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World Wide Web is nearly ubiquitous and the
tremendous growing number of Web information
strongly requires a structuring framework by which
an overview visualization of Web sites has provided
as a visual surrogate for the users. We have a
viewpoint that the Web site is a directed graph with
nodes and arcs where the nodes correspond to Web
pages and the arcs correspond to hypertext links
between the Web pages. In dealing with the WWW,
the goal in this paper is not to derive a naive shortest
path or a fast access method, but to generate an
optimal structure based on the context centric weight.
We modeled a Web site formally so that a integer
programming model can be formulated. Even if
changes such as modification of the query terms, the
optimized Web site structure can be maintained in

terms of sensitivity.

1 Introduction

The World Wide Web is now almost ubiquitous.

Web browsers allow users to access on the order of 8

billion Web documents [1]. Because of a vast amount
of Web information (pages), as a browser session
progresses, the users sometimes feel "being lost in
hyperspace” [2, 3]. So, users of Web information,
accessible over the global Internet, require assistance
by appropriate visualization methods.

The WWW can be viewed as a digraph consisting
a bag of Web sites. The Web site 1s a directed graph
with Web nodes and arcs, where the Web nodes
correspond to HTML files having page contents and
the arcs correspond to hypertext links interconnected
with the Web pages. A Web site can be viewed as a
specific directed graph that consists of an initial node
(called homepage) and other nodes connected to it.
There is a natural mapping approach of a Web onto a
directed graph where the nodes correspond to Web
pages and the arcs to URIs (Uniform Resource
Identifiers) [4, 5]. A hierarchical structuring such as
Web catalogues or super books [6. 7, 8] is one of the
typical examples of web site structuring. But
complex and static Web abstractions do little to help
a Web designer who wants to get modeled within a

Web site and often cause navigation problems of



their own. The problem of finding a tree structure of
a Web site from a directed graph is exponential or
NP-hard [9]. What is needed is a virtual Web site
structure based on the current query or interest of a
user.

This paper is organized as follows. In section 2, we
present the data model of Web sites, the Web schema
and conventional approaches. In section 3, we treat
keyword-based weight measure endowed to Web
node. We developed a integer programming model
and treai sensitivity analysis of proposed IP model in
section . Then, the example of our model and the
comparison of IP method between some relative
methodclogies are presented in section 5. Finally, we

conclude the paper.

2 The Web Data Model

2.1 Web Nodes

We assume that the data model of the World Wide
Web coasists of a hierarchy of Web objects. The
WWW is viewed as a bag of Web sites. The Web
schema rontains the Meta information that represents
a bag of Web pages in a Web site. The Web site is a
directed graph with Web nodes and arcs, where the
Web nodes correspond to HTML files having page
contents and the arcs correspond to hypertext links
interconnected with the Web pages. The Web node

(W) is defined as follows:

W, = [Webpage-Id, {UR1}, weight L))

Wherc the W; represents a node corresponding to

an HTML file (without loss of generality we set a
node identifier {). Where the homepage is defined as
a default page (for example, index.html or default.asp
or index.php3, etc.) predetermined by the Web
server. The {URI} is the bag of Web nodes having
the hypertext links within which the Web page
indicates. The weight represents the values specified
by the measure of keywords (it will be discussed later
in more detail). The Web page contents can be
described as the attributes of the Web page such as
title, Meta, format, size, modified date, text, figures,
and multimedia files etc. In this paper, for
convenience's sake, the Web page weight is

generated by the method described in the following

section 3.

2.2 WebArcs

A Web site can be viewed as a directed graph that
consists of an initial node (called the homepage) and
the other nodes inter-connected among them.
Complex Web representations do little to help the
user orientation within the site and usually tolerate
navigation problems themselves. A hierarchical
abstraction is useful in organizing information and
reducing the number of alternatives that must be
considered at any one-time [10]. If the Web site can
be represented as a hierarchical structure, those
problems such as the multiple paths, the recursive
cycle, the multi-path cycle, and multiple parents
would be resolved. The problem is treated more
specifically in [11, 12].

In this paper, the URI's are specified two types:
interior arcs and exterior arcs. The interior arcs are

the URI's that indicate the HTML files somewhere



within the Web site, but the exterior arcs out of the
Web site. We are interested in the interior arcs only,
for the structure of a Web site is generated in this
paper. After preprocessing the URI's of a Web site,
then standard (full length) 1P addresses of every Web
page are derived. The exterior arcs are, however,
discarded in the Preprocessing phase, for they have a
different server 1P address, 1.c., a different site.

