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Abstract

A phonetic and structural encoding of Chinese characters is proposed for representing Chinese
texts on any computer, using universally available characters (all contained in the PL/I character set),
in a readable, yet unambiguous way. More than 80% of the 14 872 characters of the CIHAI
(4,( 'y} dictionary are unambiguously represented with "simple" PS encoding. "Iterated" PS enco-
ding is designed to disambiguate the complete collection of Chinese characters since ancient times
(=67 000). PS encoding is geared more toward exchange and processing than storage. Easy to cons-
truct with a standard dictionary and a table of keys, this scheme might also be used by non-experts to
input Chinese texts while learning the Chinese characters. It may be adapted to the encoding ~ f Chi-
nese characters in Japanese and Korean texts.
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Motivations

On computers, Chinese characters are coded internally in several ways. For the most part, 2
bytes are used to represent 1 character (GB2312-80 norm in the PRC, JIS code in Japan, etc.). Unfor-
tunately, these representations are not portable, and utterly unreadable without special equipment, even
when the codes are made of pairs of printable ASCII characters. The usual schemes (with the excep-
tion of that of Xerox [Becker 1984]) are also limited to a few other character sets. That poses a pro-
blem for multilingual texts.

At GETA, we initially hit on this problem while constructing a French-Chinese Machine Transla-
tion prototype under the Ariane MT generator. This system runs on IBM machines. At the time, under
VMSP/CMS.3, we had access only to normal, 1-byte EBCDIC characters. Even now, although 2-byte
characters have been introduced in VMSP/CMS 5, it is impossible to visualize them and to print them
on conventional devices.

The question was how to write the dictionaries and generate the output texts ? Following the
previous work of [Feng Zhi Wei 1981] and [Yang Ping 1981], we used the phonetic pinyin transcrip-
tion in the output texts (ex: YI), and concatenated to it a disambiguating number in the dictionaries in
the (frequent) case of collisions (ex: YI8). However, this approach was not very satisfactory, because
the pinyin transcription is so ambiguous that, even for a Chinese who knows it (apparently a rarity), it
is very difficult to understand a text written in pinyin. Adding disambiguating numbers in the texts is
no help, because a dictionary becomes necessary.
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What we need, then, for Chinese as for all languages except a few ones like English, which use
roman characters and no diacritics, is a "minimal" transcription, which is portable and readable. Porta-
bility may be achieved by using only universally available characters (roman uppercase characters
without diacritics, digits, some special signs such as dollar, hyphen, usual punctuation marks, etc.),
while readability requires using the pronunciation as part of the code. As a minimal base, we suggest
the PL/I character set, which doesn't even contain lowercase characters. This is an advantage in many
countries, where the equipment has been modified to associate signs of the local language to the ASCII
or EBCDIC positions of the lowercase roman characters.

PL/I character set [Tucker 1986] :
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It is well known that one Chinese character may have more than one pronunciation (a maximum
of &in Mandarin Chinese and... about 20 in Japanese — ’% has 17 in [2]). Hence, we must allow
a character to take on more than one code. The only property required of the encoding scheme is that a
code uniquely determine a character.

I. Simple PS encoding
1. Principie
The longest Isimple PS code of a character is the string :
<p0> <t0> - <n0>/ <pl> <tl> - <nl>

<p0>, <t0>, <n0> are the pinyin, the tone, and the stroke count of the character, respectively,
while <p1>, <t1>, <n1> are those of the character's (semantic) key. A code is valid if it disambiguates
the character with respect to a given collection of characters (for instance, that of the GB2312-80
norm, that of the CIHAI dictionary, or the complete collection since ancient times).
Examples : HAO3-6/NU:1-3 5_ longest simple PS code
HAO3-6/N shortest valid code (for CIHAI)

Pinyin is the official phonetic transcription of Mandarin Chinese. A pinyin is a string of 1 (M) to
6 (CHUANG, SHUANG, ZHUANG) roman letters representing a syllable. We make a small change

to this transcription, by replacing U with U: . The column (:) is universally available, while the trema
(") is not.

