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Abstract

A way of constructing and editing a large di-
rectory of the World Wide Web automatically is
to implement a powerful classifier that assigns
an appropriate category to every web page. In
this paper, we present another way—to automate
editing of a link collection for each category. We
present a system that generates a link collection
from a category word such as aquarium and zoo
without any human interaction.
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1 Introduction

The World Wide Web (WWW) is now the
popular resource when we look for certain in-
formation. Two kinds of tools help us find the
web pages that contain the desired information:
search engine and web directory. A search engine
is fully automated. In contrast, a web directory
is edited manually: Human editors review web
pages, and assign an appropriate category to each
page. A question arises here: Can computer cre-

ate a large directory of WWW like Yahoo? The
final goal of our study is to answer this question.

One possible procedure to create a web direc-
tory is as follows.

Procedure 1

1. Create a classification tree (concept tree)
manually. A node of the classification tree
corresponds to a classification category.

. Collect web pages (by using a web robot).

. Assign an appropriate category to each web
page (Figure 1).

. Generate a link collection for each category
from web pages that are classified into the
category.

Classification step (step 3) is the key of this pro-
cedure. A powerful classifier that assigns an ap-
propriate category to every web page is required
to automate this step. As far as we know, nobody
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has succeeded to implement such a powerful clas-
sifier yet.

We present another procedure.

Procedure 2

1. Create a classification tree (concept tree)
manually.

2. Generate a link collection for each category
by collecting web pages that are relevant to
the category (Figure 2).

To automate step 2 in Procedure 2 is much easier
than to automate step 3 in Procedure 1 because
of two reasons.

e It does not require a powerful classifier; it
requires only a binary classifier, which deter-
mines whether a web page is relevant to a
category.

e Different programs can be used for generat-
ing link collections of different types of cate-
gories.

In this paper, we present a system that gener-
ates a link collection from a given category word,
such as aquarium and zoo, without any human
interaction. A generated link collection is orga-
nized regionally and hierarchically, so it can be
viewed as a small web directory of the specific

category—it can be a part of a large directory ot
WWW.

2 A Directory Example

Here, we show a directory example, which was
generated from a word suizokkan(aquarium). The
directory consists of two kinds of pages: table-
of-contents page and digest page of an instance.
Figure 3 shows the table-of-contents page of the
directory!. This page lists aquarium names or-
dered by region. Each aquarium name has a hy-
perlink to the digest page of that aquarium, which
1s also generated automatically by the system.
Figure 4 is the digest page of Okhotsk Aquarium;
it consists of the name, the address, the phone

IThe original page is only in Japanese, but we insert
English translation for understandings.



Web page —>|:_Classiﬁer—‘l———> Category

http://www.mbayaq.org/ aquarium

Figure 1: Classifier approach. A classifier assigns an appropriate category to each web page.

Category —>‘ Automated Editor I > Link collection

aquarium Waikik: Aquarium
— http://www.mic.hawaii.edu/ aqua.rlum/
Monterey Bay Aquarium
— http://www.mbayaq.org/

Figure 2: Our approach. An automated editor creates a link collection for each category.
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Figure 3: The table-of-contents page of aquarium directory. Aquariums are classified by geographical region.
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Wit = / phone number 0152-43-2973

#1352 / Descriptions
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-- ZPAR—"Y 7 IKJEFHE - So-net Home Page / Okhotsk Aquarium succeeded in breeding cliones; you
can see them anytime at our aquarium. —- Okhotsk Aquarium — So-net Home Page '

HdHR— / Links

. () A R—Y 2KiEEE - World Nature Network / Okhotsk Aquarium - World Nature
* Network
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Homepage
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Figure 4: The digest page of Okhotsk Aquarium. This page shows digest information and five links to the existing
web pages of the aquarium.

