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Abstract It is becoming increasingly difficult to find desired information from the World Wide Web (WWW) due
to its rapid growth, and especially, to find web pages belonging to a certain category. For example, it is difficult
for tourists to search for official accommodation websites such as hotels and pensions in the area that they will
visit. Existing search engines are not suitable for this purpose because these search engines utilize some keywords to
extract the information, and accommodation websites do not always contain the most common words. In this paper,
we develop an automatic collection system that can extract some accommodation websites in a certain region and
detect whether a website is an official one. Our main idea is the utilization of telephone numbers and link-structure
analysis. We have applied our proposed system to Hokkaido local accommodation websites in some areas, although
the proposed-system can also be applied to other objects by changing the extraction rule. This is the first step of
our trial to make a dynamic Internet Directory.
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variations of the WWW.

1. Introduction . . . . ‘
Mainly, the search engine consists of two kinds. Here, we

The World Wide Web (WWW) creates new challenges for
information retrieval because of its amount of information.
The search engines are the WWW information retrieval sys-
tems that most people are familiar with. However, they give

poor results, because of a great deal of information and many

call them the term based search engine and the internet di-
rectory.

The term based search engine is made by the robot which
generally is called crower or spider. There are “Google” [1],

“altavista” [2], and so on as its example. In advance, the



crower collects many web pages by using link structures and
keeps it as the data base. For example, Google’s crower
“collects three billion web pages. As the user sends a query
string, web pages which contain the query string are shown to
the user. At that time, the result is lined up by the ranking
algorithm.

However, when we do not know what kind of word is con-
tained in advance, we can not find the page by using term
based search engines. For example, we consider official ac-
commodation websites. Some websites contains the word
“hotel”, although there are many websites which do not con-
tain the word “hotel”. It is difficult to expect what kind of
word is contained in it. Therefore, it is difficult to find offi-
cial accommodation websites by using the term based search
engines.

Moreover, when we send some common query strings like
“hotel” to the term based search engine, hundreds of thou-
sands of results are often shown. Though the result is lined
up by the ranking algorithm, and many related works about
the ranking algorithm have been done. There is a room of
the improvement in it.

The internet directories are made by the human works.
There are “Yahoo! Japan” [3], “ODP” [4], and so on as its
examples. Web pages which are registered in the internet
directory are classified by the human works. Therefore, its
quality is far higher than the quality of result which is made
by the term based search engine. However, while the num-
ber of web page increases, the amount of the human works is
limited. The page registered in the internet directory is just
a part of the whole.

It is required to make a dynamic internet directory, which
is the internet directory made by the robot, automatically.
It overcomes the problems of both the term based search
engine and the internet directory. The problem of the term
based search engine is the extraction of the information from
the data base. The problem of the internet directory is the
number of the registered pages.

In order to make a dynamic interget directory, we have
to build some of the rules in each category. In this paper,
we propose the rule about official accommodation websites.
Our main idea is the utilization of telephone numbers and
the link-structure analysis. The idea is based upon the fact
that almost all accommodation websites have its telephone
number, and the fact that the official one is often linked from
many other websites.

Our idea can also be applied to other objects, especially
the official websites about some companies or enterprises.
The websites which have description about some companies
or enterprises often have its telephone number. The official

websites are often linked from many other websites.

2. The Related Work

In this section, we describe various link-based webpage
analyses. Two popular link-based webpage ranking algo-
rithms are HITS and PageRank. These algorithms use the
link topology in order to capture the notion of some average
opinion of the webpage creator. The hyperlinks of these web-
pages form a directed graph G = (V, E), where V is the set of
nodes representing webpages, and F is the set of hyperlinks.
The hyperlink topology of the web graph is contained in the
asymmetric adjacency matrix L = (L;;), where L;; = 1 if p;
— p; and L;; = 0 otherwise.

