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Abstract 

Web search queries are the main source to retrieve the information online. However it is cleared that queries 

that we search on the web are frequently unclear or ambiguous which fail to retrieve the desired information. In 

this paper we proposed a methodology for identifying the intended meanings of queries by enriching the 

original query into the proficient query using past behavior of the user. Our “Web Search Personalizer” 
consists of three modules: Interface module, User Profiling module and Meta- Search module. These three 

modules interact together through well- defined interfaces to generate personalize results. The proposed model 

utilizes the current search engines for personalizing the web search results. Our results prove that query 

expansion based personalization is indeed effective.  

Keywords: Web Search Personalization, User Profiling, Query Reformulation, Meta Search Engine. 

1. Introduction 

The Information Retrieval community has given a lot of attention to web search 

personalization. Search Personalization is the development of offering the most closed results 

intended by the user for his/her query. Recently a number of methodologies for providing the 

personalized results have been projected. Some of these methodologies [21, 22, 23] are based 

on the users’ geographical location. These geographical location based approaches retrieved 

results related to the user’s language and the other attributes with no interest on the user’s 

preferences. Other some methodologies rely on re- rank the web results retrieved from search 

engines [24, 25]. One of many disadvantages of these approaches is they rely on original 

search query without taking it into considerations. The most effective personalization 

approaches rely on designing a rich user profile [26, 27]. This user profile is consisting of all 

preferences like previous submitted queries, past clicked documents, time spend on a 

particular document, and user feedback.  

More generally, Personalization can be achieved by two ways: (i) by reformulating the 

original query submitted by the user, (ii) by reranking the search results provided by the 

search engines. The existing retrieval systems often fail for ambiguous queries (e.g. apple) 

that can refer to multiple entities. For such queries, non-personalized search engines retrieve 

results on the basis of importance of the web pages like ranking of the page [1]. According to 

our idea, this process might not be always good as shown in the figure 1. The figure 1.1 

shows the results of the search term “fruit”. The figure 1.2 shows the results of search term 

“apple” in Google search engine in that retrieved links for apple computer due to higher 

ranking of the pages. However the user might not be interested in the results as apple phone. 

Here the search engine should relate the user query to the user context and provide the results 

based on his past behavior. 

On receiving the documents from the search engine, the users not only satisfy their 

requirements but also provide an implicit feedback to the search engine. The search engine 

maintains all these interactive information in a log file which includes search queries 

submitted by the users and the documents clicked by the users. Since a log file contains rich 

information about the users, the process of analyzing these log file becomes an active 

research area. The information in the log a file has used for many tasks, one of which is query 
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reformulation [2, 3, 4, 5]. Query reformulation can help to resolve the ambiguity by changing 

the original query to the query that is a better match to the relevant documents. 

In this paper, an advanced multi-agent method called ''Web Search Personalizer'' (WSP) is 

proposed that modify the original query to personalize query which is further submitted to the 

syntactic search engines in order to get personalized results. The proposed model depends 

upon constructing a user profile that speaks to client interests and utilizing it in the web 

search process [6, 7, 8, 9].  

The proposed model is used here by creating several agents to resolve the various issues and 

phases of personalization to improve the accuracy of information retrieval and recall 

assessment criteria. The model gains the benefits of working with the current search engines 

to access and defuse the effects of web searches. In the proposed model, a user profile is built 

from initial and specific information and retained through the implied user feedback derived 

from the click-through technique. Consequently; the proposed model implicitly maintains the 

user profile dynamically and keeps up-to-date based on the user profile preferences related to 

both queries.  

 

Figure 1:1: results of the search term “fruit” 
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Figure 1.2: results of search term “apple” 

2. Contribution 

The main motivation behind our study is to retrieve personalized results based on query 

optimization to meet user’s requirements. Our task is based on term-based user profile, which 

treats query optimization and eventually personalization of web search as a unified term 

rewriting. We describe a query rewriting algorithm for query optimization and customization 

based on this type of user profile. The figure 2 depicts the conceptual view of Web Search 

Personalizer (WSP). 
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Figure 2: Conceptual view of Web Search Personalizer (WSP) 

The user interacts with the WSP model by sending a search query as shown in Figure 2, 

which is then modified semantically to produce an optimized search query. The user query is 

configured according to the user profile suggested. The optimized search query is 

thereafter sent to syntactic search engines to obtain related search results, which will then be 

defused to produce the final customized results. Eventually, the WSP model implicitly 

gathers user feedback to refine the user profile, using the click-through technique. The 

remainder of this paper is structured as follows: Section 2 insights into related work. Section 

3 explains the conceptual view of the proposed model, while Section 4 provides descriptions 

of the model architecture. Section 5 offers an in-depth case study and assessment of its 

simulation performance. Lastly, the work discussed in this paper is summarized in Section 6. 

