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Abstract

Written Chinese has tens of thousands of charactersaBiiimesonts contain only around

6 to 12 thousand common characters that can meet thevapatis/afsers. However, in pub-
lications and information exchange in many profdsisicaalffaber of rare characters that are
not in common fonts are needed in each document. Thisgrépes denethod of typeset-
ting such rare character XL The document author describes a rare character infHanGlyp
when such need arises. A Chinese character synthesisisgsthm glyph according to this
description and collects the newly created glyphs irso théyrare available in the body of
the ETpX document.

Résumé

Le chinois écrit posséde des dizaines de milliersrdiésgdvéais la plupart des fontes dispo-
nibles ne contiennent que quelques 6 et 12 mille idéageamdards Néanmoins, les publica-
tions en sciences humaines, comme la littérature ldadséplegie, ou, tout simplement, les
registres municipaux de noms, nécessitent l'utdigasiod dombre d'idéogrammes rares.
Cet article décrit une méthode de composition de dectélesaeses sogX. L'auteur
du document décrit le caractére rare dans une syniexegpéléia HanGlyph. Un systéme
de synthése de caractéres chinois génére le glyplettel@gsésption et assemble les glyphes
ainsi produits dans une fonte pour étre immédiateseEnpatiipX dans le corps du docu-
ment.

Introduction ing 86,000 characters [5].

. . L , : In order to facilitate the machine processing of the
The Chinese written script is ideographic. Each 'd&%—nese script, coded character sets have been developed

graph, knpwn panz; or more commonly Chlnes Commonly used coded Chinese character sets are
character’, has its own visual structure and carmes 12-80CNEL1643, Bigh)Is X0208-1983 ankis
meaning. There are tens of thousanalsaigr Chi- X 1001:1992. The number of Chinese characters en-

nese characters. : :
The most notable dilerence between an idi{%—ded in these character sets varies from around 4,888

graphic script and a phonographic script, such a tﬁx1001:1992) to 48,027 ({bNS11643-1992).

) , ' e main reason behind the selection of charac-
rI;3%]bzlfgfaf§;}§é?ggntlﬁa?I{)hheag)el’tr;]ae?2§r?p?26lﬁt;?%g these encoded character sets is the frequency with
o . . . hich each character appears in common documents,
e s ol 25 newspapers txtbooks and busiess correspon-
ies published in various times. For exam Ieythe ~dence. A statistical study reveals that around 6,600 Chi-
ue?wtial book dranzit | — (.shucwen'ia E’) ’ub- ese characters can cover 99.999% of daily use [5]. It
: & ) P seems that having a large enough encoded character set

lished around 1@® collected 10,516 characters. B%xlié)l_solve the problem.

tnhaer;\l/rr:egofath(elz(a%)r(lg dgn;\(s;ﬁ,b}gigéoi:]eIa%lrlnec;ucsogl_c Recent international elort in character set stan-
tains 47,043 characters. The largest contemporar)gglrgllzanon results in the Unicode (version 4.0 released
' ) N

. My : in" May 2003) [12] andSO/IEC 10646 standards.
tionary i ¢ Q (zhonghuazhd )documentsastaggerUnicode 3.0 [9] encoded 27,484 Chinese characters.

42,711 characters were added in version 3.2 [11].
Although the new international standards include a

1. The wordshuavanjiz following the hanziis in pinyin a
phonetic transcription of Chinese characters.
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huge number of Chinese characters, in practice, severdrharacters a
problems remain unsolved. The “rst is that the design A
and creation of fonts of a huge character set is very ex- A
pensive. It is also not economical to process and maintain A
such large fonts given that many of the characters in them A

are rarely used. Furthermore, a large number of exisfigthnonents 3
systems may not be able to handle such a large character

set. Transferring a document to such older systems will s s
result in missing characters or even crash the system. cS cs
One possible solution is to synthesize the characters 6% e

when needed. We have designed a Chinese character de-
scription language calladGlyphltis a high-levelab- Strokes i h h qj hh
stract description language which captures the essential
features of characters. These features are the topolog¥ig. 1: Composition of a Chinese character
of the strokes and their relative size and location. We are
developing a Chinese character synthesie@gem (
to render the characters frontHdeGlypldescription. pression is to be able to distinguish similar characters. Fo
The HanGlyplhanguage and the method of synthesizirgmple, the characterand3 are composed of the
Chinese characters will be described in the next sestiate strokes and in the same arrangements. The only

