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Abstract

In this paper a few applications of the current implementation of Q are given.
These applications concern typesetting problems that cannot be solved by TgX

(consequently, by no other typesetting system known to the authors).

They

cover a wide range, going from calligraphic script fonts (Adobe Poetica), to plain
Dutch/Portuguese/Turkish typesetting, to vowelized Arabic, fully diacriticized
scholarly Greek, or decently kerned Khmer.

For every chosen example, the particular difficulties, either typographical or
TgXnical (or both), are explained, and a short glance to the methods used by Q
to solve the problem is given. A few problems Q cannot solve are mentioned, as

challenges for future Q versions.

On Greek, ancient and modern (but rather
ancient than modern)

Diacritics against kerning. It is in general expected
of educated men and women to know Greek letters.
Already in college, having used 6 for angles, y for
acceleration, and 7T to calculate the area of a round
apple pie of given radius, we are all familiar with
these letters, just as with the Latin alphabet. But the
Greek language, in particular the ancient one, needs
more than just letters to be written. Two kinds of
diacritics are used, namely accents (acute, grave and
circumflex), and breathings (smooth and raw) which
are placed on vowels; breathings are also placed on
the consonant rho.

Every word has at most one accent!, and 99.9%
of Greek words have exactly one accent. Every word
starting with a vowel has exactly one breathing?. It
follows that writing in Greek involves much more
accentuation than any Latin-alphabet language, with
the obvious exception of Vietnamese.

How does TgX deal with Greek diacritics? If the
traditional approach of the \accent primitive had
been taken, then we would have practically no hy-

! Sometimes an accent is transported from a
word to the preceding one: &vBpwndg tig instead of
&vBpwmog, tig, so that typographically a word has
more than one accent.

2 With one exception: the letters gp are often
written g6, when inside a word: woppé.
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phenation (which in turn would result in disastrous
over/underfulls, since Greek can easily have long
words like @roptvolapuyyoroyixde), no kerning, and a
cumbersome input, involving one or two macros for
every word.

The first approach, originated by Silvio Levy
(1988), was to use TgX’s ligatures (‘dumb’ ones first,
‘smart’ ones later on) to obtain accented letters out
of combinations of codes representing breathings (>
and <), accents (‘, ' and ~ or =) and the letters them-
selves. In this way, one writes >‘h to get 4. This
approach solved the problem of hyphenation and of
cumbersome input.

Nevertheless, this approach fails to solve the
kerning problem. Let’s take the very common case
of the article <0 (letter tau followed by the letter omi-
cron); in almost all fonts there is a kerning instruc-
tion between these letters, obviously because of in-
variant characteristics of their shapes. Suppose now
that omicron is accented, and that one writes t ‘o to
get tau followed by omicron with grave accent. What
TEX sees is a ‘t’ followed by a grave accent. No kern-
ing can be defined for these two characters, because
we have no idea what may follow after the grave ac-
cent (it can very well be a iota, and usually there is no
kerning between tau and iota). When the letter omi-
cron arrives, it is too late; TgX has already forgotten
that there was a tau before the grave accent.

A solution to this problem would be to write di-
acritics after vowels (“post-positive notation”). But
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this contradicts the visual characteristics of diacrit-
ics in the upper case, since these are placed on
the left of uppercase letters: “Euxp could hardly be
transliterated E>’ar. And, after all, TgX should be
able to do proper Greek typesetting, however the let-
ters and diacritics are input.

Q solves this problem by using an appropriate
chain of Q Translation Processes (QTPs), a notion
explained in Plaice (1994): as example, consider the
word &ap:

1. Suppose the user wishes to input his/her text
in 7-bit ascii; he/she will type >’ear, and this
is already 150-646, so that no particular input
translation is needed. Another choice would be
to use some Greek input encoding, such as 1S0-
8859-7 or EAOT; then he/she may as well type
>'eap or >¢ap (the reason for the absurd compli-
cation of being forced to type either >'¢ or >¢
to obtain £, is that “modern Greek” encodings
have taken the easy way out and feature only
one accent, as if the Greek language was born
in 1982, year of the hasty and politically moti-
vated spelling reform). The first QTP will send
these codes to the appropriate 16-bit codes in
ISO 10646/UNICODE: 0x1f14 for &, 0x03bl for a,
and 0x03c1 for p.

2. Once Q knows what characters it is dealing with
(Q’s default internal encoding is precisely 1so-
10646), it will hyphenate using 16-bit patterns.

