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An automatic indexing experiment in Chinese is
described. The first very large volume of
modern Chinese concordances (two sets of one
million-line KWIC index) has been compiled and
materialized automatically with a modified kanji
printer for Japanese,

INTRODUCTTION

This paper describes an experiment to compile
Chinese concordances automatically, A very
large volume of KWIC indexes for modern Chinese
(one million lines per set) has been compiled
successfully with a kanji printer for Japanese,
This paper discusses the purposes of the
experiment, selection and input of the Chinese
data, some statistics on Chinese characters (vs.
kanji) and the concordance compilation process.,
Finally, examples from the computer-generated
concordances are shown,

THE PURPOSES

The idea of machine-processing modern Chinese
data originally came from Professor Yuen Ren
Chao, Agassiz Professor Emeritus of Oriental
Languages at the University of California at
Berkeley, before one of the authors (Hashimoto)
took over the directorship of the Princeton
Chinese linguistics project, Chao served as the
chief of the advisory committee to the project
since its foundation, The idea, in short, was:
so much has been said about the Chinese
pai-hua-wen -- a written language of modern
China -~ yet nobody has ever clarified what it
really was, i.e.; what the basic vocabulary was,
what the major syntactic structure was, etc,: in
other words the every detail of the reality of
pai-hua-wen, - Certain quantitative surveys were
done before us, but even the most extensive one
in those days was based on data consisting of no
more than 100,000 characters, In addition, the
selection was very poorly done ~-- most of the
materials were primary school textbooks, We did
not believe that school textbooks reflected the
reality of the language, even in its written
form. We chose one digit more than the previous
one, namely 1,000,000 characters, though for
various reasons, the actual data contained in
our tape include several thousands more than one
million [1, 2].

After completion of the computer input and
editing of the million-character file at
Princeton, researches towards statistical
aspects of the data have been conducted [4]. As
stated in [4], tables of character frequency can
tell us various aspects of the Chinese, such as
the basic character set, transient states of
character strings and so on., This can be
summarized as the first step of computer-
processing modern Chinese data., However, in
order to understand the reality of a language,
besides statistics, concordances are the
necessities which illustrate the contexts where
and how those characters are used,

On the other hand, computer applications to
Chinese have very limited background so for. No
computer~generated concordances on Chinese have
been reported yet. Thus the concordance
genaration project would not only be valuable to
the understanding of Chinese pai-hua-wen, but
also contribute to the development of the
methodology to manipulate Chinese automatically.
Consequently, a project to compile concordances
of the Princeton million-character file was
conducted at the Electrotechnical Laboratory
during 1977-1979, This constitutes the second
important stage of computer-processing modern
Chinese,

THE CHINESE DATA

The Input of the Original Data

The first phase of the data input was done in
Taiwan during 1969-1972 with a Chinese character
keyboard, designed by Cheng Chin Kao -- a
Chinese teletype Machine (manufactured by the
Oki Denki Co,, Ltd.). The code was converted
into the Chinese standard telegraphic code in
Walthum, Massachusetts at a computer company,
The greatest difficulty, in addition to oxrdinary
proofreading, consisted in the conversion of the
so-called "combination characters'" of the
C.C.Kao system: any character not found in the
Kao keyboard was punched so that part of it
(normally the '"radical') was represented by a
character having the same radical in the
keyboard, and another by a character having the
same "signific". Necessary flags were of course
attached to these '"combination characters', yet
the key punchers selected those constituent
characters quite at random, sometimes
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disregarding the position of a radical within a of which are used more than 100 times and they
character, so that the results were often a occupy 92,8 % of the whole data.
hopeless mess,

The Selection of the Data

It was tried, at the selection of the data, to
cover every conceivable category and style of
writings in China since her modernization, the

Character Frequency

so-called May 5 Movement period, from ordinary 59 46531
novels to philosophical writings, from political . 18077
speeches to newspaper articles, etc, etc, These
categories and styles were classified and were E 17874
assigned appropriate marks to show the genre, 16390
The partial list of these writings follow: J 3
A 16138

