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Abstract

Automatic Semantic Header Generator for PDF Documents

Furong Xue

The Concordia INdexing and Discovery system (CINDI) is an information discovery and
retrieval system to enable a reader to discover resources from a bibliographic database. It
uses a metadata description called semantic header to describe an information resource,
whose content includes title, author name, the subject and sub-subject, etc. Automatic
Semantic Header Generator (ASHG) is used to generate a draft version of the semantic
header from a resource automatically. The existing system can deal with four special

document formats: HTML, TEXT, LATEX, and RTF.

Since more and more people use PDF for document exchange, perusal on line or in print
format due to PDF document’s easy to use and cross platform portability, more
documents are published in PDF format. This thesis presents the design and
implementation of an extension to the existing ASHG to extract the semantic header from
a PDF document automatically. First, the PDF document is converted to plain text file
using Xpdf, an open source software. Modification to Xpdf has been made to get better
results of the conversion. In order to test the accuracy of the ASHG, 500 articles which
are all from computer science field are used in an experiment to generate the semantic
header; the results of extracting title, abstract, keyword and author name are 92%, 92%,
93% and 80% accurate respectively., However the results reveal that the subject

classification (about 41%) is the weakest point of ASHG and requiring further work.
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Chapter 1

Introduction

1.1 Problem Statement

As the amount of information on the web is growing rapidly, it creates new challenge for
precise information retrieval. Information retrieval system is to identify and retrieve
relevant information from the corpus based on the user query. Due to the large volume of
information on the web and poor choice of search terms, too many low quality matches
are retrieved as using search engines {1, 2]. In order to produce more relevant search
results, a better indexing system of the primary resource is required. Thus, secondary
information called meta-information must be extracted and used as an index. Preparing
the primary source’s meta-information requires finding the primary source, identifying it
as to its subject, title, author, keywords, abstract, ete. Also since it is to be used by many
users, it has to be accurate, easy to use and properly classified. These problems are

addressed by CINDI system (Concordia INdexing and DlIscovery System).

1.2 Proposed Solution

The CINDI system, proposed by Dr. Desai et al. [3], is to provide a system for more
accurate search and access to the relevant resources on the Internet. In the CINIDI
system, the bibliographic database provides information either from contributors’

document files or the document files download from the World Wide Web (WWW) site



by a robot which selects trusted sites and uses filters to eliminate non-relevant resourees.
For cataloguing and searching, CINDI uses a meta-data description called Semantic
Header (SH) to extract summarized relevant information from the documents, Since the
majority of searches for an information resource begin with a title, name of the authors
(70%), subject and sub-subject (50%) [4], therefore the summarized information in SH
includes these elements. Also, the abstract and annotations are relevant in deciding
whether or not a resource is useful, so they are included in SH too [5, 1]. In order to save
resource contributor’s time to fill out the semantic header forin manually, we built a
system called Automatic Semantic Header Generator (ASHG) to generate a draft version
of the semantic header for a resource automatically [6]. The existing model for ASHG 18
available for HTML, Text, Rich Text, and Latex and implemented in the Linux

environment,

The Portable Document Format (PDF) is a file format used to represent a document,
which is independent of the application software, hardware, and operating system used to
create it. Unlike HTML, Text, Rich Text, and Latex, the PDF document consists of non-
displayable characters. It uses Adobe imaging model to represent text and graphics. Since
a PDF file is cross platform and easy to use, more and more people use it for document
exchange and perusal on line or in print format. Consequently, there is a need to support
PDF documents in the CINDI system. Hence we propose generating the Semantic Header
from the PDF document automatically to incorporate PDF documents in the CINDI
system. First, the PDF document is converted to a plain text file by using Xpdf, an open

source code software. Modification to Xpdf has been made to get better results of the text



format. The detailed design and implementation is described in chapter 4. In order to test
the accuracy of the ASHG, 500 articles, which are all from computer science field, are

tested; the results of extracting title, abstract, keyword and author name are presented.

1.3 Structure of the Thesis

The structure of the thesis is as follows. In chapter 2, the backgrounds of the information
retrieval, search engine, the CINDI system and the previous work on the ASHG are
given. Chapter 3 discusses Xpdf software, which is used to convert a PDF document to a
plain text file, and the modifications of Xpdf softiware are given. Chapter 4 describes in
details the design and implementation of extracting title, abstract, keyword, and author

name etc. Chapter 5 tests the implemented system and analyzes the experimental results.

We draw our conclusions and present some ideas for future works in Chapter 6.



Chapter 2
Backgrounds and Literature Review
2.1 Information Retrieval

Information Retrieval (IR) is a field that studies the problem of finding relevant
documents in document collections according to given user queries. Salton and McGill
[7] illustrated “Information Retrieval (IR) is concerned with the representation, storage,
organization, and accessing of information items”. According to the study of Hayes et al.
[8], IR research first appeared in the 1960s, in the late 1970s it became a separate
discipline of Computer Science. In the 1990s due to the growth of World Wide Web and
data storage capacity of computers, the number and size of document repositories
increased enormously. As a result, finding useful information on the web is the challenge

problem for IR research [2,9].

We use Baeza-Yates et al. [9] software architecture as shown in Figure 2.1 to describe the
retrieval process. Before the retrieval process starts, the index structure will be built for
the documents. The user submits a query first; then the query is parsed, transformed and
processed to retrieve documents. The index structure built previously can make the query
processing fast. The retrieved documents are ranked according to the relevance. Finally

the user examines the set of ranked documents to get useful information.



Indexes play very important role in modemn information retrieval system. Bacza-Yates et
al. [9] depicts the role of the index as: “The mwost important of the tools for information
retrieval is the index——a collection of terms with pointers to places where information
about documents can be found” and “indexing is building a data structure that will allow
quick searching of the text”. Among a large variety of methods of IR, keyword-based
retrieval is the most-studied and often-used method. The following description of

keyword-based IR method is based on the idea of Hayes et al. [8].

Index Searching
.’!'\
|
; ¥
Textmodel | Indexing | | Ranking | | Query
. Processing
A i A
?L |
Text | User Query !
processing | Interface
User

FIGURE 2.1 THE PROCESS OF RETRIEVING INFORMATION

In keyword-based IR, the keywords for each document in the repository are determined
first. Also keywords for user queries are analyzed to determine how they match the
keywords associated with each document in the collection. In rmost keyword-based

methods, a similarity measure is used to decide the relevance of the document to the



query. The results of the query are given as a list of documents in descending order

according to their expected relevance to the query.

The quality of IR methods is measured by how well the retrieved documents match the
user’s expectations. Precision and recall are two typical metrics to describe the quality of
IR methods. Precision is defined as the ratio of the number of relevant documents to the
number of retrieved documents:

Number of relevant documents
Precision =

Number of retrieved documents

Recall is defined as the ratio of relevant documents that are retrieved to the total number
of relevant documents:

Number of relevant documents that are retrieved
Recall =

Total number of relevant documents

For example, suppose there are 80 documents relevant to widgets in a group of

documents that a user wishes to get information from. CINDI system returns 60

while its recall is 40/80 = 50%. In the chapter 5, when we do the experiments to test our

system’s accuracy, the feedback on our method’s quality is based on the precision

metrics.

6



Between the speed of information retrieval, precision, and recall, there is a three way
trade-off model, which is a basic model recognized by web users from traditional
information retrieval system. However, this trade-off becomes difficult to balance when

the number of documents and web users rapidly increase [2].

2.2 Search Engines

Internet is spreading rapidly since 1995; its scale, coverage, content, and functions
provided have developed rapidly. With such an enormous and rich information resource,
it is difficult to find something we are interested in without the aid of information
navigation tools. About 85% of Web users surveyed claim to be using search engines or
some kind of search tool to find the required information [2]. WWW search engine,
which is the interactive query tool on the Internet, is gradually becoming the primary tool
for information discovery. WWW search engines are expected to handle data collections
that are at least 2-3 orders of magnitude greater than a typical test collection for an IR
system which is around 5-7 GB, and should provide answers within seconds. Hayes et al.
[8] pointed that there are two major differences between classical and web-based retrieval
system. First, a classical database is very different from a database for web-based
retrieval system. The database of all web pages can be considered as a gigantic database,
while in the classical database, its elements can be organized, stored, and indexed to get
fast and accurate retrieval. The number of simultaneous users of popular search engines
and the number of documents that can be accessed in the web-based retrieval system are
the second major difference from the classical tetrieval system. The universal problem of

the search engine is that too many documents are retrieved and many of them are not



relevant to the user’s request. So improving the accuracy of the search results is the
primary goal of the search engine {2, 10, 11}

A large study done by Arasu et al. [12] shows that 23% of all the web pages change daily,
while 40% of commercial web pages change daily, and some web pages disappear
completely. The average half-life time for web pages is 10 days. Therefore, indexing web
pages to retrieve information is a complex and challenging problem. A given individual
search engine only indexed between 3% to 34% of the possible total web pages estimated
by Lawrence and Giles [13]. A follow up study for the top 11 search engines (HotBot,
AltaVista, Northern Light, Excite, Infoseek, Lycos, Snap, Microsofl, Google, Yahoo! and
Euroseck) indicates that indexing appears to have become more important than ever,
since 83% of sites contained commercial content and 6% contained scientific or

educational content [13].

There are four approaches to indexing documents on the web: (1) human or manual
indexing; (2) automatic indexing; (3) intelligent or agent-based indexing; and (4)
metadata, the Resource Description Framework (RDF [14] is used as metadata coding
scheme for Web documents), and annotation-based indexing (annotations include more
data than metadata to be attached to a Web document [15,16]) [2]. Among the four
indexing methods, metadata will be described in details since CINDI system (see section
2.3) is using metadata. Human indexing is done by the experts on popular subjects. The
experts organize and compile the directories and indexes to assist the search process.

Automatic indexing is carried out with the aid of modemn computing equipment.



Intelligent agents are used to perform specific tasks, such as indexing on the Web. They
are most commonly referred to as crawlers, ants, automatic mdexers, bots, spiders, Web
robots, and worms. Metadata is described by Cathre [17] as follows: “An element of
metadata deseribes an information resource or helps provide access to an information
resource”. On the Internet metadata is attached to a web page that facilitates collection of
information by automatic indexers. It has no effect on the visual appearance of the Web
page when viewed using a standard Web browser. The Dublin Core Metadata standard
and the Warwick framework [18] are two well-publicized metadata standards for Web
pages. The Dublin Core is a 15-clement metadata set proposed to assist fast and accurate
information retrieval on the Internet. The clements are title, creator, subject, description,
publisher, contributors, date, resource type, format, resource identifier, source, language,
relation, coverage, and rights. The Warwick framework is built on the Dublin results. It
provides greater interoperability among resource providers, catalogers and indexers, “The
framework is a mechanism for aggregating logically, and perhaps physically, distinct

packages of metadata™ [18].

The simplest type of metadata for labeling HTML documents is called metatags.
Although metadata and annotation could assist fast and accurate search and retrieval,
only 34% of homepages use metatags and 0.3% of web sites use the Dublin Core

metadata standard [13].



2.3 The CINDI System

There is an urgent need for the development of a gystem that allows easy search for and
access to resources available on the Internet. Solving the problem of fast, efficient
discovery and retrieval can be achieved by building a standard index structure and
building a bibliographic system using standardized control definitions and terms [5]. A
number of systems including WAIS, and a number of Spiders, Worms and other creepy
crawlers [19, 20, 21, 22, 23, 24, 25, 26, 27] attempts to provide easy search of relevant
documents on the Web. However, due to the large volume of information on the web and
poor choice of search terms, their selectivity of documents is often poor [1, 2]. The

CINDI system proposed in [3] is designed to solve these problems.

The CINDI system is an information retrieval and indexing system. The objective of the
project is to build a system that enables any resource contributor to catalog his/her own
resource and any user to search for the resources available from these resowrces using
typical search criteria such as Author, Title, Subject, etc. The system will offer a
bibliographic database that provides information about documents available on the
Internet by a Web robot. Therefore, secondary information called metadata must be
extracted and used as an index to the available primary resource. CINDI uses a metadata
description called the Semantic Header to describe an information resource. Desai [28]
first introduced Semantic Header in 1994 and Semantic Header predated Dublin Core

metadata. Desai [29] pointed out that the current Dublin Metadata Element list suffered

10



from the absence of the abstract. The later version of Semantic Header was developed

with the collaboration of the authors of the Semantic Header [5, 6].

2.4 The Semantic Header

The purpose of semantic header is to include the most often searched elements for an
information resource. The statistics done by Katz [4] show that 70% of searches begin
with a title and author name, 50% for the subject and sub-subject. Therefore, the elements
of the semantic header include the following items:

Title, Alt-title

Title is the required field. It is a name given to the resource by its creator. The alternate
title field is an optional element and used as a secondary title of the resource.

Subject (3-level subject hierarchy)

Subject field contains a list of possible subject classifications of the resource. The subject
and sub-subject is a repeating group, which is a multi-part field with one or more
occurrences of items in the group. At least one entry is required

Author and other responsible agents

For the author and other responsible agents (editor, compiler), the information includes
fields such as name, telephone number, fax number, and email address. At least the name
or the organization and address 1s required

Keyword

Keyword is the required field. This field contains a list of keywords used in the resource.
Abstract

'The abstract of the documents is either provided by the author or generated by ASHG.

1l



Identifier

Examples of identifiers are ISBN (International Standard Book Number), URL
(Universal Resource Locator) of the document. This is the required field. This is a multi-
valued slot in case the document is available in many formats or is electronically stored at
more than one site.

Date

Date is the required field. The date(s) on which the document was created, catalogued,
and the date on which the document will expire, if any.

Version

The version number 1s given in this element.

Classification

Examples of classification are the legal, security or other type. For each, nature of
clagsification is specified.

Coverage

It indicates the targeted audience of the document or it may indicate cultural and temporal
aspect of the document’s content.

System Requirements

The electronic document requires certain system requirements to be displayed or used.
Examples of the system requirements are the hardware or software platform or the
network requirements. For each, the components and the corresponding requirements are
specified.

Genre



1t is used to describe the artistic, physical or electronic format of the resource. It consists
of a domain and the corresponding value.

Source and Reference

The Source indicates the documents being referenced or which were required in its
preparation. It could also be the main component for which the current document is an
addendum or attachment.

Cost

[f there is a fee for the resource, the cost of accessing is given.

Annotations

Annotations put in by readers of the document.

User ID, Password

A Provider ID of at least six characters and a password of four to eight characters. More

than one semantic header by the same provider can have the same ID and password.

2.5 Comparision of the Dubin Core Metadata with Semantic
Header

The Dublin Core Metadata standard ( details see section 2.2) is a well-publicized
metadata standard for Web pages; while Semantic Header (details see section 2.4) is used
in the CINDI system as a metadata description to describe an information resource. Since
Semantic Header requires a minimum set, it cannot be an empty data file. While all the
elements in Dublin Core Metadata are optional, hence the whole data file of the Dublin
Core Metadata may be empty. Including abstract (an optional but a recommended

element) and annotations, Semantic Header provides the more indicative of the contents

13



for an information resource than the title or keywords. It also includes cost as an optional
clement since the user may need extra information of the resource. Table 2.1 hists the

comparison of the Semantic Header with the Dublin Core Metadata.

Table 2.1 Comparison of the Dublin Core Metadata with Semantic Header

Dublin Core Metadata Semantic Header
Y ear 1995 (the first workshop) | 1994 (the first proposal)
Total clements 15 20
A minimum set required no yes
Provding abstract no yes
Provding annotations no yes
Providing cost no yes
Verifying by contributor no yes

Therefore, the advantages of semantic header are as follows. Semantic header is written
in SGML (Standard Generalized Markup Language) format, therefore it allows user to
access the indexation of resources online or offline by the Internet web browsers. Many
search engines do not provide the abstract of the target resources, semantic header does.
Semantic header may become a part of each document. In the CINDI system, the
contributor of the resource has to register first and verify the semantic header information
of the resource being placed in the system before the resource can be stored into the

virtual library. By doing this, it will improve accuracy and efficiency.