There are only 420 different pinyin in Mandarin Chinese. In the CIHAI set, we get an average of
- 35 characters per pinyin, a minimum of 1 (ENG, HM, HNG) and a maximum of 286 (YI).

Each pinyin may be pronounced with up to 5 different tones (high, rising, falling-rising, falling,
light). Tones are essential for reading aloud and oral understanding. They are not marked in the official
pinyin transcription. However, they are often added, especially for teaching purposes and in dictiona-
ries. When they are indicated, the light tone is not marked and the four others are marked by diacritics
placed above the first vowel of the pinyin (7,0, 7, ° )/I-/IM HNG, M,/NG are the only pinyin
without vowels. HM and HNG have no tone (rather, always the light tone), while M and NG bear the
usual tones, marked on M and N. - v

T4
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To code a tone, we use an integer between 1 and 5 (t0) and concatenate it to the pinyin, rather
than inserting it after the letter above which the diacritic is usually placed.

We arrive now at a total of roughly 1400 codes, because some pinyin don't take on all of the 5
tones. Some, like ENG, GEM, HM, HNG, NGU, take on only 1 (ENG1, GEM4, HM5, HNGS,
NGU2). The majority takes4. Now, the maximum number of characters per code is still high (154 for
YI4). A good way to reduce the ambiguities is to use the number of strokes of the character (n0). With
the same example, we get 1 character for YI4-2, YI4-3, YI4-4, Y14-23, an average of 7 for all Y14-n,
and a maximum of 14 for YI4-13. v

Hence, the elementary coding using p0, t0, n0 is by far not sufficient. We must refine it by
decomposing the character : pl, t1, nl, will correspond to the key of the character.

All Chinese dictionaries classify the characters by key, by ascending order of their stroke count.
The choice of the keys varies among different authors. Most Chinese dictionaries adopt the traditional
set of 214 keys [CIHAI]. Some use a set of 250 keys. In his character dictionary, [Wieger 1972] has
chosen a set of 224 keys. More variants may be found, especially in Japanese dictionaries [Nel-
son 1974]. Although it is sometimes difficult to determine the key of a character, we adopt here the

classical set of 214 keys because these keys are known by most Chinese, who use them to distinguish
between homophones in oral conversation ("the HAO of NU" =_4& — GOOD).

With that choice, all keys but 10 are also full Chinese characters. All keys, even those 10, have a
pronunciation (pinyin + tone). Hence, it is legitimate to extend our codes with pl, t1, nl. The com-
plete list of keys, with pronunciations (178) and alternate graphic forms (246), is given in annex.

Take again the example of YI. In [CIHAI], YII, YI2, YI3, YI4 correspond to 33, 68, 31, 154
characters, respectively. With simple PS encoding, YI1 and YI3 are fully disambiguated, while 3
ambiguous pairs remain in YI2, and 1 triple and 12 pairs in Y14. Out of 286 characters, 33, less than
12%, need further coding. We haven't yet carried out an exhaustive study on the entire CIHAI dictio-
nary. By sampling, we estimated that 90% or more of these 14 872 characters, which represent more
than twice the content of the GB2312-80 norm (6753), are unambiguously representable by simple PS

coding.
2. Qualities of simple PS encoding
The simple PS encoding is readable by anybody knowing how to pronounce the pinyin. Pinyin
is taught to all Chinese in the PRC and to all students of Chinese abroad. It is not necessary to know a
single Chinese character to read a text coded in this way.
PS encoding is also portable to all computer systems because of the character set used.
Finally, PS encoding can be used to represent Chinese parts of multilingual texts, by simply

using a tag such as :HAN, in the SGML fashion, to introduce the Chinese portlons (we would have
one such tag for each transcription : :RUSSIAN, :ARABIC, etc.).

