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SUMMARY

Because of the complexity of Khmer script, up to now there hasbeen neither a typesetting sys-
tem nor standard encodingfor the Khmer language. Presentedin this paper are: (a) acomplete
typesetting system for Khmer based on TEX, METAFONT and an ANSI C preprocessor, as
well as(b) aproposal for an 8-bit encodingtable for Khmer infor mation interchange. Problems
of phonicinput, subscript and super script positioning, collating or der, speling reformsand hy-
phenation aresolved, and their solutionsdescribed. Finally an alter native solution using 16-bit
output font tablesis briefly sketched.
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1 INTRODUCTION

Certain languages use characters or character combinations which change according to the
context. A common examplein English (but not in Portuguese and Turkish!) arethefi’ and
‘“fI" ligatures. Everytime he/she encounters the combination of letters‘f’, ‘i’, the typesetter
hastoreplaceit by theligature*fi’. Thispractice, whileremaining exceptional for the Latin
script, becomes very important for certain Orientd scripts like Arabic (see [1], [2]), Indic
scripts, Korean or Khmer.

Because of the repetition and transformation of the various shapesinvolved in thispro-
cess, the best way of creating afont with strong contextual propertiesisto use a program-
ming language, like METAFONT. Part of the contextual analysis can be done by TeX (in
simple cases, such as Latin or modern Arabic), otherwise one has to use an independent
preprocessor.

In this paper we present a typesetting system for one of the most complicated scripts:
Khmer. In this case, the TEX/METAFONT/preprocessor approach is essential. Since there
has been no standardi zation for Khmer information interchange yet, we al so present a pro-
posa for a Khmer 128-character table. This table has been submitted to 1SO 10646 WG-2
for acceptance. Finaly, the solutionsto other typesetting problems such as hyphenation are
also presented.

2 THE KHMER SCRIPT

The Khmer script is used to write Khmer, which isthe officia language of the Cambodian
Republic and bel ongs to the Mon-Khmer group of Austroasiatic languages. It isavery old
and beautiful script, and from the typesetter's point of view, one of the most challenging
and exciting scriptsin the world.
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To understand the compl exity of Khmer typesetting, we will start with aquick overview
of the Khmer writing system. Khmer iswrittenfrom left toright; the Khmer al phabet has 32
consonants, the following:

ﬁ@ﬁmﬁmﬁm@ﬁwmmm@mUﬁmamm
mmgj

The character 5§ denotes the absence of consonant. From the typesetter’ s point of view
and with respect to collating order, it might as well be considered as a consonant. We will
use abox O to denote an arbitrary consonant.

These 33 ‘ consonants (except gj) can appear as subscript consonants:

g gy ogoouyd Uiy il
n e n J & W W VoA @ O BY OGN A
oo ou ooy
EONC . [ - A I 2 I [ wm &

A subscript consonant ispronounced after the‘ primary’ consonant. Nevertheless, asthe
reader has certainly noticed, the subscript consonant = iswritten on theleft of the primary
consonant.

Itisalso possibleto have two subscript consonants carried by the same primary conso-
nant. In that case, the second subscript consonant hasto be [ Examples: Eq , L@g .

A consonant, consonant + subscript or consonant + doubl e subscript combination can
carry avowel. There are 28 vowels:

MO8:008:000s000 e i) )

&
00 602 £0 £0 €0 400 1012407 O (1 03 02

Although vowels are always pronounced after consonants, their graphical representa
tion literally surrounds the consonant/subscript combination: they can appear above, be-
neath, on theright or on the left of consonants. Often avowe’ sglyph has two or three non-
connected parts.

When combining vowels with subscript consonants, the following graphical rules are
followed:

o if thesubscript hasaright-protrudingstem then thevowel (11 connectsto the subscript
and not to the consonant: []{ 4+ 01 = [ etc.

o if theconsonant carries both asubscript {J and avowel with left branch, thenthelatter
isplaced on theleft of the former: D+ t0={Det.

e if the consonant carries both a subscript consonant and a subscript vowel, then the
latter is placed underneath the former:; J+0=010+0=Jec

Finally, agroup of characters as described above can carry adiacritical mark. These are
always placed above the character:

Adonoodo
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We will cal the combination of consonant and possible subscript consonant, second
subscript consonant, vowel and diacritical mark, aconsonantal cluster. Theoreticaly there
can be 535 060 different consonantal clusters, but in practicelessthan 1% of them areredly
used. An analytic decomposition of A. Danidl’sKhmer-French dictionary [3] has provided
no more than 2821 different consonanta clusters out of 25000 entries; colloquia Khmer
may require even fewer clusters.

