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Abstract

Owing to the booming growth of Internet technology, the number of Web documents has significantly
increased over the Internet. If the Web documents can be effectively managed, the knowledge
demanders (i.e., Internet users) can efficiently absorb and use the knowledge documents; it has become
the core topic in this information explosion era. Web document classification technology with high
accuracy can improve the efficiency for Internet users to search required knowledge and to save lots of
knowledge-searching time. Concerning complexity of Web page structure, this paper analyzes the
tagged-region characteristics including tag attributes and tag locations of Web page to develop an
algorithm for web document classification. Based on tagged-region characteristic analysis, each tag
can be identified and given different weighting value. Therefore, the keywords extracted from each
tagged-region are weighted and then the categories of the target Web document can be determined.
Furthermore, based on the hyperlink tag, the similar Web documents can be collected to re-determine
target Web document categories.

In addition to the Web document classification algorithm, a Web-based Web document
classification system is also developed and a demonstration case is applied to verify the performance of
the proposed approach. The attempt of this research is to enhance the accuracy and efficiency of Web
document classification technology and to enable a Web knowledge management mechanism over the
Internet.

Keywords: Tagged-Region, Web Document Classification, Keyword Extraction, Knowledge
Management
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An Additional Component for Webpage Classification Technology

S. T. Yang
Department of Information Management, Nanhua University, Taiwan
stingyang@mail.nhu.edu.tw

Abstract -Webpage classification technology with
high accuracy can improve the efficiency for Internet
users to search required knowledge and to save lots of
knowledge-searching time.  Differing from previous
researches, this paper explores an additional component
for webpage classification. That is, concerning
complexity of webpage structure, this paper analyzes the
webpage layout including tag attributes and tag-region
locations designed in webpage to develop an algorithm
for webpage classification. Therefore, based on
webpage layout analysis, the text contained in specific
tag-regions can be identified. Also, the keywords
extracted from each tag-region are weighted according
webpage layout analysis and then the categories of the
target webpage can be determined. Furthermore, based
on the hyperlink tag, the similar webpage with higher
correlation can be collected to re-determine target
webpage categories. In addition to the webpage
classification  algorithm, a  web-based webpage
classification system is developed to demonstrate
feasibility of the proposed model. The attempt of this
research is to propose an addition component and concept
(i.e., webpage layout, tag attributes and tag-regions
analysis) for webpage classification technology to
improve the effectiveness of webpage classification.

Keywords: Tag-region, Webpage Classification, Webpage
Design, Keyword Extraction, Knowledge Management

I. INTRODUCTION

With the advancement of Internet technologies, the
number of Internet users is increasing and the amount of
information online has growth explosively. As browsing
information or files on the Internet has become one of
important channels for knowledge acquisition, how to
effectively manage Internet information/files to assist the
users in efficiently absorbing and utilizing required
information has become an important issue. On the
basis of this issue, many technologies for webpage
classification have been developed. Since webpage
contents contain texts, pictures or films, most researches

analyze and classify these kinds of data for categorization.

Also, some researches maintain domain keywords in
database as a basis for determination of webpage
categories. Furthermore, as the tags appearing in pairs
(i.e., tag-region) contain words of certain segmentation
(e.g., <title></title > and <h1></h1>) in webpage, some
researches apply the standardized programming pattern-of
UML (Unified Modeling Language) and HTML
(Hypertext Markup Language) used by webpage

creators/designers to analyze webpage tags for webpage
classification. In case of insufficient data for webpage
classification, other researches employ hyperlinks
contained in webpage for such purpose (i.e., the relevant
and additional information on hyperlink webpage are
analyzed for webpage classification). The AS-IS model
of webpage classification is as shown in Fig. 1.

Fig. 1: The As-Is and To-Be models of webpage
classification

Different from previous webpage classification
methodologies, this paper concentrates on webpage
design characteristics (including tag attributes and
tag-region layout, etc.) for webpage classification. That
is, this paper analyzes tag attributes (e.g., head tag <title>
always contains more representative words with respect
to the target webpage) and also considers tag-region
layout (i.e., tags of the same type located in different
tag-region layout contains words of different importance)
to assign the corresponding weights for all considered
tags. After that, this paper employs keyword extraction
technology to extract all the keywords contained in
different tag-regions and given the corresponding weights.
Finally, to avoid problems of insufficient or excessive
analysis information, this paper establishes a hyperlink
webpage screening mechanism to collect the hyperlink
webpage with higher correlations to slightly modify or
adjust the categories of the target webpage. The TO-BE
model of this paper is shown in Fig. 1.