Using theHanGlypidescription and the characditerence is the relative length of thehtwatrokes.
ter synthesis system, we can typeset rarely used Cltigas&nGlyplexpressions to describe these characters
characters ifTEX documents. We developed a simpleeh h=< s+_andh h=> s+, respectively. The di-
macro package to allow the document author to emleedional relation symbalsd> specify the relative
HanGlypldescriptions in &TEX document. During |ength of the twio strokes.
the “rst time thesIeX document is formatteddjan- Because the smallest building blocks of a Chinese
Glyphle containing all character descriptions is geieiracter are the strokesH#eGlyphanguage takes
ated. This e is then processed by the synthesis sygiastrokes as its primitives. According to many stud-
to create a font. The next time tigA document is ies of Chinese characters, we selected 41 such primitive
formatted, the newly generated Chinese charactesf@ikest-ianGlypltomposes characters using a small set
is accessible. Thus, the character can be typeset.ofates operations which are illustrated in Figure 2:
sections will describe how to use this macro and OUtIinfbp-bottom
its implementation. : ’

left-right,

Chinese character synthesis fully-enclosed,

The HanGlyph languéga Chinese character descrip- partially-enclosed, and
tion language. It provides a means of describing therossing.

topological arrangements of strokes in Chinese charggy, 14 he very tedious if every character descrip-
ters.bEac? Chtlnes?l Chl aracteécaﬂ be decomeoseqigﬂ%&,‘tains details down to each single stroke. Using the
nUMDEr of parts ca PONErach component CoNy, o+t that characters can be decomposed into components

sists of a numbestibkesor example, as illustrated iy :
. 92 nd many components appear in a number of characters,
Figure 1, the characker(mng meaning bright) can bey,, 51y miallows macros to be de”ned to stand for com-

decomposed into two compofierty and”  (yue). ponents. Thus, expressions can be very concise.

_The “rst component consists of four strakeshu), In summaryanGlyplprovides an abstract way to
b ( :Hhm%zlhe),g ( heg) a:jndq bes th describe Chinese characters which captures their essen-
anblyplexpression describes the arrangem tggaracteristics so that they can be rendered. Details

of the strokes in an abstract fashion. This meang HanGlyplanguage can be found in our paper to
only topological information is captured and no geqin

ric information is included. For examplélah&lyph resented MYG2003[14].

expression describing the chaBacieh h =which  The Chinese character synthesi€&&pésresponsi-

means the character is composed bygvatrokes, ble for rendering the character glyphs frontH#reir

one above the other. We do not need to specify th&gpphdescriptions. The coredafSds implemented

act coordinates of the starting point of each stroke. Th&4eTAPOST([6]. It consists of a libraryMETA-

will be worked out by the character synthesizer. POST macros implementing varidarsGlyplopera-
One of the criteria for writing a gdadGlyplex-  tions. The input t6CSSs a sequenceHdnGlyph
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Top-bottom: - Partially-
enclose:

Left-right: ID
Enclose: D Cross:

Fig. 2: Graphical representation of operators

n

= Li

(@) (b) (c)

Fig. 3: Basic stroke macros for the gtroke

expressions. A front end translator converttatinesecess _ow.
Glyphexpressions intd&TAPOSTprogram. Running First of all, the document author will embed the
METAPOSTon this program will then generate a setH#EnGlyplexpressions of the required Chinese charac-
PostScript Mles each of which contains a single glypérs in theAlLEX source Mes. Typesetting the document

The METAPOSTmacro library is organized intavill generateldanGlyphle that contains ldtnGlyph
two major parts: the primitive strokes and the congxpressions in the source. This "e is then processed by
sition operations. Each primitive stroke is implemethiiedCS3ontmaker to generate a foufitirandok for-
as threeMETAPOST macros, namely a control poimbat so that the next tifiEgX is run it can ~nd the font.
macro, a skeleton macro and an outline macro. The corfo allow the author to emidednGlyplexpres-
trol point macro de”nes the control points, the skekgtors and to use the synthesized charac#gXin a L
macro speci”es the skeletal path that connects the clmtinohent, we developed a macro paekgtyeh .
points, and the outline macro draws the outline wihib provides a very simple interface for authors to use
are de”ned relative to the control points and the skéletraGlyphTo de”ne a new character, the author writes
path. Figure 3 shows a sample stroke. the HanGlyptexpression in the preamble 6FgEX L

The composition operation macros perform dloeument as below:
composition. This is done by transforming the CofgiRhartuph h=< s+ }
points of each stroke and position them to the corregiderarshijfh h=> s+ }
cation within a character bounding box. When all st
of a character are positioned at the correct locatiort; tf i .
skeleton macros are called to de”ne the skeletal s%ﬁ%&%c.ter' The macro takes two arguments: The “rst is

aracter name which can be used in the document to

Then, the outline macros are called to draw the outfirie. .
typeset the character; the second hati@&yplex-

. . pression describing the character. For example, the rst
Using HanGlyph irfTeX call tolhgchar above de”nes a new macrdo rep-
The HanGlypHanguage provides a means of deseabent the charaaier
ing Chinese characters, anddB&ystem renders the When processing #igeK document, each call to
characters so that we can have visual output. Hotheanacréhgchar also writes ldanGlyplcharacter
we then use them in the context of typesetting prafe4nition to &lanGlyptle. Each character de”nition
sional documentsAFEX? Figure 4 illustrates the pro-associates a character codeHani@lyptexpression.