Besides consonantal clusters there are a'so 14 ‘stand-alon€’ characters in the Khmer
a phabet:

R ERREEEE L

These carry neither subscript consonants, nor vowel s, nor accents. They cannot befound
in subscript form. Orthographical reforms of Khmer have in some cases replaced them by
‘regular’ consonantal clusters.

Insideasentence, Khmer wordsare not separated by blank space. A blank space denotes
theend of asentence (or of part of asentence: it actslikethe period or thesemicoloninLatin
script).

Hyphenation occurs between syllables. a syllable consists of one or two consonantal
clusters with the sole restriction that the second cannot have a vowel. When aword is hy-
phenated, a hyphenis used. Sentences are ‘ hyphenated’ into words, but in that case, no hy-
phen isused. So from the typesetter’ s point of view, between two clusters hyphenation can
be

1. forbidden (when the two clusters belong to the same syllable);

2. dlowed and produce a hyphen (when the two clusters belong to the same word);

3. dlowed without producing ahyphen (when thetwo clustersbel ong to different words
in the same sentence).

Thisquick overview of the Khmer script has shown some of itsparticul arities(seea so[4],
[5], [6]). To conclude, the author would liketo underline the fact that the main difficulty in
Khmer typesetting is the divergence between phonic and graphical representation of con-
sonantal clusters (see Figure 1).

This paper isdivided into five sections:

1. thedefinition and discussion of an 8-hit encoding table for information interchange
and storage in the Khmer script. Consonantal clusters are encoded according to their
phonic representation;

2. thepresentation of three Khmer font families, designed in the METAFONT language.
These fonts correspond to the three main styles of Khmer type and provide sufficient
metaness' to perform optical scaling, continuous interpolation from light to extra-
bold weight and strong raster optimization;

3. thedescription of the process according to which the graphical representation of con-
sonantal clustersis derived from the phonic one (this process being implemented in
an ANSI C preprocessor);

4. anoverview of hyphenation and spelling reform rulesand their realizationin the pre-
processor;

5. shortcomings of the Khmer typesetting system and plans for future developments.

L In METAFONT lingo, metanessis the possibility of parametrized variation of the characters shape, weight and
style.
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f\l consonant consonant
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left part centrél part movable part  right part

Figure 1. Decomposition of a Khmer consonantal cluster

3 AN 8-BIT ENCODING TABLE FOR THE KHMER SCRIPT
3.1 Discussion

Asmentioned intheintroduction, Khmer languageiswritten using consonantal clustersand
stand-alone specia characters. The collating order of consonantal clustersis given lexico-
graphically according to the cluster components:?

Let C1 = ¢185181v1dy and Cy = ca828hvady be two consonantal clusters,
where ¢y, ¢ € {consonants}, s1, s2 € () U {subscript consonants}, s}, s5 = 0
or |1, v1,v2 € O U {vowels} and di, d2 € ) U {diacritics}. Then

1 c1 > co = Cy > Co

2. ifcg = cothens; = so = C7 = Oy (where () precedes any other
element);

3. ifeg =cyand sy = sy thens) = s, = Cp = Cy;

4. ife; =co,81 = seand s| = shthenvy = ve = C1 > Co;

5. if c; = ca,81 = 82,8 = shand vy = vy thendy > do = C1 > Ch.

Thetable of 128 codes for Khmer characters presented bel ow respects the collating or-
der. Besides consonantal clusters and specia characters, the following signs have been in-
cluded in the 8-bit encoding:

L digits 0, 0, ks, M, 2, &, b, 0, &,

2. punctuation marks other than the ones borrowed from Latin script: ¥ (Ielkto) avariant
formof thedigit i, indicating that the previousword isrepeated (similar toLatin bis),
“ (khan) and 1 (bariyatosan), equivaent to a full stop, + (camnocpikuh) a graphical
variant of the Latin colon, and the French guillemets «, »;

3. the currency symbol § (rid);

4. theinvisible code \BK (word-break) to indicate the word limitsinside a sentence.

2 The symbol () denotes an empty set.
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The following have not been included in the table;

o thearchaic characters & and & which were abolished about a century ago;

o the punctuation marks @ (cow’surine) and @ (cock’s eye), used in poetry, divina-
tion and classical texts; .

e thevariant formstJ, [ of J, I, used in [ 7].

These characters are neverthel ess included in the TEX output fonts and can be accessed via
macros.

3.2 TheTable

OnFigure2 thereader can seethetable of codes 128-255 of the proposed 8-bit encoding for
Khmer informationinterchangeand storage. The 7-bit part of thetable conformsto | SO 646
(standard 7-bit ASCI1). PositionsOx CF and Ox DF are empty.

