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Abstraci—The World Wide Web is the most useful source of
information. It increases the complexity of web applications and
web navigation. Designing a pood stroctured Website to provide
mavigability to a vser is an important challenge now davs. The
main  reason  for poor website is  that  web  developers
nnderstanding of how website should be strociured will be
different from those of the users. Most of the existing methods
like relink web pages using user navigation data, the completely
reorganize the link structure of a website can be highly
unpredictable and cost of disoricnted users remains vnanalyzed.
In this paper we propose a mathematical programming model to
improve the mavigation effectiveness of a website with only
minimum changes to its current structure. And the proposed
model is particularly appropriate for informational wehsite
whose contents are relatively stable over time. It improves a
website rather than reorganizes it and hence is suitable for
website maintenance and can be applied in 2 regular manner.
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1. [NTRODUCTION

The rapid growth of the web in the last decade makes it the
largest publicly accessible data source in the world. Extraction
ol uselul information from the Web data bas become more
popular and as a result of that web mining has aoracted lots of
attention .Web mining is an application of data mining to large
web data repositories. Web Mining [1] is categorized into three
areas of interest as weh content mining, weh usage mining and
web structure mining. Web content mining is the process of
extracting knowledge from the content of documents or their
descriptions. Web structure mining is the process of using
graph theory to analyze the node and connection structure of a
web site. Web usage mining is the application that uses data
mining to analvze and discover interesting patterns of user’s
usage data on the weh.

The fast-growing number of Internet users also gives huge
business opportunities to firms. To satisfy the demands of
online customers, firms  are  heavily investing in the
development and maintenance of their websites, Even though
there 15 mereasing investments in website design, it is stll
known that finding desired information in a website 15 not
easy and designing effective websites 1s also nol an easy Lask
[2]. And even the poor website design has been a key element
in many numbers of high profile site failures. Also, il a
website has information of high guality, but users having
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difficulty in locating the targets in that are very likely to leave
a website,

The main reason for poor website design is that the web
developers understanding of how a website should be
structured will be different from those of the users [3].
Beeause of that difference, users cannot easily locate the
desired information in a website. And, this problem is very
difficult to avoid because when creating a website, web
developers may not have a clear understanding of user's
preferences and can only organize pages based on their own
judgments and keeping little bit idea of users. However, the
measure  of  wehsite  effectiveness should be only the
satisfaction of the wsers rather than that of the developers,
because users will be using it. Thus, web pages should be
organized in a way thal generally matches the user’s model of
how pages should be organized.

Our work 15 closely  related o improve  website
navigability with the use of user navigation data. To address
this it can be classified into two categories [3] and first is to
provide a particular user by dynamically reconstituting pages
hased on his preference which 1s referred as personalization
approach and the other s 1o modity the structure 0 order o
provide the navigation for all users which are referred as
transiormation method.

We consider mainly with transformation approach here,
Previous work comsidering the transtormation  approaches
basically focuses on methods o completely reorganize the link
structure of a wehsite [5]. But there are many drawbacks of
reorganization. Mainly like it will change the location of
fammiliar items and new website may disorient users because of
new location, And, the reorganized website structure will be
highly unpredictable too, Because the website structure will be
designed by some experts with some organizational logic, but
this logic may no longer exist in the newly reorganized
wehsite. And mainly reorganization approach will change the
website structure dramatically, so it cannot be frequently
performed to improve the navigability.

Considering these drawbacks of reorganizing the website,
we address this guesiion to improve the structure rather than
reorganizing it So, we develop a mathematical programming
modlel that provides user navigation om a website with minimal
changes W ils existing structure to reach targets faster. And the
model is appropriate  for informational  websites  whose
contents are static and stable over time. For example,
universities, hospitals, tourist attractions and sports are some
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organizations that have informational websites. Our model
may not be appropriate for dynamic websites [6]. because
study state cannoi be reached in user access patterns in such
wehsites and in that case log files cannot be used.

In the model, we consider the oui-degree i.e., number of
outward links [T] in a page as a cost term in the objective
funcuion instead of, as a hard constraint. Even it adding these
links provide facilitate wser navigation, however, model
resiricts on the new structure, as it avolds pages lrom having
more links than a specified threshold value, This allows a page
to have more links than the oul-degree threshold i the cost is
reasonable. And hence offers a good balance between
minimizing changes to a website and reducing information
overload to users.