Il. LITERATURE REVIEW

Concerning the webpage classification issue, most
researches focus on analyzing the texts, tags and
hyperlinks contained in webpage.

(A) Webpage text information analysis

Previous researches extract keywords for webpage
classification based on webpage text information [2,3,11].
Besides the above extraction of keywords, the semantic in
webpage text is also analyzed [14]. The SRG (Semantic
Relationship Graph) is constructed according to the
spatial scale that could be searched under the guidance of
combinative table and association list, and then the Naive
Bayesian classifier is used to develop a semantic
relationship graph based multi-relationship  Naive
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Bayesian classifier [8]. Such classifier removes
unnecessary characteristics and relationships according to
the analytical results of semantic relationship graph to
avoid generating uncorrelated associations [1,5].
(B) Webpage tag information analysis

Lim et al. [4] proposes UML and HTML grammars
or tag characteristic in webpage documents as the analytic
data of webpage classification. The extracted data are
taken as analysis characteristics and data of webpage
classification for further studies [6]. In addition, based
on the DOM (Document Object Model) tag-tree structure,
a webpage can be segmented into small tag-regions.
Each tag-region can be displayed in the browser by
visualized types corresponding to a specific nested
combination of tag-pairs. The profitability of
tag-regions for webpage classification is varying among
visual types caused by the web authoring convention [12].
(C) Webpage hyperlink information analysis

Furnkranz [9] classifies webpage documents
considering the hyperlink ensembles in webpage. The
classification data can be obtained from the text of the
target webpage and the hyperlink webpage and used to
classify the target webpage effectively. The OEM
(Object Exchange Model) is employed to identify
webpage categories [15]. In this methodology, the
number of hyperlink of the target webpage is calculated
and the contents of hyperlink webpage are converted into
Node Similarity, Edge Similarity and Structural Similarity
to obtain the similarity degree to classify the similar
webpage into the same category.

1. AMODEL FOR TAG-REGION ANALYSIS AND
WEBPAGE CLASSIFICATION

The webpage classification model proposed in this
paper is based on analysis of tag attributes and
tag-regions to search for text contained in tag-regions and
extract the corresponding keywords. Based on tag
attributes and specific tag-region layout of webpage, the
corresponding weight values are assigned to various
tag-regions. Therefore, according to keywords extracted
from various tag-regions and weights assigned for
tag-regions, the categories of target webpage can be
determined. Finally, hyperlink tag (i.e., <a href>) is
used to search for hyperlink webpage with higher

correlation to modify the categories of the target webpage.

Therefore, this model can be divided into three kernel
modules including “tag-region weight assignment (TWA)
module” (as shown in Part 1 of Fig. 2), “webpage
category determination (WCD) module” (as shown in
Part 2 of Fig. 2) and “hyperlink webpage determination
(HWD) module” (as shown in Part 3 of Fig. 2).
Part 1: Tag-region weight assignment (TWA) module
In TWA module, this paper acquires the tags (i.e.,
tag extraction mechanism) correlated with webpage
classification (i.e., which contain text data); then, the
weight assignment of tag-region  in different tag-region
spatial layout (i.e., tag-region location analysis

mechanism) are discussed.

Webpage Classification Model
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Fig. 2: Architecture of webpage classification model

(A) Tag extraction mechanism

In HTML, all tags have their respective purposes,
and contents contained in tag-regions often reflect the
attributes of those tags. For example, head tags
(including <head>, <title>, <bgsound>, <meta>, <style>,
<script>, etc.) are mainly used to define segments of such
setting values as format, form, name, Script language and
pattern list of the target webpage. Among which, head
tag <title> is containing the subject of the webpage, and
designers often employ tags <h1> to <h6> to display and
highlight subject of different sizes. Webpage body tag
(i.e., <body>) contains all texts, pictures and other
multi-media files to be displayed. Concerning display of
webpage texts, webpage designers often employ
bold/italic tags (including <b>, <strong>, <cite>, <em>
and etc.), tabulating tags (including <ol>, <li>, <ul>, <dI>,
<dt>, <dd>, etc.) and quoted text tag (i.e., <blockquote>)
to emphasize importance of terms displayed in webpage.
In a webpage, texts contained in different tag-regions
denote different significance and importance. Therefore,
webpage classification model in this paper takes text data
in webpage as analysis basis. The webpage head tag and
webpage body tag are mainly utilized, and text tone
strengthening tags are also considered to serve as the
basis for webpage classification. Webpage tags to be
employed are summarized in Table 1.