14



2.6  Automatic Semantic Header Generator System (ASHG)

ASHG 1is used to generate a draft version of the semantic header for a resource
automatically and thus save resource contributor’s time in filling out the semantic header
form manually. The whole procedure of generating SH automatically is described here. In
the registering sub-system in CINDI, a prospective contributor who wants to upload
his/her document into CINDI system is required to register into CINDI system by filling
out a registration form. Ounce all the required information is provided, CINDI system will
register the contributor and a user name and password would be cmailed to the
prospective contributor. Now the contributor can login to the CINDI system to upload a
document and register the semantic header of the new document. First the contributor
uploads the document. Next, depending on the file type of the document, the contributor
chooses corresponding semantic header extractor (web interface in Figure 2.2). The
ASHG system will process the document and generate a draft SH which will be displayed
to the contributor via a web page (shown in Figure 2.3). If necessary, the contributor
corrects/modifies the SH and click ACCEPT button to confirm it (shown in Figure 2.4).
The contributor also can update an existing semantic header later. Since the contributor is
required to verify and correct the draft semantic header, therefore its accuracy is much

higher than most automatically generated indexes.

The existing system can deal with four document formats: HTML, TEXT, LATEX, and
RTF. Since more and more people use PDF for document, hence, it becomes urgent to

add PDF document format into the ASHG system. In the next chapter, PDF file is
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Chapter 3
Converting a PDF Document to a Text File

The organization of this chapter is as follows: first we introduce the PDF file itself, then
several PDF converters which extract text from the PDF file are compared, details are

given for Xpdf and pstotext. Finally, a modification for Xpdf is given.

3.1 Introduction of PDF

The Portable Document Format (PDF) is a file format used to represent a document in a
manner independent of the application software, hardware, and operating system used to
create it. Unlike HTML, PDF files do not contain plain text. It represents text and
graphics using the Adobe imaging model. PDF is a page description format and contains
one or more pages. Each page in the document may contain any combination of text,

graphics, and images.

PDF consists of four parts: objects, file structure, document structore and page
description, illustrated in Figure 3.1 [30]. Objects is the set of basic object types used by
PDF to represent objects, such as Booleans, numbers, strings, names, arrays, dictionaries,
and streams. File structure determines how objects are stored in a PDF file, how they are
accessed and how they are updated. It is independent of the semantics of the objects.
Document structure specifiecs how the basic object types are used to represent

components of a PDF document, such as pages, annotations, and fonts. A PDF page
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description has only limited interaction with other parts of a PDF document. It is part of a

PDF page object.

Objects

File structure
Page description

Document
structure

FiGuRrE 3.1 PDF COMPONENTS

A PDF file has the following advantages:

e Cross multiple platforms: PDF file is independent of the software, hardware,
and the operating system used to create the file.

e FEasy to navigate: PDF users and creators can use internal and external links,
bookmarks, thumbnails of each page, article threads, etc, to view and find the
PDF contents easily.

e Easy to view: PDF file has a precise color match regardless of the monitor used,
therefore PDF file allows the user to magnify documents up to 800% without the
loss of clarity in text or graphics.

o  Smaller file size: PDF file can be optimized to reduce its file size. For example,
PDF file can be 1/5 of the size of its HTML counterpart and 1/4 of the size of its

DOC type counterpart.



e Easy to use: PDF file can be viewed within Netscape and Internet Explorer
windows and saved for offline use or printed.
e Incremental update: Developers can create their own software to read, create or

modify PDF files without special permission or licensing.

Since the PDF document consists of non-displayable characters, we need to extract the
text from the PDF file first, then generate the semantic header from the text file. In this
chapter, a number of PDF converters, which extract text from the PDF file, are listed,
among them pstotext and Xpdf are introduced in details. Due to the drawbacks of these

two products, a modification is made to Xpdf in order to get better-converted text format.

3.2 PDF Converters

Searching the web site, one can find a few software products, which converts PDF
documents into ASCII text format. Table 3.1 lists some of these software products. We
focus on the two open source software on Linux platform since Linux is the working
environment for this project: Xpdf software and pstotext developed by the Digital

Equipment Corporation.
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Table 3.1 The list of software products

No. Company Product Operating system Price®
Intelligent
1 Converters PDF-to-Text | Microsoft Windows $29.85
software
2 PDFTO ALL | Pdf-Converter | Microsoft Windows $199

95/98/2000/NT/ME/XP

Microsoft Windows

P g - o A - 3 4 X N ‘.(

3 ConvertZone CZ-Pdf2Txt 95/98/2000/NT/ME $199
o N rem e e | UNIX single

4 Square One pdf2text Windows and UNIX license $349

5 Retsina software | PDF Plain Text| Microsoft Windows Source

solutions Extractor v.2.3 | 98/2000/NT/ME/XP |Code $1299.95

Microsoft Windows

Tract ~rwarel  PDE?Te
6 [Traction Softwarel  PDF2Text o< o na00/NT/ME/XP $49.95
7 E I?xliglxgént nstotext Unix, Windows, OS/2, free
SAUIpmer pstotext and VMS
Corporation
8 Xpdf software pdftotext Windows and Linux free

Note: Price™ is as of date November 2003

3.2.1 Introduction of pstotext software

pstotext is a program developed by the Digital Equipment Corporation. It works with
Ghostscript (version 3.33 or later) to extract plain text from PDF files (the system should

have Ghostscript 3.51 or later for PDF).
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First, pstotext loads a PostScript library from Ghostscript then writes to its standard
output information about each siring rendered by a PDY document. This intormation
includes the characters of the string, and the information of how to approximate the
string’s bounding rectangle. Then it post-processes this information and outputs a
sequence of words delimited by space, new line, and form feed. pstotext outputs words in
the same sequence as they are rendered by the document. Within this sequence, words are
separated by either space or new line depending on whether ot not they fall on the same

line. Each page is terminated with a form feed.

In order to get correct spacing between particular pairs of characters, a PDF document
often renders one word as several strings. pstotext uses a simple heuristic to assemble
these strings back into words: strings separated by a distance of less than 0.3 times the
minimum of the average character widths in the two strings are considered to be part of
the same word. However, this typically causes leading and trailing punctuation characters
to be included with a word. pstotext translates to the ISO 8859-1 (Latin-1) character code,
which is an extension to ASCII covering most of the Western European languages.

However, there are mistakes when encoding vector doesn't follow Adobe's conventions.

3.2.2 Xpdf’s pdftotext Features

Xpdf is an open source viewer for Portable Document Format (PDEF) files. Xpdf's
pdftotext program is used to convert a PDF document to a text file. It runs under the X

Window System on UNIX, VMS, and 08/2. The tool pdftotext also can run on Win32



systems and any system with a decent C++ compiler. By default, Xpdf will use X server

fonts. It requires the following fonts: Courier, Helvetica, Times, and Zapf Dingbats.

Each page in a PDF file is defined by a content stream(s) containing a series of
commands. These commands change the current colot, draw filled polygons, change the
current font, draw text, and so on. For example, the following PDF file displays a single
line of text consisting of the string “Hello World™ in 24-point Helvetica.

%PDF.1.4

1 0 obj

<< [Type /Catalog
/Outlines 2 0 R
/Pages 3 0R

RS

endobj

2 0 obj

<< [Type /Outlines
/Count 0

P

endobj

3 0 obj

<< /Type /Pages
/Kids [4 O R]

/Count 1

P

endobj

4 0 obj

<< [Type /Page
/Parent 3 O R
/MediaBox [0 0 612 792}
/Contents 5 O R
/Resources << /ProcSet 6 O R
/Font << /F1 7O R »>
endobj

5 0 obj

<< [Length 73 >>
stream

BT



/F124 Tt

100 100 Td

(Hello World) Tj

ET

endstream

endobj

6 0 obj

[/PDF /Text]

endobyj

7 0 obj

<< [Type /Font
/Sabtype /Typel
/Name /F1

/BaseFont /Helvetica
/Encoding /MacRomanEncoding
P

endobyj

xref

08

0000000000 65535 1
0000000009 00000 n
0000000074 00000 n
0000000120 00000 n
0000000179 00000 n
0000000364 00000 n
0000000466 00000 n
0000000496 00000 n
trailer

<< /Size 8

/Root1 OR

>

startxref

625

%%EOF

Text can be broken into small chunks for purposes of kerning. To display the string “Text
can be...” a PDF file might draw “‘I'", and then move back a little to the left, draw “ext
can be...”. A PDF text extractor must rcassemble this into the proper sequence of

characters. A PDF file can use any number of fonts, A font is a collection of glyphs -

Times-Roman, Helvetica, and Courier. For example, each font has its own glyph for the



letter ‘A’. Also it has an encoding, which is a mapping from character codes (numbers) to

glyph names.

There's no rule that requires use of a standard ASCII encoding, nor is there any rule that
requires use of standard glyph names (such as 'period’, 'zero', and 'A"). If a font contained
a glyph named 'Alice’ for the letter ", a glyph named 'Bob' for the letter I, and a glyph
named 'Charlie' for the letter ¢!, and the font's encoding mapped code 97 to 'Alice!, code
14 to 'Bob', and code 53 to 'Charlie’, then a string containing the code sequence (97, 14,

53) would generate the word "The' on the screen or printer.

When PDF gencration software creates font subsets to make the PDF file smaller, and
also makes it harder to pirate the font, it creates a difficult situation to extract text
correctly. A font subset is a font that contains only the glyphs actually used in the
document. For example, if a PDF only used 'T", 'h', and '¢’ in a particular font, the PDF
generator might create a subset font containing just those three glyphs. And it might
rename the glyphs 'p01', 'p02', and 'p03', and encode them as codes 1, 2, and 3. In this
situation, it is impossible to get the text back out of the PDF file. Therefore, it is hard to

extract text from a PDF file with 100% accuracy.

However, normally there is enough information to usc font subsets in a PDF file. For
example, the glyph names often contain the original character codes: the ASCII code for
T is 84, and the font subset might use 'p84’ as the glyph name for this character.

Additionally, some latest version PDF files provide "TolUnicode' tables for their fonts.



These map character codes straight to Unicode, avoiding all of the problems with

encodings and glyph names.

The result of converting a PDF document to text file is satisfactory when there is only
one-column text in the PDF document. However, when the document consists of figures,
tables, equations and images, the converted text file will not have the same contents as
the PDF document. This 18 because text can only display the characters from the 180-
8859-1 character set (the advantage of the text file is to be read on any type of computer
using any operating system). For figures, the converted text file will lose the lines, curves
etc. and only text appearing in the figures would be retrieved. For tables, the converted
result will lose the alignment of the columns and rows; therefore the converted table’s
text may not be easy to understand or convey the same significance. For equations, the
converted result will almost totally lose the original meaning, since text file doesn’t
support special character used in typical equations, such as the symbol for square root,
the symbol for integration. For image of .gif or .jpeg format, the converted result is an

empty line.

For two-column or more than two-column PDF document, there is a problem in the
original downloaded Xpdf code. It concatenates the last line in the first column with the
first line in next column without a space. For example, “have” is the last word in the
column one, and “created” is the first word in the column two, Xpdf converts these to

give: .. havecreated ... "7
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Since in the typical two-column PDF document, the title, keywords and abstract mostly
are in one column format. The concatenation problem may cause no problem in
converting this. However, it will have impact on the author information’s extraction. For
example, when there is more than one author writing the article, the author information
are distributed in two or more columns. This may cause errors. For example, the last line
in the first column is: “Z.Stojanovie@its.tudelft.nl 7, the first line in the second column is
“Slobodanka DjordjeviF-Kajan,” the converted result would be:

g

Z.Stojanovic@its.tudelfi.nlSlobodanka DjordjeviF-Kajan,.

3.2.3 The difference between pstotext and pdftotext

Both pstotext and Xpdf can run on most Unix, Windows, 08/2, and VMS. Also both of
them can convert two columns PDF file into text file with the same sequence as rendered
by the document. Compared with Xpdf, the converted text file from PDF file by using
pstotext has the following drawbacks:
o For the large space between words, the results of pstotext for resembling a word
are not as good as Xpdf
e For some BEuropean names and Special characters in the PDF document such as &,
6,0, 4, 3, 8 ¢ o, a, pstotext cannot convert them correctly at all. Xpdf is able to
do better.
e Pstotext doesn’t insert extra new lines to separate paragraphs. Therefore it is hard
to distinguish title section, author information section, abstract section, and

document body. This causes a problem for ASHG.
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Therefore, we choose Xpdf as the converter to extract text from a PDF file.

3.3 The Modifications Made to the xpdf-2.01

We have used many versions of Xpdf since its implementation. The earliest version used
was Xpdf-1.0, the most recent version available and used is  Xpdf-2.02. Many PDF
documents have been tested, however, none of them produced satisfactory results.
Comparing Xpdf-2.01 and Xpdf-2.02, the converted result in the text file using version
Xpdf-2.01 is more satisfactory than Xpdf-2.02 when considering the title, the superscript
/ subscript in the author name, the section separation and etc. Therefore, the
modifications are based on the xpdf-2.01 instead of Xpdf-2.02. The problems appeared in
the converted text files when using Xpdf-2.01 are as following:
1. For large space between each word in the original PDF file, all words stick
together without spaces between words in the converted text.
2. For two-column PDF documents, the last line in first column is concatenated with
the first line in next column.

3. There is no space between word and superscript / subscript.

By using Linux command diff to compare the content of program TextOutputDev-
modi.cc and TextOutputDev-ori.cc (TextOutputDev-modi.ce is the modified code,

TextOutputDev-ori.ce is the original program of Xpdt), the results is shown below:

*©F TextOutputDev-modi.ce 2003-10-09 11:51:26.000000000 -0400
- TextOutputDev-ori.ce 2003-10-09 11:44:48.000000000 -0400

e sk s ek e sk ol sl sl o

29



EE J488,1514 FHxE

j

// 1ook for a superscript
I if ((fontSizel > lineMinSuperscriptFontSizeRatio * fontSizel &&
fontSizel < lineMaxSuperscriptFontSizeRatio * fontSize0 &&
(word->»yMax < lastWord->yMax ||
word->yBase < lastWord-»yBase) &&
word->yMax - lastWord->yMin > lineMinSuperscriptOverlap * fontSize0 &&
P dx < fontSize0 * lineMaxSuperscriptDeltaX) ||
!/ return dx;
v

/ Took for a subscript
I (fontSizel > lineMinSubscriptFontSizeRatio * fontSize0 &&
fontSizel < lineMaxSubscriptFontSizeRatio * fontSize0 & &
(word->yMin > lastWord->yMin ||
word-»yBase > lastWord->yBase) &&
line->yMax - word->yMin > lineMinSubscriptOverlap * fontSize0 &&

1 dx < fontSize0 * lineMaxSubscriptDeltaX)) {
!
! double space = dx; /fadded by xue v.2.02
! return fabs(word->yBase - line->yBase); /added by xue v.2.02
!
v/ return dx;
}

return -1;

- 1488,1510 ----
k1
§

// look for a superscript
P if (fontSizel > lineMinSuperscriptFontSizeRatio ¥ fontSized &&
fontSizel < lineMaxSuperscriptFontSizeRatio * fontSize0 &&
(word->yMax < lastWord->yMax ||
word->yBase < lastWord~->yBase) &&
(word->yMax < lastWord->yMax ||
word->yBase < lastWord->yBase) &&
word->yMax - lastWord->yMin > lineMinSuperscriptOverlap * fontSize0 &&
o dx < fontSize0 * lineMaxSuperscriptDeltaX) §
! oreturn dx;
Py
// ook for a subscript

Pif (fontSizel > lineMinSubscriptFontSizeRatio * fontSize0 &&
foniSizel < lineMaxSubscriptFontSizeRatio * fontSize0 &&
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(word->yMin > lastWord-»yMin |}

word->yBase > lastWord->yBase) &&

line->yMax - word->yMin > lineMinSubscriptOverlap * foutSize0 &&
P dx < fontSize0 * lineMaxSubscriptDeltaX) {
! yeturn dx;

}

return -1;
EEE T EL L L3 L2 30
k% 1865,1875 FH
(*outputFunc)outputStream, space, spacclen);

)
}

- //the following added by xue

- I{add a space when large space appears in the pdf file

- if rawOrder && col < line->col[0]) {

- (FoutputFunc)(outputStream, space, spacelen);

-

// print the line

for (i = 0; 1 < line->len; ++1) {
-~ 1861,1866 «---
o e dp Aok o oo e sk e sl ke
*ak 1879,1806 *Ek

¢ol += line->convertedlen;

/1 print one or more returns if necessary

V/FOLLOWING COMENT OUT BY xue since I don't want new line between columns
/%
' if ((rawOrder && line->len >20) ||
! line->pageNext ||

line->pageNext->col[0] < col ||

line->pageNext->yMin >

line->yMax - lineOverlapSlack * line->fontSize) {

- ¥/

~ if (Mine->pageNext ||

- line->pageNext->col[0] < col ||

- ling->pageNext->yMin >

- line->yMax - lineOverlapSlack * line->fontSize) {

/f compute number of returns
d=1;

-~ 1870,1879 ~ov-
col += line->converiedLen;

/f print one or more returns if necessary
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L.,

if (ine->pageNext ||

line~pageNext->col[0] < col ||

line->pageNext->yMin >

line->yMax - lineOverlapSlack * line->fontSize) {

// compute number of retarns
d=1;
After the modification, the results in the converted text file are: for large space between
each word in a PDF file, now there is a proper space between words for most of the cases
(in the original codes all words stick together without spaces). For two-column PDF
documents, there is new line between the last line in the first column and the first line in
next column (the two line concatenated in the original codes). Also there is a space
between word and the superscript / subscript. For example, when author name is “Chantal
Reynaud® 7, the modified codes converts it as “Chantal Reynaud a”. While the original
codes convert it as “Chantal Reynauda ”, it is hard to distinguish the name “Reynaud”

and the letter “a” when searching for the author name.

