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Abstract 

 
With the advent of multi-lingual concept in computer systems, different solution has been 

proposed and implemented. But most of these are not matured enough or has platform 

barriers. The most promising solutions are OpenType® by Microsoft and Adobe, and 

Apple Advanced Typography by Apple Inc. The OpenType® specifications are open 

source, in spite of that the support of OpenType® on different platforms is not mature 

and even not consistent among Microsoft and Adobe applications. 

 

Two different techniques have been adapted to digitize the Nastaleeq script. One is 

Ligature based approach and other is character based. Both approaches have their own 

limitations. The most dominating solution is ligature based Nori Nastaleeq font. But this 

font can only be run in proprietary software InPage®. And this software can only be run 

in a MS Windows environment. The other promising solution is character based Nafees 

Nastaleeq font. This font uses OpenType® technology to generate ligatures. OpenType® 

solution is very slow for Nastaleeq script and has limitations for proportional spacing and 

justification. 

 

TeX is a revolutionary typesetting system developed by Donald Knuth in 1980s. It is a 

defecto standard for many scientific and mathematic publications. TeX was mainly aimed 

at typesetting mathematics and English text. Omega is an extension of TeX developed by 

John Plaice and Yannis Haralambous. Its first release, aims primarily at improving TeX's 

multilingual abilities. Omega allows multiple inputs and output character sets, and uses 

programmable filters to translate from one encoding to another, to perform contextual 

analysis. The pixel level control of TeX over glyphs and filtering approach of Omega 

suits them best for complex scripts like Nastaleeq. 
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1. Background 

1.1.  TeX 
 
TeX is a typesetting system written by Donald E. Knuth. It is intended for the creation of 

beautiful books and especially for books that contain a lot of mathematics. Knuth 

developed a system of literate programming to write TeX, and he provides the literate 

(WEB) source of TeX free of charge, together with tools for processing the web source 

into something that can be compiled and something that can be printed. Furthermore, the 

WEB system provides mechanisms to port TeX to new operating systems and computers; 

in order that one may have some confidence in the ports, Knuth supplied a test by means 

of which one may judge the fidelity of a TeX system. TeX and its documents are 

therefore highly portable. TeX is also a macro processor, and offers its users a powerful 

programming capability. 

1.1.1.  TeX file processing  
 
Input to TeX consists of a file of ordinary text that can be prepared with a text editor. A 

TeX input file, unlike an input file for a typical word processor, doesn’t ordinarily 

contain any invisible control characters. Everything that TeX sees is visible to you too if 

you look at a listing of the file. The input file may turn out to be little more than a 

skeleton that calls for other input files. TeX users often organize large documents such as 

books this way. 

 

When TeX processes a document, it produces a file device independent file called the 

.dvi file. A DVI file contains all the information that is needed for printing or previewing 

except for the actual bitmaps or outlines of fonts, and possibly material to be introduced 

by means of \special commands. The DVI abbreviation was chosen because the 

information in the .dvi file is independent of the device that used to print or display the 

document. To print the document or view it with a previewer, the .dvi file needs to be 

process with a device driver program. Different output devices usually require different 

device drivers. After running the device driver, the output of the device driver may be 

transferred to the printer or other output device. 
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Figure 1: TeX File Processing 
  

Since TeX has no built-in knowledge of particular fonts, it uses font files to obtain 

information about the fonts used in your document. The font files should also be part of 

the local TeX environment. Each font normally requires two files: one containing the 

dimensions of the characters in the font (the metrics file) and one containing the shapes 

of the characters (the shape file). Magnified versions of a font share the metrics file but 

have different shape files. Metrics files are sometimes referred to as .tfm files, and the 

different varieties of shape files are sometimes referred to as .pk files, .pxl files, and .gf 

files. These names correspond to the names of the files that TeX and its companion 

programs use.  

 

TeX itself uses only the metrics file, since it doesn’t care what the characters look like 

but only how much space they occupy. The device driver ordinarily uses the shape file, 

since it’s responsible for creating the printed image of each typeset character. Some 

device drivers need to use the metrics file as well. Some device drivers can utilize fonts 

that are resident in a printer and don’t need shape files for those fonts. 

 
Figure 2: High Level architecture of TeX 
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1.2. LaTeX 
 
LaTeX is a macro package that enables authors to typeset and print their work at the 

highest typographical quality, using a predefined, professional layout. LaTeX was 

originally written by Leslie Lamport. It uses the TeX formatter as its typesetting engine 

[3]. 

1.3.  METAFONT 
 
METAFONT was written by Knuth as a companion to TeX; whereas TeX defines the 

layout of glyphs on a page, METAFONT defines the shapes of the glyphs and the 

relations between them. METAFONT details the sizes of glyphs, for TeX's benefit, and 

details the raster used to represent the glyphs, for the benefit of programs that will 

produce printed output as post processes after a run of TeX. 

 

METAFONT is a language for defining fonts, permits the expression of several classes of 

things: first the simple geometry of the glyphs; second, the properties of the print engine 

for which the output is intended; and third, `meta'-information which can distinguish 

different design sizes of the same font, or the difference between two fonts that belong to 

the same (or related) families. 

1.4.  Packed Raster (PK) 
 
PK files (packed raster) contain font bitmaps. The output from METAFONT includes a 

generic font (GF) file and the utility gftopk produces the PK file from that. There are a lot 

of PK files, as one is needed for each font that is each magnification (size) of each design 

(point) size for each weight for each family. Further, since the PK files for one printer do 

not necessarily work well for another, the whole set needs to be duplicated for each 

printer type at a site. As a result, they are often held in an elaborate directory structure, or 

in `font library files', to regularize access. 
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1.5.  TeX Font Metrics (TFM) 
 
TFM files hold information about the sizes of the characters of the font in question, and 

about ligatures and kerns within that font. One TFM file is needed for each font used by 

TeX, that is for each design (point) size for each weight for each family; one TFM file 

serves for all magnifications, so that there are (typically) fewer TFM files than there are 

PK files. The important point is that TFM files are used by TeX (LaTeX, etc.), but are 

not, generally, needed by the printer driver.  

1.5.1.  TeX Box 
 
TFM matrices represent the dimension of glyph boxes. A box has height, depth, and 

width. The baseline is like one of the light guidelines on a pad of ruled paper. The height 

of a box is the distance that the box extends above its baseline, while its depth is the 

distance that it extends below its baseline. The reference point of a box is the place where 

its baseline intersects its left edge[2].  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: TeX Box Dimensions 
 
 

A single character is a box by itself, and an entire page is also a box. TeX forms a page as 

a nest of boxes within boxes within boxes. The outermost box is the page itself, the 

innermost boxes are mostly single characters, and single lines are boxes that are 

somewhere in the middle.  

 

Width
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TeX builds an hbox H from a horizontal list by assuming a reference point for H and then 

appending the items in the list to H one by one from left to right. Each box in the list is 

placed so that its baseline coincides with the baseline of H, i.e., the component boxes are 

lined up horizontally. 

 

Similarly, TeX builds a vbox V from a vertical list by assuming a temporary reference 

point for V and then appending the items in the list to V one by one from top to bottom. 

Each box in the list is placed so that its reference point is lined up vertically with the 

reference point of V.  

1.6.  Virtual Fonts 
 
Virtual fonts for TeX were first implemented by David Fuchs in the early days of TeX. 

Virtual fonts provide a way of telling TeX about something more complicated than just a 

one-to-one character mapping. This facility can be used to remap characters, to make a 

composite font with glyphs drawn from several sources, or to build up an effect in 

arbitrarily complicated ways - a virtual font may contain anything which is legal in a DVI 

file. 

It is important to realise that TeX itself does not see virtual fonts; for every virtual font 

read by the DVI driver there is a corresponding TFM file read by TeX. Virtual fonts are 

normally created in a single ASCII VPL (Virtual Property List) file, which includes both 

sets of information. The vptovf program is then used to create the binary TFM and VF 

files. 
 

1.7.  Type 1 & TrueType fonts 
 
The Type 1 font format was developed by Adobe. Apple Computer Inc originally 

designed the TrueType outline font standard. The primary difference in the two standards 

was the form in which the outlines were stored i.e. how they describe a letter’s shape by 

means of points, which in turn define lines and curve, was different. Type 1 stores glyph 

as outlines represented by third other Bezier splines while TrueType store them as 

outlines indicated by second order b splines.  
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TrueType font was developed in 1980, six years after Type1. Apple initially code-named 

it as Royal and later introduced it as TrueType. At that time, it was considered a means of 

a better outline font with good hinting capabilities and a solution to some of the technical 

limitations of Adobe's Type 1 format [8]. 

 

The TrueType format was designed to be efficient in storage and processing, and 

extensible. It was also built to allow the use of hinting approaches already in use in the 

font industry as well as the development of new hinting techniques, enabling the easy 

conversion of already existing fonts to the TrueType format. This degree of flexibility in 

TrueType's implementation of hinting makes it extremely powerful when designing 

characters for display on the screen. Microsoft had also been looking for an outline 

format to solve similar problems, and Apple agreed to license TrueType to Microsoft. 

 

Apple included full TrueType support in its Macintosh operating system, System 7, in 

May 1990. TrueType specifications were made public and Microsoft first included 

TrueType in Windows 3.1, in April 1991. The fonts developed were based on TrueType 

standards; hence the name TrueType fonts. Soon afterwards, Microsoft began rewriting 

the TrueType rasterizer to improve its efficiency and performance and remove some bugs 

(while maintaining compatibility with the earlier version). [1] 

1.8. Using Type1 and True Type Fonts in TeX 
 
TeX can only understand MATAFONT. Designing a large MATAFONT is a time 

consuming tasks. Numbers of utilities are available to convert Type1 and TrueType fonts 

in to MATAFONT format. However, converting TrueType to MATAFONT losses the 

hinting instructions that are not supported by MATAFONT. TeX only supports 256(8bit) 

character fonts. For large fonts (having more than 256 characters) user needed to split his  

font into different MATAFONT files. 
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1.9. Unicode 
 
The TrueType fonts implementing the TrueType standard were initially based on 7-bit 

ASCII. This means that they did not accept any input beyond the 7-bit range (0-127). 

With the idea of multilingual text processing this problem became apparent and a 

question arose that how can letters of all languages be represented on a computer? 

 

The ASCII's 7-bit character size was inadequate to handle multilingual text, so a 

Consortium by the name of Unicode adopted a 16-bit architecture, which extends the 

benefits of ASCII to multilingual text. Unicode characters are consistently 16 bits wide, 

regardless of language, so no escape sequence or control code is required to specify any 

character in any language. Unicode character encoding treats symbols, alphabetic 

characters, and ideographic characters identically, so that they can be used 

simultaneously and with equal facility. Computer programs that use Unicode character 

encoding to represent characters but do not display or print text can (for the most part) 

remain unaltered when new scripts or characters are introduced 

 

Unicode is a 16-bit character-encoding standard that represents most of the characters 

used in general text interchange throughout the world. Unlike other character encoding 

standards that assign character codes to both characters and glyphs, Unicode assigns 

character codes only to characters. In Unicode, each character has a distinct linguistic 

function or meaning, and its character code is unambiguous. Character codes are not 

assigned to glyphs or glyph variants because a glyph is simply a graphic depiction that 

has no meaning apart from the character or characters that it represents. By functionally 

separating characters and glyphs, Unicode simplifies text processing for software 

developers and users. 
 
 

  ب قب قبا با
(a) (b) (c) (d) 

 
Table 1: Different forms for Urdu letter bay 
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With Unicode the problem how characters belong to all the languages are to be stored, 

was solved. But other problem remained. The TrueType font allows a one to one 

correspondence between characters in a coded-character set e.g. ASCII or Unicode and 

the glyph in the font that represents the character. This model does not work well for 

languages that require complex script processing. For example in Urdu a letter can have 4 

different shapes. These are position dependent. Consider the following example where 

letter bay indicated in gray has a different shape when it occurs in a) initial, b) medial, c) 

final and d) isolated position. 

 

This was solved by assigning an additional Unicode to each of initial, medial and final 

form whereas isolated already had the ‘default’ Unicode. So these forms, which came to 

be known as presentation forms [9], were included to provide users with a simple method 

to generate them But the Nastaleeq font consists of hundred of different shapes and it 

would be infeasible to assign a Unicode to each of its presentation form. 

 

So it was felt that there is no need to include any additional presentation shapes in 

Unicode, in fact all the various shapes and ligatures of the Arabic script should 

automatically be generated by 8 the rendering engines of the software that implements 

Unicode. Efforts were made to remove the language barrier. Different technologies were 

developed and different paths adopted. 
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2. Omega 
 
Over the years, TeX has been used with many non-English languages, often using 

combinations of custom-encoded 8-bit fonts and different input encodings and 

conventions. However, TeX’s roots are unquestionably in Latin-script typography; the 

system originally processed 7-bit text (usually ASCII), accessing 8-bit fonts for output. In 

1989–90, Knuth extended the system to support 8-bit input text[9], and provided some 

enhancements for multilingual use, but support for many non-Latin and complex scripts 

remains difficult. 
 
Omega is an extension of TeX developed by John Plaice and Yannis Haralambous. Its 

first release, aims primarily at improving TeX's multilingual abilities. Omega allows 

multiple inputs and output character sets, and uses programmable filters to translate from 

one encoding to another, to perform contextual analysis [5].  