3. Finally, an appropriate QTP will send Greek
ISO 10646/UNICODE codes to a 16-bit virtual
font (see next section to find out why we
need 16 bits), built up from one or more 8-bit
fonts. This font contains kerning instructions,
applied in a straightforward manner, since we
are now dealing with only three codes: <&>, <a>
and <p>. No auxiliary codes interfere anymore.

4. xdvicopy? will de-virtualize the dvi file and re-
turn a new dvi file using only 8-bit fonts, com-
patible with every decent dvi driver.

By separating tasks, hyphenation becomes more
natural (for TgX one has to use patterns including
auxiliary codes ’, ‘, = etc.). Furthermore, an addi-
tional problem has been solved en passant: the prim-
itives \Tefthyphenmin and \righthyphenmin apply
to characters of \catcode 12. To obtain hyphenation
between clusters involving auxiliary codes, we have
to declare these codes as ‘letter-like characters’. For
example, the word &xp, written as >’ ear: the codes
> and ’ must be considered as letter-like (non-trivial
\1ccode) to allow hyphenation; but this means that
for TgX, Exp has 5 letters instead of 3, and hence even

3In the name of this program, which is an ex-
tended version of Peter Breitenlohner’s dvicopy, ‘X’
stands for ‘extended’, not for 'X-Window’.

if we ask \Tefthyphenmin=3, we will still get the
word hyphenated as Z-ap!! Q solves this problem by
hyphenating after the translation has been done (in
this case >’e or >' ¢ or >¢ — &).

Dactyls, spondees and 16-bit fonts. Scholarly edi-
tions of Greek texts are slightly more complicated
than plain ones?, one of the add-ons being a third
level of diacritization: syllable lengths.

One reads in Betts and Henry (1989, p. 254):
“Greek poetry was composed on an entirely differ-
ent principle from that employed in English. It was
not constructed by arranging stressed syllables in pat-
terns, nor with a system of rhymes. Greek poets em-
ployed a number of different metres, all of which con-
sist of a certain fixed arrangement of long and short
syllables”. Long and short syllables are denoted by
the diacritics macron and breve. The diacritics are
placed between the letter and the regular diacritic, if
any (except in the case of uppercase letters, where
they are placed over the letter while regular diacrit-
ics are placed to its left).?

The famous first two verses of the Odyssey
" Avdpo ot Evvene, Moboo moAdtpomov, 8¢ wdAa TOAAX
A& BN &nel Tpoing lepdv mroAiebpov Enepae
form hexameters. These consists of six feets: four
dactyls or spondees, a dactyl and a spondee or
trochee (see again Betts and Henry 1989 for more
details). One could write the text without accents or
breathings to make the metre more apparent:

Avdp& pot Ewéng, Mobod mOADTedndY, b¢ uAd TOAAE
TASYxOH Enel Tpotrc [Epdv 1tdATEOpOY EmEpoE

or one could decide to typeset all types of diacritics:
” AvBp& wot Ewing, Molod, néAbTpdTdY, 8¢ p&)\& TOARG,
TAG Y X O Enel Teoific %Epév mékfiepév E‘IEEPO’E

Having paid a fortune to acquire the machine
that sits between the keyboard and the screen, one
could expect that hyphenation of text and kerning
between letters remains the same, despite the con-
stantly growing number of diacritics. Actually this
isn’t possible for TgX: there are exactly 345 combi-
nations of Greek letters with accents, breathings, syl-
lable lengths and subscript iota; TeX can handle at
most 256 characters in a font. Therefore Q is neces-
sary for hyphenation of Greek text, whenever syllable
lengths are typeset.

In this case, things do not run as smoothly as in
the previous section: although 345 is a small number
compared to 65,536 (= 216), 1s0-people decided that

4 After all, scholars have been studying Greek text
for more than 2,000 years now.

5 These additional diacritics are also used for a
different purpose: in prose, placed on letters alpha,
iota or upsilon, they indicate if they are pronounced
long or short (this time we are talking about letters
and not about syilables).
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there is not room enough for all combinations of
accents, breathings and syllable lengths.5

Whenever ISO 10646/UNICODE comes too short
for our needs, we use the private zone. Just as in
the TV serial The Twilight Zone, in the private zone
anything can happen. In the case of Q all opera-
tions remain internal, so that we have absolute free-
dom of defining characters: according to the 1993-
05-01 version of 150-10646-1, the private zone con-
sists of characters Oxe000 to Oxfffd (of group 0, that
is the 16-bit part of 150-10646-1), a total of 8,190 po-
sitions.

