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Abstract

The Q project aims to oer open and exible means for typesetting dierent scripts. By working at several
dierent levels, it is possible to oer natural support for dierent languages and scripts, and strictly respect
typographical traditions for each of them. This is illustrated with a large PostScript Type 1 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 pertaining to those alphabets, as well as those of IPA, Ar-
menian, Georgian and Tinagh (Berber), is builtvirtuallyout of smaller glyph banks. The € typesetting
engine, based on that of TX, is used to print documents using this font. The characters can be accessed
either directly, or through the use of lters, called €2 Typesetting Processes (QQTPs), which are applied to
the input stream.

1 Introduction

Typesetting in dierent 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 typesetting specications, or by individual

users brewing their own limited, but practical, systems for their own needs.
However, typesetting in dierent scripts and languageswhile still keeping the quality of traditional typog-

raphyand 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 dierent languages and scripts, as well as of an engine
that can be used for all possible situations.
As aresult, in order to ensure eciency and openness, one can work at dierent levels, each one adapted

to a specic aspect of multilingual typesetting. These levels correspond to methods used in the €2 system.
They will be illustrated through the om1gc font, designed forcurrentlyLatin, Greek, Cyrillic, IPA, Armenian,

Georgian and Tinagh.

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 fontlevel. A fontis 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 as well as to the printing engine. Q itself is
not concerned with these glyphs: as with TgX, €2 works only with metrics, not necessarily those for
the fonts actually containing the glyphs.

The font level is the lowest development level, in the sense that glyphs are indivisible units that can
be used in other higher level structures but cannot be dynamically modied 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 entity (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 a example above, the glyphs of the ring and of the letter a can actually be taken
from entirely dierent fonts, in dierent formats (bitmap, PostScript, TrueType, etc.).

Passing from real fonts to virtual fonts is essentially a matter of optimization of storage and mem-
ory: 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 char-
acter 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 26 positions and 232 kerning pairs. The les

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 les, i.e. replace
virtual fonts by the underlying real fonts, and make them as standard as TgX output les.

3. The QTP level. When Q reads a document, it rst tokenizes it and expands commands and then for-
wards the data to the typesetting engine. Between these two steps we introduce an arbitrary number
of lters, which we call 2 Typesetting Processes (Q2TPs). These are written in a Lex-like syntax, are
loaded while reading the document, and can be activated and de-activated dynamically.

A typical example for an QTP is contextual analysis of Arabic. Of course, this operation can also
been done by macros, say using IIEX commands; but an QTP will do it much faster, it will avoid
conicts with other ISIEX commands, and it will be much easier to create and congure.

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

But eciency should not only be limited to speed of typesetting: sometimes it is very important to also
optimize the conguration and customization time and eort. A typical example is the management
of encodings, whether input or output: by using a universal encodingwhich we call it Unicode++,
since it is a superset of Unicodeas intermediate step for our QTPs, every new input encoding requires
only a foo — Unicode++ QTP and every new font encoding only a Unicode++ — foo one; these are
signicantly 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 grammatical properties of
a language: they have nothing to do with typographical aspects, input methods, font encodings, etc.
They only have to be performed on the Unicode++ level, i.e. the most abstract one. Once dened at this
level, they can immediately be used with every input and output encoding. €2 hyphenation and sorting
engines are still under development: for the time being, €2 does not sort, and hyphenation takes place
as in TgX, using the (virtual) font encoding.

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



5. The macro-command level. I5IEX is a terric construction, featuring commands at multiple levels:
TgX primitives, plain TgX commands, internal IXTEX commands, higher I5TEX commands and en-
vironments, and user-dened commands and environments. Our goal is to keep all script-dependent
processing independent of the IZ[EX macro level; because of this goal, every ISIEX package is us-
able in any script and language, and both Q package and IATX package developers are able to work
independently, while still producing mutually compatible software.

By doing this, we also allow ourselves in the future to use a dierent typesetting engine than that found
in TgX, without having to completely redo our system. The QTPs might need modication, but the
basic structure would remain the same.

3 Level 1: Designing glyphs

For us, 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 images and the combinations of images, the latter of
which Q will use as characters for typesetting.