Category | Instance (Place) URL

aquarium | Waikiki Aquarium | http://www.mic.hawaii.edu/aquarium/
(Honolulu, HI) http://www.hisurf.com /explorer/aquarium.html

AT I

Monterey Bay Aquarium | http://www.mbayaq.org/
(Monterey, CA) http://members.aol.com /roynlinda/aquarium.htm

Figure 5: Fundamental structure behind a directory. To create a web directory, we have to fill columns in the
table. '
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A category word (e.g., aquarium)

Name Collector

A list of instance names

Contents Editor

A digest page of every instance

Organizer I

A web directory of the category

Figure 6: The system configuration. From a given

category word (e.g., aquarium), the system generates a
web directory.

number, and the five links to the existing web
pages of Okhotsk Aquarium.

The fundamental structure behind the direc-
tory is a table like Figure 5. This table clarifies
the problems we have to solve: among them, three
major problems are as follows.

1. How do we collect the proper names (in-
stances) of the category (e.g., aquariums)?

2. How do we collect the web pages that are
relevant to the specific instance (e.g., Waikiks:
Aquarium)?

3. How do we generate reliable information
from unreliable materials (web pages)?

There is no pertect solution to each problem: we

conbine partial and practical solutions to realize
the system.

3 The System — Automated Editor

Figure 6 shows the outline of the system. The
system consists of three major modules: name
collector, contents editor, and organizer.
From a given category word (e.g., aquarium), the
name collector collects the proper names (i.e., the
instances of the category). For every instance, the
contents editor collects web pages that are rele-
vant to the instance, extracts pre-defined impor-
tant information from these pages, and generates
a digest page of the instance. The organizer gen-
erates the regionally-classified table-of-contents of
the directory. Though the current system handles
only Japanese text, we use English examples for
explanation in this section.
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I . Waikiki Aquarium
. Sea Life Park Hawaii

Steinhart Aquarium

Monterey Bay Aquarium
Sea, World of California,

O W N

Figure 7: A link collection of aquariums. We can
infer #2 and #4 are also aquariums.

3.1 Name Collector

The first step for generating a web directory
of a specific category is to collect proper names
(instances) of the category. For example, from
the category word aquarium, the system collects
aquariums’ names (e.g., Waikiki Aquarium, Sea
Life Park Hawait, Monterey Bay Aquarium).

A simple heuristic rule is used here: inference
from head noun. A proper name often has a
category word as the head noun. For example,
Waikiki Aquarium has the word aquarium as the
head noun (the final word). Therefore, we can in-
fer that Waikik: Aquarium is an aquarium, even
if we know nothing about it*. Based on this rule,
the system collects the proper names that have
the category words as the head noun. However,
this method fails to find Sea life Park Hawazi, be-
cause it does not contain the word aquarium. To
complement this method, we use another method
that uses existing link collections. Let us imagine
that the system found the enumerating list (Fig-
ure 7) in a web page. From head nouns, the sys-
tem infers that item #1, #3, and #4 are aquari-
ums. From this inference result, the system infers
that this is a list of aquariums, and thus the rest
(i.e., #2 and #5) can be also aquariums. We call
this inference from list.

We have implemented the name collector based
on the above two methods. The current pro-
gram collects not only names but also their URLSs
by collecting anchors® that contain the category

words. The procedure of the name collector is as
follows:

1. A category word (e.g., aquarium) is given.

2. Obtain the URLs of the pages that con-
tain the category word by using search en-
gines. Currently the system uses two search
engines, Goo (www.goo.ne.jp) and Infoseek
(www.infoseek.co.jp), and obtains 200 URLs

2Note that the inference is not always correct. There
are several counter examples: Tama Aquarium and Joyo
Aquarium are pet shops of tropical fish, not aquariums.

3In this paper, we use the word anchor as a unit that
consists of the anchor tags (<a> and </a>) and the an-
chored string (the words between <a> and </a>). For ex-
ample, “<a href=http://www.jaist.ac.jp>JAIST</a>” is
an anchor, and JAIST is the anchored string.



from the search results.

3. Obtain pairs of <name, URL> by applying
the following procedure to every URL ob-
tained at step 2.

(a) Download the HTML source of the URL
and extract anchors that contain the
category word as the head noun.

(b) If there is a list that is presumably a list
of the category’s instances, also collect
anchors of items that do not contain the
category word (based on the inference-

from-list method).

(c)

Convert every anchor obtained at (a)
and (b) into a pair of <name, URL>.

