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1 What is AlQalam?

The arabic alphabet has been adopted for use by
many languages in Africa and Asia including: Ara-
bic, Dari, Farsi, Jawi, Kashmiri, Pashto, Punjabi,
Sindhi, Urdu, and Uyghur. The arabic script is
also used for a number of other languages either to
present how the language used to be written histor-
ically (as for Turkish) or how some write it in an
unofficial manner (as for Hausa in western Africa).

The arabic script has its own specific require-
ments for typesetting [1]:

1. Arabic is written from right to left.

2. Characters in general have four different forms
(initial, medial, final, and isolated).

3. These forms are of different width, height, and
depth.

4. The shape of a specific form depends on its con-
text. For example, the height of the teeth (the
vertical stroke at the start of the character)
changes to help the reader to 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 at the same
position always but depends on the character
and its context.

7. There are too many letters that combine (“lig-
atures”).

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

9. Several typefaces are needed for special materi-
als in a work of good quality.

A layered approach [4, 5, 1] is probably the
best solution to typeset Arabic. In such a layered
approach, some basic elements are provided in the
font to represent the skeleton of some letter com-
binations, an individual letter’s skeleton, or even a
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part of a letter. These elements are combined first
to give the correct skeleton of the word with all the
needed shaping for the teeth or other style require-
ments. On top of that skeleton, a second layer for
the dots is added. Then, the vowel marks and any
other marks come in subsequent layers.

AlQalam (the pen in Arabic) is our freely avail-
able system aiming at typesetting the Qur’an, other
traditional texts, and any publications in the lan-
guages using the arabic script. From a typographical
point of view, the Qur’an is one of the most demand-
ing texts. However, there is a long historical record
of excellent quality materials (manuscripts and re-
cent printings) to guide the work on a system to
typeset it. Such a system, once complete, can easily
typeset any work using the arabic script including
those with mixed languages.

As a start, AlQalam grows out of modifications
to ArabTEX [2, 3]. Hence, its inherits ArabTEX’s
good features:

• All the necessary processing is done with TEX
macros which allows it to be portable to any
TEX implementation.

• Although still in need of many improvements,
the font available with ArabTEX is the best
within the TEX family.

• The shapes of the letters change with their con-
text (teeth are raised and automatic detection
of many ligatures).

• A layered approach is used.

Although the use of TEX macros brings the virtue
of portability it has its severe limitations:

• ArabTEX had to compromise on the issue of line
breaking and justification. For right to left text,
ArabTEX is forced to handle the line breaking
by itself in a slow and complicated algorithm
bypassing one of the best parts of TEX available
for the latin script.

• ArabTEX analyzes the character combinations
to decide on ligatures using TEX macros as well.
This analysis using macros is

– less efficient than the ligature tables used
for the latin alphabet in Metafont and
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– limits the extent of the search for alterna-
tive letter combinations. In Arabic, four,
five, six, and sometimes more letters may
combine into a unique shape [4].

2 Specific needs of the Qur’an

Our goal of typesetting the Qur’an and traditional
texts means a few more challenging requirements in
addition to those of the general arabic typesetting.
To assist the reader in recitation, several indicators
for vowels, joints, text structure, and pausing loca-
tions have been added historically to the text of the
Qur’an.

Furthermore, there are different “narrations” of
the Qur’an that differ in the pronunciation in some
locations and hence lead to a plethora of additional
marks needed. The vast majority of the printed
copies of 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 same two lines from the four narra-
tions written by the same calligrapher and printed
by the same press: King Fahd’s complex for print-
ing the Qur’an in Madinah. A simple look at the
first word (top right in each example) reveals some
of the different symbols needed. Those additional
symbols fit well in a layered approach but would be
quite difficult to accommodate otherwise. The ���
symbol appearing on the first word of the top most
narration belongs to the pausing signs.

Another feature of typesetting the Qur’an is
the use of colors. In some printings, certain letters,
marks, or sometimes complete words take a different
color usually to remind the reader of a pronunciation
rule. Educational texts for young children often use
similar color encoding schemes to stress new read-
ing concepts and to train their little eyes in picking
up the distinctive features of the script. A complete
system for dealing with the arabic text should be
able to color a piece of a letter combination or some
specific marks.

