Automatic Compilation and Retrieval of
Modern Japanese Concordance

SYUNSUKE UEMURA*

This paper describes an automatic indexing project in Japanese. Very large volume of modern Japanese
concordance has been compiled automatically and its retrieval systems were provided. Japanese texts were
manipulated directly by computers without using Romanization. The data of up to 750,000 words contains
sampled sentences from 3 daily newspapers in Japan. Since the whole concordance reaches more than 750,000
lines in Japanese KWIC index form, traditional book style printing could not be adopted. The concept of
“concordance system,” which is not a concordance generating system but the concordance itself as a system is
introduced. The concordance is recorded on both magnetic tapes and a set of microfiche. Mini-computer
based concordance retrieval systems are developed for the users to retrieve and read any necessary part of the
concordance either through a kanji (Chinese character) display terminal or through a microfiche viewer. The
whole concordance was materialized successfully as the “concordance system’.

1. Introduction

This paper describes an automatic indexing project
in Japanese. Very large volume of modern Japanese
concordance (more than 750,000 lines of KWIC index)
has been compiled automatically and its retrieval
systems were developed. The goals of the project were;
(1) to develop technology for processing this amount
of Japanese text, and (2) to demonstrate the feasibility
of the concept of “‘concordance system”.

The National Language Research Institute (NLRI)
of Japan contributed the data of up to 750,000 words
(chootan’i; EHifir), which contained sampled sen-
tences from 3 daily newspapers in Japan. An automatic
indexing project was carried out by the author at Elec-
trotechnical Laboratory, to compile a Japanese con-
cordance of the whole data, an inverted word list and
others. The project included experiments on specially
tailored information retrieval systems for the Japanese
concordance, a COM experiment in Japanese, a code
conversion system between kanji (Chinese character)
code sets, and so on.

Though concordances of those modern newspaper
vocabularies would be highly useful in understanding
Japanese, no such concordances had been compiled
before, partly because of the difficulties in kanji input/
output processing, and partly because of the lack of
understanding in automatic indexing in Japan. Various
technical aspects of Japanese (as described later) have
also prevented us from the idea. However recent im-
provements in kanji output devices and the fundamental
studies on automatic indexing by the author made it
practical to realize the automatic indexing of this amount
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of data. Not only the concordance generated would be
useful, but also it is expected that such experiments
will be beneficial to the progress of the researches on
natural language (especially Japanese) processing by
computers.

Since the concordance of the whole data reaches more
than 750,000 lines it is inconvenient to print them out
in traditional book style. The reader may not be able
to carry this huge volume of books. For such huge
volume of concordance, the author proposes the concept
of “concordance system”, which is not a concordance
generating system, but the concordance itself as a
system. The concordance system consists of magnetic
tape files that contain the whole concordance, a set
of microfiche that contains the whole data reduced
in size, and at least one information retrieval system
to browse or retrieve the necessary part of the con-
cordance. It is expected that this type of system shall
construct a new book concept in future libraries.

The project attained its goals by materializing the
Japanese ‘“‘concordance system’ of such huge volume
as 750,000 lines. Among the technical contributions
to natural language processing by the project are:

(1) The first, very large volume of modern Japanese
concordance was compiled and materialized.

(2) Mini-computer based concordance retrieval sys-
tems were developed with special design considerations
to end user interfaces (menu and other interactions
all in Japanese, and so on).

(3) The feasibility of microfiche concordance through
Japanese COM technology was demonstrated.

(4) Experiments on automatic ordering of Japanese
concordance entries, general Japanese code conversion
system and some others have been carried out. An
algorithm to order Japanese entries was proven to
produce sufficiently natural ordering.
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2. Historical Background

When Dr. H. P. Luhn coined a new term “automatic
indexing” in late 1950’s, it’s meaning was twofold,
namely, index compilation by computers and automatic
assignment indexing [1]. Since then, much effort has
been devoted to the latter by various research groups
[2], but not so much to the former target. Especially
in Japan, little work has been done so far on automatic
compilation of concordances. This was partly because
of misunderstanding on the term (only the assignment
indexing aspects were highlightened), and partly be-
cause of unique features of Japanese, to be emphasized
among them are a large character set including Chinese
characters, no segmentation, and special ordering of
dictionary entries.