For our omlgc font, the glyphs are produced so that the glyphs for dierent alphabets look similar. With
the exception of Tinagh, the history of the dierent alphabets making up this font is strongly interrelated; as
such, it has been possible to design a single font with a characteristic feel. For Tinagh, the script has evolved
less than the others, so we are doing creative experimentationonly time will tell if it is successful, i.e. native
speakers accept it.

For example, the following two words Lus MwpuuwlbwGh are Armenian. Although the traditional
Armenian script does not look so rounded, it is considered common practice today to typeset books in this
manner, and Armenians are not in the least suprised.

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 modern typefaces, even though there
are typefaces specically made for ancient Greek, such as Porson or Greek Sans Serif. Can this also be done
for Coptic and Slavonic excerpts, without breaking the homogeneity of the surrounding modern font? We
have tried to do this for Slavonicincluding not only letters and accents found in Unicode, but also all the other
diacritics and symbols needed for Old Church Slavonicand our example looks like this: (Osbia & ifich it
peu¢ €. The result is not particularly exiting to look at, but that is the point: it should t with the surrounding
text, not look 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 om1gc font is obtained by combining a limited number
of glyphs. This corresponds to a grammatical reality: it is quite natural to assume that placing diacritics does
not aect the shapes of either the base character or the diacritic itself. Often this is true, but there are times
when typographical quality requires special shapes.

For example, one can imagine an h with a lower vertical stem, so that the accent of the Esperanto char-
acter 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, ¥, I, 7, while in the Latin script the diaeresis (Umlaut, tréma) always has the same
width: 1, O, , 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. (Since the latter feature is not implemented in all DVI
drivers, one should refrain from using it, at least for the moment.)



‘We have chosen to work intensely with virtual fonts for two reasons: rst 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 worlds drivers for TgXs 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 conguration le omlgc.cfg. This
le contains one entry for each character of the virtual font. This line consists of (a) a 4-digit hexadecimal
number, designating the characters 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.

4.0.1 The N operator.

The N stands for NAME, and simply means that the string following 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 capital Upsilon Y. The Post-
Script names we have used try to be as standard as possible. However, 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 P has exactly the
same shape as the Icelandic Eth D: we use the same glyph, and hence the same PostScript name. Neverthe-
less 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 dierent glyphs in two dierent 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 specication.

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

The rst three concern kerning: we can state that a given character has the same kerning 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 le using ¢ a new kerning pair will be dened, using ¢ instead of c (and if
there is a c-c kerning pair, three new kerning pairs will be dened: ¢-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 oset the glyph without aecting the box of the character.

4.0.2 The XHAC and CHAC operators.

These operators will place diacritics over letters, which are considered to have the same height as the low-
ercase letter x (x-height) or the one of an LGC uppercase letter (cap-height). The idea is that the height of
letters can uctuate: a round letter, like o, is slighty higher than a at letter, like z, to counterbalance a well-
known optical eect. The height of accents over these letters must be the same, even if they arent 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 xed 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 provided with
the utility).

Available options 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
o with hook o is signicantly wider than the plain o, 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 aboranh: ,, ;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 functionality with accents: using the #ACCENTLIKE operator we can place an accent
as if it was some other accent. The typical example is again Vietnamese, where there are combined accents
circumex + grave, circumex + acute, which have to be centered with respect to the middle axis of the circ-
umex (and hence as if there were no acute or grave accent):

06D0 CHAC 0 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 w. This means that we should use the metrics of a given character, justied on the right
of our box: this is the role of the #LETTERREVLIKE operator.

4.0.3 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 between those characters, and height/depth the maximum
height/depth of the two characters. We rst 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 vow-
els with accent A, 'E, 'H, T, O, Y, 'Q.

This operator takes a special option, #MOVELEFT, which allows us to overide a kern between two char-
acters 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 oper-
ations 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 timezwura n .imazighen.

Llant di tmurt--nnegh dat tira n ta.erabt d--tla.tinit.
Nnulfant--edd dat .imir n ugellid Masinisen. .Imazighenn
.imir--en, ttarun--tent ghefi.zra, degg .ifran, ghef .igduren,
maca tiggti ghef i.zekwan : ttarun fell--asen .isem n umettin,
d wi--t--ilan, d wayen yexdem di tudert--is akken ur t ttettun
.ina.tfaren.