3 New features in AlQalam

The first version of AlQalam [1] introduced an ad-
ditional layer in typesetting the arabic text for the
pausing marks of the Qur’an. Three features must
exist in this layer:

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

Hafs � �� �

Warsh ��
	��

Qālūn �
�� ��� ��

Al-dūr̄ı � 	���� ���
Figure 1: The first two lines of surat al-ra‘d. An
example from the four printed narrations.

• the ability to stack some marks on top of each
other, and

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

The first version of AlQalam implemented the con-
cept of the additional layer but was deficient in re-
spect of the three features just mentioned. These
features are new additions in the current version of
AlQalam.

The different pausing marks vary in their sizes
and shapes. They are raised on top of words that
vary in their heights as well. The second sample
from the top in Fig. 1 has four words followed by
the same pausing sign � . Its vertical position in� � �� � ��! " � #�%$& and

�(')�* �+ #, $� �
is different because of the underlying text.

Two primitive algorithms existed in the initial
version of AlQalam.

• Raise the pausing sign at a predefined height
from the baseline regardless of the height of the
underlying text. The worst case is when a sign

with a descender such as - comes on top of a
diacritic mark on a high letter. With a fixed
height we get:

�. �/ ��� #���0� �1 � �2 #� �. ��354 � � '. �6 � �7 . 8/ 8 ��� →
9 �. �/ ��� #��� 9 � �1 � �2 #� �. ��3

9 4 � � '. �6 � �7;:. 8/ 8 �<�
using this first method.
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• Raise the pausing sign by a fixed height above

the diacritics on top of the character. This sec-
ond method results in')�* �+ #, $� � �. �/ ��� #�<�0� �1 � �2 #� �. ��3 #= 1 � )2 �� �. 3 �� →

� ')�* �+ #, $� � � �. �/ ��� #�<� � � �1 � �2 #� �. ��3 � #= 1 � )2 �� �. 3 ��
where � has a varying vertical position.

What human calligraphers do is neither the first
nor the second method just described. In the cur-
rent implementation, we attempt to come closer to
what exists in the best of the art. The calligraphers
never lower the pausing marks below certain limits.
Hence, AlQalam now starts by raising any pausing
sign by a minimum height depending on the current
font size. If the underlying text is high enough so
that an overlap occurs, the pausing mark is raised
further. It is important to note that AlQalam now
allows more than one mark to appear on top of a
word. The new algorithm is not linked to the di-
acritic mark as in the second method mentioned
above but to any underlying text be it a diacritic
mark or another pausing mark. The new algorithm
thus yields:>

4 � � '. �6 � �7
�(')�* �+ #, $� �@?� �� � ��! " � #� A � -. 8/ 8 ���

>
�. �/ ��� #�<�

>
� �1 � �2 #� �. ��3 � #= 1 � )2 �� �. 3 ��

for the case of a single mark and

?B � � �3 � � ��� #. �)C -8 �D �E #F
�G �

for the case of multiple marks.
As for the third new feature of scaling, if the

user writes

\RL{\vsmaller
�. �/ ��� #�<�^^db^^96 \larger�. �/ ��� #���^^db^^96 \larger

�. �/ ��� #���^^db^^96 \larger�. �/ ��� #���^^db^^96 \larger
�. �/ ��� #���^^db^^96 \larger�. �/ ��� #���^^db^^96 \larger
�. �/ ��� #���^^db^^96 \larger�. �/ ��� #�<�}

the output isH IJ IK ILM NOQPSR TU TV
TWX YZ\[^] _` _a _bc degf

>
�. �/ ��� #��� 9 hi hj hkl mnporq st su svw xy{z}| ~� ~� ~�� ����}� �� �� ��� �� �

which is easily achieved since the height at which
the pausing mark is positioned depends on the font
size.

