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ABSTRACT

In this paper, we present a Clustering Search Engine
System, called CSES. This system is fundamentally different
from traditional search engines, such as GYM (Google,
Yahoo!, and MSN), in that GYM presents to the user non-
classified web pages whereas CSES provides to the user
taxonomic web pages that would greatly help reduce the
time required by the user to filter out irrelevant or redundant
information. The system uses the meta-directory information
made available by Open Directory Project, Google Directory,
Yahoo! Directory to create a meta-directory tree and then
builds on the meta-directory tree an efficient method for
clustering the web pages, which we refer to as meta-directory
tree based clustering, or MDTBC. This method takes as input
the query result of the meta-search engine module of CSES
and produces as output a clustered (or categorized) document
set based on the information available in the meta-directory
tree. Our simulation result showed that the proposed system
outperforms both the traditional clustering algorithms and
the traditional search engines, in terms of, respectively, the
relevance of the search result and the information coverage.

Keywords: clustering search engine, meta-search engine,
document clustering.

1. INTRODUCTION

Over the past decades, the increase in the computing
power of computers and the advance in internet technology
have been phenomenal. As such, a tremendous amount of
traditional printed material has been transformed into digital
material. One recent study [1] found that over 90% of the
information in use today is born in electronic form since
the introduction of the first web search engine Wandex
[2], a web crawler developed by Matthew Gray at MIT
in 1993. In the same year, another search engine Aliweb
made its debut to the public. After then until 2000 or so,
many search engines, namely, WebCrawler, Northern Light,
Google, Vivisimo, Yahoo! and so on had appeared and
become popular. In [3], Lawrence pointed out that the six
search engines (HotBot, AltaVista, Northern Light, Excite,
Infoseek, and Lycos) can cover up to about 60% of the
internet information. But recently, because of the explosion
of the online information, Lawrence [4] indicates that there
are not even a single search engine that can cover more
than 16% of the internet information. After 2000, the GYM
(Google, Yahoo!, and MSN) has gradually become the most
popular search engines.

In general, directory search provides more relevant in-
formation than search engine. However, most internet users
still rely on search engine to find the information they need.
This is because search engine can provide the user of the
internet a large number of web pages that contain terms
specified in a given query. For instance, given the query
“oasis” to the Yahoo! Directory and Yahoo! Search Engine,
the number of web pages returned by the Yahoo! Directory
is 3,41q1_-] whereas the number of web pages returned by the
Yahoo! Search Engine is more than 37,600,0@ Even though
search engine can return a large number of web pages for
a given query, there exists an important problem that needs
to be solved. This problem is the relevance of the returned
information. The irrelevant information returned by a search
engine is not an error of the search engine. Instead, it is,
to a large extent, due to the fact that the query itself is
ambiguous. That is, keywords in a given query may have
numerous meanings [5]. For example, if “mp3” was given
to a search engine, it could mean an “mp3 music file” or an

Thttp://search.yahoo.com/search/dir?h=c&p=oasis, May 25,2007.
Zhttp://search.yahoo.com/search?p=oasis, May 25,2007.
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“mp3 player.” Another example is when the keyword “cat”
(meaning a cat) is given as a query to the Google search
engineE] the first item returned is the company “Caterpillar,
Inc.,” which has nothing to do with the animal “cat.”

For these reasons, in 1997, Northern LightE] provides
a search engine that can automatically classify the search
result. According to the classified information, the internet
user can easily find the information they need. Recently,
many clustering search engines have been launched, which
include Vivisimo [6], iboogie [7], and grokker [8].

In this paper, we present an alternative in the design and
implementation of a clustering search engine system, called
CSES. Besides, as part of the system, we propose a novel
and fast clustering algorithm—built on the notion of a meta-
directory tree—that can not only enhance the relevance of
the search result but also reduce the computation time of
clustering. The focus of this research is primarily on reducing
the computation time of clustering, and the technologies
used include information retrieval (document relationship
analysis), information extraction (meta-search engine and
directory information collection) and data clustering (clas-
sification of web pages).

