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ABSTRACT

Due to the enormous data on the internet it is very difficult for the web users to
find the information they want. Search engines have been created to solve the problem
by matching the query with the entry data in the database and retrieving the
information for web users. However, the amount of data on the internet is still
increasing rapidly. Gathering all available data on the internet and keeping it up to date
is very hard for a single search engine. Therefore, web developers have developed a
system that can send a query to several search engines at one time and integrate the
results into one list. The system is called a metasearch engine. Its features enhance
time saving, increase searching coverage and help users to find relevant information
more quickly than using several single search engines.

Normally, in searching data, not all terms are equally important in a query.
Thus, it is important to allow users to indicate the relative importance of various terms
by weighting them. It is noteworthy that weighting may have an impact on the entire
set of retrieved document. This thesis proposes the use of a fuzzy logic ranking. The
fuzzy logic ranking will retrieve the information followed by terms that web users can
weight by themselves. Furthermore, the ranking mechanism works well when web
users can formulate a well-defined query for searches. However, a lot of users
formulate very short queries and are unfamiliar with the topics they are looking for,
therefore, most results satisfy their needs. In solving such a problem, a content-based
clustering (CBC) technique is considered very helpful as it will divide the results into
several groups, which may be matched to the areas of the users interest.

CBC aims to yield the clusters that can fulfill a precision of results. In addition,
a prototype of a metasearch engine using fuzzy logic and content-based clustering was
developed as proof of the proposed concept. Although the system takes several
minutes to retrieve all of the results pages, the experiments show that this system
outperforms other systems.
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INFORMATION RETRIEVAL/
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CHAPTER 1
INTRODUCTION

1.1 Motivation

The internet is made up of millions of computers linked together around the world
in such a way that it can provide a range of services to communicate and share
information. Internet users can send multimedia data (e.g. image, audio, video, etc.) to
colleagues and friends by using electronic mail, internet telephone and play interactive
multimedia games with their friends. Although the boom in the use of the web and its
very fast growth are now well known (as of June 2002, the internet contained an
estimated 200 millions hosts and 800 millions users[1]). This enormous amount of data
becomes very difficult for the new web users to find the document they want related to

particular information they are searching for.

Due to the problems mentioned above, web developers have created a search
engine to solve the problems. Each search engine has its own database to match the
qguery with the entries in the database and retrieve the information for web users.
Consequently, it has become the most popular tool for searching information the on
internet since 85% of web users surveyed claim to use search engines or some kind of

search tool to find specific information of interest [2].

However, the amount of data in the internet is increasing rapidly. Gathering all
datain the Internet and keeping them up-to-date are very difficult, even the large search
engines like google, dta vista, hotbot, northern light and excite. According to the
studies, the number of indexes of these engines covered 28-55%] 3] or 14-34%[4] of all
web pages. That means each of the search engines has a limitation of the number of

indexes.
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The limitation of index information which does not cover all web pagesis a time
consuming process when web users search for the information they need. As they will
to each search engine which has a searching service, then send the query to each search
engine and make a decision for each result to be relevant to their interest. Besides,
there are many public search engines that web users are not satisfied with, such as
different formats for inputting queries, speeds of retrieval, presentation formats of the

retrieval results and quality of retrieved information.

In solving the above problems, web developers have created a system that can
send your search query to several search engines at one time and integrates the results
into one list. This means users do not have to spend much time going to each individual

ste. The systemis called a metasearch engine.

A metasearch engine has to combine the results of many sources in unified result,
enhancing time saving and searching coverage. This feature helps users to find relevant
information how one search engine rather than using several single search engines. An
outcome of relevant information returned from the metasearch engine will depend on

the ranking algorithm and other techniques.

1.2 Problem statement

As mentioned earlier, the web search engine is the most commonly used tool for
information retrieval on the web; however, its current status is far from satisfactory for

several possible reasons [5]:

Very limited coverage of the web.
Out of date pages and broken hyperlinks.

Many useful or relevant pages are not returned.

A w D P

Many returned pages are useless or irrelevant.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Computer Science) / 3

5. Users may be just interested in “more qualified” information or a small part of
information returned while thousands of pages are returned from search
engine.

6. Different users have different requirements and expectations for search
results.

7. Sometimes search requests can not be expressed clearly just in severa
keywords.

8. Different words have similar meanings and same words have different

meanings that make things more complicated.

Due to the problems mentioned above, a metasearch engine has been developed to
resolve the disadvantages of search engines by enhancing time saving, search coverage
and uniform result presentation. Usually, a metasearch engine is just an interface. It
does not maintain its own index on documents. When a metasearch engine receives a
user query, it first passes the query to the appropriate local search engines, and then
collects the results from its local search engine and present the result in one uniform
format. However, a sophisticated metasearch engine may maintain information in a
database to provide a better service [6]. The thesis has provided an index for all
documents in its own database that is creasted and stored in this metasearch engine to
Speed up query processing.

After a searching process, the metasearch engine will pull the most relevant
information to the top list of search results, ordered by their estimated relevance to the
guery. The relevant information is estimated based on the similarity between the text of
a document and the query. Therefore, the metasearch engine should use appropriate

ranking algorithm to avoid low precision searches.

The information retrieval research community has continued to develop many
models for the ranking technique over the last 30 years. The ranking technique depends

on:
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Relevance ranking : the location and frequency of keywords.

Frequency ranking : how many times the keywords appear in the web page
and where they appear (i.e. in the title, META description, first paragraph,
rest of the main body).

Before ranking a query to a set of documents, the web developer should consider
which type of ranking models are suitable for the retrieval purpose. In this research
approach, fuzzy ranking is proposed to retrieve the information followed with terms
that web users can weight within themselves. Not all terms are equally important in a
query. Thus, it is significant to allow users to indicate the relative importance of various
terms by weighting them. However, too much weighting may affect the entire set of

retrieved document [7].

The ranking mechanism works well when web users can formulate a well-defined
query for searches. However, a lot of users formulate very short queries (70% are
single word queries [8]). And there are large documents retrieved for analysing. Such
problems are exacerbated when the users are unfamiliar with the topics that they are

looking for. Because they are novices at performing searches.

Due to the problem above, a clustering technique would help a lot. The clustering
divides the results into several groups, which may match the areas of the users interest.
If web search results can be presented in groups, users could have an overview of the
whole topic or just select interesting groups to browse. This thesis, therefor proposes
content-based clustering(CBC) which aimsto yield the clusters that fulfill a precision of
results. CBC uses the contents of each web page document to be clustered into groups.
The system has to extract only the important words in the web page document to
represent the whole document to reduce the noise of the data. Numerous document
clustering agorithms prefer to use off-line searching but easy-to-browse result

presentation than the on-line searching but hard-to-find relevant results.
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The thess also employs a keyphrase extraction to assist fuzzy ranking and
content-based clustering. The keyphrase extraction provided important means of
document summarization, clustering, and topic search. Such a method gives a high-
level description of a document's content, of which important keywords, topical phrases
are selected from within the body of the document. KEA - a practical automatic
keyphrase extraction, is used because of its highest efficiency [9]. In English term
query, the system uses KEA to extract important keywords in homepage contents.
However, KEA does not support THAI language. So the system uses the boost-up
ordering algorithm to ranking THAI term query.

Although the system takes severa minutes to retrieve al of the result pages, it
should use an appropriate technique to yield the most useful information to present to

the web users.

1.3 Scopeof thesis

The intended purpose of this thesis is to develop a prototype of a metasearch
engine using the fuzzy logic to retrieve information to satisfy users need on which they
can define weighting of keywords by themselves, with its terms joined together by
logical connectives. Typically, the permitted connectives are AND and OR. Also, to
increase effectiveness of metasearch engine, the system has its own database to develop
a post-retrieva clustering called content-based clustering (CBC) technique to help
users divide the returned results of search engine easier and digest the relationship
inside a group and among other groups. The system uses keyphrase extraction to assist
in English term searching and boost-up ordering algorithmin Thai term query, as well

as evaluate the technique and the prototype.
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1.4 Objectives

The objectives of this thesis are to:

1. Study information retrieval, search engines, metasearch engine, fuzzy mode,

ranking algorithm, clustering algorithm.

2. Analyze the existing problems of metasearch engine.

3. Design the fuzzy reranking and clustering algorithm called content-based
clustering (CBC).

4. Develop the metasearch engine using fuzzy logic and content-based clustering
(MEUFLACC) prototype.

5. Evaluate approach and prototype.

1.5 Organization of thethess

Therest of thisthesisis organized as follows:

Chapter Il reviews the concepts and current research related to this works such as

the information retrieval concepts, search engine and metasearch engine approaches.

This chapter also describes the basic concept of keyphrase extraction (KEA).

Chapter 111 presents the proposed approaches and introduces the fuzzy model,
content-based clustering and keyphrase extraction tool.

Chapter 1V describes the experimental environment and all detals of the
approaches that are presented step by step in structure chart, data flow diagram (DFD),

flow chart and also illustrates the user interface of the prototype.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Computer Science) /7

Chapter V shows experimental results and compare relevant ranking between the
approaches and other techniques such as other search engine. This part also shows the

effect factors on the approaches such as speed of internet and traffic of each web site.

Chapter VI presents the discussion of the proposed model in many points of view
such as advantages, disadvantages and limitation compared with other techniques. This
section also discusses the future work and research direction in a continuation of the

approaches.
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CHAPTER 2
LITERATURE REVIEW

This chapter ams to review previous work with a focus on the fields of
information retrieval; describe the concept of information retrieval, fuzzy logic, search
engine and metasearch engine as well as to explain the advantage of metasearch engine.
It also explains a clustering algorithm, keyphrase extraction and comparison search

engine.

It first reviews the basic concept of information retrieval. Next, it describes the
process of fuzzy logic, search engine metasearch engine, clustering algorithm and

keyphrase extraction. Finaly, it explains the comparison search engine.

2.1 Information retrieval

Information  retrieval (IR) has become accepted as a description of work
published by Cleverdon, Salton, Sparck Jones, Lancaster and others. However, a
perfect definition along these lines below is given by Lancaster [10]: “Information
retrieval is the term conventionally, though somewhat inaccurately, applied to the type
of activity discussed in this volume. An information retrieval system does not inform
(i.e. change the knowledge of) the user on the subject of hisinquiry. It merely informs
on the existence (or non-existence) and where about of documents relating to his

request”.

Information retrieval deals with the representation, storage, organization and
access to information items. The representation and organization of the information
items should provide the users with easy access to the information in which they are

interested. However, IR was seen as a narrow area of interest mainly to librarians and
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information experts and there has been a change in an expansion of the World Wide

Web (WWW). Nowadays, research in IR includes modeling, document classification

and categorization, user interfaces, data visualization, filtering, etc.

2.1.1 Differencesfrom older technologies

IR is regarded as a narrow area of interest mainly to librarians and information

experts. Until earlier 1990, the growth of internet and web has been spreading rapidly

since. The web becomes the universe of human knowledge and culture which can be

compared with more traditional information dissemination technologies such as books,

journals, newspapers, radio, and television. The web features the following properties

[11]:

1.

The web offers easily access of published information for everyone that can
uses computer. The web users can easlly post the information on a web
server, requiring no external approval, and mostly free of charge. By lowering
the barrier to entry, this has set up diverse information providers. As a result,
there is an enormous amount of information available to Internet users and
this amount continues to grow fast. It also makes available information more
diverse in topic, presentation, style, quality, purpose, etc. In particular, the
diversity in quality means that there is amost no guarantee for the quality of
any available piece of information. This makes information selection much

harder for the consumers.

The web greatly simplifies the process of information retrieval. The web
users just has to connect to the right web server (an information resource
once its location is known) and request the appropriate page that they are
looking for. The process is easy, fast and free of charge in most cases, and
also not censored in any subject. As aresult, information users have a greater
variety of information objects to consume or examine concurrently with many

more choices for them to select.



Werasak Y uokool bodee Literature Review / 10

3. Information resources on the web are so changeable that the information
provider can be modified or removed easily. Hence, many web resources are
more dynamic and kept up-to-date. While some other resources quickly
become outdated and rather limited. Currently, it is still difficult to derive

structured data or accurate information from HTML pages on the web.

2.1.2 Retrieval evaluation of IR

In measuring the usefulness of a IR system, it can be evaluated by several methods
such as speed of alR system, the required space of alR system, style of presentation of
information to user, etc. However, the mostly used method in IR research is the
evaluation of the quantity of relevant documents an IR system retrieves in response to a
user query. There are two important metrics used to compare information retrieval
techniques, which are precison and recall. Precision is defined as the proportion of
retrieved documents which are relevant, and recall as the proportion of relevant

documents which have been retrieved.

When a query is given it is possible to evaluate the retrieval performance by using

the values of precision and recall computed as follows [12]:

Recall = The number of relevant documents retrieved

The total number of relevant documents

For example, if a query is “cat” and then 100 documents returned, of which 60
documents relevant to in the database, 30 of which are about cat. The formula to
caculate recall would be:

Recal = 30
60
= 50%
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Trying to accomplish a high recall rate on the internet is difficult, due to the
enormous volume of information that must be searched. In an ideal world, recal is
100%. However, this is impossible to achieve since the system attempts to maximize

both recall and precision smultaneoudly.

Precison = The number of relevant documents retrieved

The total number of documents retrieved

For example, if a query is “cat” and then 100 documents returned, of which 60
documents relevant to in the database, 40 of which are about cat. The formula to
caculate recall would be:

Precison = 40
100
= 40%

Precision of 100% is aso regarded as an ideal. Since the system has to program a
return of just relevant document, however, the returned document might not match the
seeker’s query. Simultaneoudly, the search system attempts to maximize both precision
and recall. Precision is impossible to calculate for the web, since it is impossible to

determine the total number of relevant sets which could be retrieved.

To increase precision of retrieval on the web is more difficult than to increase

recall [13] due to the following problems.

The size of the web: there are millions of resources on the web that a user can
download or examine. However, in searching for information, a typical query
consists of a few common words. Then, search engine systems have to rank
datain their own database and return the documents relevant to the query and

present afew of the most relevant ones for the user to examine.
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The quality guarantee: source of problems with achieving high precisionis the
fact that there is no automatic quality guarantees on the web. As a result, a

retrieval system can not rely on any data provided on most web pages.

Ideally, a perfect search is desired to attain both high precision and high recall that
returns all and only relevant resources with precison and recall rate of 100%.
Practically, one can have quick retrieval, or a high precision, but not both. It isalways a
balance between the two which is augmented by the need for a speedy search. As you
search in the Internet, you will discover that some engines appear to have great

precision, while others have greater recall.

2.2 Fuzzy logic concept

Fuzzy logic was developed by Lotfi A. Zadeh [14] in order to provide
mathematical rules and functions that permit natural language queries. Fuzzy logic deals
with those imprecise conditions on which a true/false value cannot be determined.
Much of this has to do with the vagueness and ambiguity that can be found in everyday

life.

For example, a question of Isit HOT outside? probably would lead to a variety of
answers of which there is no exactly correct one. As most answers are related to
individual's experience and knowledge and everyone seems to attempt a higher level of
abstraction during the thought process. For this reason, fuzzy logic has been compared

to the human decision making process.

Zadeh introduced a concept of a fuzzy set, of which its boundary is not sharp or
precise. This concept contrasts with a classical concept, called a crisp set, of which its
boundary is required to be precise. Figure 2.1 show the difference between Crisp set
and Fuzzy set. Crisp set consists of two elements: white element and black element

(White = 1, Black=0, the value in the interval [0,1] with O corresponding to no



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Computer Science) / 13

membership in the class and 1 corresponding to full membership.). Fuzzy set combines
three elements. White, Black and Gray (the values are between 0 and 1)

(a) Crisp set (b) Fuzzy set

Figure 2.1 A comparison of Crisp set (a) and Fuzzy set (b)

Contrary to the classical crisp sets, the fuzzy set does not have sharp boundaries.
That is, being a member of the fuzzy set is not a smple matter of being definitely true

or fase.

For example [14], the concept “warm” includes a wide range of temperatures.
This concept may be regarded as the name of a set, WARM, which has many different
temperature readings. In a given context, say a weather forecast at specific place and
time is depend on a conception and specifics of the context (place, season, day, night,
etc). There are several possible temperature readings, such as 25°C, 27°C, 28°C and
32°C. When asking what temperature is compatible with the concept of warm, it is
likely that it would make the same judgement about the readings 27°c and 28°c, though
this is not certain for every situation that can define this fuzzy set by assigning to each
temperature a number between O and 1, which indicates the degree or grade of
membership in the set. The assignment of a grade of membership in the fuzzy set of
WARM to each considered temperature is called a membership function of this fuzzy

set. An example of this function is shown in Figure 2.2
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Figure 2.2 Membership function

Membership function - also called "fuzzy subset", a membership function is
defined by a shape that defines the degree of membership for a term The most typical
membership function is a triangle shape where the end point represents 0% membership
and the peak is 100% membership.

Fuzzy model theory is aformal framework well suited to model vagueness. Zadeh

introduced the concept of a fuzzy set, of which its boundary is not sharp or precise.

Basic definitions

The basic notions on fuzzy sets that are useful for the definition of the retrieval
model. Let U be a set of objects, called the universe of discourse, and let mdenote an
element of U. A fuzzy set A in the universe U is characterized by a membership
function [15]:
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m, : U —>[0,1]

For each ul U, my(u) denotes the grade of membership of u in the fuzzy set A.
When my(u) = 1, uis afull member of A; when my(u) = O, u does not belong to A at all;
and other values represent intermediate situations. Following the current notation, the

fuzzy set A isrepresented as:

A={mu)/ujul U}

Fuzzy information retrieval is to adopt a thesaurus (which defines term
relationships). The basic idea is to expand the set of index terms in the query with
related terms (obtained from thesaurus) such that additional relevant documents can be
retrieved by the user query. A thesaurus can also be used to model the information

retrieval problem in terms of fuzzy sets as follows.

A thesaurus can be constructed by defining a term-term correlation matrix c
(called keyword connection matrix) whose rows and columns are associated with the
document collection. In this matrix ¢, a normalized correlation factor ¢, between two
term k; and k; can be defined by:

where:
n; isthe number of documents which contain the term k;
n; isthe number of documents which contain the term k;

n;; isthe number of documents which contain the term k; and k;
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The term correlation matrix ¢ can be used to define a fuzzy set to be associated
with each index term ki In this fuzzy set, a document d, has a degree of membership m;

computed as

m’jzl-P (1-Ci,|)
KT d

Which computes an algebraic product overall terms in the document d, A
document d; belongs to the fuzzy set associated with the term ki if its own terms are
related to ki. Whenever there is at least one index term k; of d, which is strongly related
to the index ki (i.e., ¢y~ 1), then m;~ 1 and the index ki is a good fuzzy index for the
document d; . In the case when all index terms of d, are only loosely related to k;, the

index ki, is not agood fuzzy index for d; (i.e., m,~ 0).

Most of the existing information retrieval systems are based on the traditional
Boolean logic model. The information retrieval systems based on the Boolean logic
model all assume that the document and the users queries could be represented by
index terms exactly. This makes these systems restricted in practical usage especidly in
the environment where the information has uncertainly or fuzziness. In order to
improve the drawbacks of the traditional Boolean logic model, some models like the
probability model, the fuzzy set model, and the vector space model have been
presented. Since the fuzzy set model can represent the inexact and uncertain knowledge
of human beings, many researchers are attempting to use the fuzzy set model in the
designing of fuzzy information retrieval systems. Moreover, many information retrieval

techniques have been presented as follows:

Application of fuzzy technologies [16]. A concept representation model (FIS-
CRM), which is able to retrieve groups of web pages that are related and improve the
quality of the search results. The FIS-CRM is based on two types of fuzzy interrelations

between words, synonymy and generality, obtained from a fuzzy dictionary of
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synonyms and a fuzzy ontology respectively. The model has been put into the
metasearcher FISS (Fuzzy Interrelations and Synonymy based Searcher).

An information retrieval uses fuzzy concept networks for knowledge
representation is given in [17]. This fuzzy concept network consists of nodes and links.
Each node in a fuzzy concept network represents a document or a concept. Each link in
a fuzzy concept network connects two concepts and is labeled with a real value
between 0 and 1, which represents the relevant degree between two concepts. By
means of fuzzy inference through fuzzy concept networks, the information retrieval
systems are developed. Since the fuzzy inference through the fuzzy concept network is

time consuming.

A fuzzy ontology-based abstract search engine [18]. Many studies show that this
search engine can help users find information on the internet more effectively. In
addition, a query refinement is one of the most important features of the system. In
response to a user query, the system displays search result based on a standard
keyword-based retrieval. The system uses a fuzzy ontology of term associations to
support the feature. The ontology is automatically built in two stages using information

obtained from the system’s collection.

Fuzzy conceptual-based search engine using conceptual semantic indexing [19].
The measure or techniques exist for locating exact matches, finding relevant partial
matches might be a problem for internet applications such as a search engine. A
requested piece of information becoming a bottleneck, is usually not a problem for
small domains, but can be for large repositories such as the World Wide Web. Thus, a
flexible retrieval agorithm is required, allowing for imprecise specification or search.
Therefore, the task is user-defined queries to retrieve useful information according to

certain measures such as fuzzy logic is required.
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2.3 Search engine

2.3.1 Search engine architecture

A search engine [20] is the most popular tool for searching for information on the
internet. Web users have to enter terms (keywords) in a search box that is provided by

the search engine. The basic architecture of a search engine is shown in Figure 2.3.

Query
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Interface

Search
Engine

A

Redevant y
Results Redevant
Web page
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Site database

URL update
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Web pages Robot

Figure 2.3 Search Engine Architecture

A search engine consists of two parts that are a back-end process(server side) and
front-end process(client side) to facilitate the user to type the search terms. The
interface between the client and server side consists of matching the query with the

entries in the database and retrieving the information to web users.

On the server side, there are two modules:
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Indexer robot (Crawler/Robot/Spider/Wanderer/Walker) is a program that
traverses the web and sends new or updated pages to a main server where they
are indexed. The indexer robot runs as a local system and sends requests to a
remote web server.

Index database creates indices for collected web pages in the database after the
indexer robot completed its tasks.

On the client side:

The search engine also provides a query interface, a box where one or more words
can be typed, web users put terms (keywords) that they want to search for in the query
interface. The client side (front-end process) passes the query to server side (back-end

process), then the results are returned to the web users.

2.3.2 Types of the search engines

The search engines can be classified by the methods that they use to create their
databases and index. The following are the types of methods available today [12]:

Search bots: the first-generation search engines such as Alta Vista or Excite
are the earliest services to help web users to find and choose information
resources on the web according to their needs. The usual mode of operation of
these search engines is a software agent called robot or crawler periodically
downloads web pages from a portion of the web by following hyperlinks from
already known pages. These pages are analyzed and certain information about
them is recorded in the database of the search engine. The recorded
information includes some data about the page such as its address, date of
modification, language, size, as well as the information about the words
composing each page and their positions on the page. Sometimes some hyper-
linkage information such as lists of links pointing to each page is aso

recorded.
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Directories: This search method depends on humans who created the database.
The common approach of all major web directories is that web resources are
categorized into a hierarchical directory and are given short descriptions (and
titles) by editors working for the directory. A search will look for matches only

in the descriptions submitted. Y ahoo is an example of this type.

Hybrid search engines. This search method includes the capabilities of both
search bots and directories, but it is not guarantee that the web pages which
the owner added to the system will be included to their database. The editors
of the search engines only choose to add those that look appealing. They also

use automatic web crawling to create some parts of their entire database.

2.3.3 Collect datafrom HTML META tags

Search engines (cramler component) can read every linked web page that they
find at every site. From this, they could build up a huge keyword database of each web
page. It is thus necessary for the web page authors to identify important keywords so

that the search engines can prioritize these in their indexes.

HTML is a markup language that alows to organize the presentation of a
document content by means of special tags inserted in the text of the document by the
author and interpreted by the HTML browsers. Most HTML elements are identified in
a document by a start tag, which gives the element a name and its attributes, followed

by the textual content and the end tag.

HTML META tags

HTML META tags provide information about the web page.
Each META tags consists of a name and content.

There are two basic HTML META tags: description and keywords.
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<head>
<title> My Thesis </title>
<meta name="description"
content="Everything you wanted
to know about search engine,
and metasearch engine.">
<meta name="keywords"
content="information retrieval, search engine,
fuzzy logic, content-base clustering
method">
</head>

Figure 2.4 HTML META tags

The content attribute of the description tag specifies a paragraph of text that
summarises the content of the web page.

The content attribute of the keywords tag specifies a number of keywords that
describe the web page.

META tags with attribute are classified into two categories [21].

name = describing the whole HTML document.

http-equiv = supplying specific fields of the HTTP headers, which are used by
the browser when the page is loaded.

<meta http-equiv="Content-Language" content="en-GB">
<meta http-equiv="expires’

content="Wed, 26 Feb 1997 08:21:57 GMT">
<meta name="robots" content="noindex,follow">

Figure 2.5 HTML META tagsis classified into two categories

noindex prevents anything on the page from being indexed.
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nofollow prevents the crawler from following the links on the page and
indexing the linked pages.
noimageindex prevents the images on the page from being indexed but the text

on the page can still be indexed.
2.3.4 How often does a page change

Many papers investigate methods for building an effective crawler and how to
improve quality of the collection. Such study shows us how to estimate the change
frequency of a web page [22], which can analyze times for a web page to change. For
example, if a page kept in the computer for 70 days, and that page changed 7 timesin a
period, it is estimated that the average change interval of the page of 70 days/7 = 10

days.
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Figure 2.6 The cases when the estimated change interval is lower than the real

value

Figure 2.6(a) shows the estimated change interva is one day, although a page
changes more often (a page changes several times a day and then remains unchanged).
This is because it can detect at most one change per day. Figure 2.6(b) interprets the
estimation as the interval between the batches of changes, which might be more
meaningful than the average interval of change. The estimated interval might be much

longer than the true value.