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



Tinay, dtira timezwura n imaziyen. Llant di tmurtnney dat tira n taerabt dtlainit. Nnulfantedd
dat imir n ugellid Masinisen. Imaziyen n imiren, ttaruntent yera, degg ifran, yef igduren, maca
tiggti yef iekwan : ttarun fellasen isem n umettin, d witilan, d wayen yexdem di tudertis akken
ur t ttettun inafaren.

or in the original Tifinagh script, as in:

XZIZl-i, AXZ20- XZLK=:0" 1 ZCL-K%Z:. MI[IX A%Z XLC:0XII: A-X X%Z0- 1 X-0-6X AXI-EZ1ZX.
IFIIC-IXAA A-X 2C%20 1 :XIZA C-KMZI12KI. 2L-K%:1 1 2C%0I1, XX-O:IXIX {I[Z#0-, AXX ZILO-1, :IC
ZXA:0I, L-C- XZXXX% iIL Z#==-1: XX-O:1 ILI[- NI ZKLC I :CXXZ%I, A =2X~ZII1, A =21 Z::AL A%
X:AOXZHK -==1:0 X XXXX:I ZI-EIL-OI.

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

u.a—u—i-lo)k—id s_.\_ﬁl‘)-ﬁl—lul‘)_l_l UIJt““‘Jﬁ""G‘A oy u.a..sJLA..i |J_9_).4u_a |_).4..1.1 CL—I—I—S—\-\
‘J“UIJS"A}J ‘b‘).s.ﬂ.; u—\deLisu_)—\A-\uL)—’—i‘)LAd ua.uf—\:L&uLA JA-I-QJU‘)-\A-! u'd JUALSJJ.:
(54?43"0"[34‘&))*4“-(5\54 W&ue—“w'-«)—“w,)bi |JS‘).:q.;u_.s.u.:L..uLc ‘uﬁ.m.a

OoBbLS 0sE oy OS) ey esass

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, IZTEX macros can be used to encapsulate these changes.

6 Discussion

As this document shows, the omlgc font is now usable for typesetting, using €2, any language that uses the
Latin, Greek, Cyrillic and Tifinagh alphabets, and will soon be ready for the other alphabets in this group.

The omlgc font is not the only multi-script font that has been developed. For example, PLAN 9 [1],
Bitstream [2], and Windows [13] all have their own fonts, based on the Unicode encoding.

What does distinguish omlgc from the others is the emphasis that has been placed on typesetting. It is
assumed right from the beginning that the set of font positions is much greater than the set of positions in,
say, the Unicode definition.

This can best be visualized in Figures 3 and 4, given after the references. For the Greek page, we show
the complete set of vowels, with all spirits and breathings, with the macron diacritic, used to denote a long
vowel in classical Greek. None of these presentation forms appear in the Unicode specification---hence do
not appear in the above fonts---but they are absolutely necessary for typesetting Greek.

Similarly, the Cyrillic page shows all the vowels, with both grave (old style) and acute (new style) accents
to place emphasis. Once again, none of these forms are in the Unicode specification, but they are needed
for typesetting texts in Russian.

But having these extra forms is of no cost, since they are all virtual characters (hence no extra memory),
which can be accessed as needed in a text using the QTPs.

We complete the paper with four examples. We begin with three versions (roman, italic, bold) of a Greek
text [IOAAEZ ®OPEZ THN NYTKTA, by Andreas Embiricos. We follow with three pages of the omlgc
font.
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ITOAAEZ ®OPEZ THN NTKTA
"Avdptag "Eumelpixog

“OooL 4rto 0dg yupilete TV VOKTA HEG™ 0TOVS HPOUOUS, GUEPLUVOL 1] OKETTTLKOL, TNV GVOLEL,
Katd v émoyn) Tob "Emradiov @pivov, 1} kel KovTd oTig OpEg Tig Yapobueves Tov 68m-
YOOV otV OpLopPevtikny tv dvwoty Tov mael va yivy [doya, mpiv dkovobodv ot dva-
OTAOWES KOUTTAVES, KO, AKOUN TEPLOCOTEPO, TIG VUKTES TOU KAMOKOLPLOD GTOVG dpOuovg
TOUG OVELPLKOVS TOD 0KOTEWVOD AOVivov, 6ToVg AALOVG TOUGS TAITELS 1) TOUG 0TEVOUG, TOU
gkreivovral yopw &rto tov Mooyofa ot Mooya, 1) otag 680vg Tiig kKataompng  Adnvag, o¢
dopudhmteg oTiyues Thg OMYewe, T 08 ddpdecoeg otryues ebdaoviag, dtov Tapddupa
Kal EEDPUALQ yaivouv didmhata dvolkTd yid va dexBotv dpootd kai ubpa, GooL aito oag
VOKTOP YUPILETE 0TOVG OPOUOVS TUVEVTVYEIG TTOV EKOTEPUATIONTE, 1) SVOTUYELS TOV Kdi-
mowe yuvoika 8ev EatepEe va oag dex 01 kol d&v E0tdOn, Miyo Gv mpooéEete, BA dxovoeTe
TOALG, Boa ot THPPN Tiig Nuépag dokohov elval v dkovoOobv.