Kleinberg [5] presented HITS algorithm which can identify
“hub” and “authority” web pages. The hub pages link to
many authority pages. The authority pages are linked to -
by many hub pages. The definition of the two page type is
recursive and mutually reinforcing. In its algorithm, each
webpage p; has both a hub score y; and an authority score
z;. The LOP represents the idea that a good authority is
pointed to by many good hubs. The O°P represents the

idea that a good hub points to many good authorities.
X =L°%(y)=L"Y (1)
Y = 0°P(X)=LX )

Vectors X = (z1,%2, - -,%n)T and Y = (y1,y2,"--,yn)7 are
the authority score and the hub score of each webpage. The
final authority and hub scores of every webpage can be ob-
tained through the iterative processes which can represent

next expression.

XD = [TLx® (3)
eyt = LTy ® (4)
¢ is a normalization constant such that ||z|| = ||y|| = 1 and

z®, y® represent the authority and the hub scores at the
" iteration.

There are many improved algorithms which compute au-
thority and hub scores. The ARC algorithm of Chakrabarti
[6] extends Kleinberg’s algorithm with textual analysis. ARC
computes a distance-2 neighborhood graph and weights
edges. The weight of each edge is based on the match be-
tween the query terms and the text surrounding the hyper-
link in the source document. This algorithm is aim at making
resource lists similar to those provided by Internet Directory
Yahoo! or Infoseek. Their aim is similar to ours, but ARC
depends on a textual analysis. Therefore, ARC cannot find
web pages belonging to a certain category such as official ac-
commodation websites. The official accommodation websites
do not always contain the most common words.

Bharat [7] identified three problems with Kleinberg’s algo-

rithm and devised algorithms to tackle them. The essence of
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their approach is to augment a previous connectivity analysis
based algorithm with content analysis. Chang 8] presented
a study about customized authority lists. They presented a
technique that incorporates user feedback by adjusting the
measure of authority to match an individual’s internal notion
of what sources are important. Gibson [9] presented a study
about robustness of HITS algorithm.

Brin and Page[10][11] presented PageRank algorithm
which is used in the search engine Google. PageRank uses
an idea similar to HITS that a good webpage should con-
nect to or be pointed to by other good web pages. How-
ever, instead of mutual reinforcement, it adopts a web surf-
ing model based on a Markov process in determining the
scores. Each webpage p; has PageRank scores z;, and we
define Z = (21,22, -+,2,)7. The final PageRank scores of
every webpage can be obtained through the iterative pro-

cesses which can represent next expression.
z4H) = pTz® (5)
PT = aL" D7} + (1 — a)(1/n)ee” (6)

Where, the out-degree of a webpage p; is defined as o; =
YiLi.

douws = (01,02,,00)T ]
Doy = diag(dout) (8)

PageRank models two types of random jumps on the In-
ternet. First, link-tracking jump: a surfer often follows the
hyperlinks of web pages by simply clicking on them. This is
modeled by LTDZ}.

out*

Next, link-interrupt jump: a surfer
sometimes jumps to another webpage not hyperlinked by
the current webpage. Page Rank models such link-interrupt
jump with a simple uniform distribution (1 — a)/n, where
a=08t009ande=(1,1,---,1)7.

Richardson [12] presented the text based expansion of
PageRank. Haveliwala[13] presented the topic sensitive
PageRank algorithm. A. Y. Ng's study[14] is a stability
of the HITS algorithm and the PageRank algorithm. C.
Ding [15] [16] presented the analysis about HITS and PageR-
ank and their unified algorithms. Other link-based webpage
analysis is a definition of a web community. Flake [17] define
a web community to be a set of web pages that link in either
direction to more web pages in the community than to pages
outside of the community. Members of such a community
can be efficiently identified in a maximum flow / minimum

cut framework.

3. How to collect the official accommoda-
tion websites

The collection of the official accommodation websites con-

sists of two steps. First, many candidates of the official ac-

commodation websites are collected. This step is performed
by using the term based search engine and the link structure
of web pages. The system can gather most official accommo-
dation websites as a candidate.