Codes 0x80-0x9F and 0x CO represent consonants; the corresponding subscript con-
sonants are offset by 32 positions: they are represented by codes 0x A0 — 0x BE and 0x EO.
The consonant 0x9F does not have a corresponding subscript consonant. The practice of
having subscripts 32 positions apart from primary consonantsis similar to the 32-position
offset of uppercase and lowercase lettersin SO 646 (7-bit AsClI).

Codes 0x CO—0x CE represent specid characters. Digits have been placed in positions
0xD0-0xD9, vowelsin 0OXE1-0xF5 and diacriticsin 0OxF8—0xFF. Finaly, OxFAisthe
currency symbol, 0x DB-0x DE are punctuation marks and OxBF is the word-break code
VBK.

Because of the 128-character limitati on, thefollowingcharacters have not beenincluded
inthe table: (s, (s, (e, (Cls, t0s, s, 000

They haveto be represented by the following code pairs:

OXE2 OxF4 | [
OxXE9 OxF4 | (ks
HRH

[
1
1
1

°
°

i

OxE4 OxF4 Qg OxE6 OxF4
OXEC OxF4 | f0s = OxED OxF4
OXEF OxF4

—
1

50
1

3.3 Requirementsfor Khmer script software

Asinthe case of Arabic and Hindi, software displaying Khmer text has to provide context-
analytic algorithms. Below is an exhaustive list of the necessary context-dependent trans-
formations:

1. When code OxBA followsacode in the range 0x80-0x 9E, 0x CO then their glyphs
must be permuted, for ex. 71 + 0= 1n.

2. When code0xBAfollowsapair of charactersa 3, witha € {0x80-0x9E,0xC0}, 5 €
{0xA0-0xBE, 0xEO} then the glyph of Ox BA must appear on the left of the glyphs
ofa,ﬂ,fore(.m+DJ+LD—>LBU.

3. When codes 0x E9—0x ECand Ox EF-0x FO follow a combination of character codes
a, af, afywhere o and 5 are asin the previousitem and v+ =0xBA, then the glyph
t must appear on the |eft of the latter combinations. Example: /) + O+ R+ —

e
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Figure 2. Positions 0F80—-0FFF of 1SO 10646 (proposal)

4. When codes O0xED and 0x EE follow a combination «, a3, oG~ of codes as in the
previousitem, then their glyphs must appear on the left of these combinations.

5. When code 0x89 (f1)) is followed by a code in the range 0XxAO0-OxBE, OXEO then
the variant glyph i ‘must be used. Example: 1) + J— . When the second code is
0xA9 then avariant glyph must be used for it faswell: m +0- m

These contextual transformations have been implemented by the author into amodified
version of theMacintosh freeware text editor Tex-Edit by Tim Bender, included in the pack-
age. InFigure 3thereader can seetheeffect of striking successively keys <fi>, <> (<sub-
script modifier> followed by <tii>), <|0> (<subscript modifier> followed by <i>), <([11>,
to finally obtain the consonantal cluster .



TYPESETTING KHMER

203

= I=—"—=—= sample S[[E==——— sample
ifs ik
. 7
= -
| |
S[J=— sample | EO==—— sample |
ifs ik
B e
= -
| ]

Figure 3. Atext editor with Khmer contextual properties

4 THE DESIGN OF KHMER FONTSIN METAFONT

41 Font styles

There are three styles used in Khmer typesetting: standing (aksar ch-hor), oblique (aksar
chrieng) and round (aksar mul). Thelast isvirtualy identical to inscriptionsof the 12th and
13th centuries at Angkor Wat and isreserved for religioustexts, chapter headings, newspa-
per headlines, inscriptions and other occasions where there is a desire to create a contrast
with the obliquescript, to add atouch of formality, or to provide variation of emphasis (see

[5).

The author has designed three METAFONT font families, corresponding to these styles;
samples of these fontsin 14.4 point size follow hereafter; Figure 4 showsasample headline

using the round font.

NOAEL: mﬁﬁmmﬁgj‘m |
[o%

Standing characters
AR O [jrsangigRTEn suniinteyndh-
it ﬁmﬁtﬁmﬁmmﬁﬁ BhAcing curtigty (uRRBh-
mﬁoﬁnﬁmmgm atees)s mmmmﬁtﬁﬁmmm@-
sibtuatnoutes Anafimifnide  Hgnnudrep-
e crattndiihg Sesnsmintimtiess o flnnntosd
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Oblique characters
05T Os Dy ey gmgvﬁmmgn fmmmm-
f@nﬁﬁm b7 ﬁ?fLUCUQﬁCUfﬁfﬁﬁ Gafiun LU
g [UREEHmI Hear DAt Bl s I mund-
D] eI e TRGe HUURMIRST
R ﬁfﬁﬁﬁﬁﬁﬁ[)ﬁﬁﬁf FnGE TR Seenems-
abroniass 9 minnmtosi sbiite nanoe-
p5fer

