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| 1. Preface

Hanzi have been used for thousands of years. For example, a rather modern font
##E is more than 2300 years old.  Just like JEFHIT said : T# § EH X FHK
4 j is unavoidable » (BHERFKF - FE) wrote : THRUAL - RBHBF, 3
BRIE oo ABEZkR, Bt BRI EUHFTH, PRIETHT
HEHER, UABMK - ERRR, FHAGH - Mg, CATE -t
BARALZE, R, mARHEFT, RIBEANZS - AURBRILE,
RA%, FARAAR, LRAF, BAAH AAAE PhFE-B%E
‘- STITLE g° From these statements, it is obvious that usually one character may have
many variants Other evidences can be found from dictionaries of different time in
history - As an example, ( FikFZ ) differentiate characters into three categories,
if(general), {&(popular), IF(normal) - There were also dictionaries especially
collecting variants, such as (FE&&F#%) - Although variants complicated Hanzi
processing, their effects are not totally negative. Variants provide usefully hints
for identifying versions and verifying contents of ancient documents. So, we can
not just neglect or bypass them.

(1)The Missing Character Problem
Wittern and App stated “In East Asia, the problem of missing character is
ubiquitous, from individuals unable to type their own name to universities,

companies, government agencies. In Japan, these missing characters are called

“ gaiji ”...... It is clear from our work on electronic Chinese Buddhist texts that
even Unicode ( ISO 10646 ) will not significantly reduce this problem ” [&f
—] -

Facing missing character, a popular treatment is to create the missing typeface in
the user-defined-area in a code space. This treatment can display the missing
character in that computer screen, but it is not a cure for the problem and the price
paid is too high to be acceptable. The major drawbacks of this treatment are:

A. Increase the data entry load manifold.

B. It is difficult to manage thousands of missing characters.

C. There not enough spaces for missing characters in any existing
Interchange Code.

[3—]) Christian Wittern and Urs App. ( IRIZ Kanji Base : A New Strategy for Dealing with Missing Chinese Characters )
EREFHAEWEBTNE K, 1996 £ 4 A



D. Most of the missing characters are variants, and there is not way to handle
variants.

E. Create many information processing problems, such as matching, sorting,
merging of Hanzi.

F. Cause texts not sharable.

(2).Principles of solving the missing character problem
The central theme of solving the missing character problem is to represent more
knowledge of Hanzi into computer so that the computer can use related
knowledge to do what we want it to do. Besides, the following principles must be

carried out;

A. Do not sacrifice text sharing property for solving missing character
problem.

B. The solution should be Fair to all Hanzi from different countries and
regions.

C. Establish the capability to represent, to input, to search, to share and to
manage missing characters.

D. Give formal working definitions to character, glyph, font, typeface, etc. so
that hey are acceptable to linguistics and Wen-zi-xue. Formalize their
relations.

E. Establish a database for the attributes of Hanzi.

F. Use ISO 8879 SGML to describe Hanzi text files for text sharing.

G. Expandability and flexibility of the system must be considered for
traditional Wen-zi-xue.

H. Keep the working environment within two-byte character code.

2. The Representation of Hanzi Knowledge
(1) Previous Works

F— (PUENEARTE) BENT—ETR

GERE, (ERTR) ENTUAREERRER1930

HBOT, (MRS RER) $ET,1935

HER, (EEET) WEEIEE,1935 91961 B—iR

BRE, (HATR) IO hRERIT1946

EBEEFRERETERY, (REFRR) JHER,1947 W/R1971 £k
ERE, (BENERTRRERAETIRRER. BERRBZAIVHR) , BRETTBUF,1963
BILREE, (BB NEEAFRIR) HEER,1967

BBERR, (BHEFR) 1967 @TTR

BETVBET, (PUTERFRCFHTIR) 4161969
SRR S, (FTEIH TR 1970

FRSRTR, (RAFR) AL

HOWOWO-NOOIxWNH
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| REAFRENRSEAEF -