The remainder of the paper is organized as follows. Sec-
tion [2] introduces the clustering search engine and technolo-
gies used in the design and implementation of the system.
Section |3| gives the problem definition and explains how the
system is designed and implemented. Section 4| gives a detail
description of the proposed system. Section [5] presents the
simulation result. Conclusion is given in Section [6]

2. RELATED WORKS
2.1 Information Retrieval and Information Extraction

Information retrieval (IR) [9] encompasses multiple dis-
ciplines involving researches in dependence analysis of a
group of files, clustering of files, and classification of files.
Information extraction (IE) is one of the IR researches. The
role of IE is to extract useful information blocks embedded
in web pages and remove useless information such as adver-
tisements. Besides, IE can convert different web page formats
into a unified format. In general, the role of IR is to ana-
lyze the relationship of file (document) contents to identify
similarities, and such research includes Vector Space Model
[10] and Document Clustering [11]. The major difference
between information retrieval and information extraction is
that the former analyzes the relationship between files while
the latter focuses on the recognized contents in a single file.

IE is an automatic wrapper method [12], which does not
require human labeling of specific regions in web pages
to mark them as interesting [13]. It supposes that most
information regions in a web page are arranged in records.
Recently, many researches [14], [15], [16], [13], [17], [18]
have been proposed to extract these records and transform
them into a program readable format. The CSES described
herein uses a simple wrapper process to extract the useful

3http://www.google.com.tw/search?hl=zh-TW &g=cat, March 5, 2006.
4http://www.northemlight.com/, March 5, 2006.

information blocks. The following section will give a brief
introduction to the IE technology employed in the CSES.

2.2 Clustering Search Engine

Traditional search engines such as Google, Yahoo and
MSN provide a way for the user to search for information in
the internet by specifying a query that may contain one or
more terms. However, as we discussed earlier, none of them
can cover more than 16% of the internet information. For
this reason, meta-search engines are developed to enhance
the information coverage by sending the query to—and
combining all the information returned by—all the under-
lying (traditional) search engines. As such, the information
coverage is greatly enhanced. But it also means that they will
always return a long list of web pages [19]. Unfortunately, if
the query entered by the user is itself ambiguous, the search
result will include information that belongs to more than
one category. In this case, clustering search engine provides
a better way to help the user find the information quickly, by
grouping the web pages into distinct categories that would
greatly help the user get the information they are looking
for. In other words, clustering search engine would help the
user filter out all the useless web pages.

Over the past few years, many clustering search en-
gines have been developed and put into use, which include
Vivisimo [6], SnakeT [20], IBoogie [7], Kartoo [21], Coper-
nic [22], Grokker [8], Dogpile [23] and Webclust [24]. These
clustering search engines all provide a taxonomy for the
search result to help the user find the needed information
quickly. Kartoo and Grokker even provide a graphical inter-
face to help the user understand the relations between the
returned web pages.

Recently, many studies [25], [19], [26], [27], [28], [29]
have been conducted, and many ways have been proposed
to enhance the clustering capability of clustering search
engines. Paolo [25] divides clustering search engines into
five categories: (1) Single words and flat clustering, (2)
Sentences and flat clustering, (3) Single words and hierar-
chical clustering, (4) Sentences and hierarchical clustering,
and (5) Personalized ranking algorithms. Giannotti [28] uses
k-means for clustering the web pages. Tsai [5] uses the
genetic algorithm with k-means and multiple search method
for improving the clustering result. SnakeT [25] uses an
innovative bottom-up hierarchical clustering algorithm for
providing a more useful web page information to user.
Besides, Ferragina [25] uses two knowledge bases (anchor
texts and DMOZ classifies) for improving the accuracy rate.
In [19], five measurements are used for web document
clustering, and Zeng uses three methods for improving the
clustering result. In this paper, we present a novel clustering
algorithm for grouping the search result returned by the meta-
search engine into different topics. The following sections
will introduce the proposed system.