Round characters

cind 05DV aRAEINNISHES exdesndtatasin-
Fefe sfsc?azcizscss,gégssssége Reduus cusigss 5gs-
slefeanSiitisaiise Somle  audsoising-
unessgedsecninnsins SnsstiauBiaeiiies &ls-
proSuipians nkadiey Swmaudowinne
« SlannioiBy Bele vivgstanNdiws

SERNBLEY
o o

Figure4. Headlinein round style

In contrast to systems like PostScript, in which fonts are interpreted during the printing
process and where similar complexity can slow the process down, in the case of META-
FONT (see [8]) fonts are compiled separately and stored on disk in a highly compacted
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form. On powerful platforms, fonts can be created by METAFONT just before the printing
process, stored on hard disk, and removed afterwards. On slower platforms (for example
personal computers), fonts are stored permanently on the hard disk. A METAFONT font
package takes much more space than a set of PostScript fonts; this disadvantage is counter-
balanced by thefact that fontscreated by METAFONT are under the compl ete control of the
user: characters are already rasterized in an optimal and homogeneous way. Other advan-
tages of using METAFONT, in particular for the design of Khmer fonts, are the
following:

1. Modularity. Characters are designed in a modular way: descriptions of parts which
are repeatedly used are stored as subroutines with an arbitrary number of parame-
tersfor adapting them to different situationswhere they can occur. A modular design
makes the font more homogeneous and easier to modify: achangeinasubroutinewill
affect the whole font.

2. Metaness. In Khmer, standing and oblique | etters share the same design, except that
certain curves of the latter are rounder than the corresponding curves of the former
(for example, compare fij with Ch, or juij with /rKh/Ch). To preserve the similar-
ity between the two styles, standing and oblique fonts are generated using the same
METAFONT code; only the values of dant, roundness and interl etter spacing param-
eters are different.

3. Raster optimization. Vertical strokes of Khmer letters must always be of the same
width, regardless of theresolution or of the output device. Inthe METAFONT “draw-
ing space’, coordinates are given in pixels; thisis possible because of the fact that
output device characteristics are given at the beginning of the METAFONT run. The
condition “two vertical strokes should have the same width” isgiven by asimplelin-
ear equation “width of | eft stroke = width of right stroke” withthe sol e precaution that
the left edges of strokesfall on the pixd raster (thisis obtained by the METAFONT
primitiver ound).

Toillustratethiswe will take the exampl e of thetwo vertical strokesof |etter fi. Asin
Figure5 let uscall z; and z the pointswhich are on the baseline and on the centra
paths of the two vertical strokes. Also let 23, z4 be the upper extremities of central
paths of thetwo vertical strokes. Let the straight segments [21;, 23], [221, 241 be the
left edges of the vertical strokes, and [z1,, 25, [22, 24-], their right edges. The fact
that 21, 2 are on the basdline can be expressed asy; = y» = 0, where y,. isthe
y-coordinate of z,. In the same way, the fact that the strokes are vertical can be ex-
pressed by the couple of equalitiesz; = x3, x5 = x4 Where z,. isthe z-coordinate
of z,. Their preciselocationisgiven asamultipleof aglobal variablew, correspond-
ing to the width of a generic character: z1; = 1/14w, z9; = 0.86w. As mentioned
in the previous paragraph, the two strokes must have the same width (called stem).
Since they are vertical, we can determine their width by using only x-coordinates.
The width equality can be expressed as o, — x9; = 21, — 21; = Stem.

Sofar, so good. But |et us consider an exampleinwhich thingscan gowrong. META-
FONT does itscalculationsin pixesor fractional parts of pixelswhich are rounded
afterwardsto the closest integer value. Let us supposethat thetwo strokesare stem =
2.2 pixelswide. Of course this should aways be rounded to 2 pixels. Now suppose
1, = 1/14w = 1.2 and z9; = 0.86w = 14.4. Vaueswill be rounded in the follow-
ingway: z1; = 1.2 — 1,21, = 1.2+ 2.2 = 3.4 — 3,and hence x1,, — 21; = 2,
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Z3 —Z% Z3r z4 —Z% z4r

pal % 2r Z zzi 2r

Figure 5. Raster optimization with METAFONT

whilexq; = 14.4 — 14,29, = 144+ 2.2 = 16.6 — 17 = 29, — 29; = 3and s0
theright stroke is one pixel wider than the | eft one.

