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Abstract

Recently, web mining that tries to find useful knowledge
from the vast amount of web pages has attracted a lot of re-
search interests. Besides, it is becoming an essential task to
provide web pages related to a user-specified geographic area.
In this paper, we propose an approach to extract spatial infor-
mation hubs from the web. A spatial information hub is a web
page which is related to a specified geographic area and has
much local information and/or many hyperlinks to local web
pages. In the traditional approach of web link analysis, the im-
portance and quality of pages are judged only by their contents
and hyperlink structures. However, we take their geographic
localities into consideration. In our approach, we first extract
geographic information from web pages to create spatial nodes
and spatial links, then conduct a link analysis based on the ex-
tended link structures. We also show our approach works well
based on the experiments.

1. Introduction

Since the rise of the World Wide Web, finding useful in-
formation efficiently from the vast amount of web pages is be-
coming more and more important. Recently the research of web
mining [5, 7] has attracted a lot of research interests. In partic-
ular, link analysis which uses link information between web
pages is becoming an important technology for finding web
pages with high popularities.

Besides, with the progress of mobile devices and GPS tech-
nologies, it is also becoming an essential task to provide infor-
mation related to a specified geographic area. For example, sev-
eral researches consider geographic localities of web pages to
be important and try to provide information on a specified ge-
ographic area to users [1, 8].

In this paper, we propose a method to extract spatial infor-
mation hubs from the web. We informally define a spatial in-
formation hub as:

A web page which is related to a specified geo-
graphic area and contains much local information
and/or many hyperlinks to local web pages.

Generally, two types of web pages can be considered as spatial
information hubs. First, a type of pages that refer to good pages
related to the specified geographic area. For example, a naviga-
tion page for National Research and Educational Institutions in

Tsukuba1 is a good spatial information hub for Tsukuba city.
It links the homepages of some universities and institutes in
Tsukuba. More detailed information can be acquired by follow-
ing the links in this page. Second, a type of pages that refer to
good locations. For example, a list page of hotels in Tsukuba 2

is also a good spatial information hub for Tsukuba city. It is a
good information source for the Tsukuba area since the page
contains useful local information on Tsukuba. Note that this
page has no hyperlinks so that it can not be ranked higher if we
use a traditional web link analysis. However, in our approach,
it can be identified as a good spatial information hub by the ex-
tended link analysis method described below. If such two types
of pages are extracted from the web, they can be used to con-
struct a local portal site related to the specified geographic area.

One of the features of our approach is that we extend the
web graph structures using spatial nodes and spatial links. Spa-
tial nodes represent locations with local interests in the ge-
ographic space. Spatial links are used for two purposes: ��
to connect spatial nodes and web pages containing the corre-
sponding geographic information, and �� to connect two spa-
tial nodes whose corresponding locations are close. In the tradi-
tional approach of web link analysis, the importance and qual-
ity of pages are judged only by their contents and hyperlink
structures. However, we employ geographic information to cre-
ate spatial nodes and spatial links and conduct a link analysis
based on the extended link structures. In this way, we evalu-
ate web pages, also taking into consideration their geographic
localities.

The remaining part of this paper is organized as follows.
Section 2 reviews the related work. Section 3 describes the pro-
posed method. Section 4 shows the experimental results based
on our proposed approach. Finally, Section 5 concludes this pa-
per and discusses the future work.

2. Related work

2.1. Link analysis

In this paper, we focus on a web link analysis and extend its
basic approach to extract spatial information hubs. Among ex-
isting approaches, Kleinberg’s HITS [2] and Google’s PageR-
ank [6] are the most representative algorithms on link analy-
sis. PageRank enforces a recursive idea that pages are impor-
tant if important pages link to them. HITS takes a subset of

1 http://www.info-tsukuba.org/educate/index.html
2 http://www.cbrc.jp/etc/hotel.eng.html
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a web graph and generates hub and authority scores for each
page in the subset based on an iterative procedure. A good au-
thority is linked by many good hubs and a good hub links to
many good authorities.

In our approach, we propose an extension of HITS [2] so
that here we introduce the original HITS algorithm. HITS is
performed in two phases. The first phase selects a subset of
the web graph and the second phase calculates hub and author-
ity scores based on an iterative procedure. The first phase pro-
ceeds as follows:

1) Send a query given from a user to a search engine and take
top-ranked pages from the search engine. This step gener-
ates a root set of web pages.

