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ABSTRACT

Explosive increase of global wide web using has led to “web searches”
as one of the most important tasks in our daily lives. However, most
web users discover that only a few results are valuable among
thousands of results returned. The purpose of this thesis is to derive a
new and improved way of web searching. To that end, research aimed at
solving the above mentioned problems and surveying the methodologies
or approaches adapted to them was found first. Some research papers
give hints that help analyze user requirements for web searches. This
survey on background research papers and user requirement analyses is
one basis of my thesis. Another research area related to Formal Concept
Analysis that is the theoretical background of my thesis is also
surveyed. Following the research papers surveyed, a new searching
methodology, the advanced web searching methodology based on formal
concept analysis. 1s proposed. A lattice derived from the Formal
Concept Analysis gives dynamic and interactive aspects to the new

niche search engine.

KEY WORDS: Formal Concept Analysis, Lattice, Web, Search, Dynamic,

Interactive, Advanced
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1. INTRODUCTION

1.1 Current situation of web searching

Explosive increase of web using.

As more of the population goes on-line, and as more tasks are performed
on the web, the need for better search services is becoming increasingly
important [43]. The internet has grown rapidly since its inception in Dec.
1969 and is anticipated to expand 1,000% over the next few years [4].
The WWW represents significant advancements for the retrieval and
dissemination of scientific and other literature and for the advancement
of education [4,75]. A recent study by Lawrence and Giles estimated the
size of the web at about 8 billion indexable pages [42]. In addition, the
amount of scientific information and the number of electronic journals

on the internet continue to increase'.

Importance of web searching

A GVU’ study showed that about 85% of web users launch search
engines to locate information [35], and users rate searching as the most

important activity conducted on the internet [37]. Immediate access to

' More than 1,000 journals as of 1996 were reported to be opened on the web [4,68].
? Graphic. Visualization, and Usability Center at Georgia Tech
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all scientific literature has long been a dream of scientists, and web
search engines have made a large and growing body of scientific
literature and other information resources accessible within seconds.
Scientific information retrieval, previously dominated by librarians, is

now directly available to a widespread group of scientists [62].

Difference of web searching with traditional IR(Information Retrieval)
The networked and dial in connectivity available to web searchers
creates a near ubiquitous online searching environment. Now, the web
appears to be a whole new searching environment [65]. The web is
distributed, dynamic, and rapidly growing. As a result, information
resources present difficulties for traditional information retrieval
technologies [34]. Traditional information retrieval systems were
designed for different environments and have typically been used for
indexing a static collection of directly accessible documents [61]. But
the WWW is not similar to a database. For example, there is no uniform
structure, no integrity constraints, no transactions, no standard query
language or data model [22]. Search engines can return documents that
do not contain the query terms. This behavior can occur because (i) the
information retrieval technology used by the engine may not require an
exact match (for example, Excite uses ‘concept-based clustering’, and
Infoseek uses morphology; these engines can return documents with

related words), (ii) documents may no longer exist (an engine that never
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deletes invalid documents would be at an advantage), (iii) documents
may still exist but may have changed and no longer contain the query

terms [47].

Increased necessity of new approach to web searching

Querying the web has understandably gathered much attention from both
researchers and industry [30]. With the advent of the WWW, a new
category of searching now presents itself [36]. With the rapid expansion
of information bases and user communities in the internet, efficient and
effective discovery and use of the resources in the global information
network have become an important issues in research into global
information systems [74]. The popularity of the WWW has made it a
prime vehicle for disseminating information. The relation and querying
of this information has led to a significant body of recent research

addressing these problems [22].

Problems of web searching

When searching the web, a user can be overwhelmed by thousands of
results retrieved by a search engine, few of which are valuable [28]. And
among the retrieved results, the percentages of invalid links were, from
best to worst, 1.6% for Lycos, 2.0% for Excite, 2.5% for Altavista, 2.6%

for Infoseek, 5.0% for Northen Light, and 5.3% for Hotbot [47].



Also, languages for querying www data are too complex for casual web
users. Furthermore. proposed query approaches do not take advantage of
the interactivity of typical web sessions - users are proficient at
iteratively refining their web explorations. Search engines assume little
about the semantics of a document, which works well for the
conglomeration of disparate data sources that make up the web. But for
searching within a single web site, a search engine may be too blunt a

tool [30].

Nowadays, large web sites with thousands of pages are attracting
millions of users. For example, the ESPN Sports site (espn.com) has
over 90,000 different pages [66] and several million page views a day
[67]. As large as some sites may be, they are fundamentally different
from the web as a whole since a single site usually has a controlled point
of administration. Thus, it becomes possible to consistently assign and
expose the site’s semantic data relationship and thereby enable more

expressive searches [30].

1.2 Purpose of this thesis.

The purpose of this thesis is to derive a new and improved way of web

searching. For that, research aimed at solving the above mentioned

-4-



problems and surveying the methodologies or approaches adapted to
them is found first. Some research papers give hints that help analyze
user requirements for web searches. This survey on background research
papers and user requirement analyses will be a basis of my thesis.
Another research area related with Formal Concept Analysis that is the
theoretical background of my thesis is also surveyed. Following the
research papers surveyed, a new searching methodology, the advanced
web searching methodology based on formal concept anlaysis, is

proposed.

1.3 Brief description of remainder chapters

The remainder of this paper is organized as follows:

Chapter 2 surveys the web searching methodologies such as explicit
customization of searching (section 2.1), implicit customization of
searching (section 2.2), specialized search engines for specific domains
(section 2.3), interactive query and search (section 2.4), combining the
results of multiple search engines (section 2.5), and data representation

for web databases (section 2.7).

Chapter 3 gives user requirement analysis for web searching.
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Design phase is described in the chaprer 4. Formal Concept Analysis
(FCA). a theoretical base of this thesis paper, is suggested and the
overview of it is given in the section 4.1 followed by the definition of a
new searching methodology in section 4.2. A simple example showing
the operation of FCA is given in section 4.3.

Chapter 5, implementation details, follows the design phase: tools
description (section 5.1); information gathering (section 5.2); lattice

construction (section 5.3); user interface(section 5.4).

Finally some words for ‘evaluation and future work’ are given in the

chapter 6.

References, source codes (Appendix A~C) and tools description

(Appendix D~G) are attached.



2. SURVEY OF WEB SEARCHING METHODOLOGIES

2.1 Explicit customization of searching

“Explicit” is a term used to refer to certain customizing actions for
searching made by users. This approach aims at improving the quality of
result from web search engines. The preferences define a search strategy
that specifies source selection, query modification, and result scoring

[26].

A project named Inquirus 2 at NEC Research Institute requests context
information (user preference) that is in the form of a category of
information desired [26,28]. This project is based on the assumption
that it is a user’s information need that determines which documents are

valuable [28].

Therefore, different results may come out of the same query depending
on the different user preferences. It is said that Inquirus2 has proven to
be highly effective at improving the precision of search results within

given categories [43].



Fig. 1 The architecture of a standard meta search engine [28]

sedee i N Preferences

Fig. 2 The architecture of a Inquirus2 search engine [28]

Recent research related to Inquirus2 includes learning methods that

automatically learn query modification [14,27].

Problem

The problem of this approach is that a user’s explicit action of defining

context information is required.



2.2 Implicit customization of searching

In this approach. no explicit actions from users such as requesting any
document or setting any preference are made. All the users’ preferences
are inferred by the system. Information related to current action of a
user is brought as the user opens some documents, this approach is also
called a “just-in-time information system’ [8]. Designers of such
systems typically make the assumption that the goal of the system should
be to retrieve objects that are similar to the one currently being
manipulated like word processors, WWW browsers, e-mail systems [8].
Rhodes [58] said “long-term use of such system provides a deeper

understanding of the users’ context.”

2.2.1 Server model

The search engines Excite(http://www.excite.com), Lycos
(http://www.lycos.com), Google (http://www.google.com), and Yahoo
(http://www.yahoo.com) provide special functionality for certain kinds

of queries.

Google keeps track of a user’s previous queries and selected documents,
and uses this information to infer user interests. For example, a user who
searches for material related to computer science may have the

homepage of a computer scientist ranked highly. Queries to Excite and
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Lycos that match the name of an artist or a company produce additional
results that link directly to a artist or company information. In Yahoo, a
query for a sports team name leads a user to links of other teams and

league information [43].

Problem: The cost is too expensive for the major web search engines

2.2.2 Client model

Watson Project

Watson is based on the content of documents being edited in Microsoft
Word, or viewed in Internet Explorer. The documents that users are
editing or browsing are analyzed with an algorithm that aims to identify
words indicating a content of the documents. Then the words are
weighted heuristically by the algorithm. If a user enters an explicit
query, Watson modifies the query based on the content of the documents
being edited or viewed, and forwards the modified query to web search
engines; thus it automatically adds context information to the web

search [7,8,9].

-10-
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Fig. 3 Watson is recommending related documents to a user.

Remembrance Agent(RA)

Remembrance Agent can be thought of as a UNIX version of the Watson
project (actually, Remembrance Agent precedes Watson in time).
Remembrance Agent references an Emacs editor instead of Microsoft
Word in the Watson project. It keeps eye on specific files of a user like
email messages or research papers viewed in Emacs and keeps searching
for related documents while the user edits the document in the Emacs
editor in a UNIX environment [58,60]. With RA, users neced not have a
query in mind, or even know that information relevant to their situation
exists since RA gives information without any prompting. So, users do

not know that useful information exists in their given context.
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Margin Notes

When a user refers to a web page. Margin Notes loads a new HTML
document having a black margin to the right side of the document which
has hyperlinks to personal files. [t then compares each section of the
document to pre-indexed email achieves, notes files, and other text files,
based on co-occurring keywords. If one of these files is found to be
relevant to the current section of the web page, a small *suggestion box’
is included in the margin next to the relevant section. The box contains a
quick description of the suggested text, an bar representing the

relevance of the suggestion, and a link to get more information [59].

Figure 1: A screenshot of the web version of this paper. annotated by Margin Natas. The database used for
this example is a subset of the INSPEC database of paper abstracts. The suggested document, listed in the
black margin to the right. is a paper trom SigCHL Bulletin that discusses the display of intarmation and

cagnitive load. The sugg & was previously unk by the author, bt is now being added 10
his thasis reading list,

Fig. 4 Sample screen using Margin Notes

Autonomy'’s Kenjin Program
This program also automatically suggests content from the web or local
files, based on the documents a wuser 1is reading or editing

[http://www.kenjin.com].
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Fab

This approach offers two kinds of services. One is a content based
service which recommends items based on local information and the
other is a collaborative service which recommends items based on the

recommendations of other users [3].

Letizia
Letizia is an agent which helps a user browse the web. This agent is
interested in the behavior of users who browse web sites by following

links and searching the web as a background process.

o]

Suggestions from Letezia for:
Ageat BibTex Viles Bearch Mu

Boncys £ rupymet pow donk #t: )
Aveiiols w EOORAL i B ) - .

A R

‘ond res A the Supo. > puy

S I e

AT R AN Ot Ay e T e T e T T g
RGN : 2

- ' m -.“:TMM Fil h ‘nm“ 7.1
¢ - Latmm try ¢ coms wp wilh meIv INgELisns

o I

Fig. 5 Sample screen offered from Letzia
[t tries to anticipate what items may be of interest to the user. A request

from the user drives Letizia to display a page containing its current

-13-



recommendations as shown in Fig. 5 [49].

WebWatcher [2]. Syskill and Wbert [55] are also other similar tries.

Problem

Watson and Kenjin extract context information only from the current
document that a user is editing or viewing [43] and there is no way to
gather appropriate user context information if the user views a web page
that has no relation with the user’s current interest. Remembrance Agent
actually cannot learn which of those suggested documents are actually
useful [60]. Automatic and even unrequested information may confuse

users’ web activities [59].

2.3 Specialized search engines for specific domains

“Specialized” is a term to indicate that for some specific topics specific
search engines that are only interested in the topics have much better
performance than general purpose search engines. Currently, thousands
of specialized search engines already exist (http://www.completeplanet.

com, http://www. invisibleweb.com).

The following sites are examples of specialized sites favored by

-14-



scientists in the world:

Reaserchindex [http://www.researchindex.org]

Researchindex automates the creation of citation indices for scientific
literature. provides easy access to the context of citations to papers and
has specialized functionality for extracting information commonly found

in research articles [44.,45.46].

DEADLINER(currently under testing)

Parses conference and workshop information from the web, newsgroups

and mailing lists [41].

FlipDog [http://www.flipdog.com]

Parses job information from employee sites.

HPSearch [http://hpsearch.uni-tier.de/hp/]

Indexes the homepages of computer scientists.

The main problem of specialized searches can be viewed two. The first
one is the problem of a specialized search engine itself. That is to say,
the specialized search engine must have some efficient algorithm to
identify specific sites (communities) having their own interests. The

second one is the problem of users. Namely, users don’t know which

-15-



sites have specialized search engines of interest to them or what are the

addresses (URLs) of the sites.

For these reasons, two closely related approaches are being researched

as follows:

2.3.1 Algorithms for community identification

A web community is defined as “a collection of pages where each
member has more links inside the community than outside of the
community” [43]. Several algorithms for identification of communities

of related pages on the web have been proposed.

a. Algorithm for topic distillation in a hyperlinked environment [5]

b. Automatic resource compilation by analyzing hyperlink structure and
associated text [11]

c. Focused crawling: an approach to topic-specific web resource
discovery [12]

d. Crawling through URL ordering [13]

e. Focused crawling using context graphs [17]

f. Efficient identification of web communities [21]

g. Inferring web communities from link topology [25]

h. Authoritive sources in a hyperlinked environment [39]

i. Using reinforcement learning to spider the web [57]

-16 -



2.3.2 Methods for locating specialized search engines.

[t may be the best solution for web users if the general purpose web
search engine like Google can locate the specialized search engine for
the users. However, an important issue for the major search engines to
maintain their services is to keep as many users as possible. This

situation has led to many researches to this area.

a. Server selection on the world wide web [16]

b. Experiences with selecting search engines using meta-search [18]
c. Profusion: Intelligent fusion from multiple distributed engines [24]
d. STARTS: Stanford proposal for internet meta-searching [33]

e. GIOSS: Text-Source discovery over the internet [32]

f. Generalizing GIOSS to vector-space database and broker [31]

g. Selecting task-relevant sources for just-in-time retrieval (48]

h. Estimating the usefulness of search engines [50]

1. Effective retrieval with distributed collections [72]

2.4 Interactive query and search based on semistructured

databases

In this approach, users can begin with a simple keyword search, and then
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dynamically browse the structure of the result, and finally submit further
refining queries. Recently., numerous researchers have proposed
semistructured data models, databases, and languages for modeling.
storing. and querying WWW data. Such proposals argue that graph-based
semistructured or unstructured database. without the requirement of an
explicit schema, is better suited than traditional database systems for

storing the varied, dynamic data of the web.

