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Abstract
Due to the growing factor of World Wide Web, today most 
of companies and private sectors adopt the online business 
propagandas to spreading their businesses worldwide. In this 
era of time, we are dealing with huge amount of databases 
at all around the world, which every milliseconds saving the 
data on servers like online transactions and many of another 
online activities that users frequently accessed via the websites, 
software’s etc. We need some type of advanced techniques 
that retrieve and capture the information very accurately from 
web log data and one of the most famous technique for this 
work is Web Usage Mining, which analyze the web data very 
accurately to retrieve the valuable information, which stored on 
servers. In this area of research we are using many techniques, 
like clustering, online navigation prediction to analyze the web 
server log data and there are lots of algorithms are available 
to increase the efficiency of these techniques. So in this paper 
we review all those algorithms which are using for web data 
analysis and at the end we describes the best algorithms for 
Web Usage Mining Process, which are better than the another 
available algorithms.
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I. Introduction
The sector of web analysis growing very fast, because the usage 
of internet increasing rapidly and every company, institution 
now using online services to handle all the activities of their 
businesses. So every company has huge amount of data bases 
that contains every transaction that accessed by the clients and 
workers, now the question is how can we improve the efficiency 
of the websites and online services with the help of company 
databases, the answer of this question is with the help of Web 
Mining techniques, we can easily analyse the web log data sets 
and retrieve the valuable information that can be helpful for the 
website owners. The term Web Mining is a technique to collect 
important information from web server databases, today it is 
growing trend in companies, institution to gather information 
through the web data mining for their businesses. Web Mining 
is done through many types of data mining techniques and 
software’s.

These techniques can be simple or highly specific, it’s all depends 
on datasets which may be complex or simple for handling. So we 
can say that it’s all about task specific techniques. For example, 
if a company needs the information on some specific position 
of persons including their telephone, emails, locations, fax, 
etc., and this information can be gathered with the help of data 
mining techniques or software programs. This is the application 
of data mining and information extraction technique aimed at 
discovering patterns and knowledge from the web server data 
bases [15]. 

Normally, Web Mining dividing into three parts and which are 
Web content mining, Web structure mining, Web usage mining, 
here in this paper we distinguish the Web usage mining because 
with the help of this we can easily analyze the web server log 
files to retrieve the important and valuable information. Web 
usage mining is very important part of Web mining and also it 
is an active field of research to generate new knowledge in the 
area of web-based business. This can be express as the analysis 
and discovery of user access patterns, with the help of mining 
the log files and associated data from a particular Web site.

II. Related Work and Backgrounds
In this section we present the survey on background work of web 
usage mining to distinguish the properties of the current running 
techniques in this area of research. Lots of approaches of Web 
Usage Mining are suggested by the researchers, which solves 
many problems related the web log optimization formulations.

In general, the author of paper [14] describes that work on web 
log files is a very challenging task for researchers, because Pre 
Processing or we also called Data Cleaning of the Web Log File 
covers the 80 percent work of Web Usage Mining. Data Cleaning 
is most important part of WUM, because if the Web log File is 
not cleaned correctly, we have not received the accurate results 
from the all formulations. 

In paper [6] author describes the problems of Proxy Server 
Logs, when we are dealing with proxy server logs it becomes 
more complicated for the researcher to find out the unique 
users, because when users using the internet via proxy servers 
sometimes most of users using the same IP configuration address 
and in this condition we cannot identify the unique users. One 
of solution is that remove those entries from web log file which 
shared the same IP’s and using link of proxies. But one negative 
point of this solution is may be after this approach web log file 
loss the all valuable information’s from the web log dataset. In 
this paper author proposed the approach, which solves the proxy 
server log related problems.

Author of paper [8] presented a purposed approach for clustering, 
to improve the cluster centers and noise related problems. In this 
approach author using information entropy for the initialization 
of the clusters and adjust the weighting parameters, this approach 
improves the clustering efficiency on web log data using 
fuzzy c-means clustering (FCM) approach. Another clustering 
algorithms are not working properly with web log datasets due 
to the sensitivity of the clustering methods.