Electrotechnical Laboratory is one of the largest
national research institutes specializing in electricity
and electronics in Japan. Since 1960’s it has been active
in the field of computer application to natural languages,
especially in mechanical translation. As a fundamental
research to support it, the current author has been
working for the successful compilation of Japanese
concordances by computers. He proposed various
new techniques for segmentation, entry ordering and so
on, and demonstrated their feasibility in [3, 4]. In ad-
diton, recent rapid progress in kanji (Chinese character)
input/output devices made it possible to compile Japanese
texts directly. Here ‘“‘directly” means not by using
Roman alphabets, but by using Japanese character
set.

On the other hand, the National Language Research
Institute has been active on the researches on vocabu-
laries and kanji in Japanese. Three big research projects
have been conducted manually, namely vocabularies
and Chinese characters in women’s magazines, in
cultural reviews, and in 90 magazines today. Then a
study of vocabularies in modern Japanese newspapers
began in 1965 utilizing a computer. Their research was
oriented towards statistical aspects on modern Japanese
vocabularies. A series of reports has been published
so far [5]. After extensive work by the NLRI, one third
of the data (750,000 words) were open to the interested
groups in Japan in 1972.

The current author immediatly initiated a project
to compile a Japanese concordance of the whole data
with the concept of “concordance system”. The project
began in April 1972 and completed in August 1975.
The first, very large volume of Japanese concordance
has been automatically compiled successfully and its
retrieval system with kanji keyboard-display was pro-
vided. Later in 1976, another information retrieval
system with microfiche retrieval facility was developed
and integrated into the concordance system.
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3. Automatic Indexing Project Based upon the NLRI
Data

3.1 Motivation to the Japanese Concordance

The needs to “‘concordance™ are quite clear. In the
area of automatic processing of natural languages,
the first and the most primitive stage is computer
application to statistics. A table of word frequency can
tell us much about the target language, such as basic
vocabularies or transient aspect of the vocabulary.
However, in order to understand a live language as
it is, we need information not only on the frequency
of words but also on ‘“how’ they are used. Thus the
next step would be concordance compilation to capture
word usages. There can be seen various types of con-
cordances, e.g. a concordance of the Bible, of a specific
novel, of an author’s entire works, and of a language
in general. Here we focus our attention to the last type.
If we want to understand what a word means or how
it is used, a concordance is a must. A wide variety of
concordances compiled either manually or automatically
has been published so far.

Since the appearance of electronic computers, re-
searches on automatic compilation of concordances
have been performed in Eulopean countries and in the
U.S.A. However those research activities were somewhat
limited towards the usage of Roman alphabets. No
computer generated concordance had been available
that used ideographs such as Japanese or Chinese,
before our project.

Also stressed is the huge volume of the raw data,
750,000 words. Even if they had been Romanized,
the volume would have caused much trouble. Since
750,000=50 x 500 x 30, it would require 30 volumes
of 500 page books (50 lines per a page), if we print it
out in conventional book style. This problem of volumi-
nous output would be essential to concordances them-
selves, especially when computers are utilized. Com-
puters can easily produce fairly large volume of output,
but how should it be materialized? A new concept or
switch-over is required.

Therefore, the project on automatic compilation of
Japanese concordance had the following motivation
and significance.

(a) It will widen computer application to natural
language processing (formally it was restricted to
Roman alphabets, now we need new techniques to
handle ideographs effectively).

(b) The volume of 750,000 lines of concordance
itself requires new techniques or even new concepts.

(c) The concordance, final production of the project,
would be of significance to the understanding of natural
languages, especially that of Japanese.