BR: QIR  MAMIR: XIC MR & H AR BOEI :;& 12827
Ed: & EEH: G BBbE: bR ARBUSEBB G4 # 11096
¥ TH M FRENER W& BROTEe A 11057
E&: RSN WRE MRT BRE: KRR ﬁ 10717
XE: BRET  BlA MO R ABRWPHRTR

- s _ B it 10332
Wi JERA Higih: =REH Sl gy: DT L SRR Rk
SRR DRER B RMATORTRERF MRk BB T RGN B
WS W WV U CHRRBEREN ARG M Fig. 1. éﬁ;‘;azfe?:gh Frequency
For a complete list of all these writings and of
the genre marks, see [3]., All the proper nouns
were so marked, as they may not correctly
contribute to any statistical measurement of the
written language except for these proper nouns
themselves, These nouns were marked in the
original texts by research assistants with No. of
enough command of the language to make correct Frequency Character Types
judgment., Anything else, including punctuation
marks of all sorts, in the texts were properly - 10001 10

processed, Every sentence, including some
vocative phrases, was numbered within the 10000 - 5001 13
writing piece quite mechanicaly, though

occasionally it was necessary for specialists to 5000 - 3001 32

make certain judgment for segmenting sentences, 3000 - 2001 37

The Code System 2000 - 1001 106

1000 - 501 176

The Chinese standard telegraphic code system

includes some 9500 codes for Chinese characters, 500 - 301 208

A code consists of a set of 4 digits, which 300 - 201 191

represents one Chinese character. Among those

9580, 5231 have been used, ¢ 200 - 101 397
o 100 - 81 150

Statistics 80 - 61 230

Statistical analysis of this million~character 60 - 41 294

file can be found in [4]. Some additional

statistics are provided here, Fig. 1 shows the 4o - 2l , 574

10 most frequently used characters with their 20 - 11 563

frequencies, These 10 characters occupy 17.1%

of the total amount, Fig. 2 is a table of 10 - 1 2250

character frequencies vs, the number of

character types. Fig., 3 shows the cumulative . . . )

percentage of character occurrences as a Fig. 2. Frequency Distribution of

function of the number of character types (in Chinese Character Types
descending order of frequency). It indicates,

for example, only 92 characters represent 47% of

the entire data. There are 1170 characters each
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CHINESE CHARACTERS VS, KANJI

Chinese characters were imported into Japan
sometime in the 5th century., Since then, they
have been extensively used with a few additional
characters created in Japan (this modified set
of Chinese characters is called ''kanji'),
although hiragana and katakana (two sets of pure
Japanese characters with their origin also in
the forms of Chinese characters) were invented
early in the 9th century,

"Chinese characters for daily use"
established by the Ministry of Education for
modern Japanese includes a 1850 kanji set,
however several thousand more are still in use
especially for proper nouns, The Japanese
Industrial Standard (JIS) "Code of the Japanese
Graphic Character Set for Information Exchange
(C6226)" established in 1978 includes a 6349
kanji set, hiragana, katakana, Roman alphabet,
Greek letters, Russian letters and other
symbols. The kanji set is grouped into 2
levels, the first level a 2965 kanji set and the
second level a 3384 kanji set, This means some
3000 kanji are considered to be enough for basic
information exchange in Japanese. In this
experiment, the kanji printer system T4100

100r -

80r

Percentage
[+2]
(@]

401

Cumulative

201

L

7000 2000 3000

Number of Character Types

Fig. 3. Cumulative Peréentage of Character
Occurrences as a Function of the
Number of Character Types

(Syowa Zyoho, Co., Ltd.) was used. A total of
8182 characters was available for this printer
including 7360 kanji, hiragana, katakana, Roman
alphabet, and other miscellaneous symbols. The
system was developed 5 years before the
establishment of JIS (C6226,

As mentioned before, the million-character
file included 5231 different Chinese characters,
Among them, 295 were found to be unprintable
(because they were not found in the T4100
system), The fonts of those 295 characters were
designed and incorporated into the T4100 system.
Later, when JIS C6226 was established, some of
those 295 characters were found in the second
level of the kanji set, namely #8(frequency
773), FA(581), Eé.(ses), R.(345), 38 (343),
44189), PR (178), and §&(158). Fig. 4 shows the
frequency of the remaining 287 characters.