Q will treat the input like in the previous sec-
tion, but letters with macron and breve diacritics will
occupy internal positions in the private zone. The
rest of the treatment will be exactly the same. As for
the transliterated input one could take A and _ to de-
note macron and breve (after having changed their
catcodes so that they do not interfere with math op-
erators), or any other combination of 7-bit or 8-bit
codes.

A dream that may come true. As stated by the first
author in his Cork talk, back in 1990, his dream
was—and still is—to draw a Greek font based on the
famous « Grecs du Roi » typeface by Claude Gara-
mont, graved in 1544-46 for the king Francois 1. This
typeface was designed after a manuscript of "Avyye-
Aog Bepyfixtog, a Cretan, calligrapher and reader of
Greek at the French Court, in the beginning of the
xvi century. There are 1327 different types, most of
them ligatures of two or more letters (sometimes en-
tire words). One can read in Nationale (1990) that
“this typeface is the most precious piece of the col-
lection [of the French National Printing House]”, cer-
tainly not the least of honors! Q is the ideal plat-
form for typesetting with this font, since it would
need only an additional QTP to convert plain Greek
input into ligatures. The author hopes to have fin-
ished (or, on a more realistic basis, to have brought
to a decent level) this project in time for the Interna-
tional Symposium “Greek Letters, From Linear B to
Gutenberg and from G to ¥”, which will take place in
Athens in late Spring 1995, organized by the Greek
Font Society’.

6 Nevertheless, they included lower and upper al-
pha, iota and upsilon with macron and breve, prob-
ably for the reasons explained in the previous foot-
note. However, combining diacritics must be used
to code letters with macron/breve and additional
diacritics.

7For additional information on the Sympo-
sium, contact ‘Etatpeioc “EAAnvixédv Tumoypaptxddv
Trowyeiwy, “Exlavixov 39-41, 116 35 *Abrva, Greece,
or Michael S. Macrakis, 24 Fieldmont Road, Belmont,
MA 02178-2607, USA.

Arabic, or “The Art of separating tasks”

Plain Arabic, quick and clean and elegant. Arabic
typesetting is a beautiful compromise between West-
ern typesetting techniques (finite number of types,
repeated ad infinitum) and Arabic calligraphy (infi-
nite number of arbitrarily complex ligatures). We can
subdivide Arabic ligatures into two categories: (a)
mandatory ones: letter connections (s + » — a.a)and
the special ligature lam-alif (J + | — ¥), and (b) op-
tional ones, used for esthetic reasons.

The second category of ligatures corresponds to
our good old ‘fi’ 'fl' ,etc. They depend on the font
design and on the degree of artistic quality of a doc-
ument. The first author has made a thorough clas-
sification of esthetic ligatures of the Egyptian type-
case (see Haralambous 1992, reprinted in Haralam-
bous 1993c). Here is an example of the ligaturing
process of the word J.a=3, following Egyptian typo-
graphical traditions:

e J ¢ C (letters not connected); ‘

» e (only mandatory ligatures, connecting let-
ters);

* Jo< (esthetic ligature between the first two let-
ters);

o U4 (esthetic ligature between the first three let-
ters).

To produce more than 1,500 possible ligatures
of two, three or four letters, three 256-character ta-
bles were necessary. Each ligature is constructed by
superposition of small pieces. Once TgX knows which
characters to take, and from which font, it only needs
to superpose them (no moving around is necessary).
The problem is to recognize the existence of a lig-
ature and to find out which characters are needed.
This process is highly font-dependent. A different
font—for example in Kuffic or Nastalig style—may
have an entirely different set of ligatures, or none
at all (like the plain font, in which the two words
- adl el are written, that is widely used in com-
puter typesetting because of its readability); never-
theless, the mandatory ligatures remain strictly the
same, whatever font is used.

Up to now, there are three solutions to the prob-
lem of mandatory Arabic ligatures:

e First, by K. Lagally (1992), is to use TgX macros
for detecting and applying mandatory ligatures
(we say: “to do the contextual analysis”). This
process is cumbersome and long. It is highly de-
pendent on the font encoding and the macros
used can interfere with other TgX macro pack-
ages. All in all, it is not the natural way to treat
a phenomenon which is a low-level fundamental
characteristic of the Arabic script.
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e Second, by the first author (Haralambous
1993b), is to use “smart” TgX font ligatures
(together with TgX--%4T, the bi-directional
version of TEX); this process is philosophically
more natural, since contextual analysis is
done behind the scenes, on the very lowest
level, namely the one of the font itself. It does
not depend on the font encoding, since every
font may use its own set of ligatures. The
disadvantage lies in the number of ligatures
needed to accomplish the task: about 7,000!
The situation becomes tragic when one wants
to use a dozen Arabic fonts on the same page:
TEX will load 7,000 probably strictly identical
ligatures for each font. You need more than
BigTEX to do that.