2) Identify pages which are linked by and link to the pages
in the root set.

The set of pages generated in these two steps is called a base
set. Let � � ��� �� be a graph constructed from the base set,
where � and � denote the sets of nodes and edges, respec-
tively.

Algorithm 1 HITS

1: 1 �� ��� � � � � �� � ��� �

2: �� �� �� �� 1
3: � �� �
4: repeat
5: for all � � � do
6: ����� ��

�
����������� �������

7: ����� ��
�

��	
��
��� �������

8: end for
9: �� �� �������

10: �� �� �������
11: � �� �� �
12: until ��� � ������ ��� � ����� 	 

13: return ���� ���

Algorithm 1 shows the HITS algorithm. The vector � rep-
resents the hub scores of the base set pages, while the vector �
represents the authority scores. Two vectors are initially set as
unit vectors. Line 6 says that “let the authority score of page �
be equal to the sum of the hub scores of the pages that link to
�”, while line 7 says that “let the hub score of page � be equal
to the sum of the authority scores of the pages that � links to.”
Line 9 and 10 ensure that � and � remain to be unit length vec-
tors. After the iterative process, the authority pages are those
with the largest corresponding values in �, and the hub pages
are those with the largest corresponding values in �.

2.2. Web and spatial locality

There exist many approaches for extracting pages related
to a specified geographic area from the web. For example, a
location-based search engine is presented in [8].

[1] proposes the notion of a localness degree to discover lo-
cal information from the web. A localness degree is used to de-
cide whether a page has local information or not. It is estimated
based on the content of a target page such as geographic con-
tent words, correlation between the target page and its link tar-
get pages. We extend the idea of [1] and consider a more so-
phisticated use of link information. In our approach, we give

higher scores to the pages with high localness and to the pages
which have links to the ones with high localness.

An augmented web space is proposed in [4]. It consists of
web pages, hyperlinks, and generic links that represent geo-
graphic relations between web pages. An example of a generic
link is: “If a department store with homepage A is near to an-
other department store with homepage B, a generic link is cre-
ated between A and B.” While their approach does not apply
generic links to link analysis, we use spatial nodes and spa-
tial links to extend the web space and conduct a link analysis
on the extended link structures so as to extract spatial informa-
tion hubs.

3. Proposed method

3.1. Extracting spatial information from web pages

In our method, web pages are collected initially for the anal-
ysis. Then we extract spatial information from these collected
web pages and map them to the corresponding coordinates. For
the extraction of spatial information, we use zip codes con-
tained in the target web pages. Of course other geographic in-
formation may be contained in a web page such as addresses
and phone numbers, but accurate extraction of them is quite
difficult so that we do not extract other geographic informa-
tion except for zip codes for the sake of precision and simplic-
ity. In this way, each web page is related to zero or more coor-
dinates.

3.2. Constructing a base set

A link analysis starts when a geographic area is specified
from a user. We select pages that contain at least one coordi-
nate (zip code) which is inside of the specified geographic area.
Let a root set be the set of these selected pages. Like HITS, we
add the pages related to the ones in the root set to construct a
base set. That is to say, we find the pages that are linked by or
link to the ones in the root set then consider these pages in ad-
dition to the root set pages as the base set. In this way, a sub-
graph of the entire web space, which consists of web pages re-
lated to a specified geographic area, is constructed. The left
part of Figure 1 shows an example of a root set and a base set.
Nodes � to � have geographic descriptions related to the spec-
ified area and the root set consists of these five pages. Nodes
	 to �� are the ones that are linked by and link to the root set.
These eleven pages compose the base set.

In the original HITS, a root set is constructed based on key-
words given by a user. Our approach is different from it since
we construct a root set considering localities of web pages.

3.3. Creating spatial nodes and spatial links

In this section, we describe a creation method of spatial
nodes and spatial links. Remind that a spatial node is a node
in the geographic space and corresponds to a geographic de-
scription (e.g., an address and a zip code) contained in a web
page in the base set. Note that for a web page, zero or more
spatial nodes may be created depending on its content, but we
create only one spatial node instance for the multiple appear-
ance of a same geographic description in multiple web pages;
namely, two or more pages “share” a spatial node in such a
case.
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Next, for each spatial node, bidirectional links are created
between the spatial node and the web pages containing the cor-
responding geographic descriptions. We call this kind of link a
spatial link because it is based on a spatial reference. In addi-
tion to this, in case that the distance between two spatial nodes
is below a threshold value, we also create a bidirectional spa-
tial link between them. This kind of spatial link represents their
geographic closeness.

