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Abstract

AlQalam (\the pen" in Arabic) is our freely available systemintended for type-
setting the Qur'an, other traditional texts, and any publications in the languages
using the Arabic script. From a typographical point of view, the Qur'an is one
of the most demanding texts. Howewer, there is a long historical record of excel-
lent quality materials (manuscripts and recert printings) to guide the work on a
systemto typesetit. Such a system, oncecomplete, can easily typesetany work
using the Arabic script, including those with mixed languages.

1 Characteristics of Arabic typography

The Arabic alphabet has been adopted for use by
many languagesin Africa and Asia, including Ara-
bic, Dari, Farsi, Jawi, Kashmiri, Pasho, Punjabi,
Sindhi, Urdu, and Uyghur. The Arabic script is
also usedfor a number of other languageseither to
presert how the languageusedto be written histor-
ically (as for Turkish) or how somewrite it in an
uno cial manner (as for Hausain western Africa).

Similar to the Latin alphabet, with its adop-
tion by sewral languages,the Arabic alphabet has
acquired new symbols to represent the soundsthat
do not exist in Arabic. In corntrast to the Latin
alphabet that has dots only on the "i* and 'j', the
Arabic alphabet usesdots extensively, both above
and below the letter shapes, to distinguish the dif-
ferent characters. This explicit distinction between
the di erent letters in written text using dots wasin
itself an addition to the original script, which had no
dots. In the original Arabic script, the distinction
between .. (house)and .. (girl) when repre-
serted as .. wasunderstood from the cortext. In
general, the symbols dewveloped for other languages
follow the sameideaasArabic and usemore dots (up
to four) and special marks on the original shapes of
the Arabic letters.

Arabic being a semitic language, usually only
the consonarts are written in a word. The equiva-
lent of short vowel soundsare written as additional
marks on top of the letters. Obviously, the di erent
languageshave di erent vowels and need di erent
symbolsto mark them. In addition to that, sincethe
geographicalarea covered by the Arabic script his-
torically is quite vast, di erent regions of the world
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deweloped di erent symbols. The result that we see
today is a plethora of additional marks developed
historically.

A beginner learns that Arabic is written from
right to left and must practice writing ead letter
and its connectionrules to other letters. Becauseof
this cursive nature, any letter may connectto the
previous and following letters. Hence, a beginner
learns the general four basic forms of a letter: at
the start of a word, at the middle, at the end, and
isolated. The simplest example of this rule is the
equivalent of b’ in Arabic: . A reader
with a sensitive eye will notice that the four shapes
of the sameletter di er in their width, height above
the line, and depth below it. The same structural
shape is usedfor the equivalent of “t' ( ),
and ‘th' ( ). The equivalert of 'n' and
y' share the sameshapes as b’ in the initial and
medial forms (. and . ) but not in the nal or
the isolated forms ( .and ). In many writ-

ing styles, both traditional calligraphic scripts and
typographical fonts, the nal and isolated forms of
y' are written without dots as ( ).

In traditional Arabic writing styles (but with
the exception of thuluth, riga’, and tawq " [12]), the
letters and their siblingswith dots or marks
do not connectto the following letter but only to the
precedingone.

The cursive nature of the Arabic script addsan-
other characteristic: many letters combine together
to produce new shapesasin becoming

In the Latin script this phenomena occurs infre-
quertly and when it happens, a ligature is used to
improve the appearance of the problematic letter
combinations such as ™ ' and *'. In Arabic ty-
pography, on the other hand, the presenceof com-
bined letters is abundart but optional in many cases.
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Haralambous [1] gives a long list (still not exhaus-
tive) of possible ligatures' in Arabic. While speak-
ing about the history of Arabic typography, Milo [8]
explains that \each letter can have a dierent ap-
pearancein any combination, something that can
only be crudely imitated with ligatures". According
to Milo [8], most modern books presert the con-
nected letter groups\as ‘ligatures' and “artistic ex-
pressions'without so much as a hint at traditional

morphographic rules". In 1990, MacKay [7] dis-
cussedthe rangeof cortext evaluation in Arabic and
concludedthat clusters of four, v e, six, and some-
times more letters may combine into a unique shape.
MacKay then proposedthe useof virtual fonts with

TEX asan adequatesolution.