Note that it is not easy to estimate the average change interval over all web pages,
because the system does not know exactly how often a page changes and conducted the

experiment for a limited period. The system knows how often a page changes if its



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Computer Science) /23

change interva is longer than one day and shorter than 4 months. When its change
interval is out of this range, as a crude approximation, it assumes that the pages in the
first change every day and another pages change every year the overall average change

interval of aweb page is about 4 months [22].

In summary, the system does not know how web pages change, because a page
changes rapidly, and the actual rates vary dramatically from site to site. Thus, a good
search engine that is able to effectively track all these changes will be able to provide

much better data than one that is not sensitive to changing data.

2.3.5 Evaluation of search engines[23]

The quality of a search engine may be determined from a number of parameters as

follows:

1. The compound of its web index: coverage, update frequency, portions of web
pages indexed.

2. Search capahilities: query notations, etc.

3. Retrieval performance: precision and response time.

4. Output options. for matting, fields provided, sorting capabilities.

5. User effort required: documentation, learning curve and user interface.

2.4 Metasearch engine

Although world wide web has been expanding very fast, the coverage of the web
by each search engine has been decreasing despite the effort to index more web pages
(from as much as 30 % to less than 10% in less than two years[1]). Search engines
which have larger and higher percentage of their indexed information become obsolete.
The alternative approach for providing the search capability for the entire web is by

setting up a metasearch engine.
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The metasearch engine is just an interface of many local search engines. It does
not maintain its own index on web pages but can provide uniform access to local search
engine. When a metasearch engine receives a user query, it passes the query to the

appropriate local search engine and collects the results from its local search engines.

Being just an interface, it does not maintain its own index on documents.
However, a sophisticated metasearch engine may maintain information on the contents
of each of its underlying search engines (to be called the representative of the search
engine/database) in order to provide better service. The basic architecture of a

metasearch engine is shown in Figure 2.7.

2.4.1 M etasear ch engine architecture

I keywords
. query query search engine
Users interface Metasearch > Search
X results Acenter search results agents
rerank result Search data
Reranking
Mechanism

Adapt query

Internet
Search engine

Figure 2.7 Metasearch Engine Architecture
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Users interface: the metasearch engine provide a query interface, a box where
one or more words can be typed, web users put terms (keywords) that they
want to search in the query box. It will passes query to metasearch center, then

it returns the results to web users.

Metasearch center: this component gets user’s query from user interface. Then,
it passes the user’s query and target search engine names to the search agent
component. When the search agents send the results back, the metasearch
engine will redirect data to reranking mechanism component. Finally, the

metasearch engine will return reranked results to the usersinterface.

Search agents. they provide interaction of appropriate search engines such as
Google, Y ahoo, etc. and adapt the user’s query to fit each search engine format.
After that, the search agents will pass the results from the target search engine

to the metasearch center.

Reranking mechanism: this component uses own ranking technique to rerank
the data from metasearch center to be uniform format and send rerank results

back to the metasearch center.

2.4.2 Advantages of a metasearch engine

The main advantages of an efficient metasearch engine are:

1. Provide up-to-date information:
A metasearch engine can maintain lists of references to resources and update
information on the web by receiving results from target search engines. Each
search engine will return top list results and most relevant information to the
metasearch engine. Search coverage results with up-to-date information will go
back to users.
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2. Capability to find relevant documents:
The metasearch engine aims to achieve this objective because there is a large
number of URLs and a large amount of information in the web. Many
metasearch engines must be designed to incorporate many agorithms in order

to obtain al the relevant information.

3. Reduce the maintaining of an index:
As a metasearch engine is just an interface, it does not maintain its own index
on documents. When a metasearch engine receives a user‘s query, it first passes
the query to appropriate local search engines, and collects the results from its

local search engine, then present the results in one uniform format.

4. Provide an unified result:
A metasearch engine has the ability to combine the results from many sources

into an unified result.

5. Enhancing time saving:
The limitation of index of search engine has caused a lot of time consuming
process when web users search for the information they need. The metasearch
resolves this problem by collecting the results from many local search enginesto

get relevant information, rather than using severa single search engine to do so.

2.4.3 Estimating the usefulness of search engines

When the search engines are requested by a metasearch engine, inefficient results
may occur. Then unnecessary network traffic will be created when the query is sent to
useless search engines. In addition, local resources will be wasted when useless
databases are searched. A better approach is to first identify those search engines that
are most likely to provide useful results to a given query and then pass the query to

only the identified search engines.
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The usefulness of a search engine to a given query is measured by a pair of
numbers;, NoDoc and AvgSim. NoDoc is the number of documents in the database of
the search engine which has similarities with the query as measured by a certain global
smilarity function and higher than a specified threshold, while AvgSm represents an
average similarity of these high similarity documents. (The globa similarity function
may or may not be the same as the local similarity function employed by a local search

engine). NoDoc and AvgSm are defined precisely below [24]:

NoDoc(T,q,D) = |{d|di D andsim(qg,d) > T}|

AvgSm(T,q,D) = Sdi D*sim(g.d) > T34
NoDoc(T,q,D)

T = timein searching
D = document in database

g = query

2.5 Clustering algorithm

Frequently, the results of retrieved information on the search dissatisfy users. And
they have to spend much more time looking for the information that suit their desire.

However, a clustering approach can solve this problem.

Document clustering has been investigated for use in a number of different areas
of text mining and information retrieval. It was initially proposed for improving the
precision and recall of information retrieval systems. Because clustering is often too
dow for large corpora and has indifferent performance, document clustering has been
used more recently in document browsing, to improve the organization and viewing of

retrieval results and to accelerate nearest-neighbor search.
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Common characteristics of document clustering include [25]:

A large number of documents to be clustered.

The number of output clusters may be large.

Each document has alarger number of features.

Web document clustering techniques can be categorized into two types depending
on ther clustering time. There are preretrieval clustering and post-retrieval

clustering.

Pre-retrieval clustering: this method clusters the document before the searching
process. It provides web users with the subject categories such as
entertainment, computer, art, education, etc. for example Yahoo. The search
engine divides the data into subject categories which help users quickly go to
the specific area that they looking for.

Post-retrieval clustering: this method clusters the document after the searching
process. It returns the results by a keyword phrase that users have entered. For
example, Metafind returns the results with domain names such as commercial
gte (xxx.com), education site (xxx.edu), etc.; or InferenceFind returns the
results with content of the results. The content groups of the results are created
by finding the con-occurrence of text appearing in titles and the description of

web pages e.g. Grouper.

Besides, the clustering can classify the results with the types of cluster structure

they produce, which are: hierarchical method and nonhierarchical method.
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2.5.1 Hierarchical method

This method refers to the formation of a recursive clustering of the data points: a
partition of two clusters, each of which isitself hierarchically clustered. The wildly used
algorithm of this method is hierarchical agglomerative clustering (HAC) algorithm.
Hierarchical clustering algorithms are probably the most commonly used. These
algorithms are quadratic in the number of documents and are therefore too slow for the

online requirements. There are the following that use the HAC method [26]:

Sngle-linkage method: The distance between two clusters is represented by the
minimum of the distance between al possible pairs of subjects in the two

clusters.

Complete-linkage method: The distance between two clusters is defined as the
maximum of the distances between all possible pairs of observations in the two

clusters.

- Average-linkage method: The distance between two clusters is obtained by

taking the average distance between all pairs of subjectsin the two clusters.

- Ward's method: It forms clusters by maximizing within-clusters homogeneity.
The within-group sum of squares is used as the measure of homogeneity. The
Ward’s method tries to minimize the total within-group or within-cluster sums

of squares.

2.5.2 Nonhierarchical method [27]

Nonhierarchical method : the cluster centers or the initial partition has to be
identified before the technique can proceed to cluster observations. The nonhierarchical
clustering algorithms, in general, are very sengitive to the initial partition. The K-mean

algorithm and other nonhierarchical clustering algorithms perform poorly when random
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initial partitions are used. However, their performance is very superior when the results

from hierarchical methods are used to form the initial partition.

Hierarchical and nonhierarchical techniques should be viewed as complementary

clustering techniques rather than competing techniques.

2.5.3 Theevaluation of clustering method

In general, measuring clustering effectiveness is not a trivial issue. The standard
measures such as the average distance between data points and candidate class
centroids is rather abstract for the system needs. Furthermore, as aready mentioned, it
is not clear what distance measure should be used. In most previous work on document
clustering, the performance of the clustering has been measured in terms of its
effectiveness over some information retrieval system. Specifically, the clustering results
are used to reorder the list of documents returned by the IR system, under the
assumption that the user is able to select the clusters with the highest relevant
document density [28]. There are several problems in this evaluation method as

follows.

Empirical tests have shown that users fail to choose the best cluster about 20%
of the time [29].

Generating document collections by the results obtained by an IR system. Some
gueries are senditive to the specific IR system and queries being used, which

may result in some unclear bias over the datasets.

This evauation method does not measure directly how well the inherent
structure of the document corpus is revealed by the clustering procedure, but

rather provides indirect estimates, through the IR system performance.
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To overcome these problems, a simple solution is proposed to estimate document
clustering performance by tools used for supervised text classification tasks. In other
words, since the interest is in measuring how well the clustering process can reveal the
inherent structure of a given document collection, which use a standard labeled text
classification corpus to construct the datasets, while using the labels as clear objective
knowledge reflecting the dataset inherent structure. In addition, it adopts an accuracy
measure used by supervised learning algorithms to satisfy our needs. Specificaly, it
measures clustering performance by the accuracy given by the contingency table of the

obtained clusters and the ‘real’ document categories.

2.6 Keyphraseextraction

Keyphrase is an important means of document summarization, clustering, and
topic search. Keyphrase gives a high-level description of document content with an
intention to make it easy for readers to decide whether it is relevant or not. But there
are other applications too. Because keyphrase summarizes documents very concisely, it
can be used as a low-cost measure of similarity between documents, making it possible
to cluster documents into groups by measuring overlap between the keyphrases
assigned. A related application is topic search: upon entering a keyphrase into a search

engine, all documents with this particular keyphrase attached are returned to the user.

Many journals and books provide a list of keywords that call these keyphrases,
rather than keywords. Because there are often phrases of two or more words, rather
than single words. A keyphrase list is defined as a short list of phrases (typically five to

fifteen noun phrases) that capture the main topics discussed in a given document.

Keyphrases can serve diverse goals, as they share the requirement for a short list

of phrasesthat capture the main topics of the documents [30] as follows:
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1 When they are printed on the first page of a journa article, the god is
summarization. They enable the reader to quickly determine whether the given
articleisin the reader’ sfield of interest.

2 When they are printed in the cumulative index for ajournal, the goal is indexing.
They enable the reader to quickly find a relevant article when the reader has a
specific need.

3 When a search engine form has a field labelled keywords, the goal is to enable
the reader to make the search more precise. A search for documents that match
a given query term in the keyword field will yield a smaller, higher quality list of

hits than a search for the same term in the full text of the documents.

Severa methods have been proposed for generating or extracting a summary of
information from text. In the specific doman of keyphrases, there are two
fundamentally different approaches [31]: keyphrase assignment and keyphrase
extraction. Both use machine learning methods and require training in order to extract a

set of documents with keyphrases already attached.

Keyphrase assignment seeks to select the phrases from a controlled vocabulary
that best describe a document. The training data associates a set of documents
with each phrase in the vocabulary, and builds a classifier for each phrase. A
new document is processed by each classifier, and assigned the keyphrase of
any model that classifies it positively. The only keyphrases that can be assigned
are ones that have already been seen in the training data.

Keyphrase extraction, with an approach proposed here, does not use a
controlled vocabulary, but instead chooses keyphrases from the text itself. It

employs lexical and information retrieval techniques to extract phrases from the
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document text that are likely to characterize it. In this approach, the training
datais used to tune the parameters of the extraction agorithm.

Turney [32] is the first to frame keyphrase extraction as a supervised learning
problem, where all the phrases in a document are potential keyphrases, but only those
that match the authors choices are the "correct” ones. Turney devised an algorithm,
called Extractor, that uses a set of heuristics and a genetic algorithm to identify the
phrases that are most likely to be the authors. Barker and Cornacchia suggested an
aternative strategy by identifying noun phrases using dictionary lookup, and then
consider the frequency of a given noun as a phrase head within a document, then
discarding those that fall below a given threshold.

2.6.1 Result of keypharse extractor evaluation

Automatic hypertext generation by application of lexical chain [33] evaluates two
algorithms for automatically extraction keyphrases from documents. The first one is
NRC' s Extractor from National Research Council of Canada [34] and KEA from New
Zealand Digital Library.

Table 2.1 Some statistics for each of the five journals

Average numbers of
Topic Number of articles | Keyphrase per Words per
document keyphrase
Information Retrieval 16 3.53 1.70
World Wide Web 11 3.33 215
Agents 14 3.50 2.02
Security 20 4.00 1.85
Database 9 2.78 1.80

Table 2.1 shows 70 documents from five different topics. The full text of each

article is available on the web.
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Table 2.2 shows the training and testing performance of the two algorithms and

Table 2.3 break out the training set performance for the five different topics.

Table 2.2 Performance of the two algorithms on the document collections

Keyphrase extractions

Training set performance 70 articles

algorithm Precision Recall F-measure
NRC's Extractor 0.324829 0.191667 0.240415
KEA Extractor 0.453061 0.264286 0.333835

Table 2.3 Performance of the two algorithms on each of the five different topics

Keyphrase F-measure on training set articles
extractionsalgorithm IR www Agents Security | Database
16 articles | 11 articles | 14 articles | 20 articles | 9 articles
NRC'’ s Extractor 0.203947 | 0.220627 | 0.315789 | 0.192915 | 0.317739
KEA Extractor 0.322368 | 0.325359 | 0.390977 | 0.310526 | 0.327485

The experimental results show that KEA Extractor achieves the best performance
on this corpus about 40% better than the NRC's Extractor (0.333835 / 0.240415 =

0.1388576).
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2.7 Comparison of search engine

Total Hitsfrom 25 sear ch engines
8565
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Figure 2.8 A comparison of search engines

This size showdown [35] compared nine search engines according to Figure 2.8.
The analysis used 25 small single word queries. Google found more total hits than any
other search engines. And ranked the first on the list of the others. AlltheWeb is ranked
the second. AltaVista aso had significant growth and moved up to third. WiseNut
dropped to fourth and HotBot is up to fifth. Despite sharing an Inktomi source, HotBot
found more total hits than MSN and included PDF files not available from MSN. For
the total number of results, see Table 2.4.
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Table 2.4 A comparision of total hits found by nine search engines.

Search Engine Total hitssince Total hitssince Total hitssince
Dec. 2002 March. 2002 Aug. 2001

Google 9,732 8,371 6,567
AlltheWeb 6,757 4,388 4,969
AltaVista 5,419 3,432 3,112
WiseNut 4,664 5,009 4,587
HotBot 3,680 2,869 3,277
MSN Search 3,267 2,523 3,005
Teoma 3,259 1,839 2,219
NLResearch 2,352 3,610 3,321
Gigablast 2,352 NA NA

2.8 Content-based clustering

Content-based clustering metasearch engine [36] develops a post-retrieval
clustering call a content-based clustering (CBC) technique to help users handle the
returned results of metasearch engines easier by using the contents of resultant
documents for clustering. This technique will divide the results into the meaningful and
accurate groups that will help users understand relationship of the results both inside a

group and among the groups.

Content-based clustering aims to yield the clusters that fulfill the three basic
requirements by applying (i) a feature extraction tool, (ii) a hybrid clustering of
heuristic model-based of nonhierarchical clustering method and a single link of
hierarchical clustering method. The feature extraction tool is used NRC's Extractor.
The heuristic model-based is used to produce an easy-to-read cluster labels and the
single link method is used to merge clusters that have some latent relationship together

to extend cluster coverage.
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Figure 2.9 Content-based clustering metasearch engine architecture

The Content-based clustering metasearch engine (CBCMSE) architecture is

shown in Figure 2.9, which consists of four submodules as follows:

The user interface: this module provides communication between web
users and the CBCMSE system. It passes a user’s query to the metasearch
engine and receives the results which are the clustered results from the
content-based clustering engine.

The metasearch engine: this module responsible for adapting the user’s
guery and passing the user’ s query to target search engines, which were
previoudy registered in the system. Also, it receives the returned results
from each search engine to parse and rerank them by using boost-up

ordering agorithm.
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The content extractor: this module uses the URLSs from the results of the
metasearch engine to requests the HTML from each URL site. When it
receives the HTMLS, it uses the NRC's Extractor to extract the contents
from each HTML document and sends the contents to the content-base
clustering engine.

The content-based clustering engine: this module performs two
important functions. First, it uses the common-phrase heuristic clustering
method to find the initia clusters. Second, it merges some initia clusters

that have some relationship by using the cluster merging method.
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CHAPTER 3
APPROACH

This chapter describes the details of fuzzy ranking concept, content-based
clustering, keyphrase extraction and boost-up ordering algorithm. It proposes
explaination of all steps, as well as the examples for making the metasearch work. In
fuzzy model ranking, there are four steps: using keyphrase extraction, computing term-
term correlation matrix, calculating membership degree of terms and finding the
highest ranked results. In content-based clustering concept, there are two important
steps: using the common-phrase heuristic clustering method to find the initial clusters

and merging some initial clusters that are relate with the cluster merging method.

Also the chapter explains about keyphrase extraction, boost-up ordering

algorithm and image search technique to make the metasearch engine completed.

3.1 Fuzzy model method

The aim of an information retrieval deals with the representation, storage,
organization and access to information items. The representation and organization of
the information items should provide the users with easy access to the information in
which they are interested. Most of the existing information retrieval systems are based
on the traditional boolean logic model. The information retrieval systems based on the
boolean logic model all assume that the document and the users’ queries could be

represented by index terms exactly.
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In recent years, a branch of research in information retrieval has faced with the
problem of vagueness and imprecision. This makes the systems restricted in practical
usage especially in the circumstance where the information has uncertainty or
fuzziness. In order to improve the drawback of the traditional boolean logic model,
some models like the probability model, the fuzzy set model, and the vector space
model have been presented. Since the fuzzy set model can properly represent the
inexact and uncertain knowledge of human beings, many researches are devoted to the

use fuzzy set model in the designing of fuzzy information retrieval systems.

Fuzzy model theory is a formal framework well suited to model vagueness. The

fuzzy model according to Figure 3.1 works by:

1 Using keyphrase extraction (KEA) tool to extract important keyword on

content phrases in the documents.

2 Computing term-term correlation matrix of which its row and column are

associated with the terms in the document.

3 Calculating membership degree of terms of each document.

4 Finding the highest ranked results of each document by computing weight of
terms that joined together by logical connectives (AND, OR).
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The fuzzy model can illustrate this ranking by giving an example of the

computation of the relevance of the retrieved document:

Documents > Keyphrase extraction

2) | 2) Dog Puppy

I:/Ell <1h2ml> <title>hello i

;l;%d <himl- 1) Cat Kitty
<body><font=4>the

find 1l howareyou I am Dog

YOUY find thank you and

Eobu you what updste uo

a y uou are t</body>

HIML Content phrases
Membership degree and | Term-term correlation
Finding of ranking result | matrix

Document Number | Relationship Index 1 Index 2 Relate
D1 1 Cat Kitty 0.5
D2 0.867 Cat Dog 0.25
D3 0.673 Dog Puppy 0.5

Figure3.1 Fuzzy Model Concept

This section explains Figure 3.1 by assuming that web users want to search the

following terms:
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Term: dog Weight: 0.3

Term: cat Weight: 0.5

Operator between dog, cat = OR

Table 3.1 shows many documents that are returned from the targeted search
engine and sent to keyphrase extraction process for an extraction of only important

keyword.

Table 3.1 An example of index terms of each document

Document Number Index Terms
D1 dog, cat, bird, zebra, zoo
D2 cat, kitty, fish
D3 dog, puppy, house, food
D4 ant, sugar

Next, the system finds term-term correlation matrix c (called keyword connection
matrix) of which its rows and columns are associated with the document collection. In
this matrix, a correlation factor ci; between two terms k; and k; can be defined as

follows:

Cil= n;

ni+ny-n;ij

where:
n; 1s the number of documents which contain the term £;
n; 1s the number of documents which contain the term &;

n;; is the number of documents which contain the term k; and k;
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The correlation factor of each index term; dog and cat is shown in Table 3.2

below.

Table 3.2 An example of related value of each index term

Index Term 1 Index Term 2 Related Value
Dog 0.33
Bird 0.5
Zebra 0.5
Cat
Zoo 0.5
Kitty 0.5
Fish 0.5
Cat 0.33
Bird 0.5
Zebra 0.5
Dog Z00 0.5
Puppy 0.5
House 0.5
Food 0.5

To find the membership degree of each document, this system uses the term

correlation matrix ¢ in Table 3.2 to define a fuzzy set associated with each index term

ki In this fuzzy set, a document d; has a degree of membership £4;; computed as
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My =1-11(1-cip)
kl € dj

which computes an algebraic product overall terms in the document d; A
document d; belongs to the fuzzy set associated to the term ; if its own terms are
related to k;. Whenever there is at least one index term 4; of d; which is strongly related
to the index k; (i.e., ¢;;~ 1), then £;~ 1 and the index k;is a good fuzzy index for the
document d; . In the case when all index terms of d; are only loosely related to ; the

index £; 1s not good fuzzy index for d; (i.e., 14,;~ 0).

Table 3.3 Membership degree of terms cat, dog

Index term Document number Degree of membership
Dl |
D2 1
Cat
D3 0.33
D4 0
Dl |
D2 0.33
Dog
D3 |
D4 0

Table 3.3 shows membership degree of term caf and dog of many documents. The
values of membership degree determine whether each document is relevant to a given
query or not; usually given values ranging from 0.0 to 1.0. The value 1 on documents

is relevant to the query and 0 on documents that are not relevant.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Computer Science) /45

Table 3.4 below show the results after calculating weight of each document by

product a value of each document in Table 3.3 with a value that web users define

below.

Term: dog Weight: 0.3

Term: cat Weight: 0.5

Table 3.4 Membership degree of terms cat, dog after calculating weight

Index term Document number Degree of membership
D1 0.5
D2 0.5
Cat
D3 0.165
D4 0
Index term Document number Degree of membership
D1 0.3
D2 0.099
Dog
D3 0.3
D4 0

Next, finding the ranking results of each document by computing the terms that
are joined together by logical connectives (AND, OR). According to web users define
above, operator between dog, cat are OR. This thesis uses Min and Max function [14]

to find ranking result of each document.
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Logic operator : AND

Happ(x)=Min((la(x), U (x))

Logic operator : OR
Haob(x) =Max((Ha(x), Hp(x))

Max function selects highest value of each document and Min function selects

lowest value of each document.
Table 3.5 below shows the results after use max function and the results will
order rank from highest value to lowest value. D1 is the document that the value is

highest, next are D2, D3 and D4 is lowest.

Table 3.5 Value of each document

Document | Value of | Value of
Logic operator Value
number term cat | term dog
D1 0.5 0.3 0.5
D2 0.5 0.099 0.5
Cat OR dog
D3 0.165 0.3 0.3
D4 0 0 0

The metasearch engine is useful when users want to find relevant information
how one search engine rather than using several single search engines. As the number
of returned results could be significant, almost metasearch engines collect the returned
results for only no more than best 10% from each search engine to avoid low precision

search.
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For avoid low precision search, the system will set threshold to cut off low

precision search by calculating auto threshold using the equation follow [36]:

Threshold = ( Min+ Mean+ Max) / 3
Min = Minimum value

Mean = Average value of all value
Max = Maximum value

Threshold = (0 +0.325+ 0.5 )/ 3

= 0.275

The value of each document that is lower than the value of auto threshold will be

cut off. The results of fuzzy logic information retrieval are shown in Table 3.6

Table 3.6 Value ranking of each document

Document Number Value
D1 0.5
D2 0.5
D3 0.3

Within fuzzy set theory, a document is then represented by a fuzzy set of terms
with index term weights as membership values. Based on these significant degrees, the

retrieval mechanism has been extended with the ability to rank document in decreasing

order of relevance to the user query.
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The quality of the retrieval results strongly depends on the weighting function
which is adopted to automatically compute the index term weights. Generally, this

weighting function is defined on the basis of term occurrences in the documents.

3.2 Content-based clustering method

The system uses fuzzy logic technique to reranking results from the targeted
search engine. The ranking mechanism works well when web users can formulate a
well-defined query for searches. However, a lot of users formulate very short
queries ( 70% are single word queries[7]). So they are retrieve a large of documents
to sift. Also, the problem is exacerbates when the users are not familiar with the topic

that they are looking for as they are novices at performing searches.

Due to the problem above, this thesis uses content-based clustering which aims to
yield the clusters that fulfill a precision of results. The clustering divides the results

into several groups which may match to the areas of users® interest.

A Content-based clustering(CBC) [36] is a clustering technique which uses the
contents of the documents to be clustered into several groups. The contents of the
documents appeared in the dataset as the descriptors rather than using all words in the
documents. The reason why the system has to use the contents of documents to be
clustered is because the web documents contain too many words. So the system has to
project only the important words in the documents to represent the whole documents to
reduce the noise of the data. This technique will adjust the data to be more appropriate

attributes.