DataGuides. an interactive query tool, supports maintaining dynamic
schemas that are generated from the database. Goldman and Widom [29]
said “DataGuides is useful for browsing database structure, formulating
queries. storing information such as statistics and sample values, and

enabling query optimization™.

Problem
While dynamic results given by a interactive query tool like DataGuides
may be an important technology in the future, presenting the results as a

summary of paths from the root may also confuse the users.

Many languages from the coresponding research papers are proposed for

this kind of approach.
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Lorel
Lorel is said to be a user-friendly language in the SQL/OQL style for

querying databases and can be viewed as an extension of ODMG? and the

language as an extension of OQL" [1].

UnQL

UnQL is a query language suitable for unstructured data models in which
each component of the database carries its own description and is
independent of other components. Buneman [10] proposed a simple

language UnQL for querying data organized as a rooted, edge-labeled

graph.

StruQL
StruQL is a language for the management of semistructured data, as well

as a view definition for such data [20].
GraphlLog
GraphLog is a visual query language designed for general purpose

database applications [15].

Problem

* Object Database Management Group
* Object Query Language
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So far, for the semistructured or unstructured data there has been little
discussion of who will query such data and what typical queries will
look like. Given the domain, usually a large and important group of
clients is simply casual web users. It’s nonsense to expect a typical web
user to type such complicated queries. A research paper on queries of
semistructured data by Goldman [30] also indicates above problem as,
"It is possible to handle certain queries by having users fill in hard-

coded forms, but this approach by nature limits query flexibility.”

2.5 Combining the results of multiple search engines

This approach aims at improving the coverage of results from web search
engines. The primary advantages of a metasearch engine over a single

search engine are increased coverage and a consistent interface [63].

Another alternative for the meta search engines like MetaCrawler [47] is
the “softbot’. The softbot transforms queries into goals and uses a
planning algorithm to generate a sequence of actions in order to satisfy
the goal [19]. One successful implementation of softbot is “AHOY!”

Service, which locates home pages for individuals.
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2.6 Data Representation for web database

Graph data models

In this model, nodes represent web pages (or internal components of web
pages), and arcs (edges) represent links between pages. The labels on the
edges can be viewed as attribute names. Along with a labeled graph
model, several query languages have been developed. One central
feature that is common to these query languages is the ability to
formulate regular path expression queries over the graph. Regular path

expressions enable posing navigational queries over the graph structure

Semistructured data models

Semi structured data refers to data with some of the following

characteristics [22]:

a. The schema is not given in advance and may be implicit in the data.

b.The schema is relatively large (with respect to the size of data) and
may be changed frequently.

c. The schema is descriptive rather than prescriptive, i.e., it describes
the current state of the data, but violation of the schema is still
tolerated.

d. The data is strongly typed, i.e., for different objects, the value of the

same attribute may be of differing types.
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In many cases. the structure of the data is irregular. Specifically, when
modeling the structure of a web site, we don’t have a fixed schema that
is given in advance. When modeling data coming from multiple sources,
the representation of some attributes (e.g., addresses) may differ from
source to source [22]. Hence. several projects have considered models of
semistructured data. The initial motivation for this work was the
existence and relative success of permissive data models such as in the
scientific community [69], the need for exchanging objects across

heterogeneous source [52], and the task of managing document

collections [51].

OFEM (Object Exchanging model)
This is one of the proposed data models for semistructured data. In this
data model, each object is described by a triple consisting of a label, a

type, and the value of the object [56].

Some examples of research papers dedicated to other data models for

web searching are Haystack [38] and Unstructured data model [10].
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3.USER REQUIREMENTS ANALYSIS: INCREASING NEED OF

DYNAMIC AND INTERACTIVE WEB SEARCHING

Most of the internet users utilize search engines as their important
tool.

A GVU’ study showed that about 85% internet users launch search
engines to locate information [35]°. And users rate searching as the most

important activity conducted on the internet [37].

General web search engines are not good for tailored result

But, the major web search engines have significant limitations - they are
often out-of-date; they only index a fraction of the publicly indexable
web; they do not index documents that require authentication; and they

do not index sites equally [6.42].
Users looking for documents within specific categories may have a
difficult time locating valuable documents using general purpose search

engines [26].

Web search engines generally treat search requests in isolation. The

* Graphic, Visualization, and Usability center at Georgia Tech.

® Another research shows that 71% of web users accesses search [33].
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results for a given query are identical and independent of the user or the
context in which the user made the request [43]. Web users are
compared and contrasted with users of traditional information retrieval
and online public access systems to discover if there is a need for more
studies that focus predominantly or exclusively on web searching. The
comparison in Jansen and Pooch [36] indicate that “web searching

differs from searching in other environments.”

Users want simple querying mechanism

The most common query length was two terms. In query syntax, the
majority of queries contained no boolean operators. Kirsch, the
chairman and founder of Infoseek Corporation, reported that the average
query on Infoseek was 2.2 terms; although about 10% of the queries
contained boolean operators, only 1% of the queries utilized advanced
searching techniques, and the majority of queries were noun phrases

[40].

User’s need for dynamic and improved response from search engine is
increasing.

The Excite report [73] says that “The average query length in the U.S.
has increased from 1.5 terms in 1996 to 2.6 terms in 1999 and the use of
boolean operators has increased from 22% in 1996 to 29% in 1999.” It

also states that “web searching is precision based with over 70% of
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Excite searchers looking at only the top ten results or the first page of
results. Over 29% of Excite searchers utilized suggestions from the

online thesaurus.”

The requirements described above motivate a new search engine that is
different from current search systems surveyed in the previous chapter.
The new search engine is needed to give users simple but meaningful

query mechanism with a preferably dynamic aspect.

A simple, dynamic, and meaningful query mechanism can be obtained
based on a lattice and the lattice can be constructed by Formal Concept

Analysis.
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4. DESIGN : INTRODUCTION OF FORMAL CONCEPT ANALYSIS

4.1 Formal Concept Analysis overview

Formal Concept Analysis (FCA) is a data analysis technique based on an
ordered lattice theory. It can provide graph-based visualizations of
tabular data and has successfully been applied to a number of fields
including Text Data Mining, Psychology, Scocial Science and Software
Engineering [70], especially in identifying modules [64], retrieving

functions or software [53,54].

Formal Concept Analysis (FCA)’, a relatively new field of applied
mathematics. emerged as a branch of applied lattice theory. FCA
provides a way to identify sensible groupings of objects that have
common attributes [71] and gives a technique to create the concept
lattice. The central idea of formal concept analysis is the understanding
that a fundamental unit of thought is a concept and a context. A concept
consists of two parts: the extent which contains all attributes common to
all the objects, and rhe intent which contains all attributes common to all

the objects [23].

7 FCA was introduced by Wille.
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A formal context is a triple(O,A,R) where O is a finite set of elements
called objects of the context, A is a finite set of elements called
attributes of the context, and R is a binary relation on OX A ((0,a) €R

means that the object o has the attribute a where o € O and acA).

A formal concept of the context (O,A,R) is a pair (E.I) where EcO and
IcA. I'is called intent and is the set of attributes common to the objects
in E, and E is called extent and is the set of objects that have all

attributes in [.

An Ordering (<) among concepts is defined as follows :
Concept,: (E,, I,) < Concept,: (E,, [,)
iff E,cE,
or iff I,c< I,

[t is read ‘concept | is sub-concept of concept 2’

4.2 Definition of new searching methodology : Advanced web

search based on Formal Concept Analysis?®

® This is a new approach never been tried by others.
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“Advanced” is a term used to refer ‘interactive’ and ‘dynamic’. That is
to say. our approach will give users a way to find their final searching
category interactively. The user is given an available set of keywords
from the system. The keyword set will be dynamically changed
according to the user’s position in a given lattice. The user will find his
final category by narrowing or broadening a scope using the dynamically

given keyword set.

So far, FCA has been applied only to systems that require relatively
small amounts of data to be processed, an it has not been introduced into
the field of web searching in which huge amounts of data must be
processed. Moreover, the FCA is barely applicable to the system since it
costs too much to construct the lattice. But, our approach has no interest
in such a general searching system. The point is that the FCA may have a
great role in web document searching field like those given above. Our
approach will concentrate on relatively small sets of data, for example,
specialized categories like ‘patent’, ‘specialized search engine’,
‘directories from major search engines’ or ‘a specific domain such as

ESPN or CNN’ and so on.

Example I : Category Locator
In this scenario, category means the directuries from major search

engines which offers ‘category search’ such as Yahoo, Altavista,
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Lycos, Infoseek, Hotbot and so on.

Every directory (category) is analyzed based on the formal concept. And
then. the information like category name. link for the category, and
keywords related with the category is stored in the form of concept
lattice. Finally, the information in the lattice will be retrieved in

response to users’ requests.

With the aid of lattice, users are dynamically and interactively offered
available categories as they zoom in or zoom out the scope of their
search. If a user select a link from suggested result set, the user will be

lead to a category that hold a lot of related sites with the user’s request.

[deally or hopefully, all the categories from the dominant web search
engines will be suggested simultaneously. Therefore users don’t need to

choose many search engines separately.

Example II : For the specific topic like ‘patent’ in example I
[f the previous scenario is applied to a specific topic such as ‘patent’’,
the resulted system will be a specialized search engine for a specific

topic. This case is implemented in Chapter 5'°.

° It can be thought as a subset of all category locator.
"> The corresponding codes are APPENDIX A-II. APPENDIX B, and APPENDIX C.
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4.3 Simulation of FCA over the example I in section 4.2

Consider 3 search sites that have following directory structures

; ————
Ymoo/"\\ I'Camum&mlcme(!\

/ 1
[ n%n 1
e e B Gy

b
. i
Ll strategy ] 1-—‘ newss&meda | ——
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——e
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“/’-_‘_—_\ ( =~
/ ~_ \ — i
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‘; media | | magazine \\ [? '\\\
4 i N\ genre ™~
\‘ broadcast intemet | ‘ hS - T )
‘\»\\\ // : ‘mem ‘

\_//~/ ‘\ :
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Fig. 6 Samples of three search engines that offers category searching

Using FCA, categories (O), keywords (A), and the relation(R) between

them may be represented as in the table.

&
>

dary word

category ’Fomputer[ Intemet [Mqa:xnel News I Media [Breadclstl Game | Video I Genre [Swucgy]
1

Computer&Intemet

Game

Y

Intemet

Genre
Yahoo

Straregy

LY

Magazine

NewsStMedia

Broadcast

R AR
SN ALY Y
X

r News&media

Media

Altavista b, Broadcast

Internet

<Y
AN
NNARA] /&
NN 1’

Magazine

Game
Video
Lycos

Genre

RGN
AN

d
d

Strategy

Fig. 7 Relation between Object and Attribute in the form of a table

The previous table may be converted into the following 23 concepts in
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the same way as with the following process extracting a concept “nl.”
* At first the intent of an object “concept&lnternet” is calculated:

{computer,internet}

* And then the extent of the intent above is calculated from the relation
table(Fig. 7): {Computer&Internet, Game, Internet, Genre, Strategy,

Magazine, News&Media,Broadcast }

“Top=(all categomes, !}
nl=(Computerddntemet(Y), Game(), Intemer(y), Genre(Y), Strategy (V)M aigazine(), News8aM dia(Y), Beoademse(y)}, {computer, intemer})
2= {Came(y), Genre(Y) Stratey(Y) }, leomputerintemet game )

3= Genre(Y) Stratgn(Y ), lcomputerintemet game genre )

=({Sraten(Y) |, lcomputerantemet gme genre strategy )

n5=( Maygrane(Y) |, lcomputer jntermet ragpuanc )

n6=({ Newsdah bdia(Y) }, { computernternet,news,media )

n7={{ Broadeast(Y) §, { computer intemet broadeast )

8= | Newsdah kecdia(. ) Mexia(\), Broadcast (), Intermet(A) Magazine(A) }, {news mecia )

Y= { Broadeast(:\) , { news media,broadcast )

al0=({Intermet(A) , L internet,mgane news.media })

nlI=({ntamet () Mugzane(Y) |, imaguane,ness madia

n12=(1Gam(L), Video D), Genre( L) Steategy (L) £, e )

al3=({Video(1 ), Genne(l) Storegny(1) L igame video )

al4=({Genre() Stz (1), {gnme videogenre )

nIS=({Sruegy(1) ), {gamevideogenre stategy

al6=(|Computer&datemet(y). Game(Y), Inremet(Y), Genre(Y), Stratepy (Y) Mgpzine(Y), NewséM eddia(y), Broadeast(h ), Intemet(A) !, finternet §)
Al7=({Genre(Y), Sty (Y), Genre(D), Sategn () 1, lgarre, genre )

nl8=({Staregy (Y), Struegy(l) §, {game, genre sty )

n19=({Magaanc(Y), Intemet(A) }, {intemet mmgpzne 1)

n20=({Magzine(Y), lntemet(A) Magazne(:) }, {magpane )

n21=({ Broadeast(Y), Broadeast(:\) }, { broadeast})

Boe=({},all key words}

Fig. 8 23 concpets are retrieved from the table (Fig. 7) using FCA

The context with 23 concepts is represented as a lattice in the form of
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graph as follows:

Fig. 9 A Lattice containing 23 concepts for the previous context

Users can locate their desired category by following a sequence of

suggested keywords which is dynamically offered to them.

stepl :

At first, the system will suggest available key words from “Top™. In this
example, following 5 key words are available from the view of concept
“Top”

{game, internet, magazine, news and media, brcadcast}
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magazine news, media

broadcast

Fig. 10 From the “Top” concept, five subconcepts can be reached

step2

A user selects one key word and is provided the next available key
words from my system repeatedly. Assuming a user selects “internet”.
then he will be in “nl6” of the concept lattice and be provided two

available key words: {(magazine, computer}

broadcast

computer

Fig. 1l From the concept “nl16”, two subconcepts can be reached

The concept “nl16” will be shown on the screen depicted as follows:

* current key word : internet
Available directories...
Yahoo >>>>
Computer&internet Game Internet Genre
Strategy Magazine New&Media Broadcast
Altavista >>>>
Internet

define your category ...next keywords are
magazine, computer
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[f the user then selects “computer™, he will be in the concpet “nl” of the
concept lattice and the system will provide following available key
words: {game, game&genre, game&genre&strategqgy, news&media,

broadcast, magazine}

broadcast

1 game internet maeazine news. media
nt= nl6 n20 n21l
genre 4
video e
A2

strategy e‘ \

nl3

Fig. 12 From the concept “nl”, six more subconcepts can be reached

In the same way as with the concept “nl6”, concept “nl” will be
represented as Fig.13. On the screen, if the user selects category
“game''”, he can get a Yahoo page (Fig. 14) that includes a lot of web
documents which have high possibility of exactness because the page is

managed by humans.
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* current key word : internet, computer

Available directories...