Their total frequency numbers 1100, which is
0.1% of the million-character file, This fact
indicates that Chinese characters and kanji
still overlap closely in modern Chinese and
Japanese, (It should be noticed that the
simplified Chinese characters are out of this
scope since they did not exist at the so-called
May 5 Movement period.)

THE CONCORDANCES

Besides the text itself, the Princeton million-
character file contained information on the
title, the author, the sentence numbers, and
other miscellaneous editorial symbols (such as

No. of
Frequency Character Types
554 1 (39)
228 1 (£)
134 1 (Bk)
128 1 (&)
100 - 51 7
50 - 31 7
30 - 21 8
20 - 11 21
10 - 5 37
y 11
3 34
2 b1
1 117

Fig. 4. Frequency Distribution of
Chinese Characters which are
not Found in the Kanji Set
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marks to indicate proper nouns). Extensive
work had to be done to interpret and reform
editorial symbols, Fig, 5 shows the edited text
sentences from the million-character file,

After this editorial step and incorporation of
Chinese character fonts to the T4100 kanji
printing ststem, the concordance compilation
process was started, Since we have had
experience with the automatic compilation of
one-million line concordances in Japanese [5],
not many technical difficulties were
encountered, except some malfunctions of our old
kanji printer. Discussions on the salient
features of those Chinese concordances follow,

Key Words

KWIC index style has been adopted as the form of
Chinese concordances, since it is one of the
most fundamental styles for computer-generated
concordances. Because there is no clear
segmentation of words in Chinese, and because
one character represents a fairly sizable amount
of information, each character was chosen as a
""key word", Furthermore, no elimination of
"non-key words" were made, Every character
(including punctuation) was chosen as a key
character. In this sense, the concordance may be
named as "All characters in context' index,
Consequently, one million character data
required one million lines of index.

Contexts

One of the deficiencies of the KWIC index style
is that the context each line can show is
limited to its line length, We could afford 55
characters for the context. Since one or two
Chinese characters represent a word, this length

"can accommodate more than 30 words of

information in English.

Reverse Sorted Index

Two types of KWIC index have been produced. One
is for the normal type, in which all lines are
sorted in the ascending order of the Chinese
standard telegraphic code of key characters
(plus 7 succeeding characters). Fig. 6 shows an
example page from this type of index., The other
is the so called '"reverse sorted" index. The
major key for this type is the same as that of
the normal type, The minor sort keys are, the
characters immediately preceding the major key,
Thus all lines for one key character are listed
in the ascending order of the code for the
character immediately preceding the key
character and so on, Fig. 7 shows an example
page from the reverse sorted concordance,

CONCLUDING REMARKS

The two sets of modern Chinese concordances can
be reached at the National Inter-university
Research Institute of Asian and African
Languages and Cultures, Tokyo University of
Foreign Studies, It should be noted that a
concordance of one million lines amounts to over
25,000 pages (actually it counts for 27,341) or
50 volumes of a 5cm-width paper file, Before
printing the whole index, engineers recommended
linguists to use COM technique, but in vain, A
microfiche version should have been produced for
portability. Analysis of the concordances have
just got off the ground. The resulting papers
are expected to follow,

B ABSTRER R, R EATRE Stk LIRATHIAR, A EAIIIE B3 SRR A IR
AERFETHL LSBT, IERRRERESTHIfNRE—K MNEETRUETRR,

ER  E&  XEF R
xXE  AF 1
2
3 BRERBEIEE TRIOE, ABRFEIE—NELIBIOEN.
4 TEREET, RRERIE ; BAEK RO,
5 RS REA TR, fOEMRMILIRR, B8 LRI,
6

