The Design and Use of a Multiple-Alphabet Font with €

Yannis Haralambous! and John Plaice?

! Atelier Fluxus Virus,
187, rue Nationale, 59800 Lille, France.
Email: yannis@pobox.com

2School of Computer Science and Engineering,
University of New South Wales, Sydney 2052, Australia.
Email: plaice@acm.org

Abstract. The Q project aims to offer open and flexible means for typesetting
different scripts. By working at several different levels, it is possible to offer nat-
ural support for different languages and scripts, and strictly respect typographi-
cal traditions for each of them. This is illustrated with a large PostScript font for
the commonly used left-to-right non-cursive alphabets, called omlgc (€2 Latin-
Greek-Cyrillic). This font, which more than covers the Unicode sections pertain-
ing to those alphabets, as well as those of IPA, Armenian, Georgian and Tifinagh
(Berber), is built—virtually—out of smaller glyph banks. The Q typesetting en-
gine, based on that of TiX, is used to print documents using this font. The charac-
ters can be accessed either directly, or through the use of filters, called Q2 Transla-
tion Processes (Q2TPs), which are applied to the input stream.

1 Introduction

Typesetting in different scripts and languages is a problem that is arguably solved today,
either by software giants that adapt their products to what they consider to be local type-
setting specifications, or by individual users brewing their own limited, but practical,
systems for their own needs.

However, typesetting in different scripts and languages—while still keeping the qual-
ity of traditional typography—and having an open system that can be adapted to any
language and script, without loss of power or quality, is still an unachieved goal. The Q
project aims to solve precisely this problem.

The Q project consists of the design of fonts for different languages and scripts, as
well as of an engine that can be used for all possible situations.

As aresult, in order to ensure efficiency and openness, one can work at different lev-
els, each one adapted to a specific aspect of multilingual typesetting. These levels cor-
respond to methods used in the Q system. They will be illustrated through the omlgc
font, designed for—currently—Latin, Greek, Cyrillic, IPA, Armenian, Georgian and
Tifinagh.

This paper was typeset by the Q2 engine, using fonts omlgc and omarab.



2 Q Methods: an Overview

When developing an Q typesetting convention for a given language, one can work at the
following levels:

1. The font level. A font is a container of glyphs needed to typeset in a given language.
These glyphs may or may not correspond to the graphical units of a script, whether
these are called “letters”, “ideograms” or otherwise; these glyphs may be parts of
graphical units, combinations thereof, or new independent symbols.

The glyphs must be provided to the screen previewer and to the printing engine. 2
itself is not concerned by them (just like TgX, 2 works only with metrics, and as we
will see in the next item, these metrics are not necessarily those for the fonts actually
containing the glyphs).

The font level is the lowest development level, in the sense that glyphs are indivisi-
ble units that can be used in other higher level structures but cannot be dynamically
modified by Q itself.

2. The virtual font level. Once we have the glyphs we need, we combine them to form
what is normally considered for a language to be a gramatically correct script en-
tity (a ring accent alone is of no use, but a is part of the grammar for the Swedish
language).

A virtual font character is a combination of glyphs taken from several “real” fonts,
or of other virtual font characters. In the & example above, the glyphs of the ring and
of the letter a can actually be taken from entirely different fonts, in different formats
(bitmap, PostScript, TrueType, etc.).

Going from “real” fonts to virtual fonts is mainly a matter of optimization of storage
and memory: taking the seven Greek vowels, the three accents, two spirits, diaeresis,
subscript iota and macron/breve diacritics (that makes 16 glyphs) we produce 336 (!)
virtual glyphs. Describing a character in a virtual font is hundreds of times smaller
than the PostScript code describing a hypothetical similar glyph.

Virtual fonts are directly used by Q: they can have up to 2! positions and 232 kern-
ing pairs. The files created by Q can be processed (previewed, printed) by utilities
we have adapted; if the user has to use his/her own utilities which are not “16-bit
clean”, there is a tool to “devirtualize” the files [i.e. replace virtual fonts by the un-
derlying real fonts] and make them as standard as TgX output files.

