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Abstract

Now a day’s designing a web site with all
well-structured designs to facilitate effective user
navigation has become a very complex problem.
Many designers have complained about the right
structure designing, and different users have
complained about poor website structure.Our
research work has shown various reasons for this
current problem, a primary reason for this current
challenge is the understanding of web developers of
how a website should be structured can be
considerably different from that of the normal users.
While there was various methods which have been
proposed till to date to relink web pages to improve
navigability using user navigation data, the
completely reorganized new structure can be highly
unpredictable, and the cost of disorienting users after
the changes remains unanalyzed. In this paper, we
address mainly how to improve an existing website
without introducing substantial new changes.
Specifically, we propose a new mathematical
programming model which is implemented in java
to improve the user navigation on a website while
minimizing alterations to its current structure.
Results from extensive tests conducted on a publicly
available real data set indicate that our model not
only significantly improves the user navigation with
very few changes, but also can be effectively solved.
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1. Introduction

Now a day’s, the usage of web has
emerged and became the most important source for
information sharing and communication between
one another. Websites are growing rapidly to serve
different visitors or web-users for different purposes
with its own structure. Due to such a rapid growth of
websites, Web accessing and effective structured
design has become a challenge. It has been clearly
noticed that websites that have poor information and
structure makes the visitors get lost and feel
disoriented. To respond to such challenges, we
propose an effective web user navigation technique
through website structure improvement. Since there
was very fast -growing number of internet users,
there was a huge business opportunities to firms.
According to Grau [2], [3] the US retail e-commerce
sales (excluding travel) totaled $137.7 billion in
2007 and will reach $210.4 billion by 2013. For this
reason, in order to satisfy the increasing demands
from online customers, firms are heavily investing
in the development and maintenance of their
websites.

Even though there is a huge cost needed
in any website design, it is still revealed, however,
that finding the useful information from that
designed website is not so easy [4] and also it
reveals that designing effective websites is not a
trivial task [5], [6]. One of the authors like Galletta
et al. [7] clearly tells that online sales lag far behind
those of brick and mortar stores and at least part of
the gap might be explained by a major difficulty
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user’s encounter when browsing online stores.
Another author like Palmer [8] also highlighted
that in maximum number of high profile site
failures, more number of cases are caused due to
poor website design. Another author like McKinney
et al. [9] also found that users who wish to use the
high quality website leaves the web sites in times if
the locating the targets are not able to identify easily
by that surfing user.

One of the main causes of poor website
design is that the web developers’ understanding of
how a website should be structured can be
considerably different from those of the normal
users [10], [11]. Such differences may sometimes
result in cases where users cannot easily identify the
required information from that website. This type of
problem is very difficult to avoid during any website
creation, because web developers initially may not
have a clear idea or user interests and can only
organize pages based on their own judgments.
However, for any website the measure of website
effectiveness will be decided based on satisfaction
of the web users rather than that of the web
developers. Thus, we finally conclude that
webpage’s should be organized in a way that
generally matches the user’s model of how pages
should be organized rather than developer’s choice
[12].

In this paper, we mainly concentrated on
transformation approaches. The literature survey
what we have made in this paper on transformations
approaches mainly focuses on developing methods
to completely reorganize the link structure of a
website. Initially, a complete reorganization could
periodically change the location of familiar items,
the creation of new website may disclose users [13].
Second, the reorganized website structure is highly
unpredictable, and the cost of disorienting users after
the changes remains unanalyzed. This is because a
website’s structure is typically designed by experts
and bears business or organizational logic, but this
logic may no longer exist in the new structure when
the website is completely reorganized.

By identifying the drawbacks that were
caused by website reorganization approaches, we
address mainly the following question of how to
improve the structure of any existing website rather
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than rearrange it periodically. For this reason , we
develop a new mathematical programming (MP)
model that facilitates user navigation on a website
with some small changes to its current structure
without effecting with more changes. Our proposed
model is particularly useful for large number of
information based websites whose contents are
almost static and relatively stable owver time.
Examples of some of the information based websites
are colleges, national universities, tourist attractions,
hospitals, and sports organizations. Our proposed
MP model, however, may not be suitable for some
of the websites that purely use dynamic pages or
have volatile contents. This is not possible because a
steady state might never be reached in user access
patterns in such websites, so it may not be possible
to use the weblog data to improve the site structure
[16].