STILNE OB AR, —RERISHMALIHR, FILFORESHE, MEMSRETE WURKOELSE,

EBETEEMREEERE, Hh—SERENRRAN,

7 AIRBHLH, MEELEEE —HEFHORKIRR, BRETITE LR,

8 AREREE, MEERILHE SRAME ML R BRI, HE, M.

9 MRRBEENT, YRS, BTRERMORICH .

10 M#ORIE LA E—-REMGT, TLEMEEY, WINE, REFRCMMEET, REHEIE,

11 B EETFERELSREET, SAFRSEREREEHE, MIZT, SEFIMREMBORE, R
RS NI AR T A0, AP R — FH B LU0 ERTE, 1P REDKEDR,

Fig. 5. An Example from the Edited Text
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y REEZENFERONSERES, CRERTER,
EE - EEHROKE, EXE-BREEROPEE,
MFRE —RDAKMEAET, TARMKEEFNSE?
RARBEERR LEHIMME, SHBHEEXHARS
ITHER T RIBAIRH, - 51X FRICHRTHERER,
FIERERR LML, WEZHBRIFEEY
SR EAE, i FUE MR, WS T EFMIRE,
R ANERML&TZ BB, SEEE— MR, FE,
MEETRRSEEE, LERERE-HEBNEE,
i, ZEARELL REERAEE CANERET,
BER. FEAFKSEA, HUHHFRIRRSETAT,
PR EFEL AL AR ISR & (O [HRE,
RRRMUEN, RONUTEEIEZEBERLFQQ,
 SEBTERS ZRERNME LN —EERAX,
EEMAZE, EREMAIRARSED L, LIFET
R REME : MABIET. ] KAM, ME#H—],
Bk e B TR T E RO ERIE £ H EIORRIER,
HEFLDME B EER, Gl —BEF, Lo,
TERTER MR F M iy [IREAM %, BAHITR] .
8 [EE], RMT-MUAE TR WOR L,
TIHEE T — BN RE, HIFHNE SUFRT (G,
W R, BERBACHER, [HMEE2HEE, ]
M FRESRIE L B ERIRRB T -] BRIERE
FRH —HRE IR R RO E IR RIIEN,

VIR RIORER, MAREHST, | BR—FRVNSE, [
LM, CUPITBORESIEET, WLRRBRTEBIE,
BRI, UWREFR—~THAMRITET, T
RESH—THAGITE T, TRZE—FFY, fRICHE,
TR AT AN AR S ARBSLITEDER,
K¥z, & LM E, BFFE, & BHIROMER R,
SRR, KIRUME R FHER R R T S,
HICREAGE T, LR RAN ERAMMERESET,
o T A (B TR S  HORIR L1b, L8NS
FRMA (91 ks I F AT T M it 2 A e B AT,
WREHE, RBENT, RKTHT, PMBTFRIEEHRZIE
VL ®B—-FOER, SR MEEMACR @, #E,
HTEMRIENEE, FSREBTHRERETER,
fediae ROOA, 2RI IRE LG EERP. WHERH
MR EANR D ITER R E, R TRERES,
HUSHR T TURIT RILRI, RPMKRBS2ILHR,
HRIOFE— K. I8 T 2ZMIeE, M, +aus
6638

u

Bd i

b=

Z—EEAMNRE, B, EHRFNEEMAIELE,
—ERAFE, FEREEGER BRETERE
—BREEOME, L, F—-EER RNEEIE
B HIRANE 7 528 B A8 X R A SHIRIR M S R R 8
B RS . WREVERIR, & EKA @S
ARSI LM EEA, IhMAE L L EEFRE
& —EH A BRI RAEA. TR 500
F-EAR, RIVEEFBARRILEIRE, RBERK
B—EFE, SEARANETEF REMIEEFE
E K EOHIZMRA. BIKEERME LEE &
R—EEFELR. BETEAMAIE, —HEEEY
E—EEEE, HTHRHE FH+TEMIR,
E-HEEAWE, CHZERGTEQ. TR i
E—REROERE, RFEGECRRMELL, Uk
Z-E, [FHH, TFREREE FUREREMD
BRI AT EEE, 4 S ORNMETF K
Z-HERMIRY, B, EHSFOERLM, BE
& —PRITHNET, $E--NL CTEECAZST, S
£ - EsFIN AR, RIOVESIF (5] MAIRERNMGIR
E-REEARK. TEHEMEMER. WL EHn
%—@FFJaﬂﬁ%%ﬁiﬁ$u* bR