Yahoo >>>>
Computer&Internet Game Internet Genre
Strategy Magazine New&Media Broadcast

define your category ...next keywords are
prameNgame& genre, game & genre & strategy,
news&media, broadcast, magazine

Fig. 13 Prototype screen of concept “nl” in Fig. 12

Most Popular Sktes. f‘
s LYT2DCE ew - COMOrenentoe PO gamng Site GRerg LO-to~date SOMware NG NAITwe revews, fedlres, demcs, abs.,
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- ‘j'l:ﬁ"'
Y, ¥~ Grne raTource 10F COMEuter 3amas
- ONer teataes. revews. doWoads and mare Q
= DIOWCeS fevews. featres. cawnicads snc more >
_Hetwon: - CIOMCeS the ZOMODLler SAMTAG COMMUNLY Wi NewS. IovrwS kg COMEUter Fare ntormaton o
- 10 Faphcs Cad aNG AMeS St UDCAtRG Ay miD NewS *eviews and Diervsrws
vieiy ew - came network of high content game sites
T revews RNTOS, Ch2AMS. add-ONs. and 1O fod MTOS? every PIC jame Jpdated Sy
- BiPlarat e T éCrve GT game M I0CALGNS and fies. Domomcema‘ MOCS. krvets 10 DOUN James aNG mars:
o %
ANIZ ChASts. and tneh SUDDOM g
o Lulfer.abrwe VBt - DIOWIES reviews. 188%0eS. COWNIGAdS. SN IMGie g
- Db Sgar - coverage of Puy'mucﬂ MNAtendo ¢, Swa [eeameast. PC GAMes. and 7 -Bo< wih rgwews. dreviews, Ing «ontest f'g
FRIeT/T n
. LG :'v.,yx- - P game Cemus and fevmws ?
o [ 22T - PCMICAICTN ING Lfun 3ame demos 'E

Fig. 14 Web links in the final target category

By this dynamic and interactive way, users can reach the most
appropriate category having document links that they want to find. All
the categories from the dominant web search engines will be suggested

simultaneously. Therefore, users don’t need to choose many search

"' This is concept *n2” shown in the Fig. 12
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engines separately. Source code descriptions and implementations for

the prototype screens in this section are given in CHAPTER 5.
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5. IMPLEMENTATION

My thesis implementation is composed of 3 parts.

- The first part is for gathering the information in the web.
A detailed description is given in section 5.2

- The second part is for constructing data structures using
data from the first part. Refer section 5.3

- The last part is for offering a interface to users. Section

5.4 1s dedicated to that part of the implementation.

5.1 Description of Tools and Skills adopted

Programming Language

Among many candidate programming languages, Per/ should be selected
because of its powerful pattern matching ability which is the most
important factor for my thesis implementation that deals with many web
documents. Furthermore, Perl is the best one for web programming such
as cgi scripts. The powerful supports for network programming (for
example, LWP Library) were also an important point in selecting this

language. (see APPENDIX F)
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DBMS

[ had three available databases on hand: Oracle 8, Access2000, and
MySql. My *Oracle 8 was a university student edition with many
restrictions in its functionality. The capability of Access2000 didn’t
meet my thesis requirements; for example, it could have only 256
columns in a table. MySq/ was the best among them. It's free first of all,

and performance was reported excellent (see APPENDIX E).

Perl and MySql connection

To deal with MySql in my perl code. I needed some bridge between
‘perl’ and “MySql’. There were no other options here; I had to use DB/
and DBD:MySql for the bridge. Although I couldn’t select the other
combinations for the bridge, the given combination ‘perl <-> DBI <->

DBD:mysql <-> MySql® worked the best job for me (see APPENDIX F).

Web Server

My thesis will offer internet access for users. For that purpose, [ needed
a web server that would handle requests from the internet users. Some
free web servers Apache, Omnihttpd, and WeSite ver 1.1 were tested for
a while. After the test period, Apache was selected because only Apache
gave me a full control over the web server. I could handle all

functionality through the file ‘httpd.conf’ (see APPENDIX D).
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LWP module (APPENDIX G) in Perl mostly roles as a basis for a search
robot. It offers simple ways of network programming for programmers.
In my thesis. the sites that I want to find are done by simple search robot
which is under control of my program helped by the LWP module.

Details will be given in the next sections.

Perl praogram

w3

<
12

X3
o

@@% N
A\

(%

DBD:mysql

ﬂ DBI

&

NEMRE 1305 i 1

== e

Apache WebServer  Active Perl

Perl program

—

LWP

Fig. 15 Setup of Tools

5.2 Implementation of target sites collection using Search robot!?

This is the first step of the whole thesis implementation. For this step a

'2 See “APPENDIX A-I’ for code details.
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program named ‘indexing.pl’'’ recursively and automatically extracts

sets of a link and a key from every page under category sites of dominant

search engines like Yahoo. Lycos. Altavista and so on.

extract

[ , (aUrl, key)
<a href=aUrl>key-</a> ‘
Added to

object attnibute relation table
which 1s constructed as the form of
database table.

Fig. 16 Which information is extracted ?

The link part in the form of HTML format is represented as a “aUrl”

and the word (phrase) between the tags <a> and </a> is represented

as a “key.”
BaselList.txt

/ \\
google

lycos
e e s 0 //§§>\
//&\ /Y\ TN~
& Humanities B .ot Z A B ‘e z e o o A B . z
Y Y 7
/,/"'// T\\ . o /4\\\\ //""/ \\\
B. ™ z N Bl e z A Bl LI | z
AN / \ AN
H zZ A B. oe z A B. ‘e Z
N ﬂ
/m //7‘\ N AN
A B z A Bl ‘e z A BC "¢ z

17 Depth First Searching of a program 'indexing.pl'

Fig.

‘* This program is applied to the example I in section 4.2. In a similar way(so

description will be omitted), code in APPENDIX A-II is applied to the example II
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This program crawls from upper most directory (for example, the first
page of Yahoo site) to the lowest directory and grabs all the sets of the a
link and a key recursively. The recursion is based on “Depth First Search
Algorithm™ as you can see from

Fig. 17.

The following is the description of the program ‘indexing.pl’ which

collects target sites using Search robot

Declaration of modules ex) use LWP::Userdgent
some codes for opening htm! format

main body which calls sub routine “Constructing FCA_Table”

code for closing html format

\. sub routines
- Constructing FCA_Table which calls ContentRetrieving
LinkExtracting

- LinkExtracting which calls Constructing_ FCA_Table

Fig. 18 The structure of a program 'indexing.pl "'

Declarations of modules:
Functions of the declared modules can be imported by using the reserved
word in Perl ‘use’. For example, by declaring ‘use LWP::UserAgent’'?

that is a module for a search robot (agent), I can use all the functions

in section 4.2
'* See APPENDIX G for LWP module which facilitates many aspects of network
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declared in the module. This software reuse aspect of Perl helps
programmers to save their coding time and transplant bug-tolerant &

neat code into their work.

Some codes for opening html format & code for closing html format:
This is a code for formatting the result from the above search robot into

html text so that [ can see the result through a web browser.

main body which calls sub routine “Constructing FCA_Table” :

Between the html format codes, the main body which calls a sub routine
is there. My search robot is driven by this sub-routine call. In the sub
routine, other subroutine calls are made to give the program an ability of
recursion. A sub routine named “AddConceptToFCA™ is not related with
NetWork programming but is related with the database. The result

extracted will be stored in a table through this sub routine.

programming functions
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Fig. 19 A screen for monitoring the implementation of 'indexing.pl''?

As similar way, information extraction of example II in section 4.2 can
be done and source code for the example is given in APPENDIX A-II.
Instead of repeating the description of the details for example II, the

next 2 parts of the implementation will be based on it.

5.3 Construction of Lattice

From the previous section (5.2), an object-attribute relation table is

obtained. A lattice is constructed using the relation table. Basically, I

-~ followed-the algorithm-of-constructing -a lattic e—given-by Siff-and-Reps-
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[64]. That is to say, atomic concepts are constructed first and then the

other concepts are extracted from the atomic concepts.

Detailed descriptions are given in APPENDIX B with the corresponding

source code.

All the concepts are stored in the form of a table. For example, attributes

and objects are represented as following tables:

sbiName link
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usinass> Securty >idendficetan \Mtnscl.y ara. /8 g .6 -
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Bunnets ang E:mmw&.'u\.n 0 ” o pnpra
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smc-nmn:::u)g«un::utmou.na (""”‘" vahao. and and. afy/Marma/Makerss 18”9131 d ;
'Ba?:-,;:d; E:a\t:WWu;:(u :nd o rar yanan nd _and. ocks_and.L ‘coumy :
Business and Economy; Business - :
Ousinens> Secanty > Idenaicagon Svn-nu)lo D7/ 3hoe.com B ana B A0 Cudes lreglon
u-q onat> Countnes) lraet> Business and ‘ west :
£ Economyd Business o /gl vahoa. gho: -and_E 30_B /S Aocky_snd. Locksir ;

usinet 8> Sacunty) Locks and Locksmiths . 1
Busivess and Economy> Skhaoping end Y e, sussex
Seracess Momanves Secumy s MIbars ep/ .y ahoo. nd. 4nd_S. e —
Ousiness and Econamy> Shapping end ‘hep /.y ahao. /8. ana. nd s /Se¥ Detense_Trainng/ .

Serwcat> Sacurtty> Sert Detenta Traiung

Negianals Covnwies> Canada>Business and |

Economy> Busmass 1 heD //aie.y ahao. < s
Busisets> Secunty>Loss Pravernon i

Resignai Counies>Uied K Kingdom> Business |

108 Aoss

nd Economy > Shaoging and h3 //aw.yanao vd. _ang nd_Seraces/Secwts/Locks. — ‘

-l.m:u)Sncuw)Lxhs and Lockam.va {bus,ness H

Fogianals Caunuiess Unied King3amy e ]

aod Economy>Busindys o Intp.sr.y shoa com/R e d x By 33/Sacusmy/Lacus s [Id‘ﬁ
s ana L

L

Fig. 20 Each object and attribute are represented in the form of a table

A lattice is also represented in the form of a database table that has its
column components as ‘conceptNumber’, ‘upLink’, ‘downLink’,

‘attributes’, and ‘level’'®. Following is a screen shot showing a part of

'S APPENDIX A-I
16 {evel is the length from the top(root) of the lattice.
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the lattice.

conceptNum |

17337734, 735,736,737

1

2 1733.734.737.730
i3 734 738

4 740.741.742

s U TTARITAN AR 7A T4 TTAS TIARTAT T T -
‘e 241.740

7 741,749

e {741 743 .7850.751.752.752

‘9 [741.780. 751 .752.753

B R T e - —— -
1t 110.741.743.754

a2 {7241 755 7568
13 1 741.755. 757
a {741.75%.758.759.760.761
L 1741.762_763.764
16 15741 .762.763.764.765
7 {741.766.767.760

\L:) YAV VEETIEG. 7I0IT T ITS

19 i741.767.760.773.774.775.776.777.770.779.780. 701 . 705.7686. 1017
20 {721.773.782.783.784_.785_786.767.10t7

21 t741.743,.708,769.790.791.792.79)

Bacid (741754, 708.769.791.792.793

23 I2D.T741.754.7606.709.791.792.793

24 i741.706.769.7917792.793

s 741.790.7689.791.792.793.764

36 T T I BT 768788 7927795 T78677977798 799,800,601 T T T T
s T741.774.769.792.602.603.6804.605.071

28 .741.789.792.802.804 .805.871

Fig. 21 A part of the table which represents a lattice
UpLink and downLink are represented as a string of concept numbers

separated by a comma (*,’). An upLink is a list of superconcept numbers

and a downLink is a list subconcept numbers.
5.4 A Dynamic Graphical User Interface
All five relatively small programs are combined to offer users an
interface (Fig. 22). Every content is filled with information based on the

users’ query or request (action) and the information is retrieved from the

lattice as described in section 5.4

- 45-



RATO idesp!

muvBannernpl

e R N vy

objecrt inding pl

ow kevepl
—n = e

A e e e e o el B N B R ] e S R PO S ST e By

Fig. 22 The configuration of programs consisting a user interface

To see the action of the user interface, assume the following case:

A User wants to access pages of

‘Government Law related with patents’

At first, a user will see the first screen if he connects to my thesis
implementation page shown in Fig. 23. Keywords seen at the “Top” of the
lattice are suggested on the left side of the first screen. The user can
select a keyword that is appropriate for their searching. In this example
keyword ‘government’ may be selected. Of course, other paths are

possible. For example, the user may start with keyword ‘law’ or ‘patent’.
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As the return for a selection of a keyword ‘government’ from the user,
more available keywords seen from the current keyword (‘government’)
are suggested on the left side of the user interface and links that are

related with the current keyword are shown on the right side (Fig. 24).

Rl N TIC R,

. u B LE95 /1% Breqa SOTVISEN 404 SIS AL GTRPITen 2l S rmmert L un L 1S 2V
. B i tond Viatomans & LI o

Fig. 24 The resulted screen when a keyword 'government' is selected

In a similar way to the previous step, the user can narrow his category by
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selecting one among the suggested keywords. Fig. 25 shows a dynamic

screen for the keyword ‘law’.

— e RAIO

- aNesvnoenye: o
- b :
- .

Fig. 25 The resulted screen when a keyword 'law' is selected after ‘government’

The final selection of a keyword'’ leads the user to the following screen

(Fig. 26).

.88 g
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e Ve an st ot e e e T VS R PR S AT 1T WSy gyt

Fig. 26 The final screen for keywords: government>law>intellectual,patent,property

" In this example, it’s a keywords set : ‘intllectual, patent, property’
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The keywords trace that has been selected by the user is also shown in

the blue strip under title RAIO.

As explained in the previous example. dynamic aspect of this approach
satisfies the user’s requirement supposed in CHAPTER 3. That is to say, a
user narrows his scope of search with only one keyword (or a keywords

set) that is dynamically suggested by the system.

Another facility using ‘search box’ which accepts keywords from a user,
gives an alternative shortcut to a designated result. With the given query
case, the user may obtain a list of available keyword sets having the

keywords ‘law, government, patent’ as a part.
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Fig. 27 An another way of searching offered by the system
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6. EVALUATION AND FUTURE WORK

As shown in the previous sections, the interest of my thesis is not in a
general search engine but in a specialized (interactive, dynamic, specific
domain) one. That’s the point at which [ could adopt Formal Concept

Analysis although it requires a huge time allotment for making a lattice.