A base set is extended by adding spatial nodes and spatial
links to the original base set. Below, we call this set an extended
base set. An example of an extended base set is shown in Fig-
ure 1. In this way, if two web pages contain geographic descrip-
tions that correspond to close points in a spatial sense, a spa-
tial relationship will arise between each other even if there is
no hyperlink relationship between them.

root set

base set
Specified area

Web space

Hyperlinks Spatial links

1

2

3

4

6

7

8

10

11

12

13

14

15

16

9

5

Web pages Spatial nodes

Geographic space

Figure 1. Example of extended base set

The graph structure of an extended base set constructed as
mentioned above combines the relationship in the web space
reflected by the hyperlinks, and the closeness in the geographic
space reflected by the spatial links. In our approach, we con-
duct a link analysis based on the extended base set. Therefore,
the importance and quality of web pages are evaluated accord-
ing to link structures and geographic contents of web pages.

3.4. Link analysis

3.4.1. Introduction of �� ����� and ��� ����� In our ap-
proach, spatial nodes and spatial links are created before the
process of link analysis. Note that the entire set of spatial nodes
contains spatial nodes that are outside of the user-specified ge-
ographic area. However, only the spatial nodes in the specified
geographic area and the spatial links related to them are con-
sidered to be important while conducting an actual link analy-
sis. In addition, we have noticed that it is common that a web
page contains two or more spatial descriptions. The distance
among these geographic positions may be very far and some of
them may be outside of the specified area.

To put high importance on the pages containing much infor-
mation on the specified area (i.e. having many spatial links to
the specified area) while put low importance on the ones con-
taining much information on other areas (i.e. having many spa-
tial links to the areas outside of the specified area), we extend

the idea of attaching weights to nodes or links [3] and define
the following two factors.

Let ����������� be the total number of links (including hy-
perlinks and spatial links) which go out from a node � and let
	

	����	 ����������� be the sum of the number of hyper-
links to the base set and that of spatial links to the spatial nodes
in the specified area. We define ��� �
��� as

��� �
������ �
	

	����	 ����������� � �

����������� � �
� (1)

This value has a characteristic that it becomes high when most
of links in node � point to the nodes inside of the extended base
set, and it becomes low when most of links point to the nodes
outside of the extended base set. In order to make this formula
calculable even when ����������� � �, we add one’s to the
numerator and the denominator, respectively.

In the same way, let ���������� be the total number of links
that come into a node � and let 	

	����	 ���������� be the
sum of the number of hyperlinks which come into node � from
the pages in the base set and that of spatial links from the spa-
tial nodes in the specified area. We define �� �
��� as

�� �
������ �
	

	����	 ���������� � �

���������� � �
� (2)

Example: We illustrate our approach using Fig. 1. For exam-
ple, within five links going out from node �, three links point
to the nodes outside of the extended base set. Two links point
to the nodes in the extended base set. One (hyper)link points
to a base set node (node �) in the web space. The other (spa-
tial) link points to a spatial node (node ��) in the specified ge-
ographic area.

Therefore, for node �, we get

��� �
������ �
� � �

� � �
�

�

�
� (3)

Similarly, we get

�� �
������ �
� � �

� � �
�

�

�
� (4)

3.4.2. Extension of HITS We extend the HITS algorithm us-
ing ��� �
��� and �� �
��� proposed in the above section. The
hub and authority scores of web pages that are more relevant to
the extended base set are evaluated higher. On the contrary, the
web pages that are more relevant to the nodes outside of the ex-
tended base set are evaluated lower.

Algorithm 2 shows the extended HITS algorithm. Line 	
and 
 are different from the original HITS in that we attach
weights using the two factors mentioned above.

