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Abstract—Web sessions clustering is a process of web usage 
mining task that aims to group web sessions with similar trends 
and usage patterns into clusters. This process is crucial for 
effective website management, web personalization and 
developing web recommender systems.  Accurate clustering of 
web sessions is highly dependent to the similarity measure 
defined to compare web sessions. In this paper, we propose a 
similarity measure for comparing web sessions. The sequential 
order of web navigations in sessions is considered using sequence 
alignment method. Furthermore, we propose to consider the 
usage similarity of two web sessions based on the time a user 
spends on a webpage, and also the frequency of visit of each page 
within the session. The proposed method is validated by 
clustering a collection of web sessions using an agglomerative 
clustering technique and comparing the results with available 
methods. The experimental results show effectiveness of the 
proposed method to capture the properties of web session data.  

Keywords-interestingness of webpage; webpage simialrity 
measure; sequence alignment; web sessions clustering 

I.  INTRODUCTION 
The World Wide Web (WWW) is considered as the largest 

distributed collection of information. By rapid growth of this 
information resource, it has become a difficult task for users to 
acquire their desired information even in a particular website. 
Hence, a need for developing techniques that can facilitate this 
issue has been highlighted. Knowing the users and making 
profiles of them can be helpful for websites to present relevant 
information to particular visitors. To address this issue, web 
usage mining has recently attracted many attentions [1]. Web 
usage mining is an application of data mining which tries to 
extract useful patterns from data that are obtained from the 
interaction of users with the web. Deploying web mining 
techniques are crucial for any application that aims to ease the 
use of the web such as creating adaptive websites, web 
personalization, web recommender systems, etc. Web usage 
mining from web access log files has three steps [1]: (1) data 
pre-processing; (2) pattern discovery by applying various 
techniques such as clustering, classification, association 
discovery, and sequential pattern discovery to the data; and (3) 
pattern analysis which aims at eliminating irrelevant patterns 
from the discovered patterns in previous step.  

In our study, we are interested in the web sessions 
clustering which is the problem of grouping web sessions with 

similar usage patterns into groups. Any clustering process 
tends to maximize the intra-group similarity and minimize the 
inter-group similarity of cluster objects [2]. One of the most 
challenging issues in clustering web session is how to measure 
the similarity of two web sessions. A more precise similarity 
measure can definitely be more helpful for investigating the 
nature of the data. The most popular measures that are used for 
web sessions clustering are Euclidean distance, Cosine 
similarity measure, and Jaccard coefficient. We should keep in 
mind that a web session contains a sequence of URLs accessed 
by a user. Therefore, a good similarity measure should be 
defined so that it does not ignore the sequential nature of web 
navigations in sessions. On the other hand, not all of the URLs 
visited in a session are equally important to the user.   

In this paper, we borrow the idea of sequence alignment [3] 
from bioinformatics in order to find the best match of two 
session sequences. Sequence alignment is one of the 
fundamental operations in bioinformatics in order to capture 
the relationships between DNA sequences. Similar to each 
session which consists of a sequence of web pages, each DNA 
contains a sequence of amino acids. Consequently, techniques 
used in DNA sequences alignment can be applied to measure 
the similarity of web sessions. Similar to the DNA sequence 
alignment, the problem of computing the similarity between 
web sessions can be facilitated by using dynamic programming 
techniques [3]. In addition to the sequential nature of web 
sessions, we consider the time a user spends on a webpage and 
also the frequency of the visitation from a particular webpage 
in a web session in order to estimate the importance of that 
page to the user. Using the Silhouette coefficient [2] of the 
obtained clusters as the evaluation measure, we compare our 
method with available methods. The results show that our 
method is more effective in investigating the similarity of web 
sessions for web sessions clustering task.  

The remainder of this paper is organized as follows. In 
Section 2, a review on some available methods for clustering 
web sessions is presented. In Section 3, we introduce a new 
method for estimating the similarity of two sessions using 
sequence alignment. The experimental results for evaluating 
the proposed method are presented in Section 4. Finally, 
Section 5 concludes our study. Also, future works are 
presented in this section.   
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B. Web Page Similarity Based on the Importance to the User 
As mentioned, we use the similarity of two web pages with 

conjunction of the similarity between the interests of their 
users in visiting those pages. In a particular session, the 
normalized frequency of the visit of the ith webpage (Pi) and 
the time spent on this page can be represented using (1) and 
(2) respectively. In (1), the Frequency(Pi) is simply the 
number of times the webpage Pi has been visited in the 
session. In (2), the Time Spent on(Pi) is the difference between 
the exact time of the request of page Pi and the time of the 
request for the next webpage in the session from the access log 
file. Consider that, we cannot compute this value for the last 
webpage requested in the session. Here, we define the time 
spent on the last webpage of a session as the average time 
spent on other web pages of the session. Considering the fact 
that the length of a webpage (in bytes) can have impact on the 
time that is needed to visit that page, we have normalized the 
spent time on pages by dividing this value by the length of the 
corresponding webpage as shown in (2).      

�
∈

=

sessioninpagesAllP

i
i P)Frequncey(

)PFrequency()(PFreq                         (1) 

�
∈

=

sessioninpagesAllP

i

i

i

Length(P)
on(P)SpentTime

)Length(P
)on(PSpentTime

)PSpentTime(     (2) 

In (2) and (3), frequency of the visitation of a webpage and 
the spent time on that page are normalized by their 
denominator which is the sum of these values for the whole 
requests in the session. These two measures should be 
combined to describe the interestingness of a webpage to a 
user. In mathematics, the harmonic mean is one of the several 
kinds of average. In our case, we use the harmonic mean of 
the Freq and SpentTime for page Pi as the measure of 
interestingness of this page to a user in one session. This value 
can be described using (3).  