During the program-coding period, it was found that if we inserted a new line between
the last line in the first column and the first line in next column, there was a bad effect on
title and author name. Since for a two-column PDF file, if the title and author information
are in one column format, there is a possibility to break the title line in half and author
name in half. This would cause problems when retricving the title and the author name,
Therefore, a space is added between the last line in the first column and the first hine in
next column instead of inserting a new line (The codes for adding a new line is

commented out in the diff results),
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Chapter 4

Implementation

A PDF file uses Adobe imaging model to represent text and graphics, therefore a PDF
file is made up of non-displayable characters. In order to extract Semantic Header from a
PDF document, the PDF file is converted to a text file first. Extracting information from
unstructured text file is a challenging task [31, 32]. However, PDF_extractor will try to
extract the title, the abstract, the author name, the keywords, the subject and sub-subject

ete.

4.1 Illustrate Title, Abstract and Keyword Extraction

ASHG needs to extract the title, keywords, abstract. Title is the required field. It is a
name given to the resource by its creator. Abstract is the optional field but it is
recommended. Since abstract covers the main points of the article, readers use abstract to
see if an article interests them or relates to the topic they’re working on. Rather than
tracking down hundreds of articles, readers rely on abstract to decide quickly if an article
is pertinent. Equally important, readers use abstract to help them gauge the sophistication
or complexity of a piece of writing. If the abstract is too technical or too simplistic,
readers know that the article will also be too technical or too simplistic. With so many

indexes now available electronically, absiract with their keywords are even more
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important because readers can review hundreds of abstract quickly to find the ones most
useful for their purpose. Keywords might be either explicitly stated or they have to be

implicitly extracted.

The syntax used in ASHG to govern the extraction is shown below:

1. < Title = - Explicitly-Stated-Title

2. < Abstract > :- Explicitly-Stated-Abstract
3. < Abstract > :- < Implicitly-Stated-Abstract >

4. < Implicitly-Stated-Abstract > :- The-First-Paragraph-of-Introduction
5. < Keywords > - Explicitly-Stated-Keywords

6. < Keywords > - < Implicitly-Stated-Keywords >

~

< Implicitly-Stated-Keywords > :- <Title> or <Abstract> or <Other-words>

For the < Implicitly-Stated-Abstract >, here is the difference from the previous work of
ASHG [6]. In the previous work of ASHG, the syntax for extracting < lmplicitly-Stated-
Abstract > is as following:

< Implicitly-Stated-Abstract > :- < Keywords > or < Title > or < Other-words >

We have tested hundreds of documents by using previous syntax to extract implicitly
stated abstract. The resulting abstract consisted of some words, phases, and sentences
together with the syntax stated and is hard to understand. Therefore we use the first
paragraph in the introduction to replace the old syntax. The first paragraph of
introduction normally is the summary of the whole article, therefore using it as the

alternate abstract is better in case the document doesn’t have an abstract.



4.1.1 Title Extraction

Normally, the first sentence in the converted text is considered as the title. However, this
is not so in all cases especially when a PDF document is converted to text file. The
variations arec shown below based on our experiments of converting many PDF
document:
1. The first line of the text file is the page number
2. The title consists of two lines or more
3. The first few lines is the jowrnal heading, such as “VLDB Journal,4, 567-602
(1995), Stanley Y.W. Su, Editor 5677
4, The title consists of more than one line, however there are empty new lines in
between.

5. There is no empty new line between title and author information.

Therefore, we first look for the variations of title and extract the Title according to the
most likely variation. If none of the cases apply, then we look for the first continued lines

from the text file and it will be assumed to be the title.

4.1.2 Abstract Extraction

Most articles have an explicit abstract. The abstract part can be one paragraph or more.

Within an article, the position of abstract usually follows the information for the
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author(s). The explicit marked word “Abstract” or “Summary” may be used. The ending

position of abstract is usually prior to the keyword or the introduction heading,

In ACM journals, abstract is not explicitly marked with the word “Abstract” or
“Summary” for the actual abstract contents in some articles. However, there are still
indicators which can be used to decide if there exists an abstract. Following the abstract

the article would have the “tag” words such as “Categories and Subject Descriptors ™.

Therefore, we look for the explicit abstract first, and if found we select everything until
we met the keyword or the introduction heading, or we select the paragraph before the
marked works “Categories and Subject Descriptors: 7. Otherwise, we will be obliged to

select the first paragraph of the introduction.

4.1.3 Keyword Extraction

The explicitly stated keyword has “tag” word(s) such as “Keywords”, “Keyword”, “Key
words”, “Additional Key Words and Phrases™ and “Index Terms™. Therefore, we look for
these patterns first; if found we extract the text following the pattern until an Introduction
heading or a new paragraph is reached. If the pattern is not found, we assume there are no
explicitly stated keywords in the article; in this case, ASHG generates a list of most
significant words. First, the system look for words in the title, abstract and other tagged
words, then it filters out the noise English words. The remaining words will pass the stem

process to remove all suffixes. All the words can be found in keyword database will be



chosen, and the rest are dropped. For every chosen word we will assign weights fo each.
The word which appears in the abstract, title, and other tagged words are assigned weight
of 4, 3, 2 respectively. We extract the words having the highest weight as the keyword.

The detail information is in Haddad’s thesis section 5.3.5[6].

4.1.4 Phone Number/Fax and Email Extraction

Not every article has fax and/or email information for the author(s), but we still try to
extract these information. The pattern for the email is explicitly marked by the character
“@”, and the phone number/fax is made up of a serics of digital numbers. The position of
phone number/fax and email would be before the abstract part or introduction part if the

abstract is not there.

4.2 Variations of Author Name

Identifying author names is still an open problem [31]. First we will examine the variety
of author name format appearing in different text files converted from PDF documents.
By collecting these author names from different documents, we got the following
information:
1. Name separated by spaces

Anca Vaduva Klaus R.Dittrich
2. Name separated by ","

C. Amanatidis, M. Halkidi, M. Vazirgiannis
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6.

10.

1.

Name separated by "." with a superscript number or letter (such as Chantal Reynaud”)
attached
1 Dragan Stojanovie, 1 Slobodanka Djordjevie-Kajan, 2 Zoran Stojanovic
Note: the original line in PDF document is as shown below:
"Dragan Stojanovic, 'Slobodanka Djordjevic-Kajan, *Zoran Stojanovic
Name separated by spaces and ","
Holger Schwarz , Ralf Wagner , Bernhard Mitschang
Name separated by space with a superscript of “* “attached
Kai-Uwe Sattler* Eike Schallchn®*
Name separated by spaces and "*"
Kai-Uwe Sattler * Eike Schallehn
Name separated by “and”
Mingchun Liu and Chunra Wan
Name separated by “ -7
Mirella Moura Moro - Silvia Maria Saggiorato — Nina Edelweiss — Clesio Saraiva
dos Santos
Name separated by “,” and “and”
Niculae Stratica, Leila Kosseim and Bipin C. Desai
Name separated by “&”
P. Chountas & 1. Petrounias
Name separated by new line
Spiros Sirmakessis

Athanasios Tsakalidis



From the above information, it is hard to use a single pattern to extract author name from
the PDF documents. Searching for name is still in research process, the task here is to

search for author name within an article itself.

4.3 Name Database Built From DBLP

In order to improve the retrieval of author name, we consider using a string match with a
database of published author names. The Digital Bibliography & Library Project (DBLP)
developed by Dr. Michael Ley, is a free database and currently lists more than 450,000

articles.

The DBLP server provides bibliographic information on major computer science journals
and proceedings. Initially the server was focused on Database systems and Logic
Programming, now it is gradually being expanded toward other fields of computer
science. Only the list of authors, the title, and the publication context (journal, volame,
pages, etc) are mandatory. Many papers indexed by DBLP have been published only in
printed journals or proceedings. The journals include: CACM, TODS, TOIS, TOPLAS,
DKE, VLDB 1., Inf. Systems, TPLP, TCS. The conferences include: SIGMOD, VLDB,

PODS, ER, EDBT, ICDE, POPL, and IDEAS.

The bibliographic records of DBLP has the following structure:

<inproceedings key="BertinoCS98">
<author>Elisa Bertino</author>

39



<author>Barbara Catania</author>

<author>Boris Shidlovsky</author:>

<title>Towards Optimal Indexing for Segment Databases.</tithe>

“<pages>39-53</pages>

<year>1998</year>

<booktitle>EDBT</booktitle>

<urk>db/conf/edbt/edbto8. html#BertinoCS98</urk>

</inproceedings™>
Since DBLP bibliographic records fit into the XML framework. We can use a C program
called dblp_convert.c to extract author names from the DBLP, then insert them into a
table called “nameDB” in ASHG database. However, sometimes the author tag contains a
HTML escape code like &uuml;, &aacute; and ete. The HTML escape code has to be
converted to corresponding special character first, then inserted into nameDB database
since there is no HTML escape code in the converted text file and the special characters
can be shown in the converted text file. For example string M&uuml;ller in DBLP
bibliographic records matches with Miller in nameDB; Stefan B&ouml;ttcher should be
converted to Stefan Bottche then inserted into nameDB database. The relationship
between the special character and corresponding HTMIL escape code is given in
Appendix A. The example for a HTML escape code in DBLP bibliographic records is
shown below:
<article mdate="2003-01-31" key="tr/ibm/IWBS71">
<author>Stefan B&ouml;ttcher</author>
<author>Christoph Beierle</author>
<fitle>Database Support for the PROTOS-L System</title>
<journal>IWBS Report</journal>

<yolumes7 1</volume>
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<year>1989</year>
<publisher>IBM Germany Science Center, Institute for Knowledge Based Systems
</publisher:>

<farticlex
Since most of the articles used by ASHG are in computer science field, the database
nameDB will cover most of the author names found in the PDF documents currently

being targeted. The deseription of the table nameDB is as followings:

Table 4.1 The description of the table nameDB

Column Name Description
last name Primary key
first name Primary key

The syntax of creating table nameDB is shown below:
Create table nameDB(

last name varchar(40)  not null,

first name  varchar(40) not null,

primary key(last name, first_name(10))
) types=innodb;
To make the retrieval of a tuple given its primary key value efficient, we need to create
an index with the primary key fields as the search key. Since ditferent authors can have
the same last name and also different authors can have the same first name. In order to

distinguish authors uniquely and search on the last name efficient, we declare

{last_pame, first_name(10)} as the primary key. It states that two authors may have the




same last name or first name, but not both; two authors having the same names could not

be distinguished.

The data type of column first name is VARCHAR; indexes can be created that use only

part of a column. Because most names vsually differ in the first 10 characters, this index
should not be much slower than an index created from the entire first_name column only,
Also, using partial columns for indexes can make the index file much smaller, which

could save a lot of disk space and speed up INSERT operations!

Table nameDB uses InnoDB type since InnoDB provides MySQL with a transaction-safe
storage engine. It has commit, rollback, and crash recovery capabilities. InnoDDB does
locking on row level and also provides an Oracle-style consistent non-locking read in

SELECTs. These features increase multiuser concurrency and performance.

The Pseudo code for inserting author name into table nameDB from DBLP is as follows:

void insert_author(char *filename);

char *replace_character(char name[200]);

int main(int arge, char® argv(])
p

{
initialize MySQL;
if{connect with MySQL.)

{
delete table nameDB;
if{delete true)
print message;
else

print error message from MySQL;
call insert_author(argv{11]);



close MySQL;
}
else
{ |
print error message from MySQL;
return EXIT FAILURE;
)
- return EXIT_SUCCESS;
}
void insert_author{char *filename)
{
13
FILE* file = fopen(filename, "r'");
while({(c=fgete(file))!=EOF)

{
if{cl="n"
{ - -
read character by character within the hine;
h
else
if (stnemp("<cauthor>", line, 8)== 0)
{
copy author name within the author tag;
remember the last space_position within the name;

if(there is HTML escape characters in first name){
strepy(first_namel, replace character(first_namel));
}

if(there is HTML escape characters in last name){
strepy(last_namel, replace_character(last_name));
1
)
copy from the first character of the author name to the position of last
space_position into first name;
if(space_position = = Q)
copy the name tag into last name;
copy rest of the name string after the position of last space_position;
concatenate the first name with the last name;
ingert into table nameDB;
if(there is error)
print the error message;,
Helse
t/iwhile
felose(file);
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return;
)

void load_character()

{
FILE* file = fopen("latin.txt", "r");
int i=0);

while(fscanf(file, "%s %s", spec_code[i].spec_char,spec_code[i].btml_char)!s
EOF)
s

1
{printf("%es %s\n", spec_codefil.himl_char, spec_codefi].spec_char);
i+t

}

fclose(file);

refurn,

char *replace_character(char name[200])

{

if(there is “&” inside the name){
remember the position posl;
flag =1,
}
if (flag ==1){
copy the HTML escape characters from the name;
using binary search method to find the corresponding special character and
replace the HTML escape characters;

b
else{

return name;
}

g

In the DBLP bibliographic records, author nametag does not explicitly state the last name
and the first name since it only provides the full name. The name parts, such as last name,

first name, middle name ete. are separated by space. Therefore, in the dblp_convert.c
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program, we assume the last part of the full name is the last name, the remaining part of
the name is considered as the first name. For most cases that is the order in the nametag
of DBLP bibliographic records. However, for some names, especially the names not from
English speaking country, such as Chinese names, this may not be the case. Also some
name only consists of the last name since there is no first name part in the DBLP
bibliographic records. The reason of separating last name from first name is considered as
following. First, there are around 250,000 records in nameDB database, and creating an
index would enable searching the database more efficiently. Secondly, when comparing
the string with the records in the database it is easy to start from the last name. When last
name is the same, then continue the process. Third, if the order of the author name in the
text file is not the same as the author name in nameDB, we need to separate the last name
from first name, reverse the order then compare them. Fourth, some authors may use
variation of their name for different papers, such as Dr. Bipin C. Desai may write his
name as B. C. Desai. By comparing the last name and the initials of the first name we can

identify the author name from the text file.