3.2 Technical Difficulties and Their Solutions to Manipu-
late Japanese

Discussion on some characteristics unique to Japanese



174

and their solutions follow:

(a) Large character set and its code set—Japanese
character set includes some 3,000 kanji (most of which
are from Chinese characters but with different pronuncia-
tion), syllabic characters in two styles, katakana and
hiragana. One of the most urgent needs to be resolved
in Japanese computer society has been and is even
now to develop an easy and efficient way to input or
output this character set. Extensive investigation from
various approaches is being carried out on this problem
and is yielding fairly good results in Japan. In this
project, we utilized a kanji keyboard-display terminal
(by OKI Electric, Inc.) and a kanji COM system (by
JEM Computer Systems, Inc.). It is expected to apply
these techniques to the computer processing of Asian-
African languages, such as Chinese, Korean and many
others. Another related difficulty in this area comes
from the fact that there is no standard computer code
set for Japanese. A code for Japanese usually consists
of 12 to 16 bits, but each device in each manufacturer
uses its own. In this project, a general Japanese code
conversion system was developed. It can convert Japanese
data of a code set into another. At most 18 code sets
can be handled. The NLRI data was converted into
kanji keyboard-display code set and Japanese COM
code set. Since more than 3000 different characters are
used, code conversion is laborious and tedious. By the

establishment of the Japanese Industrial Standard
“Code of the Japanese Graphic Character Set for

Information Interchange’ early in 1978, the environ-
ment is expected to change in near future.

(b) No segmentation—Japanese sentences are con-
tinuous sequence of one or more words without any
spaces between them. Words are simply concatenated
to form sentences. This causes much trouble in automatic
processing of Japanese since if one wants to manipulate
a word, one will have to determine it before processing.
This is one of the reasons why automatic indexing
could not survive in Japan. Situations are the same in
Chinese, Korean, and in some other languages.

The author proposed a method for automatic segmen-
tation based upon the analyses of character classes
and transition between these classes [3]. The rules are
roughly described as follows.

Suppose we have a Japanese character string.

E#E D COBOL = 31 SHZE

We can easily obtain a string of character classes
from it, namely, kanji, kanji, hiragana, alphabet,. ..,
and kanji.

(i) The leading position of kanji string has high
possibility to be the beginning of a word, which indicates
the segmentation information.

[%lz%a) COBOL =2y %1 51%‘1‘-;5

A long kanji string usually consists of the series of
2 kanji phrases.
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There are also some groups of kanji that are used
as prefixes or suffixes.

ABlFE,

Any long kanji strings can be divided into meaningful
units by the rules above, and they show how we should
segment kanji strings.

pocdhotedl EaEiE L)

The rules for kanji strings can be formalized as BNF
rules in Fig. 1.

<K-string> ::== <K-string> <K-string>
| <K-prefix> <K-unit>
' <K-unit> <K-suffix>
| <K-unit>
<K-unit> AR SKIHE .-
<K-prefix> 1= K% |-
<K-suffix> = #i%|--

Fig. 1 Construction rule for kanji strings.

(i) Also the leading position of Roman alphabet
string has high possibility to be the beginning of a
word, especially when they consist of more than one
character.

EED (tSOBOL av A SR

(iii) The leading position of katakana string is sure
to be the beginning of a word in usual Japanese sentences.

E#E» COBOL :;‘/ﬂ/f J %

(iv) The transition point to hiragana from others
(kanji, katakana,...) has to be carefully examined,
because it has high possibility to be a zyosi or zyodosi.
Japanese titles of 148 scientific reports were investigated
and the number of combination of actually used zyosi
and zyodosi was proved to be less than 30. Some of
them are;

12,1285, &, LLTD, ©, DledD, 25, &, BL®
The rest has some possibility to be keywords.