3. The QTP level. When Q reads a document, it first tokenizes it and expands com-
mands and then forwards the data to the typesetting engine. Between these two steps
we introduce an arbitrary number of filters, which we call Q Typesetting Processes
(QTPs). These are written in a Lex-like syntax, are loaded while reading the docu-
ment, and can be activated and de-activated dynamically.

A typical example for an QTP is contextual analysis of Arabic. Of course, this op-
eration can also been done by macros, say using ISIgX commands; but an QTP will
do it much faster, it will avoid conflicts with other IS[EX commands, and it will be
much easier to create and configure.

Contextual analysis of Arabic is a typical example of a script property that is low
level and that should not use any macros or other high-level structures. In the case
of the Latin script one would not expect a user to constantly think of ‘fi” and ‘ff’



ligatures and place them manually: it would be very bad strategy to use an “fi ligature
command”; in Arabic this property is of the same nature, and hence should remain
completely transparent.’

But efficiency should not only be limited to speed of typesetting: sometimes it is
very important to also optimize the configuration and customization time and effort.
A typical example is the management of encodings, whether input or output: by us-
ing a universal encoding (we call it Unicode++, it is a superset of Unicode) as in-
termediate step of our QTPs, every new input encoding requires only a foo — Uni-
code++ QTP and every new font encoding only a Unicode++ — foo one; these are
significantly easier to make than if one had to rewrite all processing steps (including
contextual analysis and other bells and whistles).

4. The hyphenation and sorting engines. Hyphenation and sorting rules are grammat-
ical properties of a language: they have nothing to do with typographical aspects,
input methods, font encodings, etc. They have to be performed on the Unicode++
level, which is the most abstract one. Once defined at this level, they can immedi-
ately be used with every input and output encoding. €2 hyphenation and sorting en-
gines are still under development: for the time being, 2 does not sort, and hyphen-
ates as does TgX, using the (virtual) font encoding.

5. The macro-command level. IZTEX is a terrific construction, featuring commands on
different levels: TgX primitives, plain TgX commands, internal IXEX commands,
higher I&TEX commands and environments, user-defined commands and environ-
ments. Our goal is to keep all script-dependent processing independent of the IKTEX
macro level; once we have reached this goal, every IAIEX package will be usable in
any script and language, and both €2 package and IfTEX package developers will be
able to work independently, while still producing mutually compatible software.
By doing this, we also allow ourselves in the future to use a different typesetting
engine than that found in TgX, without having to completely redo our system. The
QTPs might need modification, but the basic structure would remain the same.

3 Level 1: Designing glyphs

What we call a “glyph” is simply a character from a PostScript, TrueType or Metafont
font; so why call it such? Because we want to make the distinction between the “im-
ages” and the “combinations of images”, the latter of which € will use as characters for
typesetting.

For our omlgc font, the glyphs are produced so that the glyphs for different alphabets
look similar. With the exception of Tifinagh, the history of the different alphabets making
up this font is strongly interrelated; as such, it has been possible to design a single font
with a characteristic feel. (For Tifinagh, the script has evolved less than the others, so we
are doing creative experimentation—only time will tell if it is successful.)

For example, the following two words “Lus Muwjuuwlbwbih” are Armenian. Al-
though the traditional Armenian script does not look so rounded, it is considered com-

! And undoubtedly this would be the case if the lingua franca of computer science was Arabic
or Urdu, and not English.



mon practice today to typeset books in this manner, and Armenians are not shocked in
the least.

The omlgc font is a modern looking font. One question that might arise is what to do
with classical versions of these alphabets. For ancient Greek, it is common to use mod-
ern typefaces (although there are typefaces specifically made for ancient Greek, such
as Porson or Greek Sans Serif). Can we not also typeset Coptic and Slavonic excerpts
without breaking the homogeneity of the surrounding “modern” font? We have tried to
do this for Slavonic (including not only letters and accents found in Unicode, but also
all the other diacritics and symbols needed for Old Church Slavonic), and our example
looks like this: (pbma & ifics it peué &it. Nothing really exciting to look at, but that is
the point: it should fit with the surrounding text instead of looking “exotic”.