It is obviously not easy to type characters such
as ^^db^^96 all over the input file. A smart edi-
tor which is capable of understanding user-defined
shortcuts may be used to ease this task. The user
can just type the shortcut key and the editor puts
the correct utf8 code into the file. To help the gen-
eral users, we also assigned some shortcuts for marks
that appear frequently in the Qur’an such as the
dagger alif �� � for which the user types ‘!’ instead of
‘^^d9^^b0’. Our system now translates the ‘!’ and

�) �� " � � �� ��
')�* �+ #, A � �� )3 �� �)	 �� C � �� #! � ��<�G � �� �. � �3

'G � 8� �� � �)� A � � ?� ���� ��!�" � #� A � '�� � �3 � � �� �� #� �3 � -. 8/ 8 �<�
. � # ! � � �� 3 �� �� � � �� � �/ �)� � A � �� � �� �	 � �� � �)� A � '� �)� � A �¡ ¢ � �
�� '�! C � #G� '3 �¤£ � � � � �) �! � A � �. ��6 #¥ �G �

Hafs ¦ §©¨Sª «­¬® «S¯ ¬l±° k²´³µ o ¶g·
�) �� " � � �� ��

� ')�* �+ #, $� � �� )3 �� �)	 �� C � �� #! � ��<�G � �� �. � �3
'G � 8� �� � �¸� �� � � ���� ��!¹" � #�%$& '�

�
� �3 � � �� �� #� �3 �

�. º 8 )/ � 8 �� �G �
. � # ! � � �� 3 �� �� � � �� � �/ �)� � $� � �� � �� �	 � �� � �($& '� �)� � $� �¡ ¢ � � �
�� ' �! C � � '3 � £ � � � � �) �! � $� � �. ��6 #¥ �G �

Warsh » ¬¼ ª ¬³ ¬® «¾½¿ ·À¶ k²¹³µ o ¶g·
�) �� " � � �� ��

� ')�* �+ #, $� � �� )3 �� �)	 �� C � �� #! � ��<�G � �� �. � �3
'G � � �� � �)��� �� � � ���� ��!¹" � #�%$& '�� � �3 � � �� �� #� �3 � � �. 8 )/ � 8 ��

�G �
. � # ! � � �� 3 �� �� � � � � �/ �)� � $� � �� � �� �	 � �� � �)�%$& '� �)� � $� �¡ ¢ � � �
�� ' �! C � #G� '3 �Á£ � � � � �) �! � $� � �. ��6 #¥ �G �

Qālūn » ¬¼ ª ¬³ ¬® « ¬Â�Ã n ª k¼ k²¹³µ o ¶Ä·
�) �� " � � �� ��

')�* �+ #, $ � �� )3 �� �)	 �� C � �� #! � ��<�G � �� �. � �3
'G � 8� �� � �)��� �� ?� ���� ��!¹" � #�%$& '�

�
� �3 � � �� �� #� �3 � -. º 8/ 8 �<�

. � # ! � � �� 3 �� �� � � � � �/ �)� � $� � �� � �� �	 � �� � �)�%$& '� �)� � $� �¡ ¢ � �
�� ' �! C � #G� '3 � £ � � � � ) �! º � $� � �. ��6 #¥ �G �
Al-dūr̄ı

¶ i(Å «SÆ%Ç � È o ¬® «�É ·Ê¶�Ë(nÌo k ²Í³µ o ¶g·
Figure 2: The first two lines of surat al-ra‘d

the other shortcuts on the fly to the corresponding
utf8 code before processing the file. The shortcuts:

type ← mark type ← mark type ← mark

3 ←

-�¹� 2 ←
? �¹� 1 ←

>
�¹�

6 ← Î�¹� 5 ← Ï �¹� 4 ← Ð �¹�
9 ← Ñ �¹� 8 ← � Ò � 7 ←

Ò�¹�
! ← ��¹� . ← � º � 0 ← 4�¹�
^ ← Ó * ← Ô + ←

¢
are currently enabled in AlQalam.

Fig. 2 shows the same quotes presented in Fig. 1
written by the current version of AlQalam. This ex-
ample reveals a few more of the new features. The
inter-word spacing in the high quality arabic script
typography is much smaller than the latin script. In
some cases it is even absent completely. The reader
relies on the fact that letters at the end of a word
have a different shape in order to separate the words.
A minimal spacing within a Right to Left environ-
ment is the default now, compare�� ! � 3 � . � ��� �� � / � Õ ��� �� 6 � 3 � �� ¥ � . �6 / ��� �� � �� � � / � � � � �! C � ��gÖ
to �� ! � 3 � . � ��� �� � / � Õ ��� �� 6 � 3 � �� ¥ � . �6 / �¸� �� � �� � � / � � � � �! C � ��ÄÖ
where the command \newspacefalse is used in the
second case to retain a large spacing as in ArabTEX
and in the regular latin script.
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The earlier version of AlQalam allows hamzat-
alwasl (A � ) to appear only at the start of a word. How-
ever, in the Qur’anic text, it may appear in a medial
form as in¦h § m × Ø ª ³ �h Ù o ÃÛÚkl hÜk³ Ø o h¶ m ¦ Ý Úk mÞ h·Áß

hÜà Ø ª
h ¬¼ áÉ ¬Ë h

hÜn Ø o h¶
which is possible in the current version.