We have demonstrated that FCA is a promising tool in developing an

effective and revolutionary search engine. With the aid of a lattice,

dynamic and interactive web search engines that focus on the specific

domain such as the following may be possible:

a.categories in the major search engines that offer directory service

b.sites related with patent information

c.sites of specialized search engines that offers much more excellent
results than general search engines in some specific topics

d.a site which manages a lot of web pages like ESPN, CNN and so on

However, there are many problems remaining. The most important ones
are: "How to locate the desired sites in the web’ and ‘How to create a
lattice as fast as possible’ My experiment shows that around 5 days were

needed to create a lattice with 2058 concepts. More reasonable time
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complexity is thus required'®.

My thesis suggests the way of new searching methodology and the scope

of searching is much smaller than that of a general search engine'’.

Besides improving the time complexity of lattice construction. another
elaborate algorithm for gathering the information in the web is also

needed to apply this new methodolgy to a commercial domain.

Although the above 2 research areas could be very difficult, it’s worth

the challenge.

'* The worst case scenario of time complexity for constructing a lattice is O(n”n).
But with the fast algorithm by Harvard University, a time complexity of O(n"4)
is possible.

' It can be said to be a niche search engine.
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APPENDIX A : SOURCE CODE FOR SECTION 5.2 (TARGET SITES COLLECTION USING SEARCH ROBOT)

L. Code for collecting directories information (url, keyword, and name of Yahoo directories)
#lc:/perl/bin/perl.exe # location of perl program

use LWP::UserAgent;
use HTTP::Request;
use HTTP::Response;
use HTML::Parse;
use URI::URL;

use DBI;

R R a AR L L L L L R TR TR
-+ Main +
R R R R et S S N N S Ry N TSR S TS TSP

Start HTML() ;

FileWrite("LinkList",""}; alization of LinkListtxt
open(BaseList, "BaseList.txt");
while(!eof (BaseList)} {
SLine=<BaseList>;

SLine =~ /(.*),(.*}/;

Constructing FCA Table($1, $2):
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close(BaseList);
End HTML();

exit;

R R R R e R R R N T N O R TS TTOPTTTRI
-+ Subroutines +
H++ italic font : for monitoring current exceution status +
x+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

sub Constructing_FCA_Table(

[}

my S$parent_dir = $_[0];

1

my Sparent_url = $ [1];
print "<b>Category: Path : <:b>Sparent dir-br=<p>"":
my $content=ContentRetrieving($parent url};

LinkExtracting(Sparent dir, Sparent url, Scontent);

sub ContentRetrieving{
my S$current_url=$_[0];
my Sua=new LWP::UserAgent;
my $request=new HTTP::Request{'GET', Scurrent url);
my $response=$ua->request (Srequest);
if (Sresponse->is success) {

Srtn=S$response->content;
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elsif($response->is_info) |{
Srtn= Sresponse->code;

print "response coke is Srotn<br "

elsif ($response->is_redirect){
Srtn=$response~->code;

wint "esponse code is Srimvi<be "
F o4

else|
print mnmmvo:mm:vmnn0n|mmlze3Hn

Srtn= Sresponse->code;

return Srtn;

sub LinkExtracting(

my S$parent dir= $ (0] # 3 0] Accumulated dir
my Sparent_url=$_[1}; # % 1] Link

my $content=$ (2); #$ |2)content

my %link;

my %link_leaf;
my $final="No":

my manmH:A _ >V_ iy
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if (Scontent =~ /<base href=({">)*)>/qg){

Sparent_url=$1;

if ($parent_dir eq 'YAHOO') (

tlink=Scontent=~/<a href=(2:"|)} ([">]*) (2:"])>(?:Stags) * (["<@]*) (?:@])</qgi;

elsif ($parent dir =

~ /YAHOO/) {

if (Scontent =~ /Categories(.*)<hr/s){(

my S$tmp=$1;

blink=$tmp=~/<a href=(2:"]) ({">\*]*) (2:"|}>(?:$tags) * (["<@]*) (2:@1)</qgi:

i1€(Stmp=~/<a href={?:"1) {["\*]*[*>]*){

"> (<l <}/i)d

tlink_leaf=$tmp=~/<a href=(

N[> (21> ([ "<@) %) (2:@) )<} /gis

else{
tlink_leaf=$content=~/<a href=(2:"1) (["\*]*[*>]*) (2:"[}>(["<]*)<} /qi;
$final="Yes";
}
}
else| }  #do nothing

if ($final eq 'No'){

foreach my $aUrl(sort keys %link){

my Sattribute= 5link{SaUrl};

my $object = $parent dir.">".S$attribute;

-62-



my $relative_url = new URI::URL($aUrl);

my $absolute url = $relative_url->abs($parent url);

print "< font color=blue><b>URL :</b>ffont>Sabsohute teln'":

Slists=FileRead ("LinkList");
if (Slists 1~

FileWrite("LinkList", "$1lists$absolute url\#\!"); # ur [# 28, urdd!

Constructing_FCA_Table($object, $absolute url);

else| } #ido nothing

foreach my $aUrl(sort keys %1link_leaf)({
my $attribute=$link leaf{SaUrl};
my Sobject = Sparent_dir.">".$attribute;
my Srelative url = new URI::URL{$aUrl);

my $absolute url

Srelative url->abs(Sparent url);
print "<font color=blue><b>URL i</b></font>$absolute url\n";
$lists=FileRead("LinkList");

if (Slists !~

FileWrite("LinkList", "$listsSabsolute_url\#\!"); # 1A har2d!. udndf!

else{ } #do nothing
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print " font color=grven- b > The end of Sparent_dir<py>

sub FileRead(
$FileHandle="FH4Read $ (0]";
open ($FileHandle,"$_[0].txt");
my Sresult=<$FileHandle>;
Sresult=~ s/\n//g:
close(SFileHandle):

return Sresult;

sub FileWrite(
$FileHandle="FH4Write $ {0]";
open (S$FileHandle,">$ {0].txt");
print $FileHandle $_[1};

close(SFileHandle) ;

sub Start_ HTML(
pruit "Content-ype: text himlotnt”,
print " homl~<head ~<{itle ~Thesis Phasel« Jitle ~+/head "
print - "body bgeolor=\vhite" - fout size=2"

print " font color=black ~ br~w":

<Jfont >+ b~
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sub End_HTML(
print "Congraneations - Termination of Phase 1 <br""

print "</body></tml "
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IL. Code for collecting sites related with term ‘patent’ (in Yahoo)

#!c:/perl/bin/perl.exe
use LWP: :UserAgent;
use HTTP::Request;

use HTTP::Response;
use HTML::Parse;

use URI::URL;

use DBI;

LR e R an R R R R S S S A S S S G S S S SR S R R W O S R S W W S S O SRS

-+ Main +

LA AR L S R S S N N N T RN TN TR RN EwTN)
Start HTML(};

my @link dir;

ny @link site;

my SlinkdnextSearchCondition;

my $nextSearchFlag=0; #  Initialy block next search
my %k List;

my $1 List;

my $dbh = DBI->connect ("DBI:mysql:database=thesis","usr", "pw", {PrintError => 1, RaiseError => 0});
$yahoo_patent_search="http://search.yahoo.com/search?p=patent&d=yso=ish=s&g=0sn=100";

my Scontent=ContentRetrieving($yahoo_patent search);
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setup phasel(); # prepare phase environment;

LinkNObjectExtracting (\Scontent, \@link_dir, \@link_site,\SlinkdnextSearchCondition, \$nextSearchFlag) ;
while($nextSearchFlag) (

$content=ContentRetrieving($linkdnextSearchCondition);

LinkNObjectExtracting {\$content, \@link dir, \elink site,\$linkdnextSearchCondition, \$nextSearchFlag);

Sent=1;

for $tuple(0..$#link dir){
my (Sobj,$attr)=prepareAttr_dir($link dir[$tuple] ('object'}, $link_dir{Stuple) ('attribute'));
FCATbL ($obj, Sattr,Slink_dir[$tuple] {'link'},\%k_List,\%1 list);
print "font color=green=end of Sat-Jfont~<p>":

Sent++;

makeKeyWordDB (\%k_List);
Sdbh->disconnect () ;
End_HTML () ;

exit;

A A R N S S S D S S ST
#+ Subrotttines +

-+ italic font : for monitoring current execution status H
R AR A R S R R N N PPN TSR ST UNTTEOY

sub Start HTML{

print "Content-ppe: texthimforon”:
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print "<html><bead><title > Thesis Phusel<dtitle>< META HTTP-EQUIV=Content-Language content=KOQ ~<head>":
print "<body bgeolor=\white">< fon size =2""

print " font color=black>br>w";

sub End_HTML(
print "Congratrations - Termination of Phase | <br>"
print " hyef=/thesisDBmonitorpl twget=_ blank ~<font size=6> Do youwwnia see the result details? -0.0-<Jonf><a>n":

print "<sbody><thiml>""

sub setup phasel{
FileWrite("obj_attr List","\t");
Sdbh->do("drop table fca"):
$dbh->do("create table fca {object varchar(255), link varchar(255))");
$dbh->do("drop table k_list");

$dbh->do("create table k_list (itm varchar(255))") or print "<b>Error occured on add</b> : <font face=Courier>".$dbh->errstr()."<br></font>\n>";

print "se thesis\ v

sub makeKeyWordDB{

Skey hashref=$ [(0];

foreach $aKey(keys %(Skey hashref}){
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Skey_ins=qq/insert into k_list (itm) values ('SaKey')/;

Sdbh->do(Skey_ins) or print "<b>Error occured on add</b> : <font face=Courier>".S$dbh->errstr()."<br></font>\n>";

sub ContentRetrieving(

my Scurrent_url=5_[0]};

my Sua=new LWP::UserAgent;
my $request=new HTTP: :Request {'GET', $current_url);

my Sresponse=Sua->request ($request);

if (Sresponse->is_success) |

Srtn=$response->content;

elsif(Sresponse->is_info) {

Srtn= $response->code;

elsif(Sresponse->is_redirect) {

Srtn=Sresponse->code;
else(

print Sresponse->error_as_HTML;

Srtn= Sresponse->code;
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return $rtn;

sub LinkNObjectExtracting{
my $content_ref=$ (0]
my $link dir ref=$ (1);
my $link_site ref=$_[2]:
my $linkdnextSearchCondition_ref=$ [3]:

my SnextSearchflag ref=5 (4]

dobirInfoExtracting(Scontent_ref,$link dir ref);
dositeInfoExtracting($content_ref,Slink site ref);

>mxzmxnmmmnn:w0mmwcpmAmno:nm:nlnmm\mHw:x;:mxnmmmnnzoosawnwosinmm~m:mxnmmmnn:mpmolnmmvn

sub doDirInfoExtracting|
@ObjLinkDirWrap=${$_(0)}=~/<dt>(.*?)<\/dt>/gs;
foreach $aAttrLinkObj(@ObjLinkDirWrap) {
SahttrLinkObj=~/.*?>(.*?)\s*sgt;\s*<a.*2\* (. *2)"?> (. *?)<\/a>/; # <font..>atinbute><a., *link>object</a>
#atrbute  :A>B>.N
#link “http...
# object :blah blah.
push @{$_[1]}, (attribute=>$1,1ink=>52, object=>$3}; #1 usc ‘amay of hash!’
} #link “httpi...
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sub doSiteInfoExtracting(
@ObjLinkSiteWrap=${$_[0]}=~/<1i>{.*?)<\/1i>/gs;

foreach $aLinkObj (@0bjLinkSiteWrap) {

SaLinkObj=~/ . 2\* (L *2) "> (. *?)<\/a>/; # .. Mlink>objcat</a>
#link
# object

push @{$_{1)}, {1ink=>$1,0bject=>52}; # 1use ‘amay ofhash’

sub AskNextSearchbPossible(

${5_[01}=~/.*<\/dl>.*?<center.*?<table.*?<table.*?<a href="{(.*2)">(,*?)<\/a>/gs;

my $rtn_url=$1;
If ($2=~/next/i}{
${$_[1]}=5rtn_url;

$1S_(21)=1;

else{

$15_121)=0;
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sub prepareAttr dir{
my $dir_attribute=$ [1];

my $dir_object="$dir_attribute>$ {0])";

$dir_object=~s/\s*&gt;\s*/>/qg;
$dir_object=~s/'(s|)/ /gi;
§dir_object=~s/,/ /qgi;
Sdir_object=~s/<.*?>//gi;

Sdir_object=~s/\(.*?\}//qg;

my $primitive attr="$dir_attribute > $dir object";

print " b bat first</b - <font color=red ~Spyimitive: att<Jont >+ b=

my Sparsed attr=parsing attr($primitive attr);

print "batlast<Ab>: - font color=blue ~Sparsed attre-font><p>":

return {$dir_object, $parsed attr);

sub prepareAttr site(

my Sdir_object=5_[0];

my Sprimitive attr="$dir object";

Sdir_object=~s/'(s|)/ /gi:
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$dir_object=~s/\s+/_/qi:

Sdir_object=~s/<.*?>//gi;

print "<br><b>at first=/b > - ~font color=red>Sprimitive_attr-{font><br ="
my $parsed attr=parsing_attr($primitive attr);

print "<b>atlast-7b>:  ~font color=bhe~Spewsed atrffont><br>"

return ($dir_object, S$parsed_attr);

sub parsing_attr/{

my $string_in=" §$ (0] ";

$string_in =~ s/(<N/2.42>) | (&gt |-/ /g; # delete tags, &gt and -
$string in =~ s/ W)\ (\s?) /51$2/g1;
# deletion of spocial character
$string in =~ s/
>

! \.

i \

I \)

| /

I \+
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print "affer del of special char : $string - br -0

Sstring in =~

)/ /xgi:

s/

\
\)

\t
\"
\#

\$

(\bby\b)
(\bfor\b)
(\bin\b)
(\bfrom\b)
{\bshow\b})

(\bcolumn (s])\b)
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(\breal(s|)\b)
(\bon\b)
{\boption(s|)\b)
(\bset (s])\b)
{(\bgroup(si)\b)
(\bkey (s])\b)
(\blong\b}
(\bwhere (s])\b)
{\bto\b)
(\bcreate(s|)\b)
(\balter(s|)\b)
{\bdrop(s|)\b)
(\bdelete(s])\b)
(\binsert (s|)\b)
(\bupdate{s|)\b)
(\bselect(s|)\b)
{\binto\b)
{\border (5])\b)
(\bjoin(s])\b)
(\bleft(s|)\b)
{(\bcross\b)
(\bfull(s!)\b}
(\bright {s|) \b)

(\blimit (s])\b)
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Y/ /xgi;

(\bor {s]) \b)
{\blike(s|)\b)
(\bas\b)
{\bfield(s|)\b)
(\block(s|)\b)
{\bprocedure (s|)\b)
{\ball\b)
(\bfield(s!)\b)
(\bshow{s|)\b)

(\bunique(s|)\b)

print “after del of reserved wonds : $string i< br>'™

§string in =~ s/{

("(s1))
(\bis\b)
{\bthe\b)
(\d+)

(\bof\b)
(\bat\b)
(\band\b)
(\bregional\b}

(\bcom+unity\b}
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| {\bcapitolw*\b)

| (\bheight\w*\b)
| (\bconcern\w*\b)
Y/ /xai;
print "affer del of general wonds : Sstring in<br=w'";
$string in =~ s/(linldir|tic)ies\b/Sly /gi; #  cx: studies->study, humanitics - >hurnanity
$string_in =~ s/(nlr|tliewle(lIimlolyik|pld)s\b/S1 /gi; # ex: boys->boy
$string_in =~ s/european\s+patent\s+office/EPO /gi;

$string in =- m\Ac:»nma/m+mnmnm/m+vmnm:n/m+Anmam5mnx/m+omm»nmv_Acm/m+wmnm:n/w+a~mam5mnx/m+ommwnmv\cmvao\ow“

$string_in =~ s/US\s+state\b/US /gi;

$string in =~ s/business\s+shopping/ /gi:

$string_in =~ s/business\s+economy/business/qgi;

$string_in =~ s/shopping\s+service/service/qgi;

$string in =~ s/scientific/science/gi;

Sstring_in =~ s/\bdatabase\b/DB /gi;

§string_in =~ s/\s+/,/q;

$string_in=~tr/[A-2)/{a-z)/:

§string in =~ s/°,//; # climination of starting .