Finally, a lot of work has gone into the design of IPA glyphs, which are problematic
since many of them are basically font variations (italics, small caps, etc.) of other glyphs,
thereby making it a nightmare to design fonts including IPA that have variations.

As we will see in the next section, a big part of the omlgc font is obtained by com-
bining a limited number of glyphs. This corresponds to a grammatical reality: it is quite
natural to assume that placing diacritics does not affect the shapes of either the base char-
acter or the diacritic itself. Often this is true, but there are times when typographical qual-
ity requires special shapes.

For example, one can imagine an ‘h’ with a lower vertical stem, so that the accent of
the Esperanto character ‘h’ is not excessively high. This is really a matter of taste, and
we include these kinds of characters as variant forms in our font, and leave the decision
whether to use them to the user.

Another similar example comes from the use of diaereses over the Greek vowels iota
and upsilon, whether lowercase or uppercase; the distance between the two dots of the
diaeresis depends on the letter underneath: compare i, U, 1, ¥, while in the Latin script
the diaeresis (Umlaut, tréma) always has the same width: 1, 6, W, etc.

4 Level 2: Combining Glyphs into Virtual Fonts

A character of a virtual font can be a combination of characters of other fonts (whether
real, in which case we actually have glyphs, or again virtual, in which case we have sub-
combinations etc.), of black boxes of arbitrary height and width, and of PostScript code
[the latter feature is not implemented in all DVI drivers, so one should refrain from using
it, at least for the moment].

We have chosen to work intensely with virtual fonts for two reasons: first because by
combining glyphs we can optimize space (and space management is crucial when you
deal with 16-bit fonts), and second, to be able to use 16-bit fonts without re-writing all
of the world’s drivers for TgX’s DVI format (the underlying real fonts are 8-bit only, so
that a devirtualized 16-bit font becomes 8-bit and can be processed by any decent DVI
driver).

Virtual fonts are built using a (portable) Perl script, which reads the configuration
file omlgc.cfg. This file contains one entry for each character of the virtual font. This
line consists of (a) a 4-digit hexadecimal number, designating the character’s position in



the font, (b) an operator, (c) one or more character names, depending on the operator,
(d) a certain number of optional operators and values.

The N operator. The N stands for “NAME”, and simply means that the string follow-
ing the operator is the (PostScript) name of one or more characters in some of the fonts
loaded. For example,

03A5 N Upsilon

means that at position 03A5 of the virtual font, we have placed the Greek letter capi-
tal Upsilon T. The PostScript names we have used try to be as standard as possible (of
course, most of the time there is no standard, so we just have to invent names...)

The same glyph can be used for several font positions: for example, the Croatian
Dze D has exactly the same shape as the Icelandic Eth D: we use the same glyph, and
hence the same PostScript name. Nevertheless we try to optimize the use of glyphs so
that one can typeset in one script without necessarily loading the PostScript fonts for
other scripts: for example, although the capital Latin ‘A’ has the same shape as the Greek
capital Alpha, we use two different glyphs in two different PostScript fonts, so that when
typesetting Greek one can avoid loading the Latin PostScript font. These considerations
will be irrelevant when we will be able to use 16-bit monobloc PostScript fonts; for the
moment, this is not part of the Adobe Type 1 font specification.

There are several options we can use: #KRN, #KRNLEFT, #KRNRIGHT, #HOFFSET,
#VOFFSET.

The first three concern kerning: we can state that a given character has the same kern-
ing behavior as some other character, which we give by name. For example, ¢ will be
kerned exactly like the letter ‘c’: everytime there is a kerning pair in the kernings file
using ‘c’ a new kerning pair will be defined, using ¢ instead of ‘c’ (and if there is a ‘c-c’
kerning pair, three new kerning pairs will be defined: ‘¢-c’, ‘c-¢’, ‘¢c-¢’). Sometimes we
kern a letter like some given letter on the right and like some other letter on the left: this
is typically the case of ligatures: & will be kerned as ‘a’ on the left, and as ‘e’ on the
right; in that case, we use the #KRNLEFT and #KRNRIGHT operators:

00C6 N AE #KRNLEFT=A #KRNRIGHT=E
OOE6 N ae #KRNLEFT=a #KRNRIGHT=e
0110 N Eth #KRN=D

The operators #HOFFSET and #VOFFSET will offset the glyph without affecting the
box of the character.