Example for a Well Structured

Websites

We will look at some of the best websites
which are simple and well designed and usable by a
lot of users.

1. YouTube.com

YouTube is the one of biggest video sharing
web site in the world, and it is ranking the number 3
in overall web sites in the world(according to alexa
at least). YouTube is to video as Google is to search.
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Why It’s Good

I would be the first to say, YouTube web
site doesn’t have the most attractive design out
there, but it is so functional, and the design works so
well for what it does that it isn’t an issue. More or
less everyone | know can and does use YouTube on
a regular basis. My own grandmother, without any
help or advice, has hunted down a huge range of
kids TV shows for my nephew to watch, played
them full screen, high quality, and bookmarked them
for future viewing. This goes to show just how
usable and functional it is.

2. Dropbox.com

Dropbox is a backup system that allows us
to sync our files online, and across many different
computers automatically. We can also share files
through public links, access files online, on our
computer(s) and apps on several different platforms
(i0S, Android etc.) — there are really a number of
great features.

& Dropbox

) 8ack to bome
Tour
£ What is Dropbox?
2 File Sy
B Fle Sharing
Oribne Backup
Q Undo and Undeee
2 What does & replace?
With Dropbox, online backup is automatic.
Ay fe you put into your Dropbox folder is automatically backed up to our servers. Even
# your computer has a mek-down, your fles are safe on Dropbox and can be restored at
any time. Whde our free 208 account s perfect for backing up your documents, we offer
larger accounts fup to 100C8) for backing up your music and video collections.
0 Downad Drspion -
[ View ideo Dumo
" Complete Feaare Ut
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Why It’s Good

Drophox is a most famous and fantastic
site for a number of different reasons, but the reason
it really stands out is that it just works. Whether we
are transferring files in the same room or from
country to country, whether we are using mobile
devices, Macs, PCs, whatever our usage scenario, it
just works. The fact in, it slips into our workflow so
smoothly, we don’t even notice it’s there, and there
are so many wonderful features that we don’t really
think about until we need them, but they are always
there. It’s like they read my mind, and put in all the
great features before | needed them, and made it
fantastically easy to use too.

2. Related Work

Web personalization is a new process of
“tailoring” web pages to the needs of specific users
using the information of the users’ navigational
behavior and profile data [17]. Some of the authors
like Perkowitz and Etzioni [11] describe a new
approach that automatically synthesizes index pages
which contain links to pages pertaining to particular
topics based on the co-occurrence frequency of
pages in user traversals, to facilitate user navigation.
The methods which are proposed by Mobasher et al.
[18], [19], [20] and Yan et al. [21] create a number
of clusters of user’s profiles from weblogs and then
dynamically generate links for users who are
classified into different categories based on their
access patterns.

Web sites are mainly designed for
facilitatating knowledge acquisition, often in the
interest of supporting decision making by the user.
Based on following factors which are influenced by
Web site usability, hypotheses is developed about
usability of alternative navigation structures. These
hypotheses are initially tested via several simulation
experiments that are used for measuring user
performance in knowledge acquisition tasks and user
perceptions of usability.

There are several remarkable differences

between both the approaches like web
transformation and personalization approaches.
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Initially, the transformation approaches mainly
create or modify the structure of any new website
used for all users; on the other side personalization
approaches dynamically reconstitute pages for
individual users. Hence, by these differences we
conclude that, there is no predefined/built-in web
structure for personalization approaches. Second, in
order to understand clearly the preference of
individual users, personalization technique mainly
needs to collects the users area of interests also
known as user profiles.

Cono Vanels
(g, e domin ko)

Nvigtion Stocte
(cependent Vi)

Tisk Compleny
(Independent Vanale)

Wi e by
Deentent V)

Fig. 1. Research Model

This paper mainly examines the following
questions of how to improve user navigation in a
website with quite number of small changes to its
existing structure. It complements the literature of
transformation  approaches  that focus on
reconstructing the link structure of a website. As a
result, our proposed new MP model is very much
suitable for website maintenance and the same can
be applied in a regular manner.

3. Metric for Evaluating
Navigation Effectiveness

In this section, we mainly discuss about
the important metrics that were used for evaluating
navigation effectiveness.
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3.1 The Metric

Our main objective in this paper is to
improve the navigation effectiveness of a website
with quite number of small changes to its existing
structure. Thus, a well structured website should be
organized in such a way that the difference between
the website structure and users’ expectation of the
structure is always minimized. Since each and every
user of various information based web sites have
some information targets [9, 12, we measure this
difference by the number of times a user has
attempted to identify before locating the target.