3. Overview of Related Work 

Before developing our model, we surveyed existing work in this field and found that 

personalization methods can be divided into three categories: heuristic, feature-based and 

user-based. Heuristics based methods [28] use search logs to take some statistics decision 

such as number of clicks on a particular document in order to re- rank the documents already 

provided by the search engines. Feature based models extracts features used as input to 

machine learning algorithm to automatically lean personalization model. It is important to 

know that in feature based model, the same personalization model works for all the users.  

Finally, User- based model learn different model for different user as suggested by name. 

User- based models achieve highest personalization but require rich information about 

queries and clicked documents. Considering separate user profile for each user we opted to 

use the user- based model. 

Despites it, different frameworks have proposed by researchers to personalize the search 

results. Some of these methodologies [10, 11, 12] are based on the users’ geographical 

location. These geographical location based approaches retrieved results related to the user’s 

language and the other attributes with no interest on the user’s preferences. Other some 

methodologies rely on re- rank the web results retrieved from search engines [24, 25]. One of 

many disadvantages of these approaches is they rely on original search query without taking 

it into considerations. The most effective personalization approaches rely on designing a rich 

user profile [13, 14].  This paper [31] presents a framework for query search personalization 

for intranet search. The author in this paper created two user profiles for each session which 
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are clicked user profile and query user profile. For extracting topics from the user clicked 

documents, author uses LDA (Latent Dirichlet Allocation). For each input query, the 

proposed model is worked as follow: 

1. Produce the n recommended search queries (qs) by exploiting Adeyanju’s method. 

2. In second step, the researcher computed the similarity between qs and clicked user 

profile and between qs and query user profile in order to generate the personalized 

query suggestion feature. 

3. After getting the suggestion features, to rerank the top n suggested queries, he 

employs LambdaMART to train ranking models. 

This paper [29] shows privacy issues of a user while using personalized search engines. The 

author presents three kinds of software architecture for personalization: client side 

personalization, server side personalization and client server collaborative personalization. At 

the last the author concludes that the personalization at client side has advantages related to 

privacy issues over the personalization at server side. 

The paper [30] presents a web personalization method in which the user query is directly 

matched to set of categories which represents the user intention based on the user profile and 

general profile. Several learning algorithms has been performed and evaluated and Rocchio-

based Algorithm is considered to be the efficient to learn the user profile. Finally, the most 

robust and effective approaches build a rich user profile [15, 16]. This profile contains all 

user preferences like previous submitted queries, past clicked documents, time spend on a 

particular document, and user feedback. The main disadvantage of these approaches is either 

they ignore to focus on vocabulary problems or entail the user to maintain and enhance the 

user profile. 

To handle the mentioned inconveniences, we suggest a personalization framework called 

''Web Search Personalizer'' (WSP). The proposed framework exhibits a semantic-based 

method to optimize the user's query. In addition, the model updates the client profile through 

the user's implicit feedback. 

4. Architecture of the proposed approach 

In this portion, we sketch about various parts of our framework. Our “Web Search 

Personalizer” consists of three modules: Interface module, User Profiling module and Meta- 

Search module. These three modules interact together through well- defined interfaces to 

generate personalize results. The user interacts with interface module for submitting the 

query and to retrieve the personalized results. In order to optimize the user’s original query, 

the interface module interacts with user profile to access the user preference and the WordNet 

to find synonyms. Since the optimized query is passed to the meta-search module, the meta- 

search module interacts with syntactic search engines (Bing, Google, and Yahoo) to retrieve 

and defuse the results. The personalized results are provided to the user through the interface 

module which senses the user’s click to get implicitly feedback from the user. The interface 

module sends the user feedback to the user profile module to keep the user profile update. 