Another feature in the Arabic script is its re-
liance on subtle changesto the letter shape to aid
the reader in identifying the beginning and end of
ead letter within a combination. The letter  has
three \teeth" (vertical pen strokes) similar to the
teeth in and . When is connectedto , the tall
of the may be elongatedto alert the readerto the
correct grouping of the teeth. Furthermore, the two
words and presern dierent heights for the

teeth of the and to help the readeraswell. This
di erence in width and height is a type of encading
to prevent a misreading of the word and to aid the
trained eye in quickly catching the letter combina-
tion.

That encaling helps in other casesas well. If
for any reasonthe dots fade away, a reader faced
with can guessits correct origin. This encaling

to emphasizethe dierent letters by raising some
teeth is essetial in words such as . and
However, the raising of the teeth is only possibleby
investigating the group of letters. So the height of
the tooth for .in . and . is not a feature of
the individual letter but of the whole combination.
The samegoes for the height of the dot on top of
that sameletter asin .. or

In traditional (manual) writing, the \skeleton"
of the letter combination is written rst, then the
dots and the other marks are provided. So, a writer
probably progressesrom the skeleton to the dotted
to the vocalizedform as . ! ol oo

In the Arabic script, a good calligrapher justi-
es the lines mainly by using optional ligatures or
wider forms of someletters and not by stretching
the spacesbetweenthe words, as is done with the
Latin script. The useof optional ligatures and wider
formsis the preferred method in high quality works.
Another method is to add an elongation to the tail
of someletters by using the tatw | or kashdah sym-
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bol ™ ' such as instead of .. . This second
method has beenwidely abusedin newspagers and
low quality materials using medanical typewriters.

The Arabic script hasa large number of writing
styles that were developed historically to accommo-
date the di erent languagesand di erent purposes.
Latin scripts usebold, italic, or larger fonts for sec-
tion headingsand for emphasis. Traditional Arabic
writings vary the typefaceinstead. The printings
of the Qur'an as well as of most books almost al-
ways usethe naskhtypefacefor the main body. The
headings, the introductory materials, and the badk
materials frequertly useother typefacessuch asthe
thuluth, ta’l q, and rug ah.

To summarize, the Arabic script has its own
unigue requiremerts for typesetting:

1. Arabic is written from right to left.

2. Charactersin generalhave four di erent forms
(initial, medial, nal, and isolated).

3. Theseforms are of di erent width, height, and
depth.

4. The shape of a specic form depends on its
context. For example, the height of the teeth
(the vertical stroke at the start of the charac-
ter) changesto help the readerto distinguish
this character from its neighbors.

5. There are additional marks (mostly for short
vowels) that are put on top or below the char-
acter.

6. The horizontal and vertical location of the dots
and marks on the characters is not always at
the sameposition but dependson the charac-
ter and its cortext.

7. Almost any letter of the script may enter into
a ligature and those ligatures may be up to six
letters long.

8. Ligatures and variable width forms of the let-
ters are usedto justify the lines.

9. Seeral typefacesare neededfor special mate-
rials in a work of good quality.

With all of theseissues,to nd a suitable posi-
tion for the dots and marks on the letter combina-
tions is sometimesa real challengeeven for a human,
let alone a macdine.

2 Automated

The Arabic script does not enjoy the same luxury
that Latin script has when it comesto automated
typesetting on computers. Milo correctly asserts[8]
that the use of individual letters as the building

typ esetting of Arabic
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block is not suitable for Arabic. Both MacKay [7]
and Milo [9] arguethat a layered approad is a bet-
ter solution. In such a layered approac, somebasic
elemens are provided in the font to represen the
skeleton of someletter combinations, an individual
letter's skeleton, or even a part of a letter. These
elemerts are combined rst to give the correct skele-
ton of the word with all the neededshaping for the
teeth or other style requiremerts. On top of that
skeleton, a secondlayer for the dots is added. Then,
the vowel marks and any other marks comein sub-
sequen layers. Milo [10] developed a systemwith a
layeredapproad for his compary, DecoType. It isa
proprietary systemusedby a number of commercial
software tools. Due to its proprietary nature, the
full details and the extent of the capabilities of this
systemare not widely known.