3. Examples

Taking again YI, we now show the 65 simple PS codes of YI2 (68 characters). For each charac-
ter, we show the character itself, the key, and the simple code. We also underline the necessary part of
a code (smallest disambiguating prefix).
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@ [ tiz-s/ranci-2 46, % viz-aseanci-4 BT yr2-10/v003-7 f,\ X YI2-13/Y¥ANG2-6
4 9 ¥12-5/KOU2-3 v;i{ 9 ¥12-9/X0U3-3 }’Z R y12-11/cH0NG2-6 /}\ S} ¥12-13/202-7
b, L yI2-6/¥13-1 T 77 vI2-9/MIAN3-3 //:E T vzz-11/csuanca-s Bk % y12-14/07ANG-4
H X viz-esone-3 ¥o, e vrz2-0smus-4 3% A vie-11smpe-s i3 A ¥12-14/P13-5
& 4 x1z2-s/cone3-3 4 e y12-9/30:3-3 % w12-11/8003-4 éé R YI2-14/sHT2-8
3¢, 3 Y12-7/703-3 3% 3 YI2-9/QTAN3-4 2% g YI2-12/BET4-7 5 3_ YI2-15/CHUO4-3
4Y F y12-7/MU4-4 % 4 x1z-a/ss003-e % 7 y12-12/BING1-2 @z 4 YI2-15/REN2-2
Al A YI2-1/REN2-2 -}% S YI2-9/SHUT3-4 é'ji 3. y12-12/cHONG2-6 S g YI2-16/CHONG2-6
/;T 5 YI2-7/SHUI3-3 iq'; ~s ¥YI2-9/XIN1-4 5% % Y12-12/YAN2-7 ﬂ,} YI2-17/SHAN1-3
3@, 2 YI2-8/CHUO4-3 /E:l{'g ,QX YI2-1Q/BEI4-7 /;,}{;J, ?, YI2-12/YAN2-7 \?2 {;, YI2-17/YU2-11
rg ~7 XI2-B/MTAN3-3 ﬁ 2/ ¥12-10/CA03-6 :b?g } YI2-12/YANG1-6 B %, Y12=17/¥02=11
45 4 wiz-srorans-3 A F xiz-io/uve-e % A yr2-12/v11-6 4} Xt YI2-17/ZHU2-6
{% 4 yre-esmeno->  ph 4oxre-tomua-a 468 4 viz-1as/mod- & 4 ¥I2=18/014-3
%5 YI2-8/SHUI3-3 jg ﬁ\nz-]mvg;g_g ',fg‘c Ar YI2-13/NU:3-3 ,f;: -~ YI2-18/YAN2-7
3%, 3 YI12-8/TU3-3 g4 B YI2-10/M04-5 \15@ 8 YI2-13/RI4-4 ,% @ YI2-21/JUE2-7
14 -t wre-ssxmni-3 & H vi2-10/Rous-6 S ) ¥I2-13/SHUT3-3 37 ¥ 112-23/CHI3-15
;\‘% 5 YI2-9/CHUO4-3  Z - Y12-10/YAN2-7 gg. /5 YI2-13/YAN2-7 gé“ E) YI2-24/NTIAO3-11

Simple PS codes of the 68 characters of CIHAI pronounced YI2

(The 3 ambiguous pairs have simple PS codes Y12-10/MU4-4, YI2-18YYAN2-7, YI2-17/YU2-1 1).

II. Iterated PS encoding
1. Incompleteness of the simple encoding

Our reference dictionary is quite large, containing about 3 times the number of characters maste-
red by University level students, and about 2 times the number of characters of the GB2312-80 norm.
We have seen that about 10% of our 14 872 characters are not distinguished by simple PS coding,
and that the ambiguous groups are very small (pairs, triples). At that point, we might resort to some
arbitrary numbering to distinguish characters having the same simple PS code.