1t can be noted that in some references [12, 13] the
interior arcs are additionally classified two types such
as interior and local. But it is needless to differentiate
the internal arc in more detail, Because once a Web
page is transferred from the Web server, there is no
need to access the same Web page physically again.
Actually in some web sites, there is only a Frame in
the default page (ex, index.html). In that case, we
give the URI's of the Web pages that the default

frame includes.

2.3 Conventional Approaches

Depth first approach (DFA) is easy to adopt to
cope with this kind of graphs, and from a cognitive
science point of view, it seems similar with the
behaviors of human snoopers. But the DFA scems
not applicable in Web environment. Since usual Web
pages are complicatedly inter-connected with other
Web pages, it may bring about a long series of Web
pages. The long series of Web pages may imply long
time consumption to access a specific page.

On the other hand, there are several strengths in
applying the breadth first algorithm (BFA) to Web
sitc graphs. With the BFA an important Web page
can casily be accessed. It is done by clicking

relatively fewer steps from its homepage rather than

by the DFA. It is easy to resolve a graph to a
hierarchical tree and to minimize the depths to visit
in a Web page. It can also be said that the access time
can be minimized.

Wookey and Geller [14] suggested a weighted tree
by a topological ordering algorithm that the tree is
unbiased and minimize an average access from the
root node. It also consider semantic relevance (¢f~idf)
between nodes in the same depth. But, when the Web
page's weight is changed or the link structure is
altered, total tree structure should be wholly

reorganized.

3 Semantic Representation

3.1 Overview Visualization of a Web Sites

If an overview visualization of a Web site is
additionally suggested to a user, it will be helpful to
find a way where the user is. The tree structure
applied by the breadth first algorithm is simple and
easy to implement. But it is no use finding a
significant page in a Web site or clustering pages
with semantics. Thus we introduce an attribute called
the weight to evaluate the significance of Web pages.
Some experimental researches said that graphical
representations support better navigation because this
type of representation more precisely matches a
user's mental model of the system [15, 16, 17].
Textual tools, however, suggest further advantages
by allowing users to rapidly calibrate the extent of
the site and to search visually in an efficient manner
for particular information [18]. In this paper, we use.

the keyword-based measure as follows.



3.2 Eva uating the Weight Values

The weight for a Web page indicates how
statistically important it is [19, 20, 21, 22]. One
commor way to compute a Web page (or document)
W is the if-idf that is first to obtain an unnormalized
vector F/ =< w,:,...,w,,,'>T, where each wy (i = | to m,
m is number of query terms) is the product of a word
frequency (#) factor and an inverse document
frequency (idf) factor. The #f factor is equal (or
proportional) to the frequency of the i word within
the document. The idf factor corresponds to the
content discriminating power of the i” word: a word
that appsars rarely in documents has a high idf, while
a word that occurs in a large number of documents
has a low idf. Typically, idf is computed by
log:[N/dflq/)], where N is the total number of
documents, and dflg) is number of documents
containing the i word. If a word appears in every
document, its discriminating power is 0. If a word
appears in a single document, its discriminating
power is as‘ large as possible. Once W is computed,

the nornalized vector W is typically obtained by

be specified in this paper indicating the importance of

the Web page.

3.3 Semantic Representation
If we can measure the weight of Web nodes
corresponding to their significance, then the structure

of the nodes can be manipulated by the weight. We

introduce the ¢fidf as the weight measure and it can

be used 1o determine the topological ordering of Web

sites. Then simply by comparing the numerical

differences of the #f-idf, it can be said that a node is
closer to a specific node. As previously described
before, the tf~idf measure is applied as a weight of the
Web node. The weight of Web node W,
corresponding to query vector Q composed of each
query term g; (i = 1 to m) is defined as a scalar
derived as the inner product of the query vector Q

with the Web page vector Wi

weight(W,))=QeW'"'
=[q,]o ¢/, log,[N/df (4] @)
= Z g, (Yf; -1og,[N /df (g,)])

The prototype system called AnchorWoman (ver.
1.4) has been tried to search for the structure of the
test web site [23]. The link structure of the site refers

Fig. 1.

Fig. 1. Test Web site. A Circle represents a Web
page, or a Web node and an arrow a hyperlink, or
a web arc

The processes to extract the weight of keywords
and the abstraction of Web sites are achieved by
following (refer to the figures Fig. 2(a) and Fig.

2(b)). If we select four search terms 'site, graph,
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page number in the system appears as page 1), and in
turn 2, 1, 5, 2, 6, and 2 times in W1 html to W7 html,
respectively.