$string_in =~ s/,5//; # climination of ending .

print "before foreach : Sstrng i b~

my @attrArr = split(/,/,$string in);
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if ((scalar QattrArr) ==1){

$string_in =~ s/,//qi:

elsel
foreach SkeyInAttr{@attrArr) (
$string_in =~ s/\bSkeyInAttr\b//gi;
$string in =~ s/,,+/,/qi;
$string in =~ s/°,//;
$string_in =~ s/{1,)$/,/:

$string_in = "$string_in$keyInAttr";

print "affer foreach : Sstring_in-<br ~*"

$string_in=~tr/A-Za-z,/ /cs;
$string_in=~s/,\w,/,/q;

$string_in=~s/(,\w$) [ (" (\wl),)//q:

return Sstring_in:

sub FCATbI {
my Sobj=$ (0);
my Sattr=$_[1]);
my $link=5_(2}:

my SkList_hashref=$_(3];
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my $lList_hashref=$_[4};

#++ this part is for phasell — concept extracting. R
SList=FileRead("obj_attr List");
FileWrite("obj_attr List","S$ListSobj:Sattr\t");

b e

my Svaldinsert=$attr.” ";
$valdinsert =~ s/([", )*)(,] )/'Yes'$2/q;
my $valdmodify=Sattr." ";
Svaldmodify =~ s/([*, 1*)(,] )/$i="Yes'$2/q;
my QattrArr = split(/,/ , S$attr);
foreach SaKey(QattrArr)(

if (exists $kList_hashref->{$aKey}) {

my SlookupTime=$kList hashref->{S$aKey):

SkList_hashref->{SaKey}=S1oopupTime++;

else(
$kList_hashref->{SaKey)=1;
Sadd_attr="alter table fca add column SaKey varchar{4)";
$dbh->do{$add_attr) or print "<b>Error occured on add</b> : <font

face=Courier>".S$dbh->errstr()."<br></font>\n>";
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if(exists $1List_hashref->{$link}) (
my $lookupTime=$1List hashref->{$link);

$1List_hashref->{$list)=$1loopupTime++;

Smodify fca="update fca set $valdmodify where object='Sobj'";

$dbh->do{$modify_fca) or print “"<b>Error occured on modify</b> :<font face=Courier> ".Sdbh->errstr()."<br></font>\n>";

else{
$1List_hashref->{$link}=1;
Sinsert_object="insert into fca (object, link, Sattr) values ('$obj', 'S$link’, $valdinsert)";

$dbh->do ($insert_object) or print “"<b>Error occured on insert</b> :<font face=Courier> ".$dbh->errstr (). "<br></font>\n>";

sub FileRead{
$FileHandle="FH4Read $ {0]";
open ($FileHandle,"$ {0].txt");
my Sresult=<$FileHandle>;
Sresult=~ s/\n//q;
close ($FileHandle) ;

return Sresult;

sub FileWrite{

mmhpm:m:apmu:mzbzn»nmlmlﬁo_:“

-80-



open ($FileHandle,">$_(0].txt");
print §FileHandle $_[1];

close (SFileHandle) ;
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APPENDIX B : SOURCE CODE FOR SECTION 5.3 (CONSTRUCTION OF LATTICE)

R R S RS SN R NS R NN NN ST N TSR

#H+ file name latticcConstructing pl -+
#++ ‘This program is for extracting all coneepts from the FCA context table H+
Ht created by ‘categoryExtractionpl ' or *patentDirinfolixtraction PL” s
#+ Twill construct atomic concepts first and then extend to all conoepts. H+
H+ All concepts are basically constructed with the aid of - DATABASE manipulation -
-+ first version : 2001. 1. 22(up : 2001 2.3) -
# Programumier : Kiny, Bong-Seop(U. of Windsor, On, Canada) HH

R R R R e R R S R R TR TS T TR TN TTITTTETTIT

#lc:/perl/bin/perl.exe

R A o R S N N RSN N S O N TR U

#+ L HIMLStarts (optional part) Aanas
-+ Il show the result in FHTIML format -k
-+ (Actually this is a CGI program to which others in remote can access it

R R R S N ST R R ST NTTT TN PRI
print "Content-tipe: text himfobe'
print "<Jul ~+ Jead ~~title>Concept Ectracting/itle = META HTTP-EQUIV~Content-Leowguage content=KO < Aead ~w"

print " body bgeolor=Svhite"\=font color- black size =2+ br~w"

L R A g AR S R R R RS S T O T ST T TP

#+ 2 DataBase Connection and setup environment R
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R R A S T S R S TSN PR ST

use DBI;

my $dbh = DBI->connect (“DBI:mysql :database=thesis”,"usr", "pw", {PrintError => 1, RaiseError => 0});

setup phase23():

R R L R D S R TR T T TR,
#+ 3. preparation for acquire atomic concepts : We neod object list fiom FCA table -+
H+ 3l we obtain the primitive object(micans object not yet in concept) from the FCA table HH
R A R 2 O S SRR N S N TSRS,

my @object_Q=get objectList();

R R Rt LSS T N NN NS S T T TSSO ST

-+ 4. AMomicConcept Retrieval(-> next phase : All concept retrieving from atomic conoept) -
-+ 41 FseqNum : index of concepts

4+ => i we ke n atomic concepts. $seqNum will be increased o n -
e+ 43 we will get 3 results from the subroutine sigma_tan HH
fi++ Ist  :aconcept objoct setseparated by + @ objl+._+objn H
B+ 2nd  : aconcept attribute sot scparted by . attrjl..._attm -k
=+ 3d  additive link info for above object : ohjl_link+...+objn_link -
Hit 44 we prevent more than one duplicate conoept object HH
#+ 42 by the way of keeping variable 4.2 HH
#i+ which has accumulated 4.3. 1t separated by ¢ HH
i 45 if'the concept object set(4.3.1s1) is unique. Aaan
B we store the coneept inf4.3) and seqNumi(d. 1) to DB -
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#+ through the subroutine Add2ConceptDB(4.6) -

R R S TN S R ST TSRO U TTTTII

my SsegNum = 1; # 41
my $tmpObjectList= "\t"; # 42
my $list=FileRead({"obj_attr List"); # This file was create during phasel

foreach $cur_object (Robject_Q) {
my Amﬂmno_&mnnimn.mﬁm;nniucnmr»m?manerEm?mmcnnmmmlnoamvum»oﬁlnmimncnlog.mnn./mﬁmc\. # 43
if ($success_code eq 'T'){
$ObjectsWholePattern="$tmpObjectList";
if ($ObjectsWholePattern !~ /\tS$flatObjectList\t/i)( # 44,45
Add2ConceptDB{$flatCbjectList, $flatAttributeList, $flatLinkList, $seqiium) ; § 46
$tmpObjectList = "$tmpObjectList$flatObjectList\t";
print " font color=blue>concept SsegNum was crvated succesfully</font><br>\n"

Sseghum++;

print "p =< Jont color =red<b>Atomic coneept phase complete<sb><Jfont™ -+ p~br'

R R R NS S N S N TS TS OO TR

#t 5. Extracting all concepts from the previous atomic concepts! H
#+ (= next phase : Lattioe constructing - kattice is build at e same time with all concept extracting) -
H+ 5.1 FseqNum : index of concepts(has current concept num to be buiild) HH
-+ * details will be descriped in the sub routine -
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R R R R R o N NS AT NSRS,
my $lastConcept=Extracting_All_Concepts_And_Building Lattice($seqNum) ;
print "Now, wnder final Processing\n

postProcess ($lastConcept);

BHEEHE b b b b R R R R R b bbb bbb bbb bbb bbb b bbb bbb bbb bbb bbb b

HH+ 6. HIMLends R
#+ “This program will result in H+
H+ (a) all concepts in form of table(in DI3 name thesis) like obj 1. attr! -+
#+ (b lattice with concept number, uplink, downlink. attribute set for the concept +H+
HHt Ard following link will show above all information in HTML. format -
#i+ So. anybody can see the result from given site(reside in my computer) -t

R R S S S R RS RN S R R SN P T T OV OT TR
print "<a href=/thesisDBmonitorpl taget=_blak><font size =6 ~ Do youwana see the result details? oo-<Jont><a>n';

print " sbody - il ~ "

R AR N R S SR T U ST NPT
i+ 7. DataBase Disconnection(DI3 connection and disconnection happens only orieel(eflicient) -
R R A a R R S O S T ST SRR T TETTSTIT
Sdbh->disconnect () ;

exit;

# ==== Definition of subroutines
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AR e R O R S Y S T T T TR E N TR TRTTTN

H4+

HH+

-+

#-+

=

3.1 Name of Subroutine : get_objectList
input : noting

retum : amay of all primitive objects

source of data - table FCA inthesis database constructed in phasel(indexing pl)

remirk : each object will be used as input of subroutine sigma,_tan

FEitg

AR A AR R S S R RS SR R TSN PR TR NSRS S U R TRT ST

sub get_objectList{

my $sth=$dbh->prepare(qq/select distinct object from fca order by object/);

$sth->execute () ;
my @objList={);
while (@tuple= $sth->fetchrow_array) {

push @objList, Stuple(0):

S$sth->finish();

return @objList;

L A B T T TR

H+

H+

#+

-+

4+

4.3 Name of Subroutine : sigma_tau
input : a primitive object from 3.1
retum:
(@) a concept object set separted by '+

(b) a conoept attriburte set separated by !

objl+..+objn

atirjl...attm
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it (c)additive link info for above object separated by '+ L objl_link+. +objn link

ek
#+ sourcc of data : -
i+ {a) table FCA in thesis database constructed in phascl(indexing pl) +HHH+
fi++ (b) obj_attr_Listxt conctaining primitive object & attributes set for the object +HHH
#t+ remark : atomiic concepls are constructed by this sub routine -

A e R D R N S S SRR RPN TN U TR PR ORI
sub sigma_tau{

my @result = ();

my @conceptObj = ();

my Soa_list=85{$_(1]};

my GattrArr=();

my Srtn_objs="";

my $rtn links="";

my $success='T';

my Sattribute condjtion="";

$oa_list =~ /\LS_[0): (. *2)\t/4;

my $flat_attributes = §1;

1

$attrNum = @attrArr = split( /,/,51);
if(SattrNum > 1)({

$attr_condition = $flat attributes;

Sattr_condition =~ s/,/='Yes' and /q:

$attr_condition = "Sattr condition='Yes'";

-87-
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# ofamy

# Slististhe form of °$_[O]attr] atr2. . attmitobj2: "

# $flat_attribute is the form of "attr] attr2. .. attm”

#  wewil convert "attrl . attm"
# =>"atirl=Yes and ..and attm” for SQL query
# condition( Yes) for the last attribute. — So, we get the final form like

# "atrl=Yesand ... and atm=Yes"



elsif (SattrNum == 1){

$attr_condition = "$flat_attributes='Yes'";

else{$success="F';}
if (Ssuccess eq 'T'){
$sql=qq/select distinct object, link from fca where Sattr condition order by object/;
my $sth=$dbh->prepare ($sql);
Ssth->execute();
my @objs=();
my @links=();
while(@result= $sth->fetchrow array) {
push @objs, Sresult(0]:

push @links, Sresult{l];

Srtn_objs = join("+",@objs); # we obtain objects list for a concept separated by % e objl+. +objn
Srtn_links = join("+",@links); # weobtain links list scparated by *+* ie.
obj!_link+._+objn_link

$sth->finish();

else{

Srtn_obj=""; $flat_attributes=""; $rtn links="";

return ($rtn objs, Sflat_attributes, $rtn_links,$success);
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R R N N R TR T TSI

i+
Ha+
H++
-+

#+

46 Name of Subroutine : Add2ConoeptDB H
input : retum value from subroutine 4.3 & concept number to be created! -
etum: noting H+
remark table for each input(objoct set & attribute set) will be created -+

-

=aobject table and a attribute table for atomic concept

R R R R T R R TR TSR E TR

sub Add2ConceptDB(

my @ObjectArr=();

my @AttributeArr=();

my @linkArr=();

$objNum = @0bjectArr = split( /\+/,5_(0}); #$_[0)is object list separated by +
print " fovdt color=blve ~concept §_{3] object- Jfont ~ - § [0<-br>w'"

Sattrset = S [1);

$level = @AttributeArr = split( /,/,$ (1]}; # 3% |1 is attribute list separated by ,

$link4eachObj = @linkArr = split( /\+/,$ (2));: # 8 [2]is link list separated by +

my $concepthum = $ (3];

my StableName = “conceptIndex"; #  this table contains concept number and the number of attribate which
# willbeused as level inmy coding.  *higher level => many aitributes.