2. —FBOV DG ES - MIAHAARIIEEST0SF  SFHEE AN )N T, S E

BRSO TC ) FEL HE

3. — P A MRS - SO THE R T Lo BT, AW TH, -
4 —FBOYACUERSE N TR, R E,

5. &R EEET RS RE MR RELE - 0 TR, - TE,

EEIRRIFBREZEE BF "M, , HtSHERIDIR '8RFH. -
K= (PXEMEAATE) |5 500 F o RRMFEAEER

= 2 =
RETFH FHER FHEFH R

5 9.24% 50

10 14.20% 60

15 17.79% 80

20 20.54% 100

30 25.13% 141

40 29.02% 232

TR

32.39%
35.22%
39.92%
43.74%

+50% -

+60%

FRETE RRER

372 +70%
472 +75%
500 76.27%
1000 89.38%

Bt BT CIEIPARAL , 14+ SO%ZETRAT 141 R BARGE RIS S0%

P9 A formal representation of Hanzi Glyph in Bakcus Normal Form

(BFER) 1= (HEF) / (F)
(BB ¢ = SERTR. U/, mXFE. WEABEFR

HAUFRFFRE, SR -
(FR) /(8 / (BEFE) (CERFAR) (EF)

(& =F) =

(&8 ) = (FR) /7 (BF) CEGIRER) (3R
(EARFR) ¢ ¢ = HOERY. EERTR. SRt

(F ) @1 =496{H, FR (FH)

Fh RRPLFIRE

B — BT R



| EABESE JRHPA T OANO MG F—a HHTF | ek
2 | HXEEBigS) BATE  A672 AB48  IAEA7 [AAED B946

3 BTS2 F & & % XA
4 mE E F E B& =

5 RS & T &1k #

6 BiRg = ] g% E | e

7 | RHER = ] S =

8

B B R B TR

(2). Definitions
Character is an abstract concept. They are differentiated only by the meanings
they carried. For example, a normal form and its corresponding simplified form
are considered to be the same character. Characters are identified only by the code
assigned to each of them.

A character may have many glyphs. Glyph is also an abstract concept. They are
differentiated by their own structures or skeletons. As in the previous example,
the normal form and the simplified form of a character are two glyphs of that
character.

It is possible that some characters share one glyph. Since we do not dealing the
semantic meaning of characters at this moment, we postpone this problem as a
future research topic.

Glyph does not care how nice a typeface may shown, but font cares. A font is a
collection of general design rules for a certain style of typefaces. So, font is also
abstract in sense. They are differentiated by their design rules. Although font
specifies design rules, it has some degree of freedom that allow designers to
express their own posture. A font designed may have some parameters to specify
the size, the broadness of strokes, the ratio of broadness of vertical and horizontal

strokes, etc.. After these parameters have been chosen, then one can see a physical
typeface on media.

The described relationship among character, glyph, font, and typeface are shown
in [ [&= ). Please notice that existing Interchange Codes and software systems do
not and can not differentiate character and glyph. This phenomena is the source of
all troubles of Hanzi processing that we have today.
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(3)A Glyph Model

Our glyph model is shown in (Y ) . In this model, the part connected by line

12345is the formal system shown in( 32/ ] - lines 6 to 7 show the composition of

strokes to produce basic component ( we call it root) of a glyph. The

decomposition of glyph into components can be expressed as in the following two

equations:

Let G be glyph, R be root, K be component, and T be basic stroke. Let p and s

represent position and size , respectively, then

G=XK (D,8) seerrrmnn. (1)

R=2T (p,8) everreene. (2)

Equation (1) is iterative and should be governed by the rules in [ &P ] o
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(4)A study on the variants and their differentiation
According to our glyph model, variants can be classified into three categories,

namely stroke level variants A, component level variants B, and glyph level
variants C. Their associated functions are listed as follows: [ETF ]}

A, Stroke Level Variant Functions

A, * The chahge of relative position of a stroke °
A, ' Add a “hook” at the end of a stroke °

