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Abstract 
Nowadays, the count of web user’s keeps on 
increasing. Therefore, all the business 
organizations start to focus on constructing 
own website in order to attract the new 
customers and to retain the existing 
customers. Mining web users’ interest has 
become increasingly important to construct 
an optimized website. Weblog file plays a vital 
role in mining web users navigational and 
accessibility pattern. The recommendation 
system is the system which recommends the 
active user a page that may be interested by 
them. In order to construct an optimized 
website, two new techniques have been 
proposed in this proposed system. One is 
indexing technique which is used for fast 
retrieval of page to be recommended. The 
second one is construction of weighted web 
user session which is a sequence of pages 
visited by users along with additional 
information calculated by considering the 
frequency of visit by the user to the page that 
reflects the user’s interest on the visited page. 
This weighted session is used to identify exact 
similarity between two sessions and also used 
to find user interested page exactly and 
accurately compared to existing 
recommendation system. Sliding window 
technique is used to slide the window with w 
recently visited pages which is very useful for 
construction of inverted indexed page table. 
This paper involves two stages –First one is an 
offline stage which involves Data 
preprocessing and Inverted Indexed Page 
Table construction. The second stage is 
Online Recommendation Engine. An 
experiment is also carried out in this to find 
an optimized w value which provides highest 
accuracy. Finally, a page interested by the 

active user is quickly and accurately 
recommended by the proposed system. 
Keywords: Web server logs; weighted 
Session; Indexing technique; 
Recommendation System; Inverted Indexed 
Page Table Construction; scalable KNN 
approach; 
 

I. INTRODUCTION 
Web, as per the name, it is the place where a huge 
amount of useful data about the web user’s gets 
accumulated every day. This data is further 
enriched by the data engineers through data 
analyzing techniques which will provide a win-
win business situation. Web Mining is a type of 
data mining technique which will enable the 
business organization to obtain further business 
opportunities for companies by extracting and 
processing the useful data available on the World 
Wide Web. Web mining is divided into three 
types based on the type of data to be mined. The 
first type is content mining which is the process 
of mining needed information from web 
documents. The second type is structure mining 
which is the process of mining needed structural 
information from the World Wide Web. The 
third type is usage mining, which is the process 
of extracting user access pattern from server logs 
[3]. Web usage mining is a type of data mining 
technique which mine’s the information about 
the web usage pattern of each web user [4]. 
Numerous web usage mining techniques are 
proposed every year which is used to extract web 
user’s navigational pattern and web usage 
behavior in order to design an optimized website 
which satisfies the end users [5]. Weblog file 
which records each web user’s navigational 
activities plays vital role in web usage mining 
[2]. In [15], the authors proposed an indexing 
technique which is applied to retrieve the page 
interested by the active user quickly and 
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accurately by constructing Indexed inverted page 
table. They also used sliding window technique 
in their work to slide the recently visited page 
and to construct inverted indexed page table. 
There are two types of recommendation based on 
the type of data the system consider, in order to 
calculate similarity for recommending interested 
page to the active user. One is collaborative 
filtering system and another one is content based 
filtering system [8]. The collaborative filtering 
system recommend page by finding correlation 
between two users by using some explicit 
measures. Unlike collaborative filtering system, 
content based system recommends page by 
considering the correlation between the content 
of the page and the user’s preferences. Compared 
to content based filtering system, collaborative 
filtering have much scope on research and easy 
to construct, since it needs only web log file as 
an input to construct an recommendation model. 
In this work, we have used two major techniques 
to overcome the problem of existing 
recommendation system. Major part of content 
based filtering system is to find similarity. 
Therefore, inorder to find exact similarity 
between two sessions, the session is 
reconstructed into augmented sessions which 
reflect the user’s interest on the visited sequence 
of page.    