Sconcept _ins="insert into $tableName (conceptNum, level) values {'$conceptNum','S$Slevel')”;

$dbh->do($concept _ins) or print "<b>Error occured on add</b> : <font face=Courier>".Sdbh->errstr()."<br></font>\n>":
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StableName = “obj $conceptNum";
Screatehobj="create table StableName (objName varchar(255), link varchar(255))";

$dbh->do($createAobj) or print "<b>Error occured on create tbl in 4.6</b> : <font face=courier>".Sdbh->errstr()."<br></font>\n>";

for $i(0..$#0bjectArr) {

$dbh->do(qq/insert into $tableName (objName, 1ink) values ("$ObjectArr($i}"™, “SlinkArr{$i]")/) or print "<b>Error occured on addObject in 4.6</b> : <font

face=Courier>".$dbh->errstr(}."<br></font>\n>";

$tableName = "attr $conceptNum”;
$createAttr="create table $tableName (attrName varchar{255))";

$dbh->do ($createAttr) or print “<b>Error occured on createAttr in 4.6</b> : <font face=Courier>",Sdbh->errstr()."<br></font>\n>";

foreach $Attr(@AttributeArr) |

Sdbh->do("insert into $tableName (attrName) wvalues ('S$Attr')") or print “<b>Error occured on addAttr in 4.6</b> : <font face=Courier>".S$dbh-

>errstr()."<br></font>\n>";

registerzlattice($conceptNum, Sattrset): #  this concopt info will be registered to lattice table !

L R S Ry S NS S R N O T SOOI

5.1 Name of Subrotine : Extracting_ All_Concepts_And_Building_Lattice Aians
i : coneept numbser to be created! +H+
reum noting -
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Har
#H+
HH
-+
#+

#++

remark :this sub routine will make all other new concepts from the atomic concepts
during the job. link between the two concepts will be established
Created : 2001.1.27
Modified :2001.2.3
- PART 1. complete climination of duplicate set of attributes

= PART . complete links between two concepts

FPi i

R R R N R R N TR SRR T ST,

sub Extracting All Concepts_And_Building Lattice(

$newConceptNum=$_[0];

$totalConceptNum=$_[(0)-1;

$theRestConceptNum=StotalConceptNum-1;

my $sth_index=$dbh->prepare(“select conceptNum, level from conceptIndex order by conceptNum");

$sth_index~->execute();

my QconceptSeqg=(0);
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initially set to the number of next concept to be added in the fisture, Drring progress
of this sub routine, the value will be increased.
dynamically changing value in outer while

dynamically changing value in inner while

B esult mnzﬁ_o -

conceptNum level

initializatiion of the armay containing conceptNum



my @level=(0); #  initializatiion of the ammay containing level
while(@tuple = $sth_index->fetchrow array) (

push @conceptSeq, $tuple(0):

push Qlevel, Stuple[l]:

$sth_index->finish{);

e S Ruaas start of work list b
Shase=1;
Scompare=2;
while (StotalConceptNum) { # since new coneepts are supposed to be added, loop must be considered on the fact
#  totalConooptNum will be chaging dynamically
while ($theRestConceptNum) { #

inside this inner loop, a concept from outer for loop will be compared

#  with all concepts from this inner loop,

- decide which object s low fevel or high fevel by comparing the number of attributes -+

my ($lower_level,Shigher_level attribute,$lower_level attribute,ShigherConcept, SlowerConcept)
=decidel owOrHigh(Sbase Sompare Slevel| Sbase] Slevel| Seompare]);

print "lene - SlowerConeept < ==~ high : ShigherConceptn”:

fi+H+ - check whether there exists subeoncept or not between the two coeepls -
my $sql_conceptComparison=sql_clause make ( Shigher_level attribute,$lower level attribute);

my $sth_attr=$dbh->prepare($sql_conceptComparison) or print "Error occured on prepare in 5.1 : ".$dbh~>errstr()."\n";

$sth_attr->execute();
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my SnumOfResultAttr = $sth attr->rows; # Number of attributes fiom above sql query

if (SnumOfResultAttr==0) (

=._....._......._._.._..»_>.._..............».._._....._......_._..
elsif (SnumOfResultAttr == Slower level){
t»..__._......__-..._._._-..__-—___-.._.—__>_n_-_.__._._—_.__.....

H#+t << Cascll : Sub Concept >> o,
#+ Higher level concept is a subsct of fower fevel conoept ++

#HH+ Need to build finks between the two concepts which are now being compared ++

At R b e
print " font color=grey === case of subConcepy : link in the lattice<<fonr=< br>""
linkBuildingIntheLattice{ShigherConcept, SlowerConcept) ;

)

elsel
HAA-- A

Ht <<Caselll : New conoept >> +
H+t New conceptis oreated and added to worklist also need to register this coneept ++
#+ to lattice table +

H Attt bbbt bt bbb 2 bt b ey
#H - -

HH prevent the duplicate creating of the same concepts AR R R R A A

GtmpAttr=();
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while(@resultAttr=5$sth_attr->fetchrow_array)|{ #358 error?

push @tmpAttr, SresultAttr{0];

§sth_attr->finish():

SattrPattern = join(',',@tmpAttr);

#+ we keep the setof attributelist. - So. ifit happens again, we don't make another copy of  the concept

my Sattrlist=FileRead("attrOfConceptList"); -+ to prevent duplicate conoept

if(Sattrlist !~ /\t$attrPattern\t/i)(
H-HHH-HH - new concept creating bbb
$tableName = "attr SnewConceptNum";
$dbh->do("create table $tableName (attrName varchar(255))") or print "Error occured on new concept : create table : ".S$dbh-
>errstr()."\n";
foreach

$dbh->do("insert into StableName (attrName) values ('SconAttr')");:

StableName = "obj_$newConceptNum";

Sdbh->do("create table StableName (objName varchar(255), link varchar(255))") or print "Error occioed on new concept : insert(oby) : " Scbl->errstr()."n";

$flat_attrList = join("='Yes' and ",@tmpAttr);

Sdbh->do("insert into StableName (objName, link) select object, link from fca where $flat_attrList='Yes'") orprint"<b>Erorocquedon
new coneept : insertfattr)- b < font face = Courier:" Scbl-errstr()." - br~<Jfont >y "

FileCat {"attrOfConceptList”, "$attrPattern\t");

print "concept SnewConceptNion was created suceesfullyn':
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push QconceptSeq, $newConceptNum;

push @level, $numOfResultAttr;

$dbh->do("insert into conceptIndex (conceptNum, level) values ('$newConceptNum', 'SnumOfResultAttr')") orprint"Erroroccured onnewconcept :
concepthex : " Sdbl->errstr(). "'

register2lattice($newConceptNum, S$attrPattern); #  weregister this concept to lattioc!

HH- 200123 newly added code for lattice_patch A

mamxno:nmwnzcanpmnnwnmlvmnn:Amcmmm,m:mzno:nmnﬁz:s\/eno:nmUnmmn~/®Hm<mpv“

if (SmaxConceptNum > $newConceptNum ) {
$newlyAddedConceptNum=$maxConceptNum-$newConceptNum+1;
$totalConceptNum=$totalConceptNum+$newl yAddedConceptNum;
StheRestConceptNum=$theRestConceptNum+$newl yAddedConceptNum;

$newConceptNum=$maxConceptNum+1;

else{
StotalConceptNum++;
$theRestConceptNum++;
$SnewConceptNum++;
}
Htt -
}
else(
print === case of diplicate concept : moaction=font >-br=>'"
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B considering dynamically changing work list

Scompare++;

$theRestConceptNum--;

-

my $sql_final ="select attributes from lattice where conceptNum = Sbase";
my $sth_attr_final=$dbh->prepare($sql_final);
$sth_attr final->execute();
@rslt=$sth_attr_final->fetchrow array;
# Sattrlist="attrlistSrslt{0]\t";

FileCat ("attrOfConceptList", "Srslt [0} \t");

Sbase++;
StotalConceptNum--;
StheRestConceptNum=$totalConceptNum-1;

Scompare=$base+1;

H A e e the end of work list -

return SnewConceptNum;

L AR e R S S S TR S RS S RS SR R Y TSRO E S TR STETTe
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H+

4+

H+

modify PART

2001. 2. 3 newly added!

Newly added module

not to make same copy of attributes

appearing in the lattioe DB



-+ 461&51.1 Name of Subroutine : register2latlioe HHH
H+ input : conoept number to be created & attributes set +HH
Ht retum noting e
#++ Created :2001.1.28 -
Hi+ Modyfied : 2001.2.2 >level attribute add +HH+

R R e s SN S R T RN RSN
sub register2latticel

$seqCon=$_(0];

$_[1)=~tr/n-2/a-z/;

Slvl=Qunsorted keys=split( /\,/,$_[1]):

@sorted_keys = sort @unsorted keys;

$flat_sorted_keys=join(',',@sorted keys);

FileCat{"./updownLink/up_S$seqCon","0");

FileCat ("./updownLink/down_S$seqCon","-1");

my $data_ins=qq/insert into lattice (conceptNum, upLink, downLink, attributes, level) values ("$seqCon”, '0', '-

Sdbh->do ($data_ins)orprint "Envr occued ondata ins in 4.6.1 " Sdbh-~ervstr()."n";

BHERRH b b b R F R R R b bbb b b bbb b bbb bbb b b b b b bbb b b b bbb bbb bbbt

#+ Sl Name of Subroutine : linkBuildinglnthel attice -k
=+ input : 2 coneept nmbers to be linked

#+ retum : noting -+
Ht Created 1 2001.128 e

R R AR R R e Y SRS S RS S ST ST S ST TN
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change lowercase to upper case

sorting
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sub linkBuildingIntheLattice{

my $hConcept = $ [0]; # higher concept is a concept which has less attributes
my $1Concept = $_[1}; #  lower concept is a concept which has more attributes
# downlink
# higherConoept > lowerConoept
#  higherConcept <——— lowerConocpt
# uplink

print "linkBuilding\n":
FileCat ("./updownLink/down_$hConcept",",$1Concept") ;

FileCat {"./updownLink/up_$1Concept", ", ShConcept")

sub decideLowOrHigh(
HHHHH decide which object is low level or high level by comparing the number of attributes =14+
my {$lower level,Shigher_level attribute,$lower_level attribute,ShigherConcept,$lowe rConcept) ;
my $hase=$ [0);
my $compare=$ {1];
my Sbase_level=$ (2};

my $ccmpare_level=$ (3];

if(Sbase_level>=Scompare level) {

Slower_level=Scompare level; # Slower_level will be used later in constructing lattice for up-down
link

Shigher_level attribute = "attr Sbase"; # Shigher_level_attrbute isthe ‘attribute table’ of concept $i which has

Slower_level attribute = "attr $compare": # rore keys than that of concept $§ will be used in the lattice link
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building
ShigherConcept = $conmpare;

SlowerConcept = Shase;

elsel{
Slower_level=Shase_ level;
$higher_level attribute = "attr Scompare";
Slower_level attribute = "attr $base";
ShigherConcept = $base;

$lowerConcept = Scompare;

return Amwozmn|Hm<mH.m:wa:mnlpm<m~|mnnnwc:nm\mpozmalpm<mwlmnnnwucnm‘m:puzmnoo:nmnn\mpozmnno:nmbnv“

sub lattice patch{
my $notYetComparedMaxConcept=$ [0]-1;
my $maxConcept2Bcompared=$ [1];
my $startCon2Bcompared=$ (1];
my SconceptSeq arrayref=$ [(2]:
my $level arrayref=$_[3]:
my Sloop;
my S$Snewlyaddedconcept=0;
print “Inlattice patch W'

for $loop(l..$notYetComparedMaxConcept) {

my $totalConceptNum2Bcompared=SmaxConcept 2Bcompared - SstartCon2Bcompared+ 1;
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#

#  This module patches lattice recursively



my $curConcept2Bcompared=$startCon2Bcompared;

while ($totalConceptNum2Bcompared) { #  code for $loop <= SauConcept2 Boompared

$totalConceptNum2Bcompared--;

my (Slower_level Shigher_level_atiribute $lower_level_attritute ShigherConcept StowerConcepty= decideLowOr igh($toop SawConcept2Beompared Slevel_arrayref->[$loop] $level_amayref->[$auConcept2 Beompared]),

print "lower level: Slower_level, Shigher_level attribute <—> Slower level attribute\n™

Bttt check whether there exists subconcept or not between the two concepts  +#H-HHH-H-HH-H

my $sql_conceptComparison=sql_clause_make ($higher_level attribute,$lower level attribute);
my $sth_attr new=$dbh->prepare($sql_conceptComparison) ;

Ssth_attr_new->executel();

my $numOfResultAttr = $sth_attr new->rows; # Number of attributes from above sql query
if ($numOfResultAttr==0) {

print === cuse of no attrubite(to) : do nothing-ffont>< br>w'"
elsif (SnumOfResultAttr == $lower level) {

linkBuildingIntheLattice ($higherConcept, $lowerConcept) ; # <<Casell: Sub Conocpt >>

print "fond color=grven ~ === case of subConcept : link in the luttice=Jfont><br>\n"

elsef #  <<Caselll : New conoept >>

HH A prevent the duplicate creating of the same concepts A

my @tmpAttr=();

while(@resultAttr=9sth_attr new->fetchrow array)(
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push @tmpAttr, SresultAttr([0);

SattrPattern = join{("\,",GtmpAttr);
my Sattrlist=FileRead("attrOfConceptList"); # to prevent duplicate conoept

if(Sattrlist !~ /\tSattrPattern\t/i){

B niew concept creating b

$maxConcept2Bcompared++;

$totalConceptNum2Bcompared++;

print “newConcept SmanConeept2Beompared is created '

StableName = "attr_ S$maxConcept2Bcompared";

$dbh->do("create table $tableName (attrName varchar (255))")orprint "<b~Envr ocawvd on ovate atiribl: "8dblr>enstr()."n";
foreach $conAttr(@tmpAttr) (

$dbh->do("insert into StableName (attrName) values ('SconAttr')");

StableName = "obj_ $maxConcept2Bcompared";
$dbh->do(“create table StableName (objName varchar(255), link varchar(255))") orprint "Error occied onavate obj thl : " Slbh->enrstr()."n":
$flat_attrList = join("='Yes' and ",@tmpAttr);:

$dbh->do("insert into $tableName (objName, link) select object, link from fca where Sflat_attrList='Yes'");

FileCat ("attrOfConceptList”, "attrPattern\t");
push @$conceptSeq_arrayref, $maxConcept2Bcompared;
push @Slevel arrayref, $numOfResultAttr;

$dbh->do("insert into conceptIndex (conceptNum, level) values (' SmaxConcept2Bcompared’, 'SnumOfResultAttr') ") ;
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register2lattice ($maxConcept2Bcompared, S$attrPattern); #  we register this conoept to lattice!

mnmnE:mQmeoo:zcsuHmnnMnm%mnn: ($1oop, $maxConcept2Bcompared, SconceptSeq_arrayref, Slevel arrayref):

if (SreturnedMaxConNum>$maxConcept2Bcompared) {
msmzw<maamano=nmvnumnmn:n:mQmeooszEsumamxno:nmvnwmno:ﬁmnm%

$totalConceptNum2Bcompared=$totalConceptNum2Bcompared+$newl yaddedconcept;

SmaxConcept2Bcompared=$ returnedMaxConNum;

elsel

print "Dplicate concept creating is discardedn™

#  basic ncw concept case( including duplicate)

ScurConcept2Bcompared++;

