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Abstract 
Today, the World Wide Web is envisaging an increasing number of 

users who visit web servers. The visiting behaviour of these users is stored 

in weblogs, which when analyzed can provide valuable knowledge 

regarding the access patterns of individuals. The result of such analysis can 

be used to provide efficient service to the users. In this paper, the weblog 

files are analyzed to predict the next webpage access of a user. This work 

proposes the Markov model based ensemble prediction system. The work 

analyzes the application of four different types of Markov model, namely, 

Support-Pruned Markov Model, Confidence-Pruned Markov Model, 

Frequency-Pruned Markov Model and Error-Pruned Markov Model, 

during ensemble creation. This work enhances the working of Markov 

modelsby reducing state search space. Further, when majority classes are 

encountered, the system re-predicts the probable next webpage using either 

association rules or longest common subsequence algorithm. Experimental 

results comparing the proposed ensemble model with single classifier 
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system, proved that the proposed model is more efficient in identifying the 

next access page of the user. 

Keywords: Association Rules, AprioriAll, Longest Common 

Subsequence, Ensemble Classification, Markov Model, Next Webpage 

Prediction, Weblog Data. 

1. Introduction 

The World Wide Web (WWW) is considered as a vast ocean of information and 

data that connects various networks, users and portals. Facilitating ease of 

searching and access to this vast amount of information is a challenging 

problem that has attracted several academicians and researchers for the past 

several decades. Web usage mining, a domain in data mining, is a field that is 

selected for this purpose. The techniques in web usage mining exploit 

information regarding web link structure and web pages, to gain knowledge on 

user preferences and practices. The user details and browsing patterns are stored 

in weblog files. Analysis of weblog files can extract knowledge that reveal 

information regarding (i) the interaction of users with browser interface and (ii) 

navigational strategies used by the user during browsing (Nylen and Homstrom, 

2015). This knowledge can then be used in different web usage mining 

applications like web personalization, recommender systems, web prefetching, 

web presenting and design of adaptive web sites, all of which predict user future 

requests to improve their functioning (Chandelet al., 2016).  

Prediction of user behavior is an important task of web usage mining, where the 

navigation patterns are studied to predict the web pages that the user might visit 

in future. Next web page prediction is a typical machine learning problem, 

where the classifier is trained to predict the future web pages that an online user 

may visit in future, based on the historical details of the pages visited by the 

same user (Narvekar and Banu, 2015). The output can then help to save 

browsing and searching time, while at the same time it reduces the retrieval time 

and bandwidth load on network considerably. 

Next Web Page Prediction (NWPP) systems consist of three main steps, 

namely, preprocessing, pattern mining and pattern analysis. The main goal of 

the preprocessing step is to convert the raw weblog data into a format that the 

prediction system can handle easily.  

JothishChembathand S.K.Mahendran (2015) focused on designing a 

preprocessing algorithm. In this paper, a pruning technique to remove irrelevant 

users is proposed.Moreover, an automatic procedure to estimate automatic 

cutoff time for session and transaction identification and a path completion to 

obtain complete web URL were proposed. Later in (Jothish and E.J.Thomson 

Fredrik, 2016),an Ensemble Parameter less Fast Enhanced K-Means (EPFK-

Means) clustering algorithmwas introducedtogroup weblog data. Experimental 

results proved that the inclusion of EPFK-Means during prediction improved 
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the performance of NWPP. Two hybrid classifiers were designed (Jothish and 

E.J.Thomson Fredrik, 2017) using Markov model combined with associative 

classifier andMarkov model combined with LCS.Experimental results proved 

that both the proposed hybrid NWPP systems were more efficient when 

compared to their individual counterparts.  

In this work, to further improve the performance of NWPP system, an ensemble 

approach is proposed. This ensemble model integrates clustering, Markov 

model with association rules and Longest Common Subsequence (LCS) 

algorithm. Different variants of Markov model are used to create the ensemble 

prediction system, which is enhanced through the use of association rules and 

LCS. The rest of the paper is organized as follows. Section 2 presents the 

review of literature related to the current topic. Section 3 presents the 

methodology used to design the proposed ensemble NWPP system. Results of 

experiments that evaluate the performance of the proposed NWPP system is 

presented in Section 4 and finally, the work is concluded with future research 

directions in the section 5. 