4.4 Author Name Extraction

There is some difficulty in retrieval of author name from the text:

1. As shown in section 4.1, there is no fixed pattern for author name.

b

Some name can be both first name and last name, such as Jorge Berra. In database
s &

nameDB, Jorge can be founded in both last name and first name column.

Therefore some time it is hard to tell which part is the last name and which part is

the first pame.



3. Some publications require the author’s last name first followed by the first name.
Therefore, in the nameDB database, we will put actual last name in the first name
field and the actual first name in the last name field. For example, there is one
record about the Chinese name written as “Zhang Lixin” in text file where Zhang
is the last name and Lixin is the first name. However, in the nameDB database,
last_name field is “Lixin”, while the first_name field is “Zhang”.

4. Same author may use name's variation in different papers. For example Bipin C.
Desai may write his name as “B. C. Desai”. Also for the author name “Maria
Grazia Fugini” may write her name as “ M. G. Fugini” or “Maria G. Fugini” or
even as “M.G. Fugini”.

5. First name and last name is separated by space, also different author names are
separated by space. Therefore it is hard to distinguish each author name even by

reading. For example, Anca Vaduva Klaus R. Dittrich.
For the case 2, since author name in both text file and database could have the situation
where the last name is followed by the first name, there could be four sub-cases for an

author name such as “Zhang Lixin”, shown in the Table 4.2:

Table 4.2 Cases for comparing name in the database

Cases |[Name in the text file Name in the database
First pame  |[Last name  (First name ast name
1 Zhang Lixin Lixin Zhang
2 {Lixin Zhang Lixin Zhang
3 Zhang Lixin Zhang Lixn
4 iLixin Zhang Zhang, Lixn
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For the case 2 and 3, regardless of the name order is reversed or not, the name in the text
file is the same as the name in the database. For the case 1 and 4, we should allow for

them in the implementation.

The Pseudo code for the author_ext.c is as following:

void readName(char *filename );
int reverseName(char *full_name );
int initialName(char *full_name );
int main(int arge, char® argv(])

{
mysql_init(&my connection); /1 Mysql initialization
connect with MySQL;
call readName(argv[11]);
mysgl_close(&my_connection); // MySQL close
return 0;

}

void readName(char *filename )

{

set variables and imitialization;

FILE *file = fopen(filename, "r");
mywstreaiill = fopen (my _filename, "w");
while(!feof(file))

{

read each line from the file;
if(line 1s not empty)
f
1
for(break up the string as at each space)
{
if{string = = “ABSTRACT” or “Abstract” or “Introduction”)
end of processing;
if (string == = “and”, -7, 7, “4+7, “*”_“digital number”, “single letter”)
continue;
while( Iname[j] is not NULL)
{
eliminate “,” and “*" in the name string and set flag = 1;
copy each character Iname(j] to last_namelj];
j
if{first string)
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copy last_name to firstName;
else if(not the first string in the name)

concatenate it with firstName;
else if{ the following name appears)

first tirae just copy, then concatenate with firstName;
else

concatenate it with firstName;

ATt

last_name == firstName™;
while(get db_name row by row from nameDB)

£
1

write into file AUTHOR;
else if{ there is a reverse order of the name, call reverseName(full_name ))
write into file AUTHOR;
else if{ there is a initial name, call initialName(full_name ) )
write into file AUTHOR;
else
continue;
}iwhile
Hifor
S
Yiwhile
fclose(my stream);
felose(file);

int reverseName(char *full_name )

{

copy the first part of full name to name as the last name;

name’;
while(get db_name row by row from nameDB)

{
reverse the first name and last_name in the nameDB
if(reversed db_name == full _name)
return true;
else
return false;
! !
int initialName(char *full_name )
{

copy the last part of full_name to name as the last name;
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query from nameDB “select first_name, last_name from nameDB where last_name =
name”;
while(get db_name row by row from nameDB)
{
if{name_part = 1){
retrieve the first_name field from nameDB and make it as initial name called
part_name and copy it to ini_name;
retrieve the first part of first_name field from nameDB and copy it to
part_namel;

streat(ini_pame2, ".");

if (name_part=>1){
tni_name = “B. C.";
ini_namel = “Bipin C.”;

,

5

strepy(db_name, ini_name);
strcat(db_name, " ");
strecat(db_name, I _name);

strepy(db_namel, ini_namel);
streat(db_name, " ),
streat(db_name, 1_name);

strepy(db_name2, ini_name2);
streat(db_name, " ");
strcat(db_name, ] name);

Istrcasecmp(db name2, full_name)){
flag =1;
break;

}

else
flag = 0;
continue;

)

¥

}//while

if{flag==0)
return 1

if{flag==1)
return O;

Svom s
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However, for the following cases, the program cannot retricve the name automatically.

o Spelling error either in the nameDB or in the text file

e Error in PDF document converting to text file; for example, Dragan Stojanovic in
PDF document will be converted as Dragan StojanoviF in text file. The reason is
because a PDF file uses Adobe imaging model to represent text (details see
chapter 3).

e Database nameDB does not have the record of the author name shown in the text
file. However the DBLP bibliographic records will be updated from time to time
and it increases quickly (in April 2003, DBLP listed more than 380000 articles, in
June 2003, it has more than 390000 articles). Consequently, the name collection

in the nameDB will be more complete.

One of advantages of ASHG is that the SH generated is a draft one and the author would

check it if necessary make corrections before being stored in the CINDI database.

4.5 Cooperating with other projects in the CINDI system

In order to allow CINDI system work more completely, we have a web robot, which
downloads millions of article from Computer Science field into our system and saved in
our database. The PDF converter will filter out the non-scientific articles and convert the
article to PDF document if the article 1s not HTML, Latex, RTX, and Text format. Also
there will be an index built for these articles.  The schema of the table

below:
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CREATE TABLE DOWNLOAD STATUS (

m nt(50) NOTNULL auto_increment,
prefix_url varchar(100) NULL,
file name varchar(100) NULL,
temp location  varchar(100) NULL,
final location  varchar(100) NULL,
ddate date NULL,
size int(10) NULL,
file type varchar(20) NULL,
pdf flag smallint(1) NULL,
ashg flag smallint(1) NULL,
filter flag smallint(1) NULL,

PRIMARY KEY (ID)

) TYPE = InnoDB;

ASHG checks the table DOWNLOADS STATUS reguolarly, if there is an article, whose
type is pdf, html, latex, rtf, text and ashg_flag = 0, the corresponding semantic header

should be generated. Then set the ashg flag = 1. If the article’s type is not the type

not pdf now it is converted to a pdf file, and its semantic header is not generated. ASHG
should check the table CONVERT PDF in another subsystem of CINDI under
development to get the file location and file name then generates its semantic header. The
schema of table ASHG and PDF_CONVERT are shown below:

CREATE TABLE ASHG (

ASHG 1D int(50) NOT NULL auto_increment,
docID int(50) NOT NULL,

create time datetime NULL,

update_time datetime NULL,

ashg location  varchar(100) NULL,

txt location varchar(100) NULL,

ashg filename  varchar(100) NULL,

txt_filename varchar(100) NULL,

index_flag smallint(1) NULL,

PRIMARY KEY (ASHG_ID),
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INDEX (docID),
FOREIGN KEY (docID) REFERENCES DOWNLOAD STATUS(ID)
ON UPDATE CASCADE ON DELETE RESTRICT

) TYPE = InnoDB;

CREATE TABLE PDF_CONVERT (

D int(50) NOT NULL auto_increment,
doclD int(50) NOT NULL,

filename varchar(100) NULL,

convert date  date NULL,

location varchar(100) NULL,

PRIMARY KEY (1D),

INDEX (docID),
FOREIGN KEY (docID) REFERENCES DOWNLOAD_STATUS (ID)

)} TYPE = InnoDB;

The pseudo codes to generate semantic header from the downloaded articles is as
follows:

int main ) {
if{ connecting with mysql){
executing queryl ("SELECT file_type FROM DOWNLOAD STATUS WHERE
ashg flag=0;");
if{queryl successful){
while(there 1s row in the result){
if(file_type == “pdf”){
fetch the result;
run the PDF _extractor for the fetched file;
if{converted text file and generated ASHG are available){
insert all the data into ASHG;
update ashg flag = 1;

clse{
print error message;
delete the text file and the generated ASHG file;
¥
{

else if(file t ype = “html”){
print “this 1s htn] file.\n”;
fetch the result;

run the HTML. extractor for the fetched file



insert all the data into ASHG;
update ashg flag = 1;

b
¥

else if{file type == “latex”){
print “this is latex file.\n”;
fetch the result;
run the LATEX extractor for the fetched file
insert all the data into ASHG;

e

else if{file_type == “rtf"){
print “this is rtf file.\n™;
fetch the result;
run the RTF extractor for the fetched file
insert all the data into ASHG;
update ashg_flag = 1;
!
]
else if(file_type === “tx”){
print “this is text file.\n™;
fetch the result;
run the TEXT extractor for the fetched file
insert all the data into ASHG;
update ashg_flag = 1;
}
else{
fetch the result;
if{converted to PDF already){
print “this is pdf file.\n;
run the PDF _extractor for the fetched file
if{converted text file and generated ASHG are available){
insert all the data into ASHG;
update ashg flag = 1;

}
clse
print(“something wrong with the converted text file and generated
ASHG.\n™);
delete the text file and the generated ASHG file;
)
}
Hielse
}//while
WASE
else
print error message;
j
yhf
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Sorm

elsef
print error message;

o

close mysql;
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Chapter 5

Tests and Results

In this chapter, we illustrate how the ASHG system extracts the meta-information from
PDF documents; also we demonstrate the automatic subject classification of the ASHG.
For each PDF document, we apply ASHG and show the results. We compare the results
with the original resource and for the subject classifications generated by ASHG we
compare them with that of Inspec (The Database for Physics, Electronics and Computing)

[33] for the same document.

5.1 Experiments

The experiments were conducted on 500 PDF documents to test the accuracy of the
generated index and the subject classification results. There are five generated fields of
ASHG to be generated: title, author name, abstract, keywords and subject classification.
The 500 PDF articles come from varieties of sources, such as Conferences: SIGMOD,
VLDB, PODS, ER. Jounals: DATA BASE, TODS. After applying the ASHG on a set of
documents, the generated index fields such as title, author name, abstract, keywords are
compared with those that are found in the original articles. The ASHG’s automatic
subject classification results are compared with the Inspec’s classification. Table 5.1 will

shows the title and the source of the first 20 articles, the complete titles and sources of all
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articles are given in the Appendix B. Table 5.2 shows the test results of the first 20

articles, the complete test results for ALL articles are shown in Appendix C.

Table 5.1 The title and the source for the first 20 test articles

PIVE Journal Volume / Foctineg Parer Title

PDF No. /Proceedings Year Testing Paper Title

P e . Broadcast Protocols to Support Efficient

1) 3

PO0] TODS Vol 24,1999 Retrieval from Databases by Mobile Users

DO0O2 TODS Vol 24, 1999Database Design for Incomplete Relations

D003 TODS Vol 24, 1999Temporal FDs on Complex Objects

004 rODS Vol 24, 1999 Optl{mzatmn of Queries with User-Defined
Predicates

D003 ODS Vol 24, 19991GIOSS: Text-Source Discovery over the internet

D006 TODS Vol 24, 1999 Distance Browsing in Spatial Databases

D007 TODS Vol 24, 1999{Supporting Valid-Time Indeterminacy

D008 TODS Vol 24, 1999 Safe Query Languages for Constraint Databases

D009 FODS Vol 24, 1099 Safe Stratr{md Datalog With Integer Order Does
Not Have Syntax

D010 ODS Vol 24, 1999 (ﬂ)’pt’ll’ﬂl?ﬁ:iﬁ]()ﬂ F'echniques for Queries with
Expensive Methods

DO11 roDs Vol 23, 1998 M‘ult}vav Access Protocols for Large-Scale
Replication

D012 TODS Vol 23, 1998 Ensurmg, Coﬂngwtwcy in 4I\/.Iul‘tjda1‘:a'bases by
Preserving Two-Level Serializability

D013 TODS Vol 23, 1998 An A'ccc_:ss/ Ccmt'rf)l Moc?el Supporflijg Periodicity
Constraints and Temporal Reasoning

D014 rODS Vol 23, 1998 (Monc’eptl‘lal Schema Analysis: Techniques and
Applications+N31
An Efficient Method for Checking Object-

DO15 TODS Vol 23, 1998 Oriented Database Schema Correctness
Information Gathering in the World Wide Web:

DO16 TODS Vol 23, 1998{The W3QI. Query Language and the W30S
System

D017 [TODS Vol 23, 199g|Lowards a Theory of Cost Management for
Digital Libraries and Electronic Commerce

D018 ODS Vol 23, 1998 ]nwrt;ed Files Versus Signature Files for Text
Indexing
Extended Ephemeral Logging: Log Storage

D019 TODS Vol 22, 1997 Management for Applications with Long-Lived
Transactions

D020 TODS Vol 22, 1997 Outer_]o'm Sll”l:l}.’)h,‘?l?&tl()l] and Reordering for
Query Optimization
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Table 5.2 The test results for the first 20 test articles

PDF No.| Title | Author | Abstract [Keyword] Subject Ccmvex‘tmg,
roblems
D001 1.00 34 1.00 1 113 0
D002 1.00 1727770.50 i 14 0
D003 1.00 Vil T.00 I 373 0
D004 1.00 12 100 1 12 0
D005 1.00 73100 I 174 0
D006 1.00 1720777100 1 13 0
DO07 1,00 72100 i 1/4 0
DO0S 1,00 17 T.00N/A 73 0
D009 1000 220 1LOON/A 1/5 0
D010 1.00 vl 1.00 1 13 0
DO11 1.000/3 1.00 i 12 0
D012 1.00 34 0.50 | 2/5 0
DO13 1.00 34 1.00 1 1/4 0
D014 1.00 33 1.00 1 173 0
D015 1.00 724 1.00N/A 1 0
DO16 .00 22 1.00 1 1 0
D017 1.00 44 1.00 1 173 0
D018 100l 34 1.00 ] 13 0
0
DO19 ool 220 050 1 1/4
D020 1.000/2 1.00 i 2/5 0
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Initially the 500 articles are downloaded from the ACM anthology [34]. Among the 500
articles, some articles are duplicated, some articles are not technical papers, for example,
D379: DATABASE CONFERENCE CALENDAR (for details information on D379 see
Appendix A). Some articles cannot be read at all due to converting problems, for example
D312: An Aspect of Query Optimization in Multidatabase Systems: when opening the
converted text file of D312, it is found that the whole file consists of non-readable
characters. The schema of SH is designed for scieatific paper (including abstract,
keywords etc), CINDI system can use filters to remove the non-scientific papers from
CINDI database successfully so the non-scientific papers are not counted in the test.
Also, when applying ASHG to an article for the CINDI database, the article is tested first
and if it was a non-readable article, the corresponding generated semantic header file and
the text file would be removed. Thus we don’t use non-readable articles for our tests,
Therefore the total number of valid articles among the 500 was 452. For each test article,
there would be a score for each field to be generated. For example, for D001, the ASHG
was able to generate its title correctly and was noted as G = E, where G refers to the
generated title and E refers to the title in the original article; hence the score for the title
field will be 1. If the title generated by the ASHG is part of the title of the original article,
G < E will be noted for the title field and the title score would be 0.5. If the title generated
by the ASHG contains redundant string, then G > E will be noted for the title field and
0.5 will be assigned to the title score. In the author name field, if there were 3 authors in
the article, but only 2 of the author names are generated correctly by the ASHG, then 2/3
will be the score for the author name field. Since score is used for abstract extraction and

keywords extraction. If the abstract was not explicitly stated, the ASHG will try to get the



first paragraph of the introduction that would be used as the paper’s abstract. If the
keywords are not explicitly stated, the ASHG will try to generate at least one keyword for
the article. Therefore, G will be noted in the keyword field. Since it is difficult to evaluate
the accuracy of the generated keywords, the testing results for the keywords will only
count on the explicitly stated keywords. So N/A will be marked in the field of keyword
score. The rule for the subject is the same as the author name. However, as mentioned
earlier, the subject classification generated by the ASHG is compared with Inspec’s

Classification Codes for the corresponding article.