3.4.3. Example of score calculation Table 1 shows the cal-
culation result of hub and authority scores based on the ex-
tended base set in Fig. 1. Node � is the one whose hub score
is the highest. Node � and � is the second and the third highest
ones. See node � as an example: the node is impossible to be-
come a hub in the sense of the original HITS. The reason is that
the original HITS considers only the web space and this page
has no hyperlinks which go out from it. However, in our ap-
proach that introduces spatial nodes and spatial links, node 5
is evaluated as a good hub with a high hub score because it
has much spatial information on the specified geographic area
(i.e. it has many spatial links to the nodes in the specified geo-
graphic area.)
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Algorithm 2 extended HITS algorithm

1: 1 �� ��� � � � � �� � ��� �

2: �� �� �� �� 1
3: � �� �
4: repeat
5: for all � � � do
6: ����� �� �� ����	��� �

�
����������� �����
�

7: ����� �� 	�� ����	��� �
�

��	
��
��� �����
�

8: end for
9: �� �� �������

10: �� �� �������
11: � �� �� �
12: until ��� � ������ ��� � ����� 
 �
13: return ���� ���

NodeID Hub Score Authority Score
1 8 19
2 67 7
3 2 14
4 27 33
5 8 56
6 2 0
7 6 1
8 4 0
9 0 22

10 0 6
11 1 0
12 18 47
13 48 21
14 32 30
15 32 4
16 4 32

Table 1. Hub/authority scores (our method)

In contrast with Table 1, Table 2 shows the result by the
original HITS. It is calculated based on the base set in the left
part of Fig. 1 without extension. Node � is the one which has
the highest hub score, which is similar to the result of our ap-
proach. The hub score of node 	, however, is evaluated lower
(actually the hub score is zero) and the hub score of node 

is higher than that of ours. In our approach, node 
 is evalu-
ated lower because it does not have related geographic infor-
mation on the specified area.

NodeID Hub Score Authority Score
1 9 43
2 88 0
3 0 22
4 17 50
5 0 43
6 9 0
7 17 15
8 35 0
9 0 36

10 0 43
11 17 0

Table 2. Hub/authority scores (original HITS)

4. Experiments and their analysis

4.1. Preliminary experiment

We use a document dataset NW100G-01 offered by Na-
tional Institute of Informatics, Japan. The dataset con-
sists of web pages crawled from the “.jp” domain. It in-
cludes ��� ��
� 
�� web pages and 
�� ���� �	� links between
them.

In the preprocessing, we extracted the meta-information of
each page and the link information between pages then stored
them into a database so as to conduct link analysis more ef-
ficiently. For spatial information extraction, we focused on
seven-digit Japanese zip code patterns. We translated these
extracted zip codes to corresponding coordinates and stored
them with corresponding page ids into the database. Actually,

�� ��	 zip codes were extracted from the dataset.

doc id page content
13039139 A list of travel agencies in Toshima, Tokyo
13513770 A list of associations of real estate appraiser in Toshima, Tokyo
7160587 A list of home care support centers in Toshima, Tokyo
6641959 A list of medical institutions in Tokyo

10565146 A list of goods agencies in Toshima, Tokyo
10585207 A list of NICOS gift cards selling windows in Tokyo

Table 3. Contents of top-ranked hubs in our
method (Toshima)

doc id s link eff s link w link eff w link out ratio eval
13039139 8 6 0 0 0.7777 Y
13513770 11 6 0 0 0.5833 Y
7160587 12 5 0 0 0.4615 B
6641959 8 2 8 8 0.6470 N
10565146 8 2 0 0 0.3333 N
10585207 20 3 0 0 0.1904 N

Table 4. Classification of links in top-ranked
hubs in our method (Toshima)

4.2. Experimental result

4.2.1. Effect of �� ����� and ��� ����� First, we exam-
ine the difference with/without the use of ���	�� ����	 factors.
Suppose as an example the specified circle area centered by
the location “Honchou, Ikebukuro, Toshima, Tokyo (zip code
170-0011)” with a radius ����	 3. Note that we calculate the
distance between two coordinate points approximately by us-
ing the latitude and the longitude values and the Euclidean dis-
tance. We have tried several settings of � , the threshold value
whether or not to create a spatial link between two spatial
nodes. Here we show the experimental result when the thresh-
old value � is �����. In this case, �	
 spatial nodes are cre-
ated. In addition, ��� spatial links between web pages and spa-

3 Tokyo, the capital of Japan, has twenty-three wards. Toshima is one of the
wards and Ikebukuro is a crowded area in Toshima ward. Honchou is lo-
cated in Ikebukuro area.
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tial nodes and ��� spatial links between spatial nodes are cre-
ated.

