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On the Formalization of Glyph
in the Chinese Language

1. Introduction

Although  the word "glyph" is a newly created word,
the concept of a ‘"glyph" has been used in China for
thousands of years. Traditional morphological studies of
the Chinese language include numerous documents that study
the "forms" of characters. The knowledge about the "forms"
includes the originality, the expressional structure, the
content structural phenomena, the structual law, and the
functional rules of Chinese characters. The 2000 years
old morphological work, LIU-SUE (/&), still provides a
keynote guide-line for studying the "forms" of character.
This knowledge includes how a character was formed,
how a character was composed of by its components/roots,
how a character appears, what is the original meaning
of a character, etc. This information helps people to
understand the "forms" of a character, but it doesn’t help
computers. Therefore, we. need to formalize this related
knowledge in order to let the computer handle characters,
glyphs, and fonts more elegently than before.

In this paper, the authors are trying to formalize the
related phenomena of glyphs for Chinese characters,according
to the characteristics of the Chinese lanquage. There will
be no invention concerning language, but the formalized
systemm¢will provide the computer with logical data
structures and procedures so that it can carry out the basic
functions needed to create glyphs and characters in Chinese
language.

From now on, for simplicity’s sake, the paper will
not mention to any morphological works from Chinese
linguistics. This assumption does not mean that the work
in this paper ignored the traditional Chinese linguistical
aspects. On the contrary, all the proposed mechanisms are
based on the morphological nature of the Chinese language,
although it will not be explicitly cited. For those who are



not familiar with the morphological characteristics, or for
those who can -not read Chinese, the book "Formalization of
Natural Languages" by P. Kumme 1 (ISBN. 3-540-08271-9) is
highly recommended as a reference. '

2. Some Characteristics of Characters and Glyphs

A character, from modern linguistic view point, is a
meaning bearing unit.In the Chinese language,its visualform(
¥),pronounciation(3¥),and meaning(# ) can be considered as
the content/attributes of a character. When people are using
characters in language,different degrees of emphasis on its
form, pronounciation, or meaning are made according to the
environment or situation in which they are applied. For
example,when people talk, no form will be wused; but for
identifying a person, a place, an object,or an affair in
a document, the forms play a key-role. Therefore, it is not
justified to say that because of some applications that we
must differentiate +two glyphs by assinging them as two
charcters. The characters should be differentiated by their
meaning,as we stated in the first sentence of this paragraph.

A character may have more than one form, or glyph (=
#). For everyday use, most characters have Jjust one form,
but for some frequently used characters they have several
forms/glyphs. People are used to this phenomena,and usually
they select- the glyph that they think properly represents
that character. In CCCII, other glyphs of a character are
called variants and they are systematically coded in
varianfﬁlayers. Other standards of character code do not
have the structure for coding glyphs. Therefore, they are
actually a mixture of characters and glyphs coded in the
same structure and space. But, how to differentiate a
character and its variants, and how variants are selected
are not clearly defined in any of the CCCII publications.

A glyph may have some degree of freedom to change its
appearance. In our last meeting, we called this phenomenon
micro-differences.Where a font is concerned,the visual forms
of a character form a matrix of glyphs and fonts, as shown
in Figure 1.
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a character

(may have)

glyph 1 glyph 2 ......... glyph n
font 1
font 2
font m

Figure 1, A character may have m X n ~different visual
appearances, where n is the number of glyphs it has,
and m is the number of different font designs. Every
node of the matrix in the figqure represents one visual
form of the character.

All visual forms of a character are composed of
graphemes. In some papers, they are also called "roots",
"components", and even sometimes incorrectly called
"radicals". In this paper, we will use the term components
(ﬁiﬂi)t¢00mponents form a finite set. It is a closed set of
approxiamately 1200 finite elements. The rules of
composition of a character is very complicated from a
traditional linguistical viewpoint, but when only the visual
expression is concerned, the number of basic components can
be reduced to about 300 to 600 . A recommend set of
components, the Chiao-tung set, is shown in Figure 2. There
are 446 components which can be used to generate more than
48700 characters. The composition rules of the Chiao-tung
set 1is simple. There are only three operations, horizontal
combine, vertical combine and containing. They are
illustrated in Figure 3. '
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{ |H|B El , horizontal combination
4\HV AN 4 , vertical combination
flc|d ] , one contains the other

Figure 3, Examples of the three composition rules that
' generate characters from components

All components are composed of a finite set of strokes.
The number of strokes used in some high quality vector
character generators is around 40. An example of a basic
stroke set is shown in Figure 4, and another example of
constructing a character from components and then from
strokes is shown in'Figure 5.

