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Abstiract

This work is to develop a feasible computer tool or workstation
for the huménities studies, especially that there are a lot of full-
text data to process, A hybrid access method is applied to meet the
goals and a language is designed to describe the full-text data

siructure and {formats,.

Up to the present, the database contains almost 5,000,000 Chinese

characters{ 10 Mbvtes); and the space overhead is about 20%, Performance
shows that siructured indexing is suitable in the case of having no

specific search subjects.

General Terms: Data Descriptition Language (DDL)Y, Full-text Database,

Access Method, Indexing

Additional Key HWord and Phrase: Chinese Computer



i. Introduction

Traditional Database Management Svstiems {(DBMSY are designed for

formatted records, Some applications, such as Patent (Qffice, |aw
Studies, Literature Survevs, etc., have large amount of data that
are not easy to handle siwmply by formatting. Full-text processing

techniques as mentioned in [FALOUTSOS 13985bl [SALTON AND McGILL 13831

should be applied to manage those data,

Chinese docqmehts possess many properties., For example, théy appeaf
from top to bottom, right to left. There is no space between characters
{(words), Therefore commerical products like STAIRS(xz=%), VISTA-FINDER,
STATUS, TEXT-TRIEVE are not handled well, The work mentioned here is to
develop a software utility (a small subset 0f database management systems)
called "Chinese Text Processor® (abbr. CTP). It manages Chinese full-text
data with controlledlvocabulary or free—-term search and texti contents

retrieval mechanisms,

Thjs work is to develop a workstation for the humanities studies,
It is a part 0of some long-term projects, The goals involve a full-text
database, a set of intelligent tools, such as dictionaries for place,

official title, calendar transformation, major events in history, etc.

In the following sections, we will describe our access methods, the
data definition language, implementation, performance measurement and

future extention as the conclusion,

2. Access method

According to what surveved in [FALOUTS0S 1985b}l. there are five

different kinds of access methods for text, namely full-text scanning



[AHO AND CORASICK., 19751 [BOYER AND MOORE, 19771 (HASKIN, 19801, inverted
tilelEMRATH, 19831 [HOLLAAR, 19781, multi-atiribute hashing [AHO AND ULLMAN,
189731 [HARRISION, 19711, signature file [FALOUTSOS AND CHRISTODOULAKIS,

13841 [FALOUTSO0S 1985281 and cluster [SALTON AND WONG, 19781 [SALTON, 19731.

None of them is clearly superior to the others,. A very good combination
for Patent Qffice is proposed in [HOLLAR et al, 139831. An excellent system
(SHMARTY is also mentioned in [SALTON, 189711. In order to choose the best

access method, the operational characieristics of the specific environment

should be cohsidered} eépecially for Chinese historical documents,

There are the following characteristics:

(1> Large data bases: excluding tool books, the historical documents of the
24 dynasties alone contain almost B0 million Chinese characters,

(2) Few updates, deletions and insertions,

(3> Access {requency is independent on its ages,.

(4) There may be no specific subject to search. Data are just browsed in
reviewing a series of books,

(5> The Peaspnable response time varies with the search space. This. will

be understood by the users,

Under the above considerations, full inversion of the kevwords is not
preferred because there are too many overheads. That is why three kinds
of access methods are applied, combined with full-text scanning, siructured

indexing and inverted list technigques,

2.1 Full-text scanning

For most free—-term searches, the key-table contains multiple kevwords
and is sorted by their internal code order [KNUTH, 19731. The search space

is based on a H-tuple structured index element {(path, W-JUST, W-LETF,



W-RIGHT, W-NEXT>. The complexity is Odlmlogk) where m is the search space
decided by the structured index elements, and k is the number 0f kevwords

in the sorted kev—tiable,

2.2 Documenti-structure indexing

[t is mentioned in [PEELS et all, 19851 that documents have their
"natural structures” such as chapters, paragraphs, titles, figures, etc.
The above logical meaning is analysed by DDL to form a.tree-like hierarchica
model, (The DDL will be discussed in the next section and Appendix A) Figure
1 shows the logical meaning of the documents, Fisure 2 depicts the
phvsical meaning of the documents, This indexing is very suitable for

some retrievals of browsing the data in very natural ways.

The S5-tuple structured index element (path, W-JUST, W-LEFT. W-RIGHT,

W-NEXT) is designed as follows:

path: indicates path no, from root,
W-JUST: current node,
W-LEFT: the leftmost succeeding child node.

W-RIGHT: the rightmost succeeding child node.

W-NEXT: next node to be traversed.

This element does not only act as guide to traverse through the

structure but also decides the search space(2.1).

