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ABSTRACT 

With the wide availability of information over the internet and 

amount of its’ potential users’ makes it challenging for service 

provider to make such relevant information available to users 

in a fast and personalized manner nowadays, resulting in 

decrease in the web performance. One way to tackle with this 

challenging issue is to use prediction or recommendation 

technique, which can make users to discover future offerings. 

Web Usage Mining is a discipline, where the navigational 

access behavior of users’ over the web is tracked and 

scrutinized. By collecting and analyzing this behavior of user 

activities, websites owner can easily identify the web access 

patterns of its users’. The mining of user access logs could 

help to improve the performance of search engines, since 

users have a specific goal when searching for information. In 

this paper, an approach is proposed to get more accurate 

prediction results by using both bi-clustering and greedy 

search method. The predictions of users’ future access 

requests will be made by this can improve the accuracy of 

results and will helps in order to reduce the search time.  

General Terms 

Data Mining 

Keywords 

Future Requests Prediction, Pattern Discovery, Users’ 

Navigational Behavior, Web Usage Mining. 

1. INTRODUCTION 
Today in the era of information, Data is very crucial because 

it dominates the world more than any time before and needed 

to be ubiquitous. Thus, World Wide Web (WWW) has turned 

to be the significant and largest source of information 

retrieval. Web data might be either web data pages or data 

describing the activity of users [13]. It is very significant to 

examine the usage of the websites by its users’. By collecting 

the browsed information from the weblogs could give 

significant insight into, for example- what are the browsing 

patterns of the users’? Which will help to predict, for 

example- what will be the next requests of the users? Thus, 

there has been huge interest towards web mining. In web 

mining, data mining techniques are used to automatically 

discover and extract information from web data and services 

[14]. Web mining can be divided into three general categories: 

web content mining, web structure mining and web usage 

mining [13]. 

Web usage mining is the process of analyzing and 

automatically discovering the useful knowledge from the data 

collected in the web log files. The task of modeling and user’s 

navigational behavior on web can be useful in quite many web 

applications such as web caching, web page recommendation, 

web search engines and personalization [13]. The collected 

web log file and pattern analysis click streamed knowledge 

helpful to web usage mining which can recommend a set of 

objects to the active user, possibly consisting of links, ads, 

text or products, tailored to user perceived preference [6]. 

User’s future request prediction is a technique of weblog 

mining for predicting the next page access requests of user. 

The significance of prediction is to increase the browsing 

speed efficiently, to decrease the user latency as well as 

possibly reducing the loading of web server [11]. Over the last 

few years, lots of research work has been done in this field. 

The main motivation behind this work is to know what kinds 

of research has been done in the field of web usage mining for 

future requests prediction, thus by extracting and analyzing 

the browsing patterns of users will helps to find out what will 

be the next webpage requests from the user. 

2. BACKGROUND 
Recently, several weblog mining systems have been proposed 

for predicting users’ navigational behavior and their 

preferences. Identification of web browsing strategies is a 

crucial step in web designing and evaluation, which requires 

approaches that cater information on both the extent of 

particular type of user behavior and incentives for such 

behavior. Thus, pattern discovery from web data is the 

fundamental element of web mining and it assemble 

algorithms and techniques from several research areas. 

In 1996, a new concept has been proposed that was called 

“Web mining” [14]. The data mining techniques has used to 

automatic discovery and extract information from abundant 

data on WWW. The in-depth study and research to all the 

methods of web usage mining has been carried out by Cooley 

et al. They have categorized data pre-processing task into 

subtasks and discussed the methods to pre-process log data 

[1]. The ultimate outcome of pre-processing stage should be 

data that allows identification of a particular user’s browsing 

pattern in the form of page views, sessions, and click streams 

have noted by them. The approach has been proposed to pre-

fetch web pages into local cache in the background before an 

explicit request is made for them to reduce the delay in 

making future request to web objects by users because of its 

significance in reducing user perceived latency present in 

every web based application [2]. 

Moreover, a proxy based framework for pre-fetching web 

pages has been used to present user behavior by sequences of 

consecutive web page accesses, derived from the access log of 

a proxy server [3]. A novel web-based recommendation 

approach called ‘WebPUM’ has been proposed by classifying 

user navigation patterns to predict users’ future intentions 

based on the new graph partitioning algorithm for automatic 
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personalization [6]. The fusion of web usage and web 

structure has been also very popular among researchers in 

web mining and has used both by collaborating information 

from web access log and website structure repository [8]. A 

Page Rank-like algorithm has also used for conducting web 

page access prediction [10]. 

The use of web usage mining techniques to identify similar 

access patterns from web log and to form highly dense 

clusters by pair-wise nearest neighbor (PNN) based clustering 

using only k- neighbors have explored by [7]. User navigation 

patterns are also identified and retrieved using Clustering as 

well as Classification techniques from web log data and 

predictions of users future movements is done based on it 

[9].Apart from classical clustering, fuzzy clustering approach 

is also well-known and used for predicting user future access 

request by using fuzzy clustering methods as fuzzy c-means 

(FCM) and kernelized fuzzy c-means (KFCM) [11]. In [12], a 

hybrid approach has proposed by combining two existing 

approaches and it focuses on the combination of Association 

Rule, Frequent Pattern (FP), FP tree for the pattern discovery 

and pattern. 

In summary, all of these works attempt to predict the users’ 

future webpage access requests to improve the quality of 

prediction systems, but alas all of these existing approach 

works well for particularly small sized dataset and the results 

are still below the satisfaction. For large sized data the 

accuracy of the resulting page predictions becomes the major 

issue. Thus, users’ might be getting improper results during 

web surfing. In our work we advance the existing 

methodology and propose an integrated approach to predict 

user intention in the near future request. 