       The rest of this paper is organized in 
following sections: In section 2, the existing 
relevant literature on 
recommendation systems done in the context of 
the proposed system are discussed. Section 3 
provides the detailed design of the proposed 
system which involves the data preprocessing, 
user identification process, the inverted indexed 
page table construction and finally, a techniques 
adopted to build a recommendation system is 
discussed. Section 4 discusses the 
recommendation system validity measure which 
is used to validate the resultant recommendation 
model. Section 5 contains the experiments that 
were carried out and the results obtained. Section 
6 concludes the paper with future enhancement. 

 
II. RELATED WORK 

The main task of data preprocessing is to clean 
the raw web log file in order reduce size of the 
data since all the data obtained from the web log 
file is not needed for constructing their proposed 
model [13]. In Reference [10], the authors 
proposed a novel data cleaning, user and session 
identification techniques. The various data 

sources for collecting usage information were 
also discussed. In Reference [12] the authors 
discussed an advanced data cleaning algorithms 
to construct a user session from the web log file 
for effective mining. In Reference [11] the author 
discussed various heuristics methods to generate 
the sessions from web server log file. Time-
Oriented heuristics is widely used conventional 
method with varying time limits. Time limit of 
30 minutes is proved to be effective for 
generating expected result and also used in many 
business projects. In Reference [7], the authors 
proposed an enhanced session identification 
technique which augments additional 
information to the normal session that reflects 
the user’s interest on the visited page. This novel 
session identification technique constructs 
session by calculating the relevance of user on a 
visited page. In Reference [9], the author used a 
KNN approach in his work to recommend a user 
interested page by comparing top k sessions with 
active user session. Predicting online user 
navigational pattern by using clustering 
technique are not accurate and efficient as KNN 
approach. So he proposed this approach in his 
work in order to build an optimized 
recommendation system. 
         Indexing technique which is used to 
construct index table in textbook, is used in our 
proposed work to retrieve the needed page 
quickly. This indexing technique is used to 
reduce the response time of the proposed 
recommendation system. Another approach used 
in this proposed work is constructing weighted 
session. To find exact similarity between active 
user session and previously logged sessions, a 
session with sequence of pages visited by the 
user is not enough, a session with sequence of 
page along with values which depicts the user’s 
real interest on the visited page is needed. As a 
solution, identified sessions are reconstructed 
into weighted sessions which reflect the users’ 
exact interest on the visited page. Even though 
the KNN approach is efficient compared to the 
clustering technique for predicting online 
pattern, it suffers from scalability problem. To 
overcome this problem, a scalable KNN 
approach with inverted indexed page table is 
used in our system. 
 

III. SYSTEM  METHODOLOGY 
This system consists of three modules, A)Data 
Preprocessing - Data Cleaning and User 
identification, session identification B)Inverted 
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Indexed Page Table construction 
C)Recommendation system which involves 
three stages – reconstruction of normal session 
into weighted session, computing similarity 
between subset of session and active user session 
and finally, a top k similar session is selected to 
recommend a set of f pages which occurs 
frequently after the sequence which is similar to 
the active user sequence. 

 
A. Data Preprocessing 

Weblog file is a set of records which 
automatically created and maintained by a web 
server. Every request made by the user to the 
Website, including each view of an HTML 
document, image or other content, is recorded as 
a new entry. Each record in the file is essentially 
one line of text for each hit to the website. This 
contains information about who was visiting the 
site, where they came from, and exactly what 
they were doing on the website. Weblog file 
could be collected at the server side, client side 
and proxy servers. College web server log is 
taken as an input for this work which is in 
extended log format (ELF). The Extended log 
format is the Standardized text like format used 
by the web server when generating the log files 
like the common log format but it gives more 
information and flexibility because it contain 21 
fields. 
 
i) Data Cleaning  
In this process, the record with irrelevant data is 
removed which are not significant for 
constructing recommendation system. Record 
with a multimedia request (.mpg, .jpeg, .jpg, .gif 
etc), record with unsuccessful user request, 
record with a request method other than GET and 
record with missing data (‘-‘) were removed. 
Record with robot and anonymous request are 
also removed because processing such records 
doesn’t provide any significant information. 
Finally, after removing the irrelevant data, 
tokenize the records into fields and store it into 
the database for further process. 
 