2.3 Inverted list

For some specific subjects, for example, ecomonic history, controlled
vocabulary keyword search is provided, Kevwords in ecomonic history are
classified intoc general categories (e.s. ancient person name, place, dvnasty

etc.). The terms are just inverted and sorted, A small set of cross-



reference for ancient person mnames ( related—term struciure [SALTON, 19861

£

‘can be provided so that there will be a greater recall rate, The cross-—

~eference access is achieved by hashing and conflict resclution by rehashing.

3. DATA-DEFINITION LANGUAGE (DDL>

According to SGML([ISO/DIS 8879, 139851 Standard of (General Markup

Language), a context free grammar. is defined, In Appendix A, a BNF ..
representation of the structurization parser is presented. This BNF
is modified from [HSIEH et al, 18861. The mark-up language describes

the natural structure of documents in addition to ordered list, see-also
reference, kevword, and font size, Attempts are made to develop a
general ized markup language {for Chinese text, The languasge {s not only
suitable for historical documenis but also for law, newspaper, government

documenis, etc,

4, Implementation

This project namely ® Automation of Historical Literature " has been
launched since July 1st, 1384. Currently, there are three major versions
of the CTP's on different systems, Table 1 lists their characteristics

and highlights,
4.1 CTP 1.0 (1985

It is implemented in the [IBM PC ( model 5550 with & 10 Mbvte hard disk).
A specific area of historical documents has been collected (economic behavio:
in {ive dvynasties). The controlled voceabularies (kevwords) are classified
into six catgories, namely name, place, {ime, offi;al ?itle, reference and

major events, Therefore § inverted list files are built to include these



kevwords and the pointers of the corresponding basic text elements.

3

The name inverted list file associated with an ancient name cross-—
reference file will induce a greater recall rate in related-term kevword sea
To access the cross-reference file, a hashing function based on division
techniques is applied. The collision probability is less than 0.1%.

Conflict resclution is archived by another hashing function ¢ rehashing ).

The data structures and the program flows will not be discussed in more
detail (Reference can be made to [MAO,1985]).‘ There aﬁe fﬁiehdly manual
operations provided in the CTP. The full-text data can be diéplayed in
horizontai or vertical format as required, The kevwords being searched

are highlighted,

4.2 CTP 2.0 ( 13986 )

This is the firsi multi-user version of the CTIP. 'The whole data
siructures based on those of the CTP 1.0 . In this version, the full-text
scanniﬁg access'method is applied as an experimeni and twicé the amount of
data are tested in micro-VAX II under the VMS 4.1¢(x) environment, There
are also manual operations as a guide in the CTP 2.0

. But the system

prompt messages are in English instead of in Chinese,

There is an installation of this version is in the Fast—-Asia Library,

University of Washington, Seattle, Washington, U.S.A.

4.3 CTP 3.0 < 13887 >

The CTP 3.0 is implemented in AT&T 3B15 under UNIX V(%) /BINIX (x%),



The coding language is C. The current amount of data is about 5,000,000
Chinese characters, equivalent to 10 HMbvies, The document-structurd index

file size is about 2 Mbvies, The basic texi element handled is a paragraph.

There are two major processes in the CTP 3.0: one is the (Creation
Module (CHM) and the other is the Retrieval Module (RM). Al though the whole
system is integrated as shown in figure 3, both modules can work

independently.

4,3.1 Creation ModuledCHM)

There are two major functions in the CH. The first one is a data—-entr:
functional module. It converis the original text into a machine readable
form called source text file, The source text files are processed by a
text stiructurization module (DDL parser). The second function produces
the whole database which contains document—-structure index files, inverted

list files, text string files and format files,

The functional block diasgram of the (M is shown in {igure 4. The-
document—-structure index {ile contains structured index elements as
mentioned in section 3.2. The inverted list file conteins classified
subject headings {f this is specified in the source text files when the
database is created,. The text stiring file keeps the original text string
and the format file stores all type-setting information of the original

text, such as page number, font size, etc,.

To build the structured index tree is the most important function

of the stiructurization module, Qur approach is to design a nonrecursive
predictive parser[AHO., SETHI and ULLMAN, 19851. This parser is a special
case of the recursive—-descent parsing, It creates the tree nodes of the



stbuctured index parse iree in preorder, The average depth of the iree

is 5§ and the total amount of leaf nodes is 20,000

Some text elements could be recognized by default without being
marked, For example, a paragraph is identified by two blank characters
at iits beginning and the ordered list is identified by the»special leading
characters *® [". The mark-up symbols of the level siructure for the
paragraph or ordered list may be omitted without affecting the function

of the parser,. This strategy saves a lot of effort in marking,.