“Ooot amo gag yvoilete Thv vixta uéo’ otovs doduovs, auéoiuvol 1j oxemtixoi, Tyv dvoikl,
xata v émoyn) To0 Emiragiov Oofvov, 1) éxel xovTd oTiS MQES TiG xapovueves o 661)-
youv otjv Jotaubevtixny tv dvworv Tov wdaeL va yivy [doya, molv dxovodoiv oi ava-
OTAOWUES XAUTTAVES, %O, AXOUT TEQLOOOTEQO, TIG VUXTES TOTU XAAOXAUQLOT GTOVS SQOUOVS
TOUG BVELQLXOVS TOD 0%0TEWVOT AOVOivoy, 01OV dALOVS TOUS TAATEIS 1) TOVS OTEVOVS, TOU
xzelvovral yoow amo Tov Mooyoba oty Méoya, 1j otag 680vs Tijs xataomons Advag, oé
SopudAwtes otiyués Tijc YAYews, 1j 0€ Apedeooes otiyués evdatuoviag, dtav magddvoa
xai EEdpuida yaivovv Siamdata avouxtd yia va dexdotv dpooia xai uvoa, 600t Ao 0as
VORTWQ YUQILETE OTOVS OQOUOVS TAVEVTUYEIS TOV EXOTEQUATIOATE, 1) SUOTUYEIS TOV %A~
sota yvvaixa 8év éotep&e va odg dex i) nai dév éarddn, Aiyo dv moooéEete, Yo aroioete
TOALG, Boa oThv TH6N Tils Huéoag SVoxolov eival va dxovodoiv.

‘O0oot 4o 6dg yupilete TV YOKTO UEG™ 0TOVS dpOUOUVS, GUEPLUVOL 1) OKETTIKOL, TV
avorE, kata Ty émoyn) Tov "Emitadiov Opijvov, i EKEl KOVIQ 0TiG OPES Tig LAPOU-
Ueves mov 0010ty oty Bpropufevticiy Ty dvoowy mov waer va yivy Iaoyo, mpiv
aK0ov000UV 0L AVUOTACLUES KOUTAVES, KOl, KO TEPLOGOTEPO, TIS VUKTES TOV KOAO-
KaLpLod oTovg dpoiovs ToUg OVELPLKOUS TOD 6KOTELVOD Aovdivov, 6Tovg dhlovg Tovg
TAUTELS 1] TOVG GTEVOUGS, TOV EKTEIVOVTUL YUP® Ao Tov Mooyofa ot} Mooy, 1} otag
000v¢ Tijs kataompns "AdNvas, 6 dopuvdlotes oTryues Tijs OAiYens, 1} 6¢ dPpocooes
oTynss evdapoviag, 6Tav Tepdduvpo kai EEGPUALY YAIVOUY SLATAATO AVOIKTA YLl
va dgxfotv dpociLa Kai nvpa, 6601 Ao GAS VUKTOP YUPLLETE 6TOVS dPOUOVS TAVELTL-
XEIS OV EKOTMEPUATIOATE, 1] OVGTUYEIS TOV KATTOL. YUVaiKe DV EoTepEe va 6dg dey O]
Kot 0¢v €000, Myo dv mpooiEete, 00 dkovoere molha, 600 oV TUPPN TijS NuEpas
d0oK0LOV Eivar V& dKkovsBoiy.

Figure 1: Roman, italic and bold versions of a Greek text.
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Figure 2: Unicode Row 1E: Latin Extended Additional.
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Figure 3: Greek vowels with macron, for long syllables (not in Unicode).
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Figure 4: Accented Cyrillic characters, for emphasis (not in Unicode).

11