Fig. 2. A Website with 10 Pages

3.2 An Example

We use an example to illustrate the above
mentioned concepts and how to extract the
following metric from weblog files. In order to
analyze the interaction between web users and a
website, the user log files must be broken up into
user sessions. One of the author named Cooley et al.
[4] define a session as a group of user activities like
login and log out during his visit to the site. In this
definition, a session may include more than one
target pages with in a single session .Since the main
metric which is used in our proposed analysis is the
number of paths travelled to find one target page
with another target page, for that reason we use a
different term known as mini session which refers
to a group of pages visited by a user for only one
target. Thus, a session may contain more than one e
mini sessions, each of which comprises a set of
paths traversed to reach the target.
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4. Our Proposed MP Model

In this section, we mainly discuss the
notations that are used for our proposed MP model
for facilitating effective user navigation through
website structure improvement.

41 Mini Session
Identification Metrics

and Target

In this paper, we employed the page-stay
timeout heuristic methods to identify users’ targets
and to describe mini sessions. The intention is that
users spend more number of time on the target
pages. Page-stay time is a common implicit
measurement found to be a good indicator of
page/document relevance to the user in a number of
studies [14].1n the context of web usage mining, the
session identification [15], are mainly identified by
page-stay timeout heuristic as well as other time-
oriented heuristics which is shown in figure 3 with
respect to variations of the threshold values [6].

| —w Link batween pages
|
|- Treversal path

Fig. 3. Example of a mini session.

During this process the time thresholds
need to be properly selected based on the amount of
information displayed in the web pages. In general,
we need a larger time threshold for websites that
consists of information-rich pages than those whose
pages contain less information. Several other
approaches can also help accurately to identify the
target pages. As an example, since web designers
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have a very good understanding of web contents,
they can identify a set of important pages with high
probabilities of being user as a target. Such
information could greatly help to improve the
accuracy of target page identification.

4.2 Differentiating Searching
Sessions versus Browsing Sessions

While the majority of web users have one
or more goals and search for particular pieces of
information  when  navigating a  websites
(“searching” sessions), some users might simply
browse for general information (“browsing”
sessions). Though exact distinction between these
two web surfing behaviors is often impossible by
only looking at the anonymous user access data
from weblogs, certain characteristics can help
differentiate the two types of sessions. For example,
some visits are clearly purposeless and finish
abruptly at pages that cannot be target pages, so
these sessions are more likely to be browsing
sessions. To the best of our knowledge, there is no
algorithm developed to distinguish between the two
types of sessions and further investigation on this
question is needed. While we did not explicitly
separate searching sessions from browsing sessions,
the preprocessing steps can help eliminate many
purposeless browsing sessions. As a result, the final
improved website structure mainly “shortens”
searching sessions and also reduces purposeful
browsing sessions.

4.3 Implications of this Research

This research mainly contributes to the
content mentioned in this paper on improving web
user navigation by examining this issue from a new
and improved innovative angle. We have performed
several experiments on both real data set and
synthetic data sets to show that our proposed MP
model can be effectively solved and is highly
scalable compared with existing models. In addition,
the evaluation results confirm that users can indeed
benefit from the improved structure after suggested
changes are applied. There are several important
implications evolved from this research.
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4.4 Choice of Parameter Values
for the Proposed MP Model

Path threshold Parameter

The path threshold parameter represents
the goal for user navigation that the improved
structure should meet and can be obtained in several
ways. First, it is possible to identify when visitors
exit a website before reaching the targets from
analysis of weblog files [4] , [8]. Hence,
observations of these sessions help to make a good
estimation for the path thresholds. Second,
surveying website visitors can help better
understand users’ expectations and make reasonable
selections on the path threshold values.