Table 1: List of tags as the classification basis

Text highlight tags
Subject tags (T) [“hi-.“h2. “h3 . h4 . h5 . h6
Bold tags (B;) b . - strong
[ Ttalic t gs (B2) | “address cite -, ~dfn em . i
Tabular tags (By) | ~ol . -l ul dl dt dd

| Tag types Tag Names |
Head title

Body body

| Quotation tags (By) | ~blockquote
Hyperlink tag (AH)

Hyperlink a href
(B) Tag-region location analysis mechanism

Following tag extraction as classification basis, the
extracted tags of the same type but located in different
positions may contain texts of different significance. In
order to differentiate these tags, this module analyzes the
spatial layout of tag-region [7], and assigns weights to
tag-regions located in different spatial layout.

As HTML has the function of spatial planning of
webpage, this module further discusses the relationship
between tag-regions and webpage spaces. That spatial
planning of tag-regions can be divided into three types
including (1) Parallel spatial planning, (2) Nested spatial
planning and (3) Mixed spatial planning (as shown in Fig.
3 to Fig. 6) and the principle of tag-region weight
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assignment for spatial planning are described as follows.

(1) Parallel spatial planning: As tag-regions are all
independent from each other, weight assignment of
tag-regions is only referred to tag attributes.

(2) Nested spatial planning: As one tag-region (i.e.,
external tag-region) contains not only contents but
also other tag-regions (i.e., internal tag-region), some
contents of the webpage may be contained in one
external tag-region and several internal tag-regions
simultaneously. The innermost tag-region should
also be provided with weight values of external
tag-regions to enhance text significance therein.
Weight calculation of the inner tag-region is shown
in Equation (1) and symbols used in this mechanism
are defined as follows.

W;rr The weight value of the j’th tag located in TR,

je{T.,B,B,,...} (see Table 1) and

TR e{TypelA, TypelB, TypellA, TypellB, TypelllA,...

(see spatial planning in Fig. 3 to Fig. 6).
a, The added weight value of the i’th external tag
contained in the j’th tag (located in TR).
W/, = IEL+ a%i(ai)J.W where 0<g¢, <1 (1)

(3) Mixed spatial planning: This spatial planning applies
the principles of the above two spatial planning; so
that, weight assignment is the same as that of nested
spatial Qlanning.

j.TR

A

. 2 { = - — o &
= EE"C
. o AL
Fig. 3: Parallel Fig. 4: Nested Fig. 5: Mixed
spatial planning  spatial planning  spatial planning
(Type ) (Type I1) (Type 1)

To avoid tag-regions with the same form and name
but different significance as the same ones (in such case,
critical information for webpage classification may be
lost), this module extracts tags first, along with spatial
planning of tag-regions to differentiate those tag-regions
which may have different importance, and then assign the
corresponding weight values. The weight values of
tag-regions can be summarized in Table 2.

Table 2: List of weight values of tag-regions

Tag | Parallel spatial planning | Nested spatial planning Mixed spatial planning
N (Type ) (Type D) (Type 11T

A ]
i ouly cxisted i the A location of Typ

No.
(TR)
T

D

BO
Bl
B2
B3
B4

v
v
W
W
W
v

W Wastoa | Wanre

deterr'h'iriatidn

Part 2: Webpage category
module

Based on weight values of tag-regions in different
spatial planning obtained TWA module, as well as the
correlations between keywords and categories established
by domain expert in advance, the categories of the target
webpage can be determined in WCD module. = Before
classifying the target webpage, the keywords should be
established by domain experts in advance. Then, the

AH

(WCD)

training webpage D; (i.e., the webpage of known contents
and categories) are used to calculate the frequencies
N(D;,KW;) of keywords existing in each training webpage
(as shown in Table 3). After that, by using correlations
between training webpage (such as news webpage) and
domain categories, the correlation coefficient R(G;,KW;)
between keyword KW; and category G; can be established
in Table 4 [10].
Table 3: Frequency of keyword in training webpage