4,3.2 Retrieval Module (RM)

A functional block diagram of the RM is shown in figure 5, There
are ifwo functions in this RHM. One is the tree traversal module,
The other is the list chain module, The tree traversal module loads

tree nodes ( the G-tuple structured index elements ) on demand basis,
At the beginning, the G-tuple structured index elementAof the root node
will decide which succeeding nodes are going to be loaded. Then each
loaded node wili decide its succeeding nodes again until the goal nodes

have been visited,

When the available workspace is {fully occupied, the second chance

replacement algorithm[PETERSON and SILBERSCHATZ, 189821 is used as the

load-replacement sirategy.

The function o0of the list chain module is to find proper tree nodes
according to the resolution of the guery understanding module, The
paragraphs and their ordered list ( see-also references or focot-notes )
pairs could be shown in display alternatively by a single keystroke,

The query understanding module processes friendly manual operations.



S,WPerformance measufemeni
5.1 CTP 3.0

In the case that there are no specific subjects or kevwords to
retrieve, the svystem will prompt with the results immediately after the
return key is struck (the default is to show the next paragraph) as the
book is beins reviewed.

The system turn—around time for retrieval of a series of free term
kevwords is dependent on thé number of kevwords and on the search space,
Thé time against kederd terms is plotted in Figure 8.

5.2 CTP 2.0

The average turn—-arcund time {or retrievél of a single keQword Wwith

search space of 400 Kbvtes is about 40 seconds. The average result for

the inverted list access method is about 1 second,.

5.3 CiP 1.0

In most tvypical areas of economic history, date contain almost 200,000

Chinese characters, The inverted list access method is applied at most
times (inverted list file size is about 35 Kbvtes). The average result
for single controlled kevword queries, is about 1 minute,

The major reason for this slow response time is that this version of

the CTP is implemented in BASI(C interpreter.

6. Conclusion and further applications

(1> The structured index is suitable for historical literature
processing for beginners.

(2> For performance improvementi, some alternative free itext scannins
techniques [AHO AND CORASICK, 19751 may be adopted to justiiy
Chinese kevword properties.

(3 The standard mark-up language for text is necessary especially

for multi—-attribute documents,



"(4) Statistical Analysis for Chinese charactier/word usages is the
most proper application of the CTP.

(5 The development of full—-text database and full—-text processing
technology provides with an excellent opportunity to integrate
information retrieval systems, text/word processing‘systems,

and computational fanalvtical svstems all together,
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Hardware

Operating
Svstem

Languasge
used

Query Form

Basic text
element

Access
Me thod

DDL

Text size
(in bytes)

Qverhead
size
(in bytes)

No, of
Users

Date of
{ssue

Place of
Installed

Table 1,

CtP 1.0
IBM 5550
(16-bit PC>

PC-DOS

BASIC

(Intepreter)
Interactive

Page-Paragraph

Inverted list

none

400K

35K

March, 1985

Computing Center
Academia Sinica

Taiwan,R.0.C.

CTP 2.1
MICRO-VAX 11
with Dragon 570

Terminal

VMS 4.1

Interactive

Page—-Parasgraph

list
Scanning

Invertéd
Full—-text

none

1200K

105K

March, 1986

FEast—-Asia Library
Univ, of

Seattle,lU.S.A.

15 -

Washington

CiP 3.1

AT&T 3B15
with Dragon 570
terminal

UNIX V

BINIX 1.0

C

Interactive
Paragraph
Document—-structure
Indexing
Full-text Scanning

applied

10M

2

Sept,., 1887

Computing Center
Academia Sinicsa

Taiwan,R.0.C.

The characteristics of different versions of (TP
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Appendix A

1. Svyntax description

(1) Meta—-symbols of the BNF Notation

< 2 I

{2y Constructs
oo L0
{ .. 1}
L .. 1
dABC

2. Markup symbol

of

O L1 a

the BNF Notation

Angular brackets enclose svyntactic constiructs

denoted in English words and in seqguence express

s

concatenation.,

This symbol means is defined as®,

A vertical line expresses choice, to be read as

or®,

Curly brackets express repetition, that is,
{al = <empty> | a | aa | aaa ! ..,
where <{(empily) denotes the null sequence of

the empty siring.

Square bracketis surround optional elements,

[a]l] = <{emptiy> ! 8,

symbols,

that

Terminal svmbols should not be enclosed between

angular brackets,

Markup svmbol.