51 ) 53 56 §7 S8
"i;///)" .‘Eii
S9 570 511 514 S15 | 516
317 S18 524
535 S0
5304

Figure 4: An example of Basic Stroke set (1984)
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According to the above illustration, if we have the
vector forms of a set of strokes and a procedure to put the
strokes together, ‘then we will have the vector forms of all
components  needed to generate the visual expressions for
characters. Therefore, we can give each glyph a formal
definition accordingly in the next section.

3. A formal definition of glyphs

Let G be a visual appearance of a glyph, then G can be
defined as follows:

G = R1 (P1, S1) + R2 (P2, S2) + ... + Rn (Pn, Sn)...(1)
Where R stands for a Component of 6, and P and S stand
for the position of R and the size of R, respectively. The
+ 1is used to indicate the operation of ORing the image bit
patterns of RS. : ‘
Equation (1) can be rewritten as in (2) for simplicity.

G = 3 R (P S) et (2)

In the same way, each R can be expressed as a

‘composition of strokes, T, as in (3)

The above formalism is illustrated in the following

£

examples.

[Example 1]:

)

(P2, S2)

jalll
a

= = { (P1, S1) +

i)

[Example 2]:

\ .

{ =7 (P1, S1) +| (P2, S2)




In example 1 and example 2, there are no horizontal,
vertical and containing operations because they are replaced
by the vector operations of deflnlng the p031t10n and size
of each component and strokes, respectively.

According to the above structure, the code of a glyph
can be assigned as follows:

Lpharacter code glyph sub-id ] : a glyph code

Figure 6, A structure of the glyph code base on its
v character code.

The code shown in Figure 6 can be used easily with every
existing character code. But for a CJK union glyph set, the
author’s recommendation is to use-the EACC or CCCII code,
because they are the existing multi-lingual coding system
and they have enough well-structured room for glyphs. If
a new coding scheme is proposed, a in-depth comparison
between the new one and the EACC code should be
carefully evaluated.

4. A Study on the Variations of Character forms

Variations of character forms can be defined by
transformatlon function on the strokes/components of a
character. A study of the variations of the visual
appearances of Chinese characters shows that there are three
categories of transformation functions as listed below.

A. Stroke level transformation functions
On this level,a only a stroke change is made. All the
changes made on this level will not cause a character
change, such as change from one character to another, or

a component change embedded in a character. All the
functions on this level are further divided into 8 groups
as follows.



Al(x):

Change the relative position of a stroke, where x
denotes the stroke that changes its position. In
this group, the stroke-count of the character
remains unchanged,the components of the character
also remain unchanged. Examples of functions in
this group are given in Table Al.

TABLE Al: Examples of Al Functions

Function Illustration at Related Characters
T Component level
LA () F— 5K HF 3 -

tL— A4 oo

> A 25

qJ—=A

17]
25

(ol charecter of radicel 't )

FREA4F

)Qv('i) | = é?
H - o by
i?’—a‘i? '%ﬁi{§?”"
f o B fh -
- h%
A,(*) JL'_’i+- jg'”
¥ ¥ %
2% %;...
T 5 15 gk
F o> =H jg -
i ¥
| W oa B
A'(/): L >4 L
X -6

- 10 -




TABLE Al (continued)

k- Kk (ol charanclers hoawe B )
&+ >4 (a&u charocters fove & )
}: 2> 2% ,
PR~ %
A
Al(\) R =& &R E B ARG
A2(X): A hook (%) is added at the end of a stroke.
Stroke-count and component are not changed.
Examples are given in TABLE-A2
TABLE A2: Examples of A2 Functions
Function Illustration at Related Characters
Character/component Level
As (1) = T A
A= P
y R N (W choraders with
redical =*)
A— A V|
A, (?) 4%, H, A 5t B, -
™ (L) _—t SE v
8- P A & -
e — b Bk , ;T;,k.