These rules require only small tables for segmenta-
tion. Fig. 2 shows an example of automatic segmentation

HuBsHFOIROHE

Nl HEOREOH@

HuBsEo ATOwMH
BHaRr&nnin wmm

T T ADEBTICL B
F=ZAD FHVCLIBZMLALT
F~TrOK BUIKIZB/LwALNT
TP AORBCICIE BLAARBLES a3
=T AORBUTCLIBLOALE BRESArL2A08E (=
ST ADRBERVLIZBLIALT MESAALRAORYE (= X
F=FrORBRACLIBZQGLIARBNE SALAORE (w22
YT hORBEUCLIBZELALRAES AAAORE (w22 ¥
T AOEBRACLZBLIARBIES A XD RE (vX2oHpy )

T TRORKMELBZALOARUTNES AL ANRE ( ~X 2+ ¥y 5 7)

DEBTCLZBLIARBRES AL ADORE (X2 ¥y, F)

250 OXy 5y DR
25 @ANK¥y sy SOUENRE

25D Xy 7ORVEE

260Xy, 7O EFEE
FEMO¥y , O 3R

Fig. 2 An example of automatic segmentation of Japanese.
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by this method. This is one of the most practical methods
in producing Japanese concordance, because the pro-
cessing time is much shorter than the traditional longest-
match method.

On the other hand, staffs of the NLRI defined their
own “word (chootan’i)” and segmented the raw data
manually when preparing computer input. Consequently
in our project, this manually segmented data was used.

(c) Special type of entry ordering—Entries are
ordered by their pronunciation in Japanese dictionaries
or concordances. However a word can be represented
by different ways. If they are pronounced the same,
they will appear next-door on a page. Syllabic types or
character types slightly affect the ordering within same
pronunciation word group. Both “&» ", “Hv>” and
“7 A A" appear consecutively because they are pro-
nounced the same. Another problem is that voiced
sound (sonant) and semi-voiced sound (p-sound) also
affect the entry ordering. Solution is to sort the entries
by a series of key strings that represent pronunciation,
sound information, and syllabic styles. A format and
construction method of sorting key proposed by the
author is roughly described as follows [4].

A sorting key for both hiragana and katakana string
consists of a major key which represents basic pro-
nunciation (voiceless sound only), and two minor keys,
one for sound information and the other for the styles
of character sets.

The proposed construction of sorting keys for kana
strings is;

Major key: hiragana representation, all converted

into voiceless sound.

Minor key 1:

0 for space

1 for special character

2 for contracted or assimilated sound (yoo-on,
sokuon)

4 for voiceless sound (seion)

6 for voiced sound (dakuon)

8 for semi-voiced sound (handakuon)

Minor key 2:

0 for space
2 for hiragana
4 for katakana

A sorting key for Roman alphabet string consists
of a major key which represent basic alphabet infor-
mation, and two minor keys one for special characters,
the other for the capitalization.

The proposed construction of sorting keys for Roman
alphabet strings is;

Major key: All capitalized string, special characters

such as—or. being eliminated.

Minor key 1:

0 for space
2 for alphabet
4 for special character
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Minor key 2:
0 for space
2 for upper case character
4 for lower case character

Examples are shown in Fig. 3. For Chinese character
strings, if we can get readings by any dictionary, then
the strings can be sorted naturally. Since the NLRI
data included a dictionary for all vocabularies in the
raw data, it was possible to apply the method successfully
in this project. Figs. 6 and 8 in the following sections
show the outcome ordering obtained by this method.

Original

String Major Key Minor Keyl Minor Key2

Ede3et A EalZ et VN 446440 222220

BAOLOL ¢ ALY 444442 222222

t—*vy EBALC 414460 444400

550 5501 444000 222000

T2 ThHa>Pk 644240 444440

&LLa &LLa 464400 222200

FE23 iHan 444000 222000

2r 1y 440000 220000

=54 iy 460000 220000

nx it 460000 440000

2 oy 640000 440000

¥ uy 660000 220000

ez [E33 840000 440000

iz [£3X3 440000 220000

(a) Sorting Key for Kana Strings

Original
String Major Key Minor Keyl Minor Key2
Am AM 220000000000 240000000000
am AM 220000000000 440000000000
Am, AM 224000000000 240000000000
am. AM 224000000000 440000000000
A M AM 242400000000 220000000000
Amabel AMABEL 222200000000 244444000000
atomical ATOMICAL 222222220000 444444440000
atomic clock ATOMICCLOCK 222222022222 444443444440
atomic proof ATOMICPROOF 222222022222 444444444440
atomic-proof ATOMICPROOF 222222422222 444444444440
atomics ATOMICS 222222200000 444444400000

(b) Sorting Key for Roman Alphabet Strings

Fig. 3 Proposed sorting key construction for Kana and Roman
Alphabet strings.