The XHAC and CHAC operators. These operators will place diacritics over letters, which
are considered to have the same height as the lowercase letter ‘x’ (x-height) or the one of
an LGC uppercase letter (cap-height). The idea is that the height of letters can fluctuate: a
round letter, like ‘0’, is slighty higher than a flat letter, like ‘z’, to counterbalance a well-
known optical effect. The height of accents over these letters must be the same, even if
they aren’t exactly of x-height, or cap-height: take for example 6 and ; if we would take
the real height of these letters, the accent on the former would be slightly higher than the
one on the latter.



How is this accent placed precisely? The Perl utility centers the bounding box of the
accent over the bounding box of the letter, with a fixed distance of EPSILON (a global
value) between the lower boundary of the accent and either the x-height or cap-height
of the font (those two are also global values we provide the utility with).

The options available are: #KRN, #KRNLEFT, #KRNRIGHT, #LETTERLIKE, #ACCENTLIKE
and #LETTERREVLIKE.

The options #LETTERLIKE and #ACCENTLIKE allow us to use given glyphs, with the
metrics of other glyphs. These options are extremely important in certain cases. A typical
example is Vietnamese: the letter ‘o0 with hook’ o is significantly wider than the plain
‘0’, nevertheless accents have to be centered on the “o part” of the letter: &, &, &, &. This
trick allows us to correctly place an accent on the vertical stem of a ‘b’ or an ‘h’: b, h,
h; to obtain this result, we simply ask the accent to be placed as if the letter was an ‘I’:

0603 CHAC b dot #LETTERLIKE=1
0623 CHAC h dot #LETTERLIKE=1
0627 CHAC h dieresis #LETTERLIKE=1

We have the same fonctionality with accents: using the #ACCENTLIKE operator we
can place an accent as if it was some other accent. The typical example is again Viet-
namese, where there are combined accents ‘circumflex + grave’, ‘circumflex + acute’,
which have to be centered with respect to the middle axis of the circumflex (and hence
as if there were no acute or grave accent):

06D0 CHAC O circumflexacute #KERN=0 #ACCENTLIKE=circumflex
06D1 XHAC o circumflexacute #KERN=0 #ACCENTLIKE=circumflex
06D2 CHAC 0 circumflexgrave #KERN=0 #ACCENTLIKE=circumflex
06D3 XHAC o circumflexgrave #KERN=o0 #ACCENTLIKE=circumflex
06D4 CHAC 0 circumflexhook #KERN=0 #ACCENTLIKE=circumflex

06D5 XHAC o circumflexhook #KERN=0 #ACCENTLIKE=circumflex

06D6 CHAC O circumflextilde #KERN=0 #ACCENTLIKE=circumflex
06D7 XHAC o circumflextilde #KERN=0 #ACCENTLIKE=circumflex

Another example is Slavonic, with letters such as £x, where the accent has to be
placed on the right part of the ligature, as in . This means that we should use the
metrics of a given character, justified on the right of our box: this is the rdle of the
#LETTERREVLIKE operator.

The ADJ operator. This operator allows us to concatenate two characters, using a box
with width equal to the sum of the widths of the two boxes, & the eventual kerning be-
tween those characters, and height/depth the maximum height/depth of the two charac-
ters. We first wanted to use that operator for the Croatian digraphs ‘Lj’, ‘Nj’, etc. but then
decided that the whole idea of having code positions for these digraphs was so silly that
we could very well do without. The operator nevertheless proved very useful for cases
such as the Greek capital vowels with accent A, 'E, H, T, 'O, 'T, 'Q.

This operator takes a special option: #MOVELEFT; this option allowed us to override
a kern between two characters and move the second one horizontally, together with its
box.