KW, KW; KW;
Dy N(DL.KW,) N(D,KW3) N(DL.KW,)
D: N(D.KW;) N(D:.KW3) NiD.KW);)
D, NID.KW,) N(D.KW:) ND.KW)

Table 4: The keyword/category correlation coefficients

KW, KW, KW,
Gy RGLEW))  R(G,.KW:) R(G1.KW,)
G R(G:KW))  R(GLKWy) RIG.KW)
G RIGKW)  RGEKW:) RIG.EW)

The WCD module in this paper is also based on
these two established Tables. The details for webpage
classification are introduced as follows.

Step (C1): Definition of webpage tag-regions

As discussed in TWA module, all the webpage
considered in this paper can be segmented through tags.
So that, the each webpage WD; can be divided into

several tag-regions  (N1,Ngo,Ng1,Ng2,Ngs,Ngs)  (see
Equation (2)).
WD, = Ny, Ny, Ny oo N, | )

Where Nt~Ng; represent webpage texts contained in
webpage head tag <title>, as well as webpage texts
contained in text tag B, or text highlight tags B; to B, in
body tag <body>.
Step (C2): Calculation of frequencies of keywords in the
target webpage
After webpage tag-regions are defined, keywords
extraction technology [13] is adopted to extract keywords
contained in tag-regions in the target webpage WD+.
Step (C3): Calculation of relationship coefficient between
target webpage and categories

Based on the derived keyword frequencies in the
target webpage, keyword-category correlation coefficients
(see Table 4) and tag-region weight assignment (see Table
2), the relationship coefficient RIt [WD,] between the

target webpage WD+ and category Gy can be obtained via
Equation (3) to preliminarily determine the categories of
the target webpage.

Y3 Y R(G, . KW)-F(D,, KW,)-W,
R|t;[\NDT] _ alialjaltr
ST (D, KW)-W,

alli all j all TR

where j e{T,B,,B,,B,,...} (3)
and TR e {TypelA, TypelB, TypellA, TypellB, TypelllA,...}

Step (C4): Calculation of correlation coefficients between
target webpage and categories

As the sum of relationship coefficients of target webpage




2011 Jnternational (Spring) Cenference en sia Facific Business Innovation & Fechnology Management

is not equal to 1. In Step (C4), the relationship
coefficient RIt,[WD,] between target webpage WD+

and category Gy should be standardized (as shown in
Equation (4)) to obtain the webpage-category correlation
coefficient = RIt, [WD,] . If the webpage-category

coefficient is greater, the target webpage approaches the
corresponding category.  On the other hand, if the value
is equal to zero, the target webpage WD+ have no relation
to category Gy.

Part 3: Hyperlink webpage determination (HWD)
module

As single webpage cannot cover all knowledge to be
described, webpage designers often use hyperlink tags
(i.e., <a href>) in target webpage to build webpage
hyperlink. Based on the hyperlink, Internet users can
link from the target webpage to another webpage for
acquisition of more relevant knowledge. Therefore, the
relationship existed between target webpage and linked
webpage should be discussed.

This module uses the hyperlink tags in target
webpage to derive the hyperlink webpage with higher
correlation for redetermination and modification of the
categories of the target webpage. Firstly, referring to the
weight assignment of tag-regions (see Table 2), the
weight values of all hyperlink tags and subject words of
the corresponding hyperlink webpage can be acquired.
Secondly, the relationship between each hyperlink
webpage and the target webpage can be calculated and
ranked to select the hyperlink webpage within predefined
selection degree. After that, the categories of target
webpage can be re-determined accordingly.