SARBREORY, BEREFLOEBE, BOETHE
B — [ e R, ﬁ}ﬂﬁkkﬁ%mﬁt T —hgRsts, MME9A
—Mﬁm R, SBONE, RIWEHNLEE
E—BREBHNMOBNE, BREBEN, LHOEH
B-MEZRZERRRN LEAST. B @R ENE
F—FEMRH, BEFELEMEH, BEETEIEMM
IR, RICE, TR, Ak, ME—RTTE
AU, B, ME—RTTE, LERFLACEE
ZREBRE, BERLUATELHENEESIE,
EIRMEHOR AR AL, WIRE M, #EN
R IRIE R AR, F FLEREEY, ETMHY
BEAERMME REPHERAZTEEA, BR
RS, BN BMIRAMAR LE R, B,
A-EEEE, RERPONE, REER LHER
E-ERRE. WUMERE Lo ENEE, AR
R RFEOEIERE. FEANG—FHEE 21
& ﬁﬁkmﬁﬁhﬂo~W&FﬂEﬁmmiE£m%
E-FERIENE, BHRHIFRBEINE -5, HTEE
& ﬂﬁﬁA@W$o%EW“ﬁ@Wﬁ&ﬁﬁﬁ@V
E-FRARAOBIE MEFEY, ROE—ERE
& ﬂhﬁoﬁﬂ—ﬁ$:%wa,@%.mﬁ#$ﬁ
(Be-iE&)

£
&
=
&
b

-21944-—-

bt
EREET
M—£8%5
EIREET
FE HR
wT E
MHF RS
FE
EIRHM T
RE M
17 B e
EREMT
EEARHE
B PE
¥FIE EE
IEALE i
R K&
BREHE
ERFM T
FiE B
¥FE EE
R K
EHAA /ML
Be &HT
KA HEM
T RS
Fih
RARKERE
RRKEE
Wi AR
REHFYE
W wmE
EIRKPT
E& 580G
IR 2
it wE
255
FILFEAL
Y S
¥FE (e
RBARET
AR B XKL

56
602
18
136
198
27
7
113
584
40
68
1
552
171
325
480
27
345
99
240
33
86
209
150
1
43
177
239
239
236
5
29
377
456
182
300
19
33
116
134
352
89

Fig. 6.

A Page Example from the Chinese Concordance (Normal Style)
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BIECRTTER, U PHAH — B G0 R —
2], HREASCR BRI, RIH BT
BOME DR — PR, TR, AT IBA I —
ST TGN, B
RIS A S, I B AN, BIA T
B, BRI T SRR, B, BRI
P, AR IR BRI S 5
B BT TP B, T o S0 (80 B Bl —
WAL R T, BAE (BHEAT] A [TEEA] -
Ve, FLENGERAIT . (ERARLRE, BERE—
BKIER, WK, MEACHOEMESIREHE—
0, (R B IAR B R, R, RE—
ZHEK RATEBAE, RN 2 RN, TERIT
TRAHE, AL, AAMBOKA, FRFEB AL
PEELU T, IS EHASRENAR, KREWE
REKIEPIRFIS, (R TE R, MR EL
RESEIHIE, A LUK S, WAL, MIS kAL
BRSO RCRIR NS, HBB A IO 2o
ALISRIANG, AR BRGNS, R T
BRI TIPS, RRMA%
FIRES, FORE [KIE] WS, REOCAERESL
SAEHE, VR AT BRI 20, PRLL R [
ERES B LR, IR TR, s =
BT ORI, PR E, iR TRIE, #oEs
B EERIIE, [RMINE S I S, R
SRE, MSRISERL LR, RESF, HRLL
HELSURITES, Bl BEER T, R TEHGBM T L
o WLBEIAT T OMBN, HDRAEICIR AR S mehe, 1t b
RFEEE, FESR. BNZAELE PRMPE 2 L
ST, 1A% ek IE RS B AV
o REREARBURIR, 5 ANBEE S 2~k
BB, HIGEAEEAR B R AR, 85T I
SENE R, EIPRR T AREDE B AL L
o BRE(ERES, MARELCEE T AL L
BT HRASE (O 1 16, Ut A8 ) — R IE R 1 LA b
RARARE? RIEKOAR, &2AAEFZAALLE
PO O E AR, RIS 2 AAE S 2L
O ELAR St T AERERNSOR,  FANERA AT LA o b b
A CAL AT AT (P, (I S — T
P, MR E AR, WMEADRAERNE — kDL
TR R T, S MOS L, BB HRLLE
W5 A ST — AR M0, SR — (B L)k
4104