The system can illustrate the content-based clustering process as shown in
Figure3.2. Assuming that there are three HTML documents to be clustered. A circle
represents cluster and the capital alphabet such as A, B, C, D are represent the content

phrases. The number 1, 2, 3 and 4 represent the document's numbers.
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The content-based clustering works by:

* First, using index terms in table keyword of database that is extracted from

each document by keyphrase extraction tool.

* Next, finding the co-occurrence content phrases appeared in each document in

dataset to create initial clusters.

* Finally, a cluster merging method used to merge the clusters that have a

relationship.

Table KEYWORD

Content phrases

Common-phrase

A

Cluster merging method

heuristic clustering

Figure3.2 Content-based clustering concept
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3.2.1 Common-phrase heuristic clustering method

The content of each document projected by keyphrase extraction(KEA) with the
multiple of content phrases. The common-phrase heuristic clustering method provides
rules for clustering these contents. The common-phrase heuristic clustering method
works by grouping the documents that have co-occurrence phrases together. However,
the common phrases that represent cluster labels always look awkward, so heuristic

rules are used to solve the problem.

The common-phrase heuristic clustering method works by [37]:

1 Finding all common contents appeared in the dataset.

2 Using the first rule to indicate only specific common contents to cluster
representation.

3 Using the second rule to reduce awkward of those specific cluster

representations.

This clustering method can be illustrated with an example of the Common-phrase

heuristic clustering method. Assume the dataset according to Table 3.7:

Table 3.7 An example of documents and their contents to be clustered

Document Number Contents
1 ABFHI
2 ABEF
3 CDFGIJ
4 CDFS
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RULE:

RULE 1: IF( First common contents ) ( Second common contents ) then ( delete

First common contents = Yes )

RULE 2: IF( First chosen common contents )overlap with ( Second chosen
common contents ) then ( First chosen common contents = ( First chosen common
contents — Overlapped contents )) and (Second chosen common contents = (Second
chosen common contents — Overlapped contents )) and Create New Cluster
(Overlapped contents )

All of the possible common contents of these documents are:

1) A (documents: 1,2)

2) B (documents: 1,2)

3) C (documents: 3,4 )

4) D (documents: 3,4)

5) F (documents: 1,2, 3,4)
6) A B (documents: 1,2)
7) AF (documents: 1,2)
8) BF (documents: 1,2)
9) C D (documents: 3,4)
10) CF ( documents: 3, 4)
11) DF (documents: 3,4 )
12) A BF (documents: 1,2)
13) CD F (document: 3,4 )

Obviously, there are no best common contents that are perfect representation for
all users. However, the first rule proposed to the largest number of common contents is
the best representation of the cluster. The assumption for this rule is that the more
number of content phrases the more specific of the cluster representation. The result is

shown in Table 3.8.



Werasak Yuokoolbodee Approach / 52

Table 3.8 An initial clusters

Initial Cluster Documents
ABF 1,2
CDF 3,4

According to Table 3.8, it can be seen that clusters (A B F) and (C D F) have (F)
in common. When the system applies the second rule, the initial cluster representations

become (A B), (C D) and (F). The result is shown in Table 3.9 below:

Table 3.9 An example of initial clusters

Initial Cluster Documents
AB 1,2
CD 3,4
F 1,2,3,4

All processes and rules are shown in Figure 3.3 below:

Chosen
common
contents

Possible
common
content

Initial
clusters

Find all
common
phrases

Contents

DABFHI DA2)B3)C ABF(1,2) hHAB(12)
2) ABEF 4DS)F 2)CDF (3,4) ) CDEA)
3)CDFGJ 6)AB7)AF 3HFA,2.3.4)
4)CDFS 8§)BF9)CD

10)CF11)DF

12)ABF

13)CDF

Figure 3.3 Common- phrase heuristic clustering process
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3.2.2 Cluster merging method

Another process of the content-based clustering approach is cluster merging. This
thesis proposes the use of single-link clustering method for handling a problem that
some document are separated by each common contents appearing in the document by
the common-phrase heuristic clustering method which have some latent relationship to

the others rather than common contents.

The single link method is a hierarchical method, which tends to generate the
clusters by similarity of the documents rather than using only common phrase, but no

overlap of documents in the clusters are allowed:

The single link method works in the following forms [20]:

1. The system creates the vector space of each document in the entire dataset. The

weight of each term in the vector space is calculated by TF*IDF algorithm.

2. Every pair of documents is calculated with similarity by using the cosine

similarity measurement. Then, the system has the similarity metric.

3. The system uses a defined threshold to link the document together. Two
documents are considered linking if their similarity value is above the

threshold. After all, the system obtains a document chain.

4. The system compares the initial clusters with the document chain. If some of
two or more initial clusters are in subset of document chain, those initial
clusters have to merge together.

This clustering can be illustrated with an example of single link method and

assumed dataset as shown in Table 3.10 below.



Werasak Yuokoolbodee Approach / 54

Table 3.10 An example of documents and their contents to be clustered

Document Number Contents
1 ABE XY
2 A BEY
3 CDFZ
4 C DFW
5 EUG
6 EVI
7 FTIJ
8 FSR

Next, finding the co-occurrence content phrases appeared in each document in

Table 3.10 to create initial clusters by rule Iand rule 2 above. The result is shown in

Table 3.11 below.

Table 3.11 Initial clusters of the example

Initial Cluster Documents
ABY 1,2
CD 3,4
E 1,2,5,6
F 3,4,7,8
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Then, In single link method, the system creates a similarity metric of those
documents in the dataset by using cosine similarity measurement as follows: The

cosine similarity measurement [37]

This measurement is widely used for measuring in the vector space model is a
cosine similarity measurement. After every document and query is translated to vector
space model, a vector matching based on the cosine of the angle between two vectors
can be used to compute the similarity between document d; and query gy as follows.

n

Similarity (dyqi) = X(tdy * tqu) / ( VI j+1q° i)

t=1

where:
td;; = the weight of term 1 in the vector of document j
tqi = the weight of term 1 in the vector of query k

n = the number of all unique terms in the dataset
Similarity metric is shown in Table 3.12 below.

Table 3.12 Similarity metric of the document

1
12 0.6
=
%» 3 0.1 0
2 |4 0.2 0 0.6
=
S |5 0.1 0.5 0.2 0.2
(]
e |6 0 0.7 0.3 0 0.8
=
Z |7 0.2 0 0.8 0.5 0 0
8 0 0 0.5 0 0.1 0.2 0.7
1 2 3 4 5 6 7 8
Number of documents
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After, the system has to define threshold to link the documents together. By

calculating auto threshold using the equation as follows [36]:
Threshold = ( Min(sim) + Mean(sim) + Max(sim)) / 3
Sim = Similarity value
Min(sim) = Minimum value in the similarity metrix

Mean(sim) = Average value of all similarity value in the similarity metrix

Max(sim) = Maximum value in the similarity metrix

Threshold =( 0+ 0.26+0.8)/3

= 0.35

4
2 6 3 7
1 5 8

Figure 3.4 A similarity metric and chaining documents of the example

Figure 3.4 is the graphical of chaining method after the system calculates
similarity metric in Table 3.12. Two documents are considered linking if their

similarity value is above the threshold.

The result in Table 3.13 comes from comparing data in Table 3.11 and the
chaining documents in Figure 3.4. So chaining document graphs are (1,2,5,6) and
(3,4,7,8) that in Table 3.11 documents 1,2 are initial cluster (A,B,Y) and documents
2,5,6 are initial clusters (E) then documents 1,2,5,6 are chaining document labels

(A,B,E)Y).
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Table 3.13 Chaining document and their members

Chaining documents label Documents
ABEY 1,2,5,6
CDF 3,4,7,8

RULE 3: IF( initial cluster members ) ( chaining member ) then ( Merge cluster
= Yes )

This rule is used iteratively for every pair of initial clusters and chaining
documents. The initial clusters and chaining documents are shown in Table 3.11 and
Table 3.13 respectively. By using the third rule, the initial clusters which are (A, B, Y)
and (E) have members in subset of chaining document (A, B, E, Y). These initial
clusters are merged together to be (A, B, E, Y). Also, the initial clusters which are (C,
D) and (F) have members in subset of chaining documents (C, D, F), so they are

merged together to be(C, D, F).

Finally the merged clusters are shown in Table 3.14 below.

Table 3.14 Merged clusters and their members of the example

Merged cluster label Documents
ABEY 1,2,5,6
CDF 3,4,7,8
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All processes and rules of this method are shown in Figure 3.5 below:

DABY: 1,2
2)CD:3,4
3)E:2,5,6
4F:3,7,8
Slmllarlty Chaining
Metric Document Merged Clusters
Chaining > RULE >
3
DABEY:1,2,56 DABEY:1,2,5,6

2)CDF:3,4,7,8 2)CDF:3,4,7,8

Auto
Threshold

Figure 3.5 Cluster Merging Process

Since the approach adopts both model-based clustering and single link HAC, the
final clusters are distinct from clusters that are produced by traditional clustering
algorithms such as meaning and accuracy of the clusters. It is because the heuristic
model-based is designed for producing meaningful clusters, and single link HAC is

used for extending cluster coverage.

3.3 Keyphrase extraction

Keyphrases provide a brief summary of a document’s contents and used in
information retrieval systems as descriptions of the documents returned by a query, as
the search indexes, as browsing a collection, and as a document clustering technique.

The keyphrases are useful because they can be interpreted individually and
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independently of each other. Therefore large document collections such as digital

libraries become widespread and the value of summary information increases.

Keyphrase can be automatically generated in two ways: by assigning keyphrases
from a controlled vocabulary to documents, or by identifying and selecting the most

descriptive phrases in the document.

In the first approach, it is called keyphrase assignment or text categorization, the
controlled vocabulary ensures that similar documents are classified consistently, and
allows phrases to be assigned even if they are not explicitly mentioned in their text.
However, controlled vocabularies are too expensive to build and maintain, so they are
not always available, and potentially useful keyphrases are ignored if they are not in

the vocabulary.

In the second approach, it is called keyphrase extraction, the text of a document is
analyzed and its most appropriate words and phrases are identified and associated with
the document. This means that every phrase that occurs in the document is a potential
keyphrase of the document, and a controlled vocabulary is not required. The
keyphrases generated are less consistent, however. Automatically identifying and
extracting phrases are complex tasks, but a range of techniques for identifying useful,
descriptive and meaningful phrases have been suggested. Few of these conform to the
definition of a keyphrase extraction algorithm. The distinction between keyphrase
extraction algorithms and other phrase extraction algorithms is important because the
author keyphrases provides an objective basis for evaluation, as will be discussed

below.

This thesis employs keyphrase extraction to assist in fuzzy ranking and content-
based clustering. And KEA — a practical automatic keyphrase extraction is considered

for its best efficiency for use.
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KEA is a keyphrase extraction algorithm developed by members of the New
Zealand Digital Library Project. A Java implementation, released under the GNU
General Public License. KEA operates in two distinct stages. First, a model is built
from a set of training documents with keyphrases (usually the author of keywords,
though any authoritative source may be used). Second, documents without keyphrase
metadata are presented to KEA, and the model is used to identify those of their phrases
that are most likely to be keyphrases. These phrases are "extracted" from the document

and provided as output. The process is illustrated in Figure 3.6.

Training set of

documents with

Model Training

keyphr: -
cyphrases convert to textual from extract

candidate keyphrases calculate

attribute learn model

l

Keyphrase

Document
model derive
collection
from training

l

Keyphrase Extraction
» convert to textual from extract
Document 2
Document without candidate keyphrases calculate
keyphrase attribute apply model

l Document 1

Prebuilt

keyphrase

model

Figure 3.6 KEA phrase extraction process
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3.3.1 The KEA algorithm

KEA’s extraction algorithm has two stages:

M.Sc.(Computer Science) / 61

1. Training: create a model for identifying keyphrases, using training documents

where the author’s keyphrases are known.

2. Extraction: choose keyphrases from a new document.

v
w
Training

documents
w

S
Global

corpus
w
extraction

Feature
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learning

“

Candidate
phrase
identification
. Phrase in
Candidate
document
phrase > frequenc
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Candidate
phrase

identification

Feature
generation

m

Keyword

Figure 3.7 The training and extraction processes

ranking

Figure 3.7 shows the two stages of KEA algorithm, with the outline to be

described in more detail.

3.3.2 Candidate phrases

KEA chooses candidate phrases in three steps as follows:

Input cleaning

The input files are filters of the text. They determine initial phrase boundaries.

The input stream is split into sequences of letters, digits and internal periods and then

several modifications are made as follows:
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* punctuation marks, brackets, and numbers are replaced by phrase boundaries.

* apostrophes are removed.

* hyphenated words are split into two.

* remaining non-token characters are deleted, as are any tokens that do not

contain letters.

Phrase identification

KEA considers all in subsequences of each line and finds which of these are
suitable candidate phrases. However, there are several methods for determining
suitability, such as looking for noun phrases, but the system has found that there are

effective rules as the following:

* There is a limit to a certain maximum length of candidate phrases (usually

three words).

* Candidate phrases cannot be proper names such as single words that only ever
appear with an initial capital.

* Candidate phrases cannot begin or end with a stopword.

The stopword list contains 425 words in nine syntactic classes (conjunctions,
articles, particles, prepositions, pronouns, anomalous verbs, adjectives, and adverbs).
In these classes, all the words listed in an on-line dictionary are added to the list.
However, for adjectives and adverbs, it introduced several subclasses, and words from
the subclasses are added only if they overlap the sixty most common words in the
Brown corpus [38]. In addition, it only adds frequently-occurring words from these

subclasses.
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Case-folding and stemming

The Lovins method [39] employed in final step of determining candidate phrases,
is used to stem. This involves using the classic Lovins stemmer to discard any suffix,
and repeating the process on the remaining stem until there is no further change. For

example, the phrase cut elimination becomes cut elim.

Stemming and case-folding allow us to treat different variations on a phrase as the
same thing. But without stemming they would be as different phrases. The stemmed
versions are used to compare KEA’s output with the author’s keyphrases. It considers
an author's specified keyphrase to have been successfully identified if, when stemmed,
it 1s the same as a machinegenerated keyphrase, also stemmed. The phrases cut-
elimination and cut elimination, and proof nets and proof net, are considered

equivalent.

In addition, the system retains the unstemmed words of each phrase (in their
original capitalization) for presentation to the user in case the phrase does turn out to
be a keyphrase.

3.3.3 Feature calculation

TF*IDF is a measure of a phrase’s frequency in a document, it is easy to

implement and most widely used in vector space model.

* TF (term frequency) is a frequency of the phrase that occurs in a document.

* IDF (Inverse document frequency) is the number of other documents in which

the phrase occurs.

This feature compares the frequency of a phrase used in a particular document

with the frequency of that phrase in general use. General phrase is represented by
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document frequency —the number of documents containing the phrase in some large
corpus. KEA builds a document frequency file for this purpose using a corpus of about
100 documents. Stemmed candidate phrases are generated from all documents in this

corpus using the method described above.

TF*IDF = ¢y« log( N/n )

where:

1. tfi . frequency of term T4 in document D,.
2. N : total number of documents in the collection C.

3. n; :the number of documents in C that contain T

First occurrence

The second feature is the first occurrence, it is calculated as the number of words
that precedes the phrase’s first appearance, divided by the number of words in the
document. The result is a number between 0 and 1 that represents the amount of

document preceding the phrase’s first appearance.

Discretization

Discretization method is accomplished by using the supervised discretization
method described in [40]. During the training process, a discretization table for each
feature is derived from the training data. This table gives a set of numeric ranges for

each feature, and values are replaced by the range into which the value falls.
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3.3.4 Training: building the model

The training stage uses the Naive Bayes technique [41], because it is simple and
yields good results. The scheme then generates a model that predicts the class using
the values of the other two features. A set of training documents for which the
author’s keyphrases are known. For each training document, candidate phrases are
identified and their feature values are calculated as described above. To reduce the size
of the training set, it discards any phrase that occurs only once in the document and
marks phrase as a keyphrase or a non-keyphrase.

3.3.5 Extraction of new keyphrases

The difference between keyphrase extraction algorithms and other phrase
extraction algorithms is that the KEA attempts to extract the same phrases that the
author would choose. A consequence of this intention is that there is an objective way
to measure performance: if an extracted keyphrase is the same as an author keyphrase,
then the algorithm succeeds; if not, then it failes. In selecting keyphrases from a new
document, KEA determines candidate phrases and feature values, and then applies the
model built during training. The model determines the overall probability that each
candidate is a keyphrase, and then a post-processing operation selects the best set of

keyphrases.

When the Naive Bayes model is used on a candidate phrase with feature values ¢

for TF*IDF) and d (for distance), two quantities are computed:
q

Plyves|=_Y  prr+mpr[t|yes] Pdistance[d | yes]
Y+N

where

* Y is the number of positive instances in the training files
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* N is the number of negative instances that candidate phrases are not

keyphrases.

The overall probability that the candidate phrase is a keyphrase can then be

calculated:

p =Plyes] / (P[yes]+P[no])

Candidate phrases are ranked according to this value, and two post-process steps
are carried. First, TFeIDF (in its pre-discretized form) is used as a tie-breaker if two
phrases have equal probability (common because of the discretization). Second, it
removes from the list any phrase that is a subphrase of a higher-ranking phrase. From
the remaining ranked list, the first » phrases are returned, where r is the number of

keyphrases requested.

3.4 Boost-up ordering algorithm

This thesis is intended to develop the metasearch engine using fuzzy logic
technique to retrieve information to satisfy web users that they can define weighting of
keywords by themselves. Also, the system uses KEA (Keyphrase Extraction) to extract
a brief summary of a document’s contents. KEA assists in English term searching.

However, this tool does not support THAI term query.

The boost-up ordering algorithm is a ranking technique which can find the
highest rank order of the identical results. It deletes the duplicate link that is returned

from the targeted search engine, as well as preserving the highest rank result.

For example, if a result shows document 4 ranked first at Sanook, third at
Thaiseek, the rank of the document 4 will be boosted up to only Sanook rank in one
uniform list. If there is no duplicated link returned by the targeted search engine, then

the final result will be ordered in the highest rank from search engine. For example, if
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the documents from Sanook are A, B, C and the documents from Thaiseek are D, E, F.

The result which pass the boost-up ordering algorithm are A, D, B, E, C, F.

This method can be illustrated with an example of the boost-up ordering approach

as shown in Figure 3.8 below:

SANOOK
RERANKED RESULTS
1A THAISEEK The boost-up
2B ordef‘ing 1) A ( Sanook, Thaiseek)
) C HC algorithm 2) C (Thaiseek, Sanook )
2) A 3) B ( Sanook )
3)D 4) D (Thaiseek)

Figure 3.8 Boost-up ordering algorithm
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CHAPTER 4
IMPLEMENTATION OF MEUFLACC

This chapter describes the detailed implementation of MEUFLACC model and
provides an environment test to evaluate its performance. Structure chart of the
metasearch engine using fuzzy logic and content-based clustering will show all
important module of the system. Also this part explains all steps of the system in data
flow diagram (DFD) and describes working process in flow chart to explain how the
prototype works. Data dictionary is a method that shows all input data and output data
and tells everything of each module. Finally, the chapter shows an implementation of

user interface.

4.1 Environment test and tools

This thesis uses a notebook computer running under Windows XP Professional to
evaluate the metasearch engine using fuzzy logic and content-based clustering. The
specifications of the testing are provided in Table 4.1. Developing tools consist of PHP
4.2.0 programming language for coding the prototype, Apache 1.3.24 to be web server.
The system uses Mysql as the relational database because it is flexible and contains all

functions that are needed. This section shows developing tools in Table 4.2 below.

Table 4.1 Hardware environment.

CPU Pentium IV, 2.0 GHz
RAM 256 MB
Hard disk 40 GB
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Table 4.2 Software environment.
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Compiler PHP 4.2.0
Web server Apache 1.3.24
DBMS Mysql

Operating system

Microsoft windows xp professional
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4.2 Structure chart of the system

The system, illustrated in Figure 4.1, consists of three subsystems as follows:

Search system is the subsystem that passes the query to the targeted search

engines and extracts URL link

Collect data system is the subsystem that extracts HTML from webpage and

adds new data to the database.

Fuzzy reranking and content-based clustering is the subsystem that reranks
results from the targeted search engine by using fuzzy logic and content-based

clustering

Search system has the following functions:

Check keyword is used for checking the query from web users and examine
the query that is in database or not.

Query adaptation is used for adapting a query from web users to
appropriate targeted search engine.

Find URL link of search engine is for extracting URL link of results that
return from target search engine.

Distinct URL link is used for making URL link to be unique.

Boost-up ordering algorithm is used for reranking results from THAI search

engine.

Collect data system has the following functions:

Check expire is a module for checking expiry date of URL link in database.
Manipulate HTML is a module for extract important data from internet

host.
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e Add is a function that adds all information to database.

Search system has the following functions:

* Fuzzy ranking is used for reranking results from target search engine by
fuzzy logic method.

* Content-based clustering is a module for helping a novice web users in
searching information that satisfy their’ s want.

* Show result is a function that shows the result from fuzzy ranking, boost-up

ordering algorithm and content-based clustering method.

Check keyword has the following subfunctions:

* Check empty is a function that checks the query term from web users, if it
is empty, the system will show message and wait until users insert new
query term.

* Check language and select search engine is a function that checks the query
term, it is THAI or English language to select appropriate search engine.

» Set session is a function that starts session for multi-users query.

Find URL link of search engine has the following subfunctions:

* Check HTML from search engine is a function that checks HTML page
from targeted search engine, if search engine does not return the results, the
system will show message.

* Extract link of each search engine is a function that extracts URL link from

results that returned from targeted search engine.
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Check expire has the following subfunctions:

Check date is a function that examines expiry date of URL link in database.
Delete URL date is a function that deletes all data in database, URL link

has expired.

Manipulate HTML has the following subfunctions:

KEA is a function that extracts important word of webpage.

IDF is a function that calculates value of IDF for use in content-based
clustering method.

Find weight each term is a function that calculates weight of each term.
Extract data is a function that extracts URL, title and description of each

webpage.

Add has the following subfunctions:

Add new URL link is a function that adds new URL link in database.

Add new URL data is a function that adds new data in database.

Add new keyword is a function that adds new index term in database.
Relate term is a function that calculates term-term correlation.

Update value of term is a function that updates new value of term in

database.

Fuzzy ranking has the following subfunctions:

Calculate member degree is a function that calculates member degree of
each document.

Calculate weight is a function that calculates weight of each document.
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* Calculate operator is a function that calculates Boolean operator of each

document.

Content-based clustering has the following subfunctions:

*  Find all common content is a function that finds all common content of all
document.

* Rule is a function that checks rule of all document.

*  Cosine similarity is a function that calculates cosine similarity of each

document.

Show result has the subfunctions as follows:

* (alculate threshold is a function that calculates threshold.
* Chaining is a function that finds chaining.
* Merged cluster is a function that merges initial clusters and chaining

document.
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4.3 Flowchart of the system
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Figure 4.2 Flowchart of the prototype.
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Figure 4.2 (Cont.)

The Figure 4.2 illustrates relevancy between processes and the flow of data

around the system which are:
Enter keyword, weight and operator

This process is a user interface that provides communication between web users
and the metasearch engine using fuzzy logic and content-based clustering system. It

pass a user’s query, weight of each query and Boolean operator to the metasearch

engine.

Check keyword="Null”

This step is a checking process. If the keyword is null that means web users do

not insert any terms into the system. The metasearch engine will return a message to
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users and wait until web users insert a keyword into the system. That message is “you

do not insert the keywords, please insert keyword that you want to search”.

Set session

This module is prepared to handle with multi-users environment. The metasearch
will generate the unique session ID for user query. So, web user can send the query to

the system simultaneously.

Check language="En”

The system employs keyphrase extraction to assist in fuzzy ranking and content-
based clustering. Which use KEA to extract important keyword in homepage contents.
However, KEA does not support THAI language. Therefore, this process will check
the users* query that the keyword is THAI language query or English language query.

Select THAI search engine

The metasearch engine provides THAI term query. That means web users can
search in THAI language. The system will pass the users' query to THAI search

engines which are Sanook and Thaiseek.

Select English search engine

In english language query, the system passes the users‘ query to five effective
search engines which are Google, Alltheweb, Altavista, Wisenut and Hotbot. These are
top five from the size showdown [35] that compares nine search engines, with MSN
search and HotBot representing the Inktomi database and used 25 small single word

queries. This is also described in section 2.7.
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Query adaptation

The query adaptation module is responsible for adapting the users’ query to fit
into each targeted search engine in the system. The query for each search engine is
different by its server, method and variables. The server varies in host name, server
port and remote path. The method is varied by GET and POST method which is PHP
input method used by almost search engine. The variables are the parameters and their

values that will be sent to each search engine.

Extract HTML page and find URL link of each search engine

This module receives the resultant web pages from all search engines. Since the
web pages are cluttered documents that have too many unwanted data on the pages, it
1s necessary to parse the pages to bring out just only wanted data, with URL, title and
descriptions. To do so, the system use the separated parsing submodule to parse the
pages for each search engine because different search engines have different page

formats.

Is THAI search engine

This step is a checking process that examines results from targeted search engine.

If the results are returned from THAI search engine, this module will pass all results to

the boost-up ordering algorithm for processing.

Boost-up ordering algorithm

This process reranks all of the results from THAI search engine by the boost-up

ordering method, which is described in section 3.4. The reranked results are the input

data for the content extraction module and the content-based clustering module.
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The algorithm of the boost-up ordering method works as follows:

* It browses through the parsed results in the temporary database to find the
duplicated URL.

* Then, it merges parsed results with duplicated URL and selects data of the
better ranked ones. If the system is implemented by PHP.

