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SUMMARY

Unicode, and other “universal” encodingshaveshown theneed for adapting resour cesuntil now
availableonly for major scripts, tothe*ethnic” extensions of these scripts. In thispaper we de-
scribe such an example: the adaptation of thetraditional Arabic typecase to the needs of other
languages using the Arabic script. We present an implementation of thisextension : Al-Amal,
based on TEX, METAFONT, and Flex/Bison filters.

1 Introduction

Thefirst Arabicbook, a5 x 11cmvolumetitled 1,01 Ao o & (Bookof theprayer of
hours), was printed in 1514 by Grégoire de Grégoire in Venice and Fano, under the protec-
tion of pope Leo the 10th ([1, p. 18-19]). It took about two centuriesfor Arabic book print-
ing to moveto the East: in 1727 the Ottoman printing agency is founded in Constantinople
and starts printing using Dutch types and technology ([8, p. 156]). A similar institution was
founded in Cairoin 1821.

Undoubtedly a script like the Arabic one, having deep roots in calligraphy, was rather
difficult to adapt to typography, a technique where strict standardization and repetition of
formsis necessary. When Aldus Manutius created thefirst italic font in 1501, out of manu-
script calligraphic forms, he did a certain number of choices—and these choices became a
standard of occidental typography. Similar choices had to be made for Arabic: calligraphy
had to be “tamed”, so that the result be homogeneous, reproducible, and flexible enough to
be pleasant to the eye. .

This standardization took place in 1906, in Cairo, when the s V! HUJ\ (' Almatab'
al’amarya) typecase is defined. This typecase (see fig. 1 and 2), dividedin four parts (as
opposed to “upper” and “lower” case of the Occident), uses atotal of 470 characters. As-
tonishing as it may seem, this typesetting system has been kept in use until today: books
typeset in atraditional way, all around the Arabic world, are till using the same set of char-
acters, and the same conventionsand rules.! Infig. 1 and 2, the reader can seethe four parts
of thistypecase.

The reader knowing the technical limitations of computerized typesetting can aready
imagine the effect of computers on the Arabic script: not being able to cope with the com-

1 In[4, p. 102-103], abook published in 1880 (!) the reader can find 30 rules for typesetting Arabic, which are
still strictly applied today by traditional typographers.
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Figure 1. The Cairo typecase—cases 1 and 2
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Figure 2. The Cairo typecase—cases 3 and 4
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Figure 4. Samples of text typeset with Al-Amal, with Cairo typecase ligatures

This system (aready presented in [6] and [7]), has been recently extended to the complete
set of Unicode Arabic alphabet characters; problems and open questions arising from this
extension are discussed at the end of the paper.

2 TheCairotypecase

Arabic |etters have contextual forms, depending on surrounding lettersin the same word: a
typical three letter word will start with aletter ininitial form, followed by aletter in medial
formand, finally, by aletter infinal form (the hypothetical word consisting of threetimesthe
letter ‘ghayn’ iswritten <ic). A fourthformisused for isolated letters (thisis also the form
used in crosswords or SCrabble-like games, where letters have to placed in boxes, indepe-
dently of their context). Some |etters appear only in isolated and final form (and sometimes
evenonly in isolated form), so that the letters immediately following them must be written
ininitial (or isolated) form, although they are located inside the word.

These are the basic contextual rules of the Arabic script: they are independent of style
and medium, and are applied in al cases, without exception; they are as basic asthe dot on
the Latin lowercase ‘i’, or the horizontal bar of the ‘t’.

But besides these contextual forms, ' Aimatab‘ al’ amarya also combines|ettersinto lig-
atures, not unlikethe ‘f’ + ‘i’ — ‘fi’ phenomenon in Latin alphabet typesetting. The rules
aredescribedin[4, p. 102—-103] and have been confirmed by careful examination of various
printed texts of different origin. In fig. 4 and 5 the reader can compare the same text (actu-
ally thetext of thefirst exampleof fig. 3) typeset viathe Al-Amal system, with and without
'Almatab’ al’amarya ligatures.