4. Merge two pairs if they have the same URL
Or name.

5. Output the list of <(name, ...), (URL, ...)>.

Step 4 is to obtain one set of names for one
instance, because an instance are often described
by more than one names (i.e., the official name
and several nicknames). For example, Monterey
Bay Aquarium is sometimes referred as Monterey
Aquaritum. In case two anchors have the same
URL and different anchor strings, the system in-
fers that both strings may be the names of the
same Instance.

3.2 Contents Editor

From a set of names of an instance, the con-
tents editor generates a digest page of the in-
stance. Figure 4 shows an example of a digest
page, which was generated from the proper name
Okhotsk Aquarium. The digest page consists of
the name, the address, the phone number, the
short description, and the link collection of the
aquarium.

The procedure of the contents editor is as fol-
lows:

1. An instance is given. It is represented by a
set, of proper names and a set of URLs (i.e.,
an element of the output of the name collec-

tor, <(name, ...), (URL, ...)>).

2. Collect web pages that are relevant to the
instance.

3. Select web pages for further steps.

. Extract summary information (i.e., name,
address, city code, phone number, and short
description) from every selected page.

5. Determine the summary information ot the

instance by integrating extracted informa-
tion.

6. Generate a web page for the instance.
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At the collection step (step 2), the system col-
lects the web pages that are relevant to the in-
stance by using the given proper names. The
system uses two rules to judge relevancy.

a. Judgment by title
If a page’s title is one of the given proper
names, the page is relevant to the instance.

. Judgment by anchor string

If a page is referred by the anchor whose
string is one of the given proper names, the
page is relevant to the instance. For ex-
ample, if the system finds the anchor <a
href=http://www.mbayaq.org/>Monterey
Bay Aquarium</a>, the system judges that
http://www.mbayaq.org/ is a relevant page
to Monterey Bay Aquarium.

Currently, we use Infoseek for collecting web
pages based on the first rule, because Infoseek
provides the title search, which can retrieve the
pages whose titles contain the given keywords.
We also use the URLs that are provided by the
name collector, because they are always relevant
to the instance according to the second rule.

At the selection step (step 3), the system se-
lects the URLs for the further steps. First, the
system tries to access every URL, and filters out
unaccessible URLs. Second, the system checks
duplication of the pages by simple heuristic rules.
For example, when there are http://.../ and
http://.../index.html in the URL list, the
system compares two HTML sources of these. If

these two sources are the same, the system filters
out one of them.

At the extraction step (step 4), the system ex-
tracts several pieces of information from every
URL in the list obtained at step 3. Currently,
the system extracts five types of information: the
name, the address, the city code*, the phone num-
ber, and the short description (summary) of the
instance. The methods that were developed in
our previous study on automated editing [6, 7]
are used for information extraction and summary
extraction.

The determination step (step 5) is crucial, be-
cause the contents of the web pages are not always
correct. For example, a web page denotes that
the phone number of Tokyo Tower Aquarium is
03-3434-8833, but another page denotes that it is
03-3433-5111. Which one should we trust? There
is no dominant solution to the problem, so we use
a majority vote as a practical solution. First, the
system determines the city code of the instance
by a majority vote. After the vote, the pages
that support the difterent code are filtered out.

4A city code is an ID of a city or town in Japan. It is
a 5-digit code: the first 2 digits denotes what prefecture
the city or town belongs to.



Second, the system determines the phone num-
ber: the pages that support the different phone
number are also filtered out. Third, the system
determines the name and the address in the same
way, but filtering process is not used because (1)
there can be several names for an instance, and
(2) there are various ways to represent the same
address®. Finally the system accumulates the ex-
tracted descriptions from remaining pages.
Sometimes, the contents editor fails to obtain
necessary information about the instance. The
current system filters out the instance when it
fails to determine the city code of the instance®.

3.3 Organizer

The organizer has two tasks: identical check
and generation of the table-of-contents.

The contents editor obtains the name, the ad-
dress, the city code, and the phone number of
each instance. If two instances have different
names but the same address, they may be iden-
tical. Currently the system determines two in-
stances are identical in case (1) they have the
same city code, and (2) they have the same name,
the same address, or the same phone number.
The system merges two instances into one, if they
are identical.