To prevent this, one simply instructsMETAFONT to round values while calculating
point locations. By writing z1; = round(1/14w) and z; = round(0.86w), both
x1; and zo; will have integer values (in our example, 1 and 14); thisimpliesthat the
fractional partsof x1, — x1; arethe same x5, — x9; and hence both will get rounded
in the same way (either to theright or to theleft), and their values will remain equal
after rounding.

The METAFONT code? that followsimplementsthese operations; itis meant toillus-
tratethe ease of raster optimization (hinting, in PostScript lingo) in thisprogramming
language. Lines starting with %are comments.

X1r-x1l =x2r - x2I =x3r - x3| =x4r - x4l =st em

% strokes are of sanme width "stent

xX1r=x3r; Xx2r=x4r;

% and they are vertical

x1l =round( 1/ 14w); x2l =round(0. 86w) ;

%their left edges take integer pixel values

fill zlr--z3r--z3l--z1l--cycle;
fill z2r--z4r--z4l--z2l--cycle;
%fill the strokes with black

3 This codeis voluntarily kept simplistic; there are more elegant ways to program the same operations.
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The reader may have noticed that the ‘ pen position’ 25 is actually oblique, while z;
is horizontal. This fact has not influenced rasterization, since al roundingsdonein
thisexample are on the z-coordinatelevel. For the z5 pen position, adifferent kind of
optimization can be performed: in low resol utionsthe straight segment [z, 22,-] may
look ‘broken’. This will mean that the angle being too small with respect to the pixel
size, the segment will be displayed as a certain number of concatenated horizontal
rows of pixels. The number of these rowsisthe rounded value of y2; — y2,.. We can
decide to replace the oblique segment [z9;, 22,.| by ahorizontal one, if this number is
smaller than a certain value, for example 2. Thiswill be written as;

if (round(y2l-y2r) <= 2): y2l:=y2; y2r:=y2; fi

where the assignment operator : = will change the values of yo;, y2,-.
Specia care has been taken for raster optimization, since output devicesin Cambodia
are mostly of very low resolution.

4. Parametrization and optical scaling. When typeisscaled, widths of strokes are not
necessarily scaled by the same factors. Large point sizes must be narrower and thin-
ner proportionally to standard point size; small point sizes must be larger and with
increased interletter space, to enhance readability. This problem isvery well known
for the Latin script and is solved in METAFONT-created font families like Computer
Modern. Similar solutions have been adopted for Khmer.

Thereisasecond advantage of optical scaling and parametrization of character shapes.
In Cyrillicand Greek scripts one can define font families similar to Latin ones: there
already exist Cyrillic and Greek Times, Helvetica, Courier, Garamond, Baskerville
etc. The choice of a Khmer/Latin font combination is more delicate. Parametrization

of character widths gives the user the possibility of changing the grey density factor

of the Khmer font and adapt it to the Latin font heisusing.

In Figure 6, the Khmer letter % has been reproduced 256 times, with different values
of two parameters; thewidthsof ‘fat’ and ‘thin’ strokes. The centrd vertical symme-

try axis represents‘ Egyptienne -likecharacters, where the parameters have the same
value. This classification can of course be refined and enables an arbitrarily precise
choice of thefont grey density.

5 TRANSLATING A PHONIC TO A GRAPHIC DESCRIPTION

In Section 3.3 we have given aquick overview of the minimal contextual analysisinvolved
in displaying Khmer script on screen. The situation is much more complicated in the case
of high-quality typesetting.

TeX istheided tool for typesetting in Oriental scripts like Khmer, because of thein-
herent fundamental concept of boxes (see[9], [10], [11]). Asinmathematical formulas, ele-
ments of aconsonantal cluster are moved to aesthetically correct positionsand then grouped
into asingleand indivisible“box” which TEX treats as asingle entity.

In this section we will see how the graphical representation of acluster is constructed,
using both the preprocessor and TeX.
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Figure 6. Test table for gray density fine-tuning of Khmer font
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5.1 Graphical classification of Khmer cluster components

As already mentioned, there is a strong divergence between the phonic and graphical rep-
resentation of a consonantal cluster: for example, isc =017, s1 =], sz =], v =N, then
for thesame cluster (e, theformer representationis<c><s; ><sy><v> and thelatter <v
(Ieft branch)><sy><c><s;><w (right branch)>.

A thorough study of Khmer script and traditiona typography, has resulted in the fol-
lowing classification of graphical components of a consonanta cluster:

1. The'left part’. Four elements which are placed on the left of a consonant: ([, fD,
%
[0, 0.

2. The‘central part’. All consonants: fi, 9 . . . #. Also consonant + vowel € {0, m,
(17} combinations, whenever the vowel is attached to the consonant and not to a sub-

script: M, M, i etc. but not .
The difference between ‘left’ and ‘central’ part is that only the latter is taken into
account when determining the symmetry axis of the cluster.