A, * One stroke is replaced by another stroke °
A, * One stroke more °

A, * One stroke less °

A * One stroke replaced by two strokes °
A, ¢ Two strokes replaced by one stroke ° _
A; * A group of strokes replaced by another group of strokes.
B. Component Level Variant Functions
B, ‘ A root is replaced by another root The difference between these two roots
is confined in the functions listed in A.
B, * A root is replaced by another root and their different is not defined in A.
B, : A component (a set of roots) is replaced by another component °
B, * One more root
C. Glyph level Variant Functions
C, ‘ Roots are not changed , but their relative position changed °
C, * By simplification °
C, * Irregular deformed °

The variants produced by the functions from all A’s to B, are called 73255k

( micro-difference variant) ° They do not produce new glyph, because they
belong to font design variations. Others, such as B,, B,. B,&C,. C,. C,will
produce different glyphs.

In practice, user has the right to select one glyph from the set of glyphs of a
character as the authority representative of that character. For instance, PRC will
select simplified one for her National Standard Character Set while ROC and
Japan may have different choices. This flexibility is allowed in our system.
Besides, our system will keep on tracking the mappings caused by different
chooses and consider the leftovers as variants for each authority set. Let us

(3R] # A8 # % (On the Formalization of Glyph in Chinese Language) # F ¥ H#-#(AFIDE% » 3 1990 £2 #



illustrate this idea and its implementation in two examples as shown in ([El7. )
and ([E7N] -

¢ H T E R R T AL R Bl FRELRZ ]
(5)Attributes
The attributes we collected so far for a character are listed in the following table.
7N if (GE:477%&, WLIEH)

H. BRERER

| RFER—Rat 5. B * 9. FEH

2. T HE 6. 5% *10. REFRHAS

3.ABCEFHEAN) T.RE *11. B8% B R IBUG &k
* 4.30E 8. RE *12 SRR FZ & BRI

(EHRBFAS)

Z. FRAEERER
1. FrBFEaims * 5.8 9.8k =

2. KM 6. EE 10. 3} =

3. FH 7. 5385 11. 548K
* 4.5y 8. &f— 12. FHERR (ERBFIRIE)

13. FIRR(ERARFIRE)



The glyph database provides two modes of service. One of them let user retrieves
glyph, variant, the structure of each glyph, and the family tree derived by a root, a
component, or a character. And another mode provides frequency and statistical
information for character, glyph, component and root. Example of these two
operation modes are given in the following:

FH F4R FiR FIR
i x
i 1685 6011 2
Ed 4326 4326 1

®x o FR 1 T 3583 5
,, O e Ok O =R W | 101 35868 4941
B ~ 7 I 102 | 3560 3592
b1\ f’]iggi?j\ ) EElE 103 | 3544 3926
S 7|1 104 | 3542| 101435
O Fi O e %% || 105] 3540] 3550
O FHEg O AR O FIRXK |1 106 | 3473 3754
= E L 107 | 3487 5708
#HI) LERE 108] 3440 3440
|1 08| 3432 3432
2 |1 110| 3368 3389
o |1 111| 3301 3303
=l 112| 3250 3251

TR (FIRONE) =

BERRIEFRE RS H BRIEEFEE - SINESFR, LEKRA
WEIESER © FPat » 4R~ FAR4R - FIRRAVIESRAVRRFIR - 748 - R4 -
FRRTFETF - BFESUAITER R, FINETROMEFE
B, EEFRAX 100, EEFEHRIEIFRR 104 8958 -

FH TR FIRIE | FRR
0 4023 97
ol 0 2769 98
0 20791 99
5 1509 8060 104
0 6470 104

ERRNZ_MUBFIN, TRARREFIFRMEIRRIR - Blantkst
FHRAOHT TH-1, - T3, (T WEZEFY, FRE 2 (REAIEATE
RURRERILF) & "84 (T8 B9BNEFR), Hrh T 8- BIR T8, TH#
-3, K TEE-4 ) WERSHEEL - EfTERRETHRES T