Distinct URL link

This process will delete URL link that are duplicated. The system will select just
one URL link that is duplicated and delete another URL link.

Have URL link in database

This module will examine URL link from targeted search engine, if the system
find URL link in the database, it will not extract data from webpage. This process will

decrease time in processing the system.

Is URL link expire

This step will check the date of URL link in the database. If URL link is over 3
month, it becomes dead and broken link. Therefore the system will extract data from

webpage again and delete old data in the database.

Delete data in the database

If URL Ilink expire module examines that URL link is over 3 month, all

information of URL link in the database will be sent to delete data in the database

module.
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Extract HTML from webpage

The extract HTML from webpage module uses the parsed results which are the
URL to request the HTML from each resultant site. This process takes longer time
than other processes because it waits until all sites return the HTML to the system.
This process makes the approach distinct from any others since the actual web pages
are used for an analysis. However it also takes more time than other systems. The
proposed approach is appropriate just for the search that does not need a real time

searching but needs the post-retrieval analysing of the results.

KEA

The KEA module is the keyphrase extrator. It uses the HTML as the input data,
and the output data are the content phrases of each HTML. The KEA is described in
section 3.3. To adjust the extractor, the application program interface (API) is used to
define the system values. This API is designed by KEA to allow the keyphrase

extractor to be easily embedded in experimental or commercial software products.

Add URL_link and URL_data

After KEA module, the system will add all information of webpages in the
database. The information will be added in the URL link are URL link, Date and
Time. The information will be added in the URL data are URL link, Title and

Description.

TF*IDF

In content-based clustering, weighted of term will be used for cosine similarity.

Therefore, TF and IDF of each word must be calculated.
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Add keyword

This module will add word, frequency and weight in the database. All of the data
in keyword database will be used in fuzzy ranking and content-based clustering

method.

Add and update related term

Fuzzy information retrieval is used to adopt a thesaurus which can be constructed
by defining a related term or term-term correlation whose rows and columns are
associated with the document collection. The basic idea is to expand the set of index
terms in the query with related terms (obtained from thesaurus) such that additional
relevant documents can be retrieved by the users' query. This module will add index1,

index2 and value of term-term correlation.

Finish extract HTML page

This is a module for checking URL link from targeted search engine. The extract
HTML from webpage module uses the parsed results which are the URL to request the
HTML from each resultant site. After extract HTML page is complete, it will pass to

fuzzy ranking module.

Fuzzy ranking

The fuzzy ranking module is an effective technique used to retrieve the
information followed by terms that web users can weight with themselves. Not all
terms are equally important in a query. Thus, it is important to allow users to indicate

the relative importance of various terms by weighting them.
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Content-based clustering

The content-based clustering engine performs two important functions. First, it
uses the common-phrase heuristic clustering method to find the initial clusters.
Second, it merges some initial clusters that some relationship by using the cluster
merging method as described in the previous chapter. The final clusters are sent to the

user interface component to be presented to the users.

Show result

This module shows the results from fuzzy ranking and content-based clustering.
This is a final step that shows 15 links of results per page and cluster group which is
related to the users’ query. A novice user can perceive the advantage of the content-

based clustering.
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4.4 Data flow diagram

Dataflow diagram represents relevancy between processes and the flow of

information around the system which are:

- Context diagram of metasearch engine using fuzzy logic and content-based
clustering, Figure 4.3

- Dataflow diagram level 1 of metasearch engine using fuzzy logic and content-
based clustering, Figure 4.4

- Dataflow diagram level 2 of search module, Figure 4.5

- Dataflow diagram level 2 of collect data module Figure, 4.6

- Dataflow diagram level 2 of fuzzy reranking and content-based clustering
module, Figure 4.7

- Dataflow diagram level 3 of check keyword module Figure, 4.8

- Dataflow diagram level 3 of find URL link of each search engine module
Figure, 4.9

- Dataflow diagram level 3 of check expire module Figure, 4.10

- Dataflow diagram level 3 of manipulate HTML module Figure, 4.11

- Dataflow diagram level 3 of add module Figure, 4.12

- Dataflow diagram level 3 of fuzzy ranking module Figure, 4.13

- Dataflow diagram level 3 of content-based clustering module Figure, 4.14
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4.3 Data dictionary
Data dictionary represents all elements that relevant to the metasearch engine
using fuzzy logic and content-based clustering. So both user and system analyst will
understand in the system. Data dictionary are:
* Data process

e Data flow

¢ Data store
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Table 4.3-4.7 show the details of data process, data flow and data store

respectively.

Table 4.3 External Entities

Name Web users

Description The web users who want to retrieve information to
satisfy their ‘s need which they can define weighting
of keywords by themselves.

Inputs * Result

Outputs *  Query

Name Remote WWW Host

Description The internet hosts that the system sent a query to and
get data from these hosts.

Inputs » URL search

Outputs * Html page

Table 4.4 Data process

Process name

P0O: Metasearch engine using fuzzy logic and content-
based clustering

Description For retrieve information to satisfy web users ‘s need
Inbound data flows *  Query
* URL search
Outbound data flows * Result
* Html page
Module specification Has three subsystem follow this :
1. Search

Subsystem that that pass the query to the target
search engines and extract URL link.

2. Collect data

Subsystem that extract HTML from webpage and

add new data to the database.

3. Fuzzy reranking and content-based clustering

subsystem that reranking results from target search
engine by using fuzzy logic and content-based
clustering.
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Process name P1: Search
Description Pass the query to the target search engines and extract
URL link.
Inbound data flows * Html page
e Term
* Boolean operator
Outbound data flows *  Query term
* Unique URL link
* THAI search result
* Image query
Module specification Has five function follow this :

1. Check keyword is checks the query from web
users and examine the query that is in database
or not.

2. Query adaptation is adapt a query from web
users to appropriate target search engine.

3. Find URL link of search engine is extracts URL
link of results that return from target search
engine.

4. Distinct URL link is make URL link to be
unique.

5. Boost-up ordering algorithm is use to reranking

results from THAI search engine.

Process name

P2: Collect data

Description

Pass the query to the target search engines

Inbound data flows

Web page
URL link
Read old date

Outbound data flows

URL search

Add URL link

Delete link

Add and update matrix term

Delete matrix term

Add word

Delete word

Add data

Delete data

If URL not expire and have URL in database

Module specification

Has three function follow this :

Check expire is a module that check expire date
of URL link in database.

Manipulate HTML is a module that extract
important data from internet host.
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3. Add is a function that add all information to
database.

Process name

P3: Fuzzy reranking and content-based clustering

Description

Reranking results from target search engine by using
fuzzy logic and content-based clustering.

Inbound data flows

e Term

» User weight

* Boolean operator
* Value each term

* Word

*  Weight
« URL

* Title

* Description

* Ranking value

* Thai search result

* IfURL not expire and have URL in database

Outbound data flows

¢ Result

Module specification

Has three function follow this :

1. Fuzzy ranking is use for reranking results from
target search engine by fuzzy logic method.

2. Content-based clustering is a module that help a
novice web users in searching information that
satisfy their’ s want.

3. Show result is a function that show the result
from fuzzy ranking, boost-up ordering algorithm
and content-based clustering method.

Process name

P1.1 Check keyword

Description

Check the query from web users and examine the
query that is in database or not.

Inbound data flows

* Text query

Outbound data flows

e Search term

Module specification

Has subfunction follow this :

1. Check empty is a function that checks the query
term from web users, if it empty, the system will
show message and waiting until uses insert new
query term.

2. Check language and select search engine is a
function that checking the query term, it is THAI
or English language to select appropriate search
engine.

3. Set session is a function that starts session for
multi-users query.
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Process name

P1.2 Query adaptation

Description

Adapt the query from web users to appropriate target
search engine.

Inbound data flows

* Search term
* Boolean operator

Outbound data flows

*  Query term

Module specification

Process name

P1.3 Find URL link of each search engine

Description Extract URL link of results that return from target
search engine.

Inbound data flows » Html page

Outbound data flows * URL link

e If URL result from THAI search engine

Module specification

Has subfunction follow this :

1. Check HTML from search engine is a function
that checking HTML page from target search
engine, if search engine not return the results, the
system will show message.

2. Extract link of each search engine is a function
that extract URL link from results that return
from target search engine.

Process name

P1.4 Distinct URL

Description Make URL link to be unique.
Inbound data flows » URL link
Outbound data flows * Unique URL link

Module specification

Ifurll =url2 then

Delete url2
Else urll+url2
end
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Process name

P1.5 Boost-up ordering algorithm

Description To reranking results from THAI search engine
Inbound data flows e If URL result from THAI search engine
Outbound data flows * Thai search result

Module specification

Process name

P2.1 Check expire

Description

To check expire date of URL link in database

Inbound data flows

URL link
Read old date

Outbound data flows

Delete link
Delete data
Delete word

Delete matrix term
e URL search

Module specification

Has subfunction follow this :

1. Check date is a function that to examine expire
date of URL link in database.

2. Delete URL date is a function that to delete all
data in database, URL link has expired.

Process name P2.2 Manipulate html
Description Extract important data from internet host
Inbound data flows *  Web page
Outbound data flows * Newid URL
* New URL
* New title

* New description
* New weight
* New frequency

Module specification

Has subfunction follow this :

1. KEA is a function that is extract important word
of webpage.

2. IDF is a function that calculated value of IDF for
use in content-based clustering method.

3. Find weight each term is a function that
calculated weight of each term.

4. Extract data is a function that is extract URL, title
and description of each webpage.
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Process name

P2.3 Add

Description

Add all information to database

Inbound data flows

* Newid URL

* New URL

* New title

* New description
* New weight

* New frequency

Outbound data flows

e Adddata
e Add URL link
e Add word

* Add and update matrix term

Module specification

Has subfunction follow this :

1. Add new URL link is a function that to add new
URL link in database.

2. Add new URL data is a function that to add new
data in database.

3. Add new keyword is a function that to add new
index term in database.

4. Relate term is a function that calculate term-term
correlation.

5. Update value of term is a function that update
new value of term in database.

Process name

P3.1 Fuzzy ranking

Description

To reranking results from target search engine by
fuzzy logic method

Inbound data flows

e Value each term
e Term

* Boolean operator
* User weight

Outbound data flows

* Ranking value

Module specification

Has subfunction follow this :

1. Calculate member degree is a function that to
calculate member degree of each document.

2. Calculate weight is a function that to calculate
weight of each document.

3. Calculate operator is a function that to calculate
Boolean operator of each document.
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Process name

P3.2 Content-based clustering

Description

To help a novice web users in searching information
that satisfy their’ s want.

Inbound data flows

* Word
*  Weight

Outbound data flows

¢ Content result

Module specification

Has subfunction follow this :

1. Find all common content is a function that to find
all common content of all document.

2. Rule is a function that to checking rule of all
document.

4. Cosine similarity is a function that to calculate
cosine similarity of each document.

Process name

P3.3 Show result

Description

Show the result from fuzzy ranking, boost-up
ordering algorithm and content-based clustering
method.

Inbound data flows

e URL

o Title

* Description

* Ranking value

e Content result

e THALI search result

Outbound data flows

e Result

Module specification

Has subfunction follow this :

1. Calculate threshold is a function that to calculate
threshold.

2. Chaining is a function that to find chaining.

3. Merged cluster is a function that merging initial
clusters and chaining document.

Process name

P1.1.1 Check empty

Description

To checking the query term from web users, if it
empty, the system will show message and waiting
until uses insert new query term.

Inbound data flows

e Term

Outbound data flows

* Not empty term

Module specification

If term="NULL” then
show message “please insert keyword”
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Process name

P1.1.2 Check language and select search engine

Description

To checking the query term, it is THAI or English
language to select appropriate search engine.

Inbound data flows

* Not empty term

Outbound data flows

* Language term

Module specification

If term="EN” then

Select search engine
Else

Select THAI search engine
End

Process name

P1.1.3 Set session

Description Start session for multi-users query
Inbound data flows * Language term
Outbound data flows * Search term

Module specification

Start session

Process name

P1.3.1 Check html from search engine

Description

To checking HTML page from target search engine,
if search engine not return the results, the system will
show message.

Inbound data flows

* Html page

Outbound data flows

* Page of search engine
* Message "Not Found URL Please insert other
word ”

Module specification

If html page="NULL” then
Show message ‘“Not found Please insert other
word”

End

Process name

P1.3.2 Extract link of each search engine

Description

Extract URL link from results that return from target
search engine

Inbound data flows

* Page of search engine

Outbound data flows

* URL link
e [fURL result from THAI search engine

Module specification
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Process name

P2.1.1 Check date

Description

To examine expire date of URL link in database

Inbound data flows

e TURL link
Read old date

Outbound data flows

* URL search
* if URL not expire and have URL in database
old URL link

Module specification

If old_date>= 90 then

Call delete URL data module
Else

Send to Remote WWW host
end

Process name

P2.1.2 Delete URL data

Description To delete all data in database, URL link has expired.
Inbound data flows Old URL link
Outbound data flows * Delete link

¢ Delete data
¢ Delete word
¢ Delete matrix term

Module specification

Process name

P2.2.1 KEA

Description

KEA is the Keyphrase Extraction to extract important
word of webpage.

Inbound data flows

*  Webpage

Outbound data flows

* Kea word
* New frequency

Module specification

Process name P2.2.2 IDF

Description To calculated value of IDF for use in content-based
clustering method.

Inbound data flows Id URL
Kea word

Outbound data flows IDF value

Module specification
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Process name

P2.2.3 Find weight each term

Description

To calculated weight of each term

Inbound data flows

e IDF value
* Frequency

Outbound data flows

* Update weight of each term
* New weight

Module specification

Process name

P2.2.4 Extract data

Description To extract URL, title and description of each
webpage.

Inbound data flows *  Webpage

Outbound data flows * New URL
* New title

* New description
* Newid URL

Module specification

Process name

P2.3.1 Add New URL link

Description

To add new URL link in database

Inbound data flows

* Newid URL
e New URL

Outbound data flows

« Add URL link

Module specification

Process name

P2.3.2 Add New URL data

Description

To add new data in database

Inbound data flows

* Newid URL

* New URL

* New title

* New description

Outbound data flows

* Add URL data

Module specification

Process name

P2.3.3 Add New Keyword

Description

To add new index term in database

Inbound data flows

* Newid URL

e New word

* New weight

* New frequency

Outbound data flows

e Add word

Module specification
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Process name

P2.3.4 Relate term

Description To calculate term-term correlation
Inbound data flows e Number word
Outbound data flows * Relate term value

Module specification

Process name

P2.3.5 Update value of term

Description

Update new value of term in database

Inbound data flows

e Relate term value
New id URL
New word

Outbound data flows

Add and update matrix term

Module specification

Process name

P3.1.1 Calculate member degree

Description

To calculate member degree of each document

Inbound data flows

e Term
e Value each term

Outbound data flows

*  Member degree

Module specification

Process name

P3.1.2 Calculate weight

Description

To calculate weight of each document

Inbound data flows

e  Member degree
* User weight

Outbound data flows

After calculate weight

Module specification

Process name

P3.1.3 Calculate operator

Description

To calculate Boolean operator of each document

Inbound data flows

* Boolean operator
*  After calculate weight

Outbound data flows

* Value ranking

Module specification

Process name

P3.2.1 Find all common content

Description To find all common content of all document
Inbound data flows * Word
Outbound data flows * Common content

Module specification
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Process name

P3.2.2 Rule

Description To checking rule of all document
Inbound data flows * Common content
Outbound data flows * Initial cluster

Module specification

Process name

P3.2.3 Cosine Similarity

Description

To calculate cosine similarity of each document

Inbound data flows

e Term
Weight

Outbound data flows

Similarity metric

Module specification

Process name

P3.2.4 Calculate threshold

Description To calculate threshold
Inbound data flows * Similarity metric
Outbound data flows * Threshold value

Module specification

Process name

P3.2.5 Chaining

Description To find chaining
Inbound data flows * Threshold value
Outbound data flows * Chaining document

Module specification

Process name

P3.2.6 Merged Cluster

Description

Merging initial clusters and chaining document

Inbound data flows

* Chaining document
* Initial clusters

Outbound data flows

¢ Content result

Module specification
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Dataflow name

Term

Description Searching query from users.
Where used * Metasearch Engine using fuzzy logic and content-
based clustering
* Search
* Fuzzy reranking and content-based clustering
e Check keyword
* Fuzzy ranking
*  Check empty
* Calculate member degree
* Cosine similarity
How Used Input
Dataflow name User weight

Description Weighting of term query from web users.
Where Used * Metasearch Engine using fuzzy logic and content-
based clustering
* Fuzzy reranking and content-based clustering
* Fuzzy ranking
* Calculate weight
How Used Input

Dataflow name

Boolean operator

Description Boolean operator between query terms from users.
Where Used * Metasearch Engine using fuzzy logic and content-
based clustering
* Search
* Fuzzy reranking and content-based clustering
* Query Adaptation
* Fuzzy ranking
* Calculate operator
How Used Input
Dataflow name Result
Description Results from the system to web users.
Where Used * Metasearch Engine using fuzzy logic and content-
based clustering
* Fuzzy reranking and content-based clustering
*  Show result
How Used Output
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Dataflow name

Query term

Description Query term from the system to each search engine.
Where Used * Metasearch Engine using fuzzy logic and content-
based clustering

* Search

*  Query adaptation
How Used Output
Dataflow name URL search

Description Request data from the system to internet hosts.
Where Used * Metasearch Engine using fuzzy logic and content-
based clustering

* Collect data
*  Check expire
How Used Output
Dataflow name Webpage
Description Html data from internet to the system.
Where Used * Metasearch Engine using fuzzy logic and content-
based clustering
* Collect data
* Manipulate Html
How Used Input
Dataflow name Html page
Description Html data of each search engine return to the system.
Where Used * Metasearch Engine using fuzzy logic and content-
based clustering
* Search
* Find URL link of each search engine
How Used Input
Dataflow name Unique URL link
Description URL link
Where Used * Search
* Collect data
* Distinct URL
*  Check expire
*  Check date
How Used Input, Output
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Dataflow name THAI search result

Description Thai search results from the system

Where Used * Search
* Fuzzy reranking and content-based clustering
* Boost-up ordering algorithm
*  Show result

How Used Input, Output

Dataflow name

Add URL link

Description Add new URL link to database
Where Used * Collect data
* Add
* Addnew URL link
How Used Output
Dataflow name Delete link

Description Delete old URL link in database
Where Used * Collect data
*  Check expire
* Delete URL data
How Used Output
Dataflow name Read old date

Description Read old date of URL link in database
Where Used * Collect data

*  Check expire

*  Check date
How Used Input

Dataflow name

Add and update matrix term

Description Add and update new matrix term in database
Where Used * Collect data

 Add

» Update value of term
How Used Output

Dataflow name

Delete matrix term

Description Delete old matrix term in database
Where Used * Collect data

*  Check expire
How Used Output
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Dataflow name Add word
Description Add new keyword in database.
Where Used * Collect data
* Add
* Add new keyword
How Used Output

Dataflow name

Delete word

Description Delete expire URL link data in database.
Where Used * Collect data
*  Check expire
* Delete URL data
How Used Output
Dataflow name Add data

Description Add new URL data in database.
Where Used * Collect data

 Add

* Addnew URL data
How Used Output

Dataflow name

Delete data

Description Delete expire URL data in database
Where Used * Collect data

*  Check expire

* Delete URL data
How Used Output

Dataflow name

If URL not expire and have URL in database

Description when URL link not expire and have URL data in
database will show result.

Where Used * Collect data
* Fuzzy reranking and content-based clustering
*  Check expire
* Show result
*  Check date

How Used Control flow

Name URL

Description Pull URL link to show result process

Where Used * Fuzzy reranking and content-based clustering
*  Show result

How Used Input
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Dataflow name

Title

Description Pull title of URL link to show result process

Where Used * Fuzzy reranking and content-based clustering
*  Show result

How Used Input

Dataflow name Description

Description Pull description of URL to show result process
Where Used * Fuzzy reranking and content-based clustering
*  Show result
How Used Input
Data name Ranking value
Description Pull ranking value of each document to show result
Where Used * Fuzzy reranking and content-based clustering
*  Show result
How Used Input
Dataflow name Weight
Description Extract weight of each term in database to calculate
Where Used * Fuzzy reranking and content-based clustering
* Content-based clustering
* Cosine similarity
How Used Input
Dataflow name Word

Description Extract word of each term in database to calculate.
Where Used * Fuzzy reranking and content-based clustering
* Content-based clustering
* Find all common content
How Used Input

Dataflow name

Value each term

Description Pull value of term-term correlation in database
Where used * Fuzzy reranking and content-based clustering
* Fuzzy ranking

* Value each term
How used Input
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Dataflow name

Search term

Description Send term query to adaptation process
Where Used e Check keyword

*  Query adaptation
How Used Input, Output

Dataflow name

URL link

Description Send URL link of webpage to find unique URL link.
Where Used * Find URL link of each Search Engine

* Distinct URL
How Used Input, Output

Dataflow name

If URL result from THAI search engine

Description If URL result from THAI search engine to reranking.
Where Used * Find URL link of each search engine

*  Boost-up ordering algorithm
How Used Input, Output

Dataflow name New id URL
Description Send new id URL for add to database
Where Used e Manipulate Html
e Add
* Addnew URL link
* Addnew URL data
* Add new URL keyword
* Update value of term
How Used Input, Output

Dataflow name

New URL

Description Send new URL link for add to database
Where Used e Manipulate Html
* Add
* Addnew URL link
* Addnew URL data
How Used Input, Output
Dataflow name New title
Description New title
Where Used e Manipulate Html
* Add
* Addnew URL data
How Used Input, Output
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Dataflow name

New description

Description Send new description of URL link add to database
Where Used e Manipulate Html

* Add

* Addnew URL data
How Used Input, Output

Dataflow name New weight
Description Send new weight of each term to calculate.
Where Used e Manipulate Html
* Add
* Add new keyword
How Used Input, Output

Dataflow name

New word

Description Send new word for add to database
Where Used e Manipulate Html

* Add

* Add new keyword

* Update value of term
How Used Input, Output

Dataflow name

New frequency

Aliases -
Where Used e Manipulate Html
e Add
* Add new keyword
How Used Input, Output

Dataflow name

Content result

Description Send content results to show result process
Where Used * Content-based clustering

*  Show result
How Used Input, Output

Dataflow name

Not empty term

Description If query not empty will send to next process
Where Used e Check empty

*  Check language and select search engine
How Used Input, Output
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Dataflow name

Language term

Description Send query to start session process
Where Used * Set session

*  Check language and select search engine
How Used Input, Output

Dataflow name

Message “Please insert keyword”

Description Send message to web users.
Where Used *  Check empty
How Used Control flow

Dataflow name

Page of search engine

Description Send Html page of each search engine to next
process.

Where Used *  Check html from search engine
» Extract link of each search engine

How Used Input, Output

Dataflow name

Message ”Not Found URL please insert other word”

Description Send message to web users.
Where Used * Check html from search engine
How Used Control flow

Dataflow name Old URL link
Description Send old URL link id to next process
Where Used e Check date
* Delete URL data
How Used Input, Output
Dataflow name Kea word
Description Send important word to calculate
Where Used « KEA
 IDF
How Used Input, Output

Dataflow name Idf value
Description Send idf value to calculate weight of each term.
Where Used  IDF
* Find weight of each term
How Used Input, Output




Werasak Yuokoolbodee

Implementation of MEUFLACC / 118

Dataflow name

Update weight of each term

Description Update new weight of each term to database
Where Used » Find weight each term

How Used Output

Dataflow name Frequency

Description Pull frequency of each term to calculate
Where Used » Find weight each term

How Used Input

Dataflow name Id URL

Description Pull id URL of each term to calculate IDF
Where Used » IDF
How Used Input

Dataflow name

Number word

Description Pull numbers of all word to calculate.
Where Used * Relate term
How Used Input

Dataflow name

Relate term value

Description Send relate term to calculate
Where Used * Relate term

* Update value of term
How Used Input, Output

Dataflow name

Member degree

Description Send member degree to calculate weight
Where Used e (Calculate member degree
* Calculate weight
How Used Input, Output
Name After calculate weight
Description Send weight value to calculate operator
Where Used * Calculate weight
* Calculate operator
How Used Input, Output

Dataflow name

Common content

Description Send common content to calculate initial clusters
Where Used * Find all common content

* Rule
How Used Input, Output
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Dataflow name

Initial clusters

Description Send initial cluster to merged cluster process
Where Used * Rule

* Merged cluster
How Used Input, Output

Dataflow name

Similarity metric

Description Send similarity metric to find threshold value
Where Used * Calculate threshold
* Cosine similarity
How Used Input, Output
Dataflow name Threshold value
Aliases -
Where Used * Calculate threshold
* Chaining
How Used Input, Output

Dataflow name

Chaining document

Description Send chaining document to find content result.
Where Used e Chaining

* Merged cluster
How Used Input, Output
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Data store name

D1 URL link

Description

To keep webpage

Inbound data flows

e Add URL link
e Delete link

Outbound data flows

e Read old date

Data store name

D2 URL data

Description

To keep information in webpage

Inbound data flows

e Delete data

e Add data
Outbound data flows « URL
e Title

* Description
* Ranking value

Data store name

D3 Keyword

Description

To keep content about webpage

Inbound data flows

e Add word
e Delete word

Outbound data flows

*  Weight
* Word

Data store name

D4 Matrix_term

Description

To keep all correlate term

Inbound data flows

* Add and update matrix term
* Delete matrix term

Outbound data flows

e Value each term
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Attribute Type Size | Constrain Description
PK ID URL Integer 9 Not Null | URL code
URL Varchar | 200 | Not Null | URL Name
DATE Date 8 Not Null | Date of each URL
TIME Time 4 Not Null | Time of each URL
Table 4.8 File structure of URL_data
Attribute Type Size | Constrain Description
PK,FK | ID URL Integer 9 Not Null | URL Code
URL Varchar | 200 | Not Null | URL Name
TITLE Date 100 | Not Null | Title of each URL
DESCRIPTION Time 400 | Not Null | Description of each URL
RANKING Float 8 Null Ranking of each webpage
Table 4.9 File structure of keyword
Attribute Type Size | Constrain Description
PK,FK | ID URL Integer 9 Not Null | URL code
PK WORD Varchar | 50 | Not Null | Index of each webpage
FREQUENCY Integer 8 Not Null | Frequency of each index
WEIGHT Float 8 Not Null | Weight of each index
Table 4.10 File structure of matrix term
Attribute Type Size | Constrain Description
PK,FK | ID URL Integer 9 Not Null | URL code
PK Index 1 Varchar | 50 | Not Null | Index1 of each webpage
PK Index2 Varchar | 50 | Not Null | Index2 of each webpage
Value Float 8 Not Null | Value of term-term

correlation
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4.7 Implementation of user interface

The user interface is a component that provides communication between a user

and the metasearch engine using fuzzy logic and content-based clustering. It pass a

web users’ s query to the metasearch engine. Also, it receives the results from fuzzy

ranking method and the clustered results from the content-based clustering method to

show web users. Figure 4.15 illustrates the user interface.