 

Omega consists of a series of extensions to TeX that improves its multilingual 

capabilities. It allows multiple input and output character sets. Since it allows to 

dynamically define finite state automata to transfer from one encoding to another, it is 

possible to define complex contextual analysis for ligature choices, character cluster 

building or diacritic placement, as required for scripts such as Arabic, Devanagari, 

Hebrew or Khmer. Omega also supports multidirectional writing, therefore allowing 

typesetting of Hebrew, Arabic, Chinese, Japanese and many more [6].  

 

In Omega, the input character stream is processed by a series of filters, each reading from 

standard input and writing to standard output. Once all of the filters are applied, the 

stream is passed to the TeX low-level typesetter. Filters can be written for character set 

conversion, transliteration, morphological analysis, spell-checking, and contextual 

analysis, and two dimensional layout [7]. 
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Figure 4: High level architecture of Omega 

 

2.1. Sixteen Bit Fonts 
 
One of the fundamental limitations of TeX is that most of quantities can only range 

between 0 and 255 (8 bit). Fonts are limited to 256 characters each, only 256 fonts are 

allowed simultaneously and only 256 of any given kind can be used simultaneously, etc. 

Omega Loosens this restriction and allow 65536(16 bit) of each of these entities. 

 

Omega also supports 16 bit virtual fonts. A virtual font can be generated from different 

8bit MATAFONT files. This solves the problem of using Unicode fonts (having more 

than 256 characters) with Omega. 

2.2. Multiple Directions 
 
Since TeX was originally designed for English, it only supports left to right typesetting. 

Omega system implemented sixteen different directions which are designated by three 

parameters. 

 

1. The beginning of the page is one of T(Top), L(Left), R(Right) or B(bottom). For 

English and Arabic the beginning of the page is T, for Japanese it is R and for 

Mongolian it is L. 
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2. The beginning of the line defines where each line begins. For English it is L, for 

Arabic it is R, for Japanese and Mongolian it is T. 

3. Te top of the line corresponds to the notion of up within a line. Normally this will 

be the same for the beginning of the page, as in TLT for English, TRT for Arabic, 

RTR for Japanese or LTL for Mongolian. However for English includes in the 

Mongolian text, successive lines move up the page which gives direction LTR 

2.3. Omega Translation Process (OTP) 
 
An OTP is a kind of a filter that reads the text (data stream) and takes appropriate 

actions, according to the context and outputs the results. OTP allow text to be passed 

through any number of finite state automata, in order to impose the required effects. In 

general there are three main categories of OTPs: those converting the data into Unicode 

from different encodings, those transforming the data for linguistic or typographical 

reasons, and those converting the data from Unicode to the font encoding. 

 

OTPs are part of omega’s hidden machinery and are capable of solving most problems of 

(micro- ) typography. Maybe the most important fact about them is that, while hidden to 

the end user, OTPs are entirely accessible and modifiable by the user. In fact, they are 

written in a very simple syntax, so that any user, without being a programmer, can write 

an OTP to solve his specific needs. If for example, a Japanese omega user has a long text 

with many furiganas to keyboard, he can invent syntax for obtaining these by typing 

normal kana, marked up in some specific way. What way is not important, since the OTP 

he will write will convert it into TeX commands; of course one could directly type TeX 

commands, but (a) this would take longer, and (b) this would make the text unreadable. 

This method is efficient only because writing an OTP is a straightforward task. 
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Figure 5: A simple finite state automata for 4-shape Arabic script 
 
OTPs can be quit complex; if some one wants to implement collation/sorting, spell check 

or word segmentation through OTPs. External OTPs are used for that kind of tasks. They 

are used inside Omega exactly like any other OTP. The difference lies in the way they are 

written: in fact they are simply executables of the underlying operating system. Any 

executable can be used as an OTP, as long as it uses STDIN and STDOUT data streams. 

One does not even need to have the code to use such an executable: this means that in the 

future one may see “Omega plug-ins”: executables provided in binary form for selected 

platforms, enhancing the functionalities of Omega, and solving specific typesetting 

problems [10]. 

 

An OTP is consists of Six parts: 

1. Input 

2. Output 

3. Tables 

4. States 

5. Aliases 

6. Expressions 
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The Input and Output defines the size of input and output encoding size. The Table part is 

used for defining tables that will be referred to later in Expression part. The Aliases part 

is used to define groups that may be referred in Expression part. 

 

The Expression part states what translation must take place, and when. It cannot be empty 

and its syntax is: 

 

Expression: expr+ 

 

Where each expr is of the form: 

 

leftState totalLeft right pushBack rightState 

 

Where leftState defines the state for which the Expression is applicable, totalLeft defines 

the left hand side regular expression, right defines the character to be output, pushback 

states what character added to the input stream and rightState gives the new state. 

 

Intuitively, if the automation is in macro-state leftState and the regular expression 

totalLeft corresponds to a prefix of the current input stream then (1) the input stream is 

advanced to the end of the recognized prefix, (2) the characters generated by the right 

expression are put onto the output stream, (3) the character generated by the pushback 

stream are placed at the beginning of the input stream and (4) the system changes to the 

macro-state defined by the rightState. The leftState field can be empty. If it is not its 

syntax is 

 

<id> 

 

The syntax for totalLeft is 

 

Beg:? left+ end:? 
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The big: and end: are optional and if present, will only match the string if it is at the 

beginning of the input or at the end of the input respectively. 

 

The syntax for left is given by 

 

Left  ::= n 

| n-n  //range of output 

| .  //wildcard 

| (left+)  //series of left expressions 

| ^(left+) //negation of a choice 

| {id}  //Aliases 

| Left <n,n’?> // n to n’ occurrences of left 

 

The syntax for right is: 

 

=> stringExpr+ 

 

While the syntax for pushback, if not empty is: 

 

<= stringExpr+ 

 

A stringExpr defines a string of characters, using the characters in the recognized input 

stream as arguments. It is of the form: 

 

stringExpr ::=  s   //ASCII character 

| \n  //the nth character in the recognized prefix 

| \$  // the last character in the recognized prefix 

| \($-n)  //nth character counting from end of prefix 

| \*  //entire recognized prefix 

| \(*-n)  //entire prefix without the last n characters 

| \(*+n)  //entire prefix without the first n characters 
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| \(*+n-n’) 

| #arithExpr //arithmetic expressions +,- *, div, mod can be 

applied on  the recognized prefix 

 

 

2.4. Compiled Translation Process or Omega Compiled Process 
(OCP) 

 
Omega reads a compiled form of OTPs call Compiled Translation Process or OCP. OCPs 

can be considered as a portable assembler program, and Omega includes an interpreter 

for the generated instructions. 

2.5. Translation Process List 
 
Translation processes can be used for a number of different purposes. Since not all uses 

can be foreseen, Omega allows to dynamically reconfiguring the set of translation 

processes that are passing over the input text. And this is done using stacks of translation 

process lists. OCP lists are built using five operators \nullocplist, \addbeforeocplist, 

\addafterocplist, \removebeforeocplist and \removeafterocplist. OCPs are placed on a 

stack and there are three commands, which all represent the grouping mechanism. The 

\clearocplists command disables all OCP lists. The \puchlist pushes OCP list onto the 

stack. The \popocplist pops the last list from the stack. 

 

Each OCP list in a stack applies on an input data stream in a serial way. And the output 

generated by the last OCP transferred to Omega for further processing. 
 
 

 
 

 
 

Figure 6: Omega Translation List 

OCP1 OCP2 OCPn 
Input Text Output to Omega 
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3. Problem Statement 
 
Current solutions for the rendering of Nastaleeq script are inadequate because they do not 

offer consistent platform-independent solutions and are inefficient to handle the 

complexity of the Nastaleeq script. These solutions are inconsistent in the sense that the 

results of rendering may differ from one platform to another. Currently the complete 

Nastaleeq solution is only available for Windows platform. The current support provided 

by Pango is quite simplistic. It implements the basic context-less initial, medial, and final 

rules in the OTF tables. This is no better than a Unicode font based on the Arabic 

presentation forms in which a character has one shape at each position. But Urdu is 

traditionally written in Nastaleeq script. There is a need to provide a platform 

independent solution for Nastaleeq script. 

 

The current solution provides a Nastaleeq rendering support in Linux through omega. 

Omega has strong typesetting system (TeX) to handle the complexity of Nastaleeq 

rendering and Omega Translation Processes (OTPs) provide solution for the complexity 

of Nastaleeq script (e.g. contextual shape substitution).  

3.1. Scope of the problem 
 
The scope of the problem is limited to the basic alphabets of Urdu ( ا to ے) and numerals 

(0 to 9 ). These alphabets are listed in an Appendix A. The solution provides: 

• correct glyphs according to the contextual dependency of a character. 

• correct cursive attachments of a glyphs 

• nuqta placement 

• Automatic bidirectional support for numeric characters  
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4. Methodology 
 

The methodology to be adopted to provide the solution of the aforementioned problem 

statement can be broadly divided into four phases: 

4.1. Omega Virtual Font for Nastaleeq   
 
First step is to generate a font file for Nastaleeq script containing all the glyphs needed 

for that script. This font file can be generated from Nafees Nastaleeq TTF font file. 

 

a. Convert Nafees Nastaleeq TTF font into TeX Font Matrix (TFM) files. 

b. Generate a virtual font file containing all glyphs of Nastaleeq. 

 

Total 827 glyphs have been used to render Nastaleeq. These glyphs are placed in four 

different type1 files (see Appendix B). And four different TFM files are also generated 

respectively.  The font files that are needed to render Nastaleeq in Omega and for output 

drivers are: nafees1.pfb, nafees2.pfb, nafees3.pfb, and nafees4.pfb and nafees1.tfm, 

nafees2.tfm, nafees3.tfm, and nafees4.tfm respectively. Omega program itself only uses 

the single virtual font file nafees.ofm that actually has pointers to above font files.   

4.2. Substitution Logic 
 
Nastaleeq script is highly context dependent. The shape of each character in a ligature 

depends on the shape of the character following it. However the shape of final character 

is dependent on the second last character in a ligature, with few exceptions. For example 

character yeah (ی) has two shapes j ͇ǣœ and k~͇  when character bay (ب) occurs at the medial 

and initial position of ligature respectively. Similarly characters ر، ڑ، ز،ژ، ق، و، ہ have 

different final glyphs according to the position of their preceding character in a ligature. 
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There are two possibilities to program Nastaleeq substitution in Omega: internal OTPs 

and external OTPs. It is examined that internal OTPs are syntax dependent and slower 

than external OTPs. For example it is almost impossible to implement reverse chaining 

using the inadequate syntax support of internal OTPs. External OTPs can be implemented 

using Perl or C/C++, and give freedom to implement custom logic.  

4.2.1.Devised Solution 
 
The devised solution uses three lookup tables (initial, medial, final) to get the initial, 

medial and final shape according to the context (see Appendix C). The format of these 

tables is described in Table 2 below.  
 
 
 

 628 629 630 … 
Shape1 Shape 4 Shape 6 ...  
Shape2 Shape 8 Shape 9 …  
Shape3 Shape 5 Shape 50   
Shape4 Shape 10  Shape 8   

… ... ... …  
…     
…     

 
Table 2: Format of lookup table for initial and medial shape context 

 
The first row of table consists of Unicode values. The remaining table has indices that 

point to the corresponding shapes in the font. For each character listed in the first row the 

shape of that character can be determined by looking up the shape following it, in the first 

column. 

 

The dimensions of initial and medial tables are 390 rows and 46 columns. But it is 

observed that many rows contain redundant data. The tables are compressed using table 

compression technique. After compression the tables reduced to 58 rows.     

 

The first step is for substitution is to break the input string into ligature strings. Ligatures 

are then processed from left to right as follows: 

Unicode 

Shapes 
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For a ligature of length n, the shape of nth character is recognized by consulting the final 

table. The format of final table is little different from others. It has Unicode values in first 

column as well, because at the beginning only Unicode values are available. The final 

table consists of 47 rows and 46 columns.  

 
 
       

 628 629 630 … 
628 Shape 4 Shape 6 ...  
629 Shape 8 Shape 9 …  
… …  … … … 

 
Table 3: Format of lookup table for final shape context 

 
The shape of the final character of the input string can be realized by looking up the 

second last character of input string in the first column. 

 

There are two final table used: final1 and final2 for two character combinations and for 

more than two character combinations respectively. It is need because final shapes 

depend on the rightmost character; and there are only two possibilities for a character at 

n-1th position: either it is initial shape (in two character combination) or medial shape (in 

more than two character combinations).    

 

if(n>1)   // if there are more than two characters 

ligature[n] = final2[lig[n]][lig[n-1]] 

else if (n>0)  // if there are only two characters  

ligature[n] = final[lig[n]][lig[n-1]] 

 

Where lig string consists of Unicode values of characters in a ligature and ligature string 

holds the shapes of those characters. 

 

For the remaining n-2 characters, the medial table is consulted. The shape of nth 

character can be realized by looking up the medial table as follow:   

 

 

Unicode 

Unicode 
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for(k=n-1;k>0;k--) 

{ 

    ligature[k]=medial[medi_row_compress[ligature[k+1]][lig[k]] 

}   

Where medi_row_compress is the compressed medial table.  