« Third, also by the first author (Haralambous
1993b), is to use a preprocessor. The advan-
tage is that the contextual analysis is done by
a utility dedicated to this task, with all possi-
ble belis and whistles (for example adding vari-
able length connecting strokes, also known as
‘keshideh’); it is quick and uses only a very small
amount of memory. Unfortunately there are the
classical disadvantages of having a preproces-
sor treat a document before TgX: one file may
\input another file, from any location of your
net, and there is no way to know in advance
which files will be read, and hence have to be
preprocessed; preprocessor directives can in-
terfere with TgX macros; there is no nesting be-
tween them and this can easily produce errors
with respect to TgX grouping operations, etc.

None of these methods can be applied for large
scale real-life Arabic production: in all cases, the Ara-
bic script is treated as a ‘puzzle to solve’ and, in-
evitably, TgX's performance suffers.

We use QTPs to give a natural solution to the
problem; consider once again the example of the

word & :

o Tirst, Jaalis read by Q, either in Latin translit-
eration (tHml) or in 1S0-8859-6, or ASMO, or
Macintosh Arabic, or any decent Arabic script
input encoding.

e The first QTP converts this input into
ISO 10646/UNICODE codes for Arabic letters:
0x062a (=), 0x062d (C)’ 0x0645 (.), 0x0644 ( ));

« ISO 10646/uNIcODE being a logical way of
codifying Arabic letters, and not a graphical
one, there is no information on their contextual
forms (isolated, initial, medial, final). The
second QTP sends these codes to the private
zone, where we have (internally) reserved
positions for the combinations of Arabic
characters and contextual forms. Once this is
done, Q knows the form of each character.

¢ The third QTP simply translates these codes to
a 16-bit standard Arabic TEX font encoding (this
is a minor operation: the private zone being lo-
cated at the end of the 16-bit table, we move the
whole block near to the beginning of the table).

« If the font has no esthetic ligatures, we are done:
Q will send the results of the last QTP to the
DWVI file, and produce Ja=3. On the other hand,
if there are still esthetic ligatures—as in & —
then these will be included in the font, as ‘smart’
ligatures. Since the font table can have as many
as 65,536 characters, there is plenty of room for
small character parts to be combined.?

What we have achieved is that the fundamental
process of contextual analysis is done by background
machinery (just like TEX hyphenates and breaks para-
graphs into lines), and that the optional esthetic re-
finements are handled exclusively by the font (in
analogy to Roman fonts having more ligatures than
typewriter ones, etc.).

Vowelized Arabic (things get harder). In plain con-
temporary Arabic, only consonants and long vowels
are written; short vowels have to be guessed by the
reader, using the context (the same consonants with
different short vowels, can be understood as a verb, a
noun, an adjective etc.). When it is essential to spec-
ify short vowels, small diacritics are added over or
under the letters. Besides short vowels, there are also
diacritics for doubling consonants, for indicating the
absence of vowel, and for the glottal stop (like in “Oh-
oh”): counting all possible combinations, we obtain
14 signs. These diacritics can give TgX a hard time,
since they have to be coded between consonants, and
hence interfere in the contextual analysis algorithm:
for example, suppose that TgX is about to typeset let-
ter x, which is the last letter of a word, followed by a
period. Having read the period, TEX knows that the
letter has to be of final form (one of the 7,000 liga-
tures has to be <x in medial form> + <.> — <xin fi-
nal form><.>). Now suppose that the letter is imme-
diately followed by a short vowel, which in our case
is necessarily placed between the letter xand the pe-
riod. TgX’'s smart ligatures cannot go two positions
backwards; when TgX discovers the period after the
short vowel it is too late to convert the medial xinto
a final one.

Fortunately, QTPs are clever enough to be able
to calculate letter forms, whatever the diacritics sur-
rounding them (which is exactly the attitude of the

8If these esthetic ligatures are used in several
fonts, it might be possible that we have the same
problem of overloading Q's font memory; in this
case, we can always write a fourth QTP, which would
systematically make the ‘esthetic analysis’ out of the
contextually analyzed codes.
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