In the following we start by giving the mandatory ligatures (those that are part of every
font), then we givethe second level ligatures (those that are characteristic of the Cairo type-
case), and finally we givethe variant characters (form changes applied to single characters).
By “‘foo-like”, where “foo” is some common Arabic letter, we mean al characters having
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Figure 5. Samples of text typeset with Al-Amal, without Cairo typecase ligatures

the same base form as letter “foo” but different dots and other diacritics (for example, the
ba-like family isthe set of characters o, &, &, &, etc.).

2.1 Mandatory ligatures
211 LL
A lam-like letter followed by an alif-likeletter: V, .z, _’,3.13;&/\, etc.

212 L2
the second part of the word Allah (God): <.

2.2 Typographical ligatures
221 L3
A lam-likeletter followed by meem: C\l, s (&; i, etc

222 LA

A balike letter followed by ara-likeone: _S, 13, »-, €tC.

223 L5.
A berlikeletter followed by afinal noon-likeone: s, nl.ls, 12, etc.
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224 L6.

A lam-likeletter followed by a ha-like one:

225 L7
A balikeletter followed by ayalikeone: o, X, g\,s?, etc.

226 L8
A gim-like letter followed by meem: .=, z, etc.

2.2.7 LO.
A lam-like letter followed by agim-like, and eventually a meem: é L ete.

228 L10.
A ba-likeletter followed by aha-like: e NS, s\, et

229 L11.
A barlike letter followed by meem: C:S M, ol A, (_M r"‘ 3, ((\‘, etc.

2210 L1i2.

A balike letter followed by a gim-like one, and eventualy ameem: i\, =&, L,; <, é
| <, etc.
O

2.2.11 L13.
A lam-like letter followed by ayalike one: J), #, etc.

2212 L1iA.

A kaf-likeletter followed by an alif-like, or alam-like, or afinal kaf-like: ;K, OV - gRN
etc. Such atwo-letter ligature can be extended to a three-letter or even four-letter ligature,
by adding aya-likeletter, or aha-likeletter, or lam-likeletter, or lam-alif-likeligature, etc.:
RETE L™, etc.

2213 L15.

A ba-like letter, followed by a meem and a gim-like letter:

2214 L16.

A lam-likeletter followed by alam-likeletter and eventually by ameem or agim-likeletter:
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Figure 6. Sndhi text typeset in Al-Amal
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3.1 Caseswherecontextuality leadsto confusion between characters
311 Lettersfaand gaf.

In basic Arabic, letters fa s (and its artificial derivative va (3) and qaf & have different
forms: theformer islonger and flatter, whilethelatter isrounder and deeper. Thisdifference
isvisibleonly intheisolated and final forms: compare _.is s and 345 G. Sincetheseletters
differ mainly in the number of dots(onefor fa, twofor gaf, threefor va), the shape difference
is of minor importance, and in some modern Arabic typefacesit is totally ignored.

The problems arise with Unicode characters 06 A7 (ARABIC LETTER QAF WITH DOT
ABOVE) and 06A8 (ARABIC LETTER QAF WITH THREE DOTSABOVE), which usethebasic
shape of letter gaf, and have the same number of dotsasfaand va. These charactersare used
inMaghribi Arabic. Ininitial and medial forms, aswell asin ligaturesinvolvingtheseforms,
they are indistinguishable from the basic Arabic lettersfaand va.

3.1.2 Lettersta, noon and ya.

Inbasic Arabic, lettersta = and noon J havedifferent forms: theformer islonger and flatter
and the latter is rounder and deeper. Once again, the difference can only be seen in isolated
andinitial forms: compare =5 < and -, 0. Sincetheselettersdiffer mainly inthe number
of dots (one abovefor noon, two abovefor ta, etc.) the shape differenceis of minor impor-
tance.

Unicode characters 06 BB (ARABIC LETTER RNOON), 06BD (ARABIC LETTER NOON
WITH THREE DOTS ABOVE) usetheletter form of the Arabic noon and the dots of the Urdu
letter tteh and the Arabic letter tha. These letters are used in Sindhi and Malay. Their initial
and medial forms, as well as all ligaturesinvolving initial and media forms are indistin-
guishable from the Urdu and Arabic counterparts.