 

The shape of first character in a ligature can be realized by consulting the initial table.   

 

ligature[0] = initial[init_row_compress[ligature[1]][lig[0]] 

Where init_row_compress is the compressed initial table.  

 

4.3. Numeric Characters Substitution  
 
The input string is broken into ligatures. The ligatures then identified whether it has 
numeric character or non-numeric characters. In case of numeric string the string is 
printed in reverse order to maintain the direction of numeric characters from left to right. 
 
If (ligature is composed of numeric characters)     
 For(i=n; i>=0; i--) 
  Output ligature[i] 
Else      //ligature is composed of non-numeric characters 
 Process as describes in 4.2 
 

 
Figure 7: Sample string with numeric characters 

4.4. Positioning 
 
Nastaleeq is a cursive script and each ligature is written diagonally from upper right 

corner to lower left corner. The position of a particular glyph is relative to the position of 

the glyph following it. There are two possible solutions for glyph positioning. First is to 

read GPOS OpenType table of Nafees Nastaleeq font through libotf (an open source 

library) and position accordingly. Second solution is to compute entry and exit points of 

glyphs either manually or using GPOS and store them in file.  
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TeX does not know any thing about the shape of the character. It only knows the box that 

has height, width and depth properties. TeX output file only contains list of boxes 

concatenated with each other. By default these boxes are aligned along the base line (see 

Fig 7). But these boxes can be shifted horizontally or vertically.   
   
 
 
 
 
 

Figure 8: TeX output 

4.4.1.Devised Solution 
 
The devised solution computes entry and exit points of glyphs and stores them in a file. It 

is observed that entry and exit points of GPOS table of Nafees Nastaleeq font are not 

accurate due to small preview window for adjustment in MS VOLT; thus the entry and 

exit points are computed manually by zooming the glyphs in FontLab.   

 
 

Figure 9: Entry and exit points 
 
In the above example the vertical adjustment for glyph B will be y1-y2. And the resultant 
output is shown in figure 9.  

 

 

Exit Point (x2,y2) 

Entry Point (x1,y1) 

 

A B
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Figure 10: Result after vertical adjustment 
 
Similarly the horizontal adjustment can also be made for proper cursive attachment 
between two consecutive glyphs.  
 

 
 Figure 11: Results after vertical and horizontal adjustment 
 
Two passes are needed for proper glyph positioning in a ligature. For vertical positioning 

the ligature is processed from left-to-right. It is done so, because the nth (last) glyph of a 

ligature always resides on the base line, while other n-1 glyphs move vertically upward 

according to the entry exit points.  
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 y=0; 

for(j=n; j>=1; j--) 

 { 

  y = enex[ligature[j]][1] - enex[ligature[j-1]][3] + y; 

  ligenex[j-1][1] = y; 

 } 

where enex table contains the entry and exit points, ligenex table holds the resultant 

cursive attachments and ligature contains the shape indices of ligature.  

 

In the 2nd parse the ligature is processed from right-to-left for horizontal positioning. The 

first glyph of a ligature is positioned horizontally and then the remaining n-1 glyphs are 

kerned. 

 

 for(j=0; j<n; j++) 

 { 

  ligenex[j+1][0] = (enex[ligature[j]][2] + enex[ligature[j+1]][0]) 

 } 

4.4.2. Devised Solution for kerning  
 
Kerning is another major issue in Nastaleeq rendering. There are two kinds of kerning 
problems, one produces extra space between ligatures (a) and other creates clash among 
ligatures (b). The case (a) is not included in the project scope and case (b) is handled case 
by case.    

 

 
Figure 12: Types of kerning problem 

 
 
 
The final shapes of character bariyeah, jeem, chay, hay, khay, ain and gain produced (in 
some cases) negative kerning, which results in clashes with the preceding character. To 

 
(a)(b) 
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avoid such clashes a positive kerning is made. The factor of this kerning is calculated as 
follows: 
  

kern = width[n-1] – width of final glyphs 
for a ligature of length n, where width[x] holds the aggregate widths of x gyphs. 
 

 
Figure 13: Before (a) and after (b) kerning 

 

4.5. Nuqta Placement 
 
Nuqta Placement is the most complex case of Nastaleeq rendering. The nuqtas are stored 

separately from the base glyph. Initially the nuqtas are placed at their default position.  

 
Figure 14: Nuqta placement at default positions 

 

Nuqtas are then adjusted for the following two collision types; with the nuqta of 

neighboring characters (intra ligature influence) and/or with proceeding or following 

character glyph (inter ligature influence) as shown in figure 10. 

 

 
 

Adjacent Nuqtas Preceding 
Character(s) 

 
Figure 15: Nuqta Collision Cases 

 
 

 

 

(a)(b) 
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There are 26 characters in Urdu that has nuqtas, that are: 

 ب، پ، ت، ٹ، ث، ج، چ، خ، ڈ، ذ، ڑ، ژ، ز، ش، ظ، ض، غ، ف، ق، ن، ی

The inter ligature clashes of nuqtas with the neighboring characters are handled case by 

case. It is investigated that the following characters influenced the nuqta positioning due 

to shape of their glyphs.  

  کand ف، ق، ع  چ، ح، خ،ے، ج،

 

Nuqta placement for the final glyph of bariyeah 
The final glyph of bariyeah (ے) produced problem for the nuqta characters that are 

vertically overlapped over the shape of bariyeah. To avoid this problem all such nuqtas 

are placed below the horizontal strike of bariyeah shape as shown in figure below.  

 
Figure 16: Nuqta Placement for bariyeah 

 

Nuqta placement for the final glyph of jeem, chay, hay and khay. 

The nuqta characters having nuqtas below the base glyph and preceded by the final glyph 

of jeem (ج), chay(چ), hay(ح) or khay(خ) collides with the final shapes of jeem, chay, hay 

or khay. To ovide this clash nuqtas are positioned below the final shape of jeem, chay, 

hay or khay as shown in figure below. 

 
Figure 17: Nuqta Placement for jeem 

 

Nuqta placement for fay, qaf and ain 

  

(b) (a)

(b) (a)
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It is observed that initial and medial shapes of fay(ف), qaf(ق) and ain(ع) collides with the 

nuqta characters having nuqtas above the base glyph and followed by these characters. To 

avoid such clashes nuqtas of these shapes are raised as shown in figure below.  

 

 

 

 

Figure 18: Nuqta Placement for characters followed by qaf 
 

It is observed that  

• the marks (the term henceforth used for Nuqta) of final letters are usually not 

displaced. 

• the marks of isolated letters are usually not displaced. 

• the marks of zuad ض  and zoa ظ are not displaced. 

• marks of initial letters are preferably placed in their position.  

• the marks are displaced right (preferably) in case of clash with neighboring marks.    

• if the displaced marks are confused with the next letter or clashes . In such cases the 

marks are moved downwards (or upwards) instead of to the left. This can be seen in 

the examples below where marks for yay ی and pay پ are moved downwards instead 

of to the left, otherwise they could be confused with  marks of tay ت and noon ن 

respectively 
 

  
 
 

4.5.1. Devised Solution 
From the observations made above, a nuqta placement/displacement algorithm was 

devised which is stated next.  

 

For the ligature of length n 

    Place nuqtas at default positions (see figure 13) 

 

(b) (a)
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   For the inter ligature clashes of nuqtas with the neighboring characters 

Handle marks that collides with the final glyph of bariyeah 

Position the marks below the bariyeah glyph  

Handle marks that collides with the final glyph of jeem, chay, hay and khay 

 Position the marks below the base glyph of jeem etc.  

Handle marks that collides with fay, qaf and ain 

 Raise the marks and if preceding character also has marks raise them too. 

Handle marks that collides with final shape Qaf  

 Lower the colliding nuqtas to avoid clash. 

Handle marks that collides with final shape Laam 

 Move nuqtas right to avoid clash. 

Handle marks that collides with final shape of Choti-yeh 

 Lower the nuqtas to avoid clash 

 

//Nuqta adjustment for glyphs having nuqta above the base glyph 

//Definition:  

//consecutive nuqtas: if x is the current position then nuqta of x+1or x+2 and x-1 or x-2 

glyph. 

For i = n to 1  

 Look for two consecutive nuqtas that collides with each other 

  Move the nuqtas to right (the amount of movement is the area of overlap 

+50 points)     

  If the above results a clash with the neighboring glyph or mark 

   Move the nuqta upward (the amount of movement is the area  of 

overlap + 50 points) 

 

Nuqta adjustment for glyphs having nuqta below the base glyph 

For i = n to 1  

 Look for two consecutive nuqtas that collides with each other 

  Move the nuqtas to right (the amount of movement is the area of overlap 

+50 points)     
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  Else if right movement is not possible because there are already some 

nuqtas placed there 

   Move the nuqtas left in condition if these do not produce clash 

with existing nuqtas that are already placed there.  

  If the above results a clash with the neighboring glyph or mark 

   Move the nuqta downward (the amount of movement is the area 

overlap + 50 points) 
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5. Results 
 

5.1. Comparison with OpenType Nafees Nastaleeq font 
The results are tested and compared with the OpenType Nafees Nastaleeq font. It is 

observed that Nastaleeq solution in Omega produced better cursive attachments. And in 

some case OpenType solution fails to render some complex ligatures due to its lack of 

reverse contextual support. However in some cases OpenType solution produced better 

nuqta placement. Some examples of both solutions are given below in table 4. Sample 

outputs are also presented in appendix G and appendix H for Omega and for OpenType 

solution respectively.      

 Omega Solution  OpenType Nafees Nastaleeq 
Solution 

 

h ͇ǰ Ǒˏ͈ǕˣǑ͈ʛǑ͈ʭ ͈ Ǒ͈8  
 Ǔ͇ǥ͇ǒ͇ ͇ǔǒ͇ ͇ǔn͇5 

 
 ɭͅǜ͈ʁͅǶ9ͅ/ث

 ^Ǒ̈́†͆Ǘ͈n̈́  

Table 4: Comparison between OpenType and Omega solution for Nafees Nastaleeq 
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5.2. Testing for Valid Ligatures 
 
There are more than 20,000 valid ligatures in Urdu. It is observed that testing this huge 

data will be a time consuming task and required calligraphic assistance in some cases. 

However a candidate testing has been made. The sample data of approximately 7,000 

ligatures is randomly selected from the corpus of 17,000 valid ligatures. The data is tested 

for correct contextual substitution, cursive attachment and nuqta placement. The next 

table shows the test results for the following test points. 

 

Contextual glyph substitution test points 

The data is tested for the following two points: 

1. The ligature is composed. 

2. Correct shape of the character is selected. For complex cases the data is compared 

with Nafees Nastaleeq OpenType solution.   

 

Cursive glyph attachment test points  

The data is tested for the following points:  

1. There is a smooth join between glyphs. 

2. Glyphs are connected at exact position. It is observed that for some cases calligrapher 

assistance is needed. 

 

Nuqta placement test points 

There are three kinds of nuqta problems: 

1. Nuqta clash with surrounding glyph 

2. Nuqta clash with neighboring nuqta 

3. Nuqta are oddly placed  
   
 
 
 

 

Figure 19: Different kind of nuqta problems 
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Number 

of 

characters 

in ligature 

Approximate 

valid 

ligatures in 

Urdu  

Sample 

tested 

data 

Incorrect 

contextual 

shape 

substitution 

Incorrect 

cursive 

attachment

Nuqta 

problems 

Total 

percentage 

of errors 

8 26 26 0 0 1 0% 

7 353 353 0 0 5 1.4% 

6 1545 1545 0 0 20 1.3% 

5 5092 1500 0 0 18 1.2% 

4 6407 1500 0 0 15 1% 

3 3440 1500 0 0 5 0.33% 

2 600 600 0 0 0 0% 

Total 17463 7024 0 0 64 0.9% 

   

Table 5: Test results 
 

5.2.1.Nuqta Exclusive Testing  
Nuqta problems are also exclusively tested for 2,000 high frequency nuqta words. For 

that 5,000 high frequency words are selected from a corpus of million. These words are 

then sorted according to number of nuqtas/marks placed on them. And the first 2,000 

words are selected for testing. The weightages of these marks are as follow.  

One nuqta = 1 

Two nuqta =2 

Three nuqtas = 3     

Hook for goalhay = 1 

Hamaz = 1 

Small toe mark = 1 

 

The results are given in the table 6.  
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Number 

of nuqtas 

placed on 

word 

Number of 

words 

tested 

Nuqta 

clash with 

another 

nuqta 

Nuqta 

clash with 

the glyph 

Nuqtas are 

oddly 

placed  

Total 

percentage 

of errors 

11 1 0 0 0 0% 

10 16 1 0 0 6.25% 

9 33 0 0 0 0% 

8 60 1 0 2 5% 

7 110 1 1 3 4.5% 

6 260 2 1 5 3% 

5 410 2 2 6 2.4%% 

4 710 3 2 8 1.6% 

3 400 0 1 2 0.75% 

Total 2000 10 7 26 2.15% 

 
Table 6: Nuqta exclusive testing
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6. Future Enhancements  
 
In this thesis we have provided a solution for basic Urdu alphabets (ا to ے) and numerals 

(0 to 9). The current solution provides correct contextual substitution, cursive attachment 

and nuqta placement. This work will provide a platform for the following future 

enhancements.     