3. DESIGN AND IMPLEMENTATION OF THE SYSTEM
3.1 Problem Definition

Although search engines, such as Yahoo! and Google,
can offer much more information to the user than directory
search systems, they also produce excessive irrelevant or
redundant information. The cluster search engine system
CSES described herein provides a solution that combines
the information coverage offered by search engines and the
relevance of information made available by directory search
systems. Tsai [5] indicates that if search engine can further
cluster the search result into different categories, it would
save the user a great deal of time—by giving him/her the
desired contents quickly, without overwhelming by irrelevant
or redundant information. In this research, our focus will be
primarily on the clustering technology that can be used to
efficiently classify the search result and thus provide the user
with the most relevant information, by arranging the search
result into categories so that the user can easily filter out
unwanted web pages and find the web pages they need.

To simplify our discussion of the problem definition and
the proposed algorithm, the following notations will be used
throughout the rest of this paper except where no confusion
is possible.

S The set of search engines from which a
meta-search engine is constructed, ie., S =
{S1,8s,...,Sn} where m is the number of search
engines used in the construction of the meta-search
engine.

The query given to the meta-search engine S which
may contain one or more terms.

D;  The set of web pages (documents) returned by
search engine S; in response to the query Q).

N;  The number of web pages returned by search
engine S; in response to the query @, i.e., N; =
| Dl

N The total number of web pages returned by the
meta-search engine S in response to the query Q.
That is, N = Y." | N;.

D The set of web pages returned by the meta-search
engine S in response to the query @. That is, D =
D1UD2U- . UDm = {Dl, D27 .. 7l)]\/'} where m
and N are as defined above, and D; is the ith web
page returned by the meta-search engine S, which
consists of the title, hyper link, abstract, and rank
of the ¢th web page.

T The meta-directory tree—an ordered tree labeled
by web pages. We further let T ; represent the
jth node at level ¢ of TE] Moreover, each node
T} ; contains P ; web pages where P ; > 1, and
T} ; 1 represents the kth web page in the jth node
at level £ of T.

The problem is defined as follows:

Input: A set of brief introductions or descriptions D

returned by the meta-search engine S in response to a given

query Q.

SNote that we are assuming the root of the tree 7" has level 0.
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Output: A classified document set R.

3.2 The CSES Framework

Fig. E] shows the framework of CSES, which is made
up of three modules: a meta-search engine, a meta-directory
tree, and a similarity computation module. The meta-search
engine module is responsible for collecting and extracting
the web page information from GYM (Google, Yahoo! and
MSN) when given a query (). The meta-directory tree mod-
ule can be considered as an offline processor that takes the
responsibility for creating and updating the meta-directory
tree T' by extracting the taxonomy information from Google,
Yahoo! and ODP. In other words, the meta-directory tree
module builds a knowledge base that provides the classified
information of the web pages to the CSES. For example,
when given a query @, the meta-search engine module will
forward the query to the Google, Yahoo! and MSN search
engines to collect and extract the web page information D.
Then, the CSES will use the knowledge base to determine
to which cluster (or topic) each returned web page belongs.
Finally, a classified document set R is returned to the user,
which would greatly reduce the time required by the user
to filter out irrelevant or redundant web pages. Besides, if a
query () is given to the meta-search engine for the second
time and onward, the CSES will immediately return to the
user the cached result if they are not expired yet. The data
grid and grid computing shown in Fig. [I| are reserved for
future work and are not the focus of this paper. However,
it is worth mentioning in passing that the storage capability
provided by data grid and the computation power offered by
grid computing combined can be used to greatly enhance the
performance of the system.

MSN ‘ Yahoo! || Google

Vol ~

Yahoo! Dir

l ODP Dir

—

Meta-Directory System
_ 12
‘Web Info m Similarity

|
|
|
|
|
|
|
result |
|
|
|
|
|
L—

Google Dir

I
-

Meta-Search Engine

Q—I
Il

Data
Grid

Directory Tree

Taxonomy Information System

Fig. 1. Framework of the CSES.