=i ] o8 | B3t | SBiF
3 1 z &®
i 3 z2 |
B 4 X ]




RMBRFR ", & "8, B " REEET, EffEERES
FEFZAOT

B e AECREE
] 1 | 5 | =
i 2 | = [ =&
) 0 T | ®
- BE ﬁ)&i‘%ﬁﬁﬂ%‘“‘%ﬂ# Ry T8, WYL THE-2, (NR2EY
FIMEEE A - FIY - BRTF - HERFRNERENRESR
THIRIRFEL
L F AR 0 EFEHBRS 1
2. FE T TR0
3. BT  FHEAN 0 M AFEBRER 1
4. M FHEE 0, B RBEREREFRERALT, EF%T%@%%
S.
(3)Glyph Practice

A. Organizing basic data sets
(omitted)
B. Representation of glyph structure:

Let us illustrate the representation of glyph structure by the following example.
The characters in the right branch of [&/S are expressed as following equations in

computer.

L= B 1&= B
2HE=8 & 8=
3E=F & ORI =
43= B 10.E= X
S=0 & 11.X[=
6E=E &

These equation are called " #&=2=, | glyph structure equations , or simply structure
equations. In the structure equation, symbols , ,and represent Horizontal,
Vertical, and Contain operations, respectively. We can apply the structure

equations repetitively to obtain a structure equatlon which has only roots as in
equation (3).

k= (& #)

= (B8 A C ) .

= cCcC KD B ( ( ) D) |

= ( (( ( )>) ) ( ( ) ) ) €)

The glyph " | in (3) has 8 roots. If we delete all operators in (3), then we have:



= 2 PR TURPURUPPRRRRPRN 4)
The right part of Equation (4) is called the Root String " ZZfRF | of a glyph - The
structure equation of a glyph has complete information of glyph structure and it is
unique. Therefore it can be used as an identifier of a glyph. Root string or
component string has less information than that of structure equation, but they
also have quite good resolution for identifying glyphs. As an example, there are
only 8 pairs in 8529 characters have the same root strings. So, in certain occasions,
root string or component string can also be used as glyph identifier. (1, &) -

Inthe (PAEIGEARHZFE) character set, there are 9756 structure equations,
among them 8529 belong to characters, 593 for variants, 629 for components °

When simplified characters are added, then, we have 2284 equations for variants,
664 for components, and 11477 in total °

C. Hanzi glyphholder .
Wittern and App are the first ones to use SGML tags to annotate missing character.
[5£— ] The technique they developed is called " JE==A7E | Kanji Placeholder. It
use ‘&’ as open tag and *;’ as close tag, and in-between has two parts, a character

set identifier and a code word, respectively . They use this tag to locate missing
glyph which has been collected in other code sets. For example, " &U4ABS; |

means a missing glyph found in Unicode(U) set at location 4ABS.

The Placeholder is useful. It reduces missing glyphs. But, according to our
previous discussion, it is not a cure to the missing character problem.

Following the same thought of using SGML, we extended their idea to define a

new tag for missing glyph by applying structure equation or component string in-
between the tag delimiters. It is called the JEZF{Z Kanji Glyphholder. As an

example, in Buddhist text a5 can be tagged as fa] FIAAA  f# or Fi]
Fq {#5. When people using glyphholder, there is no need to look for the

missing glyph in other code sets. All they have to do is to analyze the structure of

the missing glyph and then, write down the structure equation or string.

Glyphholder can also be used to identify variant by extend the structure equation,
the component string, or the character code with a *.” then followed by a glyph-
sub-identifier. For example, "% #E+3 | represents " A% |, if #5 is the third
variant of ZE. -

Glyphholder may contains placeholder and vise versa.