In paper [5] Jin Hua Xu purposed a clustering approach for 
web usage data. In this paper author using K-means algorithm 
to build the clusters from the web log data sets, it is simple 
and fast to cluster the data. In this approach they builds the 
matrix of different users which accessed the web pages within 



IJCST  Vol. 5, ISSue 3, July - SepT 2014

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  195

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

the different or specific sessions, the results shows the feasibility 
and scalability of the algorithm. The problem of this clustering 
method is, first it is not accurately working with web usage 
datasets and in this method it is required to mention cluster 
numbers at the starting time of algorithm, second it is using 
Euclidean Distance measure technique to measure the distance 
between two objects.

According to the author [14] role of clustering is very important 
in the research field of Web Usage Mining, in this paper author 
purposed a good approach for clustering, which deals very 
efficiently with heterogeneous datasets. In this paper they are 
using similarity based measuring methods to calculate the 
distance between two web user sessions and this algorithm is 
specially optimized and designed for web log datasets. Many of 
researchers faced the problems, when they are using clustering 
techniques to clusters the web log data, but with the help of this 
approach now we can easily considered the multiple attributes 
during the clustering process, which we were not considered in 
the existing clustering approaches.

In paper [1] author purposed DBSCAN and OPTICS based 
clustering algorithm approach, which deals with web usage data 
very efficiently. This approach is far better than the K-means 
algorithm, in which it is required to know about clusters numbers 
at the initialization time. But in DBSCAN it is not required to 
mention the cluster numbers at the initialization time of the 
algorithm. In this approach author first apply OPTICS on the web 
server sessions and after that they gives the results to DBSCAN 
as input values this is due to sensitivity of DBSCAN clustering 
algorithm. The approach is good but somehow it is time taking 
process at the stage of clustering. Normally there are lots of 
algorithms are available, which are takes less time and space 
as comparative to this approach. 

Author of paper [3] purposed the approach for Web Navigation 
Prediction analysis, in this paper they are purposing Markov 
Model and IPSPR algorithm which solves the problem of 
ambiguous results of Markov Model. The approach is very 
good but they are input the sessions directly to Markov Model, 
which increases the complexity of the model. Due to this reason 
somehow it is taking extra time to calculate the prediction results 
with help prediction probability. Basically Markov Model is very 
good and accurate for these kinds of processes but it facing a 
major problem regarding of complexity, higher order of Markov 
models takes lots of time to calculate the formulations. Currently 
there are lots of approaches are available, which reduce the 
complexity of the Markov Model.

Web usage mining required good and accurate methods which 
efficiently solve the problems regarding heterogeneous type of 
web log datasets. There are lots of attributes available in the 
web log files which must be considered to get the good results. 
So in section III we describes the all methods, which are using 
for clustering and prediction.

III. Algorithms and Techniques
In this section we describes many algorithms and techniques, 
which are currently using for web usage mining to deals with 
web log datasets which contains heterogeneous type of data.

A. Clustering Algorithms
Clustering is very important for every web and data mining 
approach, which deals with the datasets. We describes some of 
clustering algorithm, which are currently active or using in this 
area of research.

1. Improved FCM Clustering Algorithm
This algorithm [8] is very popular to efficiently clustering 
the datasets, it is very sensitive to number to clusters. If we 
gives the wrong data to this algorithm results of cluster centers 
get significant errors and the opposite or wrong results. This 
algorithm follows very hard rules on the datasets, so that its 
capture the good accuracy from the results. In this approach 
author uses the many good approaches to reduce the error rates 
of the algorithm and also improve the weighting parameters of 
the algorithm. After this process author divides the major chumps 
into small clusters to decrease the complexity of the modelled 
approach and then merge the purposed formulation with small 
clustered data to retrieve the accurate results.

 Initialize number of clusters
 Initialize Cj (cluster centres)
 Initialize α (threshold value)
 Repeat For i=1 to n : update μj(Xi)
 For k=1 to p；
 Sum=0
 Count=0
 For i=1 to n:
 If μ (Xi) is maximum in Ck then
 If μ (Xi)>= α
 Sum= sum + Xi
 Count= count+1
 Ck = sum/count
 Until Cj estimate stabilize.

Fig. 1: Proposed Algorithm of FCM by Author of Paper [8]

To reduce the error rates on cluster centers this algorithm uses the 
information entropy on the initialization of the cluster centers, 
it also introduce the weighting parameters, which improves 
the accuracy of the results. Another approach which they are 
using, divides the clusters into small chumps to decrease the 
complexity of the model and after that merge them according 
to the requirements.