ii) User identification 
     User identification is the most crucial step for 
constructing recommendation model since the 
similar user for active user need to be identified 
in order to recommend page which may be 
interested by the active user. In this work, the 
unique users are identified from the combination 
of hostname, OS and browser field extracted 

from cleaned log file in common log format. 
Each unique combination represent unique user. 
User identification is essential for next session 
identification process. 
 
iii) Session identification 
     Session identification is the second most 
crucial step in web usage mining since it gives a 
structured format derived from unstructured raw 
web log file. The sequence of pages requested by 
an individual user is known as session. It is the 
unit of interaction between a web user and the 
server. Time-Oriented Heuristics method is used 
in this work to identify the session and the 
resultant session would be in the form	 ܵ	 ൌ
ሼ ଵܲ, ଶܲ, ହܲሽ. It uses a maximum time limit to split 
the records into sessions (i.e.) a threshold (30 
min) is fixed for each session. While adding a 
new log record to a session, if the total duration 
of the session exceeds this threshold and number 
of records in the session exceeds 30, then the log 
record is put in a new session. 
 
B. Inverted Indexed Page Table Construction 
    Existing recommendation systems uses KNN 
approach which is applicable only for weblog 
file with small size. Once the size of the file get 
increased, then this KNN approach is not 
applicable. In order to overcome the non-
scalability problem in KNN approach, a scalable 
KNN approach by constructing inverted indexed 
page table is used. This inverted indexed page 
table is used to speed up the searching process, 
which retrieves only the subset of sessions from 
the previously logged sessions that is similar to 
the current active user browsing sequence. By 
using indexing technique, it need to compare the 
active user session with only subset of previously 
identified session instead of comparing the active 
user session with all previously logged sessions. 
Sliding window technique is also adopted in our 
work to construct inverted indexed page table. 
While an active user browsing the website, the 
pages recently viewed by them are tracked. Each 
time the visitor requests a new page, slide the 
window by one. Consequently, the newly 
requested page will be added and the oldest page 
in the window will be dropped in the active user 
sequence. Assume w as a size of sliding window, 
so that recommendation system need to wait 
until the active user reaches the w sequence of 
visited page in that website. Constructed 
Inverted Indexed page table should contain w 
sized possible keys generated from previously 
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logged user sessions with list of session id’s 
which contain that key. Finally, an inverted 
indexed page table is outputted from this module 
which is given as an input to the online stage of 
the proposed recommendation model. The 
sample sessions with sequence of pages visited 
is given in Table I and the sample inverted 
indexed page constructed from the sample 
sessions is given in Table II. Here, consider w = 
3.     
                                         Table I  
     Sample Sessions with sequence of pages  

Session ID List of Visited 
Pages  

S1  1,2,3,4,7 

S2  3,4,7,8 

S3 1,5,7,9,11 

S4 2,3,4,7,8 

S5 1,2,3,5,7,9,11 

 
                                Table II  
          Sample Inverted Indexed Page Table 

           Possible 
Keys 

List of Session 
ID’s  

1,2,3 S1,S5 
2,3,4  S1,S4 
3,4,7 S1,S2,S4 
4,7,8 S2,S4 
1,5,7 S3 
5,7,9 S3,S5 
7,9,11 S3,S5 
2,3,5 S5 
3,5,7 S5 

 
C. Recommendation System    
     In order to recommend exactly the user 
interested page, an optimized recommendation 
system is constructed that involves three stages 
which is explained as follows. 
                 
i) Weighted Session construction 

First and Foremost stage in our proposed 
recommendation system is reconstruction of 
normal session into weighted session. Sessions 
identified in the offline stage is not much 
sufficient for grouping users’ of similar interest. 
Sometimes two different users’ visit the same 
sequence of page on the website but their interest 
on the visited page may vary. So grouping web 
user by taking into consideration the sequence of 
pages visited by users may lead to false 

categorizing of web users’ of common browsing 
behavior. The web user’s habits, interests and 
expectations should also be considered for 
grouping users of similar interest by measuring 
the relevance of pages in every session. The 
weighted session is the session with additional 
information which reflects the users’ interest on 
the visited page. Construction of weighted 
session involves finding user’s interest on visited 
page. The user’s interest on the page is calculated 
by finding TF-IDF value for each page visited by 
the user. Most well-known technique in 
information retrieval is TF-IDF value calculation 
combined with cosine similarity to find similar 
session to the current active user session. TF-IDF 
formula which is popularly used in information 
retrieval journal is given in equation (1). 