Inspec is the leading English-language bibliographic database produced by the Institution
of Electrical Engineers (IEE). It provides access to the worldwide literature on physics,
electrical engineering and electronics, control theory and technology, and computers and
computing. Its records contain bibliographic information, indexing terms, abstracts,
property information, and element terms. In general, subject indexing and classification
will only be seen in records from electronic services. We will compare our results with

the electronic Inspec found at Concordia University’s library.

Because the subject generated by the ASHG is not exactly the same as the Inspec, a
subjective judgment has been made. Some articles listed in the table are not indexed by

the Inspec, therefore N/A will be marked for both subject and subject score field.



5.1.1 Sample Results

In this section, we will show the complete semantic header generated by ASHG for two
articles; D1 and DS listed in Table 5.1.
The results of D1:

<semhdrB:>
<useridB> <userid B>
<passwordB> <password E>

<titleB>» Broadcast Protocols to Support Efficient Retrieval from Databases by Mobile
Users <titleBE>

<alttitleB> <alttitlcE>

<subjectBB>

<General B> Computer Science <Generalbl>

<sublevel 1B:» Software <sublevel 1 >

<sublevel2B> computer programs and softwares <sublevel2E>
<General B> Computer Science <General B>

<gublevel | B> Processor architectures <sublevell E>

<sublevel2B> adaptable cellular architecture: mobile <sublevel2E>
<GeneralB> Electrical Engineering <GeneralE>

<gublevel 1 B> Communications <sublevel 1 E>

<sublevel2B> telecommunication applications <sublevel2E>
<General B> Electrical Engineering <GeneralE>

<sublevell B> Communications <sublevel1 E>

<sublevel2B> communication: radio and television broadcasting <sublevel2E>
<General B> Computer Science <GeneralE>

<gublevel 1 B> Processor architectures <sublevel | E>

<sublevel2B> parallel mobile processors <sublevel2E>

<(eneral B> Electrical Enginecring <General E>

<sublevell B> Communications <sublevel 1 E>

<sublevel2B> microwave communication systems <sublevel 2>
<Qeneral B> Electrical Engineering <GeneralE>

<sublevell B> Communications <sublevel 1 E>

<gublevel2B> mobile communication systems <sublevel2E>
<General B> Electrical Engincenng <GeneralE>

<sublevell B> Communications -<sublevel 1 E>

<sublevel2B> wireless mobile communication systems <sublevel2E>
<CGeneral B> Electrical Engineering <General E>

<sublevel 1 B> Communications <sublevel 1 E>

<sublevel2B> telecommunication: mobile radio link systems <sublevel2E>
<CGeneral B> Electrical Engineering <GeneralE>

<sublevell B> Communications <sublevel 1 E=
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<sublevel 23> information and communication protocols <sublevel2E=

<subjectE>

<languageB> English <languagel>
<char-setB> <char-setb>

<authorB3:

<gnameB> ANINDYA DATTA <anamell>

<gnameB> DERRA E. VANDERMEER <anamel>

<anameB> ASLIHAN CELIK <anameE>
<authorE>

<keywordB>  Adaptive broadcast protocols,
conservation, mobile databases <keywordE>
<identifier3>

<doman3 B> FTP <domain3E=

<value3 B> <value3E>

<jdentifier>

<datesB>-

<created B> 2003/8/13 <created B>
<expiryB> <expiryE>

<datesk>

<yersionB>» <versionk>

<spversionB> <spversionE>
<classificationB>

<domaindB> <domaindE>

<value4 B> <valued4E>

<classificationE>

<coveragelB3>

<domain5B> <domain5SE>

<value5B> <valueSE>

<coverageBE>

<system-requirementsB>

<componentB> <componentE>
<exiganceB> <exigancel>
<system-requirementsE>

<genreB>

<formB> <formE>

<gizeB> 175811 <sizeE>

<genrel>

<source-referenceBB>

<relationB> <relationk>
<domain-identifierB> <domain~-identificrE>
<gource-referenceli>

<costB> <costE>

<abstractB>

client-server  computing,

energy

Mobile computing has the potential for managing information globally. Data
management issues in mobile computing have received some attention in recent times,
and the design of adaptive broadcast protocols has been posed as an important problem.
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Such protocols are employed by database servers to decide on the content of broadcasts
dynamically, in response to client mobility and demand patterns. In this paper we design
such protocols and also propose efficient retrieval strategies that may be employed by
clients to download information from broadcasts. The goal is to design cooperative
strategies between server and client to provide access to information in such a way as to
minimize energy expenditure by clients. We evaluate the performance of our protocols
both analytically and through simulation.

<abstractE>

<annotationB:>

<annotationk>

<semhdrk>

<BOF>

The results of DR:

<semhdrB>

<useridB> <useridE>

<passwordB> <passwordE>

<titleB> Safe Query Languages for Constraint Databases <titleBE>
<alttitleB> <alttitleE>

<subjectB>

<General B> Computer Science <General >

<sublevel 1 B> Programming languages <sublevel 1 E>

<gublevel2B> computer program language <sublevel2E>

<General B> Computer Science <GeneralE>

<sublevell B> Software <sublevel |E>

<sublevel2B> computer programs and softwares <sublevel2E>
<General B> Computer Science <GeneralE>

<sublevel | B> Information interfaces and presentation <sublevel 1E>
<sublevel2B> user interfaces: input devices and strategies <sublevel2E>
<General B> Computer Science <GeneralE>

<sublevel B> Logics and meanings of programs <sublevell E>
<sublevel2B> program type structure <sublevel2E>

<QGeneral B> Computer Science <General E>

<sublevell B> Programming languages <sublevel 1 E>
<sublevel2B> constraint and logic langnages <sublevel2E>
<GeneralB> Computer Science <GeneralE>

<sublevell B> Programming languages <sublevell E>
<sublevel2 B> constraints in language constructs and features <sublevel2E>
<gubjectE>

<languagel3> English <languageE>

<char-setB> <char-setli>

<guthori3>
<gnameB> PETER 7. REVESZ <anamel>
<guthork>



<keywordB> query , constraint , use , type , symbol , program , paper , mput ,
framework , form , close , approach ~<keywordk

<identifierf3:»

“domain3B> FTP <domain3E>

<identifierk>

<datesB>

<createdB> 2003/8/13 <createdE>

<expiryB> <expiryE>

<datest>

<versionB> <versionk>

<spversionB> <spversionk>

<classificationB>

<domaindB> <domaindE>

<value4 B> <value4 >

<classification>

<coverageB:

<domain5B> <domainSE>

<value5B> <valueSE>

<eoveragelb>

<system-requirementsB>

<componentB> <componentl>

<exiganceB> <exiganceE>

<system-requirementsk>

<genreBs>

<formB> <formk>

<sizeB> 107368 <sizeE>

<genreb>

<source-referenceB>

<relationB> <relationE>

<domain-identitfierB> <domain-identifierE>

<source-referencel>

<costB> <costE>

<abstractB>

In the database framework of Kanellakis et al. [1990] it was argued that constraint query
Languages should take constraint databases as input and give other constraint databases
that use the same type of atomic constraints as output. This closed-form requirement has
been difficult to realize in constraint query languages that contain the negation symbol.
This paper describes a general approach to restricting constraint query languages with
negation 1o safe subsets that contain only programs that are evaluable in closed-form on
any valid constraint database input.

<abstractF>

<annotation3>

<annotationk>

<semhdrE>

<EOF:
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5.2 Results and Analysis

After conducting the tests for 452 articles, the statistics is based on the score of each field
shown in the table in Appendix C. ASHG’s average percentage accuracy for title, author
name, abstract, keywords and subject classification is 92%, 80%, 92%, 93%, and 41%

respectively. The test results and the figure are shown in the Table 5.3 and Figure 5.1.

Table 8.3 Test results

Title Author name Abstract  Keywords  Subject classification
Average Accuracy (%) 92 80, 92 93 41
Total Valid Articles 452

Test Resuits

100 -
90
80 -
70
60
50
40 -

Accuracy (%)

30
20
10

FIGURE 5.1 THE

ING RESULTS
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In addition, in order to determine the accuracy of converting PDF document to text file,
an extra testing field for the 500 articles is added as “converting problems™ shown in
Table 5.1 and Appendix C. If in general there is no problems, “0" will be put in the field,
otherwise “1” will be marked for the field. Among the 500 documents, only 24 articles
cannot be converted correctly, 95% articles can be converted correctly. The results are

shown below:

Table 5.4 The results of converting PDF document to Text file

Number Percentage
Non-readable paper 3 3/500= 0.6%
Paper with No space between words 21 21/500 = 4.2%
Total non-correctly converted paper 24 24/500 = 5 %
Total pumber of tested papers 500
Average Accuracy 95%

From Table 5.2 and Figure 5.1, it is easy to see that the test results except subject
classification are fairly high. The ASHG is able to extract most of the fields such as title,
author name, abstract and explicit keywords accurately. However, subject classification is
the weakest point of the ASHG. Although implicit keywords are not counted, it is worth
to mention that ASHG generates a list of words for the implicit keywords that include
some words that are insignificant. These insignificant words in turn lead to the diversion

in subject classification [6]. Since Xpdf cannot convert some words correctly, it will also
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decrease the efficiency of ASHG. For example, when Xpdf has problems to convert
author name correctly, the proper author name cannot be generated since there is no

match in the name database.

66



Chapter 6
Conclusion and Future work

6.1 Conclusion

Since there is large volume of information on the web, searching for specific information
based on keywords has become imprecise. Thus, providing meta-information such as the
Semantic Header for the information resource is necessary. The ASHG is a useful
application, which automatically extracts and generates such meta-information with high
accuracy for most of the usually required search terms. Since PDF document is portable,
reliable and easy to use, it has become more popular, Conscquently, the current project is
to include PDF documents in the CINDI database, which would be located by another

CINDI web robot project.

PDF document, using Adobe imaging model to represent text and graphics, consists of
non-displayable characters due to. To analyze such documents we need to convert them
to the text files, and then extract title, abstract, keyword and author name from the text
file and construct the three level subject classifications. Xpdf is an open source software
for the conversion, and after some modifications given good performance under Linux
environment for our purpose. (The average accuracy of converting is about 95%). After
applying the ASHG on 452 PDF documents, the final results show a significant accuracy

on fields of Title, Abstract, Keywords and Author name in Semantic Header; the average
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accuracy is about 92%, 92%, 93% and 80% respectively. However, it also show the
weakest point of the ASHG is the subject classification, the average accuracy is about

41%.

6.2 Contribution of this thesis

The objective of this thesis is to generate semantic header from PDF document
automatically. The design and implementation of the ASHG for PDF document is one of
the main contributions made by this thesis to CINDI system; this includes the extraction
of title, author name, email/phone number, abstract, the improvement of the syntax used
in ASHG to govern the extraction of implicitly stated abstract, building the author name
database and the web interface with the ASHG system and the CINDI system. In order to
beiter format the converted text file, a modification to the original Xpdf was made. The
design and implementation of the database to maintain and manage the generated
semantic header files for downloaded articles from the Internet by the web robot also is
another contribution of this thesis. By sharing database with the CINDI web robot and
PDF converter, which converts non-PDF files (such as DOC format files) to PDF files, is

a contribution to the CINDI system.

6.3 Future Work and Suggestions

Based on the test results, it is clear that the results for the subject classification should be
improved. Since generating the subject hierarchy depends on the accuracy of the

keywords extracted, the algorithm of generating keywords from the implicitly keywords
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extraction should be improved. Currently, only single words are generated by ASHG;

research into use of phrases may be useful in improving subject classification.

The ASHG can also generate semantic header from HTML document, Latex document,
RTF document and Text document. The testing done by Haddad [6] and Zhang [35] were
for only a limited number of documents for each type respectively; these types of
documents can also be converted to PDF documents by the software. It is suggested that
more documents of these four types should be tested, and then compared with the
converted PDF documents respectively, The results will give a basic idea how to use the

ASHG more efficiently.

Besides, the ASHG is also related to CINDI and ConfSys system, a conference
management system, both under development in other projects. The integration of these
three parts requires improvements. For example, for the web interface shown in Figure
2.3 in section 2.6, the button “Add One or More Subjects” should change to “Verity and
Modify Subjects™ since the accuracy of the subject classification is not high according to
the experimental tests and the position of the button should move to the bottom of the

web page.
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Appendix A

The special character and corresponding HTML escape code

L3

A S Aacute;
A &Acire;
A & Agprave;
A & Aring:
A & Atilde;
A & Auml;
O &Ccedil;
9] &ETH;

i &lacute;
3 &Tcire;

B &Egrave;
3 &Euml;

i Klacute:
i &loive;

i &lgrave;
i &luml;

N &Ntilde;
O &Oacute;
O &Ocire;
0 &Ograve;
3 SOslash;
0 &Otilde;
0 &Ouml;
b &THORN:
U &Uacute:
U &Ucire;
U &Ugrave;
18] &Uuml;
Y & Yacute;
4 Saacute;
i &acire;
© &aelig:

A Sagrave;
bl &alpha;
4 Searing;
a &eatilde;
’a &auml;
3 &beta;
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¢ &ccedil:

d Sedelta;

& &eacute;

& &ecire;

¢ Segrave;

e Sepsilon;

3] Seth;

= Srewml;

i &ziacute;

i ficire:

i azigrave;

i Eauml;

1L e,

it &ntilde;

0 Koacute;

3] &ocire;

0 &ograve;

13 &oslash;

0 &otilde;

s Souml;

{ Sphi;
&pi;

S &sigma;

i &sgelig,

{ Stau;

b &thorn;

il Suacute;

il &ucire;

0 &ugrave,

i Suuml;

W &yacute;

Y &yuml;
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Appendix B

Papers Used in Testing ASHG for PDF Document Format

D001

TODS

Vol 24, 1999

e Users

D0G2 TODNS Vol 24, 1999 [Database Design for Incomplete Relations

1003 TODS Vol 24, 1899 Temporal FDs on Complex Objects

D004 TODS Vol 24, 1999 Optimization of Queries with User-Defined Predicates

D005 TODS Vol 24, 1999 IGIOSS: Text-Source Discovery over the internet

2006 TODS Vol 24, 1999 Distance Browsing in Spatial Databases

D007 TODS Vol 24, 1999 Bupporting Valid-Time Indeterminacy

008 TODS Vol 24, 1999 Rafe Query Languages for Constraint Databases

D009 rODS Vol 24, 1999 f:afci Stratified Datalog With Integer Order Does Not Have
Syntax

D010 roDs Vol 24, 1999 Optmuzatmn Techniques for Queries with Expensive
Methods

Do11 TODS Vol 23, 1998 Multiview Access Protocols for Large-Scale Replication

012 rODS Vol 23, 1998 }‘;‘rmurmg (Lt}}il:t}&tx?fncy'lp Multidatabases by Preserving
T'wo-Level Serializability

cag O o] S e Perodic

D013 rODS Vol 23, 1998 !}n Accr_,as (k,omrf)l Mo@sl ‘&upporAtmg Periodicity
Constraints and Temporal Reasonng

D014 TODS Vol 23, 1998 - ()xlc.eplpal Schema Analysis: Techniques and
Applications+N31

D015 rODS Vol 23, 1998 An Eiﬁcxem Metl‘)(:d for Checking Object-Oriented
Database Schema Correctness

‘ ‘ ‘ ‘ Information Gathering in the World Wide Web: The
3 )

DO16 TODS Vol 23, 1998 W3QL Query Language and the W3QS System

D017 TODS Vol 23. 1998 Tf)wax'fis a Ihqf)ry of (:.,ost Management for Digital
Libraries and Electronic Commerce

D018 TODS Vol 23, 1998 |laverted Files Versus Signature Files for Text Indexing

019 TODS Vol 22. 1997 [*:ixt:cnder.'i’hphex;x:\?xtal Loggx‘ng‘: Eng, ‘E:,toragg Management
for Applications with Long-Lived Transactions