3.3 Design of the Meta-Search Engine

To make CSES capable of recognizing common web
pages, we utilize the same technology as given in [18] to
analyze the structure of a web page. First, we design a
wrapper program (Fig. ) to extract the search result. In other
words, as soon as a query () is given to the meta-search
engine S, the meta-search engine will send that query to all
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Meta-search engine.

the underlying search engines S; and collect the web pages
returned by these search engines. The CSES will then use
the pre-defined rules to extract the web page information
and build records. In this study, the meta-search engine S
also takes the responsibility for converting the web pages
collected into a unified format. The extract module uses
Stemmer [30] to remove the common morphological and
inflectional endings and Stopword [31] to delete useless
words. In short, the meta-search engine module provides the
interface for the user to enter a query and then convert the
search result into a unified format for later processing.

3.4 Creating and Updating the Meta-Directory Tree

To reduce the computation time of clustering, we present
in this paper a novel clustering method, called meta-directory
tree based clustering or MDTBC for short. This method is
built on a meta-directory tree. In other words, the method
has been designed specifically for the classification of web
pages based on the web page information available in the
meta-directory tree. It uses an offline processor to create
and update the meta-directory tree and then uses that tree
to classify the web pages into the most suitable clusters.
Before we proceed to introduce the MDTBC, we need to
explain how the meta-directory tree is created.

In this research, we design a web page parser to parse
the meta-directory information retrieved from the public
available directory systems that the CSES needs. This parser
extracts the directory information in a top-down fashion.
The information needed includes title, hyper link, abstract,
taxonomy, and relationship. The first three fields are essen-
tially the same as those for the search result. The fourth
field is used to keep track of the catalog to which a web
page information belongs. The fifth field is used to describe
the relationship with other web page information. These
directories provide the CSES abundant of information for

the web page classification. For instance, ODP provides a
large text file that contains 4,822,096 hyper link records and
more than 580,000 classified catalogs. Insofar as the system
described herein is concerned, the meta-directory tree is built
from three directory systems: Yahoo!ﬂ Google{Z] and Open
Directory Projec. In this research, we extract more than
10,000,000 (or 6GB) web page information from these three
directory systems.

4. THE PROPOSED CLUSTERING ALGORITHM

Directory tree (ODP, Yahoo! and Google)

Compare the Similarity MA1

Compare the Similarity MA2

00® 000 000
!

Taxonomy: Tax12 Syb rax3
Ex:  Music & Band

Fig. 3. Using MDTBC to classify web pages into clusters.

Insofar as an online information search system is
concerned, the response time is probably one of the most
important issues to be addressed. Fig. [3| shows the web
pages returned by the meta-search engine and how they
are clustered in CSES. Each web page information D; is
compared with entries in the meat-directory tree 7' to find
the most suitable category. Before the computation of the
similarity between D and T can be done, each web page
D; needs to be cleaned up by Stemmer’s algorithm [30],
and then stop word list [31] is used to remove all the useless
words. Fig.[d gives a detail description of MDTBC, assuming
that the meta-search tree has been built. First, the similarity
between D; and the nodes (also called categories, topics, or
clusters) in the root of T, i.e., T; where ¢ = 0, is computed,
and the most similar node Ty ; is found. The features in node
Ty, is the union of the features in Ty ;1 to Ty ; p, ,, Where
P, ; is the number of web pages in node T; ;. That is,

Pg‘j
Trj = Toju-
t=1

Then, the MDTBC assigns the category at this level to the
web page D;. The sub-category of D; is then computed
based on the similarity between D; and the children of node
Ty ;. This process is repeated until the leaves of the tree
T are considered. The MDTBC can then find the category,
subcategory, sub-subcategory, and so on of each web page
D;. In other words, if there are 10 categories at each level
in T, then after the similarity computation at that level is

Shttp://http://dir.yahoo.com/, May 25,2007.
http://www.google.com/dirhp, May 25,2007.
8http://dmoz.org/, May 25,2007.



done, the MDTBC can eventually cut the search space down
to 10%. Clustering the web pages in this way is very similar
to a tree search. For this reason, this method can handle a
large document set and find the suitable categories (topics)
quickly.