$sth_attr _new->finish();

) # endofwhile

print "end of whilen"'

#endof for

return SmaxConceptZ2Bcompared;

sub setup_phase23(
@names = $dbh->tables():

foreach $aTable (@names) {
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if (SaTable eq 'fca') |

print “table foa is setwell-<br>\n":

elsif(SaTable eq 'k _list'}({

print “table k list is set well<br>Wn":

else{

$dbh->do("drop table $aTable") orprint"<b>Enorocaged onsengr</b> : ~fout f 2=Courier>"3dbl->errstr()."<br></font>r>":

$dbh->do("create table conceptIndex (conceptNum int, level int)") or print "<b>Error ocawed on areate thl in sengr</b> - <font foce=Cotarier™" Sdbh->enrstr(). "< br><{ont>\n>"
my Screate_tbl="create table lattice(conceptNum int, upLink text, downLink text, attributes text, level int)";
$dbh->do($create_tbl) orprint "Ervr oocwed onavate lattice ! " $dbl»errsir()."n":

FileWrite ("attrOfConceptList", "\t"};

sub sql_clause_make {
my $h_level attr=$ (0};
my $1_level attr=$ [1);

my Swhere_clause = " where Sh_level attr.attrName = $1_level attr.attrName";

my SorderBy = " order by $h_level attr.attrName";

my $from clause =" from $h_level attr, $1 level attr";
my Srtn_clause= "select $h_level attr.attrName $from clause Swhere_clause $SorderBy";

return Srtn_clause;
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sub FileRead(
$FileHandle="FH4Read $ (0]";
open {$FileHandle,"$_{0].txt");
my Sresult=<$FileHandle>;
Sresult=~ s/\n//qg;
close(SFileHandle);

return S$result;

sub FileWrite{
$FileHandle="FHdWrite $ [0]";
open {SFileHandle,">$ [0).txt");
print $FileHandle $ (1];

close($FileHandle);

sub FileCat{
mwwpmxmsapmu:mzbzﬁwnmlmlﬁow=“

open {S$FileHandle,">>$ {0].tx

print $FileHandle $_{1];

close ($FileHandle) ;

sub postProcess |
my $maxCon=$_{0)-1;

for Si{l..SmaxCon) {
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my $final uplinks=FileRead{("./updownLink/up_$i");
if($final_uplinks eq '0')({}

else{$final_uplinks=~s/0,//;}
my $final downlinks=FileRead("./updownLink/down $i"):
if(Sfinal_downlinks eq '-1'){}

else($final_downlinks=~s/-1,//:}

Sdbh->do (qq/update lattice set uplink='$final uplinks', downlink='S$final downlinks' where conceptNum='$i'/):;

print "concept $i was ipdated 0"
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APPENDIX C : SOURCE CODE FOR SECTION 5.4 (DYNAMIC GRAPHICAL USER INTERFACE

1. Code for outermost Frame (RAIO_index.pl)

#!c:/perl/bin/perl.exe

%queryFetch = readQueryString();
SconceptNum=$queryFetch{'concept'};
Sattr=SqueryFetch{'key'}:

$kList=$queryFetch{'curkeySet'};

R ARy
print <<HTML;

Content-type: text/html

<html><head><title>Welcome to DAIO system</title></head>

<frameset rows="80,*" border=0 >
<frame src=summaryBanner.pl name=summaryFrame scrolling=no> # code follows in Appendix. C - 11

<frameset cols=260, *>

<frame src=dynamicKey.pl?key=$attr&concept=$conceptNumscurKeySet=5kList name=keywordFrame scrolling=yes > #  code follows in Appendix. C - 1l

<frame src=objectFinding.pl?concept=$conceptNumscurkeySet=SkList name=ResultFrame scrolling=yes> # code follows in Appendix C - IV

</frameset>
</frameset>

</html>
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HTML

sub readQueryString|
my ($searchfield,Shuf, Spair,@pairs);
Sbuf = SENV{'QUERY STRING');

@pairs=split(/s/, Sbuf);

foreach Spair (@pairs) (
(Sname, $val) = split{/=/,$pair);

$searchField({$name}=$val;

return (%searchField);

IL. Code for summaryFrame (summaryBanner.pl)

#!c:/perl/bin/perl.exe

tqueryFetch = readQueryString();

my SkList=SqueryFetch({'curKeySet'};
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print "CONTENT-TYPE: text/html\n\n";
print “<HTML><HEAD><TITLE>Suumary Banner</TITLE>\n";
print "<script language=javascript>\n";
print "<!--\n";
print "function showkeys(){\n";
print qq@\tvar key Win=window.open('/showKeys.pl.available_key list, 'scrollbars.toolbar=0.widih=500hei ight=400.resizable=0.10p=300.left=600.alwaysRaiscd=1 dependent i) # code follows in Appendix C- V
print "}\n";
print "“//-->";
print "</script>";
print “</HEAD><BODY>\n";
print "<table cellpadding=0 cellspacing=0><tr >";

print "<td width=260><form name=frm kword action=./dynamicKey.pl method=POST target=keywordFrame>\n";

print "\t<input type=text name=txt keybox value size=10 maxlength=255>\n";

print "\t<input type=submit name=sbmt search value=Search>\n";

print gg/<a href="javascript:showkeys()">\n/;

print "\t<img src=../resource/thesis/keyd.gif border=0 height=25></a> &nbspsnbspsnbsp \n";

print "</td>\n";

print “</form>\n":

print "<td valign=top><center><img src=../resource/thesis/raioSymbol.gif border=0></center></td>\n";

print "<td width=260></td>\n";

print "</tr><tr><td colspan=3 align=right><font size=2>&copy; 2001 Dr.Park YG <i> (Bradley U.)</i> Kim, BS <i>(U. of Windsor)</td></tr></table>";
print "</BODY></HTML>\n";:

exit;
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I1L. Code for keywordFrame (dynamicKey.pl)

#lc:/perl/bin/perl.exe
print <<HTML_I;

CONTENT-TYPE: text/html

<HTML><HEAD><TITLE>List of all availabel keys</TITLE>
</HERD><BODY>

HTMLL I

use DBI;

mavzlrm<uomH|vno::mnnA:cm~”B<mnwnamnmcmmmun:mmwm:\:n00n=~:=v“

if Ammz<a.xm0cmmﬁlzm%:00.v eq 'POST') {
tpostInputs = readFormInput();

my $searchKeys=$postInputs{'txt keybox'};

if ($searchKeys eq '')|{ # for users' mistakes
print "<font size=2 color=red>No blank!<br> You can refer available key set by clicking key image on the right side....""<p>\n";

}

else(
SsearchKeys=~tr/n-z2/a-z/; #  change upperease to lowercase
$searchKeys=~s/\s+/, /q; # change space to ,
SsearchKeys=~s/,+/,/q; # more than 2 commas changed to one comma
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elsel

YsearchKeys=~s/,/%' and attributes like '%/g: # keyl,key2 -> keylt' and attributes like '%key2
my $sql_search=qq/select distinct conceptNum,attributes from lattice where (attributes like '$SsearchKeyst') order by level\n/:

my $sth_lattice=$dbh_key->prepare($sgl search):

$sth_lattice->execute();

my SrsltNum=$sth_lattice->rows:

if(Srsltum == Q) { # CASE : no match

print "Such key from you is unavailable in this system";

else(
print "Are you looking for this combination of keys including yours?<br>\n";
print "total S$rsltNum combinations were found.<hr>\n";
while(my @tuple = $sth_lattice->fetchrow array) |

print qqa<font size=2><a href=RAIO_index pl?key=Stuple] 1 [&concept=Stuple[0}&curKeySet=Stuple{ 1] target=_top>$tuple] | [</a></font><br>\n@;

Nl

# method GET

‘queryFetch = readQueryString();
my $conceptNum=SqueryFetch{'concept'};
my ScurKeyList=SqueryFetch('curKeySet');

if (SconceptNum==""){

$sql_key top="select distinct attributes, conceptNum from lattice where uplink=0 order by attributes";

mmnzlxm<lnownmauzxrm<lvvnmvmnmAmmnplrm<|novvM
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$sth_key_ top->execute();
while (@rtn_keyFromTop=§sth_key top->fetchrow array) {

print qya<font size=2><a href=RAIO_index pl7key=8itn_keyFromTop|0]&concept=3rtn_keyFromiTop{| J&eurKeySet=8rtn_keyFrom Top|0] target=_top>$itn_keyFrom Top[0]</a></font><be-\n@):

else(
$sql_UpDown=qq/select upLink, downLink from lattice where conceptNum = SconceptNum\n/;
$sth_UpDown=5dbh_key->prepare{$sql_UpDown) ;
Ssth_UpDown->execute();
@rtn UpDown=$sth_UpDown->fetchrow_array;
parseConceptList ($curKeylist, $rtn_UpDown(1],"zoomIn");
print "\n\n";

parseConceptList (ScurKeyList, $rtn_Upbown (0], “zoomout") ;

print “</BODY></HTML>\n";:
$dbh_key->disconnect () ;

exit;

sub readFormInput({
my (%searchfield, $buf,Spair,@pairs);
nmma.meon.mU:m\mmz<A_oozamzelrmzoa:_vv“
@pairs=split{/s&/,Sbuf);

foreach $pair(@pairs) (
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{Sname, Sval) = split{/=/,$pair);

Sval=~ tr/+/ /;

Sval=~ s/%((a~fA-F0-9] [a~fA-F0-9]) /pack ("C", hex ($1) ) /eg;
Sname=~ tr/+/ /;

Sname=~ m\ya_m-m>nm0|w_~m|m>|mo|m_-\vmnrﬁzn=\:mxﬁmwvv\m@h

$searchField{$name}=$val;

return (%searchField);

sub parseConceptList{

my ScurKeys=$_[0];

my $listOfConcepts=$ [1); #1,173,496

my $zoomInOut=$ [2];

if ($zoomInOut eq 'zoomIn') {
print "<img src=../resource/thesis/zoomIn.jpy border=0> Narrow your search scope!<br>\n";
print "<ul>";
if (SlistOfConcepts==-1) |

print "<li>No available keys to zoom in<br>\n";

else(
print "<p><img src=../resource/thesis/zoomOut.jpg border=0> Zoom out to following scope!<br>\n":
print "<ul>";

if (SlistOfConcepts==0) (
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print "<1i>No available keys to zoom out<br>\n";

$listOfConcepts=~s/,/' or concepthum='/q; #1' or conceptNum='173' or conceptNum='496
my $sql_orderedConcept="select attributes,conceptNum, level from lattice where {conceptNum='$1istOfConcepts’) order by level,attributes";
my $sth_orderedConcept=$dbh key->prepare ($sql_orderedConcept);
§sth_orderedConcept->execute () ;
my $curNum=0;
my Scurdttr="";
my @result_orderConcept="";
while A@nmmc:lcnamamanosomvnummnrloamnmano:omnﬁ-mennraozlmnnmﬁ {
my ($listOfCurrentKeys, $listOfNextKeys, m:caxm<mvu;mxmn:nnm:nxm<rwmnAmnCme<m~mnmmcHnIOnamnmano:nmﬁnﬁo_. SzoomInQut) ;
if (ScurNum != SnumKeys && $zoomInOut eq 'zoomIn'){
ScurNum=SnumKeys ;

print "<p><font color=gray>add ScurNum more key(s)</font><br>";

if($curAttr ne $listOfNextKeys) {

ScurAttr=51istOfNextKeys;

print gya@<li><font sim=2><a hre=RAIO_index plkey=Sresult_orderedConeept0)&concept=Sresult_orderodConoep]| [&curKeySet=SlistOMNextKeys target=_top>SlistOR urrertK eys</a></font><br\ya,

print "</ul><p><hr width=80%><p>\n";
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sub makeCurrentKeyList {

my $curKeys=$_[0]);

my $newKeys=§_(1];

my Soperation=$_[2];

my $finalNextKey="";

if (Soperation eq 'zoomIn'){

else(

ScurKeys=~s/~/, /g;

@allKeys=split(/\,/,$curkeys);

foreach SaKey(@allKeys) {
$newKeys=~s/("SaKey, |, $aKey$)//;

$newKeys=~s/, SaKey, /, /:

1f ($curKeys ne ""){

$finalNextKey="$ (0]~$SnewKeys";

else(

SfinalNextKey=SnewKeys:

$finalNextKey=$ (1};

SnewKeys=$_[11;

my SnumOfKeys=@keyArr=split (/,/,$newKeys):
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return {$newKeys, $finalNextKey, $numOfKeys):

IV. Code for resultFrame(objectFinding.pl)

#lc:/perl/bin/perl.exe

use DBI;

my mavrlowumnaww:awzoucmanoossznA=cmH"a<mnwuamnmvmmmun:mmwm=.:nOOn:.::V“
print "CONTENT-TYPE: text/html\n\n";

print “<HTML><HEAD><TITLE>RAIO -- Results found</TITLE>\n";

print "</HEAD><BODY><font size=2>\n";

tqueryFetch = readQueryString();

my $conceptNum=$queryFetch('concept’};
my SkList=SqueryFetch{'curKeySet'};

if (SconceptNum eq '')|{

print "<img src=../resource/thesis/overviewRAIO, jpg border=0>\n";

else(
$kList=~s/~/ -> /g;
$sql_search=qg/select distinct conceptNum, upLink, downLink, attributes from lattice where conceptNum = $conceptNum\n/;
my$ sth lattice= macslovumn"mwza»:auvvnmnmnmAmmnwxmmmmnsvN

$sth_lattice->execute();
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my @tuple = $sth_lattice~>fetchrow array;

show_match_case(Stuple([0],Stuple(1],Stuple(2],Stuple(3]); # subroutine call

print "</font></body></htmi>";

$dbh objectFinding->disconnect () ;

sub show match_case(
my $conNum=$_(0]
my $zoomOut=$ {1);
my $zoomIn=$ (2];
my $searchWords=$_[3);
my $sql _match obj="select distinct objName, link from obj_S$conNum";
my $sth_match= $dbh_objectFinding->prepare ($sql_match_obj):
$sth_match->execute();
my $rsltNum=Ssth match->rows;
print "<table widt=800 border=0><tr><td hgeolor=#0000CT><font color= white> Your cument keyword-settreing  : </font>=<font color=yellow><b>$k 1 ist</b></font><Ad><Ar-\n";
print "<tr><td>>>> Total matchs : Srsltium</td></tr></table><p>\n";
while(@final_objs=S$sth_match->fetchrow array) (

print “"<a href=$final_objs(l] target=ResultFrame><font size=2>$final objs[0}</font></a><br>";

print "<p><hr width=80% align=left><p>";

print "<hr width=50% align=left>";
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V. Code for keyWin(showKeys.pl)