)PSpentTime(
1

)Freq(P
1

2)Interest(P

ii

i

+
=

         (3) 

Finally, we define a measure to estimate the similarity of 
the interestingness of two visitors from ith page (Pi) and jth (Pj) 
page in a session. This value can be estimated using (4). 
Consider that Pi and Pj can also belong to different sessions. 

})Interest(P),Interest(P{max
})Interest(P),Interest(P{min

)P,Sim(PInterest
ji

ji
ji =

   (4) 

Considering the similarity between pair of pages based on 

their URLs (Token Sim) and their interestingness to the user 
(Interest Sim), we can define the similarity of two web pages 
as shown in (5). In this equation, the parameter � is a scale 
factor which should be associate with a value between 0 and 1.   

)P,Sim(PInterest�)(1
)P,Sim(PToken�)P,(PSimilarity

ji

jiji

−+

=

     (5) 

C. Similarity of Web Sessions 
As mentioned earlier, we consider each session as a 

sequence of URLs that are requested by the user. For 
estimating the similarity of two web sessions, we apply the 
sequence alignment method in order to find the best match 
between two sequences. In aligning two sequences, not only 
characters that match identically are considered, but also spaces 
or gaps (or conversely, insertions in the other sequence) and 
mismatches, both of which can correspond to mutations. In 
sequence alignment, we want to find an optimal alignment that, 
loosely speaking, maximizes the number of matches and 
minimizes the number of spaces and mismatches.   

For applying the sequence alignment method, we need to 
define a scoring function which helps find the optimal 
matching between two session sequences. Consider that, the 
similarity of two web pages discussed in previous section plays 
the role of a page matching goodness function. The scoring 
function deployed in the method of this paper is as follows. For 
each identical matching, i.e. a pair of pages with similarity 1, 
the score is 20; for each mismatching, i.e. a pair of pages with 
similarity 0, or matching a page with a gap, the score is –10; 
for a pair of pages with similarity �∈(0,1), the score for their 
matching is between -10 and 20. Hence, the scoring function 
for the similarity between two pages Pi and Pj can be calculated 
using (6). Consider that, the parameter � is actually the 
similarity between pages Pi and Pj which was calculated in 
previous section. 

Score (Pi, Pj)  =  –10  + 30 �   ,   0  �  �  � 1             (6)  

As mentioned earlier, the estimation of the similarity 
between two web sessions is calculated using the sequence 
alignment method in order to find the best match between two 
sequences. The final similarity between the two sequences is 
obtained based on their optimal matching and the length of the 
sequences. An optimal matching is an alignment with the 
highest possible score. As mentioned earlier, the problem of 
finding the optimal matching of two sequences can be 
facilitated using dynamic programming, i.e. the similarity of 
two sessions sequences can be computed by considering the 
contribution of the similarity of pages in the head of each 
sequence and the maximum similarity in the remaining sub-
sequence. This process can be described using a matrix in 
which one sequence (session) is placed along the top and the 
other sequence (session) is placed along the left side of the 
matrix. An example of such matrix is illustrated in Fig. 3. In 
this figure, each webpage in a session is shown using 
corresponding token to each level of the webpage URL in the 
structure of the website. Also, the time the user has spent on 
each webpage is shown in parentheses for each webpage.  
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Figure 4.  The comparison of the average SC values for different number of 

clusters, generated by using the pairwise distance measure matrices of 
proposed method and the extended SA method. 

As we can see in Fig. 4, the average SC values for the 
clusters generated by the distance measure of the proposed 
method has higher values compared to the SC values of the 
clusters generated by the distance measure of the extended SA 
method. This result can show our approach can properly reflect 
the nature of the session data since, not only we have 
considered the sequential nature of web sessions, but also we 
have taken into account the similarity of the usage patterns for 
comparing two web sessions. As we can see in Fig. 4, the 
average SC value reduces by increasing the number of clusters. 
The reason is that, by increasing the number of clusters we cut 
off the linkage tree in lower values of distance between 
clustering objects. The result would be smaller clusters which 
may have higher inter-cluster similarities. 

IV. CONCLUSIONS AND FUTURE WORK 
As described in this paper, web session clustering is an 

important task to group web sessions with similar trends. This 
is an essential process for effective website management, web 
personalization, and web recommender systems. Accurate 
clustering of web sessions is highly dependent to the similarity 
(or dissimilarity) measure defined to compare web sessions. In 
this paper, we proposed a new similarity measure for web 
sessions clustering. We considered the time a user spends on a 
webpage and also the frequency of the visitation from a 
particular webpage within a session in order to estimate the 
interestingness of that page to the user. Then, we defined the 
similarity of two web pages within two sessions based on the 
conjunction of the similarity of the web pages and the 
similarity of their interestingness to the users. Finally, we 
employed the sequence alignment method in order to find the 
best match of two session sequences and estimate the similarity 
of them. We compared our method with a case in which only 
the spent time on a webpage was considered for defining the 
usage pattern similarity. The evaluation was performed by 
measuring the average Silhouette coefficient of the sessions 
which were clustered using agglomerative clustering with 
average linkage method. Experimental results verify the 

effectiveness of our method. However, the time complexity of 
SA methods is still high.  

As described, we estimated the similarity of two web pages 
based on the similarity of their hierarchical structure of URLs 
while ignoring the content of web pages. To have a better 
estimation of the similarity of two web pages, we can use other 
methods proposed for web content mining such as Information 
Retrieval or semantic web approaches. Furthermore, for having 
a more general evaluation, we can use a larger collection of 
web sessions data and apply different clustering algorithms on 
these data. 
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