• Support for diacritics 

• Proportional spacing within ligatures 

• Justification 

• Improvements in nuqta placement 
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Appendix A: Characters in Scope 
 
Urdu Alphabets in Scope   
Character Unicode Character Unicode Character Unicode Character Unicode 
 6BA ں 637 ط 62F د 622 آ
 648 و 638 ظ 688 ڈ 627 ا
 6C1 ہ 639 ع 630 ذ 628 ب
 6BE ه 63A غ 631 ر 67E پ
 626 ئ 641 ف 691 ڑ 62A ت
 6CC ی 642 ق 632 ز 679 ٹ
 6D2 ے 6A9 ک 698 ژ 62B ث
   6AF گ 633 س 62C ج
   644 ل 634 ش 686 چ
   645 م 635 ص 62D ح
   646 ن 636 ض 62E خ

 
Numeric Characters in Scope 
Character Unicode 

۰ 6F0 

۱ 6F1 

۲ 6F2 

۳ 6F3 

۴ 6F4 

۵ 6F5 

۶ 6F6 

۷ 6F7 

۸ 6F8 

۹ 6F9 

 
 
 
 



 37

Appendix B: Font used for Omega 
 
The fonts that are used to render Nastaleeq in Omega are given below. The reference 
index of each glyph is also mentioned.  
nafees1.pfb 

 



 38

Add 252 to each index to get the virtual font index.   
nafees2.pfb 
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Add 504 to each glyph index to get the virtual font index. 
nafees3.pfb 
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Add 756 to each glyph index to get the virtual font index. Glyph indexes greater than 72 
are only present in the font; and these have no rendering logic in omega.   
nafees4.pfb 
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Appendix C: Substitution Tables 
Init Table  
 
The below table is a clipped version of original table. Original table contains 58 rows and 
46 columns. The 1st row represents the table dimension. The 1st column represents the 
shape indices while the 2nd row represents the normalized Unicode values.  
 

58 46                    
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 …

47 0 0 0 0 0 109 109 109 109 109 135 135 135 135 0 0 0 0 0 …
48 0 0 0 0 0 111 111 111 111 111 137 137 137 137 0 0 0 0 0 …
58 0 0 0 0 0 112 112 112 112 112 139 139 139 139 0 0 0 0 0 …
62 0 0 0 0 0 109 109 109 109 109 135 135 135 135 0 0 0 0 0 …
65 0 0 0 0 0 113 113 113 113 113 140 140 140 140 0 0 0 0 0 …
69 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
73 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
81 0 0 0 0 0 114 114 114 114 114 141 141 141 141 0 0 0 0 0 …
83 0 0 0 0 0 115 115 115 115 115 142 142 142 142 0 0 0 0 0 …
85 0 0 0 0 0 116 116 116 116 116 143 143 143 143 0 0 0 0 0 …
87 0 0 0 0 0 118 118 118 118 118 145 145 145 145 0 0 0 0 0 …
89 0 0 0 0 0 119 119 119 119 119 146 146 146 146 0 0 0 0 0 …
90 0 0 0 0 0 120 120 120 120 120 147 147 147 147 0 0 0 0 0 …
91 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
92 0 0 0 0 0 109 109 109 109 109 135 135 135 135 0 0 0 0 0 …
94 0 0 0 0 0 109 109 109 109 109 135 135 135 135 0 0 0 0 0 …
95 0 0 0 0 0 121 121 121 121 121 148 148 148 148 0 0 0 0 0 …
96 0 0 0 0 0 122 122 122 122 122 149 149 149 149 0 0 0 0 0 …
97 0 0 0 0 0 122 122 122 122 122 149 149 149 149 0 0 0 0 0 …
98 0 0 0 0 0 120 120 120 120 120 147 147 147 147 0 0 0 0 0 …
99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …

100 0 0 0 0 0 123 123 123 123 123 150 150 150 150 0 0 0 0 0 …
102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
104 0 0 0 0 0 125 125 125 125 125 152 152 152 152 0 0 0 0 0 …
106 0 0 0 0 0 0 0 0 0 0 153 153 153 153 0 0 0 0 0 …
107 0 0 0 0 0 126 126 126 126 126 0 0 0 0 0 0 0 0 0 …
… … … … … … … … … … … … … … … … … … … … …
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Medial Table 
 
The below table is a clipped version of original table. Original table contains 57 rows and 
46 columns. The 1st row represents the table dimension. The 1st column represents the 
shape indices while the 2nd row represents the normalized Unicode values.  
 

57 46                    
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 …

47 0 0 0 0 0 465 465 465 465 465 491 491 491 491 0 0 0 0 0 …
53 0 0 0 0 0 467 467 467 467 467 493 493 493 493 0 0 0 0 0 …
58 0 0 0 0 0 469 469 469 469 469 495 495 495 495 0 0 0 0 0 …
62 0 0 0 0 0 465 465 465 465 465 491 491 491 491 0 0 0 0 0 …
65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
69 0 0 0 0 0 470 470 470 470 470 0 0 0 0 0 0 0 0 0 …
73 0 0 0 0 0 0 0 0 0 0 496 496 496 496 0 0 0 0 0 …
81 0 0 0 0 0 471 471 471 471 471 497 497 497 497 0 0 0 0 0 …
83 0 0 0 0 0 472 472 472 472 472 498 498 498 498 0 0 0 0 0 …
85 0 0 0 0 0 473 473 473 473 473 499 499 499 499 0 0 0 0 0 …
87 0 0 0 0 0 475 475 475 475 475 501 501 501 501 0 0 0 0 0 …
89 0 0 0 0 0 476 476 476 476 476 502 502 502 502 0 0 0 0 0 …
90 0 0 0 0 0 477 477 477 477 477 503 503 503 503 0 0 0 0 0 …
91 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
92 0 0 0 0 0 465 465 465 465 465 491 491 491 491 0 0 0 0 0 …
94 0 0 0 0 0 465 465 465 465 465 491 491 491 491 0 0 0 0 0 …
95 0 0 0 0 0 478 478 478 478 478 504 504 504 504 0 0 0 0 0 …
96 0 0 0 0 0 479 479 479 479 479 505 505 505 505 0 0 0 0 0 …
98 0 0 0 0 0 477 477 477 477 477 503 503 503 503 0 0 0 0 0 …
99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …

100 0 0 0 0 0 480 480 480 480 480 506 506 506 506 0 0 0 0 0 …
102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
104 0 0 0 0 0 482 482 482 482 482 508 508 508 508 0 0 0 0 0 …
106 0 0 0 0 0 483 483 483 483 483 509 509 509 509 0 0 0 0 0 …
107 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
… … … … … … … … … … … … … … … … … … … … …
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Final Table for two letter combinations 
 
The below table is a clipped version of original table. Original table contains 47 rows and 
46 columns. The 1st row represents the table dimension. The 1st column 2nd row 
represents the normalized Unicode values.  
 
47 46                    

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 …
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
5 0 0 0 0 0 47 47 47 47 47 47 47 47 47 0 0 0 0 0 …
6 0 0 0 0 0 48 48 48 48 48 53 53 53 53 0 0 0 0 0 …
7 0 0 0 0 0 49 49 49 49 49 54 54 54 54 0 0 0 0 0 …
8 0 0 0 0 0 50 50 50 50 50 55 55 55 55 0 0 0 0 0 …
9 0 0 0 0 0 51 51 51 51 51 56 56 56 56 0 0 0 0 0 …

10 0 0 0 0 0 52 52 52 52 52 57 57 57 57 0 0 0 0 0 …
11 0 0 0 0 0 58 58 58 58 58 58 58 58 58 0 0 0 0 0 …
12 0 0 0 0 0 59 59 59 59 59 59 59 59 59 0 0 0 0 0 …
13 0 0 0 0 0 60 60 60 60 60 60 60 60 60 0 0 0 0 0 …
14 0 0 0 0 0 61 61 61 61 61 61 61 61 61 0 0 0 0 0 …
15 0 0 0 0 0 62 62 62 62 62 62 62 62 62 0 0 0 0 0 …
16 0 0 0 0 0 63 63 63 63 63 63 63 63 63 0 0 0 0 0 …
17 0 0 0 0 0 64 64 64 64 64 64 64 64 64 0 0 0 0 0 …
18 0 0 0 0 0 65 65 65 65 65 65 65 65 65 0 0 0 0 0 …
19 0 0 0 0 0 66 66 66 66 66 66 66 66 66 0 0 0 0 0 …
20 0 0 0 0 0 67 67 67 67 67 67 67 67 67 0 0 0 0 0 …
21 0 0 0 0 0 68 68 68 68 68 68 68 68 68 0 0 0 0 0 …
22 0 0 0 0 0 81 81 81 81 81 81 81 81 81 0 0 0 0 0 …
23 0 0 0 0 0 82 82 82 82 82 82 82 82 82 0 0 0 0 0 …
24 0 0 0 0 0 83 83 83 83 83 83 83 83 83 0 0 0 0 0 …
25 0 0 0 0 0 84 84 84 84 84 84 84 84 84 0 0 0 0 0 …
26 0 0 0 0 0 85 85 85 85 85 85 85 85 85 0 0 0 0 0 …
27 0 0 0 0 0 86 86 86 86 86 86 86 86 86 0 0 0 0 0 …
28 0 0 0 0 0 87 87 87 87 87 87 87 87 87 0 0 0 0 0 …
… … … … … … … … … … … … … … … … … … … … …
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Final Table for more than two letter combinations 
 
The below table is a clipped version of original table. Original table contains 47 rows and 
46 columns. The 1st row represents the table dimension. The 1st column 2nd row 
represents the normalized Unicode values.     

  
47 46                    

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 …
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 …
5 0 0 0 0 0 47 47 47 47 47 47 47 47 47 0 0 0 0 0 …
6 0 0 0 0 0 53 53 53 53 53 53 53 53 53 0 0 0 0 0 …
7 0 0 0 0 0 54 54 54 54 54 54 54 54 54 0 0 0 0 0 …
8 0 0 0 0 0 55 55 55 55 55 55 55 55 55 0 0 0 0 0 …
9 0 0 0 0 0 56 56 56 56 56 56 56 56 56 0 0 0 0 0 …

10 0 0 0 0 0 57 57 57 57 57 57 57 57 57 0 0 0 0 0 …
11 0 0 0 0 0 58 58 58 58 58 58 58 58 58 0 0 0 0 0 …
12 0 0 0 0 0 59 59 59 59 59 59 59 59 59 0 0 0 0 0 …
13 0 0 0 0 0 60 60 60 60 60 60 60 60 60 0 0 0 0 0 …
14 0 0 0 0 0 61 61 61 61 61 61 61 61 61 0 0 0 0 0 …
15 0 0 0 0 0 62 62 62 62 62 62 62 62 62 0 0 0 0 0 …
16 0 0 0 0 0 63 63 63 63 63 63 63 63 63 0 0 0 0 0 …
17 0 0 0 0 0 64 64 64 64 64 64 64 64 64 0 0 0 0 0 …
18 0 0 0 0 0 69 69 69 69 69 73 73 73 73 0 0 0 0 0 …
19 0 0 0 0 0 70 70 70 70 70 74 74 74 74 0 0 0 0 0 …
20 0 0 0 0 0 71 71 71 71 71 75 75 75 75 0 0 0 0 0 …
21 0 0 0 0 0 72 72 72 72 72 76 76 76 76 0 0 0 0 0 …
22 0 0 0 0 0 81 81 81 81 81 81 81 81 81 0 0 0 0 0 …
23 0 0 0 0 0 82 82 82 82 82 82 82 82 82 0 0 0 0 0 …
24 0 0 0 0 0 83 83 83 83 83 83 83 83 83 0 0 0 0 0 …
25 0 0 0 0 0 84 84 84 84 84 84 84 84 84 0 0 0 0 0 …
26 0 0 0 0 0 85 85 85 85 85 85 85 85 85 0 0 0 0 0 …
27 0 0 0 0 0 86 86 86 86 86 86 86 86 86 0 0 0 0 0 …
28 0 0 0 0 0 87 87 87 87 87 87 87 87 87 0 0 0 0 0 …
… … … … … … … … … … … … … … … … … … … … …
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Appendix D: Entry Exit Points Table 
 
The 1st row of the table represents the dimension of table. Column 1 & 2 represents the 
entry point (x & y component respectively) of the glyph at that index; while the 3rd and 
4th column represents the exit point (x & y component respectively) of glyph at that 
index. The 5th column represents the width of character at that index. The 6th and 7th (x & 
y component respectively) columns represent the default position for nuqtas that occur 
above the base glyph; while 8th and 9th columns consist of default positioning for nuqtas 
that fall under the base glyph. 
  