II.  RELATED WORK

Website navigation has been assumed as the most
important design featwres across many domains, including
finance, e-commerce, enteriainment, education, government,
and medical. This led to many swdies om improving user
navigations with the knowledge mined from web server logs.
And, here the web server is the logs [8] which maintain a
history ol page requests, information about the reguest,
including client TP address, request dateftime, page requested.
HTTP code, bytles served, user agent, and relerrer are typically
added. Many commercial web log analvzer tools are available
in the market that analyzes the weh server log data to produce
different kinds of statistics.

Past research mainly centered on the analysis of server log
files 1o identily user access behavior, suggest opportunitics 1o
redesign the structure of a website, and develop adaptive
websites. And, they categorized mto web personalization and
transformation approaches [4].

Web personalization approaches dynamically reconstitute
pages for individual users based on their preferences, As in
[#]. describe an approach that automatically synthesizes index
pages which contain links {0 pages pertaining to particular
topics based on the co-nccurrence frequency of pages. The
methods proposcd by Mo basher et al. [9] [10] Create clusters
of user profiles from weblogs and then dynamically generate
links for users who are classified into different categories
based on their access patterns,

Web transformation involves changing the structure of a
website 1o facilitaie the navigation for a large set of users, Fu
et al, [11] describes an approach to reorganize webpages so as
to privide users with their desired information in fewer clicks.
However, this approach considers only local structures, Gupta
[6] propose a heuristic method based on simulated annealing
to relink webpages, but it’s not an optimal solution. Lin [7]
develops integer programming models o reorgamze a website
based on the cohesion between pages to reduce information
overload and search depth for users.

When we consider these two methods there are lots of
difference  between them, where the personalization
approaches are more suitable for dynamic websites whose
contents are more volatile and transformation approaches are
more appropriate (or websites that have a built-in siructure and
store relatively static and stable contents. And here in our
work, we consider mainly the transformation approach.

[II. PROPOSED WORK

The Wehlog files [E] must be collected and broken down
into user mini sessions, which can be used w analyze the
wehsite  and  user  interaction. Before, analysis  log
preprocessing  steps [8] are followed o filter irrelevant
information from raw log files. A session is considered as a
group of activities performed by a user during his visil 1o a site
and it may include one or more target pages. Since, in our
analysis we use number of paths taversed o find only one
target, so here we use a different term that is mini session 1o
refer to a group of pages visited by a user to only one target.
Thus, a session may contain one or more mini sessions. We
use the page-stay timecut hewristic described in [12], to
demarcale each mini session.

We use backtracking to know the path that a user has
wraversed and backirack is delined as a user's revisil 0 a
previonsly browsed page. And usually users will backtrack if
they do not find the page where they expect it [12]. A path is
defined as a sequence of pages visited by a user without
hacktracking, and is similar to the maximal forward reference

[41].

A An Example

As in Fig. 1, illustrates a mini session, where a user starts
from A, browses D and A, and backtracks to I, from where he
visits €. B. E. J. and backtracks to B, Then, this user goes
from & to F and finally reaches the target X, Now we denote
the mini session by 5 = {{4. D, H}, {C 8, E J}, {F K
where an element in S represents a path traversed by the user,
[n this example, mini session 8 has three paths as the user
backtracks at i and JJ before reaching the target K.

In the example shown in Fig. 1, the user has traversed
three paths before reaching the target. But, the solution for
user to reach the target faster is to introduce more links [10].
And in many ways extra links can be added. Consider, if'a link
is added from D to K, the user can directly reach K via D, and
hence reach the target i the first path. Thus, adding this link
save the user other two paths, Similarly, adding a link from B
o K enables the user o reach the targel [14] in the second
path. Hence, this saves one path, We can also insert a link
from E to K, and this 15 the same as linking B o K. This 15
because bath & and £ are pages visited in the second path, so
linking either one to K saves only one path. And another
possibility 15 w link Cto F, which is a non larget page. In this
case, we assume that the user does not follow this new link,
because il does not directly conmect @ page (o the arget K,

Fig. 1. Example of 2 mini session
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B, Proposed Transformation Approach

In the Fig. 2, shows the proposed wransformation approach
tor restructuring the wehsite. This approach includes five
steps, and beginning is basically to collect raw data of weblog
file. And then preprocessing operation [11] is applied on it to
filter irrelevant information rom raw log liles. These sieps
include: i) filter out reguests for pages generated by Common
Gateway Interface (CGI) or other server-side scripts as we
only consider static pages that are designed as part of a
wehsite structure, ii) ignore unsuccesstul requests, and iii)
remove requesis o image files, as  images will be
automatically downloaded due to the HTML tags [15].
Processed inlormation will be stored in a database. And then it
is broken up into user sessions which contain one or more
mini sessions. And mathematical programming model (MP) is
applied. Lastly, links can be added based on the mini session
as in MP model and restructuring of website is done with
minimal changes.