3.3 Towards a Concordance System

The raw data published by the National Language
Research Institute consists of 4748 article units sampled
from 3 daily newspapers in Japan. A sampled article
unit consists of an average 500 Japanese characters.
The total amount of the data is 2,360,000 characters
or 754,000 words. A dictionary for the whole data was
also published, which included reading information,
word classes, and so on.

As the format of concordance, we decided to choose
KWIC index style since it is one of the most successful
format in automatic indexing. Variations such as KWOC
or so would fundamentally be the same as KWIC.
New experimental formats were also investigated,
but the detail will be found elsewhere [4]. KWIC index
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Concordance

Fig. 4 The concept of “Concordance System”.

of 750,000 words constructs 750,000 lines of concordance.
Since this is a concordance for the whole language
(Japanese), all words that appear in the data should
be the subject. Usages should be found as many as
possible. Elimination of specific words or usages would
reduce the practical value of the concordance. Then,
can the concordance of 750,000 lines be realized? Some
30 volumes of 500 page books would be required if
we print it out. This is possible but certainly inconvenient
to it’s readers. For such huge volume of concordance,
the concept of ‘‘concordance system” is proposed.
The concordance system is not a concordance generating
system, but the concordance itself as a system. The
concordance system consists of the followings (see
Fig. 4):

(a) Magnetic tape file (or any other auxiliary storage
deveice) that contain the whole contents of the con-
cordance. This component is for computer processing.
It is also the base for both (b) and (c).

(b) A set of microfiche that contains the whole
concordance reduced in size. This component is for
portability and easiness of reproduction. It should be
produced directly from (a) to avoid voluminous printing.

(¢) An information retrieval system to browse or
retrieve the necessary part of the concordance. This
component is for those who wants to browse the con-
cordance as if it were a book. The information retrieval
system can either be based on (a) with display screen
terminal, or on (b) with microfiche retrieval facility.

Possibly there can be many variations. This automatic
indexing project realized a type of the concordance
system as described below, and demonstrated the
feasibility of the concept. The author believes that future
libraries would adopt at least some of those concepts
in near future.

3.4 Concordance Compilation

General flow of concordance compilation process
is shown in Fig. 5. The computer system this project
used to compile the concordances is as follows:

S. UEMURA

Automatic
Indexing

! !

Editing and Editing and
Conversion of Conversion of
Text Strings Dictionary

| 1
i

Text Strings
with Reading
Information

KWIC

Compilation

i

KDCR CoM
Data output

Fig. 5 General flow of concordance compilation process.

HITAC 8410 (compatible to IBM/360 model 40)
Main memory 262,144 bytes

1.44 micro second/2 bytes
Auxiliary Storage

6 magnetic tape units (32 r/mm)

8 disk drivers (each 7.25 MB/pack)

Some 30 programs (including a kanji code conversion
system) were developed. All programs were written in
COBOL. Working data sometimes exceeded 10 magnetic
tapes (each with 732 m, 32r/mm). Concordance of
the whole data, more than 750,000 lines of KWIC index
has been compiled successfully. It was stored on6 x 732 m
magnetic tapes, and was then diverted to COM ex-
periment and to the retrieval systems. As mentioned
before, byproducts of the project, an inverted word
list, experimental type of indexes have also been pro-
duced but the detail will not be discussed here (See
[4] for reference).

3.5 Japanese COM Experiment

Instead of producing very large volume of books
by printing out the whole concordance, they were
photographed on 275 sheets of microfiche. The micro-
fiche was produced by a kanji COM technique developed
at JEM Computer Systems, Inc. JEM system 3100
PT-150F consists of a kanji display screen and a set of
camera equipments. Contents of magnetic tapes are
shown on the kanji display screen and then it is photo-
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Fig. 6 A sample page from the microfiche concordance (Vertical
printing style).

graphed. This means that the contents are micro-
photographed directly from magnetic tapes to sheets
of microfiche. No printed matter are used in between.