Finally, we get the normalized vectors as follows:
W0 = <0, 0.37, 032, 0.09>, W1 = <0, 0.55, 0.16,
0.18>, .., W7 = <0, 0.18, 0, 0> (Fig. 2(b)). As a
similar process, we can obtain the weight vector W
for the query word 'web' (of the Web test site). W =
<9.49, 3.45, 6.21, 7.59, 9.66, 12.42>,

4 Description of System Requirement

(b) Normalized Weight Vector Generator

Fig. 2. Weight Production Module of AnchorWoman 4.1 Configurations

structure, visualization',

calculated as in Fig. 2(a). The word 'site', for

example, appears 5 times in the homepage Wy (the

*

then the

weights are The prototype system is developed to provide users
with higher-level summaries and with the structure of

Web sites. The system provides a site map, a
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Fig. 3. An Example view of Web site (www.w3.0rg) with the AnchorWoman



browser, and a node weight tap. The system has been
implemented with VB 6.0 as a client session and with
MicroSoft ACCESS 2000 as a server database. The
system begins with the homepage predetermined by
the Web server and uses the interior anchors in the
homepage. The anchors are classified with two
categories such as interior anchors and exterior
anchors. If the homepage begins with a frame
withou: anchors, the system extracts anchors from
which the HTML in the frame includes. The result
anchors with page contents are stored in the database.
The system, for example, finds that the Web test

site's homepage includes three interior links (anchor).

Fig. 4(a). Keyword selection module

Fig. 4(b). Weight calculation in the system

The anchors can be expanded in the site map of the
system and the example is represented in the
left-hand side of the Fig. 3. After getting the url
(anchor and frame) extractor module, a web weight
vector generator module in the AnchorWoman is
represented in Fig. 4(a).

The system can generate the weights of Web
pages relevant to the #idf measure. Users can also
search specific keywords and generate the weights
manually step by step. If we select a search term
‘web', then the sum of the term is suggested in the
upper side of the Fig. 4(b) and then the calculated
weights in the below side of the Fig. 4(b). The word
'web', for example, is appeared 2 times in the

homepage and 5, 9, 11, 14, 14, and 18 times through
1.html to 6.html respectively.

4.2 Preprocessing

The AnchorWoman at first parses a given web site
by the preprocessing procedure and extracts the
comresponding Web information into a server
database. Fig. 5(a) and Fig. 5(b) represent core
modules for the AnchorWoman's preprocessing
procedure to search the Web node with which the
system produces the subordinate information in the
database.

In the schemata for

NodeTable and LinkTable are created. NddeTable's

server database, the

schema consists of the following attributes: "root

absolute address", "ID for created

page's
nodes(pages)”, “root page's filename," and “key
index number for created nodes(pages)’. The
attributes for LinkTable are "Link_ID", “Parent

Node," and "Child Node" respectively.
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Fig. 5(a). AnchorWoman's Preprocessing part
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The source codes in Fig. 5(a) and 5(b) in detail
represent that HTMLDocument Object and its
methods, ie., "Alltags("A")", "OpenURL('URL')
find the anchor tags(<a>) from the web pages parsed
by this procedure. Each anchor tag whose target link
address is parsed to identify intemal links [13, 14].
The target link addresses are incorporated into the
NodeTabsle and the LinkTable having file extensions
such as "HTML", "HTM", "PHP" and "ASP" etc..
The purpose of this procedure is to identify the
normal web page without noise link objects such as
"* mpeg", "* jpeg", etc.

After parsing each page from the root page to the
‘terminal pages, all attributes are stored sequentially

into the NodeTable and the LinkTable.

4.3 Functionalities for IP solver

We use LINDO 6.1(LINDO API 3.0) as a tool for
solving [P model in the AnchorWoman system that
the LINDO API functions get the data set from the
VB application. The core functions in the
AnchorWoman consists of the following three basic
components: IP maker, IP solver, and IP reporter.
The IP maker generates an IP problem formulation
from which the LINDO's API gets the data in the
previous preprocessing procedure. The IP solver runs
Athe core function of LINDO and generates the
optimal solution upon the IP problem and to be used

to IP reporter for sensitivity analyses interactively

maintaining the client session.

5 An IP Approach

5.1 IP Modeling

It can be used in IP(Integer Programming) to
convert a digraph to a tree. First, a tree possesses its
own property to which an IP's constraints can be

derived.

€ objective function is to maximize the
summation of the weight of nodes.

wde's indegree shoud be 1. (Except for the root
node)

cycle should be removed. (Cycle detection
algorithm will be explained later)

self-cycle within a node should be removed.

iplicated paths between adjacent two nodes

should be removed.