S Levels 3 and 4: QTPs and IXTgX Macros

Once the structure of fonts is well organized, we use QTPs for low level script- or
language-dependent operations and macros for higher level operations. To give an idea
of the power of QTPs, consider the following Latin transcription for Berber:

Tifinagh, d--tira timezwuran .imazighen.

Llant di tmurt--nnegh dat tiran ta.erabt d--tla.tinit.
Nnulfant--edd dat .imir nugellid Masinisen. .Imazighenn
.imir--en, ttarun--tent ghefi.zra, degg .ifran, ghef .igduren,
maca tiggti ghef i.zekwan : ttarun fell--asen .isemnumettin,
dwi--t--ilan, d wayen yexdem di tudert--is akkenur t ttettun
.ina.tfaren.

This piece of text can be printed using the Latin script, as in:

Tifinay, d_tira timezwura n imaziyen. Llant di tmurt_nney dat tira n taerabt
d_tlatinit. Nnulfant_edd dat imir n ugellid Masinisen. Imaziyen n imir_en,
ttarun_tent yefizra, degg ifran, yef igduren, maca tiggti yef izekwan : ttarun fel-
I_asen isem n umettin, d wi_t_ilan, d wayen yexdem di tudert_is akken ur t ttet-
tun inatfaren.

or in the original Tifinagh script, as in:

XZI4l-:, A_X%20: X2LEK=:0- I 2C-K%:1. IIW-IX AZ XC:H_I\i A-X X20- I X-O-Bt
A_XI-EZIZX. TGIOEIX_AA A-X 2L%20 1 :XIIWZA C-KN%IZNI. 2L-K%:1 1 2C%20_1,
XX-O:1_XIX :IlZ#0-, AXX ZILO-1, L 2XA:0I, L-C- XZXKXt7Z (L Z#==-1 : XX-O:1
LN _-KI ZMLC I :E¥X%I, A =7z_X_%II'I, A =21 Z:AL AZ X:AH_%K -==1 :0 X
XXXX:1 ZI-EIL-OI.

In fact, Berber can also be written right-to-left in the Arabic script (font omarab):

el B o Ll ol Aol g Tuy oAl bj,;,a_.; i of Lk
u_)..s.a..nuu.auJLA_i u_-.u..\_s_s_..uLcJaJ_QJuJ_uu ulddu—iL—Lb—l ua_s_\-la)LAJ
uJJLA |\9$yd&w$4ab.uLa ‘UJJJ‘A-'&‘UIJ—L’dJ JW ;}—tA_uJJL—I
& s OX) G sust g padn Gnls 9 gy 3 O O ped Gl JB

Jl-daLuw-u

In the latter case, a font and direction change were necessary. Otherwise, only the output
QTP needed to be changed for the three cases. Of course, IAIEX macros can be used to
encapsulate these changes.

6 Conclusions

As this document shows, omlgc font is now usable for typesetting, using Q, any lan-
guage that uses the Latin, Greek, Cyrillic and Tifinagh alphabets, and will soon be ready
for the other alphabets in this group.

We complete the paper with a few examples. We begin with three versions (ro-
man, italic, bold) of a Greek text [IOAAEZ ®OPEX THN NTKTA, by ‘Avdptag
"Eustelpixog. The following pages include some of the pages for the omlgc font.



“Oool & 06.g YUPILETE TV VUKTA UEC™ 0TOVG OPOUOUS, AUEPLULVOL T] OKETTTLKOL,
™V dvol&L, kata Vv &moyr tob Emrtadiov Opnvov, 1) £kel Kovtd oTig
OPEC TG yapovpeveg oL 6dNYoDV otV OpLoapBevTikiy TV dvewoty o
ntdeLva yivy Maoya, Tpiv dkovoBotv ol AVaoTAOWES KOUTTAVES, Ko, AKOUN
TEPLOOOTEPO, TiG VUKTES TOU KAAOKOLPLOD 0TOVS dPOIOVG TOUG OVELPLKOUG
toD okotevol Aovdivou, oTovg GALOVGS TOVGS TAATELS 1] TOUS OTEVOUG, TTOU
gktelvovtaL yupw ato Tov Mooyofa ot Mooy a, 1) otag 00006 Thg KATOOTPNG
ABNvog, o€ dopudhwTes oTyues TG OMYPews, 1 08 AdPpOLooes OTLYUES
gvdarpoviag, dtav apdbvpa kai EEOPUALL yavouv SLamhato AvoLKTa Yo
va. ey 00DV dpootd kol ubpa, SooL Amd 085 VUKTWOP YUPLLETE 0TOVS dPOUOUG
TOVEVTUYEIS TTOV EKOTEPUATIONTE, 1) OUOTUYEIS TOV KATOLN YUVaika SEV
gotepEe va odg deyOT) Kol d&v €0tdOm, Myo dv mpoottete, 6 dkovoeTe
moA\G, Boa oty TOPPN Tig Nuépag dhokorov elvar Vi dkovoOoDv.