3. PROPOSED METHODOLOGY 
The flow diagram of the proposed methodology is given in the 

Figure 1. 

3.1 Data Pre-Processing 
Every request is made by the users to view particular web 

pages or any other documents are stored in weblog files which 

are automatically created and can be obtained from server. 

The clickstream data is defined as a sequence of Uniform 

Resource Locators (URLs) browsed by users within a 

particular time period. Therefore, it requires to be pre-

processed to remove irrelevant entries from it.  

Only the entries with the extension .html, .asp, .php and .jsp 

are accepted because it directly refers to actual webpage. 

Entries containing the extension like .jpg, .jpeg, .bmp, .png, 

.gif, .css, etc. are removed because it does not show the actual 

behavior of users. Users are identified by IP address and 

sessions are identified based on the time threshold.  

3.2 User Access Matrix 
To recognize ‘how many pages accessed by particular user’ 

and ‘how many users accessed particular page’, there is a 

need to generate web access matrix of users. The retrieved 

data pattern from previous stage is converted into web user 

access matrix UAM in which rows represent users and columns 

represent pages of website. It is used to describe relations 

between web users and pages who accessed by users. The 

element aij of UAM represents the frequency of the user ui of u 

visit the page pj of p during a given period of time. 

         
                                 

                           
                            

Where a hit (ui, pj) is the count of user ui accesses the page pj 

during a given period of time. 

3.3 Bi-Clustering 
Basically, clustering approach is used to discover interesting 

patterns of group of users based on their relevance for visiting 

particular website. Traditional clustering typically partitions 

users according to their similarities of searching behavior 

under all webpages. However, it might be possible that some 

users behave uniformly only on a subset of pages and their 

behavior inconsistent over rest of pages. In such case, 

traditional clustering methods fail to recognize such user 

groups. Thus, to overcome such problems bi-clustering 

approach is used. 

Bi-clustering approach involves simultaneous clustering of 

rows and columns of a data matrix. It is being used to cluster 

web users and pages simultaneously based on similar interest 

under specific subset of webpages. Here k-means clustering 

method is applied on user access matrix UAM (U, P) along both 

dimensions separately to generate Cu user_clusters and Cp 

page_clusters. Then combine the results to obtain small co-

regulated sub-matrices (Cu X Cp) referred bi-clusters.  

A measure called Average Correlation Value (ACV) is used 

to measure the degree of coherence of the bi-cluster. It is used 

to evaluate the homogeneity of a bi-cluster. It suggests high 

similarities among the rows or columns and used to find 

correlated/coherent bi-cluster. 

3.4 Greedy Search Approach 
A greedy search approach repeatedly executes a search 

procedure to maximize the bi-cluster based on scrutinizing 

local conditions. It is intended to maximize the volume of the 

bi-cluster seed without degrading the quality of measure. Here 

ACV is used as merit function to grow the seeds Therefore, it 

is used to refine the clusters and to make optimal solution to 

users with the hope that outcome will lead to a desired 

outcome for global problem and based on that prediction of 

users’ future accesses is being made. 

 

Fig 1: Process Flow of Proposed Prediction Approach 
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4. EXPERIMENTAL RESULTS 
For our proposed approach, we have taken the msnbc dataset 

with 17 different page categories from msnbc.com portal that 

consist of Internet Information Server (IIS) logs for 

msnbc.com and news-related portion of msn.com. Initially the 

dataset consists of 989818 user records in the log file and after 

pre-processing 5561 user sessions are taken for the 

experimentation. The clickstream sequences are converted 

into user access matrix UAM (U, P) using equation (1). 

Table 1. Results after Pre-processing 

 
Before Pre-

processing 

After Pre-

processing 

Total no. of 

transactions 
989818 5561 

Memory Used 12,287 KB 88.6 KB 

Total no. of unique users = 5561 

 

 

Fig 2: Average Volume of bi-clusters 

Figure 2 shows the average volume of bi-clusters before and 

after applying the greedy search approach. The higher volume 

of bi-clusters may give the accurate results for predictions. 

 

Fig 3: Average access frequency of webpages 

Figure 3 shows the average access frequency of all the 

webpages of msnbc dataset. The webpage with higher the 

access frequency having the higher the probability for making 

predictions about users next access request which will be used 

to recommend  the next pages to the users. 

Figure 4 shows the comparison of prediction accuracy of 

existing and proposed approach. By using the proposed 

approach we can get approximately up to 88% prediction 

accuracy. 

 

Fig 4: Comparison of prediction accuracy 

5. CONCLUSION AND FUTURE WORK 
As the information of page of web site is huge and develops 

rapidly, increasing the user’s browsing speed efficiently as 

well as possible and reducing the loading of web server 

become very important issues. In this thesis, we proposed an 

integrated approach to recognize the frequent access patterns 

by analyzing past users access behavior and based on that the 

browsing behavior of the user will be analyzed which is useful 

to predict the next page access requests from the user. The 

proposed approach is used to improve the accuracy of 

predictions for users’ future requests to better the web 

performance.  

The MSNBC dataset was used in our experiment. The 

experimental results show that the proposed approach 

improved the quality of clustering for user access patterns and 

the quality of next request predictions and also retains more 

meaningful results for user. From the results we could 

conclude that by using this proposed approach we can get the 

prediction accuracy up to approximately 88%.  

In the future, work could be extended by applying it over the 

different kinds of websites to assess its performance. The 

work could be also extended by implementing the proposed 

approach on the parallel as-well as on the cloud technology to 

evaluate its effectiveness. 
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