824 9        
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
381 1217 -116 49 227 0 0 0 0 
132 819 66 58 205 0 0 0 0 
1060 290 66 -353 1126 0 0 0 0 
1060 290 66 -499 1126 0 0 0 0 
1060 438 66 -53 1126 0 0 0 0 
1058 596 70 -52 1126 0 0 0 0 
1060 608 66 -53 1126 0 0 0 0 
705 551 70 -314 775 0 0 0 0 
705 551 70 -314 775 0 0 0 0 
705 551 70 -314 775 0 0 0 0 
705 861 70 -314 775 0 0 0 0 
264 421 -34 -37 328 0 0 0 0 
264 866 -34 -37 328 0 0 0 0 
275 757 -34 -37 328 0 0 0 0 
222 360 -50 -60 281 0 0 0 0 
283 826 -50 -60 281 0 0 0 0 
300 704 -50 -60 281 0 0 0 0 
360 859 -50 -60 338 0 0 0 0 
897 605 70 -315 967 0 0 0 0 
897 1032 70 -315 967 0 0 0 0 
1037 675 69 -310 1105 0 0 0 0 
1037 931 69 -310 1105 0 0 0 0 
363 741 -48 -62 432 0 0 0 0 
446 741 -48 -62 434 0 0 0 0 
691 615 71 -309 761 0 0 0 0 
691 857 55 -309 761 0 0 0 0 
1035 526 67 -63 1105 0 0 0 0 
690 785 70 -310 760 0 0 0 0 
1216 1406 70 -56 811 0 0 0 0 
1216 1425 70 -56 811 0 0 0 0 
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718 960 70 -310 788 0 0 0 0 
536 464 70 -794 604 0 0 0 0 
692 589 70 -309 762 0 0 0 0 
692 589 70 -309 762 0 0 0 0 
226 403 -48 -57 296 0 0 0 0 
284 788 -48 -57 296 0 0 0 0 
257 319 46 -60 318 0 0 0 0 
351 739 -16 -59 318 0 0 0 0 
395 270 -69 -76 447 0 0 0 0 
421 375 60 -73 481 0 0 0 0 
376 746 70 -55 446 0 0 0 0 
798 658 70 -311 868 0 0 0 0 
1187 413 7 -49 1227 0 0 0 0 
-23 311 70 92 104 0 0 0 0 
28 109 70 -366 1027 0 0 0 0 
28 109 70 -516 1027 0 0 0 0 
28 109 70 -53 1027 0 0 0 0 
28 109 70 -53 1027 0 0 0 0 
28 109 70 -53 1027 0 0 0 0 
39 152 66 -372 1020 0 0 0 0 
39 152 66 -521 1020 0 0 0 0 
39 152 66 -63 1020 0 0 0 0 
39 152 70 -62 1020 0 0 0 0 
39 152 66 -63 1020 0 0 0 0 
17 471 70 -318 117 0 0 0 0 
17 471 70 -318 117 0 0 0 0 
17 471 70 -318 117 0 0 0 0 
17 471 44 -318 219 0 0 0 0 
-23 311 -63 -51 221 0 0 0 0 
-23 311 -63 -51 221 0 0 0 0 
-23 311 -63 -51 221 0 0 0 0 
-14 148 -28 -84 222 0 0 0 0 
-10 148 -28 -84 254 0 0 0 0 
-14 148 -28 -84 222 0 0 0 0 
-100 148 -20 -84 253 0 0 0 0 
-26 95 -169 -334 217 0 0 0 0 
7 70 -169 -334 250 0 0 0 0 
-26 95 -169 -334 217 0 0 0 0 
-20 95 -58 -334 328 0 0 0 0 
-11 69 -175 -333 172 0 0 0 0 
0 55 -175 -333 217 0 0 0 0 
-11 69 -175 -333 172 0 0 0 0 
-11 69 -175 -333 289 0 0 0 0 
0 0 -154 -338 0 0 0 0 0 
0 0 -154 -338 0 0 0 0 0 
0 0 -154 -338 0 0 0 0 0 
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0 0 -15 -338 0 0 0 0 0 
49 428 70 -315 908 0 0 0 0 
49 428 70 -315 908 0 0 0 0 
46 345 70 -315 850 0 0 0 0 
46 345 70 -315 850 0 0 0 0 
304 -51 -48 -62 292 0 0 0 0 
304 -51 -48 -62 292 0 0 0 0 
27 373 68 -312 283 0 0 0 0 
27 373 68 -312 283 0 0 0 0 
161 70 68 -56 1140 0 0 0 0 
55 278 71 -309 696 0 0 0 0 
82 288 71 -309 696 0 0 0 0 
-23 311 69 -64 1073 0 0 0 0 
-23 311 69 -64 1073 0 0 0 0 
-27 725 70 -304 713 0 0 0 0 
21 424 71 -794 430 0 0 0 0 
26 384 98 -314 706 0 0 0 0 
26 384 98 -314 706 0 0 0 0 
65 177 -48 -55 261 0 0 0 0 
78 192 -48 -55 231 0 0 0 0 
39 -16 70 -115 245 0 0 0 0 
39 -16 70 -115 245 0 0 0 0 
28 -27 70 -115 223 0 0 0 0 
28 -27 70 -115 223 0 0 0 0 
3 169 -78 -84 259 0 0 0 0 
-31 365 61 -54 326 0 0 0 0 
45 270 56 -311 518 0 0 0 0 
40 321 56 -306 554 0 0 0 0 
1210 102 70 -53 1321 0 0 0 0 
220 311 23 311 289 220 470 90 -225 
269 367 -38 267 301 265 655 140 31 
207 324 -28 109 277 205 500 135 -45 
426 905 -17 471 442 320 1030 450 616 
197 415 14 148 267 115 600 15 -185 
149 907 -49 428 219 160 1075 40 200 
342 912 -45 345 412 340 1050 125 145 
245 528 -304 -51 315 170 725 90 -160 
238 773 0 0 0 230 945 81 0 
264 836 -28 377 334 245 980 161 171 
139 587 -162 70 209 110 840 -11 -105 
66 685 -66 177 136 30 875 -85 -171 
288 772 -22 424 345 219 979 125 25 
156 593 -25 384 222 80 790 147 -110 
297 192 -40 -16 367 73 337 65 -245 
265 423 -15 28 336 95 595 160 -131 
308 421 -3 169 378 140 610 100 -195 
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97 836 -40 321 208 -35 1020 -50 -425 
-812 682 -1210 102 0 -840 867 -755 -240 
137 668 0 521 207 145 830 100 330 
143 327 -10 97 213 135 515 55 -111 
206 663 17 661 276 215 760 120 120 
0 0 0 0 356 0 0 0 0 
230 429 0 0 0 240 625 65 -195 
54 767 0 0 0 55 1000 90 0 
263 524 -12 438 333 250 670 145 180 
351 311 23 311 421 230 500 140 -190 
361 572 -38 267 431 245 700 205 36 
370 433 -39 152 440 197 664 202 -101 
306 471 -28 109 376 210 665 205 -45 
375 884 -17 471 445 200 1119 460 629 
267 513 14 148 325 126 705 206 45 
173 715 -49 428 219 130 880 36 216 
463 768 -45 345 531 367 936 302 216 
360 482 -304 -51 430 286 680 206 -80 
330 670 0 0 0 186 880 156 70 
320 715 -28 377 389 229 875 164 185 
264 524 -162 70 332 159 670 144 -50 
164 571 -66 177 234 69 757 115 -18 
284 707 -22 424 353 153 912 158 100 
254 692 -25 384 319 116 900 180 5 
383 318 -40 -16 433 240 529 145 -231 
163 429 -15 28 233 44 624 19 -181 
314 459 -3 169 384 176 697 206 -78 
320 680 -45 270 390 170 907 190 -293 
-779 474 -1210 102 0 -817 728 -797 -240 
217 813 0 521 287 77 1031 187 400 
232 484 -10 97 302 135 725 60 -80 
332 662 17 661 402 215 799 175 89 
330 387 0 108 400 195 586 185 -124 
278 461 0 0 0 108 677 173 -118 
374 703 -12 441 470 318 891 233 171 
491 344 23 311 562 300 480 0 0 
498 572 -38 267 569 350 720 0 0 
506 443 -39 152 577 289 629 0 0 
365 441 -28 109 434 185 565 0 0 
438 817 -17 471 508 291 980 0 0 
534 423 25 95 604 321 613 0 0 
263 670 -49 428 333 90 797 0 0 
601 798 -45 345 672 450 975 0 0 
474 469 -304 -51 545 264 713 0 0 
473 618 0 0 0 291 775 0 0 
482 703 -28 377 553 254 917 0 0 
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364 448 -162 70 435 240 630 0 0 
313 499 -77 192 382 130 685 0 0 
372 686 -22 424 406 125 905 0 0 
290 662 -25 384 359 -20 860 0 0 
518 275 -28 -27 588 315 585 0 0 
352 487 -15 28 399 156 647 0 0 
379 415 -3 169 414 179 681 0 0 
357 611 -45 270 531 262 850 0 0 
-594 460 -1210 102 0 -847 777 0 0 
268 780 0 521 337 65 840 0 0 
377 428 -10 97 405 185 577 0 0 
466 657 17 661 537 330 780 0 0 
459 350 0 108 530 240 545 0 0 
482 530 0 0 0 275 760 0 0 
484 672 -12 441 555 370 790 0 0 
635 369 23 311 705 340 475 0 0 
646 594 -38 267 719 350 760 0 0 
632 464 -39 152 702 310 530 0 0 
585 506 -28 109 655 274 570 0 0 
655 887 -17 471 725 370 970 0 0 
442 439 25 95 513 175 550 0 0 
487 778 -49 428 557 170 900 0 0 
785 785 -45 345 855 500 870 0 0 
620 454 -304 -51 690 300 560 0 0 
610 690 0 0 0 300 800 0 0 
661 734 -28 377 731 350 850 0 0 
562 516 -162 70 632 230 630 0 0 
440 592 -66 177 510 160 700 0 0 
567 717 -22 424 637 300 850 0 0 
547 726 -25 384 617 250 820 0 0 
657 345 -40 -16 727 360 450 0 0 
523 513 -15 28 593 220 570 0 0 
566 490 -3 169 636 250 600 0 0 
625 721 -45 270 696 290 800 0 0 
-466 522 -1210 102 0 -770 680 0 0 
527 866 0 521 597 220 1000 0 0 
540 532 -10 97 610 220 660 0 0 
622 640 17 661 692 300 840 0 0 
822 426 0 108 692 300 515 0 0 
548 519 0 0 0 240 600 0 0 
649 731 -12 441 719 330 806 0 0 
439 772 23 311 509 425 631 0 0 
443 1029 -38 267 513 425 847 0 0 
362 880 -39 152 432 357 694 0 0 
350 970 -28 109 420 320 767 0 0 
377 1348 -17 471 447 382 1170 0 0 
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327 951 11 69 396 300 775 0 0 
307 1251 -49 428 377 290 1086 0 0 
533 1205 -45 345 563 525 1006 0 0 
386 849 -304 -51 457 380 669 0 0 
347 985 0 0 0 340 781 0 0 
405 1127 -28 377 475 400 947 0 0 
337 909 -162 70 407 325 710 0 0 
309 990 -77 192 382 310 800 0 0 
302 1237 -22 424 372 312 1068 0 0 
345 1219 -25 384 415 353 1031 0 0 
390 772 -28 -27 460 382 597 0 0 
220 311 -15 28 388 322 785 0 0 
269 367 -3 169 394 334 824 0 0 
207 324 -45 270 380 301 958 0 0 
426 905 -1210 102 0 -788 793 0 0 
197 415 0 521 336 253 1135 0 0 
149 907 -10 97 371 287 768 0 0 
342 912 17 661 499 415 914 0 0 
245 528 0 108 442 380 699 0 0 
238 773 0 0 0 280 795 0 0 
264 836 -12 441 513 441 900 0 0 
139 587 23 311 444 260 530 0 0 
66 685 -38 267 451 269 750 0 0 
288 772 -39 152 613 307 769 0 0 
156 593 -28 109 521 254 780 0 0 
297 192 -17 471 487 183 1097 0 0 
265 423 11 69 421 167 690 0 0 
308 421 -49 428 424 161 1082 0 0 
97 836 -45 345 737 456 1091 0 0 
-812 682 -304 -51 546 285 767 0 0 
137 668 0 0 0 277 988 0 0 
143 327 -28 377 560 342 1073 0 0 
206 663 -162 70 443 201 755 0 0 
0 0 -66 177 332 82 877 0 0 
230 429 -22 424 397 180 1000 0 0 
54 767 -25 384 494 150 948 0 0 
263 524 -40 -16 456 240 511 0 0 
351 311 -15 28 350 107 785 0 0 
361 572 -3 169 448 192 815 0 0 
370 433 -45 270 462 192 993 0 0 
306 471 -1210 102 0 -882 889 0 0 
375 884 0 521 440 190 1168 0 0 
267 513 -10 97 438 177 789 0 0 
173 715 17 661 439 233 832 0 0 
463 768 0 108 585 310 713 0 0 
360 482 0 0 0 144 769 0 0 
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330 670 -12 441 619 367 925 0 0 
320 715 23 311 386 255 630 0 0 
264 524 -38 267 390 275 892 0 0 
164 571 -39 152 386 195 775 0 0 
284 707 -28 109 308 153 743 0 0 
254 692 -17 471 393 203 1243 0 0 
383 318 11 69 408 242 836 0 0 
163 429 -49 428 199 43 1022 0 0 
314 459 -45 345 562 402 1131 0 0 
320 680 -304 -51 355 196 766 0 0 
-779 474 0 0 0 216 922 0 0 
217 813 -28 377 346 185 1011 0 0 
232 484 -162 70 291 150 734 0 0 
332 662 -66 177 153 -5 893 0 0 
330 387 -22 424 309 145 1152 0 0 
278 461 -25 384 253 66 1052 0 0 
374 703 -28 -27 373 182 642 0 0 
491 344 -15 28 170 10 814 0 0 
498 572 -3 169 271 96 900 0 0 
506 443 -60 321 172 -3 1017 0 0 
365 441 -1210 102 0 -973 903 0 0 
438 817 0 521 235 80 1080 0 0 
534 423 -10 97 234 53 834 0 0 
263 670 17 661 388 232 994 0 0 
601 798 0 108 345 204 753 0 0 
474 469 0 0 0 125 828 0 0 
473 618 -12 441 443 240 825 0 0 
482 703 23 311 445 0 0 0 0 
364 448 -28 109 298 0 0 0 0 
313 499 -17 471 450 0 0 0 0 
372 686 14 148 267 0 0 0 0 
290 662 -49 428 195 0 0 0 0 
518 275 -45 345 412 0 0 0 0 
352 487 -304 -51 305 0 0 0 0 
379 415 -28 377 332 0 0 0 0 
357 611 -162 70 203 0 0 0 0 
-594 460 -66 177 141 0 0 0 0 
268 780 -22 424 148 0 0 0 0 
377 428 -25 384 264 0 0 0 0 
466 657 -28 -27 383 0 0 0 0 
459 350 0 150 165 0 0 0 0 
482 530 -40 321 171 0 0 0 0 
484 672 -1210 102 0 0 0 0 0 
635 369 30 709 338 0 0 0 0 
646 594 23 311 345 0 0 0 0 
632 464 23 311 445 0 0 0 0 
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585 506 -28 109 298 0 0 0 0 
655 887 -17 471 450 0 0 0 0 
442 439 14 148 267 0 0 0 0 
487 778 -49 428 195 0 0 0 0 
785 785 -45 345 412 0 0 0 0 
620 454 -304 -51 305 0 0 0 0 
610 690 -28 377 332 0 0 0 0 
661 734 -162 70 203 0 0 0 0 
562 516 -66 177 141 0 0 0 0 
440 592 -22 424 148 0 0 0 0 
567 717 -25 384 264 0 0 0 0 
547 726 -28 -27 383 0 0 0 0 
657 345 0 150 165 0 0 0 0 
523 513 -40 321 171 0 0 0 0 
566 490 -1210 102 0 0 0 0 0 
625 721 30 709 338 0 0 0 0 
-466 522 23 311 345 0 0 0 0 
527 866 -38 267 388 0 0 0 0 
540 532 -28 109 308 0 0 0 0 
622 640 -17 471 413 0 0 0 0 
822 426 -49 428 201 0 0 0 0 
548 519 -45 345 492 0 0 0 0 
649 731 -304 -51 164 0 0 0 0 
439 772 0 0 0 0 0 0 0 
443 1029 -28 377 345 0 0 0 0 
362 880 -162 70 235 0 0 0 0 
350 970 -22 424 305 0 0 0 0 
377 1348 -15 28 165 0 0 0 0 
327 951 -3 169 298 0 0 0 0 
307 1251 0 521 241 0 0 0 0 
533 1205 -10 97 228 0 0 0 0 
386 849 17 661 354 0 0 0 0 
347 985 0 108 307 0 0 0 0 
405 1127 0 0 0 0 0 0 0 
337 909 -12 441 399 0 0 0 0 
309 990 -38 267 388 0 0 0 0 
302 1237 -28 109 308 0 0 0 0 
345 1219 -17 471 413 0 0 0 0 
390 772 -49 428 201 0 0 0 0 
220 311 -45 345 493 0 0 0 0 
269 367 -304 -51 164 0 0 0 0 
207 324 0 0 0 0 0 0 0 
426 905 -28 377 345 0 0 0 0 
197 415 -162 70 235 0 0 0 0 
149 907 -22 424 305 0 0 0 0 
342 912 -15 28 165 0 0 0 0 