However, the system collects many web pages except offi-
cial accommodation websites, too. For example, it is websites
of a travel agency or websites of a self-governing body. Such
websites contain information of many hotels, pensions and
so on. As a time, the page of these websites looks like the of-
ficial accommodation website. It is necessary to distinguish
the official websites from non-official one.

Next, the system extracts the official accommodation web-
sites from candidates. This step is performed by the analysis
of the link structures and the text data of the candidate web
pages. The system can extracts most official accommodation
websites.

3.1 Collection of the candidate web pages

‘We mention how to collect the candidate web pages by us-
ing the term based search engine and the link structures. We
adopt the most popular search engine “Google” as the term
based search engine.

First, the system collects web pages by using the search
engine. We call this result R. We use two kinds of words as
the query string of the term based search engine. The one is
the word which shows the geographical position. We define
the set of this word as G. The other is the word which is
often contained in the official accommodation websites. We -
define the set of this word as A.

We use the area code of the telephone numbers as the
geographical term. This is based on the fact that the area
code of the telephone numbers is the geographical term which
is contained most often in the official accommodation web-
We checked 358 websites which are Hokkaido local

accommodation websites registered in the Internet Directory

sites.

“So-net” [18]. The telephone number is written in all of the
websites. Sorry to say, the telephone number may be writ-
ten by the image. The system ignores such a website. The
probability which such a website exists in is 4.19%. Our idea
to use telephone numbers can be applied to other objects as
well. The telephone number is usually written in the web-
sites of many companies or enterprises, such as a restaurant
or a golf course.

We adopt the following twelve words as the elements of
A. A ={“hoteru”, “pensyon”, “yu-suhosuteru”,
“roddi”, “ryokan”, “syukuhaku”,
“ryoukin”, “ryouri”, “onsen”}. We checked 358 official ac-

f(rojj i" N
“minsyuku”, “yoyaku”,
commodation websites, and the either twelve words are con-
tained in all websites. When we apply our system to other
objects, we have only to change these words.

We use “AND reference” of two words. It is necessary
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for websites to contain the webpage which include both the
element of G and the element of A. The probability that
websites do not contain such web pages is 2.23%.

We adopt ¢ high ranks of each result. This is because R
doesn’t grow big too much. We exclude duplication, and its
result is R.

Next, the system collects the web pages which R is point
to on the link structure. We call its result R*. The system
also collects the web pages which is point to R on the link
structure. We call its result R™. For getting R™, we use the
special function of Google called “Link Page”.

This method is the part of the Kleinberg’s HITS. There
are two reasons in doing this operation. First, the candidate
pages which are collected by using the term based search
engine may not contain all official accommodation websites.
Therefore, it is necessary to expand R. In fact, R contains
about 70% websites of the official accommodation websites
which the system finds. About 30% websites is collected in
this step. Because the link-connected web pages often have
the same topics, we expand R by using the link structure.
Next, as we use the link structure for extracting the official
websites in the next step, we need the set of pages which is
connected thickly.

Union of R, RT and R~ is defined as S. § contains most
official accommodation websites. We can define the following

procedure :
Candidate(G,A,t,€)

G : area code of a telephone number

A : words which are often contained offi-
cial accommodation websites

t : a natural number

€ : a term based search engine

Let R denote the top ¢ results of e on G
and A.

Set S:=R

For each pagep € R
Let R*(p) denote the set of all pages p
points to.
Let R (p) denote the set of all pages
pointing to p.
Add all pages in R*(p) to S.
Add all pages in R™(p) to S.
End
Return S

3.2 The candidate web pages
We mention what kind of page there is in S. S includes
the web pages which do not include the information about

the accommodation. We have to exclude these web pages.

This can be done by the simple text analysis. We have only
to check whether the web pages include a certain words or
not.

The web pages which include the information about the
accommodation can be divided three types.

Type 1 : Page of the official accommodation websites : This
is made by the hotels or pensions itself.

Type 2 : List page such as a telephone number : This page
often includes the information of many accommodations.
Type 3 : Pages except for type 1 and type 2.