Our goalis to provide a freely available system
capableof typesetting the Qur'an, other traditional
texts, and any publications in the languagesusing
the Arabic script. From a typographical point of
view, the Qur'an is oneof the most demandingtexts.
Howevwer, there is along historical record of excellert
quality materials (manuscripts and recert printings)
to guide the work on a systemto typesetit. Sud a
system, once complete, can easily typesetany work
using the Arabic script including those with mixed
languages.

Knuth and MacKay [4] werethe rst to presen
a working solution for including right-to-left text
(for Arabic and Hebrew) in the TEX family. Their
proposed TEX-XET system is an extension of TEX
that producesan extendedDVI le. The enhanced
mode of "-TEX allows bidirectional text processing
and producesregular DVI les, but "-TEX does not
provide any Arabic fonts or any specic function-
alities that easethe typesetting of Arabic books.
Within the TEX extensions,both  [3] and Arab-
TEX [5, 6] have beenusedfor Arabic and have met
someof the basic requiremerts to varying degrees.

With the historical trend to extend TEX,
ewlved as an implementation allowing multilingual
text processing. As an o shoot of the work on ,
the Al-Amal system [1] was an early attempt to
typesetthe Qur'an speci cally. Unfortunately, it is
not freely available and its output (as shawn in the
example published in the paper describing it) falls
short of the desiresof a native reader.

Dueto its various attractiv e features, wasthe
rst choiceto achieve our goal. Howewer, the result
of our early experiments with the available Arabic
font provided with  and with the systemitself were
not satisfactory. in its current state doesnot eas-
ily lend itself to the layered approad described ear-
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lier. The modi cation of is not an easytask since
it is a very large system and such a modi cation
meansthe creation of a new systemthat is not com-
patible with the existing base of TEX. The newer
developmertsto [2]| oncethey are stable, widely
available, and documerted| should be a great help
in implementing the layered approad necessaryfor
typesetting high quality texts in Arabic.

Lagally in ArabTEX [6] preferredto stay within
the stable TEX standard and perform all the nec-
essaryprocessingwith TEX macros. That decision
allowed ArabTEX to be portable to any TEX imple-
mentation. Howewer, ArabTEX had to compromise
on the issueof line breaking. Although not a simple
program, ArabTgEX is con ned to a number of style
les eat performing a speci c task. ArabTgX im-
plements a layered approach where eat character
is represerted by a skeleton and additional modi-
ers (dots and vowels). For high quality work, the
font provided with ArabTEX still needsimprove-
ments but it is an acceptablestart. ArabTEX uses
the IATEX license and hence we changed the name
of our work to AlQalam (‘the pen'in Arabic).

3 Implemen tation

As a start, AlQalam grows out of modi cations to
ArabTgX [5, 6]. Hence,it inherits ArabTgX's good
features:
All the necessaryprocessingis donewith TEX
macros which allows it to be portable to any
TEX implementation.

Although still in needof many improvemerts,
the font provided with ArabTgX is the best
available within the TeX family.

The shapes of the letters change with their
context (teeth are raised and automatic de-
tection of many ligatures).

A layered approad is used.

Although the use of TEX macros brings the virtue
of portabilit y it also brings se\ere limitations:

ArabTgEX had to compromiseon the issue of
line breaking and justi cation. For right-to-
left text, ArabTgX is forcedto handle the line
breaking itself, using a slow and complicated
algorithm, thusbypassingoneof the bestparts
of TEX for the Latin script.

ArabTgX analyzesthe character combinations
to decide on ligatures using TEX macros as
well. This analysis using macrosis

{ lesse cien t than the ligature tables used
for the Latin script in METAFONT; and
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{ limits the extent of the seard for alterna-
tive letter combinations. In Arabic, four,
Vv e, six, and sometimesmore letters may
combine into a unique shape [7].

4 Specic needs of the Quran

Our goal of typesetting the Qur'an and traditional
texts implies a few more challenging requiremerts
in addition to those for general Arabic typesetting.
To assistthe readerin recitation, seweral indicators
for vowels, joints, text structure, and pausing loca-
tions have historically beenaddedto the text of the
Qur'an. We presen here a few symbols.

Signs of pause

The sign: the reader may cortinue but
it is better to pause.

The sign: it is allowed to pausebut it is
better to continue.
The wagf ja'iz sign
pauseor cortinue.