A Fuzay Search - Microsoft Internet Explorer

File

Edt  View Favorites  Tocls  Help ]

Qe - D [x] [B | O s §oraoins @ wda €| (- il W L

Addzss .'gjh‘.tp..’I-hcdhnstfm:zy_seerch.pm vl =] ina *

Master Thesis

METASEARCH ENGINE USING FUZZY LOGIC AND CONTENT-BASED CLUSTERING APPROACHES

Please click help botton to see how to search and the search criteria. [HELP)

Meia??{ch 01 | [AnD ]
Heia'sgg:‘ch 01 | [AnD
Mms%h 01~ [AND ]
uaa_Se{ch 01

&) pane %4 Local intranet
f.' start | mrosaft werd - thes... ) Furzy Search - Mcras...

Figure 4.15 The users interface of MEUFLACC

The searching interface allows the web users to put their queries to the system by:

Putting the queries in searching from that the system can receive 1- 4 query
terms.

Defining weight of each term that the values are 0.1-1.0.

Selecting Boolean operator, AND, OR.

Putting the search button to starting the searching process.
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When the novice users do not know what should they do, the help button will
assist them by showing a page that illustrates what is the system, how to search and the

search criteria. The help page is shown below in Figure 4.16.

‘2 Fuzzy Search Help! - Microsaft Internet Explorer

Ml Edit Ve Paverites Tk Hel i
= Wy

scdcress | 48] bttps/Jacalkesthelp bl = R

Met oé h
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{‘;Ba:k L~ | a'; | ) S search o7 Favortes @ Mede €5

By using MEUFLACC, you are searching these leading Web search engines:

MEUFLACC sends your search query to several search engines at one time and integrates the
results intc one list. That means you don't have to spend time going to each individual site to
search you can get all the Web's top resuilts at once from MEUFLACC.

How do | start a new search?

A basic search is done by filling in a search query in the search box and pressing the "SEARCH"
button.
you can define the important of each term by select 0.1 - 1.0
By salect "AND" in operater box,
If you are searching for information about children with toy , you could do one of the following

searches:
children AND toy.
These searches raquire both toy and children to be returned in the results. ‘
Find more with "Or" -
[ Cone & Laealintranse

[ 1a: Mierasaftord - thes... 3§ Furey Searchrept - .. | i Uniifed -Pint

Figure 4.16 The help page

A Metasearch engine - Microsoft Internet Explarer
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Figure 4.17 The warning page
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The searching interface will show the warning page when web users not put any
query in the search form and click the search button. The warning page is shown in

Figure 4.17.

The results will be separated into parts: first, the result is a ranked list page that is
illustrated top list reranking by fuzzy logic method. Second, the result is the clustered
resulting from content-based clustering method. Figure 4.18 shows the ranked list page

and Figure 4.19 shown the clustered page.
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Figure 4.18 The ranked list page
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Figure 4.19 The clustered page
The cluster member list shown in Figure 4.20 has the same information as the

results in the ranked list page.
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Figure 4.20 The cluster member list
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CHAPTERS
EXPERIMENTAL RESULTS

The chapter describes the experimental results of MEUFLACC. The objectives of

experimentation can be divided into five major groups of experiments as follows:

1.

The experiment of keyphrase extractions, with an objective to find the

appropriate number of keyphrase extractions to use in the system.

The experiment of fuzzy ranking method, with an objective to evaluate the
effectiveness of the system versus others search engines by using average

precision and precision recall graph measurement.

The experiment of content-based clustering method, with an objective to
evaluate cluster quality and the quality of document in clusters group. For
clustering, one type of measure that evaluates effectiveness of the cluster is

F-measure method.

The experiment of the system, with an objective to evaluate the effectiveness
of the system versus Content-based Clustering Metasearch Engine(CBCMSE)
[36] by using average precision, precision recall graph measurement and

expected search length (ESL) [49].

The experiment of time response of the system, with an objective to evaluate

time responding to the proposed system.
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5.1 Document collection

In the experiment, the proposed system is run on a notebook computer under
Windows XP Professional, PHP 4.2.0 programming language for coding the prototype
and Apache 1.3.24 to be web server. The experiment involves web users assignment to
evaluate the system, by dividing thirteen web users into four assignments. The first
and second of assignment use five users while the third assignment uses three users for
the evaluation. The fourth assignment uses the same users as the first assignment and
the last assignment evaluates on the researcher. The web users who evaluate the

system must have experiences in using search engine.

Web user assignments

5.1.1 Finding the appropriate number of keyphrase extractions:

The first five users are assigned to find the proper number of keyphrase
extractions to be used in the system. Each participant is given two queries with a sheet
describing the experiment shown in Table 5.1. After each search, the participant has to
fill in a sheet the number of all clusters and the number of clusters that are satisfactory
and useful. The testing numbers of keyphrase extraction are 6, 8, 10, 12, 14. All of the

queries and the data could be found in appendix.
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Table 5.1 An example of sheet experimenting the finding of proper number of

keyphrase extraction.

Query: search engine
Number of keyphrase | Number of all clusters Number of useful
extractions clusters
6 6 4
8 15 10
10 19 14
12 24 16
14 28 17

5.1.2 Evaluating the effectiveness of MEUFLACC versus others search engines

The second five users are assigned to evaluated the effectiveness of the approach
versus others search engines by using an average precision and precision recall graph
measurement. This assignment, gives each participant has to search in three types of
search. The user starts with one term in searching data, then following with two terms.
If search engines are MEUFLACC, each user has to define weight of query term. The
value of weight are 0.1 - 1.0. Finally each user uses three terms in searching data. If
search engines are MEUFLACC, each user has to define weight of query term. The

value of weight are 0.1 - 1.0.

Each of the three types above, each user has to use two queries in searching eight

search engines. The eight of search engines are:

1) Hotbot search engine[42].
2) Yahoo search engine[43].
3) Excite search engine[44].
4) Altavista search engine[45].
5) Google search engine[46].
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6) MEUFLACC using six extracted keyphrases (MEUFLACC-6).
7) MEUFLACC using eight extracted keyphrases (MEUFLACC-8).
8) MEUFLACC using ten extracted keyphases (MEUFLACC-10).

Table 5.2 gives an example of sheet experimenting an order of relevant
document. Similarity after each search, the participant fills in a sheet the order of

relevant document. All of the queries and the data could be found in appendix.

Table 5.2 An example of sheet experimenting order of relevant document in one term

Search Engine: Altavista

Queryl: XML Weight of term: -

Query2: - Weight of term: -

Query3: - Weight of term: -

All number of documents: 100 All relevant results: 46

Number of documents Number of relevant documents

10 7
20 13
30 19
40 25
50 31
60 37
70 40
80 43
90 45
100 46
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5.1.3 [Evaluating cluster quality

The last three users are assigned to evaluate the quality of clusters and the quality
of documents in clusters group by using f- measure method. This assignment, gives
each participant a query with a sheet describing the experiment in Table 5.3. After
each search, the user has to select four cluster groups to evaluate the quality of
document in clusters group. Then, the user has to fill in a sheet the numbers of all
clusters, the numbers of useful clusters, the cluster groups and an order of documents

in each group. The search engines that are evaluated in this assignment are:

1) Yahoo search engine[43].

2) Open directory project (ODP)[47].
3) MEUFLACC-6.

4) MEUFLACC-8.

5) MEUFLACC-10.

All of the queries and the data could be found in appendix.

Table 5.3 An example of sheet experimenting quality of clusters

Search engine: MEUFLACC-6
Query: printer

The useful clusters: 9

All clusters: 20

Order of documents
Cluster group
1 2 3 4 5
Printer drivers | 1 3 5 6 8
Printer port 2 5 7 10 13
Deskjet 1 3 12 15 18
Excite 3 4 8 14 16
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5.1.4 Evaluating the effectiveness of MEUFLACC versus Content-based
Clustering Metasearch Engine (CBCMSE)

The first five users are assigned to evaluate the effectiveness of the approach
versus CBCMSE by using an average precision, precision recall graph measurement
and expected search length (ESL) [49]. This assignment, gives each participant has to
search the terms same use in CBCMSE. Each user has to use two queries in searching

and the value of weight is 1.0.

Table 5.4 gives an example of sheet experiment an order of relevant document.
Table 5.5 gives an example of sheet experiment relevant documents in the cluster and
number of all of the documents in the cluster. Similarity after each search, the
participant fills in a sheet the order of relevant document. All of the queries and the

data could be found in appendix.

Table 5.4 An example of sheet experimenting order of relevant document

Search Engine: Altavista

Queryl: XML

Number of documents Order of relevant documents

—_—
—_—

ol B~ W

18
20
26
31
35

O 0| | | | Bl W D

[S—
S
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Table 5.5 An example of sheet experimenting relevant documents in the cluster

and number of all of the documents in the cluster

Used cluster number

Number of relevant

documents in the cluster

Number of all of the

documents in the cluster

1 5 15
2 1 2
3 1 6
4 3 8
5 6 18

5.2 Results of the experiments

5.2.1 The results of an appropriate number of keyphrase extractions

The keyphrase extraction is a powerful tool for identifying interesting content of

papers. The effectiveness of the system apparently depends on the proper number of

keyphrase extractions. The system therefore has to select an appropriate number of

keyphrase extractions by examining with the number of all clusters and the number of

useful clusters.
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—@— Number of Useful

Clusters
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=
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G
o
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4
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0
6 8 10 12

Number of keyphrase extractions

Figure 5.1 The number of useful Clusters
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Figure 5.2 shows the cluster ratio of useful cluster divided by the number of all

clusters.

0.7

0.65

0.6

—o— Ratio of useful cluster

0.55 .
divided by all cluster

0.45

Ratio of useful clusters divided by all clusters

0.4

6 8 10 12 14

Number of keyphrase extractions

Figure 5.2 The ratio of useful clusters divided by the number of all clusters

Figure 5.1 also shows that when increasing the number of keyphrase extraction,
the number of useful clusters increases. From the result, it seems that higher number of
keyphrase extraction gives higher number of useful clusters. However, when
comparing the result of Figure 5.1 with Figure 5.2, it is found that the ratio of useful
cluster of higher number of keyphrase extraction decreases. The value of 12 and 14

keyphrase extraction are no rather than 0.55.

Since the effectiveness of the system depends on the proper number of keyphrase
extraction, this thesis chooses the numbers of 6, 8 and 10 of keyphrase extraction to be

the candidate for a test in next experiment.
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5.2.2 The effectiveness of the approach versus others search engines

In this section, its goal is to evaluate the effectiveness of the approach and also to
compare the results of the proposed system with other conventional search engines by

using average precision and precision recall graph measurement.
Average precision

Average precision can be obtained from averaging the results of various queries
that referred to precision versus recall. This approach is a standard evaluation strategy
for information retrieval system. It is useful because it allows users to evaluate

quantitatively both the quality of the results and retrieval algorithm.

As shown in Figure 5.3 below are results of average precision of one term query.
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Google
MEUFLACC-6
MEUFLACC-8
MEUFLACC-10

Figure 5.3 The results of average precision of one term query
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From the result in Figure 5.3 above, it can be noticed that the experimental results
of average precision of one term query, achieves the best effectiveness. Google search
engine ranks second, Altavista ranks third, Hotbot ranks fourth, Yahoo search engine
ranks fifth and Excite ranks sixth.

0.5
0.45
0.4
0.35
0.3
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AVERAGE PRECISION

0.2
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0.1
0.05

S o 3
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Google
MEUFLACC-6
MEUFLACC-8
MEUFLACC-10

Figure 5.4 The results of average precision of two terms query
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Figure 5.5 The results of average precision of three terms query

As shown in Figure 5.4, the precision values of Hotbot, and Excite search engine
are less than 0.2. The precision of MEUFLACC-6 and Google search engine are equal.
Further more, it is found that the proposed system also achieves the best performance.
However, when comparing with the results of Figure 5.5, the value of average
precision of two terms query decreases. Because the results from search engines are

rarely relevant to the information needed.

According to Figure 5.5, MEUFLACC outperforms other search engines in
average precision. However, MEUFLACC-6 tends to decrease when comparing the
results of Figure 5.4 and Figure 5.5. The results returned from MEUFLACC-6 and
Google search engine are equal. The Hotbot search engine is lower in average
precision than the Altavista search engine and Yahoo search engine. The Excite search

engine is the lowest on the list.
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Precision-recall graph

Precision-recall graph is a series of precision and recall pairs that can be plotted on
a graph. There is a measurement for counting the number of relevant documents each
time, taken as increasing numbers of documents retrieved. The precision-recall graph
shows the accuracy of the result of each search engine. The high value means that the

system helps the web users find the information needed.

0.9

08 —*— Yahoo
0.7 —®— Excite
0.6 Hotbot
0.5 : Altavista

0.3 y

—®— MEUFLACC-6

0.2 —— MEUFLACC-8
0.1
—— MEUFLACC-10
0

0 01 02 03 04 05 06 07 08 09 1
RECALL

Figure 5.6 The results of precision-recall graph of one term query

According to Figure 5.6, this thesis plots the precision-recall graph. The graph
shows that the proposed method ranks first on the list. The precision results of
MEUFLACC are decreasing when the recall increases. The Google search engine
ranks second on the list, the Altavista ranks third and the Yahoo search engine ranks
fourth. The Altavista search engine is better than the Google search engine at 0.3 of
recall and dropping in precision to become lower than Google search engine after that.

The Excite search engine is the lowest on the list.
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Figure 5.7 The results of precision-recall graph of two terms query
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Figure 5.8 The results of precision-recall graph of three terms query

As shown in Figure 5.7, it is the result of precision-recall graph of two terms
query. The proposed system also achieves the best performance. The values of

precision of MEUFLACC are higher than other search engines, except at 0.5 and 0.6
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of recall, the results of MEUFLACC and Google search engine are equal. The
Altavista ranks third. The Yahoo search engine is equally the Altavista search engine
at 0.1 and 0.2 of recall and decreasing in precision after that. The Excite search engine

is the lowest on the list. The recall of Excite and Hotbot search engine has only 0.5.

As shown in Figure 5.8, the MEUFLACC ranks first rank list. But the Google has
better in precision than the MEUFLACC search engine at 0.3, 0.4 and 0.5 of recall and
dropping in precision to become lower than MEUFLACC search engine after that.
The Altavista search engine ranks third, the Yahoo search engine ranks fourth, the
Hotbot search engine ranks fifth and the Excite search engine also is the lowest. The

recall of Excite and Hotbot search engine has only 0.4.

5.2.3 The evaluation of cluster quality

This part shows the results of evaluating cluster quality and the quality of

document in cluster groups by using F-measure method.

F-measure

For clustering, the measure of cluster “goodness” or quality is F-measure method.
The f measure has a long history, but was recently extended to document hierarchies in

[48]. This measure combines the precision and recall ideas from information retrieval.

The formula for F-measure is:

F= 1
v, (1/P) + ¥ (1/R)

where:
F :the value of F-measure
P : the value of precision

R : the value of recall



Werasak Yuokoolbodee Experimental Results / 140

Figure 5.9 shows that the F-measure of MEUFLACC-6 ranks first when
comparing with other search engines. The F-measure of MEUFLACC-6 is higher than
MEUFLACC-8 and MEUFLACC-10 because the precision of MEUFLACC-8 and
MEUFLACC-10 is lower than MEUFLACC-6. The ODP ranks fourth, the Yahoo

search engine ranks fifth.
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Figure 5.9 The results of F-measure for the quality of clusters
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Figure 5.10 The result of the quality of document in cluster groups

According to Figure 5.10, at 0.1 of recall many search engines have equal F-
measure values except the Yahoo search engine. The MEUFLACC-10 ranks first, the
MEUFLACC-8 ranks second. The F-measure result of MEUFLACC-6 and ODP

search engine are similar. The Yahoo search engine is lowest.

5.2.4 The effectiveness of MEUFLACC versus Content-based Clustering
Metasearch Engine (CBCMSE)

In this section, its goal is to evaluate the effectiveness of the approach and also to
compare the results of the proposed system with CBCMSE by using average precision,

precision recall graph measurement and ESL.
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Figure 5.11 The results of average precision of MEUFLACC versus CBCMSE

From the result in Figure 5.11 above, it can be noticed that the experimental
results of average precision of MEUFLACC, achieves the best effectiveness. The
MEUFLACC-7 ranks first rank list, MEUFLACC-5 ranks second, MEUFLACC-3 and
CBCMSE-5 is almost equally, CBCMSE-7 ranks fifth and CBCMSE-3 is the lowest.
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Figure 5.12 The results of precision-recall graph of MEUFLACC versus
CBCMSE

As shown in Figure 5.12, the MEUFLACC-7 ranks first rank list. But the
MEUFLACC-5 and MEUFLACC-3 has lower in precision than the CBCMSE-5 at 0.2,
0.3 and 0.5 of recall. The CBCMSE-7 has lower in precision than the CBCMSE-5 at
0.2,0.3,0.4, 0.5 and 0.8 of recall. The CBCMSE-3 is the lowest on the list.

Expected search length

In 1968, Cooper[49] stated: 'The primary function of a retrieval system is
conceived to be that of saving its users to as great an extent as is possible, the labour of
perusing and discarding irrelevant documents, in their search for relevant ones'. ESL
measures the number of irrelevant documents would have to read through before
finding a specified number of relevant items. The lower value means that the system

provides higher convenience for the users.


http://sherlock.berkeley.edu/IS205/IR_CJVR/Ch_7.html#REF.20#REF.20
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ESL(q)=j+n*s
r+1
where
] : the total number of documents non-relevant to q in all levels preceding the final
n : the number of non-relevant documents in the final level

r : the number of relevant documents in the final level

s : the number of relevant documents required from the final level
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Figure 5.13 ESL graph of all engines

This assignment uses data in the appendix to calculate the ESL. The Figure 5.13
shows ten number-to-view comparing to the ESL in the graph within ten relevant

documents how many irrelevant documents are found so far.

As shown in Figure 5.13, the result shows that the MEUFLACC is help web users
find relevant documents faster than CBCMSE. But the MEUFLACC-3, MEUFLACC-
5 and MEUFLACC-7 has lower in ESL than CBCMSE-5 at 1, 2, 3 and 4 of number of
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relevant documents to view. MEUFLACC-5 and MEUFLACC-7 is almost equally.
The CBCMSE-3 is the highest on the list.

5.2.5 The response time of the system

The metasearch engine using fuzzy logic and content-based clustering has two
processes to connect with the targeted search engines and URL site via Internet to
retrieve data. The first process takes several minutes to obtain HTML pages that are
returned from the targeted search engines. Another process uses the parsed results
which are the URL’ s to request the HTML from each resultant site. This process takes
longer time than the other process because it waits until all sites return the HTML to
the system. Table 5.6 below shows response time of the system which depends on

speed of Internet and numbers of documents.
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Table 5.6 The response time of the system.

Response time | Response time | Ratio of new
Speed Numbers of
o ernet document of new query/ | of same query/ query per
minute minute same query
25 ~27 ~8 3.375
50 ~ 60 ~ 15 4
36 Kbps 100 ~ 120 ~25 4.8
200 ~ 200 ~ 38 5.263
500 ~ 480 =55 8.727
25 ~ 18 ~5 3.6
50 ~ 45 ~ 8 5.625
45 Kbps 100 ~ 90 ~ 15 6
200 ~ 150 ~25 6
500 ~ 350 ~ 40 8.75
25 ~ 16 =5 3.2
50 ~ 40 ~ 8 5
56 Kbps 100 ~75 ~ 13 5.769
200 ~ 135 ~ 20 6.75
500 ~ 300 =~ 35 8.571

Table 5.6 reveals that, the proposed system has limitation on retrieval time. The
retrieval time is the weakness of the system because the system takes several minutes
to obtain the documents. The main reason of the delay is the time spending on
retrieving actual pages. This thesis therefore improves the efficiency of the system by
keeping the documents in the database when searching. It can reduce time spend on

searching when web users use same query.
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CHAPTER 6
DISCUSSION AND CONCLUSION

This chapter attempts to show the advantages and the disadvantages of the
proposed system by analyzing and discussing the results of the experiments presented
in the previous chapter. Some experiments in the previous chapter are performed to
measure the effectiveness of the MEUFLACC. Also a discussion on the limitation of

the search engines and a suggestion for future research are proposed.

6.1 Discussion

It 1s the intention of the thesis to improve the weakness of conventional search
engines and to provide some features for helping users in finding relevant information

that meets their needs. These prominent features of MEUFLACC are:

Ranking technique

The conventional search engines use very simple ranking algorithm, which causes
scattered presentation of relevant documents in their results. Being one of the
prominent feature of the metasearch engine, the ranking technique should be capable

of retrieving relevant documents according to their weighting.

According to Figure 5.3, Figure 5.4 and Figure 5.5 it is found that the proposed
system achieves the best performance. However, when comparing the average
precision result of Figure 5.5 with the average precision results of Figure 5.3 and
Figure 5.4, the value of average precision of three terms query is lower than two terms

query and one term query. The average precision result of one term query is regarded
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as the best, because the results from search engines are rarely relevant to the

information users need.

Clustering algorithm

The clustering algorithm of the system provides proper groups that relate
documents together. The documents may be related in any manner. It has been shown
that post-retrieval documents clustering produce superior results to pre-retrieval
clustering. This is due to the fact that clusters are computed based on the returned
document set; the cluster boundaries are drawn to appropriately partition the set of
documents at hand. In contrast, pre-retrieval clusters might be based on features that
are infrequent in the cluster formation. For this reason, the metasearch engine uses the

post clustering technique instead, as already described in the previous chapter.

According to Figure 5.9, the f-measure of MEUFLACC-6 ranks first when
compared with others search engine. The f-measure of MEUFLACC-6 is higher than
MEUFLACC-8 and MEUFLACC-10 because the precision of MEUFLACC-8 and
MEUFLACC-10 are lower than MEUFLACC-6. The ODP ranks fourth, the Yahoo
search engine ranks fifth.

Maximum coverage

Due to the tremendous growth in data in recent years, it is impossible for a single
search engine to index all the web documents. And the main challenge faced today by
the internet information retrieval systems is the incomplete search. Therefore the
proposed system is designed in such a way that it is able to provide maximum

coverage.
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Integration of document presentation

The aim of the thesis is to help users find relevant results with higher precision
than other search engine and make the retrieved results easy to browse by pulling
results of the same content into the same group. The search results can be greatly
improved by integrating the fuzzy ranking and content-based clustering techniques. It

is the mechanism of the presentation.

Reduce retrieval time

The thesis also improves the efficiency of the system by keeping the documents in
the database when searching. It can reduce time for searching when web users request
for the same query. The system will use the information in the database, instead of

asking the original server again.

According to Table 5.5 which shows the ratio of new query to same query, it

takes less time for the client to receive the results and display it when using the same

query.

6.2 Conclusions

The conclusions of the research are:

1. The number of keyphrase extractions has an influence on the effectiveness of
the proposed system. The system will provides high precision and recall
when using the proper number of keyphrase extractions.

2. Retrieval speed in an environment with larger size of documents collection
takes more time.

3. Reducing time in searching by MEUFLACC when web users request for the
same query as it will use the information in the database, instead of asking

the original server for it again.
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Reducing the noise by extracting only contents of the documents rather than
all words appear in documents.

Defining weight of query will help users find relevant documents which are
close to their interest.

Content-based clustering is aimed to help users find relevant results when the
users are unfamiliar with the topics that they are looking for, because they are
novices at performing searches.

Decreasing the number of keyphrase extractions would decrease the
effectiveness of the system when web users use a three-term query.

The results of image search will be wrong when users use the same image but
different size or date.

The limitation of MEUFLACC is the retrieval time. It is regarded as a
weakness of this system because it takes several minutes to obtain the

documents. The main reason is the delay the time spent on retrieving actual

pages.

6.3 Future work

Finally, it is the purpose of the thesis to give a guideline for some interesting

directions for future works as follows.

1.

Computer clustering: this approach is connecting two or more computers
together in such a way that they behave like a single computer. Computer

Clustering is used for parallel processing, load balancing and fault tolerance.