- 11 -



A3(x1,s2):

Stroke

is replaced

substitution function, where stroke x1l
by stroke x2. Stroke-count and

component remain unchanged. Examples are given

in Table-A3

TABLE A3: Examples

of A3 Functions

Illustration at Char-

Function Related Characters
acter/Component Level ' '
‘A3(‘; ') "G_"H' N
Az (v, =) é"’é Oﬂc,r\aﬂ.cferswfk redicdd E
As (v, \) 7.7"’91 1’91\1’1’1,’_§
Az G.7) | 1 =2 A%
_A3,(-,/)‘ t:—-)l(.' Je K ex fe
- %, Tlo1 |
%as,mem
B | -4 204
A3(",‘) A = A /-':v\fé‘
BB B 1’—7.&
E&l" A A& ﬂ& oo
o s gz
As(1,])| RoR LA~
_ # 2 7]
Ag (7. ”) ﬁ"’f (C-‘uc/em.mders have nw{.ceif’)
- & - & —ﬁ%
¢ =23 (8-> 18
As (7= | % >3 L
X% 5 -
4 - % g .-
i %22 153%
A (/) 77 /’j(;j'/q{”"

- 12 -




Ad(x):

One stroke is added to character. Stroke-count

increases one, where

X denotes the added stroke.

Examples are given in TABLE A4.

TABLE A4: Examples of A4 Functions

Functidn Illustration Related Characters
AcCr) %% 5% A -
] —-9 IJ\ . .Jh O ;
4 e &7')’ S8 Bx - _‘
A5(x): One stroke less. Stroke-count decreases one, where
X denotes the eliminated stroke. Examples are
given in Table A5. '
TABLE A5: Examples of A5 Functions
Fuﬁction Illustration Related Characters

As (+)

As (_:)

As (7)

s v
%éL,aﬁi‘”'

- 13 -
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AB(x1, x2):

One stroke 1is substituted by two strokes,
where x1 denotes the stroke to be substituted
and x2 denotes the two strokes that replace x1.

Stroke-count increases one. Examples are given
in TABLE A6.

TABLE A6: Examples of A6 Functions

Function I1lustration ReLqpeq<qu[qquh§ )
'/lg(f,l_') E-’_I’{L & & B~
As (F .5 -3 1% & 152 5
o F -2 of - |
As (A, A %% %% 3%
As (L. D) E->E bk 4E, EP
t-=2>2 Y7 -~
= b V/( /fV/( ees
£ —a.ﬁ gF -
K> A A 4
K> R
A A Z % .
N >IN I\ B T
A7(x1, x2): Two strokes are substituted by one stroke,

where x1 denotes the two strokes to be
substituted and x2 denotes the stroke that
replaces xl1. Stroke - count decreases one.
Examples are given in Table A7.

TABLE A7: Examples of A7 Functions

Function Illustration Related Characters
Ar(L, L) B,3E % - EE
von EEE Y-
Az (—l:/»t) e E - EE > bt
/47 (J/J) *2’.... t?il —9%

- 14 -




P

A8(x1l, x2):

Substitute a
group of strokes x2. Examples are given in TABLE

A8.

group of

strokes x1 by another

TABLE A8: Examples of A8 Functions

Function I1lustration Reiated'Characters
Ag (s 11) G>w | &, B
Ap (R, AR R = R | 4K 8 (ell chumTeremirk # )

Ag (. K)
Ag CIk ==

Ag (de 4
Ag (=,7)
Ay (B, E)

Ag (N .~)
A8 (\/,/\)
Ag (7, /t)
As (V)
Ag (N7

As G_.1)
Ag (%, &)

*

oj”:-—:”*
wig > &)

1

&
| \:
™ oy

ZV"
L2%
525
5> 5
R 2 a
ks
-
> F
- =
%—)3}
FoF
"W

(;bg a(o(a-cTer.( w"f/- an' 7}' )
(2- cass

£
&;] ) ;K/»_.. .
(e characlers Wit Caﬂ»lhﬁt E!)