‘000t aro odg yveilete TV vixTa uéa’ 0Tovs SOOUOVS, GUEQIUVOL T} OXETTIXOL,
v dvol&l, xata v émoyn) o0 "Emragiov Opnvov, 1j éxel xovid oTic 0oes
TG YAQOVUEVES OV OONYOTV OTiV YoLaUBEVTIXNV TNV VWOV TOU TAEL
va yivy Maoya, moiv axovodoiv ol avaoTdowes oumaves, xai, axoun
TEQLOTOTEQO, TIC VUATES TOU *AAOXAUQLOT OTOVS SPOUOVS TOUS OVEIQLXOUS
10U 0%OTEVOT AOVSIVOU, OTOUS AALOVS TOVS TAATEIS 1) TOVS OTEVOUS, IOV
éxteivovral yopw amo Tov Mooyoba oty Méoya, 1j otag 080V6 Tijg xATAOTONG
‘Avnvag, 0é doguddwtes otiyués tig YAMYews, T 08 APOOEOTES OTIYUES
evdatuoviag, otav wapadvoa xai EEwpuila yaivovy SiamAata avouxtd yia
va Sexdotv Spooia xai utpa, 3ot Ao 0dg vixTwe Yvilete 010l Sp0U0UVS
TAVEVTUYEIG TOV ExomeQuaTioate, 1) SUOTUYEIS TOU XATOLO Yuvaira O&V
éoteo&e va oag dex i) xai v éaradn, Aiyo dv moooéete, Ya arovoete
m0AAG, Boa oThv TV6N Tiic Nuéoas SUoxolov elval va dxovodoiv.

“OcoL 4o 0dg YUPILETE TV VUKTA NEG’ 0TOVS dponove, duépuuvor i
OKETTIKOL, TV AVOLEL, Kata TV oy Tob "Emradiov Opivov, i ékel
KOVTO, 0TS MPES TS YOPOVIEVES TOV 63N YOUY 6TV OpraufevTikny TV
avmory Tov aer va yivy Iaoya, Tpiv akovooiv ol AvaoTacIuEes KOWTAVES,
KO, GKOUY TEPLOCOTEPO, TIS VUKTES TOV KAAOKOPLOD 0TOUS dponovg
TOUS OVEIPIKOUS TOD 0KOTEWVOD A0VIivov, 6Tovg dAlovg Tovg TAATEIS 1)
TOUS GTEVOUG, OV EKTELVOVIAL YUP® G0 TOv Mooyofa ot Mooya, 1
010 000Vg Tijs KAToompns AN vas, 6 dopualmtes sTrynss Tijg 0Liyemg,
1] 6¢ aPpoesoes oTryuss evdapoviag, otay mTapadupa kai EE@Puiia
YOVOUY JATAATE GVOIKTA YIQ VO dexO0UY dpocia kol pvpa, 660t Gwo
005 VUKTWP YUPILETE 0TOVS OPOUOVS TAVEVTVYELS TOV EKOTEPRATIOATE,
1] dvoTuyEis mov KaTown Yuvaika O¢v £otepEe va odg deyB) Kai OEv
£€0taOn, Miyo dv mpoottete, 00 dkovoeTE TOAAG, 600 TV TUPPN TijS
Nuépag doKoAov eivar vé. dovedoiy.
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