So, considering to above constraints, [P
formulation is as followed.
Max 3 wyx, @)1
ijeN
=0 ;=0
st. Y x, ="y 3)-2
i,jeN <1 J #0
m-|
x; + Zx juien T X0 <m form=22 (3)3
k=1
. =0 VieN @)-4
x; =0 Vi, jeN 3)-5
= Oorl 3)-6

A directed Web graph G(N, A) consists of a Web
node N and a Web link between Web nodes, where a .
Web node (called node) corresponds to a Web page
and a Web link (called link) a hypertext link. A Web
site is defined as a directed graph G (W, E)



consisting of a finite Web node bag W and a finite
Web arc bag E of ordered pairs of Web nodes. W
and E are represented as a bag of Web node elements
Wi and a bag of Web arc elements (Wi, Wj)
respectively, where i, ] =1{0,1,2,3, ..., n-1}, n
represents cardinality of web pages =|W)|, and a Web
node set. Then the variable x; is 0 (when a Web link
from node i to node j does not exist) or 1 (link from
node i to node j exists). The parameter wy; represents
an average weight from node i to node j. There are
several alternatives to derive the weight of a node
and to generate a geometric distance to the link,
including the number of inward or outward links
[24]. Of course, it is not restricted to the method to
generate a distance between the Web nodes. In this
paper, we get a weight by #f-idf to each node, and

generate a Euclidian distance wy; from node # to node

J.

The objective function 3-(1) means maximization of
tree path's total sum of average mean weight. The
constraint 3-(2) means each tree node's indegree
should be | (except for the root node). The
constraints 3-(3) and 3-(4) are to remove a cycle and
a self-cycle respectively. The constraint 3-(6)
represents the problem is a sort of IP(Integer
Programming). That is to say, there is a link or not.
According to the constraint 3-(6), the variable x;; can
be 0 or 1, i.e. it can be used to remove multiple paths.
Additionally, a virtual path from all nodes to all
nodes without physical links should be nullified in
constraint 3-(5). Finally, by using the above IP, the
path that owns a high weight in the digraph survived
in the result tree.

The cycle detection algorithm plays a role to detect

cycle in digraph, and make topological order of node

Algerithm Cycle Detection

input

N,A G(N,A) a directed graph

A(i) = adjacency list

procedure

{
for (all iN) indegree(i)=0 do
for (all (i,))A) indegree(j)=indegree(j)+1 do
LIST = next=0;

for (all iN) if (indegree(i)}==0) LIST=LIST{i};

if (indegree(j)==0) LIST=LIST{j};

while (LIST)
select a node i from LIST and delete it;
next = next + 1;
order(i) = next;
for (all (i,j)A(1)) {
indegree(j)=indegree(j)-1;
}
}
if (next<n) the graph G contains a directed
cycle

else the graph G is acyclic and the result gives a topological order of its nodes;




in digraph. It is used in making restriction 3-(3). Let
a directed graph G=(N,A) has n node set N and m arc
set A, and A(i) an adjacency list. The indegree is the
number of Web arcs that ender into a Web page, the
outdegree is the number of Web arcs that go from
Web page. The LIST is a data structure that stores the
current object that represents a Web page. The cycle

detection algorithm is represented as above.

5.2 Sensitivity Analysis

When the query terms are altered, ¢f-idf measures
of the Web Node are also altered. In this case,
sensitivity analysis can be used in determining
whether whole problem should be reformulated and
recalculated or not. The standard IP problem form
separated basic variable between nonbasic variable
likes follows 4-(1), 4-(2), we can get equation cgvxav
+ cvB 'Nonpv = cpvB'b by multiplying cavB'to

constraiat 4-(2).

4)-1
)2

Z~CpyXpgy ~CrgyXypy =0
Nxyp, =b

Xgy s Xngy 20

st Bxy, +

Now, we can get the equation cgyxpy= cavB'b -
cav B Mxxpy. And substitute this equation for ceyxpy

term in 4-(1). then,

2= (cp B'0=Cpy B Nxypy ) = € gy Xugy =0 (5)-1

z+(cy BN =C gy )Xypy =CyyB7'D (5)-2

The criteria of optimality in simplex algorithm is

that an objective function's coefficient of nonbasic

. - 2o -1 .
variable. i.e., ¢, =CpB7a;-¢;(a; is a column vector

of N for x;, ¢; is objective function's coefficient value
for nonbasic variable x;) is non negative. Also, the
feasibility condition of the current basis solution is
that equation (xpy+B"'Nanpv= B'b which obtained
by multiply equation 4-(2) by B')s RHS is
nonnegative. In other words, sufficient and necessary
condition of current solution's optimality is as

follows [25].1)

51 =CBVB‘laj_cj 0 (optimality condition, dual
feasible condition)

b (primal feasible condition)

When the weight of the Web node is changed, if
these change does not influence the above two
conditions (i.e., the optimality and feasibility
condition) current basis is conserved. Details are

explained in chapter 5.
6 Motivating Examples and Comparison

6.1 Motivating Example

Fig. 6. represents a digraph consist of 7 Web pages
from Web page W, to Web page We. The weight of a
arc is the mean average value (#/-idf) of two terminal
nodes of the arc. By using the IP problem consists of
equations from (3)-1 to (3)-6, we can get the solution

in Fig. 8. (d).