 53

245 528 -3 169 298 0 0 0 0 
238 773 0 521 241 0 0 0 0 
264 836 -10 97 228 0 0 0 0 
139 587 17 661 354 0 0 0 0 
66 685 0 108 307 0 0 0 0 
288 772 0 0 0 0 0 0 0 
156 593 -12 441 584 0 0 0 0 
297 192 23 311 346 0 0 0 0 
265 423 -38 267 359 0 0 0 0 
308 421 -28 109 298 0 0 0 0 
97 836 -17 471 432 0 0 0 0 
-812 682 14 148 271 0 0 0 0 
137 668 -49 428 191 0 0 0 0 
143 327 -45 345 412 0 0 0 0 
206 663 -200 -25 347 0 0 0 0 
0 0 0 0 0 0 0 0 0 
230 429 -28 377 333 0 0 0 0 
54 767 -162 70 242 0 0 0 0 
263 524 -66 177 144 0 0 0 0 
351 311 -22 424 137 0 0 0 0 
361 572 -25 384 265 0 0 0 0 
370 433 -28 -27 400 0 0 0 0 
306 471 -15 28 172 0 0 0 0 
375 884 -3 169 139 0 0 0 0 
267 513 -40 321 146 0 0 0 0 
173 715 -1210 102 0 0 0 0 0 
463 768 0 521 233 0 0 0 0 
360 482 -10 97 262 0 0 0 0 
330 670 17 661 332 0 0 0 0 
320 715 0 108 333 0 0 0 0 
264 524 -12 441 426 0 0 0 0 
164 571 23 311 279 0 0 0 0 
284 707 -38 267 288 0 0 0 0 
254 692 -39 152 518 0 0 0 0 
383 318 -28 109 477 0 0 0 0 
163 429 -17 471 431 0 0 0 0 
314 459 11 69 379 0 0 0 0 
320 680 -49 428 357 0 0 0 0 
-779 474 -45 345 688 0 0 0 0 
217 813 -304 -51 499 0 0 0 0 
232 484 0 0 0 0 0 0 0 
332 662 -28 377 504 0 0 0 0 
330 387 -162 70 419 0 0 0 0 
278 461 -66 177 315 0 0 0 0 
374 703 -22 424 352 0 0 0 0 
491 344 -25 384 435 0 0 0 0 
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498 572 -28 -27 556 0 0 0 0 
506 443 -15 28 310 0 0 0 0 
365 441 -3 169 359 0 0 0 0 
438 817 -45 270 393 0 0 0 0 
534 423 -1210 102 0 0 0 0 0 
263 670 0 521 412 0 0 0 0 
601 798 -10 97 454 0 0 0 0 
474 469 17 661 267 0 0 0 0 
473 618 0 108 492 0 0 0 0 
482 703 0 0 0 0 0 0 0 
364 448 -12 441 500 0 0 0 0 
313 499 23 311 279 0 0 85 -275 
372 686 -38 267 288 0 0 105 -35 
290 662 -39 152 487 0 0 310 -25 
518 275 -28 109 446 0 0 260 0 
352 487 -17 471 460 0 0 385 425 
379 415 25 95 373 0 0 145 -160 
357 611 -49 428 345 0 0 170 275 
-594 460 -45 345 638 0 0 450 370 
268 780 -304 -51 507 0 0 325 55 
377 428 0 0 0 0 0 290 195 
466 657 -28 377 515 0 0 360 260 
459 350 -162 70 367 0 0 215 10 
482 530 -66 177 306 0 0 145 125 
484 672 -22 424 397 0 0 235 260 
635 369 -25 384 417 0 0 260 215 
646 594 -28 -27 546 0 0 390 -75 
632 464 -15 28 363 0 0 215 -30 
585 506 -3 169 380 0 0 240 -40 
655 887 -65 270 425 0 0 255 200 
442 439 -1210 102 0 0 0 -790 -200 
487 778 0 521 375 0 0 240 375 
785 785 -10 97 404 0 0 240 45 
620 454 17 661 267 0 0 120 100 
610 690 0 108 472 0 0 310 -65 
661 734 0 0 0 0 0 210 5 
562 516 -12 441 521 0 0 355 270 
440 592 23 311 517 0 0 0 0 
567 717 -38 267 529 0 0 0 0 
547 726 -39 152 510 0 0 0 0 
657 345 -28 109 488 0 0 0 0 
523 513 -17 471 491 0 0 0 0 
566 490 11 69 538 0 0 0 0 
625 721 -49 428 393 0 0 0 0 
-466 522 -45 345 671 0 0 0 0 
527 866 -304 -51 527 0 0 0 0 
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540 532 0 0 0 0 0 0 0 
622 640 -28 377 511 0 0 0 0 
822 426 -162 70 389 0 0 0 0 
548 519 -66 177 344 0 0 0 0 
649 731 -22 424 440 0 0 0 0 
439 772 -25 384 441 0 0 0 0 
443 1029 -40 -16 497 0 0 0 0 
362 880 -15 28 367 0 0 0 0 
350 970 -3 169 418 0 0 0 0 
377 1348 -45 270 456 0 0 0 0 
327 951 -1210 102 0 0 0 0 0 
307 1251 0 521 409 0 0 0 0 
533 1205 -10 97 385 0 0 0 0 
386 849 17 661 495 0 0 0 0 
347 985 0 108 500 0 0 0 0 
405 1127 0 0 0 0 0 0 0 
337 909 -12 441 555 0 0 0 0 
2 46 23 311 190 230 425 90 -225 
13 269 -38 267 205 240 700 110 50 
0 239 -39 152 328 125 500 65 -165 
38 253 -28 109 209 179 700 130 -120 
0 635 -17 471 266 150 925 405 300 
10 97 25 95 168 0 550 60 -175 
38 529 -49 428 100 90 1050 30 180 
-6 531 -45 345 446 235 885 281 185 
-7 243 -250 -60 290 140 461 121 -120 
0 0 0 0 0 160 730 130 11 
0 541 -28 377 329 141 831 150 140 
0 244 -162 70 174 90 785 50 -120 
2 370 -66 177 119 -31 640 120 0 
3 525 -22 424 240 -35 735 100 55 
-17 661 -25 384 222 45 781 150 -120 
12 66 -40 -16 260 73 337 45 -249 
-3 224 -15 28 150 100 450 21 -205 
-1 242 -3 169 201 50 600 60 -141 
5 469 -55 270 244  -41 640 390 0 
-8 312 -10 110 380 110 550 420 -260 
41 601 0 521 123 140 1070 155 300 
38 267 -10 97 137 65 575 55 -110 
75 413 17 661 267 220 900 110 190 
38 176 0 108 211 220 650 145 -130 
0 0 0 0 0 105 550 100 -161 
-40 460 -12 441 248 165 675 171 95 
11 303 23 311 151 170 600 135 -185 
10 509 -38 267 177 230 850 210 35 
31 361 -39 152 151 100 609 202 -96 
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248 395 -28 109 303 11 623 221 0 
11 787 -17 471 112 -30 690 450 500 
-3 367 11 69 130 130 635 255 -70 
165 638 45 428 190 75 990 33 215 
-128 714 -42 337 93 113 1031 303 216 
11 386 -304 -51 93 70 630 185 -92 
0 0 0 0 0 70 810 155 65 
11 639 -28 377 87 -44 952 280 200 
17 400 -162 70 101 90 710 56 -89 
203 483 70 177 227 7 721 358 176 
272 631 -22 424 291 -32 890 133 91 
93 611 -25 384 103 -120 849 196 -120 
23 222 -40 -16 117 -23 535 70 -235 
258 349 80 28 282 -181 661 19 -179 
272 380 -3 169 341 -68 712 195 -120 
268 575 -45 270 310 -72 850 390 50 
275 385 5 110 407 35 662 425 -238 
179 736 0 521 161 -10 986 187 370 
278 391 -10 97 254 -20 710 58 -90 
13 590 17 661 137 14 905 184 105 
161 294 0 108 236 -25 615 180 -125 
0 0 0 0 0 -20 700 154 -144 
-1 596 -12 441 178 65 917 280 132 
48 224 23 311 483 290 515 0 0 
47 449 -38 267 498 303 690 0 0 
47 307 -39 152 472 262 616 0 0 
46 304 -28 109 360 200 580 0 0 
47 729 -17 471 490 292 1037 0 0 
47 243 25 95 384 175 535 0 0 
47 556 -49 428 257 -18 800 0 0 
58 615 -45 345 631 410 1028 0 0 
53 339 -200 -51 506 218 685 0 0 
0 0 0 0 0 240 885 0 0 
47 570 -28 377 471 254 912 0 0 
47 323 -115 70 363 135 665 0 0 
47 323 -77 192 305 129 600 0 0 
47 564 -22 424 407 100 780 0 0 
60 510 -25 384 297 50 770 0 0 
47 126 -28 -27 508 310 485 0 0 
47 333 -15 28 344 153 590 0 0 
47 338 -3 169 381 175 690 0 0 
47 507 -45 270 452 150 750 0 0 
58 341 5 110 537 270 627 0 0 
47 662 0 521 273 65 840 0 0 
47 277 -10 97 348 170 574 0 0 
47 519 17 661 466 270 780 0 0 
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47 262 0 108 484 300 565 0 0 
0 0 0 0 0 200 570 0 0 
47 523 -12 441 452 310 742 0 0 
42 85 23 311 464 350 455 0 0 
31 312 -38 267 475 320 761 0 0 
29 181 -39 152 461 300 589 0 0 
27 231 -28 109 414 300 630 0 0 
20 597 -17 471 484 350 1031 0 0 
44 119 25 95 271 170 580 0 0 
26 495 -49 428 316 190 957 0 0 
33 503 -45 345 614 480 919 0 0 
27 174 -304 -51 449 300 590 0 0 
0 0 0 0 0 300 780 0 0 
29 456 -28 377 490 360 830 0 0 
25 246 -162 70 391 250 650 0 0 
38 314 -66 177 269 150 720 0 0 
53 436 -22 424 396 301 902 0 0 
61 449 -25 384 376 250 880 0 0 
58 70 -40 -16 486 340 450 0 0 
39 216 -15 28 352 240 636 0 0 
42 196 -3 169 395 280 630 0 0 
27 428 -45 270 454 350 869 0 0 
36 243 5 110 529 400 658 0 0 
27 587 0 521 356 240 990 0 0 
25 254 -10 97 369 260 680 0 0 
41 359 17 661 447 330 800 0 0 
47 143 0 108 451 300 550 0 0 
0 0 0 0 0 250 650 0 0 
70 440 -12 441 478 330 807 0 0 
227 -23 23 311 380 435 620 0 0 
223 204 -38 267 384 455 850 0 0 
229 69 -39 152 297 355 695 0 0 
178 168 -28 109 297 335 765 0 0 
243 590 -17 471 317 360 1110 0 0 
183 128 11 69 257 300 705 0 0 
208 469 -49 428 236 285 1085 0 0 
199 427 -45 345 460 540 1000 0 0 
294 65 -304 -51 377 390 670 0 0 
0 0 0 0 0 370 780 0 0 
238 351 -28 377 337 400 945 0 0 
237 131 -162 70 280 330 695 0 0 
217 230 -77 192 253 295 850 0 0 