20

;L/-...
s AL ...
/4B, |
& -

.

- 15 -




. Component level transformation functions

On this level, stroke-change causes component change,
but does not cause character change.Some of the functions
on this level can be classified as micro-differences if
the change has been wused and adopted for a period of
time. The functions on this 1level are further divided
into the following groups.

B1(yl, y2): Substitute component yl by component y2. The
difference between vyl and Y2 can be
recognized as simple stroke variations just
as functions listed in stroke-level,although
this change causes component changes in a

character. Emamples are given in TABLE AQ.

TABLE A9: Examples of

B1 Functions

Function Illustration Related Characters
B, (x,+)| T—F e
F-%F 1%, 8%, &,
e - - Ht"" ,‘:H’_);dé.-—)){',- .
Bl (:L/ -i-) /él"’/?é? .
4 & #®, %, -
| o *, R
Bl (=,%) ’%""’)g} %/j/
B, (£,3)| £12E _
By (AN A= R
B AL A7 A HZE
B, LIV ~>% S, o, B AR
By (40| LB IS
B, (%, %) | K - 3K’ X%
By ()| F> 5 B2

- 16 -




TABLE AS (continued)

Bi(w. ) | 5= B, B35, Bk

B, (7, %) 2/5 - %7

B, (4,1) | 5|51

B, (#,7)| % = & %

B (7.5 |54, g, 4,

B (f,«) | g5— 4z

B (.1 | ¥~ % i
B: (4, R) _ﬁ"’ 3 l chomclers wirh A

8, (4.%)| 14 » 4%+ B F, B

B, ()| A% 3% #) 4 4T B,

B, (M,8) 9§ g % &

8, (1) 41 £% 5 84

B, (*t#)| d - i | s characters with m;\:“slw.

B, (7, 5)_ %;};

B (%.1)
B, (2,2)

g, 2l

2 B

NoTe : Ha e_mfo»edsﬂ, g,
and T, are aomelimeg
infmdu.uaw"& in
cva17Ja1fu%?—.

- 17 -




B2(y1,

Substitute component yl by component y2. The

differences between
stroke-level. Therefore
are

variations

Y1 and y2
characters

are not on

with B2

considered to be different

glyphs. Examples are given in TABLE A10.

TABLE A10: Examples of B2 Functions

“Function’ ' Illustration: Related Characters
B2 (%,&) iy %, 4
B, (%, %) | g - '@ g’}g
_‘B;ﬁ(@]ﬂ,‘b)' | G5 J8 44, .-
B Cek) | R ofk ~ R _
B, (A,%) 53 4
5 (7.0) | 4% 4 -
BoE . e
B, (77 =y - —
| B (KX) | 4% *4"“ 1&.7515 -
B (d, H) SR Eg
.Bz (V/ A) ’ %&—)Qé
B, (4,2 ;ﬁ"?;i o o o
B, (++,%) & - & 3
B2 (f_/i) "Z'—’”i "
| B (HtD) ) - *’f _ FPE -
Bz (?,1 ‘;‘) %—_7 ‘%, éi"’ o
Bx (F.:¥1) 1% = 455 ¥, A -
| B> (F.FF) | _.M._._g—’ﬁ$ I L N
B, (9,H) *5 > %% 1 ..
B. (n’/—s) '7}%%77‘1% /‘E' g?%"..
_B. (?’.5)...“ ____-ﬁ_”_—ﬁ- 3 YR,
B, (7, fF) %’)5'9#’)‘:‘
By (&%) ¥R
B:. (fL_\ )L) Jf(ﬁ ”‘#é) o L ———
B). (f‘f] /3) 45 — ij _‘n%l
B> Gk, %) *& 4B
LBy (L, %) B~ #K .

