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Abstract— The rapid growth in the amount of information and the 
number of users has lead to difficulty in providing effective search 
services for the web users  and increased web latency; resulting in 
decreased web performance. Although web performance can be 
improved by caching, the benefit of using it is rather limited owing 
to filling the cache with documents without any prior knowledge. 
Web prefetching becomes an attractive solution wherein 
forthcoming page accesses of a client are predicted, based on access 
log information. This paper proposes a novel approach for 
increasing web performance by analyzing and predicting user 
behavior both by collaborating information from user access log 
and website structure repository. 
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I.  INTRODUCTION  

    The size of publically indexed World Wide Web has 
probably surpassed 24.39 billion pages in June 2010 [2] and as 
yet growth shows no sign of leveling off.  more information 
becomes available on web it is more difficult to provide 
effective search services for Internet users thus increasing web 
latency. User perceived latency comes from several sources 
such as bandwidth, speed, overhead etc. However network 
latency cannot be removed due to the latency caused by 
propagation delay, but can be minimized. In accordance of 
“Eight Second Rule” [1], it can be deduced that user care about 
web latency and lot of efforts are taken to minimize the 
latency perceived by the user. Caching of web documents at 
various points in the network (client, proxy, server) [3,4] has 
been developed to reduce the latency. Although web caching 
has already widely used in the www, the benefit from web 
caching are becoming limited due to the rapid changes of 
network resources, while web prefetching can optimize the 
www in many respects [5]. This motivates this work, in this 
paper prefetching is done so as to improve web performance. 
Prefetching is the (cache initiated) speculative retrieval of a 
resource into a cache based on user access log; in the 
anticipation that it can be served from cache in the future [6] 
leading to reduction in web latency.  This work proposes a 
novel approach for increasing web performance by analyzing 

user behavior both by collaborating information from user 
acesss log and website structure repository. 
 
This paper is organized in the following way. Section II 
discusses related work done in this domain. Architecture of the 
proposed system is presented in Section III. Sequence of steps 
of the work is discussed in Section IV. Finally Section V 
comprise of the conclusion. 

 

II. RELATED WORK 

    Padmanabhan et al [6] investigated ways of reducing 
retrieval latency. A scheme called prefetching was introduced 
in which clients in collaboration with servers prefetch web 
page that the user is likely to access soon, while he/she is 
viewing the currently displayed page. L Fan et al [7] 
investigate an approach to reduce web latency by prefetching 
between caching, proxies, and browsers. Research on 
predictive Web prefetching has involved the important issue of 
log file processing and the determination of user transactions 
(sessions) from it [8, 21]. Chen, Cooley and Pie [9, 10 and 11] 
provide various data mining algorithms for the path traversal 
patterns and how to efficiently mine the access patterns from 
the web logs. Pirolli and Pitkov [12] predict the next web page 
by discovering the longest repeating subsequence in the web 
sessions.  Liu et al [13] used association rules for web access 
predicions. Yang et al [14] studied different association rule 
based methods for web request prediction. Using association 
rules for web access prediction involves dealing with too 
many rules and it is not easy to find a suitable subset of rules 
to make accurate and reliable predictions. Padbanabham and 
Mogul [15] use N-hop Markov models predicted the next web 
page users will most likely access by matching the user’s 
current access sequence with the user’s historical web access 
sequences for improving prefetching strategies for web caches. 
Sarukkai [16] used first-order Markov models to model the 
sequence of pages requested by a user for predicting the next 
page accessed.  Liu et al [17] integrated association rules and 
clustering for reducing the overhead associated with large 
database. Cadez et al [18] integrated clustering and first order  
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Markov model to increase accuracy. Kim et al [19] combined 
association rules and Markov model for web access prediction. 
In this paper, data mining techniques are applied for extracting 
user access patterns from web access logs. Futher this work 
uses application of petri nets (PN) for enhancing web usage 
mining. Web structure is extracted using parsing algorithm, 
from which incidence matrix is built. The web structure 
information in the incidence matrix and the reachability 
properties obtained from the PN model help in path 
competition process.  
 

III.  PROPOSED WORK 

 
    This section describes the architecture of the proposed 
system shown in Figure 1. Following subsection describes 
various components of the proposed system. 
 

 

 

Figure 1. Proposed System Architecture 

A. Web Server  

    The primary function of the web server is to deliver web 
pages to the users. The records of all the users/clients that send 
requests to the server are kept on the web logs, which reside at 
the server side. This log file helps in analyzing user access 
patterns and in predicting next page likely to be accessed by 
the web user. 
 

B. Prediction Prefetching Engine (PPE) 

    Prediction Prefetching Engine (PPE) processes the past 
references, tracking the user behavior to deduce the 
probability of future access of the web page based on access 

log information. It comprises of two parts preprocessing and 
pattern discovery phase, discussed in following subsections.  
 

 Pre preprocessing Data preprocessing involves data 
cleaning, user and session identification. Cleaning the 
web log file involves removal of irrelevant items like 
the image file (GIF and JPEG) and java script files 
(JS) etc., as these do not contribute for the patterns 
relevance. Next step to cleaning is user and session 
identification. A user session is defined as the 
sequence of requests made by the single end user 
during a visit to a particular site. Within a single 
session, a user may follow links to several pages that 
belong to the similar pattern but during the same 
session, it may also be possible that the user   might 
visit some other pages that do not belong to the same 
pattern i.e. user session may contain the documents 
belonging to patterns while others that do  not and the 
documents are interleaved in the session.  After all 
the preprocessing is done, the cleaner version of the   
log is formed called Data mart. Data mart acts as a    
database   on which various data mining operations 
operate for generating the rules. 