10020 TODS Vol 22, 1997 Outf_:x;;fam '&;,m’nphﬁca‘tmn and Reordering for Query
Optimization

po21 TODS Vol 22, 1997 !f\‘l’.l./\xl()ﬂl‘m‘l‘(: Model of Dynamic Schema Evolution in
Objecthase Systems

1022 rops Vol 22, 1997 l,;:ogical li)g;:@igu for Temporal Databases with Multiple
Granularities
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023 TODS Vol 22, 1997 10n the Semantics of "Now" in Databases
D024 HODS Vol 22, 1997 Applymg, i-:y«;?rmal /%c:thxjdg to f}ﬂ‘;ﬂ&ﬂtﬂﬁﬂﬁﬁﬂ!
Decomposition of Transactions
025 TODS Vol 22, 1997 1An Adaptive Data Rephication Algonthm
D026 rODS Vol 22, 1697 lrajxmacthmixml Lh(em:?ewer (:,ache Consistency:
Alternatives and Performance
D027 TODS Vol 22, 1997 Disjunctive Datalog
1028 TODS Vol 22,1997 ProbView: A Flexible Probabilistic Database System
1029 TODS Vol 22, 1997 Database I:)eaxign with Common Sense Business Reasoning
and Learming
‘ ey G y : Object Nonmal Forms and Dependency Constraints for
W 9018 ' . ‘
030 ToDS Vol 22, 1997 Object-Criented Schemata
, g Adaptive, Fine-Grained Sharing in a Chient-Server
} ( * st
o3 TODS Vol 22,1997 60DBMS: A Callback-Based Approach
1032 TODS vol 21, 1996 Modularization Techuiques for Active Rules Degign
1033 TODS ol 21, 1996 P’olymorph‘xsm and Type Inference in Database
Programming
0034 [ODS ol 21. 1996 A N:}fxllal” Tl*grm Reduﬂdan’c;'v infor Precisely
Characterizing Nested Relations
D035 TODS vol 21, 1996 Magic Conditions
The Building Blocks for Specifying Communication
D036 TODS vol 21, 1996 [Behavior of Complex Objects: An Activity-Driven
Approach
D037 TODS vol 21, 1996 [Tail Recursion Elimination in Deductve Databases
5038 TODS ol 21, 1996 lmplemm’xt_mg Deductive Databases by Mixed Integer
Programming
1039 rODS Vol 21, 1996 Solving Scx‘txsfwbﬂxty and Implication Problems in
Database Systems
D040 rons vol 21, 1996 Declustering of Key-Based Partitioned Signature Files
D041 TODS vol 21, 1996 |A Probabilistic Relational Model and Algebra
D042 ODS ol 21, 1996 Heraclitus: Elevating Deltas to be Firsi- Class Citizens in a
Languaget+NS9
D043 ODS ol 21, 1996 idg?lci and Verification of a Data Manager Based on
D044 TODS wvol 21, 1996 [LH*--A Scalable, Distributed Data Structure
. : Semantics for Update Rule Programs and Implementation
2 =3
D045 robs vol 21, 1996 in a Relational Database Management System
D046 The VLDB Journal ol 6, 1097 The bB -tree: a mulu«allm}mte mc_]cx su].:)poft:mg
concurrency, recovery and node consolidation
047 The VLDB Journal ol 6, 1997 Dictionary-based order-preserving string compression
1043 The VLB Journal  fvol 6, 1997 |Analysis of locking behavior in three real database systems
D049 The VLDB Joumal vol 6, 1997 Data placement in shared-nothing parallel database
systems
D050 Ihe VLDB Journal ol 6, 1997 A database model for object dynamics
051 The VLDB Journal ol 6, 1997  Graphical interaction with heterogencous databases
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D052 The VEDE Journal  vol 6, 1997 ()u z‘;?pl?fmg haah filters to improving the exccution of
rudti-joimn gueries
13053 The VIIDB Jounal ol 6, 1997 Parametric query optimization
2054 The VLDB Journal  wol 6, 1997 Concurrency control in hierarchical nultidatabase systems
D055 he VLDB Journal ol 6, 1097 The nmpa(,t of wbﬂ;‘e{;t ;cclmwlogy on commercial
transaction processing
D056 The VLDB Journal vol 6, 1997 !ie:z?rsj&etuc aﬁd randomized optimization for the join
ordering problem
D0ST The VLDB Journal ol 6, 1997 %‘y'nchrmummm and recovery in a client-server storage
system
D058 The VLB Journal ol 6, 1997  Concurrency and recovery for index trees
D059 The VLDB Joumnal ol 6, 1997  SEEKing the truth about ad hoe join costs
D060 The VLDB Journal ol 6, 1997  [Erratum A database model for object dynamics
D061 The VLDB Journal ol 6, 1997  Query processing over object views of relational data
D062 The VLDB Joumnal ol 6, 1997 E?{AL I an extensible approach to active object-oriented
databases
D063 The VLDB Journal vol 6, 1997 Stch?'tufed, dmumem s}tomg«:: and _rehned dfzc,iamuve and
navigational access mechanisms in HyperStorM
D064 The VLDB Joumal ol 6, 1997  |A configurable type hierarchy index for QODB
D065 The VLDB Journal ol 6, 1997 Usu}’g extended feature objects for partial similarity
retrieval
D066 The VLDB Journal vol 5. 1996 I‘)arallel.;lzmg QODBMS traversals: a performance
cvaluation
D067 Fhe VLDB Journal  vol 5, 1996  Priority assignment in real-time active databases
D063 The VLDB Journal vol 5, 1996 A, p;‘ecixczxte~bfxsecl caching scheme for client-server
database architectures
D069 The VLDB Journal ol 5, 1996  Mariposa: a wide-area distributed database system
D070 The VLDB Journal ol 5, 1996 Join algorithm costs revigited
DO71 The VLDB Journal ol 5, 1996 A taxonomy of correctness criteria in database applications
DO72 The VLDB Journal  vol 5, 1996 The GMAP: a versatile tool for physical data independence
D073 The VLDB Journal |vol 5, 1996 ;\Ige‘braxc query optimisation for database programming
anguages
L T T Type-safe relaxing of schema consistency rules for flexible
D074 The VLDB Journal  vol 5, 1996 modelling in OODBMS
DO75 The VLDB Journal |vol 5, 1996 An expenmemal object-based sharing system for
networked databases
D076 The VLDB Journal  vol 5, 1996 |A complete temporal relational algebra
The design and implementation of K: a high-level
D077 The VLDE Journal ol 5, 1996 koowledge-base programming Janguage of
OSAM* KBMS
D078 The VLDB Joumal ol 5, 1996 |Access path support for referential integrity in 8Q1.2
D079 The VLDB Journal ol 5, 1996 Infiﬁ:x ncs;tmg an efficient approach to indexing in object-
sriented databases
1080 The VLDB Journal ol 5, 1996 Query processing and optimization in Oracle Rdb
D081 The VLDB Journal  jvol 5, 1996  Building knowledge base management systems
082 The VLB Journal ol 5, 1996 An asymptotically optimal multiversion B-ree
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D083 Ihe VLDB Journal ol 5. 1996 t::«‘wfnantym ei:pd gﬁi}crinz?args S,]Iﬁ:‘1flrll.xeﬁ between database
objects: a context-based approach

084 The VLB Jowmnal  veld, 1995  [The Software Information Base: A Server for Reuse

D083 The VLB lournal ol 4, 1995 MyperFile: A Data and Query Model for Documents

D086 The VLDB Jowmal  vold, 1995 Ordered Shared Locks for Real-Time Databases

R . Characterization of Database Access Pattern for Analytic

D087 The VLDE Journal vol 4, 1993 Prediction of Buffer Hit Probability

1088 [The VLDB Joumal lold, 1905  [oata Model for Extensible Support of Explicit
Relationships in Design Databases

080 The VLDB Journal ol 4, 1995 I}g\pda“m;g Ifinowledge Bases While Maintaining Their
{onsistency

DOY0 The VLDR Journal jvol4, 1995  Realm-Based Spatial Data Types: The ROSE Algebra

D091 The VLDB Joumal [vol 4. 1995 InterViso: I,)t:avﬂmg, With the Complexity of Federated
Database Aceess

D092 The VLDB Journal vol 4, 1995  Orthogonally PersistentObject Systems

13093 Mot exist

D094 he VLDB Journal kol 4, 1995 1IC;UM I: Aﬁl]mform Behaviomal Objectbase
Management System
P by oy oo - e Feeye ing Lancuave Ha ing

1095 The VLDB Journal  lvol 4, 1995 lhgmx‘g A I)atabfm Programming Language Handling
Integrity Constraints,

D096 fhe VLDB Journal ol 4, 1995 1 humw A IJatabfasc Progranuning Language Handhing
Integrity Constraints.

1097 he VLDB fournal  vol 4, 1995 Adagtab]«: P(?mtiﬁ?t” Swrzzh‘ng S{f‘atggws 10 Ob:wct Bases:
Design, Realization, and Quantitative Analysis

D098 The VLDB Journal ol 4, 1995 %lecpem and W(;zrkzihphf:ﬁ: C‘a(_;hmg Strategies in Mobile
Environments (Extended Version)

1099 The VLDB Journal ol 4, 1995  |AlphaSort: A Cache-Sensitive Parallel External Sort
D100 The VLDB Journal vol 4, 1995 Esu;rﬂnaung Page Fetches for Index Scans with Finite LRU
Buffers

D101 [he VLDB Joumal lvol4, 1995 lllﬁtorlf:al Queries Along Multiple Lines of Time
Evolution

D102 The VLDB Journal vol 4, 1995 The Power of Languoages for the Manipulation of Complex
Values

D103 The VLDB Journal |vol 4, 1995 Lhronqlog;l.ca] Scheduling of Transactions with Temporal
Dependencies

0104 The VLDB Journal vol 4, 1995 [?y{lanltf: Maintenance of Data Distribution for Selectivity
Estimation

12105 The VLDB Journal ol 4, 1995 A Pattern-Based Object Calculus

. e : . Versioning and Configuration Management in an Objoct-

D106 The VLDB Journal ol 4, 1995 Oriented Data Model

D107 The VLDB Journal lvol 4, 1995 {;\f“ ;nmj)ducuon to Deductive Database Languages and
Systoms

D108 The VLDB Journal [vol 4, 1995 Thg (.xluc-@z/}.ﬂ Dedgcgye I‘)z‘z?abam System: Design,
Implementation, and Evaluation

D109 Fhe VLDB Journal  wol 4, 1995 The CORAL Deductive System

D110 The VLDB Joumal  vol 4, 1995 DEC LI}RK: and SD‘» 113‘31“1}’ Efforts to Commercialize
Deductive Database Technology
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111 The VLDB Journal  vol 4, 1995 The Aditi Deductive Dustabase System
n o ey g . The Demarcation Protocol: A Technique for Maintaining
Y ¢ “ }2 ‘
D112 The VLDB Journal  vol 4, 1995 Constraints mn Distributed Database Systems
D113 The VLDB Joummal  vol 4, 1995 lIndex Configuration in Object-Orniented Databases
3114 The VLDB Jourpal  jvol4, 1995  |An Introduction 1o Spatial Database Systems
D115 The VLDB Journal  pol4, 1995  Management of Multidimensional Discrete Data
D116 The VLDB Journal lvol 4, 1995 A §ex@antm Modeling Approach for Image Retrieval by
Content
D117 The VLDB Journal lvol 4, 1995 Q}mhfﬁt;sw Rﬁ:‘pmmntam)n of Spatial Knowledge in Two-
Dimensional Space
D118 The VLDB Journal vol 4, 1995 gl;ilw- Tree: An Index Structure for High-Dimensional
D119 The VLDB Journal ol 2, 1993 Bqﬁ«?r Mmagmwm Baﬂs?d on Betuen on Consumption In a
Multi-Query Environment
D120 The VLB Journal ol 2, 1993 Concarrency Control Issues in Nested Transactions
D121 The VLDB Journal ol 2, 1993 [%mng I_}‘{ﬁe{e{ltlgl Techniques to Efficiently Support
Transaction Time
2122 The VLB Journal ol 2, 1993 [Value-Based Scheduling in Real-Time Database Systems
(123 The VLDB Journal ol 2, 1993 Query Languages for Relational Multidatabases
D124 The VLDB Journal [vol 2, 1993 (imm:rgtmg E,ongmustexft f mt Data: Restricting the Search
Space by a Generator Formula
D125 The VLDB Journal ol 2, 1993  pupporting Consistent Updates in Replicated
Multidatabase Systems
. _ . Query Processing and Inverted Indices in Shared-Nothing
> . s 4 b
D126 The VLDB Joumal - vol 2, 1993 Text Document Information Retrieval Systems+O138
. - v Multi-Level Transaction Management for Complex
) ) N
D127 The VLDB Journal ol 2, 1993 Objects: Implementation, Performance, Parallelism
D128 The VLDB Journal  vol 2, 1993  [Understanding Semantic Relationships
D120 The VLDB Journal vol2, 1993 S;e:}rc%nng a Minimal Semantically-Equivalent Subset of a
Set of Partial Values
D130 The VLDB Journal jvol2, 1993  [Parallel Query Processing With Zigzag Trees
D131 The VLDB Journal [vol 2, 1993 C(m_mc%cm‘xg I)mq Skew inctor in Multi-Way Join Query
Optimization for Parallel Execution
D132 The VLDB Journal ol 2, 1993 ? Theory of Global Concurrency Control in Multidatabase
ystems
5133 The VLDB Journal lvol 1. 1992 Transaction Management Issues in a Failure-Prone
o D 7T Multidatabase System Environment
D134 T'he VLDB fournal ol 1. 1993 (‘,oo‘perfmye'Trff.lvmakcuon Hierarchies: Transaction Support
for DesignApplications
D135 Fhe VLDB Journal ol 1. 1994 M()dt;;}l Indepcl*,nd?fn A&:seruons for Integration of
Heterogeneous Schemas
D136 Ihe VLDB Journal ol 1. 1995 Ej'ed?’med Dﬂatalﬁaﬁe& and Systems: Part - A Tutorial on
Their Data Sharing
D137 The VLB Joumal  ivol 1. 1996  Overview of Multidatabase Transaction Management
D133 [he VIDB Journal lvol 1. 1997 A {c:solkﬁ f:qr the Im.:rex‘mfn‘mvl Impk:ﬁmexztatxpn (f)f
Heterogeneous Database Management Systems
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D139 Fhe VLDB Journal ol 1. 1998 1ac,de:f*durjd'L‘mu‘;bgiaw i;u%d &y&f&lnh. Part I1 - A Tutorial on
Iheir Resource Clongolidation

D140 The VLDB Jouwrnal ol 1, 1999 SIGMOD Sister Societics

D141 SIGMOD ol 29, 2000 {‘zty,}‘»/(m‘tfyt(xM()[f);hgual Review Restaurant Ratings for
Fechnical Papers

D142 SIGMOD ol 29, 2000 I;f*tfohftt_xon/ and Change in Data Management - Issues and
Darections

N143 SIGMOD ol 20, 2000 (xf*:r}c:rg;t'lng glyr‘mml‘c cx-mtﬁam at database-backed web
servers”" cgi-bin vs mod_per)

terarahineg el ke CIners T WS 1]

D144 SIGMOD vol 29, 2000 ?su&mhxga énci Relative Operators in the OLAR
AORVIFOMent

D145 SIGMOD vol 20, 2000 Afl O;a_tunx&auoxj Sﬁl}gnje for Coalesce/Valid Time
Selection Operator Sequences

" N [ncremental Maintenance of Reoursive Views Using

D146 SIGMOD vol 29, 2000 Relational Calculus/SQI*

147 SIGMOD vol 29, 2000 [Reminiscences on Influential Papers

D148 SIGMOD vol 29, 2000 |An Extensible Compressor for XML Data

12149 SIGMOD vol 29, 2000 1SQL Standardization: The Next Steps

D130 SIGMOD vol 29, 2000 [Comparative Analysis of Five XML Query Languages

D151 SIGMOD ol 20, 2000 Eﬂ}f:y«md' I,)aciumenﬁ f,s;xfularxty; Q{)dﬁrsmndmg Vahe-Based
Search and Browsing Technologies