After the number of instances to be presented
1s determined, the system generates the table-
of-contents of the web directory. The table-of-
contents 1s organized regionally and hierarchi-
cally. Japan can be divided into 8 regions, 47
prefectures, and 3427 cities and towns; the city
code denotes what region and prefecture it be-
longs, so the system can easily classify every in-
stance 1nto the correct region. The system de-
termines the depth of the table-of-contents—the
number of levels of the hierarchy—based on the
number of the instances to be presented. In case
the number is under one hundred, the system uses
only the first level (i.e., 8 regions).

4 Preliminary Evaluation

Currently we are testing the system for three
category words: suizokkan (aquarium), dobutsuen
(zoo), and bijyutsukan (art museum).

Table 1 shows the number of items in the gen-
erated web directories. It is difficult to judge
whether an item belongs to the specific category
or not, because boundary between categories is
sometimes vague. For example, should we clas-
sifty Atagawa Tropical and Alligator Garden into

°There are an official description and several unofficial
descriptions for an address in Japan. For example, the first
part of the official JAIST’s address is Asahidai 1-chome 1-
banchi but we usually write it as Asahidai 1-1.

®Our address extractor is designed to extract addresses
only in Japan. Therefore, the instances of other countries
are filtered out.
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Table 1: The number of items of the generated
directories.

Is Prob. Not Total Est.

Aquarium 44 1 2 47 129
2,00 60 1 2 63 130

Art museum 286 1560

Table 2: The number of items on Yahoo Japan’s
pages

~Is Probably Total
Aquarium 18 3 22
7,00 20 0
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aquarium? How about Video Reality Aquarium?
In order to avoid the difficulty of judgment, we de-
cided to consult printed guidebooks of each cat-
egory. In this table, the class is means that an
item is in the guidebook. The class prob. (prob-
ably) means that an item is not in the guidebook
but probably it is an instance of the category
(by judgment from its web pages). The class not
means that an item is not an instance of the cat-
egory. We have checked the generated directories
of aquariums and zoos, but have not checked the
directory of art museums yet. The total shows
the number of items of each web directory, and
the est. (estimate) shows the estimate number
of instances existing in Japan according to the
guidebooks.

Table 2 shows that the number of instances
listed on the Yahoo Japan’s pages: the aquarium
page lists only 22 aquariums and the zoo page lists
only 20 zoos. They are presented by alphabetic
order, and are not classified by region; it does not
fit to users’ convenience.

Table 3 shows the accuracy of the determined
information (except summary description”) of the
confirmed 44 aquariums. The system made only
two errors: one name, and one phone number—
the accuracy is very high.

5 Discussion

0.1 Generality and Applicability

We have not completely finished the prelimi-
nary evaluation, but the current result is promis-
ing. lentatively, we have run the system for sev-
eral other categories, such as hakubutsukan (mu-
seum), kuuko (airport), shokubutsuen (botanical

"Evaluation of the extracted descriptions (summaries)
1s not easy, so we have not performed the systematic eval-
uation yet. However, we have an impression that the cur-
rent method may be too simple to generate the effective
explanatory descriptions: rewriting [8] is necessary.



Table 3: The accuracy of the determined infor-
mation

OK NG
Name 43 1
City code 44 0
Address 44 0
Phone number 43 1

garden), kagakukan (science museum), and keiba-
Jjyo (horse racing track), and it seems that the
system works on these categories except kuuko
(airport)®.

Table 4 shows a summary of the generality
and applicability of the current system and its
components. We think that the architecture of
the system—first collecting instance names, then
editing contents for each instance—is applicable
to many other types of categories, such as peo-
ple (writer, movie star, etc.) and merchandise
(computer, automobile, etc). The ability of au-
tomatic collection of instance names is crucial for
some categories: If the system does not have such
ability, we have to collect instance names of the
category and put them into the classification tree
as subcategories manually in advance; it is im-
practical if the number of instances are large and
changeable.