%55 call to the matdrgchar de”nes a nédanGlyph
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LaTeX document Chinese font
with in
HanGlyph characters tfm and pk
A
CCSS
LaTeX Font maker
dvi file HanGlyph file

Fig. 4: Typesetting process

The hanglyph package automatically keeps track of THee implementation

N N
character code. By default, the "rst character, de r]"‘I\'(flng)fmplem(—:‘ntation is in two parts: the macro package

the ~rst call to the madigchar , has the code 0. .
In the body of theTieX document, the characterhanglyph’ and theccsSontmaker implemented as a

names de”ned using the nifagubbar can be used to suite of scripts and C programs.
typeset these characters. So the author can type Thehanglyph packagde”nes the madhgchar for

The Chinese characters \tu{} and \shi{} the document author to specify the Chinese character
are composed of the same strokes and in and a number of auxiliary macros to manage the Chinese
the same arrangements. character font.

to typeset the following: The package works as follows: All characters de-

"ned by callinfgchar will be collected into a font with
are composed of the same strokes and in the defaultfontnarl_@ont : Each_chara(iterls assigned
a character code in the order it is de™ned. A counter

the same arrangements. . hamethg@charcodekeeps track of the number of char-
To use théhgchar macro, the author should inycters that have been de”ned.

clude thenanglyph package in th&lX source “le. The character de”nition magahar takes two

su?x hgc and the same base name aggiedbcu-  aypression. It performs two tasks: de”ning a character

ment is generated. The author should exe@®S81e jacro and writing the character descriptiorHarthe
fontmaker to generate tine andpk "les needed by gypime.

I5TEX and thedvi driver. The fontmaker should be ex- “'|n order to allow the character name macros to
ecuted each time the embedtilyplexpressions pe ysed in the document body, the de”nitions must be
are changed so that the font is up-to-date. Figure 6 ?ﬁ]g@@d in the preamble. At ‘begin documetianhe
some sample characters generated by our systemGypmie will be closed and all character macros have

_ This approach of typesetting Chinese charagiggs derned. Each character macro is de*ned to repre-
aims at applications wher_e only a small number of kgl single character in the defnGlyplont.
used characters appear in a document. By ‘rarely usgi, default, the font metric ~le and the glyph ~le
characters’, we mean those characters that canpgl,Péne same basename as the document Me. The
found in commonly available fonts, such as thosga%ph package provides a mgfontname for

come with the popular operating systems or typesgiigl thor to change the font ~le name.
systems. Our method provides a simple and convenient

way to solve this missing character problem. Therefbes,CS$ontmaketakes BlanGlyphle and generates
the current implementation ofridaeglyph package is a font to be used in thEEX document. The process is
able to handle up to 256 characters in a documentslightly long-winded but the philosophy is to use as many

The Chinese characterand3
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existing tools and ~le formats as possible, so that thRgfarences

erated "les are compatible with existing systems. is _» . - L g .

process is depicted in Figure 5. [I N :E(Lrsh(:ﬁ;(:h:gf' hE 2 xi o <) N ; QH )
The core of the process is the Chinese character shide xianda haiz xiajiu QH e

- ; U (shuhd chibanshe), 2001. BUPei Chen@0th

synthesis system. The outp@CaiSs a set of en- Century Research on Modern Chinese C8aracters

capsulated PostScrips) Mes. Each “le contains a Hai Prgss 2001.]

single glyph. They are then converted to bitmapgzin2 N ' R R

portable bitmap formab). This task is accomplished?] * ~ 1 (iliayua )g = ¢ gy 1 - QT r (hanz

by Ghostscript. The sepbiitles is then mergedintoa  tU®U jigou fex ). Ins = ¢ t (hanz). v QZ

large bitmap, which is then convertedgé @iit in a i Hé U (shaghd jieoyu chibanshe ), 1993.

pair ofgf andpl ~les. This pbm-to-gf conversionis per- [LIU Lian YuanAnalysis of the Topological Struc-

formed by a utility callpbimtogf developed by the Arst ture of Chinese Chara@hesghai Education Press,

author several years ago [13] and since been made avan93.] . R

able olCTAN. The program to merge asetof ppm A CN  (fwoghe)s a¢l - - {1 Q -

is pommerge which is relatively simple to implement. > * Nt (haz ji&kou he kowe chengfende |

The last two programpsiotf  andgftopk , are avail- chuyanjiu).v QZ i Hé U (shanghd jisoyuchu

able in all @ implementations. This process is easilybashe), 1993. FU Yong HeBasic Research on the

integrated in a single script. Structure of Chinese characters and Their Gonstituents
Shanghai Education Press, 1993.]

