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Abstract
Web usage mining is used to mine valuable information from
a web server log file. Web users' interest changes over time
and it is not stable. Hence, the static website will get outdated. So website needs to be modified with minimal changes
to meet user requirements. The main intention of this research
is to retrieve require web pages with minimal search cost in a
website. In this work, Split Based Frequency Count (SBFC)
algorithm is proposed to find frequently accessed web pages
from pre-processed web server log file. After finding the
frequently accessed web pages, Fibonacci heap tree is
constructed based on the frequency count. Three different
types of data structures, namely Binary Search tree, Max heap
and Fibonacci heap are used for reorganization. Experimental
results show that Fibonacci Max heap tree gives better
performance and minimal search cost between the web pages.
It is suitable for the dynamic website which needs a change
periodically.
Keywords: Web usage mining, Binary search tree, Max heap,
Fibonacci max heap.

Tree is the most suitable data structure for storing and
retrieving data efficiently from memory. In the meanwhile,
this could be authentic only when the tree is height balanced.
Binary search tree [3] is a non linear data structure that can be
defined as the node based data structure.
The node consists of root and two subtrees which include left
subtree and right subtree. In general situation we look forward
for the tree with minimal height. It is feasible only when the
tree is height balanced with node.
If the keys are included in random order then a binary search
tree depends upon 1.36 (log(n)) comparison. In binary search
tree each node x stores a key value, such that the left subtree
of a node with lesser key value than the root node and then the
right subtree of a node with greater key value than the root
node. While doing search operation, binary search tree
property will be very much useful. The search operation on a
binary search tree is proportional to the height of the binary
search tree and the worst case time complexity for a complete
binary tree with node n is O(log(n)). The number of links
from the root to child node is defined as the height of the
binary search tree.

1. INTRODUCTION
Website navigation has become one of the most significant
design features in many domains, including finance,
entertainment, e-commerce, government, medical and
education. Navigation through a large website for finding
relevant information can be tedious and frustrating. The act of
facilitating the reconstitution of pages is known as
personalization. In another case, modifying the website
structure will facilitate the navigation for users and it is
known as web transformation. Web usage mining, web
content mining and web structure mining are the three
categories of web mining. Web usage mining is used to
identify user behavior and web user activity from web server
log file [1]. Web server log file stored on the web server
contains the interaction between the web user and website.
Web user navigation and user behavior can be identified by
analyzing the weblog [2].

1.1 Fibonacci Max Heap Tree
Fibonacci heap is an accumulation of minimum-heap trees.
Every tree root node in the collection has a property that, the
key value of a child should be greater or equal to the key
value of the parent. These properties imply that the smaller
key is always remains at the root of the tree. All tree roots are
connected usingthe circular doubly linked list, so a single
pointer can access the minimum value easily. The amortized
time complexity of the insertion and find-min are all O (1) as
in the case of the Fibonacci heap structure.
In this paper, we considered a Maximum element based
Fibonacci heap, which is a minor variation on the Fibonacci
Min-Heap. Here, instead of pointer points toa minimum
element, the pointer points to the maximum element. The
insertion and Find-Max also gave the time complexity of O(1)
only. This property is very much helpful to organize the web
pages.
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Fig. 1. Fibonacci heap.
Fibonacci Min heap and Fibonacci Max heap structure are
shown in fig. 1 (a) and (b) respectively.
2

LITERATURE REVIEW

Enhancement of website navigation efficiency is interrelated
to system, structure and page level design. System level
design represents the web application work load and cpu
requirements. Page level design proceeds with user interface
guidelines to formulate the relevant amount of data. Structure
level design deals with the structure of the website (i.e) web
usage mining analysis. Customization and transformation are
the two basic directions exist for enhancing navigation
efficiency.
Chang-Chun Lin[4] proposed a model called 0-1
programming model.This model is used for reorganizing
websites based on the coherence among web pages acquired
by web usage mining. Data overload and surfing depth for
web users in the website is reduced in the proposed model and
also the heuristic approach is considered to decrease the
essential computational time. In the proposed model, only
numerical examples were verified and extensively tested.
Mathematical model is used to reorganize the website to
achieve better web user navigation.
Mohan Krishna D.V etal.[5] to improvise the user navigation
on a website a mathematical model is proposed. The websiteis
reorganized with minimum alteration by using a mathematical
model. Existing link and new links to be improved by
applying mathematical model to the data. In [6],
Christopoulou et al.used many techniques and mechanisms to
reorganize websites based on structural information and
probability model to measure the refining factor.Makris et al.
[7] proposed twofold algorithmic framework for the change of
the website content to the users’ preference.