Two technical points should be emphasized here.
First, various standard microfiche formats has been
examined, and Type Al format was accepted. A sheet
of type Al microfiche contains 98(=7x 14) pages of
concordance, each page containing 1344 characters
(=48x28) respectively. Reduction rate is 1/24 for
traditional A4 form sheet. The reason for Al format is
as follows:

(a) Most kanji printers in Japan use A4 or B4 type
sheet for printing instead of 11 inches x 14 inches line
printer sheets. Thus Type A3 format (for line printer
sheets) were rejected.

(b) Type Al format fits the vertical printing style
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in Japanese.

(c) Type A3 is becoming popular in the U.S.A.,
overwhelming old Type A2.

Another point to be emhasized is that the concordance
is vertically printed out on the microfiche. Vertical
printing (top-to-bottom, right-to-left) is traditional in
Japan. Although horizontal style is becoming popular
in various fields, novels and most newspapers are usually
printed out vertically. So why not concordances! Since
the microfiche production machine can print data only
horizontally, the vertical printing was done solely by
software. Fig. 6 shows an example page from the micro-
fiche concordance.

The user who wants to read the concordance can
either read the microfiche through casunal viewers,
or use the microfiche retrieval system described in the
next section.

3.6 Concordance Retrieval Systems

To browse and read necessary parts of the con-
cordance recorded on magnetic tapes or sheets of
microfiche, the development of information retrieval
systems was included in this project. Two types of
retrieval systems have been developed. Though the
two systems are on the same mini-computer OKITAC
4300C, they are independent from each others and the
user may choose whichever he wants (see Fig. 7).

(a) Concordance retrieval system using a kanji
keyboard-display terminal (KDCR)—This system has
been constructed around a kanji keyboard-display
device developed at OKI Electric, Inc. The basic features
of the KDCR system are;

(i) It allows the user to handle the contents of the
magnetic tapes (concordances) as if they were printed
materials.

(ii) The interface between the system and the user
fully utilizes Japanese so that end users, including
linguists, can use it easily.

(iii) The interface includes special convention for
end users, namely they can input keywords by hiragana
representation.

The user specifies a keyword (a word he wants to

OKITAC 4300C

Console CARD
Typewriter
S — J - J
KDCR System MFCR System

Fig. 7 Concordance retrieval systems environment.
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Fig. 8 A part of the concordance on the Kanji display screen
(Horizontal Style).

examine it’s usage) through the kanji keyboard-display.
He may use syllabic representation to specify it. A
keyword with syllabic representation (hiragana) is
used as a matching key with the major sorting key of
the concordance tape file. Therefore, in this case, sorting
key should be kept remaining in the file. The system
on the mini-computer then searches magnetic tapes
sequentially and throw the retrieved part of the con-
cordance onto the kanji display screen. Fig. 8 shows
a part of the concordance on this stage. The part is
retrieved by providing the keyword “if\v X A”. The
last (16th) line of the screen is always so-called a “menu”,
by which the user and the system interact. Instead of
typing in commands, the user can give it to the system
by pointing proper position on the menu with the light
pen. He may ask the system to retrieve the first page
that contains the usages of the specified keyword, to
show the succeeding or preceeding pages page by page,
to produce a hard copy of the display screen, and to
indicate him how to use the system. Here “page” refers
to a screen image of the display terminal. A page consists
of 32 characters x 15 lines (+ 1 line for the menu).

Though the “menu” approach is not novel for inter-
active systems, the one used here includes some new
features.

(a) Not only the commands in menu but also all
the interface with the user fully utilize Japanese (kana-
kanji strings).

(b) The user can input keywords by hiragana rep-
resentation.

(c) The menu is specially tailored to the “book
browsing” feelings.