Connect via proxy: this system can not connect via a proxy. However web
developers can improve MEUFLACC by updating the program in a
connection module. This method reduces latency because it takes less time for
the client to receive the results and display them. The traffic is avoidable by

reducing the amount of bandwidth used by a client.
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3. Term weighting: KEA does not support THAI language, however web
developers can improve this by finding other keyphrase extraction that

support THAI language.

4. Exploring other areas of information retrieval with an alternative and

probably better approach can be investigated and applied.
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APPENDIX
Number of ries:
Klelyp];;r; Number of Fuzzy Search uenes .
! Cluster . . PHP Printer Scanner
Extraction logic engine
6 All clusters 4 6 7 7 8
Useful Clusters 3 4 4 5 4
3 All clusters 13 15 15 17 14
Useful Clusters 9 10 7 11 6
10 All clusters 18 19 18 20 17
Useful Clusters 12 14 9 13 12
12 All clusters 20 24 26 27 24
Useful Clusters 14 16 10 13 14
14 All clusters 27 28 30 29 28
Useful Clusters 15 17 12 15 15
Number of ries:
Klelyp];;r; Number of Virus e e.s .
. Cluster PDA Harddisk CaGl Windows
Extraction Computer
6 All clusters 5 9 4 6 6
Useful Clusters 4 5 3 4 5
3 All clusters 13 16 17 16 20
Useful Clusters 9 8 10 10 12
10 All clusters 23 20 22 22 25
Useful Clusters 11 11 10 12 13
12 All clusters 26 24 28 25 30
Useful Clusters 14 11 14 13 15
14 All clusters 29 28 32 27 35
Useful Clusters 15 13 15 13 18
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Search Engines

Number of relevant documents

11 22 33 44 55 66 77 88 99 | 110
Google 8 17 25 30 36 45 55 63 69 72
Altavista 7 15 24 27 36 41 50
Hotbot 7 15 21
Excite 8 12 19 21
Yahoo 7 14 22 27 37 42 48
MEUFLACC -6 8 18 27 33 38 48 57 63 68 73
MEUFLACC -8 8 18 27 35 41 50 58 65 71 76
MEUFLACC-10 | 8 18 27 36 42 50 58 67 73 78
Query No. 2: Loikrathong
Search Engines Number of relevant documents
53 106 | 159 | 212 | 265 | 318 | 371 | 424 | 477 | 530
Google 35 72 90 | 131 154 | 174 | 194 | 225| 239 | 252
Altavista 30 65 78 117
Hotbot 31
Excite 30
Yahoo 28 62 72 | 112
MEUFLACC -6 37 78 92 | 141 160 | 173 | 189 | 223 | 238 | 250
MEUFLACC -8 37 78 92 | 146 | 163 | 175| 190 | 227 | 243 | 254
MEUFLACC-10 | 37 78 92 | 147 | 167 | 179 | 195 | 232 | 248 | 259
Query No. 3: Nangtalung
Search Engines Number of relevant documents
3 6 9 12 15 18 21 24 27 30
Google 3 4 6 8 9 11 13 15 15 17
Altavista 3 5 6 7 8 10 11 13 13 15
Hotbot 2 4 5 7
Excite 2 3 5 6 7 9 10
Yahoo 2 4 6 7 8 9 10 10 12 14
MEUFLACC -6 3 5 6 8 10 12 13 15 16 17
MEUFLACC -8 3 5 7 9 10 13 14 16 17 18
MEUFLACC-10 | 3 5 7 9 10 13 15 17 18 19
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Query No. 4: Chartpattana

Number of relevant documents

Search Engines = T8 T 104 [ 130 | 156 | 182 | 208 | 234 | 260

Google 21 40 56 68 81 98 | 108 | 123 | 140 | 146
Altavista 19 37 50 62 72 84 97 | 111 | 130 | 143

Hotbot 18 32 41 49

Excite 18 33 37

Yahoo 17 34 44 58 65 78 90 | 102 | 124 | 136

MEUFLACC -6 21 41 55 67 81 96 | 109 | 121 | 139 | 144

MEUFLACC -8 21 42 57 69 84 | 101 | 113 | 127 | 142 | 156

MEUFLACC-10 | 2] 42 57 69 84 | 101 | 113 | 127 | 146 | 159

Query No. 5: Kwanruen

Number of relevant documents

Search Engines 39778 [ 117 | 156 | 195 | 234 | 273 | 312 | 351 | 390

Google 32 54 72 89 | 101 | 126 | 144 | 165 | 180 | 198
Altavista 34 51 68 76 92 | 114 | 136 | 155

Hotbot 28 43 61 67

Excite 32 43

Yahoo 30 49 64 72 83 108 | 125 | 142

MEUFLACC -6 32 55 78 90 | 103 | 123 | 143 | 160 | 181 | 195

MEUFLACC -8 33 57 80 92 | 107 | 130 | 149 | 163 | 185 | 198

MEUFLACC-10 | 33 57 80 92 | 107 | 130 | 149 | 163 | 187 | 201

Query No. 6: Baanlaesuan

Number of relevant documents

Search Engines 21— 77T 148 | 185 | 222 | 259 | 296 | 333 | 370

Google 30 54 71 87 | 102 | 121 | 144 | 157 | 162 | 181
Altavista 31 50 67 81 95 113 | 137 | 143 | 152 | 168
Hotbot 32 52

Excite 32 41

Yahoo 30 47 62 76 86 | 104 | 132 | 135 | 147 | 161

MEUFLACC -6 30 55 73 88 | 103 | 120 | 140 | 161 | 169 | 178

MEUFLACC -8 30 56 73 89 | 105 | 125 | 145 | 167 | 175 | 182

MEUFLACC-10 | 30 56 73 89 | 105 | 125 | 145 | 168 | 177 | 184
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Search Engines Number of relevant documents
110 | 220 | 330 | 440 | 550 | 660 | 770 | 880 | 990 | 1100
Google 72 | 117 | 142 | 181 | 236 | 266 | 313 | 347 | 382 | 420
Altavista 62 | 102 | 134 | 171 | 214 | 251 | 299 | 325 | 367 | 396
Hotbot 59 | 110 | 119 | 161
Excite 41
Yahoo 67 | 112 | 124 | 167 | 202 | 243 | 284 | 305 | 355 | 384
MEUFLACC -6 74 | 118 | 151 | 185 | 244 | 270 | 323 | 351 | 390 | 424
MEUFLACC -8 74 | 118 | 151 | 186 | 247 | 281 | 336 | 363 | 397 | 432
MEUFLACC-10 | 74 | 118 | 151 | 186 | 247 | 281 | 336 | 363 | 397 | 432
Query No. 8: Suvarnabhumi
Search Number of relevant documents
Engines 260 | 520 | 780 | 1040 | 1300 | 1560 | 1820 | 2080 | 2340 | 2600
Google 191 | 277 | 320 | 386 | 451 | 504 | 563 | 663 | 734 815
Altavista 179 | 260 | 301 | 372 | 423 | 482 | 541 | 623 | 722 788
Hotbot 164 | 227 | 276 | 332
Excite 42
Yahoo 172 | 254 | 291 | 356 | 411 | 467 | 523 | 603 | 698 755
MEUFLACC-6 | 188 | 280 | 332 | 379 | 460 | 501 | 557 | 634 | 691 761
MEUFLACC-8 | 188 | 280 | 332 | 380 | 470 | 511 | 568 | 651 | 701 771
MEUFLACC —
10 188 | 280 | 332 | 380 | 470 | 511 | 568 | 651 | 712 778
Query No. 9: Northbangkok
Search Engines Number of relevant documents
12 24 36 48 60 72 84 96 | 108 | 120
Google 8 15 21 27 33 42 50 58 67 71
Altavista 8 14 22 28 31 44 51 57 65 71
Hotbot 7 14
Excite 7 15 20
Yahoo 8 15 22 26 30 41 48 52 62 68
MEUFLACC -6 8 15 23 27 34 41 50 57 66 72
MEUFLACC -8 8 15 24 31 36 43 50 58 67 75
MEUFLACC-10 | 8 15 24 31 36 43 50 60 69 77
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Query No. 10: Nakornphanam

Search Engines Number of relevant documents
1 2 3 4 5 6 7 8 9 10
Google 1 2 2 3 3 3 4 4 5 5
Altavista 1 2 3 3 3 3 4 5 5

Hotbot 1 2 2 3

Excite 1 2 2 3 3 3 4

Yahoo 1 2 2 3 3 4 4 4 5 5
MEUFLACC -6 1 2 2 3 4 4 5 5 5 5
MEUFLACC -8 1 2 2 3 4 4 5 6 6 6
MEUFLACC - 10 1 2 2 3 4 4 5 6 6 6
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Queries: one terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.636 | 0.585 | 0.667 | 0.692 | 0.718 | 0.865 | 0.536 | 0.631 | 0.583 | 1.000 0.691
0.2 0.682 0.667 | 0.615 | 0.551 | 0.703 | 0.500 | 0.437 | 0.583 | 1.000 0.574
0.3 0.636 0.556 | 0.526 | 0.521 0.361 | 0.354 0.667 0.362
0.4 0.583 | 0.471 | 0.429 0.366 | 0.319 0.750 0.292
0.5 0.636 | 0.585 | 0.667 | 0.692 | 0.718 | 0.865 | 0.536 | 0.631 | 0.583 | 1.000 0.691
0.6
0.7
0.8
0.9
1.0
Average Precision of Hotbot 0.479

Search Engine: Yahoo

Queries: one terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QI0 | Average

0.1 0.636 | 0.528 | 0.667 | 0.654 | 0.769 | 0.811 | 0.609 | 0.662 | 0.667 | 1.000 0.700
0.2 0.636 | 0.585 | 0.667 | 0.654 | 0.628 | 0.635 | 0.509 | 0.488 | 0.625 | 1.000 0.643
0.3 0.667 | 0.453 | 0.667 | 0.564 | 0.547 | 0.559 | 0.376 | 0.373 | 0.611 | 0.667 0.548
0.4 0.614 | 0.528 | 0.583 | 0.558 | 0.462 | 0.514 | 0.380 | 0.342 | 0.542 | 0.750 0.527
0.5 0.673 0.533 |1 0.500 | 0.426 | 0.465 | 0.367 | 0.316 | 0.500 | 0.600 0.438
0.6 0.636 0.500 | 0.500 | 0.462 | 0.468 | 0.368 | 0.299 | 0.569 | 0.667 0.447
0.7 0.623 0.476 | 0.495 | 0.458 | 0.510 | 0.369 | 0.287 | 0.571 | 0.571 0.436
0.8 0.417 |1 0.490 | 0.455 | 0.456 | 0.347 | 0.290 | 0.542 | 0.500 0.350
0.9 0.444 | 0.530 0.441 | 0.359 | 0.298 | 0.574 | 0.556 0.320
1.0 0.467 | 0.523 0.435 1 0.349 | 0.290 | 0.567 | 0.500 0.313

Average Precision of Yahoo 0.472

Note: Q are the queries

Q1= Kasembundit
Q4= Chartpattana

Q7= Songkarn
Q10=Nakornphanam

Q2= Loikrathong
Q5= Kwanruen
Q8= Suvarnabhumi

Q3= Nangtalung
Q6= Baanlaesuan
Q9= Northbangkok
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Queries: one terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.727 1 0.566 | 0.667 | 0.692 | 0.821 | 0.865 | 0.373 | 0.162 | 0.583 | 1.000 0.646
0.2 0.545 0.500 | 0.635 | 0.551 | 0.554 0.625 | 1.000 0.441
0.3 0.576 0.556 | 0.474 0.556 | 0.667 0.283
0.4 0.477 0.500 0.750 0.173
0.5 0.467 0.600 0.107
0.6 0.500 0.500 0.100
0.7 0.476 0.571 0.105
0.8
0.9
1.0

Average Precision of Excite 0.264

Search Engine: Altavista Queries: one terms
Precision
Recall
Ql 1 Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.636 | 0.566 | 1.000 | 0.731 | 0.872 | 0.838 | 0.564 | 0.688 | 0.667 | 1.000 0.756
0.2 0.682 |1 0.613 | 0.833 | 0.712 | 0.654 | 0.676 | 0.464 | 0.500 | 0.583 | 1.000 0.672
0.3 0.727 1 0.491 | 0.667 | 0.641 | 0.581 | 0.604 | 0.406 | 0.386 | 0.611 | 1.000 0.611
0.4 0.614 | 0.552 | 0.583 | 0.596 | 0.487 | 0.547 | 0.389 | 0.358 | 0.583 | 0.750 0.546
0.5 0.655 0.533 |1 0.554 | 0.472 | 0.514 | 0.389 | 0.325 | 0.517 | 0.600 0.456
0.6 0.621 0.556 | 0.538 | 0.487 | 0.509 | 0.380 | 0.309 | 0.611 | 0.500 0.451
0.7 0.649 0.524 | 0.533 | 0.498 | 0.529 | 0.388 | 0.297 | 0.607 | 0.571 0.460
0.8 0.542 | 0.534 | 0.497 | 0.483 | 0.369 | 0.300 | 0.594 | 0.625 0.394
0.9 0.481 | 0.556 0.456 | 0.371 | 0.309 | 0.602 | 0.556 0.333
1.0 0.500 | 0.550 0.454 |1 0.360 | 0.303 | 0.592 | 0.500 0.326
Average Precision of Altavista 0.5

Note: Q are the queries

Q1= Kasembundit
Q4= Chartpattana

Q7= Songkarn
Q10=Nakornphanam

Q2= Loikrathong
Q5= Kwanruen
Q8= Suvarnabhumi

Q3= Nangtalung
Q6= Baanlaesuan
Q9= Northbangkok




Werasak Yuokoolbodee

Search Engine: Google

Appendix / 164

Queries: one terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QI0 | Average
0.1 0.727 1 0.660 | 1.000 | 0.808 | 0.821 | 0.811 | 0.655 | 0.735 | 0.667 | 1.000 0.788
0.2 0.773 1 0.679 | 0.667 | 0.769 | 0.692 | 0.730 | 0.532 | 0.533 | 0.625 | 1.000 0.700
0.3 0.758 | 0.566 | 0.667 | 0.718 | 0.615 | 0.640 | 0.430 | 0.410 | 0.583 | 0.667 0.605
0.4 0.682 | 0.618 | 0.667 | 0.654 | 0.571 | 0.588 | 0.411 | 0.371 | 0.563 | 0.750 0.587
0.5 0.655 | 0.581 | 0.600 | 0.623 | 0.518 | 0.551 | 0.429 | 0.347 | 0.550 | 0.600 0.545
0.6 0.682 | 0.547 | 0.611 | 0.628 | 0.538 | 0.545 | 0.403 | 0.323 | 0.583 | 0.500 0.536
0.7 0.714 |1 0.523 | 0.619 | 0.593 | 0.527 | 0.556 | 0.406 | 0.309 | 0.595 | 0.571 0.542
0.8 0.716 | 0.531 | 0.625 | 0.591 | 0.529 | 0.530 | 0.394 | 0.319 | 0.604 | 0.500 0.534
0.9 0.697 | 0.501 | 0.556 | 0.598 | 0.513 | 0.486 | 0.386 | 0.314 | 0.620 | 0.556 0.523
1.0 0.655 1 0.475 | 0.567 | 0.562 | 0.508 | 0.489 | 0.382 | 0.313 | 0.592 | 0.500 0.504
Average Precision of Google 0.586
Search Engine: MEUFLACC - 6 Queries: one terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QI0 | Average

0.1 0.727 1 0.698 | 1.000 | 0.808 | 0.821 | 0.811 | 0.673 | 0.723 | 0.667 | 1.000 0.793
0.2 0.818 | 0.736 | 0.833 | 0.788 | 0.705 | 0.743 | 0.536 | 0.538 | 0.625 | 1.000 0.732
0.3 0.818 | 0.579 | 0.667 | 0.705 | 0.667 | 0.658 | 0.458 | 0.426 | 0.639 | 0.667 0.628
0.4 0.750 | 0.665 | 0.667 | 0.644 | 0.577 | 0.595 | 0.420 | 0.364 | 0.563 | 0.750 0.599
0.5 0.691 | 0.604 | 0.667 | 0.623 | 0.528 | 0.557 | 0.444 | 0.354 | 0.567 | 0.800 0.583
0.6 0.727 ] 0.544 | 0.667 | 0.615 | 0.526 | 0.541 | 0.409 | 0.321 | 0.569 | 0.667 0.559
0.7 0.740 | 0.509 | 0.619 | 0.599 | 0.524 | 0.541 | 0.419 | 0.306 | 0.595 | 0.714 0.557
0.8 0.716 | 0.526 | 0.625 | 0.582 | 0.513 | 0.544 | 0.399 | 0.305 | 0.594 | 0.625 0.543
0.9 0.687 |1 0.499 | 0.593 | 0.594 | 0.516 | 0.508 | 0.394 | 0.295 | 0.611 | 0.556 0.525
1.0 0.664 | 0.472 | 0.567 | 0.554 | 0.500 | 0.481 | 0.385 | 0.293 | 0.600 | 0.500 0.502
Average Precision of MEUFLACC — 6 0.602

Note: Q are the queries

Q1= Kasembundit
Q4= Chartpattana

Q7= Songkarn
Q10=Nakornphanam

Q2= Loikrathong
Q5= Kwanruen
Q8= Suvarnabhumi

Q3= Nangtalung
Q6= Baanlaesuan
Q9= Northbangkok
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Queries: one terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.727 1 0.698 | 1.000 | 0.808 | 0.846 | 0.811 | 0.673 | 0.723 | 0.667 | 1.000 0.795
0.2 0.818 | 0.736 | 0.833 | 0.808 | 0.731 | 0.757 | 0.536 | 0.538 | 0.625 | 1.000 0.738
0.3 0.818 | 0.579 | 0.778 | 0.731 | 0.684 | 0.658 | 0.458 | 0.426 | 0.667 | 0.667 0.646
0.4 0.795 1 0.689 | 0.750 | 0.663 | 0.590 | 0.601 | 0.423 | 0.365 | 0.646 | 0.750 0.627
0.5 0.745 1 0.615 | 0.667 | 0.646 | 0.549 | 0.568 | 0.449 | 0.362 | 0.600 | 0.800 0.600
0.6 0.758 | 0.550 | 0.722 | 0.647 | 0.556 | 0.563 | 0.426 | 0.328 | 0.597 | 0.667 0.581
0.7 0.753 1 0.512 | 0.667 | 0.621 | 0.546 | 0.560 | 0.436 | 0.312 | 0.595 | 0.714 0.572
0.8 0.739 1 0.535 | 0.667 | 0.611 | 0.522 | 0.564 | 0.413 | 0.313 | 0.604 | 0.750 0.572
0.9 0.717 1 0.509 | 0.630 | 0.607 | 0.527 | 0.526 | 0.401 | 0.300 | 0.620 | 0.667 0.550
1.0 0.691 | 0.479 | 0.600 | 0.600 | 0.508 | 0.492 | 0.393 | 0.297 | 0.625 | 0.600 0.528

Average Precision of MEUFLACC — 8 0.621

Search Engine: MEUFLACC - 10 Queries: one terms
Precision
Recall
Ql 1 Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.727 1 0.698 | 1.000 | 0.808 | 0.846 | 0.811 | 0.673 | 0.723 | 0.667 | 1.000 0.795
0.2 0.818 | 0.736 | 0.833 | 0.808 | 0.731 | 0.757 | 0.536 | 0.538 | 0.625 | 1.000 0.738
0.3 0.818 | 0.579 | 0.778 | 0.731 | 0.684 | 0.658 | 0.458 | 0.426 | 0.667 | 0.667 0.646
0.4 0.818 | 0.693 | 0.750 | 0.663 | 0.590 | 0.601 | 0.423 | 0.365 | 0.646 | 0.750 0.630
0.5 0.764 | 0.630 | 0.667 | 0.646 | 0.549 | 0.568 | 0.449 | 0.362 | 0.600 | 0.800 0.603
0.6 0.758 |1 0.563 | 0.722 | 0.647 | 0.556 | 0.563 | 0.426 | 0.328 | 0.597 | 0.667 0.583
0.7 0.753 1 0.526 | 0.714 | 0.621 | 0.546 | 0.560 | 0.436 | 0.312 | 0.595 | 0.714 0.578
0.8 0.761 | 0.547 | 0.708 | 0.611 | 0.522 | 0.568 | 0.413 | 0.313 | 0.625 | 0.750 0.582
0.9 0.737 1 0.520 | 0.667 | 0.624 | 0.533 | 0.532 | 0.401 | 0.304 | 0.639 | 0.667 0.562
1.0 0.709 |1 0.489 | 0.633 | 0.612 | 0.515 | 0.497 | 0.393 | 0.299 | 0.642 | 0.600 0.539

Average Precision of MEUFLACC — 10 0.625

Note: Q are the queries

Q1= Kasembundit
Q4= Chartpattana

Q7= Songkarn
Q10=Nakornphanam

Q2= Loikrathong
Q5= Kwanruen
Q8= Suvarnabhumi

Q3= Nangtalung
Q6= Baanlaesuan
Q9= Northbangkok
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Query No. 1: Stang Weight: 0.5
Mongkolsuk Weight: 0.7
Search Engines Number of relevant documents
9 18 27 36 45 54 63 72 81 90
Google 7 14 20 25 29 32 35 37 40 42
Altavista 6 13 18 22 26 29 34 37 40 41
Hotbot 5 13 17 22
Excite 5 12 16 20 25
Yahoo 6 12 14
MEUFLACC -6 7 14 20 27 32 35 36 38 40 43
MEUFLACC -8 7 14 20 27 32 35 36 40 43 48
MEUFLACC-10 | 7 14 20 27 32 35 36 40 43 48
Query No. 2: Krirk Weight: 0.6
University Weight: 0.4
Search Engines Number of relevant documents
68 | 136 | 204 | 272 | 340 | 408 | 476 | 544 | 612 | 680
Google 50 84 | 127 | 146 | 173 | 190 | 213 | 225 | 239 | 250
Altavista 47 74 | 115 | 136 | 157 | 177 | 189 | 212 | 235 | 246
Hotbot 45 78 98 | 107
Excite 17
Yahoo 52 80 | 112 | 128 | 151 | 169 | 190 | 219 | 236 | 242
MEUFLACC -6 50 84 | 127 | 146 | 168 | 174 | 201 | 223 | 238 | 246
MEUFLACC -8 50 84 | 127 | 146 | 168 | 174 | 201 | 223 | 238 | 246
MEUFLACC-10 | 50 84 | 127 | 146 | 168 | 174 | 201 | 223 | 238 | 246
Query No. 3: Silpakorn Weight: 0.5
Entrance Weight: 0.8
Search Engines Number of relevant documents
22 44 66 88 | 110 | 132 | 154 | 176 | 198 | 220
Google 16 31 46 52 61 69 75 81 85 89
Altavista 15 28 42 49 56 61 67 75 79
Hotbot 13 21 35 41 54
Excite 15 23 33
Yahoo 13 22 39 47 51 58 64 71 76 82
MEUFLACC -6 16 31 46 53 59 67 75 81 86 88
MEUFLACC -8 16 31 46 53 59 67 77 84 88 95
MEUFLACC—-10 | 16 31 46 53 59 67 77 85 91 97
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Query No. 4: Thailand post Weight: 0.4
Stamp Weight: 0.6

Number of relevant documents

Search Engines 55744 [ 66 | 88 | 110 | 132 | 154 | 176 | 198 | 220

Google 17 30 46 56 71 87 92 98 | 105 | 109
Altavista 17 28 42 52 65 77 83 84 93 95

Hotbot 13 18

Excite 14 18 24

Yahoo 15 27 39 49 60 69 78

MEUFLACC -6 17 30 46 56 71 87 92 98 | 105 | 109

MEUFLACC -8 17 30 46 56 71 87 92 98 | 107 | 110

MEUFLACC-10 | 17 30 46 56 71 87 92 98 | 107 | 110

Query No. 5: Thairakthai  Weight: 0.8
Party Weight: 0.4

Number of relevant documents

Search Engines ™55 T138 [ 207 | 276 | 345 | 414 | 483 | 552 | 621 | 690

Google 42 61 78 86 | 101 | 121 | 144 | 156 | 177 | 186
Altavista 40 53 71 81 97 | 115 | 133 | 143 | 160 | 173

Hotbot 38

Excite 40

Yahoo 42 55 72 79 91 120 | 135 | 147 | 161 | 168

MEUFLACC -6 42 61 78 86 | 101 | 124 | 136 | 157 | 174 | 182

MEUFLACC -8 44 65 82 89 | 112 | 135 | 147 | 171 | 180 | 189

MEUFLACC-10 | 44 65 82 89 | 112 | 135 | 147 | 171 | 180 | 189

Query No. 6: UBCTV Weight: 0.6
Movie Weight: 0.3

Number of relevant documents

Search Engines oo™ 17136 [ 204 | 272 | 340 | 408 | 476 | 544 | 612 | 680

Google 40 54 71 87 96 | 115 | 132 | 141 | 157 | 165
Altavista 37 50 68 71 85

Hotbot 34

Excite 36

Yahoo 40 55 67 81 92

MEUFLACC -6 40 54 71 87 | 100 | 121 | 134 | 145 | 156 | 168

MEUFLACC -8 40 54 71 87 | 100 | 121 | 134 | 145 | 156 | 168

MEUFLACC-10 | 45 57 74 85 | 104 | 124 | 137 | 148 | 154 | 167




Werasak Yuokoolbodee

Query No. 7: Kwanruen

Magazine

Weight: 0.7
Weight: (.2
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Search Engines