 
 Pattern Discovery Data mining is the process of 

extracting hidden patterns from data. After the 
preprocessing of the web server log file, data mining 
techniques are applied. In this work, combination of 
clustering and association rule mining is proposed. 
The clustering of web user sessions is done so as to 
cluster user with similar behavior together. Further 
association rules mining is applied on clustered sets. 
Association Rule mining are a major pattern 
discovery technique. The statistics computed for the 
association rules, support and confidence are given in 
equation (i) and (ii). 

 
            Support (X => Y) = P (X U Y)           ... (i) 

                      Confidence (X =>Y) = P (Y | X)        .... (ii) 
 

C. Knowledge Base  

    The knowledge base is a repository of extracted rules which 
have been derived by applying data mining techniques. A 
knowledge base containing rules is shown in Figure 2.  
 
 
 
 
 
 
 
 
 
 
 
 
                        Figure 2. Sample Knowledge base 

R1: A  B 
R2 : A  B C 
………………………. 
……………………… 
……………………… 
……………………… 
R3 : B D 
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D.  Petri nets 

    Petri Nets (PN) is a high-level graphical model widely used 
in modeling system activities with concurrency.PN can store 
the analyzed results in a matrix for   future follow-up analyses. 
According to the definition it is formally defined as a 5-tuple 
PN of (P, T, I, O, M0), where 
 
(1) P = {p1, p2… pm}, a finite set of places; 
(2) T = {t1, t2… tn}, a finite set of transitions; P  T≠Ø, and 
P∩T= Ø; 
(3) I: P x T→N, an input function that defines directed arcs 
from places to transitions, where N is a set of nonnegative 
integers; 
(4) O: T x P →N, an output function that defines directed arcs 
from transitions to places; 
(5) M0: P →N, the initial marking. A marking is an 
assignment of tokens to a place; 
 
PN is carried out by firing transitions. A transition, t, is said to 
be enabled if each input place, p, of t contains at least an 
amount of token equal to the weight of the directed arc 
connected to t from p. In a PN model, we can utilize the 
different token amounts in the places to represent the different 
system states. Since a fire of transition in the system often can 
be associated with a change of the token amount in a place, 
PN hence can represent, or model, the system dynamic 
behaviors via the fire of transitions. An incidence matrix 
records all token-amount changes in all places after all fired 
transitions. For PN with n transitions and m places, the 
incidence matrix A, where A=[aij], is an n×m  matrix of 
integers; its typical entry is given by 
 
aij = aij

+  - aij
-  

where  aij
+= O (ti, pj), the weight of the arc from Transition i to 

its Output Place j, and 
aij-=I (ti, pj), the weight of the arc to Transition i from its Input 
Place j; 
aij

+, aij
- and aij represent the number of tokens removed, added, 

and changed in 
Place pj, respectively, when Transition ti fires once. 
 
During the processing or operations, this method can also 
simultaneously trace out what are the possible intermediate 
states during the transitions from the initial state to the 
destination one. In a PN model, a marking Mi is said to be 
reachable from a marking, M0, if there exist a sequence of 
transition  firings which can transform a marking, M0, to Mi 
[20]. 
 
In the proposed work data mining techniques are applied for 
extracting user access patterns from web access logs. Futher 
this work uses application of petri nets (PN) for enhancing 
web usage mining. Web structure is extracted using parsing 
algorithm, from which incidence matrix is built. The web 
structure information in the incidence matrix and the 
reachability properties obtained from the PN model help in 
path completion process. 

E. Website Structure Repository 

    The website structure is composed of the different web 
pages of the website and navigation within those pages. Web 
structure repository consists of the site structures of all the 
websites residing at the server.  
 

F. Recommendation Engine 

     Whenever user request for URL, PPE sends the URL to the 
recommendation engine, which in turn does prediction based 
on rules from knowledge base and hints from site structure 
repository. It also does path completion process. Finally based 
on this, it prefetch the web page in clients cache before he/she 
explicitly request for, thus decreasing web latency and 
improving web performance.  
 

IV. ALGORITHM 

    This Section discuses the sequence of steps of the work 
done by the proposed system. 
 
 
Algorithm:  UpdateWhenNewQuery(qi+1 ) 

begin 
   qlogi+1   qlogi  U qi+1  
   for each new query qi+1  

 

   RecomendationEngine(qi+1); //based on KB and                                         
                              websiteStrRepository will make           
                              recommendations    
     
 Preprocess (qlogi+1 )  
 DiscoverPatterns(qlogi+1 ) // will return rules 
            KB  rules       //knowledge base 
         end for 
end 
 
 
 
Algorithm : RecomendationEngine(qi+1) 
begin 
for each new query 
make predictions based on KB 
 
if (Site Structure exists) 
           break; 
           else 
          petrinets(URL, Sitestructure) 
          websiteStrRepository  <URL,Sitestructure>  
          end if  
 
PathCompletion based on site structure 
Make predictions based on websiteStrRepository 
Prefetch Pages 
end for 
end 
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V. CONCLUSION  

This paper proposes a novel approach for predicting user 
behavior for improving web performance. In this prediction 
and prefetching is done both by collaborating information 
from user access log and website structure repository. This 
work overcomes the limitation of path completion. 
Application of Petri Nets for extracting web site structure 
helps in path completion process, better prediction, decreasing 
web latency and improving web performance.   
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