In paper [8], an attempt is made to improve the performance
of the web page retrieval process by reorganizing the web
pages using Max heap structure based on the frequently
accessed pages. The Frequently accessed pages were
identified using farthest first clustering algorithm. In this
paper,web page access details of the users are combined
together with the characteristics of Max heap-based Fibonacci
heap operations in reorganizing the website.
3

WEB LOG FORMAT

Weblog file contains information about the website visitor’s
activity. W3C, NASA and IIS log file are the some of the
different web log forms found in [9][10][11] [12]. The data
source of web usage mining includes Web Server Log, Proxy
Server Log and Client logs (browser logs). The Web Server
Log file is an interaction between the website and the user that
automatically stored on the web server.
Each record in the web server log file represents the request
made by the web user. Proxy Server Logs also store request
from each and every user to the proxy server. Proxy Server
Log files are intermediate between the browser side and the
Web Server side which reside on the proxy server. Client
Logs will be contain much of the user-specific information
with other information as well and these are placed on the
client side.
Content of log file contains [13][14][15] Date, time, site
name, server IP, cs-method, cs-uri-stem (URI stem), cs-uriquery, s-port, cs-username, c-ip, cs (User-Agent), sc-status,
sc-substatus, sc-win32-status. Fig. 2 shows the sample of web
server log file.
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Fig. 2. Sample Web Server Log file.
4

FREQUENCY COUNT OF WEB PAGES

Many data mining algorithms exist to extract web user access
pattern and find frequently accessed web pages. However, In
this research work, we proposed a new algorithm called Split
Based Frequency Count (SBFC) to find the frequently
accessed web pages.This proposed algorithm is implemented
in Java Net beans 8.2. The algorithm reads the web server log
file and identify the different categories of web pages and
their frequency count.

Algorithm1:Split Based Frequency Count (SBFC) Algorithm
Input:Web Server Log File
Output: Most Frequently Accessed Web pages
1. For each row in the log file do
2.
Cell ←Extract the content of the current row
3.
Path ← extract the path of the current row
4.
st = path[path.length - 1];
5.
If ((st != null) && !(pt.contains(st))) then
6.
pt.add(path[path.length - 1]);
7.
For each row in log file do
8.
Path1 ← extract the path of the current row
9.
If (path1[path1.length - 1].equals(st)) then
10.
Increase the hit count cc
11.
Add the page to the list pt_cn.add(cc);
12.
Endif
13.
Endfor
14.
Endif
15.
Endfor
16. End // of the algorithm

In the SBFC algorithm, Step 1 to 3 is used to extract preprocessed log file. Step 4 to 6 are used to split the URL path
from the log file and extract the web page name from the log
file. Step 7 to 13 are used to compare web pages and find
most frequently accessed web pages. This proposed SBFC
algorithm extract one URL path and compare this with other
URL paths. Based on this concept, the path count is
calculated. The same dataset is tested on WEKA tool and
frequency count has been calculated. Experimental result
shows that SBFC algorithm also takes the same time as the
time taken using Weka tool. Time Complexity of the proposed
algorithm is O(n2).
The algorithm is tested on the test web server log file taken
from US Securities and Exchange Commission, the Division
of Economic and Risk Analysis (DERA). It contains
information on internet search traffic for EDGAR filings
through SEC.gov. The period of data collection is between
February 14, 2003 to December 31, 2016 [16].The Log File
has information in CSV format, which is extracted from
Apache log files that store user access statistics for the
SEC.gov website. The log file has been stored separately for
every day. In this paper, we consider the log file taken on 2912-2007.There are1,31,805 number of records were found in
the log file and the number of records are reduced to13,248
after pre-processing.
Algorithm SBFC is executed and the result of the proposed
algorithm is listed in table 1. It shows the top 10 web pages
which are accessed frequently in the web server log file. The
Table 1 is diagrammatically represented in fig. 3.
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5

ORGANIZATION OF FREQUENTLY ACCESSED
PAGES

In the proposed approach we consider the pre-processed log
file of a website. After observing, the usages of web pages
have computed the frequency of access for each web page
using the SBFC algorithm. There are three different types of
organizations considered in this paper. fig.4 is the
organization of the web pages in the binary search tree
pattern, which is followed by many websites.
Table 1. Top 10 frequently accessed web pages.
Page No