2. Literature Study 

Research on NWPP systems has attracted several researchers as it has positive 

impact on user satisfaction, retention and profitability. The main goal of all 

these researches is to design systems which are effective in producing accurate 

prediction, using weblogs files that have the historical access details of different 

users to perform prediction. The most frequently used algorithms include 

Markov Model (MM) and Associative Classifiers (AC). MM is considered to be 

the most effective and popular technique for predicting pages that are likely to 

be accessed next (Anand and Kumar, 2017).  

Yao et al. (2017) analyzed the use of vertical and horizontal website structure 

and combined them with MM based prediction. They showed that the usage of 

horizontal website structure seems efficient. Swarnakaret al. (2016) also used 

MM to develop a model of NWPP system, where page ranking algorithm was 

used first to assign probabilities to web pages according to its importance and 

then Markov rules were used to evaluate occurrences of each web page visited 

in various sessions. Another method that is the most equivalently used in the 

design of next web page prediction system is the usage of association rules 

(Agrawal et al., 1993). Association rules for NWPP is based on the analysis of 

relationship of page co-occurrence of pages without considering the sequence of 

them (Kumar et al., 2017).  

Many proposed algorithm also combined MM with AR to further improve the 

process of NWPP systems. Khalil et al. (2008) introduced the Integration 

Prediction Model (IPM) by combining MM, AR and clustering algorithm 

together. Here, the prediction is performed on the cluster sets rather than the 

actual sessions. Patil and Patil (2017) improved the prediction by combining All 
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kth Markov model with Conditional Sequence Base associative rule mining 

algorithm. Inspite of various methods proposed, the dynamic nature of WWW 

has made research in NWPP very active and focus on methods to improve 

prediction accuracy. In continuation with this search, the present work focuses 

on using ensemble prediction method improve the accuracy of NWPP.  

3. Methodology 

In this paper, a NWPP system based on ensemble technology is used to predict 

user’s next visit. It has been established experimentally by several researches 

that multiple prediction systems always produce better performance than single 

prediction system (Neeba and Jawahar, 2009). The increase in performance can 

be achieved by ensemble system because it has the ability to combine the 

strengths of individual models.  A typical ensemble based prediction system 

takes the form of Figure 1. Here, C1 to Cn are the base classifiers that are used to 

predict the next webpage, O1 to ONare the outputs created by the classifiers and 

N is the number of classifiers used. Aggregation function is the method that is 

used to combine the results from various classifiers.  

 

Figure 1 : Ensemble System 

The ensemble system can be created in two manners. The first is homogeneous, 

where the base classifiers use different feature vectors but use the same 

methodology for prediction. In the second type of ensemble system, each base 

classifier uses a different methodology and uses the same feature set. In this 

research work, heterogeneous ensembling is used to design an effective NWPP. 

Input Data 

CA1 CA2 CAN 

O1 O2 ON 

Aggregation Function 

Optimal Result 

… 

… 
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The proposed NWPP system (Figure 2) is referred to as NWPP based on 

Ensemble Technology (NWPP-ET). 

 

 

Figure 2 : Architecture of Proposed NWPP-ET 

NWPP-ET is formed using four different MM variants, namely, (i) Support-

Pruned Markov Model (SPMM) (ii) Confidence-Pruned Markov Model 

(CPMM) (iii) Frequency-Pruned Markov Model (FPMM) and (iv) Error-Pruned 

Markov Model (EPMM). Details of the four selected MM models can be found 

in Chimphleeet al. (2006). All these MM variants enhance the conventional 

MM to reduce state space complexity while maintaining the accuracy of 

prediction.Each of the baseline classifier of NWPP-ET first performs prediction 

using MM. When MM could not make decision (majority class), then AR 

created using AprioriAll (Hu et al., 2013) and LCS (Jalaliet al., 2008) is used to 

make the final prediction.Majority class consists of high probability states 

where the differences between two pages are significant. The rest of cases are 

considered as minority class. The results of the base classifiers are combined 

using Majority Voting algorithm.The steps involved during training and 

prediction (testing) stages are presented in the figure 3. Here, the preprocessing 

and clustering steps adapted are from our previous works(Jothish and 

E.J.Thomson Fredrik,2017 and JothishChembathand S.K.Mahendran,2016).  

Weblog Data 

Clustering 

Prediction of Next Web Page 

MM-Based Ensemble System 

Majority Voting 

MM Variants 

 

LCS 

Prediction 

Model 

Majority 

Not Majority 

MM Variants 

AR 

Prediction 

Model 

Majority 

Not Majority 
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Figure 3: Steps of NWPP-ET 

4. Experimental Results 

The performance of NWPP-ET was evaluated using four web log datasets 

(Table 1) and the system was developed using Matlab 11. The association rules 

were generated using a window size of four, 90% confidence threshold and 4% 

minimum support.  