 
													TF െ IDF	

ൌ 	
logሺ	1 	

݊ሺݏ, ሻ
݊ሺݏሻ 	ሻ

݊ሺሻ
																							ሺ1ሻ 

 
Where n (s, p) is the number of occurrences of 
page p in session s, n (s) is the number of pages 
in session s. n (p) is the number of sessions 
containing page p. TF-IDF value is calculated by 
considering the frequency property of the page. 
Finally, the normal sessions are added with 
additional information and converted into 
weighted session. The main aim of this 
reconstruction is to find exact similarity between 
the previously logged users’ sessions and the 
current active user session. The weighted session 
is outputted from this stage and given as an input 
to the next stage. 
 
ii) User’s Interest based similarity measure for 
computing similarity between subset of 
previously logged users’ session and current 
active user session 
        Similarity measure is used to capture the 
resemblance between two user sessions. This 
similarity measure takes into account the user’s 
interest on visited page. User’s interest on visited 
page is defined by user’s relevance on page. 
Relevance of page is computed by finding TF-
IDF value for each page visited by the user. So 
in order to find user’s interest, find frequency of 
visit to the page by the user in particular session. 
Interest based similarity measure is used in this 
work to measure similarity between two 
weighted session which is given in equation (2). 
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ܵ∗		 ൌ
∑ ௌೌሺூሻ

,ೕసభ .ௌ್ሺூሻೕ

ට∑ ௌೌሺூሻ

సభ 	∗	ට∑ ௌ್ሺூሻೕ


ೕసభ

                      (2) 

 
This similarity measure is commonly used in 
case where magnitude of the feature vector is not 
considered for finding similarity. In our work, 
we are considering the properties of the vector 
(i.e interest) for finding similarity. If the 
similarity between two weighted sessions is 1, 
then the two weighted session have more 
similarity. In contrast, if the access pattern of two 
weighted sessions are orthogonal then the value 
is 0. Other than this fact, the value may vary from 
0 to 1 based on the similarity between two 
weighted sessions. Once the normal session is 
converted into weighted session, find similarity 
between the active user session sequence and 
subset of session retrieve from the previously 
logged users’ session by using inverted indexed 
page table. So in order to find similarity, this 
interest based similarity measure is adopted. The 
sample similarity between the active user session 
and each subset of session is given in Table III. 
                                    
   TABLE III 
SAMPLE SIMILARITY BETWEEN ACTIVE 
USER SESSION AND NORMAL SESSIONS 

 
iii)  Scalable - KNN approach 
      Normally, KNN approach is used to find K 
closest session to the active user session which 
suffers from non-scalability problem. To 
overcome this problem in our recommendation 
system, indexing technique was adopted. So that 
only subset of sessions is compared in order to 
find user interested page.  By adopting this 
technique, the response time of the proposed 
system is reduced. After computing similarity, 
the sessions are arranged in descending order 
based on the calculated similarity value, then the 
top K sessions are selected and the set of f pages 
which occurs frequently after the sequence 

similar to the active user session sequence is 
recommended. For example, consider the session 
similarity given in table III. After calculating the 
similarity, order the sessions based on similarity 
in descending order, So the resultant order would 
be S6, S4, S7. 
 
        TABLE IV 
    SAMPLE TOP K SESSIONS 

Session ID List of Visited 
Pages  

S4 1,3,5,7,8,11 
S6  1,5,7,8,11 

 
Then select top k session on the top of the list, let 
k = 2, so pick S6, S4 as shown in Table IV. 
Finally, frequently occurring f page is 
recommended. Consider f = 1, so the page 11 is 
recommended to the active user since it occurs 
frequently after the sequence 5, 7, 8 which is 
similar to active user session. 
 