. equally good to

Additional diacritics

Ra's kha' ... correspndsto sukun.
The madda "' appearsin the Qur'an on
many letters such asin

The small * ' in and "' in

Furthermore, there are di erent \narrations" of
the Qur'an that di er in the pronunciation in some
locations and hencelead to a plethora of additional
marks needed. The vast majority of the printed
copiesof the Qur'an are in the narration known as
Hafs. Only three other narrations (with their special
marks for the special pronunciations) are printed in
the whole Muslim world. The remaining narrations
(sixteen remaining for a total of twenty) are still in
manuscript form.

Fig. 1 shows an example of the four narrations
that exist in print. To make the comparison easier,
we present the sametwo lines from the four nar-
rations written by the samecalligrapher. A simple
look at the rst word (top right in ead example)
revealssomeof the di erent symbols needed. Those
additional symbols t well in a layeredapproac but
would be quite dicult to accommalate otherwise.
The  symbol appearing on the rst word of the

topmost narration is a pausing sign.

The use of transliteration for a purely Arabic
documernt that is sewral hundred pageslong is ob-
viously neither practical nor desirable. Hence, the
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Hafs

Warsh

Qalun

Al-dur

Figure 1: The rst two lines of surat al-ra’d: an exam-
ple from the four printed narrations.

default assumptionfor AlQalam is aninput le with

the characters coded in Unicode. Bi-directional ed-
itors sudh as emacsand gedit (we used both) are
good options. Editors have their own limitations

though. If a symbol hasa Unicode point assaiated
with it but there is no key combination mapped to
that symbol or no glyph in the editor's font to rep-
resert it, another facility must be used. In a case
such as the user might supply the Unicode value
as "db™M96. AlQalam interprets this code as be-
longing to the \signs of pause" category, then raises

it to its correct position sudc asin . The im-
provemert of the input method is one of the major
stepsin future dewvelopmerts.

Another feature of typesetting the Qur'an is
the useof colors. In someprintings, certain letters,
marks, or sometimescompletewordstakeadi erent
color usually to remind the reader of a pronuncia-
tion rule. Educational texts for young children also
often usecolor encaling schemesto stressnew read-
ing conceptsand to help train their eyesin picking
up the distinctiv e featuresof the script. A complete
system for dealing with the Arabic text should be
able to color a pieceof a letter combination or some
speci ¢ marks.
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5 New features in AlQalam

The rst version of AlQalam, which becameavail-
able by the end of 2005and was presenied at Euro-
TEX 2006, introduced many additional symbols to
the font to enablethe typesetting of quotations from
the Qur'an. It also added an additional layer in
typesetting Arabic text for the pausingmarks of the
Qur'an. Three featuresmust exist in this layer:

the correct vertical and horizontal positioning
of those marks on the underlying word;

the ability to stack somemarks on top of eadh
other; and

the scalability of those marks when the size of
the underlying text is scaled.

The rst version of AlQalam implemented the con-
cept of the additional layer but was de cient in re-
gardsto the three featuresjust merntioned.

5.1 Positioning the marks

The di erent pausing marks vary in their sizesand
shapes. They are raised on top of words that vary
in their heights aswell. The secondsamplefrom the
top in Fig. 1 has four words followed by the same
pausingsign . Its vertical position in

and

is di erent becauseof the underlying text.
Two primitiv e algorithms existed in the initial
version of AlQalam.

1. Raisethe pausing sign at a prede ned height
from the baseline regardlessof the height of
the underlying text. The worst caseis when a
sign with a descendersuch as comeson top
of a diacritic mark on a high letter. With a
xed height we get:

using this rst method.

2. Raisethe pausingsign by a xed height atove
the diacritics on top of the character. This
secondmethod results in

where  hasa varying vertical position.