However, the results obtained on our reference dictionary may be somewhat misleading,
because the total number of Chinese characters since ancient times is about 67 000 (incidentally, more
than can be accomodated by a 2-byte coding scheme). Some authors mention even more. For literary

or historical applications, we should be able to consider all of them. Our ambiguity rate using simple
encoding will grow considerably. Hence, we should refine our coding in a principled way.

7€
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2. A solution

The idea of iterated PS encoding is very simple : extend the simple PS code with analogous
strings of the form
/<p2> <t2> - <n2>.../<pk> <tk> - <nk> —
where each triple corresponds
to a key appearing in the character. (p1, t1, nl) is associated with the primary (semantic) key, which is
not necessary written first when drawing the character. (p2, t2, n2) is associated with the key appea-
ring first in the writing and different from the primary key, (p3, t3, n3) with the second, etc.

Examples of complete iterated PS codes :

‘ﬁgyxz 18/J14-3/MI3-6/MI4-6/GONG3~3
EYIZ—BZRENZ 2/DA4-3/GONG1-3

In the second example, we use the key DA4-3 first, because its first stroke is drawn first,
although its last stroke is written after the key GONG1-3 is written.

Here are the 3 pairs of YI2, with their complete iterated codes :

ﬁﬁ_yxz 10/MJ4-4/DA4-3/GONG1-3
} YI2-10/MU4-4/XT1-3/X11-3

YT2-12/YAN2~7/ST1-2/KOU3-3
r- Y12-12/YAN2-7/4/¥13-1

7( YI12-17/YU2-11/DA4-3/GONG1~-3
- —
\9!1112 17/¥YU2-11/FANG1-2/4

In some rare cases, like the 4th and the 6th above, we have a subcharacter which is not comple-
tely decomposable into keys. The solution, then, is to indicate the number of strokes separating 2
keys. Remark that, in some cases, the stroke count may be less than the total of the stroke counts of
the keys, because a stroke is common to two keys, as in the following example :

1}& YI2-15/REN2-2/YANG2-6/SHOU3-4/¥Y14-4

3. Estimates

Iterating once seems to solve easily all ambiguities remaining in our encoding of the 14 872 cha-
racters of the CIHAI dictionary. By "easily”, we mean that <p2> is sufficient in the vast majority of
cases, <p2> <t2> almost always, and <p2> <t2> - <n2> always.

It is extremely likely that 2 iterations will suffice for almost all known Chinese characters. Ulti-
mately, iterating until the last key is described will almost surely identify uniquely a character, because
of the historical genesis of the characters. Note that we may allow omission of the part <pi> <ti> -
for any key in the iteration, if that is enough to disambiguate, and obtain shorter codes. With the pre-
vious example, we might accept

YI2-15/REN2-2/6/4/4 ],¥
andeven YI2-15/REN2-2/6/8

if we want to consider the complete subcha-
racter in the lower righthand portion of the character.
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ITI. Other usages and perspectives

1. Text input

As constructed, our codes are names for sets of characters. A code is valid if the set is a single-
ton. It is quite easy to imagine a system of text input using PS encoding : routine use requires simply
typing a prefix of a simple PS code. At each point, the system should show the number of characters
selected, and offer them as a menu if this number falls below a specified limit.

Of course, this method will never beat any of the methods developed for fast typing by specia-
lists or by educated Chinese people. However, non-experts might use it quite easily. Other methods
may also be used by non-experts for text entry, like schemes relying on some numerical coding of the
elementary strokes and encoding the very writing of the character. However, these methods lead to

codes which are completely unreadable and which are often as long as far as the number of characters
typed is concerned.

2. Character learning

PS encoding links pronunciation and structure. As such, it can be a useful aid in learning how to
write Chinese, starting from some knowledge of spoken Chinese and pinyin.

On the screen or on paper, texts could be presented with their codes running parallel to the cha-
racters. Note that the computer representation used for storing the texts may be arbitrary, as long as the
correspondence with the PS codes is stored somewhere.

Reading a Chinese text on the screen, the student could select portions to be shown with PS
codes. Options could include :

- pronunciation only (p0, t0),
- simple PS code,

- shortest valid PS code,

- complete PS code.