3. The ‘movabl€e part. Subscripts and superscripts which are moved horizontally so

that their symmetry axis coincides with the axis of the centrd part: g...4, and (1,
0,000000000 0
4. The'‘right’ part. Elements placed on the right of the central part, and not involved

in the determination of the cluster symmetry axis. In this category we have certain
subscript characters: g -0 as well as selected subscript and superscript vowels

and diacritical marks: 0, 0], O, 0z, O, O, O, O,

The effective graphical construction of aconsonanta cluster by TeX, isdonein thefol-
lowingway: the preprocessor’ s output repl aces the phonic representation of acluster (inthe
encoding described in Section 3.1) by a TeX macro \ KHccl with five arguments: the first
isa9-digit number representing the phonic representation of the cluster (and with the prop-
erty that if NV, N’ are numbers representing clusters C, C’' thenC = ¢/ < N > N/,
where > isthecollating order of clustersand > the usual ordering of integers); theremain-
ing four arguments correspond to the four parts of the graphical decomposition of a cluster
as described above. For example,

\ KHccl { 050311501} {e/r}{gA{/k}{"}

indicatesaleft part e/ r (ELD), acentral part gA (in), amovable part / K(Q) and aright part

' (0). Thisexampleillustrates the important fact that the symmetry axis of the central part
is not necessarily the middle axis of the box containing the central part:

szﬂ and not szﬂ
n n

The difference is more than of just an aesthetic nature: in some cases the vertical align-
ment of elements within a cluster is necessary to determine the cluster itself. Take for ex-
ample characters 0x89 (/1)) and 0x96 (). When the latter is followed by a vowel [11 it
becomes N, which is indistinguishable from the upper part of the former: it is the lower
part [] that enables differentiation. But when both happen to carry the same subscript con-
sonant, then this lower part vanishes. The difference will be found in the alignment of the
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subscript consonant: in the case of 1) one would have for example mn, whilein the case of
M it would be fn.

From these considerations we conclude that the symmetry axislocationisavita piece
of information for every character; it depends on the shape of theindividual character and
cannot be given by a general font-independent rule.

In TpX there are several globa parameters for agiven font, but only four for every in-
dividual character of the font: width, height, depth, italic correction. The author has used
the parameter ‘italic correction’ asacarrier of theinformation related to the symmetry axis
location.

The construction mechanism isvery smple: TeX typesetsfirst the left part and the cen-
tral part of the cluster; then it moves to the left, by an amount equal to theitalic correction
of the central part and typesets the movable part; finally it moves back to the right edge of
the central part and typesets theright part of the cluster.

To simplify thismechanism, al movable elements are of zero width. The reader can see
an example in Figure 7, where TeX boxes are displayed in grey and the symmetry axis of

the central part is shown as adotted line.
: 4+

L

Figure 7. Construction of a Khmer consonantal cluster by TeX

+

5.2 Special cases and exceptions

The mechanism of cluster construction described abovefailsin certain special cases. These
arehandled by using variant formsof graphical elements. A quick description of these cases
follows.

1. Often two or three subscripts or superscripts are found in the same cluster. In these
cases the following rules apply:

(a) inthecase of two subscript consonants, the second being necessarily [ adeeper
form of thelatter is used: {1 + 0= LQ

(b) inthecase of asubscript consonant and a subscript vowel, the vowel is placed
under the subscript consonant; J+0= D Thisrulealso appliestothesubscript
consonant |; [l + L] = 01,

(¢) inthecase of two subscrfpt consonants and a subscript vowel, the consonants
are placed asin (a) and the vowel is placed on theright of LH+0+0= LD'

(d) in some cases we have both a superscn pt vowel and a d|acr|t|cal mark The
following combinations are known: U, U, D D D D
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2. To prevent confusion between theletter U1 followed by vowel 01, and theletter 1, the
former combination of consonant and vowel is written 1. A variant of thisletter is
used in the presence of a subscript: () + =1

3. When acluster with = contains vowel Dj or D], then the width of the primary con-
sonant determines the depth of the vowel: § + D] + 0= Lﬁ] but nn + D] + 0=

on|.
4. The letter 9 is not supposed to carry a subscript consonant; in some rare cases, it
carries subscri pt L 9].
wm