2. K-means Algorithm
K-mean algorithm is a most popular and accurate technique to 
cluster the datasets into required number of clusters. This is the 
simplest algorithm, which follows the unsupervised learning 
rules for clustering the data also this algorithm is working with 
web usage data very efficiently. According to the author [5] this 
algorithm first classify the web log dataset through the required 
or mentioned number of clusters. The main reason to define 
the cluster numbers at the initialization time is to define the 
cluster k centroid points in advance, so that algorithm starts the 
process of clustering from the initialized k centroid points. This 
procedure creates the separation of the objects at each cluster 
centroid point and divides the data on each cluster based on 
this formulation procedure. But the Problem in this algorithm 
is, first we defines the cluster numbers and according to these 
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numbers algorithm creates the clusters. Currently there are lots 
of algorithms are available for the clustering, in which it is not 
required to defines the cluster numbers at the initialization time 
of the algorithm.

3. PSO Clustering Algorithm
This algorithm is purposed by ShafiqAlam [10] it is totally based 
on the process of Particle Swarm Optimization method which 
is inspired from the behaviour of the birds and fishes. Also this 
algorithm is working with web log datasets very efficiently, 
most of the clustering algorithms are not working with web log 
datasets efficiently. This is due to the heterogeneous type of 
datasets, which contains the multiple of type of attributes. In this 
algorithm sessions denotes as particles and then apply the PSO 
based approach on these selected sessions and considered many 
attributes of the sessions or particles at the time of clustering, i.e. 
data usage, time dimensions, number of web pages etc. Following 
given parameters or attributes are considered while particles 
keeps moving through the process of this algorithm [10].

Particle Id: •	 Uniquely identifies a particle. 
Distance of Session: •	 Array which represents the distance 
of the particle to each session at a particular iteration. 
Session Vectors: •	 Array represents the session vectors won 
by a particle at a given iteration. 
Attribute Values: •	 Represents the current values of the 
particle in each dimension in the form of a data vector. 
P-Best: •	 The position of the nearest session to the particle 
achieved so far.

Once the above given initialization process completed, particles 
moved from the initial positions with self-organization, social 
and cognitive components for further processes.

4. HPSO Clustering Algorithm
In paper [14] author purposed a new approach of clustering for 
web usage data, this algorithm working with many parameters, 
which contains by the web log files to optimized the results. In 
this algorithm author purposed two optimized similarity based 
distance measuring methods, which calculates the similarity 
factors based on multiple factors. First similarity based technique 
is Euclidean Distance and second is Boolean Distance.

These two similarity based methods are very important to deals 
with heterogeneous type of datasets. Web log files contains 
lots of attributes some of which are numeric and some of text 
based, So with the help of these two methods we can easily 
calculates the distance between two sessions. Euclidean distance 
measuring method considered the click sequences, total visiting 
time, downloaded data and Boolean distance measuring method 
considered the sequence of visit pages. After the calculation of 
these two methods, author combines the both of two measuring 
results to calculate the distance of two different sessions.

Input: dataset 
Output: clusters 

1. INITIALIZE S, VMax, VMin, ω, q1, q2, q3, N 
2. for each Particle X do 
3. INITIALIZE Xi 
4. end for 
5. while (STOPPING CRITERIA (false)) do 
6. for each iteration do 
7. for each Particle X do 
8. ASSIGN won data vectors to Particles 
9. CALCULATE pBest for each particle 
10. if pBest(t+1) is better then pBest(t) then 
11. pBest(t) ← pBest(t+1) 
12. end if 
13. CALCULATE Velocity Vi(t) 
14. UPDATE Position Xi(t) 
15. end for 
16. CALCULATE swarm strength 
17. FIND the weakest Particle 
18. FIND the nearest strong Particle 
19. CONSUME weakest Particle 
20. UPDATE intra-cluster distance 
21. UPDATE Position Xi (t) 
22. DELETE weaker Particle 
23. end for 
24. end while 

Fig. 2: HPSO Algorithm Clustering [14]

Above given fig. shows the algorithm of HPSO, which is based 
on Particle Swarm Optimization technique. This algorithm using 
two distance measuring methods, which describes as following. 
Equation (1) shows the formulation method of Euclidean Distance, 
which calculates similarity of two web sessions based on the 
numeric attributes. Where XS and YS denotes the two different 
sessions and d (XS, YS) denotes the results of similarity of two 
sessions.