For the few characters having more than one pronunciation, the set of codes of each kind should
be accessible (pop-up window, on-place rotation,...).

Active learning could also be achieved by entering study texts into a micro, until the student is
competent enough to switch to a faster input method.

3. Other languages using the Chinese characters

Japanese uses also Chinese characters, but has no tones. The <ti> - parts should hence be sup-
pressed. The pronunciations should be transcribed in "romaji”. For the keys, pronunciations of Chi-
nese origin should be preferred, because they are shorter and less numerous than those of Japanese
origin. Finally, the number of kanji to be considered seems not to exceec 8 000. For example, the dic-
tionary by [Nelson 1974] contains only about 5 000 characters, which may occur both alone or in
about 70 000 compounds.

The case of Korean is similar to that of Japanese, with the same remark on the set of characters
actually used.
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Conclusion

PS encoding of Chinese characters in Chinese texts is readable, portable, and fairly easy to learn
and to put into practice. For usual characters, the shortest valid codes are shorter than complete PS
codes, at least with respect to a collection of about 15 000 characters.

At GETA, we had previously developed similar schemes for encoding texts in other languages
(written in roman characters or in other character sets, with or without diacritics and/or case distinc-
tions), such as French, Russian, Greek, Arabic, Thai, etc., using almost the same reduced character
set. We call this family of transcriptions universal. In the same vein, richer character sets, such as the

various ISO national codes (e.g., ISO-025 for French), may be used to encode multilingual texts in
local transcriptions, which are more natural, but less portable.

The problem of encoding multilingual texts for computer storage, exchange, and processing is
crucial at a time where information becomes more international every day. This problem is more acute
for the languages written with ideograms like Chinese, Japanese and Korean than for all others. We
hope that our work may contribute to a general solution valid for all languages, past or present. As a
matter of fact, we believe it is a responsibility of computer scientists not to treat languages in a purely