Performance evaluation is based on four performance metrics, namely, 

accuracy, coverage, F1-Measure and speed. The experiments compare the 

proposed ensemble system with its existing conventional systems. MMP, ARP 

and LCSP denote the conventional MM based prediction system, Association 

Rules based prediction system and LCS based prediction system. NWPP-ET1 is 

the ensemble model that is created using the four types of MM with association 

rules, while NWPP-ET2 is the model that combines MM-based ensemble with 

LCS. Finally, the proposed prediction model, that is, NWPP-ET, combines both 

NWPP-ET1 and NWPP-ET2. 

Training Stage 

 Perform preprocessing 

 Cluster pages in user sessions into K-Clusters 

Construct four base classifiersusing SPMM, CPMM, FPMM and EPMM. 

 For each baseline classifier, repeat 

For each cluster build l-Markov model 

 For each MM state where majority is not clear repeat  

 Collect all sessions satisfying the state 

 Construct Association rules (A) and Longest common subsequence (L) 

 Store A or B with stages 

   End for 

  End for 

 End for 

 

Prediction (Testing) Stage 

 For each coming session 

  Find closest cluster, C 

  Select the MM of C to perform prediction 

  If predictionfails 

   Use A and L to make revised prediction of next webpage 

   Perform Majority Voting to identify the best result  

   Output best result as next page visit 

  End if 

 End for 
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TABLE 1 : DATASETS USED 

Dataset Code  Period 
Size  

(MB)  

No. of  

Records  

NASA Kennedy Center Space 

http://ita.ee.lbl.gov/html/contrib/NASA-HTTP.html 
NASA  

01-07-95 to  

31-08-95  
205.2  34,61,612 

University of Saskatchewan's 

http://ita.ee.lbl.gov/html/contrib/Sask-HTTP.html 
SASK  

01-06-95 to  

31-12-95 
233.4  24,08,625 

ClarkNet Internet Service Provider  

http://ita.ee.lbl.gov/html/contrib/ClarkNet-HTTP.html 
CN  

24-08-95 to  

10-09-95 
171  33,28,587 

University of Calgary's, Department of Computer Science 

http://ita.ee.lbl.gov/html/contrib/Calgary-HTTP.html 
CL  

24-10-94 to  

11-10-94 
52.3  7,26,739 

The accuracy efficiency of both the existing and proposed prediction models is 

presented in the Figure 4. From this result, it is clear that the performance of 

NWPP-ET is higher when compared to single classifier models (LCSP, MMP 

and ARP) and ensemble model created using MP and AR (NWPP-ET1) and MP 

and LCS (NWPP- ET2). The trend observed was the same with all the four 

selected datasets. The NWPP-ET model showed an average accuracy efficiency 

gain of 9.91%, 7.76% and 4.76% over LCSP, MMP and ARP respectively. A 

similar trend was envisaged with coverage (Figure 5) and F1-Measure (Figure 

6) performance metrics also. A maximum value of 0.6971% with coverage and 

1.38 with F1-Measure was achieved by NWPP-ET. Thus, from the results, it 

can be concluded that the NWPP-ET combining the advantages of MM, AR and 

LCS produces maximum accuracy during the next webpage prediction. 

 

 

 
Figure 4 : Accuracy (%)  Figure 5 : Coverage (%) 

 

 

 

Figure 6 : F1-Measure (%)   
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5. Conclusion 

In this paper, an ensemble classification model was presented for predicting 

users’ next web page visit. The proposed ensemble model was created using 

four Markov model variants, namely, Support-Pruned Markov Model, 

Confidence-Pruned Markov Model, Frequency-Pruned Markov Model and 

Error-Pruned Markov Model (EPMM). After preprocessing and clustering, the 

ensemble classifier is built, where the base classifier of the ensemble model first 

performs next page prediction using MM on closest cluster and then use AR or 

LCS to make the final prediction on majority class. Experimental results proved 

that this combination has improved the next page prediction performance in 

terms of accuracy. In future, to further improve the system, along with the 

historical information provided by web log files, additional information 

channels, such as the content of the visited pages and the connection between 

web resources can also be included and analyzed. 
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