189 507 -22 424 272 295 1010 0 0 
249 419 -25 384 295 330 1035 0 0 
216 -27 -28 -27 330 380 590 0 0 
189 217 -15 28 262 300 740 0 0 
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230 218 -3 169 260 300 750 0 0 
210 419 -45 270 250 290 1000 0 0 
244 221 2 110 370 410 720 0 0 
178 530 0 521 204 260 1135 0 0 
216 130 -10 97 241 325 765 0 0 
215 268 17 661 356 440 925 0 0 
210 60 0 108 325 375 660 0 0 
0 0 0 0 0 250 740 0 0 
321 332 -12 441 497 440 895 0 0 
74 152 23 311 292 200 500 0 0 
41 369 -38 267 296 257 742 0 0 
52 233 -39 152 292 207 600 0 0 
31 266 -28 109 217 148 605 0 0 
20 715 -17 471 280 207 1100 0 0 
32 256 11 69 244 145 625 0 0 
12 527 -49 428 90 14 950 0 0 
62 612 -45 345 432 308 1000 0 0 
27 226 -304 -51 284 225 600 0 0 
0 0 0 0 0 210 875 0 0 
68 508 -28 377 295 162 880 0 0 
31 286 -162 70 175 111 660 0 0 
38 377 -66 177 78 -40 749 0 0 
44 579 -22 424 227 179 990 0 0 
21 502 -25 384 135 81 887 0 0 
41 109 -40 -16 269 183 480 0 0 
45 240 -15 28 105 27 620 0 0 
65 306 -3 169 196 104 660 0 0 
0 497 -45 270 169 141 870 0 0 
-11 304 5 110 262 190 680 0 0 
21 626 0 521 156 95 1040 0 0 
-3 274 -10 97 127 70 648 0 0 
94 395 17 661 346 191 790 0 0 
17 150 0 108 220 172 520 0 0 
0 0 0 0 0 130 700 0 0 
39 452 -12 441 346 282 825 0 0 
117 52 23 311 328 255 535 0 0 
114 281 -38 267 342 233 745 0 0 
209 205 -39 152 428 201 697 0 0 
194 241 -28 109 376 220 700 0 0 
55 649 -17 471 259 234 1100 0 0 
157 196 11 69 379 185 680 0 0 
196 510 -49 428 264 98 980 0 0 
88 546 -45 345 432 340 1000 0 0 
8 219 -304 -51 253 261 700 0 0 
0 0 0 0 0 210 880 0 0 
100 504 -28 377 365 287 1000 0 0 
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133 204 -162 70 229 140 700 0 0 
210 257 -77 192 326 140 750 0 0 
199 505 -22 424 311 130 1010 0 0 
182 471 -25 384 328 137 970 0 0 
155 26 -28 -27 354 192 510 0 0 
170 253 -15 28 236 83 720 0 0 
148 299 -14 154 323 150 780 0 0 
158 462 -65 270 313 145 930 0 0 
177 242 5 110 422 250 705 0 0 
178 595 0 521 294 130 1080 0 0 
139 168 -10 97 234 110 670 0 0 
115 326 17 661 295 197 829 0 0 
193 133 0 108 381 239 610 0 0 
0 0 0 0 0 102 800 0 0 
186 394 -12 441 445 305 825 0 0 
170 -29 23 311 295 0 0 0 0 
-27 488 -39 152 288 0 0 0 0 
-28 499 -28 109 214 0 0 0 0 
-31 813 -17 471 337 0 0 0 0 
-29 575 14 148 182 0 0 0 0 
-31 758 -49 428 99 0 0 0 0 
-28 799 -45 345 371 0 0 0 0 
-27 455 -304 -51 221 0 0 0 0 
-30 752 -28 377 255 0 0 0 0 
-29 466 -162 70 111 0 0 0 0 
-28 578 -66 177 54 0 0 0 0 
-28 763 -22 424 68 0 0 0 0 
-29 781 -25 384 193 0 0 0 0 
-27 352 -28 -27 312 0 0 0 0 
-100 600 0 180 82 0 0 0 0 
-28 717 -40 321 82 0 0 0 0 
-30 490 5 110 364 0 0 0 0 
-284 401 23 311 257 0 0 0 0 
170 -29 23 311 295 0 0 0 0 
-27 488 -39 152 288 0 0 0 0 
-28 499 -28 109 214 0 0 0 0 
-31 813 -17 471 337 0 0 0 0 
-29 575 14 148 182 0 0 0 0 
-31 758 -49 428 99 0 0 0 0 
-28 799 -45 345 371 0 0 0 0 
-27 455 -304 -51 221 0 0 0 0 
-30 752 -28 377 255 0 0 0 0 
-29 466 -162 70 111 0 0 0 0 
-28 578 -66 177 54 0 0 0 0 
-28 763 -22 424 68 0 0 0 0 
-29 781 -25 384 193 0 0 0 0 
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-27 352 -28 -27 312 0 0 0 0 
-100 600 0 180 65 0 0 0 0 
-28 717 -40 321 82 0 0 0 0 
-30 490 5 110 364 0 0 0 0 
-284 401 23 311 257 0 0 0 0 
16 441 -38 267 325 0 0 0 0 
0 0 0 0 0 0 0 0 0 
15 311 -28 109 220 0 0 0 0 
16 809 -17 471 347 0 0 0 0 
15 582 -49 428 129 0 0 0 0 
20 667 -45 345 423 0 0 0 0 
13 369 -3 169 247 0 0 0 0 
13 481 -304 -51 238 0 0 0 0 
15 583 -28 377 273 0 0 0 0 
6 340 -162 70 180 0 0 0 0 
14 618 -22 424 226 0 0 0 0 
13 302 -15 28 113 0 0 0 0 
15 656 0 521 154 0 0 0 0 
24 310 -10 97 169 0 0 0 0 
11 492 17 661 295 0 0 0 0 
18 215 0 108 246 0 0 0 0 
0 0 0 0 0 0 0 0 0 
15 540 -12 441 294 0 0 0 0 
16 441 -38 267 325 0 0 0 0 
0 0 0 0 0 0 0 0 0 
15 311 -28 109 220 0 0 0 0 
16 809 -17 471 347 0 0 0 0 
15 582 -49 428 129 0 0 0 0 
20 667 -45 345 423 0 0 0 0 
13 369 -3 169 247 0 0 0 0 
13 481 -304 -51 238 0 0 0 0 
15 583 -28 377 273 0 0 0 0 
6 340 -162 70 180 0 0 0 0 
14 618 -22 424 226 0 0 0 0 
13 302 -15 28 113 0 0 0 0 
15 656 0 521 154 0 0 0 0 
24 310 -10 97 169 0 0 0 0 
11 492 17 661 295 0 0 0 0 
25 215 0 108 253 0 0 0 0 
0 0 0 0 0 0 0 0 0 
236 540 -12 441 515 0 0 0 0 
-24 408 23 311 261 0 0 0 0 
-23 639 -38 267 265 0 0 0 0 
-25 470 -39 152 242 0 0 0 0 
-25 499 -28 109 218 0 0 0 0 
-23 816 -17 471 346 0 0 0 0 
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-24 604 14 148 221 0 0 0 0 
-24 757 -49 428 106 0 0 0 0 
-24 788 0 345 333 0 0 0 0 
-24 393 -304 -51 227 0 0 0 0 
0 0 0 0 0 0 0 0 0 
-25 751 -28 377 259 0 0 0 0 
-25 453 -162 70 103 0 0 0 0 
-24 586 -66 177 64 0 0 0 0 
-24 788 -22 424 72 0 0 0 0 
-24 778 -25 384 197 0 0 0 0 
-25 347 -28 -27 301 0 0 0 0 
-25 434 -15 28 65 0 0 0 0 
-22 594 -3 169 71 0 0 0 0 
-25 694 -40 321 81 0 0 0 0 
-31 489 5 110 364 0 0 0 0 
-25 844 0 521 157 0 0 0 0 
-24 485 -10 97 173 0 0 0 0 
-24 693 17 661 258 0 0 0 0 
-23 415 0 108 231 0 0 0 0 
-28 686 -12 445 329 0 0 0 0 
51 224 23 311 358 0 0 0 0 
38 464 -38 267 371 0 0 0 0 
51 392 -39 152 367 0 0 0 0 
49 427 -28 109 337 0 0 0 0 
42 744 -17 471 288 0 0 0 0 
25 277 11 69 201 0 0 0 0 
39 703 -49 428 238 0 0 0 0 
39 784 -45 345 548 0 0 0 0 
38 477 -304 -51 406 0 0 0 0 
0 0 0 0 0 0 0 0 0 
44 669 -28 377 366 0 0 0 0 
47 396 -162 70 279 0 0 0 0 
48 508 -66 177 179 0 0 0 0 
41 614 -22 424 227 0 0 0 0 
49 662 -25 384 299 0 0 0 0 
47 280 -40 -27 421 0 0 0 0 
41 371 -15 28 280 0 0 0 0 
-27 360 -3 169 199 0 0 0 0 
49 548 -40 321 266 0 0 0 0 
52 455 5 110 481 0 0 0 0 
122 791 0 521 342 0 0 0 0 
46 402 -10 97 290 0 0 0 0 
46 513 17 661 339 0 0 0 0 
58 318 0 108 361 0 0 0 0 
0 0 0 0 0 0 0 0 0 
37 610 -12 441 359 0 0 0 0 
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0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
13 34 23 311 376 0 0 0 0 
13 259 -38 267 392 0 0 0 0 
4 134 -39 152 368 0 0 0 0 
7 129 -28 109 300 0 0 0 0 
7 493 -17 471 343 0 0 0 0 
15 0 25 95 209 0 0 0 0 
8 414 -49 428 220 0 0 0 0 
-90 463 -45 345 393 0 0 0 0 
6 145 -304 -51 348 0 0 0 0 
0 0 0 0 0 0 0 0 0 
4 400 -28 377 359 0 0 0 0 
4 160 -162 70 278 0 0 0 0 
4 222 -66 177 156 0 0 0 0 
4 404 -22 424 285 0 0 0 0 
7 384 -25 384 268 0 0 0 0 
7 8 -28 -27 406 0 0 0 0 
6 108 -15 28 183 0 0 0 0 
4 135 -3 169 295 0 0 0 0 
0 297 -45 270 295 0 0 0 0 
4 168 5 110 433 0 0 0 0 
6 480 0 521 237 0 0 0 0 
7 157 -10 97 261 0 0 0 0 
-9 324 17 661 333 0 0 0 0 
8 87 0 108 376 0 0 0 0 
0 0 0 0 0 0 0 0 0 
6 354 -12 441 359 0 0 0 0 
-7 263 23 311 345 0 0 0 0 
6 483 -38 267 363 0 0 0 0 
5 397 -39 152 357 0 0 0 0 
3 427 -28 109 363 0 0 0 0 
1 877 -17 471 398 0 0 0 0 
4 461 11 69 340 0 0 0 0 
8 715 -49 428 279 0 0 0 0 
0 750 -45 345 576 0 0 0 0 
-97 396 -304 -51 296 0 0 0 0 
0 0 0 0 0 0 0 0 0 
5 672 -28 377 424 0 0 0 0 
4 383 -162 70 219 0 0 0 0 
2 438 -77 192 292 0 0 0 0 
6 710 -22 424 263 0 0 0 0 
5 686 -25 384 297 0 0 0 0 
4 208 -40 -16 390 0 0 0 0 
4 475 -15 28 289 0 0 0 0 
-2 487 -3 169 288 0 0 0 0 
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4 636 -45 270 265 0 0 0 0 
-2 468 5 110 462 0 0 0 0 
6 784 0 521 268 0 0 0 0 
-4 370 -10 97 257 0 0 0 0 
4 539 17 661 327 0 0 0 0 
2 341 0 108 382 0 0 0 0 
0 0 0 0 0 0 0 0 0 
5 649 -12 441 423 0 0 0 0 
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Appendix F: Implementation 
 