Number of relevant documents

18 36 54 72 90 | 108 | 126 | 144 | 162 | 180
Google 11 17 25 31 37 41 44 48 51 55
Altavista 10 17 26 29 35 41 44 49 52 55
Hotbot 14 19 24 29
Excite 15
Yahoo 12 18 25 30 35 39 44 50 52 53
MEUFLACC -6 11 17 25 31 37 41 47 50 56 61
MEUFLACC -8 11 17 25 31 37 41 47 50 56 61
MEUFLACC-10 | 11 17 25 31 37 41 47 53 58 63
Query No. 8: Suvarnabhumi  Weight: 0.5
Airport Weight: 0.3
Search Engines Number of relevant documents
190 | 380 | 570 | 560 | 950 | 1140 | 1330 | 1520 | 1710 | 1900
Google 120 | 178 | 245 | 301 | 356 | 398 | 432 | 456 | 476 | 496
Altavista 112 | 165 | 230 | 278 | 342 | 367 | 411 | 442 | 450 | 470
Hotbot 113 | 157 | 175 | 210 | 245
Excite 45
Yahoo 120 | 178 | 242 | 280 | 352 | 371 | 430 | 451 | 462 | 470
MEUFLACC-6 | 125 | 180 | 245 | 295 | 354 | 398 | 442 | 460 | 481 | 501
MEUFLACC -8 125 | 180 | 245 | 295 | 354 | 398 | 454 | 470 | 492 | 511
MEUFLACC—-10 | 125 | 180 | 245 | 295 | 354 | 398 | 454 | 473 | 495 | 521
Query No. 9: Bridge Weight: 0.6
Rama8 Weight: 0.7
Search Engines Number of relevant documents
10 20 30 40 50 60 70 80 90 | 100
Google 6 10 14 18 23 27 34 37 41 44
Altavista 7 13
Hotbot 6
Excite 5 11 17
Yahoo 6 11
MEUFLACC -6 6 11 15 18 22 26 34 38 42 44
MEUFLACC -8 6 11 15 18 22 26 34 39 43 46
MEUFLACC-10 | 6 11 15 18 22 26 34 39 43 46
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Query No. 10: Thairath Weight: 0.7
Columnist  Weight: 0.5

Search Engines Number of relevant documents
3 6 9 12 15 18 21 24 27 30
Google 2 4 5 6 7 8 8 9 11 11
Altavista 2 4 5 5 6
Hotbot 2 4 6
Excite 2 4 5 7 9
Yahoo 2 4 6 6 6
MEUFLACC -6 2 4 5 6 7 8 9 9 9 10
MEUFLACC -8 2 4 5 6 7 8 9 10 10 11
MEUFLACC-10 | 2 4 5 6 7 8 9 11 12 12
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Search Engine: Hotbot
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Queries: two terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.556 | 0.662 | 0.591 | 0.591 | 0.551 | 0.500 | 0.778 | 0.595 | 0.600 | 0.667 0.609
0.2 0.722 1 0.574 | 0.477 | 0.409 0.528 | 0.413 0.667 0.379
0.3 0.630 | 0.480 | 0.530 0.444 | 0.307 0.667 0.306
0.4 0.611 | 0.393 | 0.466 0.403 | 0.375 0.225
0.5 0.491 0.258 0.075
0.6
0.7
0.8
0.9
1.0

Average Precision of Hotbot 0.159

Search Engine: Yahoo

Queries: two terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QI0 | Average

0.1 0.667 | 0.765 | 0.591 | 0.682 | 0.609 | 0.588 | 0.667 | 0.632 | 0.600 | 0.667 0.647
0.2 0.667 | 0.588 | 0.500 | 0.614 | 0.399 | 0.404 | 0.500 | 0.468 | 0.550 | 0.667 0.536
0.3 0.519 | 0.549 | 0.591 | 0.591 | 0.348 | 0.328 | 0.463 | 0.425 0.667 0.448
0.4 0.471 | 0.534 | 0.557 | 0.286 | 0.298 | 0.417 | 0.500 0.500 0.356
0.5 0.444 | 0.464 | 0.545 | 0.264 | 0.271 | 0.389 | 0.371 0.400 0.315
0.6 0.414 | 0.439 | 0.523 | 0.290 0.361 | 0.325 0.235
0.7 0.399 | 0.416 | 0.506 | 0.280 0.349 | 0.323 0.227
0.8 0.403 | 0.403 0.266 0.347 | 0.297 0.172
0.9 0.386 | 0.384 0.259 0.321 | 0.270 0.162
1.0 0.356 | 0.373 0.243 0.294 | 0.247 0.151

Average Precision of Yahoo 0.324

Note: Q are the queries

Q1= Stang, Mongkolsuk
Q4= Thailand post, Stamp Q5= Thairakthai, Party
Q7= Kwanruen, Magazine

Q2= Krirk, University

Q10= Thairath, Columnist

Q3= Silpakorn, Entrance
Q6=UBCTYV, Movie
Q8= Suvarnabhumi, Airport Q9= Bridge, Rama§




Fac. of Grad. Studies, Mahidol Univ.

Search Engine: Excite

M.Sc.(Computer Science) /171

Queries: two terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.556 | 0.250 | 0.682 | 0.636 | 0.580 | 0.529 | 0.833 | 0.237 | 0.500 | 0.667 0.547
0.2 0.667 0.523 | 0.409 0.611 0.550 | 0.667 0.343
0.3 0.593 0.500 | 0.364 0.500 0.567 | 0.556 0.308
0.4 0.556 0.458 0.583 0.160
0.5 0.556 0.600 0.116
0.6
0.7
0.8
0.9
1.0
Average Precision of Excite 0.147
Search Engine: Altavista Queries: two terms
Precision
Recall
Ql 1 Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.667 | 0.691 | 0.682 | 0.773 | 0.580 | 0.544 | 0.556 | 0.589 | 0.700 | 0.667 0.645
0.2 0.722 1 0.544 | 0.636 | 0.636 | 0.384 | 0.368 | 0.472 | 0.434 | 0.650 | 0.667 0.551
0.3 0.667 | 0.564 | 0.636 | 0.636 | 0.343 | 0.333 | 0.481 | 0.404 0.556 0.462
0.4 0.611 | 0.500 | 0.557 | 0.591 | 0.293 | 0.261 | 0.403 | 0.496 0.417 0.413
0.5 0.578 |1 0.462 | 0.509 | 0.591 | 0.281 | 0.250 | 0.389 | 0.360 0.400 0.382
0.6 0.537 |1 0.434 | 0.462 | 0.583 | 0.278 0.380 | 0.322 0.300
0.7 0.540 | 0.397 | 0.435 | 0.539 | 0.275 0.349 | 0.309 0.284
0.8 0.514 |1 0.390 | 0.426 | 0.477 | 0.259 0.340 | 0.291 0.270
0.9 0.494 |1 0.384 | 0.399 | 0.470 | 0.258 0.321 | 0.263 0.259
1.0 0.456 | 0.362 0.432 | 0.251 0.306 | 0.247 0.205
Average Precision of Altavista 0.377

Note: Q are the queries

Q1= Stang, Mongkolsuk
Q4= Thailand post, Stamp Q5= Thairakthai, Party
Q7= Kwanruen, Magazine

Q2= Krirk, University

Q10= Thairath, Columnist

Q3= Silpakorn, Entrance
Q6=UBCTYV, Movie
Q8= Suvarnabhumi, Airport Q9= Bridge, Rama§
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Search Engine: Google
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Queries: two terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QI0 | Average
0.1 0.778 1 0.735 | 0.727 | 0.773 | 0.609 | 0.588 | 0.611 | 0.632 | 0.600 | 0.667 0.672
0.2 0.778 1 0.618 | 0.705 | 0.682 | 0.442 | 0.397 | 0.472 | 0.468 | 0.500 | 0.667 0.573
0.3 0.741 | 0.623 | 0.697 | 0.697 | 0.377 | 0.348 | 0.463 | 0.430 | 0.467 | 0.556 0.540
0.4 0.694 | 0.537 | 0.591 | 0.636 | 0.312 | 0.320 | 0.431 | 0.538 | 0.450 | 0.500 0.501
0.5 0.644 | 0.509 | 0.555 | 0.645 | 0.293 | 0.282 | 0.411 | 0.375 | 0.460 | 0.467 0.464
0.6 0.593 | 0.466 | 0.523 | 0.659 | 0.292 | 0.282 | 0.380 | 0.349 | 0.450 | 0.444 0.444
0.7 0.556 | 0.447 | 0.487 | 0.597 | 0.298 | 0.277 | 0.349 | 0.325 | 0.486 | 0.381 0.420
0.8 0.514 |1 0.414 | 0.460 | 0.557 | 0.283 | 0.259 | 0.333 | 0.300 | 0.463 | 0.375 0.396
0.9 0.494 |1 0.391 | 0.429 | 0.530 | 0.285 | 0.257 | 0.315 | 0.278 | 0.456 | 0.407 0.384
1.0 0.467 | 0.368 | 0.405 | 0.495 | 0.270 | 0.243 | 0.306 | 0.261 | 0.440 | 0.367 0.362
Average Precision of Google 0.475
Search Engine: MEUFLACC - 6 Queries: two terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QI0 | Average

0.1 0.778 1 0.735 | 0.727 | 0.773 | 0.609 | 0.588 | 0.611 | 0.658 | 0.600 | 0.667 0.675
0.2 0.778 1 0.618 | 0.705 | 0.682 | 0.442 | 0.397 | 0.472 | 0.474 | 0.550 | 0.667 0.578
0.3 0.741 | 0.623 | 0.697 | 0.697 | 0.377 | 0.348 | 0.463 | 0.430 | 0.500 | 0.556 0.543
0.4 0.750 | 0.537 | 0.602 | 0.636 | 0.312 | 0.320 | 0.431 | 0.527 | 0.450 | 0.500 0.506
0.5 0.711 ] 0.494 | 0.536 | 0.645 | 0.293 | 0.294 | 0.411 | 0.373 | 0.440 | 0.467 0.466
0.6 0.648 | 0.426 | 0.508 | 0.659 | 0.300 | 0.297 | 0.380 | 0.349 | 0.433 | 0.444 0.444
0.7 0.571 |1 0.422 | 0.487 | 0.597 | 0.282 | 0.282 | 0.373 | 0.332 | 0.486 | 0.429 0.426
0.8 0.528 | 0.410 | 0.460 | 0.557 | 0.284 | 0.267 | 0.347 | 0.303 | 0.475 | 0.375 0.401
0.9 0.494 | 0.389 | 0.434 | 0.530 | 0.280 | 0.255 | 0.346 | 0.281 | 0.467 | 0.333 0.381
1.0 0.478 | 0.362 | 0.400 | 0.495 | 0.264 | 0.247 | 0.339 | 0.264 | 0.440 | 0.333 0.362
Average Precision of MEUFLACC — 6 0.478

Note: Q are the queries

Q1= Stang, Mongkolsuk
Q4= Thailand post, Stamp Q5= Thairakthai, Party
Q7= Kwanruen, Magazine

Q2= Krirk, University

Q10= Thairath, Columnist

Q3= Silpakorn, Entrance

Q6=UBCTYV, Movie
Q8= Suvarnabhumi, Airport Q9= Bridge, Rama§
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Queries: two terms

Recall Precision
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.778 1 0.735 | 0.727 | 0.773 | 0.638 | 0.588 | 0.611 | 0.658 | 0.600 | 0.667 0.677
0.2 0.778 1 0.618 | 0.705 | 0.682 | 0.471 | 0.397 | 0.472 | 0.474 | 0.550 | 0.667 0.581
0.3 0.741 | 0.623 | 0.697 | 0.697 | 0.396 | 0.348 | 0.463 | 0.430 | 0.500 | 0.556 0.545
0.4 0.750 | 0.537 | 0.602 | 0.636 | 0.322 | 0.320 | 0.431 | 0.527 | 0.450 | 0.500 0.508
0.5 0.711 ] 0.494 | 0.536 | 0.645 | 0.325 | 0.294 | 0.411 | 0.373 | 0.440 | 0.467 0.470
0.6 0.648 | 0.426 | 0.508 | 0.659 | 0.326 | 0.297 | 0.380 | 0.349 | 0.433 | 0.444 0.447
0.7 0.571 |1 0.422 | 0.500 | 0.597 | 0.304 | 0.282 | 0.373 | 0.341 | 0.486 | 0.429 0.431
0.8 0.556 | 0.410 | 0.477 | 0.557 | 0.310 | 0.267 | 0.347 | 0.309 | 0.488 | 0.417 0.414
0.9 0.531 | 0.389 | 0.444 | 0.540 | 0.290 | 0.255 | 0.346 | 0.288 | 0.478 | 0.370 0.393
1.0 0.533 ] 0.362 | 0.432 | 0.500 | 0.274 | 0.247 | 0.339 | 0.269 | 0.460 | 0.367 0.378

Average Precision of MEUFLACC — 8 0.484

Search Engine: MEUFLACC - 10 Queries: two terms
Precision
Recall
Ql 1 Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.778 1 0.735 | 0.727 | 0.773 | 0.638 | 0.662 | 0.611 | 0.658 | 0.600 | 0.667 0.685
0.2 0.778 1 0.618 | 0.705 | 0.682 | 0.471 | 0.419 | 0.472 | 0.474 | 0.550 | 0.667 0.583
0.3 0.741 | 0.623 | 0.697 | 0.697 | 0.396 | 0.363 | 0.463 | 0.430 | 0.500 | 0.556 0.546
0.4 0.750 | 0.537 | 0.602 | 0.636 | 0.322 | 0.313 | 0.431 | 0.527 | 0.450 | 0.500 0.507
0.5 0.711 ] 0.494 | 0.536 | 0.645 | 0.325 | 0.306 | 0.411 | 0.373 | 0.440 | 0.467 0.471
0.6 0.648 | 0.426 | 0.508 | 0.659 | 0.326 | 0.304 | 0.380 | 0.349 | 0.433 | 0.444 0.448
0.7 0.571 |1 0.422 | 0.500 | 0.597 | 0.304 | 0.288 | 0.373 | 0.341 | 0.486 | 0.429 0.431
0.8 0.556 | 0.410 | 0.483 | 0.557 | 0.310 | 0.272 | 0.368 | 0.311 | 0.488 | 0.458 0.421
0.9 0.531 | 0.389 | 0.460 | 0.540 | 0.290 | 0.252 | 0.358 | 0.289 | 0.478 | 0.444 0.403
1.0 0.533 |1 0.362 | 0.441 | 0.500 | 0.274 | 0.246 | 0.350 | 0.274 | 0.460 | 0.400 0.384

Average Precision of MEUFLACC — 10 0.487

Note: Q are the queries

Q1= Stang, Mongkolsuk
Q4= Thailand post, Stamp Q5= Thairakthai, Party
Q7= Kwanruen, Magazine

Q2= Krirk, University

Q10= Thairath, Columnist

Q3= Silpakorn, Entrance

Q6=UBCTYV, Movie
Q8= Suvarnabhumi, Airport Q9= Bridge, Rama§
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Weight: 0.5
Weight: 0.5
Weight: 0.7

Search Engines

Number of relevant documents

4 8 12 16 20 24 28 32 36 40
Google 3 6 8 9 11 12 13 14 14 15
Altavista 3 6 7 8 9 11
Hotbot 3 4 5 6 6
Excite 3 4 5 6 6 6 7
Yahoo 3 5 6 7 7 8
MEUFLACC -6 3 6 7 8 9 11 11 12 13 14
MEUFLACC -8 3 6 7 8 9 11 13 15 19 22
MEUFLACC-10 | 3 6 7 8 9 11 13 15 19 22

Query No. 2: Chulalongkorn Weight: 0.2

Entrance

Score

Weight: 0.5
Weight: 0.7

Search Engines

Number of relevant documents

22 44 66 88 110 | 132 | 154 | 176 | 198 | 220
Google 14 25 39 52 64 79 85 93 98 | 101
Altavista 16 24 37 49 58 70 80
Hotbot 17 25 34
Excite 17 27 35
Yahoo 18 26 38 47 53 64 70
MEUFLACC -6 14 25 39 52 64 82 90 94 97 | 101
MEUFLACC -8 16 27 42 57 71 85 95 103 | 112 | 117
MEUFLACC-10 | 16 27 42 57 71 85 95 111 | 119 | 125

Query No. 3: Suranaree
University

History

Weight: 0.3
Weight: 0.4
Weight: 0.8

Search Engines

Number of relevant documents

56 | 112 | 168 | 224 | 280 | 336 | 392 | 448 | 504 | 560
Google 36 57 76 85 96 | 112 | 132 | 147 | 161 | 173
Altavista 30 51 67 76 86 | 102 | 107
Hotbot 35 53 63
Excite 38 47
Yahoo 32 54 68 80 89 97 | 106
MEUFLACC -6 36 57 76 85 96 | 112 | 128 | 135 | 153 | 167
MEUFLACC -8 36 57 76 85 96 | 112 | 128 | 135 | 153 | 167
MEUFLACC-10 | 36 57 76 85 96 | 115 | 134 | 142 | 164 | 171
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Weight: 0.5
Weight: 0.7
Weight: 0.3

Search Engines

Number of relevant documents

38 76 | 114 | 152 | 190 | 228 | 266 | 304 | 342 | 380
Google 17 30 46 56 71 87 92 98 108 | 115
Altavista 17 31 44 51 65 75 82 89 96 | 102
Hotbot 21 28 38
Excite 21 26
Yahoo 19 28 37 49 61 74 82 89 96 99
MEUFLACC -6 17 30 38 45 62 73 83 89 97 103
MEUFLACC -8 17 30 38 45 62 73 83 89 97 103
MEUFLACC-10 | 17 30 38 45 62 73 83 89 97 103
Query No. 5: MCOT  Weight: 0.4
Radio Weight: 0.4
Music Weight: 0.9
Search Engines Number of relevant documents
150 | 300 | 450 | 600 | 750 | 900 | 1050 | 1200 | 1350 | 1500
Google 72 102 | 125 | 138 | 150 | 167 | 179 | 186 | 196 | 204
Altavista 65 91 116 | 128 | 142 | 158 | 167 | 175 | 183 | 189
Hotbot 50 67 85 94
Excite 42
Yahoo 69 93 119 | 132 | 143 | 157 | 168 | 179 | 191 | 195
MEUFLACC -6 72 102 | 125 | 138 | 150 | 167 | 179 | 186 | 196 | 204
MEUFLACC -8 72 102 | 125 | 138 | 150 | 167 | 182 | 192 | 203 | 212
MEUFLACC-10 | 72 102 | 125 | 138 | 150 | 167 | 182 | 192 | 203 | 212
Query No. 6: NECTEC Weight: 0.6
Thaicert Weight: (.2
Virus Weight: 0.6
Search Engines Number of relevant documents
90 | 180 | 270 | 360 | 450 | 540 | 630 | 720 | 810 | 900
Google 56 87 | 102 | 129 | 143 | 156 | 172 | 180 | 198 | 214
Altavista 60 79 98 119 | 123 | 136 | 147 | 155 | 163
Hotbot 45 64 73
Excite 40
Yahoo 53 70 76 98 112 | 127 | 137 | 151 | 157
MEUFLACC -6 56 87 | 102 | 129 | 143 | 156 | 172 | 180 | 198 | 214
MEUFLACC -8 56 87 | 102 | 129 | 143 | 156 | 172 | 180 | 200 | 216
MEUFLACC-10 | 56 87 | 102 | 131 | 146 | 158 | 181 | 189 | 204 | 221
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Query No. 7: CAT Weight: 0.3
Efone Weight: 0.4
009 Weight: 0.6
Search Engines Number of relevant documents
17 34 51 68 85 | 102 | 119 | 136 | 153 | 170
Google 11 17 25 33 38 43 46 48 51 55
Altavista 10 15 22 27 35 41 45 49 51
Hotbot 10 17
Excite 10
Yahoo 10 14 20 27 34 41 45 51 56 62
MEUFLACC -6 10 16 25 33 36 39 43 45 48 52
MEUFLACC -8 10 16 25 33 36 39 43 45 48 52
MEUFLACC-10 | 10 16 25 33 36 39 43 45 48 52
Query No. 8: Komchadluek Weight: 0.3
News Weight: 0.6
Sports Weight: 0.7
Search Engines Number of relevant documents
68 | 136 | 204 | 272 | 340 | 408 | 476 | 544 | 612 | 680
Google 38 54 69 83 96 | 115 | 127 | 137 | 149 | 158
Altavista 38 50 64 76 84 92
Hotbot 42
Excite 33
Yahoo 38 50 60 71 80 89
MEUFLACC -6 38 54 69 83 96 | 115 | 127 | 133 | 145 | 151
MEUFLACC -8 43 60 76 94 | 104 | 126 | 134 | 145 | 159 | 164
MEUFLACC-10 | 43 60 76 94 | 104 | 126 | 134 | 145 | 159 | 164
Query No. 9: Football Weight: 0.3
Thai Weight: 0.7
Leage Weight: 0.5
Search Engines Number of relevant documents
17 34 51 68 85 | 102 | 119 | 136 | 153 | 170
Google 10 16 22 27 32 41 49 54 61 69
Altavista 9 14 20 24 28 36 44 49 52 56
Hotbot 10 16 21 25
Excite 11 17 24 25
Yahoo 9 16 22 27 30 36 43 47 51 55
MEUFLACC -6 10 15 22 27 32 41 49 54 61 69
MEUFLACC -8 10 15 22 27 32 41 49 54 61 69
MEUFLACC-10 | 10 15 22 27 32 44 52 58 64 70
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Query No. 10: Dailynews  Weight: 0.3
Bangkok Weight: 0.4
Governor Weight: 0.8

Number of relevant documents

Search Engines 5517150 1 150 | 200 | 250 | 300 | 350 | 400 | 450 | 600

Google 36 62 78 89 | 103

Altavista 38 57 68 81 94 | 110 | 121 | 128 | 135 | 145
Hotbot 33 49 54

Excite 38 42

Yahoo 35 54 68 78 87 94 | 112 | 120 | 133 | 140

MEUFLACC -6 36 62 78 89 | 103 | 113 | 121 | 126 | 132 | 135

MEUFLACC -8 36 62 78 89 | 112 | 121 | 134 | 141 | 149 | 155

MEUFLACC-10 | 36 62 78 89 | 112 | 121 | 134 | 141 | 149 | 155




Werasak Yuokoolbodee

Appendix / 178

Search Engine: Hotbot Queries: three terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.7510.772 | 0.625 | 0.552 | 0.333 0.5 ] 0.588 | 0.617 | 0.588 | 0.66 0.598
0.2 0.5 ] 0.568 | 0.473 | 0.368 | 0.223 | 0.355 0.5 047 049 0.394
0.3 0.416 | 0.515 ] 0375 | 0.333 | 0.188 | 0.27 0411 | 0.36 0.287
0.4 0.375 0.156 0.367 0.08
0.5 0.75 1 0.772 | 0.625 | 0.552 | 0.333 0.5 ] 0.588 | 0.617 | 0.588 | 0.66 0.598
0.6
0.7
0.8
0.9
1.0
Average Precision of Hotbot 0.137
Search Engine: Yahoo Queries: three terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.75 10818 | 0.571 | 0.5 0.46 | 0.588 | 0.588 | 0.558 | 0.529 | 0.7 0.606
0.2 0.625 | 0.59 | 0.482 | 0.368 | 031 | 0.388 | 0.411 | 0.367 | 0.47 | 0.54 0.455
0.3 0.5 |0.575]0.404 | 0.324 | 0.264 | 0.281 | 0.392 | 0.294 | 0.431 | 0.453 0.392
0.4 0.437 | 0.534 | 0.357 | 0.322 | 0.22 | 0.272 | 0.397 | 0.261 | 0.397 | 0.39 0.358
0.5 0.35 | 0481 | 03170321 | 0.19 | 0248 | 04 | 0.235 ] 0.352 | 0.348 0.324
0.6 0.333 | 0.484 | 0.288 | 0.324 | 0.174 | 0.235 | 0.401 | 0.218 | 0.352 | 0.313 0.312
0.7 0.454 | 0.27 | 0308 | 0.16 | 0.217 | 0.378 0.361 | 0.32 0.247
0.8 0.292 | 0.149 | 0.209 | 0.375 0345 | 03 0.167
0.9 0.28 | 0.141 | 0.193 | 0.366 0.333 | 0.295 0.161
1.0 0.26 | 0.13 0.364 0.323 | 0.233 0.131
Average Precision of Yahoo 0.315

Note: Q are the queries

Q1= Mabhidol, Library, Satang
Q3= Suranaree, University, History
Q5= MCOT, Radio, Music
Q7= CAT, Efone, 009
Q9= Football, Thai, Leage