  (1)

Equation 2 shows the formulation method of Boolean Distance, 
which calculates similarity of two web sessions based on the 
Boolean values e.g. (1, 0). Where b(XS, YS) denotes the similarity 
measure results of two sessions, this method calculate the Boolean 
distance with using “AND” operator. Where XS and YS denotes 
the two different sessions.

    (2)

Above given equations solve the similarity measuring problem 
on heterogeneous type of attributes, now we can easily calculates 
the distance measure of different sessions.

B. Prediction Algorithms
Prediction analysis is also very important part of web usage 
mining, because with the help of this we can easily improve the 
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response time of the servers, so that servers responds very fast 
on each transaction request.

1. Inverted Index with KNN approach
In this paper [1] author proposed a noble approach for prediction, 
with the help of Inverted Index and KNN approach. Author 
describes the usage of these two approaches very precisely, which 
is perfectly working with web usage data but we noticed one 
thing it is somehow a time taking process because first step of 
this process is making the Inverted Index for web usage sessions 
and in second step they are using KNN approach to find the query 
patterns from Inverted Index. So when it finds the specified pattern 
for prediction it scans each query from the Inverted Index to find 
out the required pattern, so it takes lots of time to find out the 
predicted pattern. Which means this approach increase the load 
on the server.

Inverted index is a data collection container in which all data 
can be stored very accurately and we easily find out the items 
from Inverted Index, this approach is working perfectly with 
small level of datasets but if  the size of dataset is large then 
somehow it taking lots of time of the machine to solve the problem. 
Another approach called K-Nearest-Neighbor is also using to find 
the nearest approach of each query and this approach is mostly 
using with Inverted Index to retrieve the accurate information 
fast from the index. This approach is good, but somehow a time 
taking approach because it always calculates the nearest neighbor 
for each query. Fig. 3 shows the formulation method to create the 
Inverted Index.

Input: a set S of sessions, w size of the key
Output: an inverted index
01- For all sessions in S Do
02- If session length is larger than w Then
03- Create all possible keys of size w
04- If a created key have not been added yet to the 
index Then
05- Add the pair (Key, session ID) to the index
06- Else
07- Update the list of the sessions associated with 
that key by adding the current session ID
08- End IF
09- End IF
10- End For

Fig. 3: Inverted Index for Web Sessions [1]

Input: the newest w pages requested
Output: a predicted pattern
01-calculate the TF-IDF values 
02-find all sessions that contain these w pages
 using the inverted index
03-calculate the cosine between the query vector 
and vectors of all relevant session
04-Sort cosine values in a descending order
05-pick the top k sessions on the top of the list
06-compute the centroid of picked sessions 
07-Retrun the calculated centroid

Fig. 4: Calculate the Term-Frequency of Queries for Prediction 
[1]

Fig. 3 and 4 shows the process of prediction methodology with 
the help of Inverted Index and KNN with TF-IDF approach, these 
above given two approaches working together when predict the 
next page for the user. Further more details of this process is 
mentioned in paper [1].

2. Prediction with Markov Model
Markov Model was firstly introduced by Andrey Markov. It is a 
mathematical system that is working with one state to another state 
system for prediction. In real time world processes it has many 
applications, we also characterized this as memory less because 
of in this the next state depends only on the current situation or 
we called current state, for this process it is not required to know 
about the sequences of events. We also called this process as 
“memorylessness” and this is we also called Markov property.

Markov Model is mostly using for the prediction purposes like 
next web page prediction, weather prediction, random digital tones 
prediction and many of another high-tech areas. Markov model 
is a stochastic model, which is not depends on the past related 
data, with the help of stochastic process we assumes the Markov 
Property. Markov Model takes less space as comparative to another 
prediction methods because its only depends on present state. We 
can calculate the next page probability with the help of following 
given equation.

In paper [3] author describes the functionality and working 
of Markov Model with Web Usage Data, author describes the 
Transition Probability Matrix which helps the Markov Property 
to predict the next page assumption. TPM totally depends on 
the user sessions and the accuracy of model is totally depends 
on the process of TPM. So if Transition Probability Matrix is 
not accurate, we cannot predict the accurate probabilities or we 
called results. 