. . . [4] CN  (fwaghe)s “ | 1 ™M@ Ct (zhogwen

Discussion and conclusion xnx chd ).x OZ i Hé u (guagdmg jizoyu

Using thélanGlypldescription language@bgsone chibanshe), 1999. FU Yong HeChinese Informa-

can generate Chinese character glyphs that are not fodifth Processi@giangdong Education Press, 1999.]

in commonly available fonts. To typeset such charfisfierss  (fagzhweé )s 3 — ® Yy « x t (jsuan

requires generating a font in the format understood bywaixue jchu ). ® & J ~ 9 (shaxgwu ynshu

the typesetting system. Téweglyph package enables guang), 2001. FENG Zhi Wei, Foundations of

users of thellgX system to typeset rarely used Chinese Computational Linguisfite Commercial Press,

characters. 2001
At this stage, we have experimented with a saall. D. Hobby A METAFONTlike system with Post-

number of characters. The results (some of which are iScript outpufTUGboatVol. 10, No. 4, pp. 505—

lustrated in Figure 6) show that this approach is feasiblgj 2 December 1989.

and very promising. We are planning to carry out mrgohn D. HobbyA User’s Manual fMIETAPOST
c

experiments fo typeset a reasonably large set of char@gs 1 Bell Laboratory Computer Science Techni-
ters. The purpose is to study the e’ect of rasterization. ) Report, No. 162, 1992.

and to improve the quality of the glyphs generate . . .
CCSS We are con”dent that our method of charaﬁeﬁ)ken LundeCJKV information processmgeily,

. : 9.
synthesis can produce reasonably good quality an eja%lg _ . .
able Chinese character glyphs. F9i The Unicode Consortiunthe Unicode Standard,

It is obvious that the current font making process i&/ €'sion 3.0Addison-Wesley, 2000.
a bit ine2cient. Another shortcoming is the loss of dd&ll The Unicode Consortium. Unicode Version
ability by converting the vector representation of char3-1, ~ The Unicode Standard Annex No. 27.
acter glyphs into a bitmap form. These weaknesses wiltp://www.unicode.org/reports/tr27/
certainly be eliminated as the developro@g$fo- [11] The Unicode Consortium. Unicode Version

gresses. 3.2, The Unicode Standard Annex No. 28.
The current stage of the developmextsson- http://www.unicode.org/reports/tr28/

centrates on the experiment and improvement of glyghThe Unicode Consortiuffhe Unicode Standard,

algorithms. Itis planned that future vers@oS®iill Version 4.0addison-Wesley, 2003.

generate outline fontsHanGlypinput. Thiswill cer- 113} \waj Wong. pbmtogf— converting bitmap to font
tainly improve quality and usability. _http:/iwww.comp.hkbu.edu.hk/~wwong/
This paper describes only one of many possible ag;,eset/pbmtogf/

plications dlanGlypland Chinese character synthesi . . . ]
We envisage tt@zSsvill contribute greatly to easing1?4]th%2ir]5dzsli‘ﬁ§£gg\s@ .\I{\Sg%tggﬁfc’)? (;Zrllarsgtelr syn

major di2culty in Chinese textual information exchange . .
and presentation in a heterogenous environment. Pp. 85-93, 2003TUG 2003 proceedings).

586 TUGboatVolume 24 (2003), No. 3— Proceedings of EXI2OD3



Typesetting Rare Chinese Charact&Fgin L

pltotf .
Font property Font metric
pl file tfm file

HanGlyph
file

merged pbm m’
\ Generic font | gftopk | Packed font
CCSS

pbmmerge of file pk file

SN

Character epstopbm

glyphs in eps glyphs in pbm

Fig. 5: The fontmaking process

Glyph HanGlyph expression
pn|
hSt ba_ 1 | I~
wang b 2dq |~ | !~ wang_a?2| !~
zhou_1 shu_1 |

pian_4 /Pq kn ~7  _J/|
hs+dZ!-h=@"
gih sih ~7 0.8 0.8 _ xin_1 b | hhsl =
div gih sih ~7 0.8 0.8 _ xin_1 b |
xinn1 bDg|~]|xin_1b]|
na4ri 4=x<
p h=0.4<!~n=>]e+#|
sih ph m = |I~ 0.5 0.5
sih gian_4 |'~ 0.5 0.5
she 2 xin_1 b |
zhi_3 a wp |
h S+<' d"5
h rd = hst = sS |~
she 2 pu_1 b |
zhub 2rid4s+_ <=
zhu b 2ihCs+'<p?505_[=
pXp chong_2 |\~
Fig. 6: Some characters generatedHagi@dyplandCCSS
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