The situation is even more complicated since the Arabic letter ya (s shares the same
initial and medial formsasba, noonandfriends: . . Nevertheless, theisolated and final

forms of this letter are significantly different from those of the ba and noon letter shapes.
Once again, in basic Arabic the number and position of dots is sufficient for determining
theletter (ya carries two horizontaly aligned dots below).

Unicode character 067B (ARABIC LETTER BEEH) has the form of ba and carries two
vertically aligned dots below; thisis a so the case of 06 D0 (ARABIC LETTER E) which car-
ries the same set of dots, but has the form of an Arabic ya. Furthermore, 06D1 (ARABIC
LETTER YEH WITH THREE DOTS BELOW) carriesthree dots bel ow, exactly as does Arabic
letter tha: the former has the letter form of aya, while the latter the one of a ba.

3.1.3 Arabic and Sindhi letters kaf.

In Arabic, theletter kaf iswritten with an oblique ascender strokeininitial and medial form,
and with ahamza-likediacriticin final and isolated form. Sindhi uses akaf-likeletter 06 A9
(ARABIC LETTER KEHEH) which has oblique ascender strokesin all forms and no hamza-
likediacritic. Thisletter isindistinguishablefromthe Arabickaf, ininitial and medial forms,
aswell asin al ligaturesinvolving these forms.
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Figure 7. The Al-Amal internal structure

Typesetting without ligatures

3.2 Caseswhereligaturesobstruct proper diacritization of characters

1. The Pashto ring (asin &) is incompatible with the ba-like + gim-like ligature (for
example£) and theinitial/isolated ba-like + meem ligature (for example ). Either thering
must be designed like “ahanging drop” —adubious esthetic result—or the ligature must be
broken. The author has tried to design a ligature of isolated form 5 but the result is not
entirely satisfying.

2. TheUighur character ¥ 0675 (ARABIC LETTER HIGH HAMZA ALEF) can hardly take
part in alam-alef-like ligature: the hamzawould be too far to the right.>

3. Thefact that ' Almatab* al’ amarya ligatures have been designed without taking into
account Indic characters, makesmany ligatures with non-standard dots ambiguous: is & the
combination of s and ~ (06A5 ARABIC LETTER FEH WITH THREE DOTS BELOW and the
standard Arabic hah) or of s and G(OGAl ARABIC LETTERDOTLESSFEH and0686 ARA-
BIC LETTER TCHEH)? Theoretically, one can distinguish them by dightly moving the dots
to the right in the former case (é VS. :C); but still the two forms are very close graphically,
and it may be difficult to the reader todistinguish them at first sight.

4 Technical details
4.1 Preprocessing

The extended Al-Amal system is build of four modules, as shown in diagram 7:

1. re-encoding to the (extended) Unicode encoding;

2. standard contextual analysis and mandatory ligatures;

3. (optional) Cairo typecase ligatures processing;

4. preparation to output (conversioninto TeX code).
Thefirst threemodul esareindependent of TeX. Toavoid ligaturesonesimply removesmod-
ule 3 fromthe processing chain. Preprocessors have been writtenin C, using Flex and Bison
tools: writing a grammar for Arabic ligatures avoids tedious pattern matching.

4.2 Thefonts

The Al-Amal have been designed in the METAFONT language, to obtain maximum pos-
sibilities of optical scaling. Many ligatures have been splitted in several parts and are re-

5 Not to mention the fact that in the Qur’ an one finds a lam-alef ligature with a central hamza, not included in
Unicode.
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combined by TeX (thisis also the task of preprocessor module 4). One can consider these
fonts as glyph banks, providing glyphs which TeX combinesinto characters and ligatures.
This approach has allowed minimization of storage space and time/energy needed for font
design. The author was ableto produceall possible Cairo typecase ligatures on the Unicode
Arabic character set, using only six 8-bit (partially filled) font tables, that is less than 1500

glyphs.
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