Page Name

Frequency Count

Page 1

a07-25662_110q.htm

233

Page 2

c51594_def14a.htm

221

Page 3

d10k.htm

471

Page 4

d10q.htm

629

Page 5

d424b4.htm

242

Page 6

d8k.htm

410

Page 7

ddef14a.htm

238

Page 8

ds1.htm

217

Page 9

filename1.htm

351

Page 10

main.htm

223

Fig. 4. Binary Search Tree organization of web page
After constructing the initial binary search tree structure for
the most frequently accessed web pages, binary max heap
structure has been used. By performing the max heap
operation, it brings the most frequently accessed web pages to
the root node. Fig.5 shows the reorganization of the web
pages using max heap structure.
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The third way to reorganize the web pages using Fibonacci
Max heap structure, which is shown in the fig. 6.
We consider the order in which the output is generated.
Another different way is also possible and organize all the
pages in ascending order of their frequency count, but the time
taken to organize the pages itself is O(nlog n).
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y
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7

Web Page Name

Fig. 3. Most Frequently accessed web pages.
6

ORGANIZATION OF FREQUENTLY ACCESSED
PAGES

In the proposed approach we consider the pre-processed log
file of a website. After observing, the usages of web pages
have computed the frequency of access for each web page
using the SBFC algorithm. There are three different types of
organizations considered in this paper. fig.4 is the
organization of the web pages in the binary search tree
pattern, which is followed by many websites.

SEARCH COST

Based on the organization of three different structures search
cost has been calculated and it is given in table 2. The search
cost [17] has been considered how many attempts have been
made to search a particular page for the given website. The
overall cost has been calculated based on the frequency and a
single hit.
It is observed from the experimental results, the interesting
web pages (i.e.) the top most frequently accessed web pages
are nearer to the root. Reorganization requires less time as the
Fibonacci Max heap data structure is used in the proposed
work.
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Fig. 5. Max Heap organization of web pages.

Fig. 6. Fibonacci Maxheap organization of web pages.
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The website is well organized with interesting and useful pages for the users [18], which are nearer to the root node. It helps to
improve the distance between web pages.
Table 2. Search Cost Calculation.

Page No

Binary Max Heap
Tree

Binary Search Tree

Frequenc
y Count

Fibonacci Max Heap
Tree

Frequenc
y

Search
Cost

Frequenc
y

Search
Cost

Frequenc
y

Search
Cost

Page1

233

233 * 1

233

233 * 3

669

233 * 1

233

Page 2

221

221 * 2

442

221 * 4

884

221 * 1

221

Page 3

471

471 * 2

942

471 * 2

942

471 * 1

471

Page 4

629

629 * 3

1887

629 * 1

629

629 * 1

629

Page 5

242

242 * 3

726

242 * 3

726

242 * 1

242

Page 6

410

410 * 4

1640

410 * 2

820

410 * 1

410

Page 7

238

238 * 4

952

238 * 3

714

238 * 1

238

Page 8

217

217 * 3

651

217 * 4

868

217 * 1

217

Page 9

351

351 * 5

1755

351 * 3

1053

351 * 1

351

Page 10

223

223 * 3

669

223 * 4

892

223 * 1

223

Total

9897

8197

3235
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Fig. 7. Graphical representation of three organizations.
The Fig.7. shows the search cost of the three methods
considered in this paper. Clearly the diagram shows that the

Fibonacci Max heap gives a lowest total search cost of the
frequently accessed web pages.
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The search cost for each page before and after the
reorganization of the website is made and represented in the
fig. 7. Experimental results show that the Fibonacci Max heap
operation is suggestive to dynamic websites. Dynamic
websites are those websites that need to be reorganized
periodically based upon the season. Few examples of dynamic
websites are e-shopping, e-commerce, educational institutions
etc.Users are likely to access the web pages that are relevant
to that particular season. The proposed work on the
reorganization of the website based on the Fibonacci Max
heap structure to bring frequently accessed web pages nearer
to the root will minimize the searching time.
8

CONCLUSION

Recommendation algorithms suggest web pages to users,
based on their current visit and past user navigation patterns
from a web server log file. In this paper, website
reorganization is discussed based on the frequently accessed
web pages from the pre-processed web server log file. An
algorithmSplit Based Frequency Count (SBFC)is proposed to
find frequently accessed web pages and it is implemented in
Java Net beans 8.2. Instead of considering Fibonacci Min
Heap property, we have considered Fibonacci Max Heap
property which gives better performance for website
reorganization. Web Pages were reorganized based on the
frequency count of each page.After the reorganization of web
pages, the search cost is reduced. Search cost is calculated
based on the Binary Search Tree, Max Heap and Fibonacci
Max Heap tree. As a result of the experiments, Fibonacci Max
Heap gives better performance. After the reorganization, the
website facilitates the web pages which are frequently
accessed web pages.
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