Step (D1): Calculation of correlation value of hyperlink
webpage with respect to the target webpage

Firstly, the weight values of all hyperlink tags in the
target webpage WD+ can be obtained from TWA module.
Secondly, the repetition proportion of subject words
between each hyperlink webpage LWD; and WD+ can
also be obtained. After that, the correlation value of
LWD; for WD+ can be derived via Equation (5).
N (WD, [TITLE]~ LWD[TITLE])

M[LWDI]: 'WAH TR (5)
N (WD, [TITLE]) '

Step (D2): Setting of selection degree of similar hyperlink

webpage

All the hyperlink webpage in WD+ are ranked
according to their correlation values M[LWDy] (in descent
order). Also, the selection degree S should be defined in

advance. The top S ranking hyperlink webpage (WD;,

where j<S) are selected and the modification weight
values B, (j=1,....S) of these selected webpage are

assigned to re-determine the categories of the target
webpage.
Step (D3): Re-determination of correlation coefficients of
target webpage and categories

After top. S ranking hyperlink webpage are selected,
the hyperlink webpage with higher correlation values are
given corresponding weight values (i.e.,, 8,, S,,.... B

s

the weight value of the preceding one is greater than or
equal to that of the following one). Based on these
modification weight values, this module re-determines the
correlation coefficients of target webpage and categories

to ~obtain the - modified correlation coefficient
MRIt, [WD,] (as shown in Equation (6)).

RIt, WD, ]+ 3" 4, - (RIL WD) )
MRIt, WD, ] = (6)

1+% B,
=1

where0< g <p  <..<p <1
IV. WEBPAGE CLASSIFICATION SYSTEM

A web-based portal, namely webpage classification
system, is developed for webpage classification over
Internet.  Under this system, the webpage documents
could be maintained and the user authorities are properly
managed so that the webpage classification results can be
accurately provided to this developed staff.

Based on the user login information, the webpage
classification system recognizes the user category (e.g.,
system administrator and common user) and provides the
corresponding functions to the user. Under the system,
the system administrator establishes the domain keywords
with respect to the specified categories to database via
keyword maintenance module as the foundation of system
training (Fig. 6). Also, the system administrator can
upload the webpage documents with given categories to
the database via training webpage document upload
function (Fig. 7). After that, the keyword-category
correlations and webpage-category correlations can be
established in system database. After uploading these
training webpage documents, the webpage-category
correlation  coefficients of unclassified webpage
documents uploaded by common users can be determined
by system administrator through webpage classification
function (Fig. 8 and Fig. 9). Furthermore, if all the
correlations of the target webpage are not greater than
predefined threshold, the system automatically
recommends administrator to  re-determine the
webpage-category correlations via hyperlink webpage
analysis function (Fig. 10). In addition, the system
administrator can set weight values of tags according tag
attributes, category determination threshold and hyperlink
webpage selection threshold, etc. through the system
parameter maintenance module (Fig. 11). Finally, the
system administrator can maintain users’ profiles and
control users’ authorities via user profile maintenance
module.. ‘Under the platform, common user also can
upload the webpage documents via webpage upload
function, so that the webpage documents can be
efficiently managed and shared. Also, common user can
review or download all kinds of webpage documents
provided by system administrator or other common users
in the database via webpage search- function (Fig. 12).
After the webpage categories are determined, common
users also can inquire webpage-category correlations of
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target webpage via webpage search function (Fig. 13).

Fig. 7: Upload trainihé
webpage documents to the

Fig. 6: Maintain keywordgand
keyword-category correlations

system

AAFLEEOFRATRT AR LD

Fig. 8: Select webpagjg ' Fig. 9: Results of webpgge '

documents for classification classification

Fig. 10: Re-determine Fig. 11: Set hyperlinlz

webpage-category correlations webpage selection threshold

o far: At

. Fig. 13: Results of webb?ige '
inquiry (2)

Fig. 12: Results of Webb:alge ‘
inquiry (1)

V. CONCLUSION

Different form technologies for webpage
classification, this paper analyzes tag attributes and
tag-region layout in webpage to develop an algorithm for
webpage classification including tag-region weight
assignment  (TWA) module, webpage category
determination (WCD) module and hyperlink webpage
determination (HWD) module. In TWA module, tag
attributes and tag-region layout designed in webpage are
analyzed to assign weight values to the corresponding
tag-regions. In WCD module, the keyword extraction
technology is employed to extract keyword contained in
each tag-region and the corresponding weights are given
to determine the webpage-category correlations. In
HWD module, the hyperlink ‘'webpage with higher
correlations with respect to the target webpage are used to
re-determine and modify the webpage categories. The
attempt of this research is to improve the accuracy and
efficiency of webpage classification by concerning the
characteristics of webpage design.  Also, the proposed
webpage = classification algorithm can assist  the
information demanders to efficiently and effectively
search the required information over the Internet; so that,

lots of researching energy and time can be reduced.
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