A trouble with this system is that it sometimes takes
too long to retrieve a part of the concordance, since
the data is on magnetic tapes.

The KDCR system environment is as follows:

OKI KT system

OKITAC 4300C

(24 K words x 16 bits, cycle
time 0.6 microsecond)

Kanji Keyboard-display
Mini-computer

S. UEMURA

Aucxiliary Storage Magnetic tape devices
(TEAC MT-8A, 32 r/mm)
14,800 words including buf-
fer areas. Programming is
with OKITAC 4300C as-
sembly language. The num-
ber of statements is about
4800.

Software Size

The KT system is controlled by OKITAC 4300C. The
KT system is a kanji I/O terminal with a refresh type
cathode ray tube and a teletypewriter type keyboard.
The display screen can throw 32 x 16(=512) Japanese
(or Chinese) characters, each character in turn being
represented by 18 x 18(=324) dots. The dot images of
kanji are on specially designed UI core translater
memory, which is also contained in the KT system
itself.

(b) Microfiche Concordance Retrieval System
(MFCR)—The user can look for any part of the micro-
fiche concordance by usual microfiche handling methods.
Moreover an on-line interactive microfiche concordance
retrieval system was designed and developed on the
same mini-computer with commercial microfiche retrieval
device CARD by the Image Systems, Inc.

CARD can handle 750 sheets of microfiche. The
Japanese concordance reaches a little more than one
third of the capacity. CARD itself has simple retrieval
capability through the microfiche serial number and
positional information within it. It was connected to
the mini-computer, and an inverted file type concordance
retrieval system was developed.

Inverted files to retrieve a microfiche page through
user provided keywords are on the mini-disk. The user
types a keyword into the console typewriter of the mini-
computer. MFCR system searches the pertinent inverted
file, determines the microfiche serial number and hori-
zontal and vertical position within it, and send signals
to CARD system.to make it throw the corresponding
page on the viewer screen. Less than 3 seconds are
required to retrieve a page. The user can also specify
to show him the succeeding or the preceeding pages,
to produce a hard copy of the page, and to indicate
him how to use the system. Here “page” refers to a
viewer screen image of the CARD system. A page
consists of 48 characters x 28 lines (see 3.5). Though the
page size of the MFCR system differs from that of the
KDCR, both are generated from the same magnetic
type file (component (1) in 3.3). The basic commands
are analogous to the “menu” of the KDCR system.
Moreover he can specify the microfiche serial number
and positional information within it directly if he knows.

The MFCR system environment is as follows:

Microfiche Retriever
Minicomputer
Auxiliary Storage

CARD Model 201
OKITAC 4300C

Mini-disk device
(Mitsubishi M801F, 6 MB)
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Software Size 194,000 words including buffer
areas. Programming is with
OKITAC 4300C assembly lan-
guage. The number of statements

is about 9400.

4. Summary

An automatic indexing project with Japanese data
was described. The project had two levels of contribu-
tions. First, technical problems it faced and solved
contributed to the progress of natural language pro-
cessing by computers, especially automatic processing
of those languages that use ideographs. The automatic
compilation of Japanese index with this volume was
shown to be feasible with the concept of “concordance
system’”. Secondly, the concordance—the final product
of the project—would be beneficial to researches on
Japanese. Some research groups in Japan have already
begun utilizing it.

Computers in numeric computation have turned the
computation of pai (n) from mathematician’s life work
into “less-than-a-second” short job, thus made mathe-
maticians free from this kind of fundamental but
primitive computations. Computers in natural language
processing is now changing the compilation of “con-
cordances” from linguist’s life work into “less-than-a-
month” or “less-than-a-year” scale work. In addition,
the volume of concordance that can be compiled at one
time increased drastically. Linguists or those who are
interested in language processing can now concentrate
their efforts to more “intelligent” or ‘humanistic”
aspects of their researches.
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The author coins here a new term “CAL (Computer
Assisted Linguistics)” to emblematize the concept of
researches on natural language processing assisted by
this kind of huge computer generated concordance
system.
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