1) Besides above two conditions,
slackness condition should be added. But, the Gaussian
elimination in the Simplex Algorithm always keeps

complementary

complementary slackness.



Fig. 6. An example Web site and its hierarchical
abstraction using IP

After reorganize the IP problem to standard form
like (4)-1 and (4)-2, each of BV(Basic variable),
NBV(Nonbasic  variable), objective  function
coefficient cpv, cnpv, basis matrix B, RHS(Right
Hand Side) is described at Table 3 in appendix.

The alteration of IP problem induced by Web

page's modification is represented as Table 1.

6.1.1: The alteration of the Web page's t£idf

If Web page's #fidf value is changed,
corresponding objective function's coefficients of the
variables are also changed. But, it don't break primal

feasibility condition, i.e. B'b So, if all nonbasic

variable's ¢; =CoBa;-c; s nonnegative then
current basis does not change. Consider the case that
W, value changed current 9.66 into 9.66+& Then
each of ciq, cq1, o, Can, €24, and cue is changed as

follows.

€14(3.45+9.66)/2—(3.45+9.66+6)/2
¢413(3.45+9.66)/2 — (3.4549.66+6)/2
€043(9.49+9.66)/2—(9.49+9.66+6)/2
€40:(9.49+9.66)/2 — (9.49+9.66+6)/2
€24:(6.21+9.66)/2—(6.21+9.66+G)/2
€16:(9.66+12.42)/2 — (9.66+6+12.42)/2

Table 1. The relationship between alteration of Homepage and IP standard form

T~

The modification in Web page

The change of IP standard form

Topology is
pology The alteration of the Web page's #f-idf
conserved

Alteration of objective coefficient (cuy. cnpv)

The insertion of the new link

(previous pages conserve}

Alteration of matrix N
(Nonbasis coefficient aij for constraints

(F¢ =0 Vi je N 3-(4) ) that represent newly

inserted link is changed from 1 to 0)

The deletion of the link

(previous pages conserve)

Insertion of the constraints

(constraint *; =0 Vi je N

Topology is
modified

The insertion of the new Web page

Alteration of objective coefficient (cav, cnsy),
Column insertion of matrix N,
Insertion of the constraints
(1) Below indegree |
{2) Constraints for cycle resolution, if any (in corresponding
casc)
(3) Constraints for self-cycle resolution
(4) Link constraints for a newly inserted Web page




Then. the objective function’s coefficient that is -
oy =CpB a—c
changed now does not affect basis matrix Band the .
= CpvB"[0001000001000000000000000000

objectivz function's coefficient of the basic variable. 00000000000000000000]"-8.54

So, if all nonbasic variable's ¢ =CaB'a,—c,is =10.005-8.54=1.465=0.........cco0cvrvurcre )
nonnegative then current basis does not change. € =CovBa,,—c.,
First, CyyB” is changed as follows. = CpvB[0000100100000000000000000000
00000000000000000000] - 6.555
CavB'= [9.575+802, 6.47, 9.575+672, 10.005, 0, 8.625, =9575+62-6.55520.......cvocvvcrcreenn 2)