18 -




B3(yl, y2): Substitute a set of components yl by another:
set of components y2. Examples are given ini
TABLE All.
TABLE All: Examples of B3 Functions
Function Illustration
Bs (5, % ik
B; (¥.%) .
B; (el7,€3) & ¥ 1 o
By (4, f) 2, =,
By (F.%) " N
B (R E) ] ;@"f . S
By (%.F) 7 .
5 (£, ; EoE R
| By (E.,#) ,________,_,_ij(_f{f}i R D
By (d.8) 25
5; ($ $) ;. ;ﬁ. _9&
__w_mﬁszﬂéjw_ 35 ~%% _ o
g, (3, %) ’55*4;5
Bj (E/ i-) l%',\"?L_'_
BJ(‘ﬁay;%in, 7%
4 -
By (%, K)
Bs( 5 .12 ) 55k
_ By(&. %) 28~ 27 ~
By (£.,%) e T
s (B, %) i@ - &
Bs(8, 4) ¥ 247
B, (], e) BY - By
B; (7<) éi"’:%—t_ o
B, (4, %) 5%, K%
&
B3 (&b, oHt) /5 —"g\

- 19 -



TABLE All (continued)

o v Bs ($,¢)
B3 (2, 8)

By (L&)

B(A.w)
By (&, &)
By (%, F)
By (%.%)
B; (<2, =)
Bz (¢, AK)
B, (9. 53)

C. Character level transformation functions
On this 1level, the appearance of the whole character

changed.

Cl: Same components, but position changed, such ass

Bt — A
B — B
% — P
g4
B — A
& - A

C2: -simplified characters, such as:

A =
% 54z >4z
E—E

g‘;—-ﬂ?ﬁ)
K-

C3: Deformed, irregular changes, such as:

Yy -
i -k
R ]
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5. Discriminating Glyphs

By studying the variations in section 4, a proposal is
made to draw a line to discriminate glyphs, and hence
defines the so-called micro-differences in previous papers.

1. All functions at stroke level are considered as micro-
differences of a glyph.

2. All functions at character level are considered to
cause glyph change.

3. In component level changes,

Bl 1is considered as micro-difference changes because
the difference is insignificant or acceptable in
everyday use of the glyphs.

B2 and B3 are considered to cause glyph change.

I must state that most of the characters in the B1

group are wrong characters from a restricted viewpoint of

traditional 1linguistics. It is very hard to reach a
consensus to differentiate glyph and micro-differences. A
less argumentive proposal is to let A group functions be the
micro-differences of a glyph, and let all functions in group
B and C define glyphs of a character. But this proposal
will increase the number of glyphs significantly. The
drawback is obvious where data processing is concerned.
Therefore, a model for handling the visual appearances
of the character, glyph, and micro-difference is proposed
in the next section.
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6. A functional model for character, glyph and form
derivation.

From the previous sections,a conceptual block diagram of
generating the definitions for the visual appearances of a
character is shown in Figure 7. In Figure 7, a character may
have one or more than  one glyphs. Then, each glyph has a

~formal definition of its visual appearance in terms of its

components, and the relative positions and sizes of each
component, respectively. Again,the visual appearance of each
component is defined over the strokes +that the component
has.

A character 1is identified by its code, and so are the
glyphs. Therefore,if we construct a mechanism in the omputer
that shows the mapping from a character to a glyph, then we
can select a glyph for each character. This mechanism may be
a table or a computable function such as in Figure 6.

The visual appearance of a glyph G 1is defined by
assembling its components in the equation:

G ER(P:S) .......... (2)

Since all the visual appearances of glyphs are defined
individually, equation (2) will only define the micro-
difference functions in group Bl.And,the functions in the Bl
group .gre simply a substitution of the components that cause
a micro-difference change on the glyphs. In the same way,
all the functions in group A are defined in the equation:

R=XT(p,S) ceeenven... (3)

The above relation is clear and simple,and computable if the
equation (2) of each glyph and equation(3) of each component
have been established in a machine readable form in the
computer.
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a8 set of chinese characters