The overall working is also illustrated in the figure 3. 
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Figure 3: Web Search Personalizer 

User Interface 

It is liable for interacting with the user where user can submit query like “apple” or “java”. It 

is also the responsibility of the user interface to show the results to the user and then to 

collect the implicit input. Therefore, there are three components to the user interface: Query 

Optimizer, Results Viewer and Input Extractor. To customize the user request the user 

interface communicates with the user profile. The query optimization algorithm is responsible 

for optimizing the original query based on user context. 

Our objective of query optimization can be formalized as follows: For a user u who has a 

query Q = {t1, t2,.., tm}, how to give a list of its related terms {ti1, ti2, ..., tik} for each term ti € 
Q, so that the gap between expectations of the user and system’s offerings is minimized. The 

target is to modify Q into a query Q′ such that Q is essentially integrated in Q′, and the 

obtained results with Q′ be supposed to improve the precision of the results and doesn’t 

reduce the user’s satisfaction. 

To achieve custom extensions of a query term t with a related term tm, we follow two main 

tasks (i) the similarity between t and tm, and (ii) the similarity between tm and the user profile 

(a collection of user preferences) expressing the degree to which a tag tm is likely to be of 

interest to the user concerned. We define a user profile as a weighted vector pu = {wt1 ,wt2 , 
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..., wtn}, where wti is used to assess how important a term is to a user, i.e., similar to the tf-idf 

measure. We are finding these two required similarities as shown in the Equation 1. Once 

these similarities are computed using Jaccard similarity [20], a merge operation is required to 

obtain a final value. For this, Weighted Bords Fuse is exploited in the equation 1, where 

0≤α≤1 is used to control the strength of social and semantic parts. 

𝑹𝒂𝒏𝒌 𝒕 𝒕𝒎 = 𝛂 ∗ 𝐒𝐢𝐦 𝐭, 𝒕𝒎 +  𝟏 − 𝛂 ∗ ( 𝐒𝐢𝐦 𝒕𝒎, 𝒕𝒋 ∗ 𝒘𝒕𝒋)/𝐦
𝒏

𝒕𝒋€𝒑𝒖

                (1) 

Where Sim (t,tm) is similarity between query term and tm, m is the size of user profile, and 

𝑤𝑡𝑗
 is the weight of term in user profile. Every term in the user profile is assigned different 

weight. The weight depends on the frequency of the term, and the term scanned from the title 

of the web page is more than the term of description and Meta term. The whole process of 

query optimization is shown in the algorithm 1. 

Algorithm 1 Effective Query Optimization 

Input: user query (Q). 

Output: Optimized Query (Q
’
). 

Steps: 

1:  pu [j]  extract preferences from user profile. 

2:  for each ti € Q 

3:            l  GetWordNetDomain (ti) 

4:            for each tm € l do 

5:            tm . value  Rank tm (tj) 

6:           Sort l w.r.t to tm. value and consider only     top terms 

7:           Make logical OR (V) between ti and all terms of l. 

             Update Q’ 

9:  Return Q’ 

After getting the user preferences from the user profile (step 1) the task is to enrich the each 

term of the user query (step 2) with the user preferences. After that, the query optimizer 

retrieves the context terms of the query using the WordNet Ontology (step 3). In case we 

have multiple terms belong to l (step 4), we are selecting only top terms on the basis of the 

similarity score (step 5). Finally, the Query Optimizer joins ti and its neighbors with the OR 

(V) logical connector (Line 7) and updated in Q’ to generate the optimized query, which is 

then sent to the Meta-Search Agent. As an example, if a user submits a query Q = t1 ^ t2 ^ t3 

... ^ tm, it will be optimized to turn out to be Q′= (t1 V t11 V ...V t1l) ^ (t2 V  t21 V  ... V t2k) ^ 

...^ (tm V tm1 V ...V tmn). The optimized query (Q’) is then send to the meta search module. 

User Profiling 

Our personalization system is based on term based user profile. Every term of the document 

in the user profile is associated with a weight depending on the position of term in the 

document. We describe the method to extract the information from documents which was 

firstly proposed in [17]. We firstly fetch log entry from the query log. A log entry contains 

the user identity, submitted queries, top 10 retrieved results and clicked like with user’s dwell 

time. We use the SAT criteria discussed in [18] to identify satisfied (SAT) clicks from the 

query logs. 

A query log contains rich information about the user during interacting with the search 

engine. The most important parts of the query log are submitted queries and clicked 

documents for such queries. 
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For every clicked document, the user profiling agent extracts the main terms from the 

documents and assigns different weight to each extracted term based on the location of the 

term in the document. For example term in the heading tag has more weight than the term in 

the description tag. 