The current name collector, unfortunately, is
not powerful enough. First, the inference from
head noun is a reliable heuristic but it does not
work on categories such as department store:
none of Neiman-Marcus, Macy’s, Bloomingdale’s,
and Nordstrom has an explicit expression of de-
partment store in its name. Second, the inference
from list works only when majority of the items
in the list are already classified into the category.

We need a more powerful method for name col-
lection.

Other two modules, the contents editor and the
organizer, are designed on the assumption that
the address can be used as an identifier of each
instance. Therefore, they work only on place-type
categories. It is natural that information extrac-
tor, 1dentical check, and organization scheme are
specific to the category type. For a different cate-
gory type, e.g., people, we should extract a differ-
ent set of information, and use a different identi-
fier and a different organization scheme.

A variant of the contents editor works as an
address finder, because it finds the address, the
phone number, and URLSs from a given name. We
have implemented an address finder Doko, which

TR CAETLLTT e e T

SMany web pages of airports have no address informa-
tion. We think that it is because transportation informa-
tion 1s much more important and crucial, and the address
1s less important and omittable.
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1s a modified (and faster) version of the contents
editor and works on line.

5.2 Related Works

The Clever project [5, 1, 2] is the most similar
work to ours. Their primary goal is to investigate
the second generation of search engines that out-
put a small number of authoritative documents
(hubs and authorities), and their HITS algorithm
0] can be used for generating a link collection
for a given topic (category) [2]. Their method
works well on many topics such as cheese, alco-
holism, and Zen Buddhism, on which our system
may not work. The important difference between
their work and ours is the number of links to be
output. They focus on generating a small number
(typically ten) of authoritative links of the given
topic or category. In contrast, we focus on gen-
erating a directory that consists of more than a
hundred links, where sub-classification and orga-
nization is necessary.

The Scorpion project [11] takes the traditional
approach, i.e., Procedure 1 described in Section
1. 'This project focuses on building the auto-
matic subject recognition tool—a powerful clas-
sifier that assigns appropriate codes of Dewey
Decimal Classification to each web page. There
are two reasons why we do not take this tradi-
tional approach. First, we prefer active search
to passive classification. Our approach actively
collects web pages that are relevant to a cate-
gory. In contrast, the traditional approach pas-
sively classifies the given web pages that are col-
lected by someone. Because collecting all web
pages in WWW preparatory to classification is
very difficult and impractical, the active approach
1s better than the passive one in case we make
a directory of a specific category. Second, we
now focus on generating rich directories of spe-
cific categories, because they are desirable and
valuable for many of WWW users. We do not
believe that the traditional classification schemes
such as Dewey Decimal Classification and Nip-
pon Decimal Classification fit such directories; a
special-purpose (i.e., category-specific) classifica-
tion scheme works much better.

In the context of information food chain [4],
our system can be classified into information car-
nwwores, but we take a different approach from
softbots such as MetaCrawler [10] , Ahoy! [9],
and ShopBot [3] in the following point: Our sys-
tem generates the prét-a-porter style information
package for typical users, whereas the softbots
generate the hauto couture answer to each user’s

query.



Table 4: Generality and Applicability

Architecture

Name Collector
inference from head noun
inference from list

Contents Editor - I
relevancy judgment
information extraction
credit assignment

e e

Organizer
vdentical check
organization scheme

6 Concluding Remarks

In this paper, we have presented the system
that generates web directories of specific cate-
gories automatically. We have not completely fin-
ished the preliminary evaluation, but the current
result seems promising.

An important remaining issue is classification
of the pages that are relevant to each instance—
the current system simply enumerates the pages.
The system should detect the types of the pages
(e.g., official page or private visiting report), eval-
uate the values of the pages, and order them by
their types and values.

There is still a long way to the final goal: auto-
matic generation of a large directory of WWW.
Intensive study of generating link collections of
other types of category is required. We have al-
ready started studying methods for three types ot
categories: people (writer, movie star, etc.), mer-
chandise (computer, automobile, etc.), and region
(Tokyo, Kyoto, etc.). An advantage of our ap-
proach is that we can obtain a lot of small web
directories of specific categories in the course of

the study. These directories themselves are usetul
and valuable to WWW users.
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