(a character has at least one
or more than one glyphs)

a set of glyphs

(visual form definition of a
glyph G, G=XR (p,s) )

a set of components

2 R
(visual form definition of a
component R, R=%T (p,s) )
a set of strokes
T r

7: A conceptual diagram for generating visual form
definitions of a character.
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There are many ways to implement the set of equation(2)
and the set of -equation (3) in the computer. One way of
implementation is to utilize the partical ordering relation
between a glyph and a component, as well as between a
component and a stroke. So, we can establish a tree data
structure for processing the relations given in equation (
2) and equation (3). '

An example is given in Figure 8.

character 3t

== (pl;sl) + 1L (p2,s2) A - (p3,s3) + It (p4,s4) I\

equation
(2)’'s
4t =4 (05, s5) + L (p6,s6)
‘ N ,
L]
4 = N (p7,s7,tag7) + /f = / (pl13,s13)+ L
" V¥ (p8,s8) ] (pl4,s14) equation
~ (3)’'s
= = N (p9,s7,tag7) + L = L (p15,sl15,tagls) /{ :
= (pl0,s10) + +/ (pl6,sl6,tagl)

=(pll,sll) +
¥ (pl2,s12)

Figure 8: An example of generating different forms for the
character &t. Please notice that a tag field
may be added to the parameters of each function
to indicate micro-difference change functions of
a glyph, where:

tag 7: A3(~ ,-), tag 15: A2(L)
tag 9: A3(~ ,-), tag 16: Al(l)
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In Figure 8, there are some things that need
further explanation. First,the equation (2)s in Figure 8 is
implemented by a binary tree. 1ln other words, each glyph is
divided exactly onto two components, therefore finite
steps of nesting may happen, such as where the two glyphs £f
and &t share the component 4K. A binary tree is not the
only solution, but it is easy to implement and also saves
memory space because the same component can be shared.

Secondly, a tag may be added to the parameter field of
each function. A tag is a code for indicating variation
functions mentioned in section 4. In this example functions
at stroke level, Al, A2, and A3 are given. Functions at Bl
level, or at the component level can also be implemented as.
tags in equation(2).

Because of the sharing property of this model, a set of
trees for sharing the same variations can be organized and
implemented. An example is given in Figure 9.

AT (b, k)

Figure 9: An example of component sharing and variation
function sharing on a GLYPH DERIVATION TREE.
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In fiqure 9, glyphs (encircled) are located at the
leaves of the +tree or at the nodes next to a glyph.
Therefore, this tree is the reverse of the tree in figure
8. Those nodes that are not circled are components. It is
easy to see that all these 15 glyphs/characters share the
same A7 (L, 4 ) function of the component .

Also, some glyphs with a leading dot are subject to the
A3 (~ ,-)function, and all glyphs that begin with the com-
ponent are subject to the Bl (*',"™) variations. These
relations can be represented in the computer with the GLYPH
DERIVATION TREE (FEFEZ,#) illustrated in Figure 9, also.

To conclude +this section, the model proposed has the
following memebers:

1. a set of characters

2. a set of glyphs

3. a set of components

4. a set of strokes

.and also, they entail the relations listed below

5. a mapping function from character to glyph

6. a set of glyph definition functions G = Y R(p,s)

7. a set of component definition function R = ¥ T(p,s)

in terms of stroke set T

and, while implementing the system model, we may consider the
folloWing implementation:

8. the trees in Figure 8, or

9. the GLYPH DERIVATION TREE in Figure-8.
Although there are no procedures explicitly listed in this
paper for processing the related information about the
visual forms of character, glyph, etc., we have discussed
the processing procedure through the possible data
structures and internal representation schemes. It is shown
that this model is feasible for implementation with
existing computational technology.

7. Remarks

The authors had presented the ideas and examples of this
paper to the Society of Chinese Character Studies (FE X =F
24, at Taiwan) in December, 1989. Their comments are
appreciated. Therefore, the work of this paper can represent
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f“certain common ground - for glyph def1n1t10n from llﬂQUlSth

point of view.
Also, the model presented here can be useful for

design character/glpyh generators, for machine recognltlon of

characters, and’ for data compression studies of character
images. ‘

Any comments are welcome and will be appreciated.
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