Human calligraphers,in cortrast, useneither of
these methods. In the current implementation, we
attempt to comecloserto what is donein the best of
the art. Calligraphers never lower the pausingmarks
below certain limits. Hence,AlQalam now starts by
raising any pausing sign a minimum height depend-
ing on the current font size. If the underlying text is
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high enoughsothat an overlap occurs, the pausing
mark is raised further. It is important to note that
AlQalam now allows more than onemark to appear
on top of a word. The new algorithm is not linked
to the diacritic mark, asin the secondmethod men-
tioned above, but can handle any underlying text,
beit adiacritic mark or another pausingmark. The
new algorithm thus yields:

for the caseof a single mark and

for the caseof multiple marks.
As for the third new feature of scaling, if the
user writes

\RL{\vsmaller ... "db"96 \larger
. MdbM96 \larger . ™Mdb”M96 \larger
. Mdb™96 \larger . Mdb™M96 \larger
. Mdb™M96 \larger . Mdb™M96 \larger

'}

the output is

which is easily achieved, since the height at which
the pausing mark is positioned dependson the font
size.

It is obviously not desirableto type sequences
such as™db”*96 throughout the input le. An edi-
tor capable of understanding user-de ned shortcuts
may be usedto easethis task. The user can just
type the shortcut key and the editor puts the cor-
rect UTF -8 code into the le. Furthermore, to help
all users,we also assignedsomeshortcuts for marks
that appear frequertly in the Qur'an, suc as the
daggeralif . for which the usertypes’! ' instead of
“Md9Mb0O'. Our system now translates the *!'' and
the other shortcuts on the y to the corresponding
UTF -8 code before processingthe le. Here are the
shortcuts currently enabledin AlQalam:

type mark type mark type mark
3 2 1
6 5 4
9 8 7
! 0
N * +
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Hafs

Warsh

Qalun

Al-dur

Figure 2: The same rst two lines of surat al-ra’d asin
Fig. 1, typesetwith AlQalam.

Fig. 2 showvsthe samequotespreseried in Fig. 1
astypesetby the current version of AlQalam. This
example reveals a few more new features. The in-
terword spacingin high quality Arabic typography
is much smaller than in Latin-based typography. In
somecasesit is even completely absen. The reader
relies on the fact that letters at the end of a word
have a di erent shapein order to separatethe words.
A minimal spacing within a right-to-left erviron-
mert is the default now, compare:

to

The command\newspacefalse wasusedin the sec-
ond caseto retain alarge spacingasin ArabTgEX and
regular Latin script.

The earlier version of AlQalam allows hamzat-
alwasl () to appearonly at the start of aword. How-
ever, in the Qur'anic text, it may appearin a medial
form asin

which is now possiblein the current version.
Another new feature concernsthe positioning
of diacritic marks on top of the letters. Compare

.. to .. The rst is the default, while
the secondwith the raised mark is achieved by the
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command\hightrue within the Arabic script envi-
ronmert.

The current algorithm handles the small dag-
ger alif according to its context. It is considereda
separatecharacter that appearson its own in cases
such as .. On the other hand, it is
considereda mark ontop of the underlying character
in casessuch as . If the daggeralif
is a mark, its positioning on the character is similar
to that of the short vowels.

The contextual analysis for the dagger alif is
conceptually simple, although a bit elaborate to pro-
gram using TEX macros. The daggeralif is a mark
modifying the underlying character if it is

on the " nal asin , even if it is
followed by a connected pronoun as in
., or

ona which is pronouncedasan asin
or

5.2 Coloring

The coloring scheme has beenimproved as well. In
Fig. 2, the color of every or that has a shad-
dah on top of it is dierent, to indicate its spe-
cial pronunciation in the Qur'an. The user chooses
the color by \colmnshadd{ colorname} (a few other
commandsfor various rules were also added). The
issue of coloring while maintaining the contextual
analysisto decide on the correct form (initial, me-
dial, nal, orisolated) of the letter is not easilydone.

In the Latin script, it is easyto to get ‘text' via
“te\textcolor{blueH{x}t' | aslongasno special
ligatures or kerning are neededbetweenthe “x' and
the “e' or ‘t'. Howewer, in Arabic script the com-
mand sequencen the middle of the word breaksthe
contextual analysisand the ligature formation.

In our case,sincethe coloring rules are known
a priori, we code them in the system. Thus, after all
the contextual analysisto decideon the appropriate
letter form and the ligatures is done, but beforethe
complete word is fed to the output, we intervene
and ched for the existenceof the requestedletter
sequencelf a part of the word matchesthe pattern,
we color it. Sud a hard-coded \programmatic" way
is not suitable for arbitary coloring that the user
may wish to introduce into regular text outside of
Qur'anic quotations.