5.3 Operations depending on collating order

As mentioned in the previous section, the TeX command \ KHccl , obtained by the prepro-
cessor, describes a cluster by means of five arguments. The last four arguments describe
the cluster graphically: they correspond to the four parts of the graphical decomposition of
acluster, according to Section 5.1. The first argument corresponds to the phonic decompo-
sition of the cluster; it isa9-digit number N = ¢ c251 8258301 v2d1d2 Where

1. cico determinesthe primary consonant of the cluster: ¢y co goesfrom01 = i, t0 33
=H;

2. s1s9 determines the (first) subscript consonant: s;so; = 00 if there is no subscript
consonant, otherwise s; so goesfrom01 = Q to32 =(;

3. s3 = 0 if thereis no second subscript consonant, 1 if thereis a second subscript [k

4. viv, determinesthevowe: viv, = 00 if thereisno vowel, otherwisev, v, goesfrom
01=0",t028 =1[];

5. did, determinesthediacriticmark: d, d» = 00 if thereisno diacritic, otherwise d do
goesfrom01 = [J, to 08 = 1.

A completelist of characters, aphabetically ordered, isgivenin Section 2. Collating order
rules mean that for clusters C, C’ and their corresponding 9-digit numbers NV, N’, we have

C-C < N>N’

where > is the collating order of clusters. The numbers N, N’ can easily be ordered
sincethe collating order of clusters correspondsto their order as integers. Thisfact enables
straightforward searching, sorting, indexing and other operationsinvolving collating order.

6 HYPHENATION AND OTHER PREPROCESSOR FEATURES
6.1 Hyphenation

Hyphenationin Khmer obeys a very simple rule: words are hyphenated between syllables.
Unfortunately thisrule can hardly beimplemented on acomputer sincethereisno algorith-
mic way of detecting syllables: a syllable can consist of one or two consonantal clusters.

Withthe help of Prof. Alain Daniel, an empirical hyphenation mechanism has been de-
veloped out of several general rules and observations. Below is afirst set of rules— there
will be further refinement after thorough testing on bigger amounts of Khmer text.
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Let C, C' be consonantal clusters. Hyphenation C-C” is possible whenever:

1. C' containsavowd;
2. C containsavowel such ass, (s, Dz, i1z, (035, (02, 10, 101, 003, 3, 3, O,
or one of the diacritical marks [, J;

Hyphenation is aways possible before or after specia characters.

TeX provides an interna hyphenation mechanism based on hyphenation patterns. Un-
fortunately thismechanism cannot be used in the case of Khmer consonantal clusters, since
these are enclosed in boxes and hence cannot be considered as characters by TeX. For this
reason, the hyphenation algorithm is performed by the preprocessor; whenever one of the
two above rules is satisfied, the TeX macro \ - isincluded in the output. This command
expands as

\def\-{\discretionary{-}{}{}}

so that a hyphen is obtained whenever aword is hyphenated. There is no algorithm yet for
automatic decomposition of sentences into words: the user is asked to include VVBK (word-
break) codes between words inside a sentence. These codes are converted into \ KHwbk
commands by the preprocessor; \ KHwbk expands into

\ def \ KHwbk{\ di scretionary{}{}{}}

that is; apotential hyphenation point, without hyphen.

6.2 Decomposition of special characters and spelling reforms

The specia characters (codes 0x C1-0x CE) are mostly historical residues and loans from
other languages (Pali and Sanskrit). There have been many attemptsby the CambodianMin-
istry of Education to restrict their number, and eventually replace some of them by regular
consonantd clusters.

This replacement can vary from word to word. Prof. Alain Daniel has established alist
of reformed words and their replacements. This list is known to the preprocessor, which
will output every special character as a TeX macro with a numeric argument indicatingthe
potential replacement by some other special character or by a consonantal cluster. For ex-
ample, depending on the surrounding word, 3 is output as \ KHaoO, \ KHao1l, \ KHao2,
\ KHao3 or \ KHao4. If a certain boolean variable\ i f r ef or med isfase, then dl five
macros will always expand into 3. On the other hand, if the boolean is true, then the first
macro yvi Il expand into 9, the second into (i, thethirdinto 9, thefourthinto § and thefifth
into 5.