Table 3 shows the contents of the top-ranked six hub pages
using ������ ����� factors. Classification of links contained in
each page is shown in Table 4, where “doc id” denotes the ID
of a document, “s link” is the total number of the spatial links,
while “eff s link” means the number of the spatial links which
point to the specified area. The label “w link” is the total num-
ber of the hyperlinks, while “eff w link” represents the num-
ber of the hyperlinks which point to the web pages in the base
set. The label “out ratio” denotes the ratio of the “good” links
among all the links (including hyperlinks and spatial links) and
“eval” shows the evaluation by the authors whether the page
is a good hub page or not. We have evaluated each page by
looking at its content and links, where “Y” denotes a page is
evaluated as a “good” hub page, while “N” denotes a bad one.
The symbol “B” means a border page and we could not judge
clearly whether the page is a good hub page or not.

For the comparison purpose, we have also performed ex-
periments with the same specified area and threshold value but
������ ����� are not used. The experimental result is shown
in Table 5 and Table 6. As we can observe from Table 6,
if �� ����� and ��� ����� are not used, there are only a few
spatial links to the specified area in the top-ranked pages al-
though these pages contain numerous hyperlinks and spatial
links. They are not the desired ones because they have much
more geographic information outside of the specified area than
that inside of the specified area.

doc id page content
10822643 A list of diving shops and services in 23 wards of Tokyo
9321218 A list of public libraries in Tokyo
11724304 A list of recycle associations and shops over Japan
13039139 A list of travel agencies in Toshima, Tokyo
13513770 A list of associations of real estate appraiser in Toshima, Tokyo
7160587 A list of home care support centers in Toshima, Tokyo

Table 5. Contents of top-ranked hubs without
in/out ratios (Toshima)

doc id s link eff s link w link eff w link eval
10822643 62 4 26 26 N
9321218 371 3 22 22 N

11724304 209 4 31 31 N
13039139 8 6 0 0 Y
13513770 11 6 0 0 Y
7160587 12 5 0 0 B

Table 6. Classification of links in top-ranked
hubs without in/out ratios (Toshima)

For example, the top web page 10822643 in Table 5 and
Table 6 has a content of diving shops and services in twenty-
three ward areas of Tokyo. It contains only four spatial de-
scriptions on the specified area (the area around the zip code
170-0011), while sixty-two spatial descriptions appear in the
page. It cannot be considered as a good hub page because its ra-
tio of spatial information related to the specified area is low. As
shown in Table 3 and Table 4, such pages do not come to the

top place in our case. That is to say, they are evaluated lower by
our approach with the ������ ����� factors. Page 13039139
in Table 3 and Table 4 is the top hub page extracted by our ap-
proach. This page is a list of travel agencies in the Toshima
ward of Tokyo. There are eight spatial descriptions in this page
and among them six ones are relevant to the specified area. This
page shows relevance on the specified area. Consequently, we
consider it is a “good” hub page.

4.2.2. Influence of threshold value � We examine the influ-
ence of changing the threshold value � that is used to determine
whether to create a spatial link between two spatial nodes. As
an example, now we consider an area centered by the location
“Tennoudai, Tsukuba, Ibaraki, Japan (zip code 300-1253)”
with a radius 0.054. In this case, 179 spatial nodes and 329 spa-
tial links between web pages and spatial nodes are created. We
first set the threshold value � to 0.005 then we get 822 spa-
tial links between two spatial nodes.

Table 7 shows the contents of the top-ranked hub pages
when � � �	���. The link classification result is shown in Ta-
ble 8. Page 6608658 and page 6191997 become the first and
the second top-ranked ones just because they have so many hy-
perlinks. However, page 9795990, the third one, has a dif-
ferent feature; it is a link collection which contains URLs of
research organizations, nonprofit foundations, and schools in
Tsukuba city. Although there is no geographic information in
this page, it has many “good” hyperlinks. Namely, we can find
geographic information on the specified area by visiting pages
linked from this page.

doc id page content
6608658 A list of links to homepages of all ministries over Japan
6191997 A list of links to schools and research institutes over Japan
9795990 A list of links to many websites in Tsukuba
7511229 A List of links to research institutes over Japan
13941808 A list of links to business and industry organizations in Tsukuba
8254577 An introduction of a survey association