Collect raw
duta o
weblog lile

Start

Preprocessing of
weblog file

Mathematical
programming
mindel

R estruchuring
by adding links

Fig. 2. Proposed transformation approach for restructuring

V. METHODOLOGY
In our model we will consider a website as a directed graph,
with nodes as pages and ares as links. Let & be the set of all
webpages and L, where i, je N, denote page connectivity in
the current struciure, with J;. which indicate page 7 has a link
to page 7, and b,=0 otherwise. The current oul-degree for page
i is denoted by W.=E.;.

As the log files is broken up into the set of mini sessions,
then we get the sel T all of mim session. As in the previous
example mini session ¥ € T, and we denote ror(S) the target
page of & Let Lu(5) is number of paths in 5 and L K.5) be the
length of the ¥ path in 5. Consider the example mini session
Sin Fig. 1, then Ly(5=3,L01,57=3, and docnof!, ,5)=4. We
define F= {{i, j) i, jc Nand i 8 and j=rgn5)} Here E is the set
of candidate links that can be selected to improve site structure
which helps users to reach their targets faster.

Our problem is fo determine whether to establish a link
from i to j for (L 7)€ & Let x, € {0, 1+ be decision variable
such that x, =1, which indicates establishes the link.

Welimasters can set a goal for user navigation for each
target page and is denoted by b, , which is path threshold tor ;.
We can determine that the user navigation goal is satislied or
nat in & by comparing. If length of 8 is larger than &, then user
navigation is below the goal and thus we need to alter the site
structure. Otherwise, improvement is nol needed in 5.

The solution Lo a problem of improving the user navigalion
in a website with minimal changes to its current structure and
can be formulated as an MP model below:

Minimize ¥ ;o x,[1=d, ()]t m ¥ 0 pu
Subject to

Cim Y g heE o Xy =12, . Lk JS),

k=12, L(S), ¥S e TH

The above function minimizes the cost to improve the
wehsite structure and costs consists ol two components and
are: a) the number of new links to he added as in first
surnmation, and b) the penalties on pages containing more
liks than the threshold in the improved stucture as in the
sccond summation.

We have observed that some links may be left by users
because of poor design or there may be some ambiguous terms
used with links. So such links must be improved first before
adding new links. Thus, the first summation that is [1-4(1-=)],
where & is a very small number, in the function so which allow
the model to select an existing link whenever possible.

Consider, if' {1-g) is not present, then there will be no cost
in selecting an existing link, For example, if (1-€) is removed
and the penally term is not included, the costs ol establishing
new links, e, > 2 1-4) when selecting all existing links
are same as the cost when nothing is selected. And this 15
because there is no cost in selecting an existing link, 1.e., (1-
A0=0, when 4, =1.Thus, we add (1-£) to impose a very small
cost on improving an existing link such that the model will
select the minimal number of existing links for improvement.

When there is no penally term (m=0), the number ol new
links and the number of existing links to be improved are the
same  across  different oul-degree  thresholds{C). This s
because the out-degree threshold plays no role in the MP
model if the penalty term is removed from the objective
fumction, When the penalty term is imposed, e, m0, we find
that while a larger multiplier for the penalty term (m) leads to
more new links, it also adds fewer links 1o nodes having
excessive links, This is anticipated because as m increases, the
MP model would prefer to establish more links to pages with
small out-degrees in order to prevent large penalties.

V.  CONCLSION AND FUTURE ENHANCEMENT

Or proposed mathematical programming model is used to
improve the web user navigatiion by minimal changes (o the
current web site structure. The model s particularly
appropriate for milormational websites whose contents are
refatively stable over time. It improves a website rather than
reorganizes it and hence 15 used regularly for website
maintenance, We model the out-degree as a penalty term in
the objective function and this provides flexible website
structures and also offers a good balance between mimimal
changes to web site and reducing overload to users.
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The paper can be further extended in several directions and
one can he like the technique to identify the exact and aceurate
user’s targets, which is critical o our model.
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