Yet another feature concerns the position of di-
acritic marks on top of the letters. Compare � � / #â G �
to � � / #â G � . The first is the default while the second
with the raised mark is achieved by the command
\hightrue within the arabic script environment.

The current algorithm handles the small dag-
ger alif according to its context. It is considered a
separate character that appears on its own in cases
such as

hã ä å h ß h¶ h· Úkæ ßä h³ µ o hÞ kç ß hÃ ßä hj hÜè n Ø o . On the other hand, it
is considered a mark on top of the underlying char-
acter in cases such as

k é ßÃ hê µ hë mì Ø o
hk é ßÃ hí hÜî n Ø oïßÉ hÃ hkê må Ø o . If the

dagger alif 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 dagger alif is a mark
modifying the underlying character if it is

• on the ‘final’ É as in
ßÉ hÃ hkê må Ø o even if it is followed

by a connected pronoun as in ª hð ßê
hÜñ h ¬· ª hð ß³ hÃ mkl

hk³ Ú² ß³ hÜÃ hå ,

• on a � which is followed by � as in Ù o ßÃ h³ � Üi h n Ø o , or

• on a � which is followed by � ò as in

hk é ßÃ hí hÜî n Ø o .
The current coloring scheme has improved as

well. In Fig. 2, the color of every ó or �
 that has a
shaddah on top of it is different to indicate its spe-
cial pronunciation in the Qur’an. The user chooses
the color by \colmnshadd{colorname} (a few other
commands for various rules were also added). The
issue of coloring while maintaining the contextual
analysis to decide on the correct form (initial, me-
dial, final, or isolated) of the letter is not easily
done. In latin script, it is easy to to get ‘text’ via
‘te\textcolor{blue}{x}t’ which is fine as long as
no special ligatures or kerning is need between the
‘x’ and the ‘e’ or ‘t’. However, in arabic script the
command sequence in the middle of the word breaks
the contextual analysis and the ligature formation.
In our case since the coloring rules are known apri-
ori, we code them in the system. So, after all the
contextual analysis to decide on the appropriate let-
ter form and the ligatures is done but before the
complete word is fed to the output, we intervene
and check for the existance of the requested letter
sequence. If a part of the word matches the pattern,
we color it. Such a hard-coded “programatic” way is
not suitable for arbitary coloring that the user may
wish to introduce into a regular text outside of the
Qur’anic quotations.

Figure 3: Effect of changing the pen and
improving the shape on the “shaddah”.

A large number of glyphs in the current font
are improvements of what existed in ArabTEX or
the previous version of AlQalam. ArabTEX uses a
circular pen for the diacritic marks. We found that
a rotated square pen gives a much more satisfying
output as shown on the right side of Fig. 3.

To mimic the printed versions of the Qur’an,
we define a \sura command that produces:ôõ ö ÷ø ù¹ú ÷ûýüþü ÿ ÿÄÿ ô� ÷ � ÷ø ù�� � ÷��� ú	�ô 
 ÷�
� ö �� ÿ ÿ ÿ ôõ ÷�� ù � ÷�
and ô� � ÷ø ù´ú ÷û��©ÿ%ÿÄÿ � ÷ ÷������� ÷ ú �ô 
 ÷��� ö �� ÿÄÿÄÿ ôõ ÷�� ù � ÷�
when given the number of the sura (100 in the first
case and 112 in the second). AlQalam provides de-
fault values for the remaining information to be dis-
played (number of verses and whether the sura was
revealed in Makkah or Madinah) if they are not sup-
plied by the user.