utilitarian way, but to enable other people, possibly interested in rare or ancient languages, to work
with them on the computer.
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Annex : (p,t,n) codes of the 214 keys with their graphic and phonetic
variants ,
/.
/N BA1l-2 «j’ CUN4-3 3} GONG3-3 4) JUE2-7 ¥ PI3-5 &5513-7 7 X11-3 J_YIN3-3
& parz-s X DA4-3 - GU3-17 U KAN3-2  j; PIAN4-4 _F SEI4-3 5 XIl-6 Bl YONG4 -5
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L oB13-2 ) baoi-2  #euri-16 ¥ 113-7 ;‘I‘}le-u 4 sEou3z-4 | xiNn1-3 ]] YU3-6
tb Br3-4 g pING3-133¥ GUI3-10 /) LI4-2 Z 0I4-4 % SHOU3-9 ,o XIN1-4 5 YU3-8
AR © J 1 B X b
A BIAN4-7 /f DOU3-4 | GUN3-1 5. LI4-5 ] QIAN3-3 % SEU1-4 oo XINi-4 X, YU4-5
4 5 - : L - £ ~r b
4% BIAO1-10 3 DOU4-7 | EAN3-2  H! LONG2-16 ¥ QIAN3-4 Zr sEU3-12 { XIN1-7 2 YU4-6
. , - . - - 2 -
> BING1-2 ﬂ DOU4-10 % HE2-5 @) LU3-11 X QIAN4-4 4 SHU3-13 (XING2-6 ) YUE1-4
J< BO1-5 Jp ER2-6 ¥ HEI1-12 J§ LU4-11 | QIANG2-4 ’ SHUI3-3 < XUAN2-5 f| YUE4-4
BU3-2 f] ER3-6 /X BU1-6 K Ma3-10 %‘QINGI—S K srur3-4 72 XUE2-5 /fg‘ YUE4-17
» ) . ’ i
X CAI3-8 — ER4-2 g HU4-4 f;m\n-n A_REN2-2 K siu13-s o XUE4-6 )X 2HAO3-4
A} cao3-a [ FANG1-2 .5 HUANG2-12 3" MAO2-5 JUREN2-2 A sI1-2 F YA2-4 5 zHACI-4
~ /
Yy cro3-s -% FANG1-4 .} HUO3-4 $.MAO4-4 ) RI4-4 4.‘ SI1-6 W YR4-6 ‘{ ZHI1-4
v _ gt _ | - _ > _ > _
< B i A
£ crANG2-8 3f FEIL-8 | JI1-2 YMEN2-8 HRrROU2-5 X suI1-3 ;7 vaN2-3 % zZRI3-3
- N LTE . D =
£ cmmcq-lo,s}L FEI1-9 J, JI3-3 b, MENG3-13 }] rova-4 ‘B r1aN2-5 F van2-7 0k zRI3-4
b Jk
2 : 2. B
? CHE1-7 j3, FENG1-9 ;f\ma-s i¥)rova-6 TOU2-2 4- YANG2-6 5 ZHI3-12
¥ cmE4-3 3, FOu3-é¢ v MI4-2 Mru4-2  Hru3-3 % vaxce-s Z zBI4-6
A R
12 cmEni-6 p Fua-3 > MIAN3-3 ©.SE4-6 4, WA3-5 X YAO1-3 % zZHI4-7
3 . % Ja £ % 8!
b~ CEEN2-7 4 FU4-4 3, 01aN4-7  FD MIaNG4-94r sEANL-3 WANG1-3 X YAO2-4 3 ZHOU1l-6
% cmr3-1s  $ Foea-s P JIE2-2 @ MIN3-5 ) siani-3  ThwANGl-3 H YEa- K -
<) 3 a J HSAN1 WANG ﬂ 4-9 %5k 2HU2-6
. >
{ cHI4-3 ¥ ean1-3 (O JIE2-2 4 MU4-4 5 SHE2-6 - WANG2-4— YI1-1 »p 28C2-6
by ¢ v .
<ij. CHI4-7 Y4 GaN1-5 rb JIN1-3 £ MU4-5 3 sEEN1-7 70 WanG3-4 F Yii-s . ZEBU3-1
N ’ 9 ISR, 7 -
$. crONG2-6 £ GAo1-10 K JINi-4 2 NIAO3-11'f SHENG1-59 WaNG3-5 £ YI1l-6 {t zZHUI1l-8
{ CHUAN1-3 L GE1-4 % JIN1-8 4 N1U2-¢ / SHI1-3 ") wANG3-6 7, YI3-1 3 2I3-3
'} crUAN3-6 j GE2-9 ) JI0oNG1-2 ,;" NIU2-4 + sEI12-2 (j WEI2-3 |, YI3-: §) 2I4-6
> — R z .
4 CBUANG2-5 3, GE2-10 j_ JIU3-9 4 NU:3-3 7 SEI2-S ”E, WEI2-9 4, YI4-3 ;i Z20U3-7
1_ CHUO4-3 ?\ GEN4-6 {-3) JIU4-6 13\ PI2-5 /E’ SHI2-8 ~ WEN1-4 p YI4-3 ¥ z02-7
1. CHUO4-4 1. GONG1-3 ] JUE2-1 Z_ PI3-5 B sEI2-9 F, wW02-4 b YI4-7
,3; CRUO4-7  J GONG1-3 | JUE2-1 st PI3-s % SBI3-5 4 Wu2-4 ,g YIN1-9

There is a total of 246 graphic variants for the 214 keys, with 178 different pronunciations (there are 36 pairs, 13 triples,

and 2 quadruples of keys ambiguous with respect to pronunciation), and 227 different codes (16 pairs and 2 triples arc ambi-
guous). When several keys have the same code, they are almost always graphic variants of one of the canonical 214 keys.
REN2-2 is an cxception (man standing and man sitting). The canonical keys appear in bold face.
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