#lc:/perl/bin/perl.exe
print <<HTML_ javascript;
CONTENT-TYPE: text/html
<HTML><HEAD><TITLE>List of all availabel keys</TITLE>
<script language=javascript>
<lee
function attachToSearchField(argText) {
var curSearchVal=opener.frm_kword.txt keybox.value;
if (curSearchval == "enter,your,search, keys" || curSearchVal=="") {

curSearchVal=argText;

else{

curSearchVal=curSearchval+", "+argText;
opener. frm_kword. txt_keybox.value=curSearchval;

//-=></script>
</HEAD><BODY>

HTML_javascript
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use DBI;
maurln:mmwmucmH-vno::mnnA:cmHua<mnwuamnmwmmmun:mm»m=~:co:omc:=~=co:oobwu=.h
@alpha_index=(a..z):

print "<a name=top></a>\n":

print "<center>";

foreach $idx{Qalpha_index) {

print "<font size=2>&nbsp<a href=#S$idx>$idx</a>snbsp</font>";

print "</center>";
print "<p>\n";
foreach $idx(@alpha_index) {
print "<A NAME=$idx></A>\n";
print "<table width=100% border=0 cellpadding=0 cellspacing=0><tr>";
print "<td width=25%> </td>\n";
print “<td colspan=2><center><font size=5 color=gray><b>$idx</b></font></center></td>\n";
print "<td width=25% align=right><A Href=#top><img src=../resource/thesis/up 2.gif border=0 height=12 alt="top'></a></td>\n";
print "</tr>\n";
print "<te>";
print "<td width=25%><lr widih=40% align=right>=<Ad><td widilr=25%><ir widty=100%>=Ad><d widir=25%><hr widit=1 00%><Ad><d width=100%<r width=40% aligr=lefi><Ad><Ar-ira>";
9sql_by_idx="select distinct itm from k_list where itm like '$Sidx%' order by itm";
$sth_key=$dbh_thesis->prepare ($sql by idx};
$sth_key->execute();

$colNum=0;
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zzwpmAennzlrm<mummn:lrm<|vann:noz|mnnm<,A
if (ScolNumkq ==0)(
print "</tr>\n<tr>";

print qq@<td width=25%><font size=2><a :«mmuum<mmnnwvn"wnnmnsaommmnnzmMmHaA:m~n:|rm<m_o_:Vannslxm<m_c_A\mVA\no:nVA\nav/:mn

elsel
print qq@<td width=25%><font size=2><a :nmmuum<mmnnwnn”mnnmn:eommmnn:ﬂwmpaA=mnn:|xm<m_o_=-vmnn:lxm<m_o_A\mVA\mo:nVA\navxseh
}
ScolNum++;
}
StheRest=$colNumi4; #  disnumber of columns

while(StheRest>0) {
print "<td width=25%></td>";

StheRest~-;
print "</tr><tr><td colspan=4> <br></td></tr>\n";
print "<tr><td colspan=4> <br></td></tr>\n";

print "</table>";

print “</BODY></HTML>\n";

exit;
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If you need the file for the source code, ask for me.

E-mail: bongeun@chollian.net

HomePage: http://user.chollian.net/~bongeun



APPENDIX D : SETTING THE WEBSERVER ‘APACHE’

1. Configuring Apache web server for my thesis environment.

1.1 My environment requirement

For the implementation of this thesis, I will use Apache as web server mostly hosting a cgi
program in perl code.

All my cgi program have ‘pl’ as their extension. Ex) myPerlProgram.pl

My system is connected to internet with dynamic ip address.

Every time my system connect to internet, my system is assigned different address.

[ manage many directories for web hosting and [ don’t want use given, default document
root directory as my actual document root.
‘C./Program Files/Apache Group/Apache/htdocs’ is given document root. But, [ would like

to use ‘C:/httpd/htdocs ' as my root directory.

Clients of my system usually speak in English or Korean

1.2 Modifying ‘httpd.conf’ file for my system requirement.

When [ start the Apache web server daemon, the server refers ‘httpd.conf’ file first and then

load daemon following the settings in the conf file. Via httpd.conf file, [ can control Apache

server. Hence, httpd.conf could be thought as a handle for web server.

1.2.1 Let Apache know my perl program
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At first. httpd.conf blocks(#) ‘AddHandler’ which allows cgi script(perl program) to be
recognized by server daemon and to be executed.
#AddHandler cgi-script .cgi <before>

AddHandler cgi-script .cgi .pl <qﬂer>

More over, | have lots of directories containing perl programs which are waiting to be

executed. [ need let Apache know the directories. It can be possible by following way.

scriptAlias /thesis/ "C:/httpd/thesis/"
<Directory "C:/httpd/thesis”>
AllowOverride None
Options ExecCGI

</Directory>

* just directory aliasing can be done as following way.

Alias /study/ “C:/httpd/study”

1.2.2 Let Apache know its location in the internet

Currently, [ am using ADSL by Bell which assign a new ip address for each time [ connect to

the Bell server. Such address is called dynamic ip address. So every time [ connect to the

Bell server, I need to let my Apache web server know its location in the internet. That could

be possible changing ServerName as following:

ServerName 64.230.128.66
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1.2.3 Let Apache know my own document root not default root.

DocumentRoot "C:/Program Files/Apache Group/Apache/htdocs” <before>

DocumentRoot "C:/httpd/htdocs” <after>

1.2.4 Let Apache know my preferred languages.

AddLanguage ko .kr where ko is for language & kr for country

LanguagePriority kr en da nl et fr de el it pt ltz ca es sv
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APPENDIX E : OVERVIEW OF THE DBMS ‘MYSQL’

1. What is MySql?

- MySql is a RDBMS and said to be very stable because it has proven itself over 10 years.

- MySql is a multithreaded server. Multithreaded means that every time scmeone established
a connection with the server, the server program creates a thread or process to handle that

client’s requests. This makes for an extremely fast server.

- MySql is fully ANSI SQL 92 compliant

- MySql is free.

program location
MySql is free software that we can download the latest version from following site and then
install.

http://www.mysqgl.com/

Interfaces of MySq!

MySql provides us with a number of programming interfaces including interfaces for

Perl(DBI/DBD). These interfaces or APIs allow us to build applications that use MySql.
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S—_—é Application

P e —— Interface
l "J (ADO,RDO.DBI)

'C—__‘_bl Driver

. - (DBD, ODBC)
C:D N

. ; (MySal)
-— e

Fig. 28 MySql and its Interfaces

2. MySql DBI

DBI can be simply said to be perl database interface. And can be installed with the aid of

the tool called PPM supported by Activestate Perl(see Appendix F).

Invoking DBI module in perl programs.
Because DBI uses perl’s object orientation features, just adding one line in a perl program
let the programmer use the functions of the module DBI.

use DBI;

3. MySql DBD

DDB is a DataBase Driver as a module that does most of real work between a specific

database(i.e., MySql) and DBI of a application. DBD is database dependent in comparison

with DBI which is database independent. As the result, while there is only one DBI, there are

many DBDs for corresponding databases.
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Currently available database drivers for perl DBI are :

DBD::CSV(general comma separated value ASCII file), DBD::DB2,

DBD::Empress, DBD:: Informix, DBD: : Ingress, DBD:: InterBase, DBD: :mysql,
bBD::0DBC, DBD::Oracle, DBD::Pg(PostgresSQL), DBD: : SearchSearver (Fulcrum
Search Searver), DBD::Sybase (for Sybase and MS SQL Server), DBD::Xbase(for Xbase

files i.e., dBase)

Among above drivers, my concern is DBD::mysql.

DBD:mysql also can be installed as the same way with DBI.(see Appendix F).

Following code is a commonly used example in coding :

$dbh=DBI->connect ("DBI:mysql:database=thesis”, “id”, “pw”);

DBD database user password
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APPENDIX F : ACTIVESTATE PERL OVERVIEW

1. What is Active Perl?

The ActivePerl is Package for Perl platforms merging the popular Perl ports. ActivePerl
contains Perl, the Perl Package Manager which is called PPM(for installing packages of

CPAN modules), and complete online help. ActivePerl is available for Linux, Solaris and

Windows Operating Systems.

This tool is also free and can be obtained at :

http://www.perl.com

2. Perl

Perl is a very high-level programming language originally developed in the 1980s. Perl is

now being developed by a group of individuals known as the Perl5-Porters.

One of Perl’s many stengths is its ability to process arbitrary chunks of textural data, known

as strings, in many powerful ways, including regular expression string manipulation.

This capabilty makes perl an excellent choice or database programming, since the majority

of information stored within databases is textual in nature.

Perl program tends to be far smaller than equivalent C programs and are generally portable

to other operating systems that run perl with little or no modification.

Perl also features the ability to dynamically load external modules, which are pieces of
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software that can be slotted into perl to extend and enhance its functionality . There are
hundreds of these modules available now ranging from mathematical modules to three-
dimensional graphics-rendering modules, to modules that allows us to interact with networks

and network software.

Perl has been accepted as being the language on the WWW for writing CGI programs.

3. An example of installing a module using PPM

Before running PPM, the system should be connected to the Internet. PPM can then be

started by typing ‘ppm’in a command prompt window

O start of PPM

® now we are in PPM

scarching for
dbi module

©® dbi was found

® now we want to
install dbt module
through internet

® installing files

® installation complete

Fig. 29 An example of installing the DBI module using PPM
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APPENDIX G : THE NETWORK PROGRAMMING SUPPORT IN PERL (LWP)

Internet Architecture is represented like above diagram. In perl, network application means

usually the programs on the TCP Layer. Perl has lots of modules or libraries to support

constructing the network applications.

Application

IPLayer

Network Layer

Fig. 30 The Internet Architecture

1. Modules supported in Perl for Network Programming

In writing network programming in Perl, there are two approaches. The one is using module
Socket supported in the tcp layer. With the aid of the module, we can establish a connection
manually and then build codes on the established tcp connection. This job is usually tedious
and results in messy codes. The other approach is using application level module for

example POP3, SMTP, NNTP and so on.

The codes build in the application level could be divided into several part. Perl has

appropriate module for the divided part. That is to say, for the E-mail applications, perl has

-129 -



two modules. The one is ‘POP3’ that supports Post Office protocol for reading emails and
the other is “SMTP’ that supports Simple Maii Transfer Protocol for sending emails. For
news applications, module NNTP is supported. And for the FTP applications, module FTP is
supported. But most of NW program is related with WEB applications using HTTP and Perl

has more detailed and delicate set of modules for such kind of applications.

B . o News FTP HTTP
E-mail Application Application || Application || Application

Net::POP3 }th;:smrrp Net::NNTP Net::FTP

l -
Supports | Supports Supports Supports File

Post Office | | Simple Mail || Network NewR Transfer

Protocol for| | Transfer Transfer Protocol for
| .
reading . ! Protocol for] || Protocol for || ransferring
email f sending readingusenet|| files between
email news hosts

Port: 110 | |Port: 25 Port: 119 Port : 21

' Sockel  Supports TCP

Fig. 31 Modules supported in Perl for Network Programming

2. LWP Library for HTTP Application

Library LWP is the set of modules, for web programming (HTTP Application) in Perl. With
the use of the library, we can construct consistent and neat codes for the application. The
library contains the following modules(Bold faced modules are more useful than others) and
can be downloaded as the single file named ‘libwww-perl’ in CPAN site (http = //

www.perl.com/CPAN)
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File Parses directory listings.
Font Handles Adobe Font Metrics.

HTML | Parses HTML files to HTML syntax trees and converts
them to printable or other formats

HTTP | Provides client requests, server responses, and computes
a client/server negotiation

LWP | The core of all web client programs.
It allows the client to communicate over the network
with server

URI. A relative URL is converted to a absolute URL.

WWW | Implements standards used for robots (automatic client
programs).

2.1 The HTML Module
There are “eleven” classes in the HTML module. Among them, bold faced modules are used
more often than others. With the HTML module we can do following things :

* parse the HTML into an HTML syntax tree

* extracting links

* converting the HTML into text or PostScript

2.2 The LWP Module

LWP module in the library LWP has 10 classes and perfoms performs client requests over
the network. The LWP modules provide the core of functionality for web programming in
Perl. It contains the foundations for networking applications, protocol implementations,

media type definitions, and debugging ability.

The modules LWP::Simple and LWP::UserAgent define client applications that implement
network connections, send requests, and receive response data from servers. LWP::RobotUA
is another client application that is used to build automated web searchers following a

specified set of guidelines.
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LWP::UserAgent is the primary module used in applications built with LWP. With it, we can
build our own robust web client. It is also the base class for the Simple and RobotUA

modules. These two modules provide a specialized set of functions for creating clients.

Additional LWP modules provide the building blocks required for web communications, but
we often don't need to use them directly in our applications. LWP::Protocol implements the
actual socket connections with the appropriate protocol. The most common protocol is
HTTP, but mail protocols (like SMTP), FTP for file transfers, and others can be used across

networks.

LWP::MediaTypes implements the MIME definitions for media type identification and
mapping to file extensions. The LWP::Debug module provides functions to help us debug

our LWP applications.

2.3 The HTTP Module

HTTP module has 8 classes and mainly specifies HTTP requests and responses. The HTTP
modules implement an interface to the HTTP messaging protocol used in web transactions.
[ts most useful modules are HTTP::Request and HTTP::Response, which create objects for
client requests and server responses. Other modules provide means for manipulating headers,
interpreting server response codes, managing cookies, converting date formats, and creating

basic server applications.

Client applications created with LWP::UserAgent use HTTP::Request objects to create and
send requests to servers. The information returned from a server is saved as an
HTTP::Response object. Both of these objects are subclasses of HTTP::Message, which
provides general methods of creating and modifying HTTP messages. The header

information included in HTTP messages can be represented by objects of the
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HTTP::Headers class.

HTTP::Status includes functions to classify response codes into the categories of
informational. successful. redirection, error, client error, or server error. It also exports
symbolic aliases of HTTP response codes; one could refer to the status code of 200 as

RC_OK and refer to 404 as RC_NOT_FOUND.

The HTTP::Date module converts date strings from and to machine time. The
HTTP::Daemon module can be used to create webserver applications, utilizing the

functionality of the rest of the LWP modules to communicate with clients.

2.4 The URI Module

The URI module contains functions and modules to specify and convert URLs. The URI
module contains functions and modules to specify and convert URIs. (URLs are a type of
URI.) There are three URI modules: URL, Escape, and Heuristic. Of primary importance to
many LWP applications is the URI::URL class, which creates the objects used by

LWP::UserAgent to determine protocols, server locations, and resource names.
The URI::Escape module replaces unsafe characters in URL strings with their appropriate

escape sequences. URI::Heuristic provides convenience methods for creating proper URLs

out of short strings and incomplete addresses.
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