The following figure shows a number of verses
with marginal notes indicating the partitioning and
the location of a prostration as is customary in print-
ings of the Qur’an. The counter of the partition and
the corresponding note are produced automatically
when the user writes * in the file. The indicator and
the note for the prostration are similarly produced
by ^ in the input file.

kç h ß hÃ ßä hj hÜè n Ø o Æ ¬¼ h hÞ mæ �
h ¬ë mì Ø o Ú� � i h m ¬ë � Úµ É ¬Ë h

hÜn Ø o ² h
hÜ� n h o ¶ ÚË Ú � mè h! µ#"

hÜ h
È o%$h² ßä

hnpo
È h
á " h Ú²

hÜ� n Ø o'&�() h ¬Â�Ã Ú ¬ê í h m* Úk³ ª h+ h¶
h ¬Â�Ã Ú¬l m ¬ë � Úk ª h+ Ú ¦

h, m* h³ µ h¶ ¬� h m·
h
È" m o h¶

Úi Ú ¬- ¬ê h ¬. hå
h/ ª
hk¼10 &32) 4 ¦h § µ ¬- h h* mn Ø o ½¿ h mi h* mn Ø o ÚÜç � h· hÃ Ú5 "

hÜ o
È
h 6

�%7 8 9 : � �; <8 = <8>@?BA�3C ~ D �E#F
� G �H I 9 J �Ko h ¬Ë ßä h5 Æ § �h ßä

hkê	L h Ü³ �h æ � h5 m ¬à Ø oM&ON) h ¬®QP µ�³ �h ¬Ë h ßä
hL mn Ø o h ¬® + h hkæ ¬ê Úñ mR

h
È o hkæ mk¼ hË hS

h
È oT & F) h ¬Â Ã Ú* °¸�h mi h³ µ o

h ¬à ª h+ mi Ú ¬- ¬! Ø ª
h ¬¼ mU ÚV m ¬W h«

hÜ/ hÃ hk³ hÜ ¦ Ý Ú½ mU V h mW µ
hnpo
È
h m²¸kl h mn

h
È ª
h ¬¼

X h j hÜ ¬ê nÌo Úk é h· Ã ä Úå
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4 Future work

A lot of work is needed on the fonts to produce new
typefaces and to enhance the current one. The pro-
duction of multi-letter ligatures with a layered ap-
proach where the dots, vowels, and additional marks
are stacked on the basic structure is still an open is-
sue. It might even require changes to the way TEX
and Metafont (or other font generation tools) han-
dle ligature tables.

The use of TEX macros for programming has its
merits and problems as discussed earlier. However,
we think that we brought AlQalam quite close to
the limits of such an approach.

To handle line breaking and justification cor-
rectly, a much more fundamental change into TEX
itself is needed. After describing the line breaking
algorithm of TEX [6], Plass and Knuth propose a re-
finement where the badness function for the lines de-
pends on the number of varying-width letters in the
paragraph. Neither TEX nor its descendents have
this refinement implemented. In the case of arabic
script, it will not be just the varying-width letters
but also the optional ligatures that may be formed
or broken to change the length of the text on the
line. We hope that one of the current projects to ex-
tend TEX (ε-TEX, Ω, XeTEX, OrientalTEX, . . . ) will
include this change to the badness function. A lot
of experimentation using several different languages
will be needed to come up with the most suitable
badness function.

Another issue that requires more work is the
contextual analysis to decide on the glyphs used.
This analysis is not only within a word but also it
must sometimes look at two consecutive words. The
following example explains why such an inter-word
analysis is needed. In general in Arabic, a silent ‘n’
sound is pronounced normally before Y[Z\^]_\a`cb
and goes through some form of vocal assimilation
into the sound of the following letter otherwise. If
the silent ‘n’ sound is at the end of a word 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 � d � d�¹�fe��� to � �g � g ���� g '��� if the
following letter is � � or to � Ò � Ò�¹� Ñ ��� otherwise. The first
letter of that following word gets a shaddah on it in
the case of a full assimilation and does not get the
shaddah for the incomplete assimilation. For a pro-
gram, these rules mean that we must do our analysis
across any intervening spaces or command sequences
including the counters for the verses and the indi-
cators of prostration or partitions that might come
between consecutive words. The inter-word analysis
is needed in many cases not just for the ‘n’ sound

and it has some implications on the coloring rules as
well. Obviously, our first attempts to achieve that
endeavor using TEX macros proved to be quite la-
borious and are not yet fruitful. Currently, the user
chooses the appropriate shape from the font manu-
ally. Once more we hope that the future TEX ex-
tensions can come to our help by providing easier
means to program such an analysis.
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