We want to extract type 1 pages. It is easy to distinguish
type 2 pages, for type 2 pages usually contain many tele-
phone numbers. However, it is difficult to distinguish type 3
from type 1.

The popular example of type 3 is websites of a travel
agency or websites of a self-governing body. These websites
have many pages which contain the information about vari-
ous accommodations. These pages include the necessary in-
formation such as hotel charges, address, telephone number,
check-in time, check-out time, and so on. Those contents
are almost the same as the official websites. Therefore, we
cannot distinguish type 3 from type 1 by using the text data.
However, we find the fact that there are many links from type
2 and type 3 to type 1. We can extract type 1 by counting
the link from other pages.

3.3 Extraction of the official websites

‘We mention how to extract the page of the official accom-
modation websites from S. Here, we classify the web pages of
S in list pages and non-list pages. List page is the page that
has telephone numbers more than {. The web pages except
for list pages are non-list pages, and we define these pages as
S'. We adopt | = 5. Most official accommodation websites
have one or two telephone numbers. One out of two is FAX
number. And, there are some websites which have three or
four telephone numbers just only. Therefore, the web pages
which have more than five telephone numbers are not surely
the official accommodation websites.

The system extracts telephone numbers from S’. We de-
fine these telephone numbers as t.. The set of pages in which
tn is written is S,CS and S, CS’. Two manipulations are
necessary about each telephone number ¢,. We have to ex-
tract the official websites from S,, and we have to detect
whether t,, is the accommodation telephone number or not.

Here, we define the directed graph D = (S, E). The nodes
correspond to the pages. The directed edge (p,q) € E indi-
cates the presence of a link from p € S to ¢ € S. From the
graph D, we can isolate sub graphs. If VCS is a subset of
the pages, we use D[V] to denote the graph induced on V.
Its nodes are the pages in V. Its edges correspond to all the

links between pages in V.
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In order to extract the official websites from S,, the sys-
tem manipulates the followings in every telephone number
tn. All S, are ranked by in-degree of graph D[S,]. The page
which in-degree is the biggest is the official website in that
graph. If two or more pages have the same in-degree, the sys-
tem uses the number of characters of URL. The page which
the number of characters of URL is smallest is the official
website.

In order to detect whether ¢, is the accommodation tele-
phone number or not, the system analysis the TITLE Tag
of S,,. If more than one page of S;, has TITLE Tag which
contains the following words A’, t, is the accommodation
telephone number. A’ are “hoteru”, “pemsyon”, “yado”,
“ryokan”, “rojji”, “roddi”, “hosuteru”, “sansou”, “kote-ji”,
and these Japanese “hiragana”, “katakana”, “kanji”, and
these English capital letter and small letter and its “zenkaku-
moji”, and “hankaku-moji’. We can define the following

procedure :
Extract(S,4’,1)

A’ : words which are often contained the
TITLE Tag of the official accommoda-
tion websites

! : a natural number

Let S’ C S denote the set of page which
contain less than ! telephone numbers.

Let T denote the telephone numbers writ-
ten in S'.

Let n denote the number of element of T'.

Let t; € T denote the element of T.

Let S; C S denote the set of page which
contains ;.

Let S; C S’ denote the set of page which
contains t;.

Set 7" :=the empty set

Fori=1,2,---,n
If more than one page of S, contain TI-
TLE Tag which contain A',
then Add ¢; to T'.
End

Let m denote the number of elements of
TI
Set O :=the empty set
Fori=1,2,---,m
.Let p € S] denote each page of S;.

Let In — degree(p) denote the number of
pages in S; which points to p.

Let URL — length(p) denote the number
of characters of page p URL.

Let P C S; denote the page which In —
degree(p) is biggest.

Let P' C P denote the page which URL—
length(p) is smallest.

Add P' to O.