N Workshop on Performance and Architecture of Web

[>152 SIGMOD vol 29, 2000 Servers(PAWS-2000)
Report on 18DO '00: The CAISE*00 Workshop on

D153 SIGMOD vol 20, 2000 "Infrastructures for Dynamic Business-to-Business Service
Outsourcing
Report on Second International Workshop on Advanced

D154 SIGMOD vol 20, 2000 [Issues of E-Comumerce and Web-Based Information
Systems

D155 SIGMOD vol 20, 2000 Pro\f{smn of Market Services for eCo Compliant Electronic
Marketplaces

13156 SIGMOD vol 29, 2000 {Spatial Operators

D157 SIGMOD vol 29, 2000 iGenerating Spatiotemporal Datasets on the WWW

D158 SIGMOD vol 29, 2000  (Constraint databases: A tutorial introduction

D159 SIGMOD vol 29, 2000

D160 SIGMOD Yol 29, 2000 The Implementation and Performance of Compressed
Databascs

D161 SIGMOD vol 29, 2000

1162 SIGMOD vol 29,2000 Comparative Analysis of Six XMI. Schema Languages

D163 SIGMOD vol 20,2000  Knowledge Discovery in Data Warchonses
Semantic Interoperability in Global Information Systems A

D164 SIGMOD vol 28, 1999 brief introduction 10 the research area and the special
section
Semantic Integration of Environmental Models for

163 SIGMOD vol 28, 1999 |Application to Global Information Systems and Decision-
Making
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; rrn g , ) Sernantic and Pedagogic Interoperability Mechanisms in
5 ol 28, 1999 o~ Tt o L
12166 SIGMOD vol 28, 1999 the ARIADNE Educational Kepository
Linpacking The Semantics of Source and Usage To
167 SIGMOD vol 28, 1999 Perform Semantic Reconciliation In Large-Scale
[nformation Systems
13168 SIGMOD vol 28, 1999 Bemantic Video Indexing: Approach and Issucs
160 SIGMOD Vol 28, 1999 %,fmtm::njmlmnlg the Information Space in Federated Digital
Abraries
13170 SIGMOD vol 28, 1999 ;)yxianlx({ bervzfm Mfatclnxmakmg !:mong Agents in
OpenInformation Environments
171 SIGMOD vol 28, 1999 &aommmc fxgt:egrahcm of Semistractured and Stuctured
Data Sources
12172 SIGMOD vol 28, 1999 |Agent-Based Semantic Interoperability in InfoSleuth
D173 CIGMOD Vol 28, 1999 S-\,'e:fnm‘mc {mempem}n%xty in Ip{ormatxéwrx Services:
Experiencing with CoopWARE
1174 SIGMOD vol 28, 1999 Design Principles for Data-Intensive Web Sites
L3175 SIGMOD vol 28, 1999 A study on data point search for HG-trees
(3176 BIGMOD vol 28, 1999 [The OASIS Multidatabase Prototype
T T VideoAnywhere: A System for Searching and Managing
- (3] Etthis
D177 SIGMOD vol 28, 1999 Distributed Heterogeneous Video Assets
D178 SIGMOD vol 28, 1999 Reminiscences on Influential Papers
D179 SIGMOD ol 28, 1999 NSF W»orkfal‘.\op op [ndustrial/ Academic Cooperation in
Database Systems
D180 SIGMOD vol 28, 1999 18OQL: 1999, formerly known as SQL3
D181 SIGMOD vol 28, 1999 Towards Adaptive Workflow Systems
\ ‘ Fngineering Federated Information Systems Report of
2
182 SIGMOD vol 28, 1999 EFIS '99 Workshop
D183 SIGMOD ol 28, 1999 C,Ahomchro.nosf: A Research Network for Spatiotemporal
Database Systerns
D184 SIGMOD vol 28, 1999 Cost }:tshm'atlon of Uﬁcereilrled Methods in Object-
Relational Database Systems
13185 SIGMOD vol 28, 1999 First-Class Views: A Key to User-Centered Computing
D186 SIGMOD Vol 28, 1999 %1‘13 g/lultx—rea;olumm Document Transmission in Mobile
D187 SIGMOD vol 28, 1999 [Reminiscences on Influential Papers
188 SIGMOD vol 28, 1999 [Distributed Transactions in Practice
s g A Distributed Scientific Data Archive Using the Web
3 {] ¥
189 STGMOD vol 28, 1999 ML and SQL/MED
100 SIGMOD Vol 28, 1999 g&n Overviewand Classification of Mediated Query
Systems
D161 SIGMOD vol 28, 1999 Database Research at The University of Oklahoma
D192 SIGMOD vol 28. 1699 1 m)exw})nv?n Database Triggers and Alerters: Semantics
iand a Challenge
[>193 SIGMOD vol 28, 1999 Diloting ACID
AT ‘ Some Remarks on Variable Independence, Closure, and
{ <3 7 (41819 £y H
D194 SIGMOD vol 28, 1999 Orthographic Dimension in Constraint Databascs
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195 SIGMOD vol 28, 1999 Database Principles Database Principles Column

12196 SIGMOD val 28, 1999 On Views and XML

1197 SIGMOD) vol 28, 19099 Reminiscences on Influential Papers

13198 SIGMOD vol 28, 1999 FinTime - a financial tire series benchmark
Peoardtiral T ocoome 111w Vs 1 cny'/-w/'u‘ h

1199 SIGMOD ol 28, 1999 Iwrfimwl I:Au?:mn"b in Supporting Large-Scale
Computational Science

D200 SIGMOD vol 28, 1099 SQLY P{m_l: SQL Rwuunm using the JavaTM
Programmung Language

13201 SIGMOD vol 28, 1999 1A Survey of Logical Models for OLAP Databascs

202 SIGMOD vol 27, 1998 IPREDATOR:A Resource for Database Research

D203 SIGMOD vol 27, 1998 Matedalized Views and Data Warchouses

N204 SIGMOD vol 27, 1998 App}xc:iltxa?xls of JAV A programming language to database
management

D205 SIGMOD vol 27, 1998 Unbundling Active Functionality

1206 SIGMOD vol 27, 1998 Mining Fozzy Association Rules in Databases

D207 SIGMOD vol 27, 1998 o Title

D208 STGMOD vol 27, 1998 INot exist
T2:A Customizable Parallel Database For Multi-

D209 S IGMOD ol 27, 1998 I’:ﬂ.f} Lpalotysfzghlb Parallel Database For Multi
dimensional Data

13210 SIGMOD val 27, 1998 Workow History Management

D211 SIGMOD vol 27, 1998 [Towards a Richer Web Object Model

D212 SIGMOD Vol 27, 1998 Whgr‘c W1li _ije@t Technology Dirive Data

dnrinistration?

D213 SIGMOD vol 27, 1998 [Repositories and Object Oriented Databases

D214 SIGMOTD vol 27, 1998 [Towards On-Line Analytical Miningin Large Databases

D215 SIGMOD vol 27, 1998 [Enhanced Nearest Neighbour Search on the R-ree

D216 SIGMOD ol 27, 1998 Alget.)rzuc Change Propagation for Semijoin and Outerjoin
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Appendix C

The Testing Results

D001 i .0(') | 34 1.0 1 1/3 ‘ 0
D002 1.0( 2 0.5 1 174

D003 1.0 1/1 1.00 1 213 0
12004 10O 172 1.0 i 172 0
D005 1000 1/3 1.00 1 174 0
006 1.0 12l 1.0( 1 1/3 O
D007 100 13 1L0G i 1/4 0
13008 1.0y 1/1 1.OON/A 173 O
D009 1000 2/20  1LOON/A 1/5 0
010 1000 1 1.00 1 1/3 (

DO11 1.000/3 1.0 1 1/2 0]
D012 1000 3/4  0.50 1 2/5 0f
1013 1.0 34 1.00 1 1/4 0
D014 1.0 373 1.0 1 173 0
D015 1.0 172 1.00N/A 1 0
D016 1.0 2/21 1.0 i 1 0
D017 1.000 44 1.0 i 173 0
DOIR 1000 3/4 1.00 1 1/3 0
019 LoOgr 2720 0.50 i 1/4 0
D020 1.000/2 1.0¢ 1 2/5 0
D021 .00 172 0.50 ] 1/3 0
D022 1.000  4/4 100 1 1/2 0
1023 LOO  4/5  0.0( 1 1/3 0
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12024 1.00] 373 1.0( 173 0
D025 LOOL 373 1.00 1/2 0
D026 .00 23 1.00 /3

027 1.000  2/3 1.0¢ 215 0
D028 1.000 44 0.00 3/4 £
D029 1.000 448 1.( 23 0O
D030 LOO 23 1.00 172 (]
DO31 1000 33 1.00 172 0
1032 1.0 343 0.50 243 0
D033 1000 1721 1.00 i 0j
D034 1.0¢ 3y 0.00 1/3 0
1035 .00 343 050 23 O
D036 1LOO 1/ 1.00 174 Y
D037 1.000 141 1.00 1/3 4
D038 160, 373 0.00 1 0
D039 1.000  3/4  1.00 1

1040 1.000 273 0.00 1/4 0
D041 1.0 2720 0.00 3/4 0
D042 1.000 3731 0.50 3/4 0
10043 .00 11 1.00, 4/5 0
D044 1.00 3731 0.50 1/2 0
045 1.000  1/20  1.00 4/5 0
D046 1.0 273 1.00 173 0
D047 1000 171 1.0( 172 0
D048 1000 220 1.0¢ 1/4 0
049 1.000 220 100 172 {
1050 1000 1A 1.0( 174 )
051 100, 373 1.O0N/A 1/4 0
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1052 100 33 1.00 73 0
2053 1,000 4/4  1.00N/A 173 0
D054 100 4/4 1.0 1/4 Y
D055 .00 111 1.00, 0 0
D056 1.0 33 100 273 0
D037 1OO 2720 1.00 176 0
1X)58 1000 111 1.00, 172

1059 1.0 44 1.0 174 {
D060 0.000 272 1.00 173 0
1061 1.000  2/20 100 175 0
062 1.000 U2 1.00 1 (
D063 1.000 34 1.00 218

D064 100, 172 1.00 i O
DO6S 1.OOL 331 1.00 3/4) O
1066 1.0 44 1.00 172 0
1067 1000 4/5  1.00 14 0
D063 1.000  2/20 1.0 1/2 0
1069 1.0y 7/7 1.0 173 0
D070 1.0 24 1.00 1 0
071 1000 220 1.00 1 0
D072 1.0 373 1.00 1/4 0
D073 1.000 22 1.00 1/4

D074 1.000 4/  1.0( 0)

D075 1.000 331 1.00 i 0
D076 1.Og  3/3%  1.00 1/2

DO77 1000 34 1.00 1/3 0
D078 1.0 v 1 1 (
D079 1.000 34  1.00 1/3 i
DORO 1.0( 27 1.00 1/2 0
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D081 1LOOL 48 1.00 /3 0
D082 1OC 5/ 100 E {

083 1.000 v 1.00 3 0
D084 1.0 173 1.00 1/4 0]
D085 1.000  3/%  1.00 275 O
D086 0,000 44 1.00 2/ 0
D087 100, 44 1.00 174 O
1088 1.00, /31,00 173 0
13089 0.000 2721 1. 1/3 0
12090 100, 1o 1.0 I 0
D091 000 34 1.00 1 Y
092 0.00 120 1,00 172 0
12093 N/IAN/A INFA  INJA N/A  IN/A

13094 1.00 36 1,00 1/3 0
X095 LOOL 12 1.00 1/3 0
DO%6 N/AINFA  INJA  IN/A N/A - INJA

n0s7 0.000/3 1.0 1/4 0
DO9Y 1.000/2 1.00 172 0
D0%9 1.000  4/5  1.00 1/3 0
3100 0.000 12 1.00 1 0
101 000 273 1.00 1/2 0
D102 1.000 2720 1.00 213 0,
0103 0.0 33 1. 173 0
104 1.000  3/3 1.0 1/4 0
D105 OO 23 1.0 1/3 O
D106 0.000 Vi 1.00) 172 0

107 0.000/2 0. SON/A 2/3

D108 1.OO) 272 1.00 173 0

109 LoOgL 34 1.0C 1 0
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D110 1000 14 1.00 1 0
12111 Lo s/ 1,00 1/4 0
D112 000 172 1.O( 1/3 0
D113 L0 141 1.00 1/3 0
114 1.000/1 1.00 173 0
D115 1,000 1] 100 172 0
D116 1.0 2/3 1.00 1/2 {)
117 1000 12 1.00 1/2 0
13118 100, 23 1.00 213 0
D119 1.000 373 1.00 1 0
13120 0.00 /2 1.00 1 0
121 1.0 3/ 1.00 2/5 0
(3122 1.000  3/3 1.00 1 0
D123 1.000 34 100 1/4 0
13124 1.0 3/3 1.00 1/4 0y
D125 1.000 34 1.00 2/5 0
13126 1000 2720 1.00 173 0
127 1.0 2720 100 1/3 0
D128 1.0 1/1 1.00 1/3 0
10129 1.0 1/3 1.0¢ 0 0
D130 1.0 /3 1.0 1/2 0
D131 000 23 1.0 1/2) 0
13132 0000 2221 1.00 213 0,
(3133 0000 3/3 1.00 2/5 0O
134 Lo, 22 1.0 174

D135 0000 3/3 1.0€ ] (
D136 0500 11 1.00 1/4 0
D137 1001 3/3 1.0¢ 1/2 0
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D138 1Lo0 3/3 1.00, 1/3 0
3139 (.000/1 1.00) 25 0
X140 LOoow 5/ 0.0( {) 0 {)
1141 0.50MN/A 1LOON/A N/A O
0142 100 5/5 100 172 0
13143 1.000 /1 1.OON/A /3 0
2144 1,000 272 1 .O(JN/ A €1/3 ¢
13145 0.50 11 1.00N/A 173 0
12140 N/AN/A  INFA  IN/A INY A, €
147 1000 11 0.00N/A N/A 0
D148 1.000 11 1.0¢ 0 1/2 5
1149 1.000 1721 0.00N/A 1/2 0
D150 1oo  2/2 1.00N/A i 0
D151 1.000/4 LOGN/A 1/2 O
D152 1.00N/A 1.OOIN/A N/A 0
D153 1.OOL 1721 O.50N/A N/A 0
D154 N/AN/A - INJA — INJA IN/A 1
D155 1.000 171 LOOIN/A 1/3 0
D156 N/AN/A  IN/A - INJA IN/A 1
157 LOOL  2/20  1.00N/A 213 0
1158 N/AN/A  INJA - IN/A IN/A 1
D159 N/AIN/A INJA - INJA IN/A 1
D160 1000 34 1.OON/A 2/3 0]
D161 N/AN/A INFA - IN/A IN/A 1
D162 N/AIN/A  INJA  IN/A IN/A I
163 N/ANZA IN/A IN/A N/A l
164 0.5¢ 1720 0.50N/A N/ A 0
12165 1.0¢ 171 LOON/A 172 0
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L1166 IRUCER T L(")()!N!A 1 0
D167 .00 272 1 .()OxN/ A A3 0
D168 1.00 1/1 1.00IN/A 173 0
169 oo 212 1.00N/A 1/6) 0
D170 1.0 3/3 1LOON/A 344 0
D171 1.000 273 0.00N/A )3 0
D172 1000 344 1.00, 0 1/4 0
D173 6.50 171 1.O00ON/A 1/3 0
D174 1L.OOL  3/3 1 .()Ole A 213 O
13175 1.0 1/1 1,00 i 2/3 0
3176 1.00 171 LOON/A { 0
D177 1.00, 273 i «()OIN/’A { 0
D178 N/AN/A INJA - IN/A IN/A 0
D179 0.500/2 1. ON/A 0
180 .00, 272 1.00IN/A 1/3 Q
Disl 1.000 3/3  0.30N/A N/A )
D182 1.00,  5/7 i.O(};N/A N/A