[1.04+62,0, 7.85,0.0.0,9.575.9.49, 0, 0, 7.59,

- W
0.0.0,0, 647, 0,0,0,0,785,0,0,0, 8.54, 0,0, Coaa = CppB 0,0 =€y

0, 16.005, 6.555+82, 7.935, 0, 0, 0, 0, 8.625, 0, 0, = CyvB™ [0000100010000000000000000000
0,9.315, 11.04, 11.04]*inv(B)* 00000000000000000000] "- 7.935
=[9.575+612, 6.47, 7.85, 10.005, 9.575+6/2, 8.625. =9.575+62- 7.93520........ccrrerrrerne 3)
[1.04+62, 0, 0, 0, 0, 0, -8.625+9.575, -9.575-O
1249.49, 647, -1.85-10.005+7.59, 9.575-612, Cu26 = Cor B 806 =€,
-8.625, -11.04, -11.04, 9.575-69/2+6.47, -1.85, = CavB" [0000001000000000000000000000
-10.005, -8.625, -11.04-G2, -9.575 - &2 + 1.85, 0_0000000000000000000]T- 9315
647, -10.005, -8.625, -9.575 - @2+ 8.34.-647, = 11.04+@2- 931520, “)
-7.85, -9.575-G72, -11.04- €¥2+10.005,
-6.47+6.555+ @2, -7.85 + 7.935, -10.005, -8.625, 0:43 = CBVB-la.rﬁ ~Cras
-6.47, -7.85, -10.005 + 8.625, -9.575 - 82, -9.575 = CpvB"! [0001000000000000006000000000
- 62, -6.47, -1.85 + 9.315, -9.575-G2+11.04, OOOOOOOOOIOOOOOOOOOO]T-O
8.625+11L04] = 10.005-10.005-020......ccre )
$0,
CavB''= [9.575+6/2, 6.47, 7.85, 10.005, 9.575+6/2, 8.625, c.:so = CB,,B°'ax50 —Cyso
11.04+0/2, 0, 0, 0, 0, 0, 0.95, -0.085-0/2, -6.47, = CpvB"' [1000000001001000000000000000
-1.85, -2.415, -9.575-0/2, -8.625, -11.04, -11.04, 00000000000000000000]"- 9.575
-3105-6/2, -7.85, -10.005, -8.625, -11.04-012, =9.575+6/2+0+0.95- 9.57520............ 6)
-1.725-6/2, -6.47, -10.005, -8.625, -1.035-6/2,
-5.47, -7.85, -9.575-6/2, -1.035-0/2, 0.085+6/2, C;sf. =CBVB_iax'56 ~Cso
€.085, -10.005, -8.625, -6.47, -7.85, -1.38, -9.575- - CBVB.] [00000010001006000000000000000
€)/2,-9.575-6/2,-6.47, 1.465, 1.465-0/2, 2.415] OOOOOOOOOOOOOOOOOOOO]T- 11.04
=11.04+G2-11.0420.......cocroerereecenn. Q)

Of course, above CpvB'(except 6) equals

. ) , , c,=C,Ba, —c
previous CavB'. Now, all nonbasic variable's S s

= CayB™ [0100000000000000000000000000
00000000000000000000] "- 0

=6.47-020..c.ccoiiiiierc e (8)

objective fimction's coefficient is changed as follows.
i} g

2) The nctation inv() means inverse matrix operator.



(7) 620

(3) 0=-5.28 _
2-3.45._ (68 62-119
(1) e=-19.15 (2 027604 W e s
18) 62-22.08 "
w T i 1 T J I

Fig. 7. Determination of range of & for which

c:z =Cy B_la;z ~Cs
= CBvB'I [0010000000000000000000000000

06000000000000000000] *-0
=7.85- 020....covoemrreeenrrrnsrrens s 9)

- 4 )
C = CBVB a, —Cg

= CavB™' [0001000000000000000000000000
00000000000000000000] ™-0

C;‘z = CBVB“laM = Cyy
= CBvB.] [0000160000000000000000000000

00000000000000000000] *- 0
=0.575+2- 020, (11)

c;s = CBVB—lasS —Css
= CayB" [0000010000000000000000000000

00000000000000000000] *- 0
=8.625- 020ummvoverceeseesiesseesene oo (12)

- 4
ce=CypB aq—cy

= CpvB™' [0000001000000000000000000000
00000000000000000000] *- 0
= 1104+G2- 020...ciiiciiiicnne (13)

C\‘xz =Cy B a,, ~¢,,
= CpB' [0000000000001000000000000000

00000000000000000000] "- 0
=0.95- 020....ccooeeeeereeeeesreers s (14)

Considering all range of (1)~(14), the result can be

- 63

0

current basis remains optimal

seen as Fig. 7. So, current basis is maintained as long
as 620. In other words, although Wy's tf-idf
increases infinitely, current basis isn't affected by that

change.

6.1.2: The insertion of the new link

Consider the case of node W4 and W is connected
(from W3 to W3). In matrix N, coefficient of variable
Xa3, 1.€., aq3's value is changed from 1 to 0. In this
case, x43 1S a nonbasic variable, so nonbasic matrix

N's change does not hurt feasibility(B'b>0) and

optimality(¢, =CarB7'a,~¢,>0) condition. Hence,

the only coefficient that may change from positive to

. P S —1 N . .
negative, i.e., € =CpB @, —Cy's sign confirmation

is sufficient for determining basis alteration. The
ient € = CyyBla; —Cui
coefficient €4 = CypyB Gy —Cyis changed as follows.

C;43 = CBVB—lax-ﬁ i
= CB\'B-l [600100000000000000000000000000

000000000000000000]"- 0
= 10.005-0=20

In this case, current solution's feasibility condition

and optimality condition is conserved. So, current

basis does not changed.