End
Return O

4. Experiment and Evaluation

We applied our proposed system to Kuttyan town,
Hokkaido local accommodation websites. The telephone
numbers of Kuttyan town is 0136 (2a) bede. a is 1 or 2
or 3. b, ¢, d, e are the optional numbers.

(1) The system made the set R. G is “0136” and its
Japanese “zenkaku moji”. We adopt ¢+ = 200. The system
collected 1302 web pages as the set R.

(2) The system made the set S. The system collected
19454 web pages as the set S.

(3) From S, the system extracted all telephone num-
bers. The system found 189 telephone numbers. Some ac-
commodations may have two or more telephone numbers.
Such a case is 62. Our system doesn’t exclude such a case, so
two or more results about one accommodation may be made.
Here, we ignore such a case, and evaluate 127 telephone num-
bers. We define these telephone numbers t1,t2, -+, t127.

(4) From 81,85,---,8127, the number of official web-
sites is 71. The system extracted 69 official websites, and
the probability that it succeeded was 95.8%.

(5) From t¢,ts,--,t127, the number of accommodation
telephone numbers is 71, and the number of non accommo-
dation telephone numbers is 56. The system classified 127
telephone numbers into accommodation telephone numbers
and non-accommodation telephone numbers. The system
found that 59 telephone numbers are accommodation tele-
phone numbers, and 56 is right and 3 is wrong. The proba-
bility it succeeded is 94.9%. The system found that 68 tele-
phone numbers are non-accommodation telephone numbers,
and 53 is right and 15 is wrong. The probability it succeeded
is 77.9%.

Table 1 is an example of the results about a certain ac-
commodation. These web pages have common telephone
numbers, so have description about common accommoda-
tion. Page 1 is the page of the official website. The system
succeeded in discovering that it is the official one. Page 2, 3,
4,5,8,9,10, 11, 12, 13, 15, 16 have link to page 1. There is

no link between these pages except for that.
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tablel An example of the result

Page URL

1 | http://plazal6.mbn.or.jp/ sirotaya/
htip://www.staff-f.co.jp/htl002.htm
http://www.petpet.ne.jp/hotel /yado_info.asp?id=357
http://www.asahi-net.or.jp/ LT6H-KBYS

/tomaru/yado/t0016.html
http://www.step-life.com/pet.html

& lwiN

http://www.tourism.ne.jp/1.1.htmi
http://www.petyado.com/hokkaidol_2.html
http://www.1101.com/noren/shop/hokkaido-0.html
http://www.jpinfo.ne.jp/yado/pref/hokkaido.htmi
10 | http://www.kitakita.ne.jp/syukuhakusisetu

Ole|N|o|wx

/syu-ou.html

11 | http://www.yomi2l.co.jp/pension/hokaido
/ph-kuccyan.htm

12 | http://www.cybercrea.net /special/pet.0203
/yado_01_hokk.htm

13 | http://www.wombat.zaq.ne.jp/sena/yado
/hokaidou/hokaidou.htm

14 | http://www.nisekoexpress.net/activity

/taiken/taiken_winter.html

15 | http://members.jcom.home.ne.jp/dogstravel
/Data/hokaido/hoka2.html

16 | http://www.neko-tsushin.com/catnavi
/accommodation/acm-hokkaido01.html

17 | http://www.dogoo.com/database/hotel
/hotelsearch.cgi?category=01hokkaidou

5. Conclusion

‘We showed that it was possible to find web pages belonging
to a certain category which was difficult to find so far. We
proposed the extraction rule for official accommodation web-
sites. It is possible to collect other objects by an easy change
of the extraction rule. The telephone number is mentioned
in the websites of almost all the companies or enterprises,
and there are many link collection pages about each cate-
gory. Therefore, our main idea (the utilization of telephone
number and the analysis of link-structure) can be applied to
official websites of many companies or enterprises. In this
case, the rules A and A’ are changed.

As a future work, we will find the equivalent to A and A’,
automatically. If this goes well, we can build many rules for
other objects, and we can make the dynamic internet direc-
tory about many official websites of companies or enterprises.
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