(1Y Basic slement

is,

the



{ alphabet > ::= a ! b {c i ., tzZ A B v C o . V2
{digit > t:= ¢ ¢ 1 ¢+ 2 3 14 5 08617 181419

{ ASCII special symbol > ::=

'5”5#2$!°/‘,2&1’I(:)!*!+i,:-! Y
O G T T S - T~ S A S R A N NN S S SRR SRR SR
a~ £ bar >

{ special symbol > ::=
¢ ASCII special symbol > ! < machine dependent special symbol D
{ Sino~-character > ::=

character set

{ letter > ::=  alphabet > | < Sino—-character >

{ form effector > ::= \ n

< char > 3=

 letter > | < digit > | < special symbol ):: { form effector >
Cid > 1= ( letter > { < letter > | ( digit > }
{ unsigned integer ) :;= ‘< digit > { { digit > }
{ string > ::= ® { char > { { char > } *

(2> Declaration

{concrete symbol declaration> ::=
#fconcrete

{concrete s{atement) { {concrete statementi) }
#end

{concrete statement) ::= {(svstem markup symbol) =
{concrete svmbol);

{system markup symbol > ::= <id>

{concrete symbol > ::= <{id>



{ordercharacter) ::=

$orderchar : <(code char tvpe)
charset = ( <enum char> { , <{(enum char)> } )
fend
{code char type> ::= {unsigned integer)
{enum char) ::= <{alphabet) ! (digity | <{Sino-charactier)

{ordercode) ::=

$ordercode : <{code type)

{orderpr

$end
{code type)> ::= unsigned integer)
{orderpr) ::=

chartype = {code char type) : [ enumproc =

{enumproc typed ; 1 |

codeset = ( {(enum code> { , <enum coded> } )
{enumproc type> ::= <(procedure id)
{(procedure id) ::= <id>
{enum code> ::= {(siring)

Cordered list declaration) ::=

forderlist : <ordered list tvpe)
[ name = <ordered list named ; ]
codetype = <{code tvpe)>

[ begin = <{QHeader)> ; ]
[ end = {(0Tailer> : ]

ffend

{ordered list tyvpe) : {unsigned integer)

{ordeedr list named : {string)

o0
il



{OHeader)> ::= <{siring)

It

{OQTailer)> :: {(string)>

{attribute {frame declaration) ::=
fattrirame : <{frame tvpe)

{field statement)> { <{(field statement) }

#tend
{frame tvype)> ::= <unsigned integer)
{i{ield statement> ::= (field no> <{field token> { <(field token) }

{field noY> ::= <unsigned integer)

{tield token) :;= {constant)> | [%x] <{(slot) ! r <reserved length)
{constant) ::= {(string)

Kslot> ::= / <id> /

{reserved length> ::= <{unsigned integer)

Cattribute pattern declaration) ::=

- Hatitrpatt : {(pattern type)
[ succ = (pattern type)> ; 1
frame = {irame type) :
pattern = {(pattern tokend { {pattern tokend> }
gend
(pattern type) ::= {unsigned integer)

{pattern token)

[x] <matching string> | <{(slotd> ! = ( {slotd [*] <{maching string)

( {begin patternd> ... <end patternd
{begin pattern) ::= d{matching stringy
{end pattern) ::= {matching stiring)

{matching string) ::= {string)



{typesetting declarationd ::=
ftvpesetting

defaultsize = {(size type) ;

defaultfont {font tvpe

we

fend

{(size type> ::= <{alphabet)

{font typed. ::= <{alphabet)

3. Procedure

{level structure) ::= .
[{page>]dNODE<level no>,<element type) [{node descriptord]

[(AENDNODE<level no)] :
{level no> ::= {unsigned integer)

<nodé descriptor) ::=
[<header>]@dDEL<{texti_markupl) !
[, {ordered list descriptor)>] [(headerd]<nested level structure)
{<nested level strucure>} !
T row size>, {col sized[,<wize>]) [<headerd>]RDEL

{table entry){{table entry)}

{ordered list descriptor)

It

O<ordered list typed ! (0S<{ordered list tvped{, {ordered list
tvpe>}

OE<ordered list tvpe)

{nested level structure) ::= {level structured

{row size) :1:3= {unsigned integer>®



Lcol sizer ::= dunsigned integer)

{[<tag>]<{table entry sentenceddETES}[<{tagdl{table entry sentence>dETE

aTEC : aTEA

{tag) ::= {constantd;

{table entry éehtence) ::= Klevel structure)

{header)> ::= @HEADERI,v]adDEL<header content>aENDHEADER
<header contentd> ::=
[{texti_markup2)>]<(header name){text_markup?2> !

{text_markup2) {header name) [{texti_markup2>] | {(text_mark2)

{(header named> ::= FHEADERNAME< text_markup3>RENDHEADERNAME

Reserved word

fconcrete fforderchar #ordercode

#orderlist

ftexielement ftattrframe

fattrpatt ftypesetting . fend

charset

nName

Succ

chartvpe

codetype

frame

enumproc

begin

defaultsize

codeset

end

defaultfont
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