10



4. BRERIRIENIIZE |

H AT EUERIIRARIE, 2T EET ELEEATNERE T, &UF

5 (character code) M EME LATLAFHIZERAFIF - Fla, A ARIEHES

(C4C8) gl (B047) S FUERHERRNAL « FEEFTEFER—EFE ? KisH

WES, T& EEEA LEERR—EFYIRERET - EEBEPES TG
HrEEEEE 2, Unicode F1 18010646 thAPIo) - X FERFE S EHIAEER, &
B FABORZRAZHERN, THREYW - RRASBNAERE, EREHET,
TERIEE T LA 705m - BuSEMERIEET, S ERTEA  LIEERN, BWaH,
WREEINIE - EERHE, SERILETTE -

A, FEAIEFE AN ESHNEERE R —EIRES (open set) , FEks
FIREMEINT - ENEADRAIFERES (close set) RE, FRZ TGN - &
EEAMENRE, MEEHARNEETEREE SR - 772, BaiiuEalgE
Fi 1SO 646 BRHFRIV T, IRMEFIIE - EEERIEERE - LA EAVERAFIH#HE
FRALEARF TR, ENRRANTHRENEESRAENEZTEA, SHIRE
ERERERIIENE - DLTRERMMRER sy R ], BocEaE AT
HE- ‘

(D=& A8 %5 |

B BMEREF. FP. FREIZERS, 0 (B+) -

HATE | |

| 2. FRME 3. FHTS
|character glyph font
FAE [ErHE | B [F®| [ B
A | 7| [ [

B+ Fi, FEH. TR, BREIRR

EFR BT MR AR, AT, S R T EMETH2Y,
RIFBEGEHE (style code) , HEAHFHSY, AIMBFHEE (type face code)
FHEHIE PSSR AR - TR, THE, EASBRTHEE, W
LR SR SFB—ER - TRETEEE, RSLTTiaEs
STHNSY, EERATE, FEBMTH - THNEBRE—EERRIRE
% - EARRTEALARERRET, T ARERETETFRRNTE -
a0, BFHE (CPXEMEART) RAOREBRETIIES | G648, Tk
AR T IRE 2 UM L - ERE AT BI X R S F1E
EH o ‘

FIANY
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Q) smEENETE
SEREAS /7 200 P AT S R ELOORERE 93 RIS -

1. REFRE, KHEA  WRFEFRANTHOTE, 18NSR
—i%, ARPOBBAS - FSEASUETRE -

2. ATHER FTRAERERNSY : ATEER, SERCTE (CRET
) o EEMLE IO EED -

3. FEVBHRE, KEAIED « RIETHES, THGFLELS -

4. ATHREF, SRELE TOAN BE, - EHERBKNESE & .

VLTSRS AT E G AR DU R R R - SRR = REER ALy -

Q) EF X eyER
| SHEFRAET MR, ATl e TR EE AR - St hE
FARRRREEAR - AR B AR S T RE O -

BT EFIBRANITR, RER—EEHAR  REE—ExinE
RERE, BLL (R 8RR, BYTT - MLETEERT LBREL - (A
FIRRM) F 496 EFARAMAEE L 48713 M, I L BEFREEERLES
RESII AT F R TRV, MBRIFIIGIT - AR, BEXE—BA%EE, ©
MEBHUFHBLHASE, ERBFISESNERERNER - K, ©
HRFEEBFAREN—, HWREAER, MUBUHERERE -

AR BT MRS, AEfMReEXEEERNE - I
(FCEREAMT) 899122 HFF, 0L 629 @M, 457 HFR, RaEs
48713 (A - BLRF 9122 (B R —F/6, MHE 4 BF, SEEEFAE
R0 15 BR9A 1L EXT - ]|EZ, THEFHERERR THEEEY, 6
FRZREE TR B 9122 EFRa0 REE FEEE =N 99.9%, &
TFOZ—UTHHE AR, SRR RREEBESER - ISRl
NERUE H T st —EiF ik -

Ae i
RSARERENFREE . RENFETHE, WEMMEENS S, B
PATREFIRR RERT - FRFFTENRERBIREELE— MY, SE0E - %
- FARVEEIMATES, RMIRBEER . SRR, BaRTR
o, BEREE, DRASETHAIEIE - AN, SLERETHOME -
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