the genetic algorithm on the clustered data 

set. The experiment was iterated for 100 generation for a given population P and the size of the Tournament in the 

Tournament Selection was set to 4. The optimal results were obtained at the crossover rate of 0.8 and mutation rate of 

0.25. 
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The performance of PWS using optimal set of queries is evaluated using the average precision of Personalized 

Search Results and compared with average precision of Personalized Search Results using simple queries 

recommendations(without optimization)in [47]  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. The recommended optimal set of queries along with the search results are displayed with checkboxes in  

order to capture user’s clicks for the input query ‘hindi song’ as given in Fig 1 below. 

 

 
Fig. 1. Shows the Optimal queries recommendations along with the search results displayed with the CheckBoxes to capture the user clicks.  

 

The experimental results in Fig 2 show the average precision of test queries computed in the domains of academics, 

entertainment and sports using both PWS with optimal queries set/ with queries recommendations(without 

optimization). The average precision is improved in each of the selected domains using personalized web search with 

optimal set of queries. 

 

 
 

Fig.2. Shows the avgprecision of PWS with Query Recommendations(without/with optimization) in Academics, Sports and Entertainment. 

 

The obtained results were analyzed using the statistical paired t-test for average precision of both PWS with optimal 

queries set/queries recommendations (without optimization) .  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. It was concluded that average precision improved 

significantly when personalized web search using  optimal set of queries in comparison to improvement in average 

precision of search results using queries recommendations (without optimization).  
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VI. CONCLUSION AND FUTURE WORK 

 

In this paper genetic algorithm is used for the optimization of the clustered web queries in order to bridge the 

vocabulary gap between user queries and web documents in a specific domain. An algorithm is proposed for 

Personalized Web Search using optimal set of queries for recommendations. These optimal set of queries contains the 

term found in the web documents relevant to the user query and can retrieve relevant web pages early in search results. 

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 cluster based optimal set of queries for recommendations. 
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