4.5 Evaluation of the Improved
Website Structure

In addition to the extensive computational
experiments on both real and synthetic data sets, we
also perform evaluations on the improved structure
to assess whether its navigation effectiveness is
indeed enhanced by approximating its real usage.
Specifically, we partition the real data set into a
training set (first three months) and a testing set (last
month). We generate the improved structure using
the training data, and then evaluate it on the testing
data using two metrics: the average number of paths
per mini session and the percentage of mini sessions
enhanced to a specified threshold. The first metric
measures whether the improved structure can
facilitate users to reach their targets faster than the
current one on average, and the second metric
measures how likely users suffering navigation
difficulty can benefit from the improvements made
to the site structure. The evaluation procedure using
the first metric consists of three steps and is
described as follows:

1. Apply the MP model on the training data

to obtain the set of new links and links to
be improved.
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2. Acquire from the testing data the mini
sessions that can be improved, i.e., having
two or more paths, their length, i.e,
number of paths, and the set of candidate
links that can be used to improve them.

3. For each mini session acquired in step 2,
check whether any candidate link matches
one of the links obtained in step 1, that is,
the results from the training data. If yes,
with the assumption that users will
traverse the new link or the enhanced link
in the improved structure, remove all
pages (excluding the target page) visited
after the source node of the matching
candidate link to obtain the new mini
session for the improved website, and get
its updated length information.

n R B N N R
m(0 0 01 1 0
ml1 0 01 11
m|1 1 00 00
ml1 1 10 1 0
nl1 1 11 01
A0 1 1 1 00

Fig. 4. The Connectivity matrix for
illustrative examples.

5. Experimental Results

In this section we will show the
experimental results what we have observed by
implementing the proposed techniques in this paper.
For obtaining these results we have used Java EE as
programming language for implementing this
proposed new mathematical programming model for
improvement of website structure for user
navigation.
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User Home Page

Facilitating Effective User Navigation through

Website Structure Improvement

i N R

Android Mobile

category:
Mabile
aaaaaa
Chennai
User Navigation
=

Web Personalization

HHVLSONY.COM

In the above web page, we can find the
user navigation for a mobile, where we got the
preferred data along with that we also have a web
personalization and web transformation for the
navigated user data.

Mathematical Programming Model
Web Page

—

Facilitating Effective User Navigation through

Website Structure Improvement

L3 a(0 0 01 10
L R |

wmf 1 1 00 00

L O Y

) AN I VAT U O

wl0 1 11 00)

In the above web page, we can find the
MP Model for the browser web pages based on the
selected URL’s given blinks, we will get the
connectivity matrix for the selected web url’s.

User Connectivity Graph Based on
MP Model
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Website Structure Improvement

e ww java.com waw javajava.com wwwjavetutorialcom wwe #( 0 0 0 1 1 0
[N
00 00
1010
110
110 0)

e janajavacon oy 0 ] (]

worwr Javatutarial.com 0 (] (]

wew.5q].com 0 0 0 o

In the above web page, we can find the
MP Model for the browser web pages based on the
selected URL’s given blinks, we will find the
connectivity matrix for the selected web url’s after
transformation process takes place.Here the matrix
is represented with two values like 0’s and
1’s.Where Zero’s indicates two corresponding
URL’s are not transformed each other. One’s
indicates that corresponding URL’s or Web Site
address is matched and transformed one each other
in different stages.

Admin Mini Sessions Web page

Facilitating Effective User Navigation through

Website Structure Improvement

Mini Session Mini Session
14 Transaction User  URLNeme  Session(min) Status
4 Neme

7] [ trocessng

7] sn sonvcom 1 b e Model

. smesty wmssmanocm 1 2 Model

3| bats  wewievacon 3 Eiminsted

. it selealacn 0 tininated

B it swedsacn e Magel -
3 lt smdsvattecialom 2 12 Model

o] s wmmisacom e Model

] bt swmdavatsorialom e podel

In the above web page, we will find out
the mini sessions status like processing, already
processed into Mp Model or banned by the admin.
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6. Conclusion

In this paper, we have proposed a new
mathematical programming (MP) model to improve
the navigation effectiveness of any website while
minimizing more changes to its current structure.
Our proposed MP model is particularly applied for
various number of informational websites whose
contents are relatively stable over time (i.e. Dynamic
web sites are not possible). It improves a website
rather than rearranging it and hence is suitable for
website maintenance on a progressive basis. The
tests on a real website showed that our proposed MP
model could provide significant improvements to
user navigation by adding only few new links
without adding more links for the current structure.
Optimal solutions were quickly obtained, suggesting
that the model is very effective to real world
websites. In addition, we have tested the MP model
with a number of synthetic data sets that are much
larger than the largest data set considered in related
studies as well as the real data set.
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