           IV. VALIDITY MEASURE 
Different validity measures are available to 
check the quality and correctness of the proposed 
recommendation system. Accuracy is one of the 
validity measures for evaluating the proposed 
system. Formula for calculating accuracy is 
given in equation (3). 
 
ݕܿܽݎݑܿܿܣ

ൌ 	
݀݁ݐܿ݅݀݁ݎ	ݕ݈ݐܿ݁ݎݎܿ	ݏ݁݃ܽ	݂	ݎܾ݁݉ݑ݊	݈ܽݐܶ

ݐ݁ݏݐݏ݁ݐ	݊݅	ݏ݊݅ݏݏ݁ݏ	݂	ݎܾ݁݉ݑ݊	݈ܽݐܶ
∗ 100		ሺ3ሻ 
 
       V. EXPERIMENT AND RESULTS 
The dataset used in this work is our college web 
server log data which is of extended log format. 
This data set contains one month’s worth of all 
HTTP requests from our college web server. The 
uncompressed content of the dataset contains 
3,50,000 numbers of records with timestamp 
having a one-second resolution. The 
configuration of the system used for this 
experiment is 4GB RAM, Intel(R) Core(TM) i3-
3217U CPU@1.80 GHZ, running under the 
Windows-8.1 OS (64-bit).After preprocessing, 
there is 26.06 % reduction in the size of the 
dataset. The application was developed using 
NetBeans IDE and MySQL database. The 
cleaned records are stored in a relational table 
with the necessary fields for further process. In 
order to construct Inverted indexed page table, 

Sessi
on     
ID 

Augmente
d Session 

  
      

Active 
User 

session     
{0.12,0.9,

0.11} 

Similar
ity 

S4 {0.13,0.8,1
,0.11} 

0.25 

S6 {0.9,0,8,1} 0.5 

S7 {0.9,1,0.6,
0.33} 

0.22 
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the constant w is important. Multiple run of the 
same algorithm with different value of sliding 
window size w with session size greater than six 
is performed in order to find an optimized w 
value. Cross validation is also performed to find 
an optimized w value. The result is depicted in 
Table V. 

 
TABLE V 

  PERFORMANCE OF PROPOSED SYSTEM 
WITH DIFFERENT VALUES OF w 

Sliding 
Window size w 

Accuracy 

w = 3 
 

74.47917 

w = 4 
 

81.521736 

w = 5 
 

73.58491 

 
From the above table, it is proven that the 
constant w with 4 is proved to be efficient. So 
inverted indexed table with w = 4 is constructed 
which gives highest accuracy of 81.52 %. Thus 
our proposed system reduces web users browsing 
time and recommend page accurately which will 
be interested by the active user.  
VI. CONCLUSION AND FUTURE WORK 

     The primary objective of the proposed work 
is to construct an optimized recommendation 
system which recommends the page based on the 
active users’ exact interest and to reduce the 
browsing time of the user. Inorder to extract the 
useful patterns, the weblog file is cleaned and 
needed fields are extracted. The extracted are 
stored in database for further process. Users and 
their list of sessions are identified. Then the 
inverted indexed page table is constructed which 
is used to speed up the search process. Inverted 
indexed page table and previously logged user’s 
session are given as an input to the 
recommendation system.  The normal sessions 
are reconstructed into weighted session by 
incorporating user’s interest. Similarity between 
two weighted sessions is calculated by using 
interest based similarity measure. Then, top k 
session is selected and set of f pages which 
occurs frequently is recommended. In our 
proposed system the user’s interest on the visited 
page is calculated based on frequency. Finally, to 
increase the prediction accuracy, it might be a 
very good idea to modify how we are calculating 
TF-IDF values to include somehow the time 
spent on a page and not only how many times the 

page has been requested in a session. The 
proposed work can also be enhanced by 
constructing the recommendation system as a 
distributed one by using parallel programming 
environment.  
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