Total Weight = TW =49.08
6.47+7.85+6.555+11.04+10.
005+8.625 = 0.545

(2) DFS (b) BFS

TW = 50.46

TW =54.515

() WG @ 1P

Fig. 8. The solution comparison to IP and others

6.1.3: The deletion of the link
In case of link deletion, the constraint that forms as

¥, =0 Vi je N ... 3-(4) is inserted into IP

formulation. Now, if current solution does satisfy the
new constraint, current basis is maintained. In other
case, dual simplex algorithm can be used.? Consider
the case where two links between node W; and Wy
are disconnected. Then it should be included the two
constraints(x;s=0 and x41=0) into previous IP
formulation. Because the current solution satisfies the

inserted constraints, current basis is maintained.

6.1.4: The insertion of the new Web page

In this case, the objective function coefficient, the
element of N matrix for new inserted variable, and all
type((3)-1~(3)-4,

constraint (3)-5) can be included in TP formulation.

constraint except nonnegative

3) In simplex algorithm, during keep feasibility (RHS=0),

optimality(¢, =Car B0, -c,>0) condition which currently
does not satisfied is satisfying by pivot operation. But, In
dual simolex algorithm, during keep optimality condition,
feasibility condition which currently does not satisfied is

satisfying by pivot operation.

So, this case's current basis does not conserved.

6.2 The Comparison to the other methodologies

Fig. 8 represents trees constructed by an IP and
other methodologies. First, the tree that is constructed
by DFS(Depth First Search) and BFS(Breath First
Search) can easily be constructed by only traversing
the digraph's link structure. But, DFS produces a
left(or right) biased tree because it uses only the
digraph's link structure and its depth first search
strategy. In this case, it ignores Web page's semantic
priority or a relationship between the nodes so that it
may lead to user's wrong web traversing. In BFS, it
makes a tree that minimizes an average access step
from the root node to each node. But, it also ignores
Web page's semantic priority, so the result tree can
be semantically irrelevant.

The abstraction of a Web site can be said to lose
the representative richness of hypertext links. But it
may be said that it makes a direct access path for
each Web pages. For once a (hierarchical) structure

of a Web site is constructed, then any page can be



accessed just with jumping (or clicking) to the
specific node in the tree. Fundamentally there is, of
course, a trade-off between the full generation
method and an abstraction method. Web designer can
limitedly support these kinds of needs [19]. We have
rather a stress on the user side's viewpoint that a user
wants his’her own needs on snooping a specific Web
site.

The tree that is constructed by Wookey and Geller
[14] is unbiased and minimize an average access
from the root node to each nodes like BFS. It also
considers semantic relevance(s/~idf) between nodes in
the same depth. But, when the Web page's weight is
changed or the link structure is altered, total tree
structure should be wholly reorganized. Especially,
because its own tie-breaking scheme, when Web
page's tf-idf value is infinitesimally altered and
previously, tie is occurred including that page, the
tree structure should be changed though variation is
infinitesimal.

Unlike other methods, because it considers
semantic relevance among Web pages in the digraph,
the tree constructed by IP can lead user's right web
traversing. In Fig. 8, Ws's depth is 1 so that it can be
accessed from the root node directly in the digraph.
But, semantic relevance between W; and W, is
higher rather than that of distance between W, and
W, so W; is connected through Weinstead of the root
node in the result tree. Also, it is self-evident that the
tree is constructed by IP maximize total tree weight
(In this example, total weight of IP tree is 54.515.
See Table 2.). In respect of the tree depth or the
number of span, the IP tree also represents superior

result than the others. In DFS, due to the DFS

Table 2. The resuit table of each methodology

DFS BFS WG P
Total 50.5 49. 50. 54.51
weight 45 08 46 5*

Depth

Avg. 3 2 2 1.67*

Max. 5 3* 3* 3*

Min. 1* [* 1* 1*
Span

Max. 2 3 3 4

strategy, maximum depth of the result tree mostly be
larger than that of original web site. In case of BFS
and WG[14], maximum depth of the result tree may
be less than or equal to that of original web site
structure. The method, however, can be inferior to
that of the IP in the average depth measure because
the result tree of TP is reconstructured based on #-idf
criteria and the number of span can be more reduced
than these two methods. Finally, because I[P
methodology facilitates incremental tree construction
from the current basis, it is useful to apply to

Homepage that changes frequently.