Table 1 gives the example of Transition Probability Matrix, you can 
see that actually how it’s working with data. Which calculate with 
the help of Markov Property and distinguish all the factors which 
describes the impact factor of each page and each pattern which 
user follows during his navigation on a particular website.

Table 1: 1st Order Transition Probability Matrix

1st Order P1 P2 P3 P4 P5

   s1=P1 1 0 2 2 3

   s2=P2 2 3 0 1 2

   s3=P3 0 0 1 2 1

   s4=P4 0 2 0 0 3

   s5=P5 0 1 2 1 3

Above given table shows the first order Transition Probability 
Matrix, which helps to make the decisions on prediction 
probabilities to predict the next page for users. Normally this 
approach calculates the probability on the basis of single parameter, 
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we can predict the page with the help of single page pattern. In 
this TPM we cannot store the multiple patterns, so with the less 
information first order matrix cannot predict the next page where 
we have more than one pattern pages.

Table 2: 2nd Order Transition Probability Matrix

2nd Order P1 P2 P3 P4 P5

{P1, P5} 0 0 1 0 0

{P2, P4} 0 1 0 0 0

{P2, P3} 1 0 0 0 0

{P3, P4} 0 0 1 0 0

{P3, P5} 0 1 0 0 1

{P4, P1} 0 1 1 0 0

{P5, P3} 0 0 0 0 1

Above given table shows the second order Transition Probability 
Matrix, which is mostly used TPM for Markov Property, with the 
help of this matrix we can easily manipulate the patterns of web 
pages. In this matrix we can analyze the results on the bases on 
pattern of two pages. It increases the complexity of the model but 
accurate than the first order TPM.

3. Prediction Analysis with PSPR
In paper [3] author purposed a new approach called Popularity and 
Similarity Based Page Rank Algorithm, which also using for predict 
the next pages based on mathematical attributes. This algorithm 
is very helpful where we cannot predict the probabilities with the 
help of Markov Model. The PSPR algorithm is given following, 
which calculates the parameters to find out the probabilities of 
pages and we predict the correct value with the help of these 
attributes or we called parameters.

By using this above given equation, we can easily and accurately 
calculate the rank of each page based on the popularity and 
similarity based page rank algorithm (PSPR). 

Input: url-1, url-2
Output: similaritymeasure
int max, min, x = 0;
double num1 = 0;
double num2 = 0;
double smeasure = 0;
string[] arr1 = u1.split(“/”);
string[] arr2 = u2.split(“/”);
max = (arr1.Length >= arr2.Length) ? arr1.Length: arr2.
Length;
min = (arr1.Length <= arr2.Length) ? arr1.Length:
arr2.Length; 
x = max;
for(int i = 0; i < max; i++)
{
        num2 = num2 + x;
        x--;
 }
for(int i = 0; i < min; i++)
{
       If(arr1[i] == arr2[i])
       {
 num1 = num1 + max;
               max--;
        }
 }
smeasure = num1/num2;

Fig. 5: Formulation for Similarity Measure [3]

Above given figure shows the formulation algorithm or method 
to calculate the similarity between two web pages.

IV. Conclusion
In this paper we reviewed many clustering and prediction based 
algorithms, which are popular, adequate and also working with 
web log datasets. We reviewed many aspects from these algorithms 
like the working, performance attributes, how they accurately 
performed with Web log datasets etc. It has been examined that 
most of clustering algorithms which cluster the data on the basis 
of partitioning not properly working with Web log datasets. But 
if the algorithms using hybrid or hierarchical techniques to cluster 
the data sets then the performance of the results are far better 
than the simple partition based clustering techniques for example 
the Hierarchical Particle Swarm Optimization (HPSO) clustering 
based algorithm, on the other hand we also examined the prediction 
algorithms which predicts the next page according to the user 
navigation behavior. The results of prediction totally depends 
on some aspects of the algorithm, like it how much time takes 
to calculate the results, what the probability technique algorithm 
using during the process of prediction. It has been observed that 
Markov Model and PSPR are working very accurately with Web 
log sessions to predict the user next page request.
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