Meta-Search Agent 

Meta-Search Agent is a reactive agent [17] which responds to requests from interface agents. 

This functions as a meta-search engine, sending the tailored user search query to a few 

conventional search engines and then combining the results into a single list. This requires 

two elements: the search engine interface, and the subsequent data fusion modules. The 

component of the Search Engines Interface uses an Application Programmable Interfaces 

(APIs) to interact with the search engines in order to send the optimized query and receive the 

results. The Results Data Fusion then merges the search engine results into a single list. There 

is a ri(Qe) search results for each search engine, represented in a sequence of ri0, ri1, ri2, .. 

r1n. The sequence of search results from the different search engines are combined into a 

single Rm(Qe) sequence. The CombSum method is used in our model to merge the results of 

the search [19]. This method summarizes all the document and query similarity scores, and 

also normalizes the document similarity scores. This practice is finished when all crawled 

results are retrieved and defused to generate the search results' final single list. 

5. Case Study 

The project is implemented using java language. Jsoup libraries have been used to retrieve 

web links from third party search engines and to get the information from these web links. 

Jsoup is an open source library used to extract, parse and store information stored in HTML 

documents. The code used for retrieve link from Google as shown in the figure 4.  

:  

Figure 2: Jsoup code for retrieving results from the third party 
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For each retrieved link using Jsoup library, the title and Meta description is extracted as 

shown in the figure 5. 

 

Figure 5: Jsoup code for getting data from the retrieved web links 

6. Discussion and Evaluation of Experimental Results 

In our experiments, we hired two users A and B. The user A and B has their own profile 

which contains their preferences. Every client is given a different computer. For every query, 

the user finds the suitable pages. We compare our WSP model with Google, Bing and Yahoo. 

The original query is submitted to these search engines to fetch their results. On the other 

hand, our WSP model firstly reformulates the original query and then passed the optimized 

query to these same search engines. The statistic of the top 30 retrieved results is shown in 

the table 1. 

Users generally submit the ambiguous queries to the search engine while using search engine. 

The search engine still shows the results to the user but failed to understand the real intention 

of the user's quest. On the other hand, personalization of the web search offers the exact 

results as expected by the users even the user appears to formulate the short and vague query. 

After considering the short and ambiguous queries we ran our experiments particularly. 

Our evaluation results proves that personalization of original query based on a keyword based 

user profile is an effective approach. The precision is calculated to measure the effectiveness 

of our proposed approach in this paper. Precision is a fraction of appropriate fetched or 

retrieved documents. The Recall that is also used in many cases is the fraction of the relevant 

documents which have been fetched. 

Precision = TP / (TP + FP)      (2) 

i.e., (number of correctly fetched documents) / (Total number of documents retrieved) 

Recall = TP / (TP + FN)      (3) 

i.e., (Number of correctly fetched pages)  / (Total number of relevant documents retrieved): 

In our case the precision is computed as the fraction of provided documents for query that 

consent with preferences obtained from the human. We fetched the results from various 

platforms: Google, Yahoo and Bing.  

Table 1: Results of WSP Model and other Search engines 

System No of Relevant 

Results 

Number of irrelevant 

results 

Precision 

Google 

User A 

User B 

 

25 

4 

 

5 

26 

 

0.83 

0.13 

Yahoo 

User A 

User B 

 

24 

6 

 

6 

24 

 

0.8 

0.2 
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Bing 

User A 

User B 

 

21 

8 

 

9 

22 

 

0.7 

0.26 

WSP Model 

User A 

User B 

 

29 

28 

 

1 

2 

 

0.96 

0.93 

 

 

Figure 6: Comparison of WSP model and other search engines 

The Figure 6 shows the precision of different search engines for both users A and B. As we 

can notice, the precision for both users has been increased to 0.96 and 0.93 respectively when 

the same query is submitted to WSP model with different profiles. 

7. Conclusion 

In this paper we presented a model for personalizing web search based on the optimization of 

queries. The model dynamically builds and manages the user profile, keeping it up to date. 

The original query is configured semantically during the web search process, using the user 

preferences and the ontology of WordNet. Also the final results of WSP model are evaluated 

with Google, Yahoo and Bing to prove how the precision is increased with the proposed 

model. 
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