FEFF I T FEFT T I EFTFTIEFTFTTITI I I FTIZITIIEIIIZIIREIFZITIZIZIRIR

FEFIFEFEF

9
i)

Mg, RMAECEMUTTIOBEE, MR Mt e
o BEK— UMM REBIREE AR, FEaHY
RS BFARR T R, Fe4 o] LUE R MLy -
B, EEVEREIEIRARAREN, FEGE (AR
A, BRI 2 EORRARIEN, TR S HE AR AR
MEMIRRREIEUM, WS RRE LA S-EMIAR A AT LA B
FOREH, A RAREORE, 5820 LUSH &R
BB, PREGMTAE IR S I E e s g
HIRE, RAEEAE R --FIMIRE, AHE -, (M5
e, BOERERNGE ? FEfE RABEA AT . T IHHORTE
T [k, AT HEATR MR ), KK
RN, L0 iR A, KIERME e T -,
BRI S 3B, (EHL A AT M SRR IR 4 U2 A 7 19150 A
HF, WASHY, RAOUCE RN, JERER -
RIBIE  [RENR R SURGIE . DI0HE, PIHEH,
TEHLABREMO B L TT, Bk PRSI, #h
PR UL IR RIS A | AT, AN AT
A, FREWEEIE - AW AR AR, B
myET A, BRIPRT SR E LRI, 1O ST
Bl i, FACEMRATRET, ML LmMERY, ]
ARy, AL REBEMCER DS HE (R W
BEL) WK MRZBEBE . 8E AR TRtk
M, FAENHER. R, RERLE, 24, ¥R
K, BEH —-MA, CeE LRty rmikr, fm

L OPIEERE S, | RERBEHIEA §, TR

BHOE W, Mo LEMIEMB LAEEOIPE UL E L
, IR — G, MEENSERIAESE, HHEFA,
THFZFE RIS S0 Y Oo] LD AT, S I A0 A 00 P £ 11 0 R 352 R
v DREGEEE, EREWME . B& IR E
YRR TR E IR L -, B Y] R B ARG Y
ﬁ%iﬁ@%.Eﬁﬂ&TUﬁW%EW&%iﬁMgu
Bk, AN S HAMARE, - aRua Ak
FAIHERMOE B2, 07 ICAS SR 4 L oleosiin v b
RET, #-EMER M, SR RAHE R BRI TT 5T
B, EEEMPOTNEWERNE, [E18k, | bt
AR, #TA, BRE, £ RERSHR, MM
BE R E AN H AT AT AT RFIAEHOHE — By ihSE SR, AT
1T840, FEET LAY T IOREERE G B 85,
4fHe, fREAIE LR R PEEM, N RIEEH
Fo BMTIEZM, REAMRKAFIE, SEHROHILED
SAPEEHLT, B TRERTEFAN, & -EE AR
RA, RERGEE, WMCET i, WREMEETE
(—Hy— L)

—16305—
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Fig. 7. A Page Example from the Chinese Concordance (Reverse Sorted Style)
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