Q2= Chulalongkorn, Entrance, Score
Q4= KMUTT, Department, Electrical

Q6= NECTEC, Thaicert, Virus

Q8= Komchadluek, News, Sports
Q10=Dailynews, Bangkok, Governor
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Search Engine: Excite Queries: three terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.7510.772 | 0.678 | 0.552 | 0.28 | 0.444 | 0.588 | 0.485 | 0.647 | 0.76 0.595
0.2 0.5]0.613 | 0.419 | 0.342 0.5] 042 0.279
0.3 0.416 | 0.53 0.47 0.141
0.4 0.375 0.367 0.07
0.5 0.3
0.6 0.25 0.109
0.7 0.25
0.8
0.9
1.0
Average Precision of Excite 0.109
Search Engine: Altavista Queries: three terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.75 | 0.727 | 0.535 | 0.477 | 0.433 | 0.666 | 0.588 | 0.558 | 0.529 | 0.76 0.599
0.2 0.75 | 0.545 | 0.455 | 0.407 | 0.303 | 0.438 | 0.441 | 0.367 | 0.411 | 0.57 0.469
0.3 0.583 | 0.56 | 0.398 | 0.385 | 0.257 | 0.362 | 0.431 | 0.313 | 0.392 | 0.453 0.414
0.4 0.5 |0.556 |0.339 | 0335 ] 0.213 | 0.33 | 0.397 | 0.279 | 0.352 | 0.405 0.37
0.5 0.45 | 0.527 | 0.307 | 0.342 | 0.189 | 0.273 | 0.411 | 0.247 | 0.329 | 0.376 0.345
0.6 0.458 | 0.53 | 0.303 | 0.328 | 0.175 | 0.251 | 0.401 | 0.225 | 0.352 | 0.366 0.339
0.7 0.519 | 0.272 | 0.308 | 0.159 | 0.233 | 0.378 0.369 | 0.345 0.258
0.8 0.292 | 0.145 | 0.215 | 0.36 0.36 | 0.32 0.169
0.9 0.28 | 0.135 | 0.201 | 0.333 0.339 | 03 0.159
1.0 0.268 | 0.126 0.329 | 0.241 0.09
Average Precision of Altavista 0.322

Note: Q are the queries

Q1= Mabhidol, Library, Satang
Q3= Suranaree, University, History
Q5= MCOT, Radio, Music
Q7= CAT, Efone, 009
Q9= Football, Thai, Leage

Q2= Chulalongkorn, Entrance, Score
Q4= KMUTT, Department, Electrical

Q6= NECTEC, Thaicert, Virus

Q8= Komchadluek, News, Sports
Q10=Dailynews, Bangkok, Governor
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Search Engine: Google Queries: three terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average
0.1 0.75 | 0.636 | 0.642 | 0.447 | 0.48 | 0.622 | 0.647 | 0.558 | 0.588 | 0.72 0.609
0.2 0.75 | 0.568 | 0.508 | 0.394 | 0.34 | 0483 | 0.5 [0397 ] 047 | 0.62 0.503
0.3 0.666 | 0.59 | 0.452 | 0.403 | 0.277 | 0377 | 0.49 | 0.338 | 0.431 | 0.52 0.454
0.4 0.562 | 0.59 | 0.379 | 0.368 | 0.23 | 0.358 | 0.485 | 0.305 | 0.397 | 0.445 0.412
0.5 0.55 | 0.581 | 0342 |1 0373 | 0.2 |0.317 | 0.447 | 0.282 | 0.376 | 0.412 0.388
0.6 0.5 10.598 | 0.333 | 0.381 | 0.185 | 0.288 | 0.421 | 0.281 | 0.401 0.339
0.7 0.464 | 0.551 | 0.336 | 0.345 | 0.17 | 0.273 | 0.386 | 0.266 | 0.411 0.32
0.8 0.437 | 0.528 | 0.328 | 0.322 | 0.155 | 0.25 | 0.352 | 0.251 | 0.397 0.302
0.9 0.388 | 0.494 | 0.319 | 0.315 | 0.145 | 0.244 | 0.333 | 0.243 | 0.398 0.288
1.0 0.375 1 0.459 | 0.308 | 0.302 | 0.136 | 0.237 | 0.323 | 0.232 | 0.405 0.278
Average Precision of Google 0.389
Search Engine: MEUFLACC - 6 Queries: three terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.75 1 0.636 | 0.642 | 0.447 | 0.48 | 0.622 | 0.588 | 0.558 | 0.588 | 0.72 0.603
0.2 0.75 1 0.568 | 0.508 | 0.394 | 0.34 | 0483 | 0.47 ] 0397|0441 | 0.62 0.497
0.3 0.583 | 0.59]0.452 0333 0277|0377 | 049 | 0338 | 0431 | 0.52 0.439
0.4 0.5] 059103791029 | 0.23 | 0.358 | 0.485 | 0.305 | 0.397 | 0.445 0.398
0.5 0.45 | 0.581 | 0.342 | 0.326 0.2 10317 ]0.423 | 0.282 | 0.376 | 0.412 0.371
0.6 0.458 | 0.621 | 0.333 | 0.32 | 0.185 | 0.288 | 0.382 | 0.281 | 0.401 | 0.376 0.365
0.7 0.392 | 0.584 ] 0.326 | 0.312 | 0.17 | 0.273 | 0.361 | 0.266 | 0.411 | 0.345 0.344
0.8 0.375 | 0.534 | 0.301 | 0.292 | 0.155 | 0.25| 0.33 | 0.244 | 0.397 | 0.315 0.319
0.9 0.361 | 0.489 | 0.303 | 0.283 | 0.145 | 0.244 | 0.313 | 0.236 | 0.398 | 0.293 0.307
1.0 0.35 1 0.459 | 0.298 | 0.271 | 0.136 | 0.237 | 0.305 | 0.222 | 0.405 | 0.225 0.291
Average Precision of MEUFLACC — 6 0.393

Note: Q are the queries

Q1= Mabhidol, Library, Satang
Q3= Suranaree, University, History
Q5= MCOT, Radio, Music
Q7= CAT, Efone, 009
Q9= Football, Thai, Leage

Q2= Chulalongkorn, Entrance, Score
Q4= KMUTT, Department, Electrical

Q6= NECTEC, Thaicert, Virus

Q8= Komchadluek, News, Sports
Q10=Dailynews, Bangkok, Governor
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Search Engine: MEUFLACC - 8 Queries: three terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.75 | 0.727 | 0.642 | 0.447 | 0.48 | 0.622 | 0.588 | 0.632 | 0.588 | 0.72 0.619
0.2 0.75 [ 0.613 | 0.508 | 0.394 | 0.34 | 0.483 | 0.47 | 0.441 | 0.441 | 0.62 0.506
0.3 0.583 | 0.636 | 0.452 | 0.333 | 0.277 | 0377 | 049 | 0.372 | 0.431 | 0.52 0.447
0.4 0.5 10.647 | 0.379 | 0.296 | 0.23 | 0.358 | 0.485 | 0.345 | 0.397 | 0.445 0.408
0.5 045 [ 0.645 0342|0326 | 0.2 |0.317 | 0.423 | 0.305 | 0.376 | 0.448 0.383
0.6 0.458 | 0.643 | 0.333 | 0.32 | 0.185 | 0.288 | 0.382 | 0.308 | 0.401 | 0.403 0.372
0.7 0.464 | 0.616 | 0.326 | 0.312 | 0.173 | 0.273 | 0.361 | 0.281 | 0.411 | 0.382 0.36
0.8 0.468 | 0.585 ] 0.301 | 0.292 | 0.16 | 0.25 | 0.33 | 0.266 | 0.397 | 0.352 0.34
0.9 0.527 | 0.565 | 0.303 | 0.283 | 0.15 | 0.246 | 0.313 | 0.259 | 0.398 | 0.331 0.338
1.0 0.55 | 0.531 | 0.298 | 0.271 | 0.141 | 0.24 | 0.305 | 0.241 | 0.405 | 0.258 0.324

Average Precision of MEUFLACC — 8 0.41

Search Engine: MEUFLACC - 10 Queries: three terms
Precision
Recall
Ql | Q2 | Q3 | Q4 | Q5 | Q6 | Q7 | Q8 | Q9 | QIO | Average

0.1 0.75 [ 0.727 | 0.642 | 0.447 | 0.48 | 0.622 | 0.588 | 0.632 | 0.588 | 0.72 0.619
0.2 0.75 [ 0.613 | 0.508 | 0.394 | 0.34 | 0.483 | 0.47 | 0.441 | 0.441 | 0.62 0.506
0.3 0.583 | 0.636 | 0.452 | 0.333 | 0.277 | 0377 | 049 | 0.372 | 0.431 | 0.52 0.447
0.4 0.5 10.647 | 0.379 | 0.296 | 0.23 | 0.363 | 0.485 | 0.345 | 0.397 | 0.445 0.409
0.5 0.45 | 0.645 10342 | 0326 | 0.2 |0.324 | 0.423 | 0.305 | 0.376 | 0.448 0.384
0.6 0.458 | 0.643 | 0.342 | 0.32 | 0.185 | 0.292 | 0.382 | 0.308 | 0.431 | 0.403 0.376
0.7 0.464 | 0.616 | 0.341 | 0.312 | 0.173 | 0.287 | 0.361 | 0.281 | 0.436 | 0.382 0.365
0.8 0.468 | 0.63 | 0.316 | 0.292 | 0.16 | 0.262 | 0.33 | 0.266 | 0.426 | 0.352 0.35
0.9 0.527 | 0.601 | 0.325 | 0.283 | 0.15 | 0.251 | 0.313 | 0.259 | 0.418 | 0.331 0.346
1.0 0.55 | 0.568 | 0.305 | 0.271 | 0.141 | 0.245 | 0.305 | 0.241 | 0.411 | 0.258 0.329

Average Precision of MEUFLACC — 10 0.413

Note: Q are the queries

Q1= Mabhidol, Library, Satang
Q3= Suranaree, University, History
Q5= MCOT, Radio, Music
Q7= CAT, Efone, 009
Q9= Football, Thai, Leage

Q2= Chulalongkorn, Entrance, Score
Q4= KMUTT, Department, Electrical

Q6= NECTEC, Thaicert, Virus

Q8= Komchadluek, News, Sports
Q10=Dailynews, Bangkok, Governor
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Query: Cluster Recall
Mobile Group 0.1 0.2 0.3 0.4 0.5
computing Wearable 1 0.666 | 0.75 | 0.571 0.5
irel
All w daetaess 1 0.5 0.6 | 0666 | 0625
clusters:16
Notebook& | 235 | 4 05 | 0571 | 0.625
Laptop
Useful
lusters:7 Palm& 1 1 0.75 0.8 0.714
clusters: Handheld . . .
ucry: .
Q ry Mainframe 0.25 0.4 0.48 0.444 0.416
Operating
System
Netware 0.5 0.5 0.5 0.4 0.333
All
clusters:107 FreeBSD 0.333 0.5 0.6 0.571 | 0.333
Useful Windows 05 | 0333 | 048 04 | 0384
clusters:32
ucry:
Q y IDS 0.5 0333 | 0428 | 0444 | 0.454
Security
All Firewall 0.5 0.5 0.375 0.4 0.357
| : ..
clusters:23 Antivirus | 04 05 05 | 0555
Useful Biometrics | 0333 | 0285 | 0375 | 0363 | 0384
clusters:10
Average Precision 0.604 | 0.484 | 0.528 0.51 0.473
F-measure 0.171 | 0.283 | 0382 | 0.448 | 0.486

UOISIOAI]
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Query: Cluster Recall
Mobile Group 0.1 0.2 0.3 0.4 0.5
computing Wearable 05 0.4 05 05 0.555
All Wireless 1 0.666 | 0375 0.4 0416
clusters:10 Tablet 0333 | 04 0.5 05 | 0454
computer
Useful PDA 0.25 04 | 0375 0.4 0.333
clusters:4
Query: Linux 0333 | 025 | 03 | 0307 | 0294
Operating
System
UNIX 02 | 0333 | 0375 0.4 0.294
All .
Operating
- 0333 | 0285 | 0375 | 0333 | 0333
clusters:40 system
Useful Windows 02 025 | 0333 0.4 0.25
clusters:8
Query: Hacking 0.25 04 | 0375 | 0363 | 0357
Security
‘ 02 | 0285 03 0333 | 0333
All Firewall
clusters:37 Virus 0333 | 0222 | 023 | 0285 | 0357
Useful DS 025 | 0285 | 0333 | 0307 | 0294
clusters:8
Average Precision 0.348 0.348 0.364 0.377 0.355
F-measure 0.155 | 0254 | 0328 | 0388 | 0415

UOISIOdIJ
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Query: ((I}luster Recall
Mobile roup 0.1 0.2 0.3 0.4 0.5
computing Wearable 1 1 0.75 0.571 0.5
All clusters: Wireless 1 0.5 0.6 0.571 0.625
Tablet
1 0.5 0.75 0.666 0.5
Useful computer
clusters: PDA 1 1 0.5 0.5 | 0454
Query: Linux 025 | 04 | 0428 | 0444 | 0416
Operating
System =
UNIX 0.333 0.4 0.5 0.4 0.333 =
(¢}
All clusters: : @
Operating 0.5 | 0666 | 06 | 0571 | 0555 |8
system
Useful :
clusters: Windows 0.5 | 0333 | 0428 | 0444 | 0.384
uery: .
Q ry Hackmg 0.333 0.4 0.375 0.444 0.357
Security
i 0.5 . . . .
All clusters: Firewall 0.666 0.6 0.444 | 0.454
Virus 1 0.5 0.5 0.571 0416
Useful
clusters: IDS 0.333 0.4 0.5 0.5 0.555
Average Precision 0.645 0.563 0.544 0.51 0.462
F-measure 0.173 | 0295 | 0386 | 0448 | 048
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Search Engine: MEUFLACC-8

Query: Cluster Recall
Mobile Group 0.1 0.2 0.3 0.4 0.5
computing Wearable 1 1 0.75 0.8 | 0833
All clusters: Wireless 1 0.5 0.6 0.571 | 0.625
Tablet 1 0.5 0.6 | 0.666 | 0555
Useful computer
clusters: PDA 1 1 0.6 0.666 0.714
Query: Linux 05 | 0666 | 0428 | 0444 | 05
Operating
System
UNIX 0.333 0.4 0.428 0.5 0555 | @
[¢']
All clusters: . 8
Operating 1 0666 | 06 | 0666 | 0555 | &
system =
Useful :
clusters: Windows 1 0.5 0.6 0.444 0.5
ucry: .
Q y Hacking 0.333 0.5 0.428 0.5 0.5
Security
i 0.5 0.666 0.6 0.444 | 0.454
All clusters: Firewall
Virus 1 1 0.75 0.571 | 0.416
Useful
clusters: IDS 0.333 0.4 0.5 0.5 0.555
Average Precision 0.749 0.649 0.573 0.564 0.563
F-measure 0.176 | 0305 | 0393 | 0468 | 0.529
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Cluster Recall
Qu]eor.\ly: Group 0.1 0.2 0.3 0.4 0.5
Mobile
computin Wearable 1 1| 075 | 08 | 0833
puting Computing
Wireless
Allclusters: | Networking 1 0.5 0.6 | 0666 | 0.714
Tablet
1 0.5 1 0.666 0.555
Usetul computer
clusters:
PDA 1 1 0.6 0.666 0.714
Query: BeOS 05 | 0666 | 075 | 0444 | 05
Operating
System oy
UNIX 1 0.666 0.6 0.571 0.555 e
All clusters: %‘
X-Windows 1 1 0.6 0.666 | 0.555 | =
Useful :
clusters: Windows 1 0.5 0.6 | 0571 | 0.625
Query: Hacking 0333 | 05 | 0428 | 05 0.5
Security
i 0.5 0.666 0.6 0.666 0.555
All clusters: Firewall
Virus
1 1 0.75 0.8 0.833
Useful &Worms
clusters: Cryptography | 0.5 0.4 0.5 0.5 0.555
Average Precision 0.819 0.699 0.648 0.626 0.624
F-measure 0.178 | 0311 | 041 | 0.488 | 0.555
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Query No. 1: XML

Search Eneines Order of documents
g 1 | 2 [ 3[4 561 7819710
CBCMSE-3 6 8 17 21 22 26 28 32 35 42
CBCMSE-5 1 2 4 5 13 25 26 30 32 41
CBCMSE-7 1 2 9 11 20 24 25 33 36 40
MEUFLACC -3 1 2 4 5 6 9 11 12 13 15
MEUFLACC -5 1 2 4 5 6 7 8 10 14 16
MEUFLACC -7 1 2 4 5 6 8 9 10 12 15
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4 5
Relevant
J ¢ 9 1
CBCMSE-3 S
All 39 4
documents
dRelevan: 4 6
CBCMSE-5 S
All 6 40
documents
Relevant ) 3
CBCMSE-7 documents
All
documents 3 40
dRelevan: 3 )
MEUFLACC -3 |t
All 18 5
documents
Relevant
documents 8 3
MEUFLACC -5
All
20 6
documents
Relevant
J ¢ 8 3
MEUFLACC — 7 |t
All
20 6
documents
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Query No. 2: Text clustering algorithm

Search Eneines Order of documents
g 1 ] 23 456 7187 910
CBCMSE-3 3 4 7 12 15 20 22 24 31 32
CBCMSE-5 3 4 5 11 12 13 15 21 23 28
CBCMSE-7 1 2 6 10 11 12 13 20 22 28
MEUFLACC -3 1 2 4 5 6 8 10 12 13 14
MEUFLACC -5 2 3 4 7 8 9 10 12 14 15
MEUFLACC -7 1 2 4 5 6 8 10 12 13 14
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4 5
dRelevan: 4 1 4
CBCMSE-3 OC‘Xﬁen 5
19 2 10
documents
dRelevan: ) 1 7
CBCMSE-5 S
All
4 2 24
documents
Relevant ) 1 7
CBCMSE-7 documents
All
documents 4 2 24
dRelevan: 4 ) ) 3
MEUFLACC -3 - 5=
10 5 4 4
documents
dRelevan: 4 1 1 5
MEUFLACC — 5 Ociﬁen 5
15 5 2 14
documents
Relevant
documents 6 3
MEUFLACC -7
All
13 7
documents




Fac. of Grad. Studies, Mahidol Univ.

Query No. 3: WAP

M.Sc.(Computer Science) / 189

Search Eneines Order of documents
g 1 | 2 [ 3[4 561 7819710
CBCMSE-3 1 2 3 4 6 7 10 16 19 24
CBCMSE-5 1 2 3 4 6 7 12 14 20 27
CBCMSE-7 1 3 5 7 8 9 10 11 13 23
MEUFLACC -3 1 2 3 4 9 11 14 15 17 18
MEUFLACC -5 1 2 3 4 8 9 12 15 17 18
MEUFLACC -7 1 2 3 4 5 7 12 14 17 18
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4 5
dRelevan: 4 ) 1 3
CBCMSE-3 SV
4 4 3 20
documents
dRelevan: 4 ) 1 1 )
CBCMSE-5 SV
4 7 2 2 20
documents
Relevant
CBCMSE-7 documents ! ! 6 I 1
All 2 2 7 7 16
documents
Relevant
J ¢ 14
MEUFLACC -3 |t
All )5
documents
Relevant
J ¢ 16
MEUFLACC — 5 |t
All 79
documents
Relevant
J ¢ 18
MEUFLACC — 7 |t
All 10

documents
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Search Engines Order of documents
1 2 3 4 5 6 7 8 9 10
CBCMSE-3 2 4 9 11
CBCMSE-5 1 2 4 10
CBCMSE-7 2 5 6 8
MEUFLACC -3 2 4 5 6 7 8 11 14 16 18
MEUFLACC -5 2 4 5 6 7 8 11 14 15 18
MEUFLACC -7 2 4 5 6 7 9 10 13 15 16
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4
Relevant 4
CBCMSE-3 documents
All 1
documents
Relevant
documents 2 3
CBCMSE-5
All ) 1
documents
Relevant 3 3
CBCMSE-7 documents
All
documents 6 1
Relevant
J ¢ 4 6
MEUFLACC -3 |t
All 15 19
documents
Relevant
documents 7 3
MEUFLACC -5
All 17 10
documents
Relevant
J ¢ 8 6
MEUFLACC — 7 |t
All
20 17
documents
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Search Eneines Order of documents
g 1 | 2 [ 3[4 561 7819710
CBCMSE-3 1 2 3 4 5 7 8 9 11 12
CBCMSE-5 1 2 3 4 5 7 8 9 11 12
CBCMSE-7 1 2 3 4 5 7 8 9 11 12
MEUFLACC -3 1 2 4 7 8 9 12 14 16 18
MEUFLACC -5 1 2 3 5 6 9 12 13 14 16
MEUFLACC -7 1 2 4 5 6 7 9 10 14 15
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4
Relevant
J ¢ 13
CBCMSE-3 S
All 21
documents
Relevant
J ¢ 13
CBCMSE-5 S
All 21
documents
Relevant 13
CBCMSE-7 documents
All
documents 21
dRelevan: 3 4 4
MEUFLACC -3 |t
All
6 12 10
documents
dRelevan: 7 4
MEUFLACC — 5 |t
All 14 16
documents
Relevant
d ¢ 8 5
MEUFLACC — 7 |t
All
18 18
documents
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Query No. 6: UML

Search Eneines Order of documents
g 1 | 2 [ 3[4 561 7819710
CBCMSE-3 2 3 4 5 7 8 10 11 23 24
CBCMSE-5 2 3 4 5 7 8 10 11 24 25
CBCMSE-7 2 3 4 5 7 8 10 22 24 25
MEUFLACC -3 2 4 5 8 9 10 13 15 16 19
MEUFLACC -5 1 2 3 5 7 10 11 12 15 16
MEUFLACC -7 1 2 3 4 7 10 11 12 14 16
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4 5
dRelevan: 2 )
CBCMSE-3 S
All 20 9
documents
dRelevan: 2 )
CBCMSE-5 S
All 21 5
documents
Relevant 2 )
CBCMSE-7 documents
All
documents 21 3
Relevant
d t 12
MEUFLACC -3 |t
All 20
documents
Relevant
J ¢ 15
MEUFLACC — 5 |t
All )3
documents
Relevant
J ¢ 17
MEUFLACC — 7 |t
All
30
documents
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Search Eneines Order of documents
g 1 | 2 [ 3[4 561 7819710
CBCMSE-3 2 3 4 6 7 8 12 15 16 18
CBCMSE-5 2 3 4 6 7 8 9 15 16 18
CBCMSE-7 2 3 4 6 7 8 9 15 16 18
MEUFLACC -3 1 2 3 5 9 12 13 14 18 19
MEUFLACC -5 1 2 3 5 9 12 13 14 18 19
MEUFLACC -7 1 2 3 5 6 7 8 10 12 14
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4
dRelevan: 7 1 3
CBCMSE-3 S
All 11 1 13
documents
Relevant
documents 8 3
CBCMSE-5
All 12 14
documents
Relevant 2 3
CBCMSE-7 documents
All
documents 12 1
Relevant
J ¢ 10
MEUFLACC -3 |t
All 20
documents
Relevant
d t 12
MEUFLACC — 5 |t
All 16
documents
Relevant
d t 12
MEUFLACC — 7 |t
All 18

documents
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Query No. 8: FDDI

Search Eneines Order of documents
g 1 | 2 [ 3[4 561 7819710
CBCMSE-3 1 2 3 4 5 6 7 11 13 14
CBCMSE-5 1 2 3 4 5 6 12 14 15 20
CBCMSE-7 1 2 3 4 5 6 7 14 16 17
MEUFLACC -3 1 2 3 4 6 7 8 11 15 16
MEUFLACC -5 1 2 3 4 6 7 8 10 13 14
MEUFLACC -7 1 2 3 4 7 8 9 11 13 14
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4 5
Relevant
J ¢ 10
CBCMSE-3 S
All 18
documents
Relevant
documents ? 1
CBCMSE-5
All 19 3
documents
Relevant 10
CBCMSE-7 documents
All
documents 21
Relevant
J ¢ 10
MEUFLACC -3 |t
All 16
documents
Relevant
J ¢ 13
MEUFLACC — 5 |t
All 19
documents
Relevant
J ¢ 14
MEUFLACC — 7 |t
All
22
documents
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Query No. 9: RMON

Search Eneines Order of documents
g 1 | 2 [ 3[4 561 7819710
CBCMSE-3 1 2 4 5 6 7 8 9 11 12
CBCMSE-5 1 2 4 5 6 7 8 9 11 12
CBCMSE-7 1 2 4 5 6 7 8 9 11 12
MEUFLACC -3 1 3 4 7 8 9 10 12 13 15
MEUFLACC -5 1 3 4 7 8 9 10 12 13 15
MEUFLACC -7 1 3 4 7 8 9 10 12 13 15
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4 5
Relevant
J ¢ 10
CBCMSE-3 S
All 7
documents
Relevant
J ¢ 10
CBCMSE-5 S
All 7
documents
Relevant 10
CBCMSE-7 documents
All
documents 23
Relevant
documents 6
MEUFLACC -3
All 10
documents
Relevant 1
MEUFLACC 5 -documents
All 14
documents
Relevant
documents 14
MEUFLACC -7
All
16
documents
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Search Eneines Order of documents
g 1 | 2 [ 3[4 561 7819710
CBCMSE-3 1 2 3 5 6 8 10 15 16 18
CBCMSE-5 1 2 3 5 7 9 11 16 17 18
CBCMSE-7 1 2 3 5 6 8 10 12 18 19
MEUFLACC -3 1 2 3 6 7 9 10 11 14 17
MEUFLACC -5 1 2 5 6 7 9 10 11 14 17
MEUFLACC -7 1 2 4 5 6 7 9 10 12 13
Keyphrase Number of viewed clusters
Extractions Number of 1 2 3 4
Relevant
documents 7 3
CBCMSE-3
All 14 7
documents
Relevant
document 7 3
CBCMSE-5 S
All 14 6
documents
Relevant 3 5
CBCMSE-7 documents
All
documents 17 6
Relevant
d t 12
MEUFLACC -3 |t
All 16
documents
Relevant
J ¢ 15
MEUFLACC — 5 |t
All 20
documents
Relevant
J ¢ 15
MEUFLACC — 7 |t
All 20

documents
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	       When the novice users do not know what should they do, the help button will assist them by showing a page that illustrates what is the system, how to search and the search criteria.  The help page is shown below in Figure 4.16.
	        The cluster member list shown in Figure 4.20 has the same information as the results in the ranked list page.
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