7 Conclusions

In this paper, we proposed the method that makes
a virtual hierarchical tree structure of a given Web
site in dynamic manner. By using further visual
information like this, users can access web sites
effectively and assess the whole web site range fast.
Also, integer programming that we adopt can make
website structure optimally. When Web site structure
is changed frequently by applying sensitivity

analysis, web site structure can keep stability.
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Appendix:

Table 3, Standard from representation of example problem

Basis Nonbasis
J’uv=[.\'41;. Xoi, Xo4, X63, S, X35, X46, $7, Xo2 §9. Sie, Si1 Xas, Xowy, X741, X220 X33, X44, Xs5,
. Xnpv=[Xa3, X14, X240, X268, X13. X50, X356, 51, S2.
Variable Xos, Xos. X1, X1 X134, Xis, Xi6, X20, X24, X23. K25, Xan, X2p, K32 Xago X36. X4l X42 T
y 83, 84, 85, 85, 812
Xq3. Xg5, X571, Xs52, X53, Xs4, Xa0, X61, X562, X4 Xss]
Objective| cav=[9.575, 6.47.9.575, 10.005, 0, 8.625, 11.04, 0, 7.85,0, 0, 0, 9.575. 9.49. 0,
cxov=[8.54, 6.555, 7.935, 9.315. 0,
function 0, 7.59.0,0,0, 0,647, 0,0, 0, 0, 785, 0, 0. 0, 8.54, 0, 0, 0, 10.005,
9.575,11.04,0,0,0,0,0,0,0]
coefficients 6.555.7.935,0,0, 0.0. 8.625,0,0, 0.9.315, 11.04, 11.04]
B={ 1000000000000 10000000 1 00001000 1000000000000 10000 N= [0000010000000
01000000000600 | 0000060006000100010001000100001000 0000000100000
00600000 1000000100000010000000001000100010000100 0000000010000
0001006060000000 1 00000010000 1000000001000 1000000 1000100001000
00100000000000000 10000000000000001 006000000100010 €110000000100
00000 10000001000001 000001 0000100000000 1600000001 0000000000010
0000001000000000000 1 100001000000001 0000000000000 0001001000001
110000010000000000000000000000000000000000000000 0100000000000
1000100010000060060000000G00000000000000000000000 0010000000000
0000010001000000000000006000000600000003000000000 1000010000000
00010100001 0000000000000000000000000000000000000 0000001000060
10100600000100000000000¢0000000000000600000000000 0000000000000
000000000000100000000060000000000000000000600000 0000010060000
Q0000000040001 0000000000000000080000000300000000 0000000600000
000000000000001000000000000000660000000000000000 0000000000000
000000000600000100000000000000300000000000000000 0000000060000
0000000000000000 1 00000060300000000000000000000000 0000000000000
00030000000000000 1000000000000000000000000006000 0000000000000
000000000006000000100000000000000000000000000000 0000000000000
0000000000000000000 { 600¢000000000000000000000000 0000000000000
00000060000000000000010000000000000000000600000000 0000000000000
000000000000000300000100000000000000000000000000 0000000000000
0000000000000000000000 1 0000000000000000000000000 0000000000000
Constraint 00000000000000000000000 1000000000000000000000000 0003000000000
Matrix4) 0000060000000000000000001 00000000000000000000000 6000000000000
00000000000006000000000000 10000000000000000000000 0006000000000
00000000000000000000000000 1600006000000006000000 0000000000000
000000000000000000000000000100000000000600006000 0000000000000
0000000000000000003000000000 LOOO0000DH0000000000 6000000000000
00000000000000000000000000000 1000000000000000000 0000000000000
000000000000000000000000000000100000000000000000 0000000000000
0000000000080000000000000000000 1 0000000000000000 0000000000000
000000000000000000000000000000001000000600000000 0000000000000
00030000000000000000000600000000001 00000000000000 0000000000000
0000000000:000000000000000000000000 1 6000000000000 0000000000000
00000000000000000000000000000000000 1000000000000 0000000000000
0000000000000000000000000000000000001 060000000000 0000000000000
00000000000000000000000000000000000001 0000000000 0000100000000
00000000000000000000000000030000000:000 {G0C000000 0000000000000
0000000000000000000000000000000000000001 60600000 0006000000000
000000000000000000000000000000000000000010000000 (000000000000
000600000000000000000000000000000000000000 1006000 0000000000000
0000000000000006000000000000000000000000600 1 00000 (000000000000
0000000000000000000000000000006000000000000 1 0000 0000000000000
000000000000000000000000000000000000060000001000 0000000000000
000000000000000000000000000000000000000000000100 0000000000000
00006060000000000000000000000000000000000000000010 0000000000000
000000000000000000000000000000000000000006000001] 0000000000000]
RHS b=[01111112222110000000000000006000000000000060600000}"

P a b
4) B=[ab;cd]means = \c d).