5.3 Other impro vements

A large number of glyphs in the current font are
improvemerns of what ArabTEX or the rst version
of AlQalam provided. ArabTgX usesa circular pen
for the diacritic marks. We found that a rotated
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Figure 3: E ect of changing the pen and improving the
shape on the \shaddah".

Figure 4: Marginal notes indicating partitions and
prostrations.

square pen givesa much more satisfying output, as
shown on the right side of Fig. 3.

To mimic the printed versions of the Qur'an,
we de ne a\sura command (\sura" is a chapter of
the Qur'an) that produces:

when given the number of the sura (100 in the rst

caseand 112in the second). AlQalam provides de-
fault valuesfor the remaining information to be dis-
played (hnumber of versesand whether the sura was
revealedin Makkah or Madinah) if they are not sup-
plied by the user.

Fig. 4 shaws verseswith marginal notes indi-
cating the partitioning and the location of a pros-
tration, asis customary in printings of the Qur'an.
The counter of the partition and the correspond-
ing note are produced automatically when the user
writes * in the le. The indicator and the note for
the prostration are similarly produced by ~ in the
input le.

and

6 Future work

Much more work is neededon the fonts to pro-
duce new typefacesand to enhancethe current one.
The production of multi-letter ligatures with a lay-
ered approach where the dots, vowels, and addi-
tional marks are stacked on the basic structure is
still an openissue. It might even require changesto
the way TEX and METAFONT (or other font gener-
ation tools) handle ligature tables.

TUGDbD oat, Volume 27 (2006), No. 2|
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The useof TEX macrosfor programming hasits
merits and problems as discussedearlier. We think
that we have brought AlQalam quite closeto the
limits of such an approac. To handle line breaking
and justi cation correctly, a much more fundamen-
tal changein TEX itself is needed. After describing
the line breaking algorithm of TEX [11], Plass and
Knuth proposeare nement wherethe badnessfunc-
tion for the lines dependson the number of varying-
width letters in the paragraph. Neither TEX nor its
descendats have implemerted this re nement. In
the caseof the Arabic script, it will not be just the
varying-width letters but alsothe optional ligatures
that may be formed or broken to changethe length
of the text on the line. We hope that one of the
current projects to extend TEX ("-TEX, , X3TEX,
Oriental TEX, ...) will include this change to the
badnesscalculation. Much experimentation using
seweral di erent languageswill be neededto come
up with the most suitable algorithm.

Another issuethat requires more work is the
contextual analysis to decide on the glyphs used.
This analysis is not only within a word; it must
sometimeslook at two consecutive words. The fol-
lowing exampleshowvs why suc an inter-word analy-
sisis needed.In generalin Arabic, a silent 'n' sound
is pronouncednormally before

and goes through someform of vocal assimilation
into the sound of the following letter otherwise. If
the silent "n' soundis at the end of aword in the form
of a tanwin (for example), and the following word
starts by a letter into which the "n' assimilates,the
tanwin will be changed from to if the
following letter is or to otherwise. The
rst letter of that following word getsa shaddahon
it in the caseof a full assimilation and doesnot get
the shaddahfor the incomplete assimilation.

For a program, these rules mean that we must
doour analysisacrossany intervening spacer com-
mand sequences,ncluding courters for the verses
and indicators of prostration or partitions that might
come between consecutive words. The inter-word
analysisis neededin many casesnot just for the "n’
sound, and it has someimplications on the coloring
rules as well.

As might be expected, our rst attempts to
achieve that endeavor using TEX macros proved to
be quite laborious and are not yet fruitful.  Cur-
rently, the user choosesthe appropriate shape from
the font manually. Once more we hope that the
future TEX extensionscan cometo our help by pro-
viding easiermeansto program such an analysis.
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7 Conclusions

In this article, we provided a summary of the tra-
ditional Arabic typesetting requiremerts as well as
the rst stepsof asystemto fulll them. From these
requiremernts, it appearsthat a layered approad is
mandatory for high quality typography. We hope
that future changesto TEX and METAFONT will
enable us to achieve better ligature formation, line
justi cation, and contextual analysis. To the best
of our knowledge, there is no other software system
available to sene the requiremerts of the dierent
Qur'anic narrations.
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