MDTBCI.
MDTBC2.

Let £ =0.

For each web page D; returned by the meta-search engine
S, compute the similarity between D; and each node at
level £ of the tree T'.

Use the most similar node to determine the catalog at
level £ and reduce the search space.

If ¢ is less than the maximum level of the tree T, let
{=0+1.

If the topic, subtopic, subsubtopic, and so on of the web
page D; have been determined, then terminate; otherwise,
return to step MDTBC2.

MDTBC3.

MDTBCA4.

MDTBCS.

Fig. 4. Outline of MDTBC.

MDTBC is a method for finding the most suitable cluster
for an input web page. Insofar as the MDTBC is concerned,
several methods such as VSM [9] and the phrase based
methods [32], [33] can be used to compute the similarity
between documents. In this paper, we will only present a
quick and simple method as given in Eq. (I) for computing
the similarity between documents. In Eq. , we use Sqp
to represent the similarity between documents a (web page
returned by the meta-search engine S) and b (the web
page information in a node of the directory tree) in terms
of the abstract of each document. Moreover, we use 1 to
represent the number of terms in both documents a and b,
i, n = |anb|. In Egs. and (3), a; and b; represent,
respectively, the ratio of the frequency of the ith term in
documents a and b (denoted, respectively, ff,, ; and if; ;) to
the total number of terms in documents a and b (denoted,
respectively, |a| and |b]).

Sap =Y aib; (1)
=1
tf .
R @
lal
o,
b = - 3)
o]

5. EXPERIMENTAL RESULT

In this section, we will discuss the simulation result. For
those of you who are interested, the proposed system is
available [34], [35] for the public to try out. The response
time and accuracy analysis of CSES will be given in the
subsection where the simulation result are shown.

5.1 Experimental Result

The simulation can be divided into two parts which
account for both the response time and the accuracy rate.
Insofar as the response time is concerned, several different
queries are tested to measure the performance of the CSES.
The response time is defined to be the time difference
between the time a query is given to the CSES and the time

TANET20070 00000000000000O

Table 1. THE RESPONSE TIME OF QUERIES GIVEN TO THE SYSTEM FOR
THE FIRST TIME

QUERY META-SEARCH ENGINE CLASSIFICATION
oasis 2781ms (G:250ms, Y:1015ms, M:1516ms) 2377ms
shell 3625ms (G:344ms, Y:1187ms, M:2094ms) 3030ms
1IEEE 2969ms (G:469ms, Y:1125ms, M:1375ms) 2289ms
suede 2640ms (G:390ms, Y:1156ms, M:1094ms) 2022ms
msn 2578ms (G:219ms, Y: 859ms, M:1500ms) 2767ms
diesel 2766ms (G:266ms, Y:1016ms, M:1484ms) 2999ms
apple 3343ms (G:250ms, Y:1359ms, M:1734ms) 2718ms

taiwan 3080ms (G:252ms, Y:1265ms, M:1563ms) 2801ms
java 3032ms (G:282ms, Y:1032ms, M:1718ms) 2673ms

hamburger 3125ms (G:344ms, Y:1188ms, M:1593ms) 2874ms
WOowW 2578ms (G:219ms, Y:1015ms, M:1344ms) 3250ms
polo 2268ms (G:253ms, Y:1265ms, M: 750ms) 2070ms
queen 3188ms (G:375ms, Y:1281ms, M:1532ms) 2120ms
thread 2672ms (G:297ms, Y:1313ms, M:1062ms) 2083ms
amazon 2438ms (G:250ms, Y: 859ms, M:1329ms) 2876ms
AVERAGE 2872.2ms 2596.6ms
Table 2. THE RESPONSE TIME OF DIFFERENT CLUSTERING SEARCH
ENGINE