Table 7. Contents of top-ranked hubs (Tsukuba,
� � �����)

doc id s link eff s link w link eff w link out ratio eval
6608658 0 0 630 45 0.0729 N
6191997 0 0 154 24 0.1612 N
9795990 0 0 92 17 0.1935 Y
7511229 0 0 30 9 0.3225 B
13941808 1 1 10 10 1 Y
8254577 0 0 43 1 0.0454 N

Table 8. Classification of links in top-ranked
hubs (Tsukuba, � � �����)

In order to compare the influence of changing the thresh-
old value � , we also show another experimental result with the

4 Ibaraki is a prefecture of Japan. Tsukuba is a city located in this prefec-
ture and is much more desolate than Tokyo. We use Tsukuba city here as
the target area, but we observed a similar tendency when we used Toshima
ward of Tokyo. The main difference is that we should use a larger ra-
dius for Tsukuba city since it is located in the suburban area of Tokyo and
more “sparse” than Toshima.
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same target area and a larger threshold value � � �����. The
number of spatial links between spatial nodes is increased to
1086.

Table 9 and Table 10 show the contents of the top-ranked
hub pages when � � ����� and their link classification. For ex-
ample, page 4968622 in Table 9 and Table 10 with the high-
est hub score is a summary page of public halls in Tsukuba city.
There are 15 spatial links in this page and among them 12 spa-
tial links point to the spatial nodes in the specified area. We
consider this page a good hub page because it has much spatial
information and the ratio of spatial links pointing to the speci-
fied area is high.

Comparing Table 8 and Table 10, we can observe that the
pages which have no spatial links but many hyperlinks come to
the top place when the threshold value � is relatively small and
as � increases, the ones which have no hyperlinks but many
spatial links become higher. We can adjust the tradeoff of im-
portance between web space and geographic space by chang-
ing the threshold value � .

doc id page content
4968622 A list of public halls in Tsukuba
4968829 A list of government offices in Tsukuba
9921832 A list of ATM locations of a bank in Ibaraki

12469677 A list of research institute over Japan
12343866 An introduction of a support organization
7204947 A list of business and industry organizations in Tsukuba

Table 9. Contents of top-ranked hubs (Tsukuba,
� � �����)

doc id s link eff s link w link eff w link out ratio eval
4968622 15 12 0 0 0.8125 Y
4968829 5 3 0 0 0.6667 Y
9921832 9 3 0 0 0.4 B

12469677 52 10 44 44 0.5670 N
12343866 8 4 5 5 0.7143 N
7204947 9 3 5 5 0.6 B

Table 10. Classification of links in top-ranked
hubs (Tsukuba, � � �����)

5. Conclusions and future work

In this paper, we have proposed a method to extract spa-
tial information hub pages, which contain “good” local infor-
mation and/or “good” hyperlinks to local web pages. We have
extended the web link analysis method HITS considering geo-
graphic features. In the experiment, we have examined the ef-
fectiveness of our approach. We have shown the usefulness of
the ������ �	��� factors and observed the influence of chang-
ing the threshold value for spatial link creation between spatial
nodes.

Our future work is as follows. First, we should develop more
sophisticated formulas and parameter tuning methods, for ex-
ample,

� improved definition of ������ �	���: In the current ap-
proach, the ratio of effective links (hyperlinks and spatial

links) is calculated in one factor in a unified manner. We
may be able to improve the calculation method by distin-
guishing two types of links.

� weighting on links: We have simply treated hyperlinks
and spatial links equally, but we can assign different
weights on hyperlinks and spatial links to improve the ef-
fectiveness.

� tuning method of the threshold value � : We need to de-
velop a (semi-)automatic scheme to determine the thresh-
old value � .

Second, we need to develop a method based on a different link
analysis algorithm. We have used HITS as the basis of our ap-
proach, but HITS is not the only candidate. We should consider
the possibility to use other algorithms and their comparisons.

Third, we need to develop an effective data collec-
tion method. We have performed the experiments using
NW100G-01 dataset, but there was a problem in the dataset.
Since the number of collected web pages is limited, many
link target pages are not contained in the dataset. Conse-
quently, a link analysis may tend to be unreliable for an area
where a limited number of web pages are collected. There-
fore, we are now developing a method to efficiently crawl web
pages focusing on the ones related to the specified area.
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