Belowisafirst list of reformed words, knownto thepreprocessor. The special characters
and their decompositions are set in bolder type.

oy — i Al — B AJing — B Alas — Ba
i — i Al — B Al — Rall 2
RO — 9jmi 2 3



TYPESETTING KHMER 213

118 — [ g — i g — mm Il — tEnieg i

Lmﬁuﬁﬁ;mﬁmm [ — Qr gin — TN 3 — Hin

9M — I : 2 3 erm — 9k

97 — Bl AL — (U i — “fﬁlﬁ I — R

%6 — o Q0 = Wi g — T 3ge — 9ge

9u! — 3y NG — QRN U3 — [UCHN JUMAT — JUNAN

9 — 9 Qant — Qs 130 — IR

3 — ¥ CTI g~ done BT o
L RAIDN — THAIDD  s9m . e U — 9

TG — a1 fl— Tt 3 — 9k g — !

c TS . 3 — (A %0 — 9n

NN — Jun pf- — [HT- ’

7 SHORTCOMINGSAND PLANSFOR FURTHER DEVELOPMENT

The system presented in this paper enables high-quality Khmer typesetting. It is the first
Khmer typesetting system which solves problems such as text input in phonic order, pos-
itioning of subscriptsand superscripts, optical scaling, hyphenation and replacement of spe-
cia characters.

Nevertheless the graphical cluster-construction algorithm described in this paper has
certain flaws; afew examples:

e if aconsonant with subscript consonant carries thel] vowel, then the latter should be
justified at the right edge of the subscript, which is ot necessarily aligned with the
right edge of the consonant. For example, inthe (hypothetica) cl usterf thel]isbadly
positioned;

o takeanarrow letter (likei, 7) which carriesalarge subscript (i keﬂDﬁor QJ) and suppose
you are at theline boundary (either left or right); then contrarily to the normal use of
subscripts, it is the subscript which should be used for linejustification, and not the
consonant.

These problems cannot be solved using the current mechanism (in which TgX consid-
ersthat al subscripts and superscripts are of zero width). It could be possible to use sub-
scriptswith non-zero width, but (a) thiswould slow the process down, (b) it wouldn’t solve
the problem of theline boundary, since we are asking for contradicting properties: insidea
sentence subscripts should not interfere in determining the distance between clusters, while
at the line's boundary they should.* Furthermore, one could imagine a sentence ending
with ﬂfh and the next sentence starting with mjﬁ The blank space in between is hardly suffi-
cient to prevent clusters from from overlapping. Visually, the beginning of the sentenceis
lost.

Correctionsto these problems can be performed manually (because these problems oc-
cur very rarely). However, amuch more natural and global solution would beto treat con-
sonantal clusters asindividua codesin a 16-bit encoding scheme. As mentioned in thein-
troduction, only 2821 clusters (out of 535000 theoretical possibilities) have been detected
inthefairly complete dictionary of Prof. Alain Daniel, so a16-bit table would be more than
sufficient to cover them.

4 Unfortunately, in TEX thereis no such thing asa\ ever yl i ne command.
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This method of Khmer typesetting, is part of the Q2 project, undertaken by John Plaice
(Université Laval, Canada) and the author. Thefirst realization of €2 isan extension of TpX
(and the two utilities VPtovVF and DVICopy) to 16-bit fonts (allowing the use of 65536
characters and 4 294 967 296 ligatures or kerning pairs). Thesefontswill beexclusively vir-
tual: sincethe DVI fileformat allows up to 32-bit fontsthere isno need to extend its speci-
fications; DVI-fileswith 16-bit ©2 fontswill be‘devirtualized' through DVIcopy: the 16-bit
virtual fontswill be replaced by their 8-bit base fonts. In thisway 2 DVI fileswill be con-
verted to standard 8-bit DV files; no special DVI drivers will be needed (not even virtua
font compatible ones). In the case of Khmer, the (unique) base font will contain the glyph
descriptions (in PK or PostScript format) and the virtual font will contain the definitions of
consonantal clusters. Since consonantal clusters will be treated by TeX asindividua char-
acters, one will be able to define kerning pairs between them and solve the main problem
of Khmer typesetting.

Text input could still be done using the 8-bit encoding of Section 3; internal ligaturing
will map the 8-bit description of consonantal clustersinto their codes in the 16-hit table (a
preprocessor can still be used to perform explicit construction, if for any reason they are not
includedinthetable). Thisapproach issimilar to Kanji construction out of Kanacharacters
in Japanese, or to Hangoul construction out of elementary strokesin Korean.

Other projectsusing 2 concern vowelized Arabic, typesettingin Indic languages, Tha,
Amharicwithout preprocessor, use of calligraphicfonts (such as Adobe' s Poetica), redraw-
ing of Garamont’s Grecs du Roy etc. First releases of ) projects are expected to take place
in autumn 1994.

AVAILABILITY

The METAFONT, TeX and C sources of al software presented in this paper belong to the
public domain. They consituteaproposa for a Khmer TeX Language Package, submitted to
the Technical Working Group on Multiple Language Coordination of the TEX Users Group
and will bereleased after ratification. The « version of the packageiscurrently being tested
in Cambodia, and can be obtained from the author.

Khmer keyboard layouts using phonic input of consonantal clustersare currently being
tested as well.
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