QUERY Vivisimo iBoogie CSES, CSES>

oasis 13.25ms 24.74ms 147.37ms 0.72ms

shell 12.64ms 23.09ms 141.60ms | 0.65ms

IEEE 12.72ms 24.34ms 125.19ms | 0.58ms

suede 13.74ms 23.56ms 103.60ms 0.43ms

msn 13.14ms 25.24ms 121.48ms 0.55ms

diesel 12.68ms 23.17ms 122.66ms 0.51ms

apple 13.04ms 24.56ms 137.75ms | 0.59ms

taiwan 11.15ms 24.00ms 117.62ms 0.65ms

java 13.64ms 29.23ms 142.63ms | 0.31ms

hamburger 13.35ms 23.79ms 133.31ms | 0.28ms

WOwW 13.03ms 24.38ms 121.42ms 0.28ms

polo 13.04ms | 24.79ms | 117.24ms | 0.39ms

queen 12.99ms 23.12ms 143.46ms | 0.43ms

thread 12.49ms 22.05ms 132.08ms 0.38ms

amazon 13.55ms 29.69ms 120.77ms 0.57ms

AVERAGE 12.96ms 24.65ms 128.55ms | 0.49ms

the clustered search result is returned, i.e., the time required
by the meta-search engine to extract the web pages plus the
time required for clustering. Table|l|shows the response time
of twenty queries. When a query is given to the CSES for
the first time, it requires 5468.8ms (2872.2ms+2596.6ms) in
average for the twenty queries tested. For the second time and
onward, the clustered search result can be quickly retrieved
from the database, and thus the response is almost instant.
For the purpose of comparison, Table 2] shows the average
response time of Vivisimo, iBoogie and CSES. The differ-
ence between CSES; and CSES; is that the former gives the
response time when the query is given to the CSES for the
first time while the latter shows the response time when the
same query is given to the CSES for the second time and
onward. It shows that CSESs is more than 26 times faster
than other clustering search engines because the clustering
results are cached in the database, and all the system needs to
do is to retrieve the clustering results cached in the database
if they are not expired and send them back to the user.
Table [3] shows the accuracy rate of CSES. The terms
column gives the number of feature terms for each query
given to the CSES, and the sites column represents the
number of web sites collected by the meta-search engine.
Table [3] shows that the accuracy rate of CSES is somewhere
between 25.00% and 69.17%. In most cases, however, the
accuracy rate is greater than 50%. Note that for the analysis
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Table 3. ACCURACY RATE
QUERY TERMS SITES ACCURACY
oasis 735 35 38.33%
shell 996 47 49.17%
IEEE 805 42 25.00%
suede 918 45 41.67%
msn 881 44 54.17%
diesel 921 47 49.17%
apple 862 44 63.33%
taiwan 960 50 64.17%
java 844 40 60.00%
hamburger 904 45 69.17%
wWow 971 48 60.83%
polo 721 37 34.17%
queen 800 37 46.67%
thread 795 36 45.83%
amazon 945 44 55.83%
AVERAGE 870.533 | 42.733 50.50%

given here, the order of terms is not considered in the
measure of the document similarity. In the future, one of
our goals is to enhance the accuracy rate of the CSES.

6. CONCLUSION

In this paper, we proposed a novel Clustering Search En-
gine System, called CSES, for online information searches.
This system combines the information coverage provided by
search engines and the relevance of information offered by
directory search systems. In this paper, we presented how the
system is designed and implemented. Besides, we proposed
a simple but novel algorithm for clustering the web pages.
This algorithm is conceptually similar to a tree search that
would greatly reduce the computation time for clustering and
thus make it feasible for online information clustering—the
response time of which is generally stringent. In particular,
this algorithm is fundamentally different from traditional
clustering algorithms that require a tremendous amount of
computation time.

In the future, our goal is to keep improving the accuracy
rate of document clustering process and enhancing the
response time of the clustering search engine system
described herein. However, as it shows in the paper, the
CSES provides a framework to obtain more relevant
information for the users of the internet. In conclusion,
this system will greatly reduce the amount of time that the
users need to waste filtering out irrelevant or redundant
information.
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