D183 0.500/0 1LOOIN/A IN/A O
0184 0.500 272 1.00; 1 2/3 0j
D185 1.000  1/1 0.50IN/A 172 0
D186 1.000/3 0.50N/A 0 0
D187 0
D138 050  2/3 1.OON/A 1/2 0
12189 1.00] 174  1.00N/A 1/4 0
D190 1.0  2/2 1.00N/A 0 s
D191 1.0 317 l,OOlN/ A 1 0
3192 1000 1/1 1.OOIN/A 213 0
12193 1.000  3/3 1.00N/A 1/2 0
12194 1000 1/1 1LOON/A 173 0
13195 N/AIN/JA  IN/A IN/A N/A 0
(3196 Lo 1/1 1.00N/A 173 0
3197 1.0¢ 1/] 1 ‘OOQN/A N/A 0
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3198 1000 272 1.00N/A 0 0
199 Lo 272 1.OON/A 0 {
200 1000 23 1 ,()O!N/ A IN/A, 0
D201 1.0 11 1OOIN/A 0

12202 1.000 111 0.00!N/A 0

203 N/AM/A  INJA INJA /A I
D204 N/AN/A  INJA - IN/A N/A i
1205 1000 4/4 1.OON/A 1/3 0
13206 N/AIN/A  INFA INFA N/A i
207 N/AIN/A  INFA IN/A N/A {0
D208 N/AINZA. INVA - IN/A N/A 0
1209 N/AN/A INJA - INJA N/ A l
210 N/ANA - N/A IN/A IN/A i
D211 0500 1/1  0.50N/A 1/3 0
D212 1.0€ 1/1 1.OON/A 1 0
D213 056 171 1OON/A 173

D214 N/AIN/A  IN/A INJA N/ A 1
D215 1.000  2/20 1.00N/A 1/2 {)
D216 1.000 272 1 .OOIN/A 1 0
D217 0.000/1 0.00IN/A 1/2 0
D218 N/AN/A  IN/A  IN/A N/A €

D219 1.0G 272 1.OON/A 1/3 0
1220 Lo 373 1.OON/A 1/4 0
D221 1.000 1720 1.00N/A 172 0
D222 1060 173 1.00N/A i 0
D223 1.0O0)  4/5  1.00N/A 3/7 0
0224 N/AIN/A INJA. INVA IN/A 0
D225 N/AIN/A  INJA IN/A IN/A 0
D226 1.0( 213 LOON/A 1/3 0
10227 1.000 1/t LOOGN/A 1/4 0
1228 [RUCE LR .()()}N!A 172 0
[>)229 LOOL  6/6 1 .()OL\UA 2/5 )




1230 1.0 2/ 1.00N/A i1/4
D231 OO 2/ 1.00N/A 172
D232 0500 173 1LOON/A 1/2
15233 LOO 11 i .OO!N/’A /3
234 L0001 1LOON/A 173
1235 1000 6/60  1.00N/A 172
D236 NAN/A INJA  IN/A IN/A
2237 1000 1/ 000N/A 1/4
D238 1000 2720 1LOON/A 1/3
13239 N/AIN/A — IN/JA - IN/A N/A,
D240 N/AN/A - IN/A  IN/A IN/A
12241 NIAN/A INIA - INJA /A
1242 100y 14 1.00 1 1/3
243 1.000 111 1.00IN/A 1/3
12244 N/AIN/A  INJA — IN/A IN/A
D245 N/AIN/A  IN/A — IN/A N/A
246 1.00 2720 1.00N/A 1/2
D247 1.00| 11/11 1.00) 0 174
248 1000 1/1 1.0( 1 173
13249 N/AINJA. INJA IN/A IN/A
D250 0.000N/A 0.00N/A 173
D251 0.500 4/ 1.00N/A 1/3
252 N/AN/A IN/A_ IN/A IN/A
D253 1OOL 274 1.00N/A 13
1254 1000 270 LOON/A 172
13255 1.000 35 1.OON/A 1/2
[)256 1000 2/ 1.OON/A 1/4
D257 1.000/2 1 .O(JN/'A 1/4
D258 N/AIN/A /A IN/A IN/A
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1259 o0 172 1.001wa 1/3 0
D260 1000 3/5|  LOON/A 1/3 0
D261 0.500 120 1.0 0N/ A 0
D262 1000 13 LOON/A 1/3 (
D263 050 373 LOON/A 1/2 0
D264 NANA A INA L IN/IA 0
1265 0500 22l 0.00N/A 34 0
D266 LOG 27 1A ON/A 0
1267 1.00] 220 1LOON/A  IN/A 0
D263 100, 171 1.00N/A  N/A 0
1269 1000 3/ LOON/A 1/3 0
D270 L0011 LOON/A 1/3 0
1271 1.0000/2 I.O(JN/A 1/4 0
D272 100072 1.00N/A 1/4 0
D273 LOOL 172 I.OO{N/A 275 0
D274 1000 23 1.()()§N/A 1/3 0
D275 1.000/3 1.0OIN/A 1/4 0
D276 1.00,  4/6  1.OON/A 1/3 0
D277 NANA NA _ INJA  N/A 1
D278 1.000/2 1.OON/A 0 0
D279 1.00, 272 N/A 13 0
D280 050 141 LOON/A 1/ 0
D281 1.000/1 1.0ON/A 1/2 0
D232 1.000 330 1.OON/A 1/3 C
D283 1L.00L 33 LOON/A 1/3 0
D284 100l 33 1.00N/A 0 0
D285 1.000/2 1LOON/A 0 0
D286 100, 220 1.00NA /3 0
D287 1000 22 LOON/A 1/3
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0288 100 242 ()ﬂ()!N:’A w‘
D289 N/AN/A A INJA IN/A
D290 1.000/§ LOON/A 12
D291 1.000/1 LOGN/A 3/5
1292 1.000/1 0.50N/A /4
D293 100, 23 3 .OJN/A 2/5
1294 1000 11 LOON/A 14
D295 1.000 220 1LOON/A 1/3
1296 100, 373 1LOON/A 24
1297 1.00 13 LOON/A 1/3
D208 1.000/5 LO()}NIA 172
299 0.500  1/1 I_()()!N!A 213
D300 0500 1/1]  0.50N/A 173
D301 L0011l 100 Y
0302 1.00| 44 LOON/A 1/4
D303 0500 3/3  LOON/A 113
D304 .00, 1/1 x.ooa&\!m 13
D305 1.000 212 1.00&%. 2/3
D306 .00l 11 LOON/A 12
D307 100, 1720 LOON/A

D308 1000 1/1 1.00N/A 1/2
D309 ool 220 100 ( 1
D310 NAN/A INJA  INJA  IN/A
D311 1000 11 1.00 1 1
D312 N/ANA INA  NA  INA
D313 NANA INA  INA  IN/A
D314 .00, 4/4  1OON/A 0
D315 1.000 12 1.0 1 0
D316 NAN/A INA A IN/A
D317 100 /2 1.OON/A 3/4
D318 NANA INA  NIA - INIA
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D319 Lol 1 x.c‘)oimm 2/ 0o
D320 NAINVA IN/AINIA INIA 0
D321 1000 171 1.OON/A 1/ o
D322 Lo 2. 1.001N/A 4 0
323 1.000/3 j .()(%N/A 0 0
D324 1000 35 1.00N/A 12 0
1325 100 44 o.soimm /3 0
D326 1.000/3 0.50M 1/4 0
D327 1.000/1 1.OON/A 0 0
D328 100 33 LOON/A 12 0
D329 100 33 LooN/a 0 0
D330 100 11 LOON/A 2/3 0
D331 1.000/4 1.OON/A 1/3 0
D332 100 22 1ooN/A 0 0
D333 oo 11l 1.00NA A 0
D334 1000 4/4 1.00{% N/A 0
D335 100, 77 1OON/A ] 0
D336 1.00| 1010, 1.00 o 12 0
D337 100 55 1.00N/A 1 0
D338 1.000/1 1.OON/A 1/5 0
D339 1000 22 LOON/A 112 0
D340 1000 24 050NA  INA

D341 100 11 1.00NA i 0
D342 1000 11| 0.00NA  IN/A 0
1343 NANA A A INA 0
D344 1.000/1 LOON/A  IN/A ¢
1345 1.000/1 1.OGN/A 12 0
D346 100 33 1LOON/A 13 0
1347 100, 11 1.00 1/2 0
D348 oo 11 LOON/A 2/3 0
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D349 1000 33 LOON/A 0 0
D350 1.000/1 1.00N/A 1/4 0
1351 NANA INA  INA - INA 0
0352 050 11 1.00M/A 0 (
D353 100l 11l LOON/A 1/3 0
19354 Lo 272 1.00‘1«2% 0 0
D355 N/ANA INJA  INA IN/A 0
D356 1.000 120 LOON/A 1/4 0
1357 100, 11l LOON/A 14 0
D358 100l 33 0.50N/A 1/5 0
D359 .00 2/2 1LOON/A 1/2 0
360 1000 373 LOON/A 0 0
D361 050 273 LOON/A 173 0
D362 1000 3/5  LOON/A 1/3 0
D363 0.500 14 0.50N/A 0 0
D364 1.000/2 0.50N/A 1/2 0
D365 NANA INJA - NIA - IN/A 0
D366 1.000 11 1OON/A 1 0
D367 1.000 171 LOON/A 0
D368 100 272l LOON/A ]

D369 050 13 1LOON/A 0
D370 100 2/20  1.00N/A 1 0
D371 NANA INA  INA  NA 0
D372 1.00I0/1 LOON/A /A 0
D373 .00, 172 l.()(lfN/A N/A 0
1374 1.000/2 0.00N/A 0
375 1.000/1 1.OON/A 0 0
376 1.00N/A 1..00}1\1/;\ ! ¢
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3377 1.000 171 LOON/A 1 (

D378 1O 31 LOON/A IN/A 0
D379 N/AN/A- IN/A N/A N/A 0
1380 Lo 171 1.00IN/A IN/A 0
381 1O 173 1.00N/A 0 )
1382 1.000 1N 1.OOIN/A 0 0
2383 1000 ¥y 1.00N/A 1/2

1384 1.000 2720 1LOON/A i 0
13385 1.000/2 i ‘OO}N/A i 0
386 1.001 273 1 .OO}N/A IN/A

D387 Lo0 11 L.OGIN/A ) 0]
D388 1.000 171 I.OO!N/A 1 0
D389 1.00N/A 1L.OOIN/A 1 0
390 1.000/1 1.00; 0 1 0
11391 LOG  2/20  1.00N/A N/A 0)
D392 1.00i 175 1.00N/A 1 O
13393 1.000/3 1.00 1 3/5 0
2394 LOO 171 1.00 o273 0
D395 1.000  2/4  1.00MN/A 174 0
D396 1.0 1/1 1.00IN/A 1 0
D397 1.0 1/1 1.00N/A 174 0

D398 .00 2720 1.00 IIN/A 0

1399 LOOL 1720 1.00N/A 273 0

3400 LOO 13 1OON/A 172 O

1401 1000 171 LOOIN/A ] 0

1402 100 34 1.00 1 1 0

1403 1.0 272 1.00 1 /4 0

D404 1Loo 1/1 1.0( 1 0] 0
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3403 100 373 1.00 1 3/4 0
1406 1.00 1/1 1.00, 1 13 0
D407 1000 272 100K i 1/4 0
408 0500 2 0.0 IN/A 0
3409 1.000 373 1.00 i s )
D410 1.0¢ 2/2) 1.00 1 0 !
1411 1.000 Ui 1.00 1 1/2) 0]
1412 Loor 23 1.00 1 172 0
D413 1.0 171 1.001 1 1/2 0
D414 1.000 273 1.00 1 2/3 O
D415 1LOOL 272 1.0 1 1 0
D416 1.0 44 1.0 i 1/2 Y
D417 L0022 1.00 I 1/2) 0
13418 100 171 1.004 i 172 0
13419 1.000 141 1.00 ] 172 0
1420 1.0, 2720 1.00 1 12 0
D421 1L.og 141 1.00 1 1/2 0
D422 LOOE 2720 0.00N/A IN/A 0
D423 .00, 1731 1.00 1 1 0
1424 1.000 373 1.0 I 1/4 0
D425 Lo 1/1 1.00 ! 1/3 0
426 1000 220 1.00 1 1/ 0
427 1.0 2/20  1.00 1 1/4 )
428 1.000 11 1,00 3/4 0
13429 1.000  2/20  1.0¢ 1 0] 0
13430 1.000/1 1.0( 0 0
12431 .06, 1/1 1.00 1 0
3432 1OOL 373 1K 1 1/2 0,
1433 1L.oo0 2/ 1.00 0 0
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D434 LOOL 330 100 3 0
D435 1.000 22 100 1| 1/4 0
1436 100, 1720 LOON/A 0 0)
D437 1000 11 0.50N/A 1/2 ¢
1438 1000 230 LOO 1 0 0
D439 1000 22 106 ] 0 0
D440 050 221 0.00N/A  IN/A 0
D441 LOOL 34 0.50N/A 0 0
13442 100l 12 100 14 0
D443 100l 2720 1.00 v 0
1444 050 1720 100 R 0
D445 0500 220 1.00 1 0 (
D446 100l 1] 100 1 0 0
D447 L0001/ 1.00 N/A 0
D448 1000 2/20 100 IN/A

D449 1.000 34 1.00 0 0
D450 1000 3730 100 1N/A 0
D451 L000  2/2 1.0 N/A 0
D452 100l 1/l 1.0 IN/A 0
D453 1.000 12 1.00 115 0
D454 LOOL 220 1.00 1 0 0
D455 .00, /2l 1.00 1 0 (
D456 100, 3/4  1.0¢ 1/7 (
D457 Lool 11 0.00 1/2 0
D453 .00, 11 1.0 0 0!
1459 1.o0L 2720 1.0 0 0
D460 050 373 100 0 0
D461 0.500 U1 100 N/A 0
462 Lo 11 10 N/A 0
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463 100 33 1.00 I 1/3 0
13464 1000 202 1.0¢ I 1/3 {)
465 1o0 7 1.00 1 172 0
466 050 171 0.00N/A IN/A 0
467 1.0, 141 1.OON/A 0 0
1468 LOOL 2 1 OUN/A U 0
D469 1.0( 3/3 1OON/ {0 0
470 Loh Ui 1.00 I 4 0
D471 1.ogr 11 1.00IN/A 0
13472 1.0 200 1.00 i 143 (
0473 1.og, /1 1.0¢ 1 i O
D474 1.0 20 1LOON/A 23 O
D475 1000 1721 0.50N/A 172 0
D476 1.000 11 1.OOIN/A, 0 O
D477 LO 22 1.OON/A 1/2 0f
D478 LOO 1/ 1.OON/A 2/7 0
3479 1.000 1731 1.00N/A 2/5 0
12480 1.0 2/21  O.00N/A N/A 0
D481 1.00 2721 1.0ON/A N/A 0
D482 1000 2/3 1.0 ON/A 0
3483 100 4/4f  1.00N/A 0 0
1484 1.000 2721 1.O0ON/A N/A 0
D485 100 13 1.OON/A N/A 0
13486 100 221 1.OON/A IN/ A 0
D487 1.O0L 272 LOOIN/A 215 (

D488 L0 2720 1LOON/A (

D489 1000 272 1.O0N/A ( 0
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1490 100 22 2.()()!N/A 0 0
D491 Lool 200 1.00N/A 0 0
D492 100 171 1LOONA 2 0
D493 vool 3l 1.ooN/A 13 0
1494 o0 2 1 .OOtN/A 0 0
D495 oo, w1l 1ooN/A 273 (
D496 050 272 1.00NA 0 0
D497 100 33 LOON/A /s 0
403 L0022 1.OON/A 0 0
1499 050 33 LOON/A 0 0
D500 ool 11 1.00NA o 0
Average

Accuracy(%el 92 804 92 93 41 a3
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