#include <stdio.h> 
#include <stdlib.h> 
#include <string.h> 
 
//function load different tabels, e.g. entryexit points table etc.  
int **loadTable(FILE* pfile, int *row, int *column ) 
{ 
 
 int i,j; 
 int **table ; 
 fscanf(pfile,"%d",row); 
 fscanf(pfile,"%d",column); 
 
  
 table = (int**) calloc(*row,sizeof(int)); 
 for (i=0; i<*row;i++) 
 { 
  table[i] = (int*) calloc(*column,sizeof(int))  ; 
 } 
 
 for(i=0; i<*row;i++) 
  for(j=0;j<*column;j++) 
  { 
   fscanf(pfile,"%d",&table[i][j]);  
  } 
 
 return table; 
 
} 
 
int main() 
{ 
 char buff[50]; 
 int ibuff[50]={0}; 
 int lig[30]={0}; 
 int ligature[30]={0}; 
 int i,j,k,l,m,n,number,flag,clash=0; 
 int x,y,p=0,q=0,w=0,py=0,qy=0,width[30]={0}; 
 int length=0;  
 
 FILE *pfile; 
 int **init,**initrc,**medirc,**medi,**fina,**fina2,**positioning, **ligenex,**nuqta; 
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 pfile = fopen ("/mnt/e/nafees at france/external ocp/tables/init.txt" , "r"); 
 init = loadTable(pfile,&x,&y); 
 pfile = fopen ("/mnt/e/nafees at france/external ocp/tables/initrc.txt" , "r"); 
 initrc = loadTable(pfile,&x,&y); 
 
 pfile = fopen ("/mnt/e/nafees at france/external ocp/tables/medi.txt" , "r"); 
 medi = loadTable(pfile,&x,&y); 
 pfile = fopen ("/mnt/e/nafees at france/external ocp/tables/medirc.txt" , "r"); 
 medirc = loadTable(pfile,&x,&y); 
 
 pfile = fopen ("/mnt/e/nafees at france/external ocp/tables/fina.txt" , "r"); 
 fina = loadTable(pfile,&x,&y); 
 pfile = fopen ("/mnt/e/nafees at france/external ocp/tables/fina2.txt" , "r"); 
 fina2 = loadTable(pfile,&x,&y); 
 
 pfile = fopen ("/mnt/e/nafees at france/external ocp/tables/positioning.txt" , "r"); 
 positioning = loadTable(pfile,&x,&y); 
 
 
 pfile = fopen ("/mnt/e/nafees at france/external ocp/output.txt" , "a+"); 
  
//read a buffer of 48 characters and process it.  
while(fgets(buff,49,stdin)) 
{ 
  
 for(i=0; i<strlen(buff); i++) 
 { 
  j= (int) buff[i]; 
  if (j==32) ibuff[i]=1032; 
  else if(j>50&&j<100) ibuff[i]=j-50; 
  else if(j<30) ibuff[i]=j+22; 
 else ibuff[i] = j+1000; 
 
//  fprintf(pfile,"\n %d", ibuff[i]);  
 } 
 
 length = i; 
 m=-1; 
 for(l=0;l<length; l++) 
 { 
  number = 0; 
 
 if((lig[0]>=1040 && lig[0]<1050) && !(ibuff[l]>=1040 && ibuff[l]<1050)) 
  { 
   for(i=m ; i>=0;i--) 



 66

    printf("\\char%d",lig[i]+39); 
 
  l--;  
  m=-1; lig[0]=0; 
 
  } 
 
  
  //break the input string into ligatures 
  else 
if(ibuff[l]==1032||ibuff[l]==4||ibuff[l]==5||(ibuff[l]>14&&ibuff[l]<22)||ibuff[l]==38||ibuf
f[l]==46||(ibuff[l]>=1040 && ibuff[l]<1050&& m>0 &&!(lig[0]>=1040 && 
lig[0]<1050))) 
  { 
   
   if(ibuff[l]>=1040 && ibuff[l]<1050) 
  l--; 
 
   else if(ibuff[l]!=1032) 
    lig[++m] = ibuff[l]; 
    
   nuqta = (int**) calloc(m+1,sizeof(int)); 
   for (i=0; i<m+1;i++) 
   { 
    nuqta[i] = (int*) calloc(6,sizeof(int))  ; 
   } 
 
   for (j=0; j<=m; j++) 
   { 
   //initilize nuqtas 
    nuqta[j][2]=0; 
    nuqta[j][3]=500;  
   //add nuqtas 
    switch (lig[j]) 
    { 
     case 6: nuqta[j][0] = 839; nuqta[j][1]=2; nuqta[j][4]=90; nuqta[j][5]=100; break; 
     case 7: nuqta[j][0] = 841; nuqta[j][1]=2; nuqta[j][4]=170; nuqta[j][5]=240;break; 
     case 8: nuqta[j][0] = 837; nuqta[j][1]=1; nuqta[j][4]=170; nuqta[j][5]=100;break; 
     case 9: nuqta[j][0] = 888; nuqta[j][1]=1; nuqta[j][4]=85; nuqta[j][5]=125;break; 
     case 10: nuqta[j][0] = 838; nuqta[j][1]=1; nuqta[j][4]=170; nuqta[j][5]=240;break; 
     case 11: nuqta[j][0] = 839; nuqta[j][1]=2; nuqta[j][4]=90; nuqta[j][5]=100;break; 
     case 12: nuqta[j][0] = 841; nuqta[j][1]=2; nuqta[j][4]=170; nuqta[j][5]=240;break; 
     case 14: nuqta[j][0] = 836; nuqta[j][1]=1; nuqta[j][4]=90; nuqta[j][5]=100;break; 
     case 23: nuqta[j][0] = 838; nuqta[j][1]=1; nuqta[j][4]=170; nuqta[j][5]=240;break; 
     case 25: nuqta[j][0] = 836; nuqta[j][1]=1; nuqta[j][4]=90; nuqta[j][5]=100;break; 
     case 27: nuqta[j][0] = 836; nuqta[j][1]=1; nuqta[j][4]=90; nuqta[j][5]=100;break; 
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     case 29: nuqta[j][0] = 836; nuqta[j][1]=1; nuqta[j][4]=90; nuqta[j][5]=100;break; 
     case 30: nuqta[j][0] = 836; nuqta[j][1]=1; nuqta[j][4]=90; nuqta[j][5]=100;break; 
     case 31: nuqta[j][0] = 837; nuqta[j][1]=1; nuqta[j][4]=170; nuqta[j][5]=100;break; 
     case 36: nuqta[j][0] = 836; nuqta[j][1]=1; nuqta[j][4]=90; nuqta[j][5]=100;break; 
     case 40: nuqta[j][0] = 844; nuqta[j][1]=2; nuqta[j][4]=60; nuqta[j][5]=130;break; 
     case 43: nuqta[j][0] = 847; nuqta[j][1]=1; nuqta[j][4]=90; nuqta[j][5]=90;break; 
     case 45: nuqta[j][0] = 840; nuqta[j][1]=2; nuqta[j][4]=170; nuqta[j][5]=100;break; 
    } 
   } 
 
   //process ligature for final shapes  
 
   if(m>1)       // if there are more than two 
characters  
    ligature[m] = fina2[lig[m]][lig[m-1]];   
   else if(m>0)        // if there are only two characters  
    ligature[m] = fina[lig[m]][lig[m-1]]; 
 
 
 
   //process ligature for medial shapes 
   if(m>1) 
   {   
    for(k=m-1;k>0;k--) 
    { 
     if(ligature[k+1]<109)  
      y=47; 
     else 
      y=401;  
 
     ligature[k]=medi[medirc[ligature[k+1]-y][1]][lig[k]]; 
     /*if(m>2&&nuqta[k+1][1]==1) 
      switch(ligature[k]) 
      { 
       case 334:case 335:case 352:case 353:case 695:case 691:case 692:case 713:case 
709:case 710: 
        ligature[k]-=36; break; 
       case 330:case 348:case 687:case 705: 
        ligature[k]-=35; break; 
       case 339:case 328:case 357: 
        ligature[k]-=37; break;  
      }*/ 
    }   
   } 
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   //process ligatures for initital shapes 
   if(m>0) 
   { 
    if(ligature[1]<109)  
     y=47; 
    else 
     y=401;  
 
    ligature[0] = init[initrc[ligature[1]-y][1]][lig[0]]; 
   } 
 
   if (ligature[0]==0) ligature[0] = lig[0];   
 
   //LA Ligature  
   if (ligature[0]==363 && ligature[1] ==47) 
   { 
     ligature[0] = 44; 
     m=0; 
   } 
   // final LA Ligature 
   if (ligature[m-1]==719 && ligature[m] ==47) 
   { 
     ligature[m-1] = 105; 
     --m; 
   } 
    
 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
//calculate ligature entry & exit points 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
   ligenex = (int**) calloc(m+1,sizeof(int)); 
   for (i=0; i<m+1;i++) 
   { 
    ligenex[i] = (int*) calloc(2,sizeof(int))  ; 
   } 
   y=0; 
   for(j=m; j>=1; j--) 
   { 
    y = positioning[ligature[j]][1] - positioning[ligature[j-1]][3] + y; 
    ligenex[j-1][1] = y; 
   } 
   for(j=0; j<m; j++) 
   { 
    ligenex[j+1][0] = (positioning[ligature[j]][2] + positioning[ligature[j+1]][0])*-1; 
    w=positioning[ligature[j]][4]+w; 
    width[j]=w; 
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   } 
 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
//Nuqta Processing 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 
   for(j=0;j<=m; j++) 
   { 
    if ((nuqta[j][0]!=0 && nuqta[j][0]!=844 && 
ligature[j]>108)||(nuqta[j][0]==844&&ligature[j]<439&&ligature[j]>108)) 
    { 
     if (nuqta[j][1]==1) 
     { 
      nuqta[j][2]=positioning[ligature[j]][5]*-1; 
      nuqta[j][3]=positioning[ligature[j]][6]; 
     }      
     else  
     { 
      nuqta[j][2]=positioning[ligature[j]][7]*-1; 
      nuqta[j][3]=positioning[ligature[j]][8]; 
     }      
      
     //raise nuqta along with base glyph 
     nuqta[j][3]=nuqta[j][3]+ligenex[j][1]; 
    
 
     //nuqta adjustment for bariyeah 
     if(ligature[m]==108&&/*width[j]<1100 && */nuqta[j][3]<180 &&nuqta[j][3]>-150) 
      nuqta[j][3]=-230; 
 
 
     //nuqta adjustment that fololowed by jeem,ain,fay 
     if(m>1&&nuqta[j][1]==1&& (ligature[j-1]==138||ligature[j-1]==494||ligature[j-
1]==268||/*ligature[j-1]==624||*/ligature[j-1]==141||ligature[j-1]==497||ligature[j-
1]==242||ligature[j-1]==598||ligature[j-1]==155||ligature[j-1]==511||ligature[j-
1]==601||ligature[j-1]==271||ligature[j-1]==285||ligature[j-1]==442)&& !(lig[j]==25 || 
ligature[j]==484 || 
ligature[j]==472||ligature[j]==490||ligature[j]==542||ligature[j]==620||ligature[j]==646)) 
    { 
      nuqta[j][3]+=160; 
    //nuqta[j][2]+=75; 
     } 
 
 
     //nuqta Adjustment for alternative Kaf 
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    if(m>1&&nuqta[j][1]==1&& (ligature[j-1]>=684&&ligature[j-1]<=718  || 
ligature[j-1]>=328&& ligature[j-1]<=360)&& lig[j]!=25 && lig[j]!=27 && 
ligature[j]!=484 && 
!(ligature[j]==472||ligature[j]==490||ligature[j]==542||ligature[j]==620||ligature[j]==646||
ligature[j]==697||ligature[j]==715)) 
    { 
      nuqta[j][3]+=150; 
    nuqta[j][2]+=75; 
     } 
 
   //  if(m>1&&nuqta[j][1]==1 && (ligaturej-1]==685)) 
     //Nuqta adjustment for meem and dochasmihay 
     if(m>1 && j+2<=m && (lig[j]==6||lig[j]==7||lig[j]==45||lig[j]==11||lig[j]==12) && 
(lig[j+2]==35||lig[j+2]==42)) 
      nuqta[j][3]-=150; 
 
    } 
   } 
 
   //nuqta adjustment for Jeem 
   if(m>1&&lig[m]>=11&&lig[m]<=14&& (lig[m-1]==6||lig[m-1]==7||lig[m-1]==45))   
   { 
    nuqta[m-1][3] = -400; 
    if (nuqta[m-2][0]!=0 && nuqta[m-2][1]==2) 
     nuqta[m-2][2] -= 70; 
   } 
 
   //nuqta adjustment for Jeem2 
   if(m>1&&lig[m]>=11&&lig[m]<=14&& nuqta[m-1][1]!=2 && nuqta[m-2][1]==2 && 
lig[m-1]!=42)   
    nuqta[m-2][3] = -400; 
     
   //Nuqta adjustment for final Qaf 
   if(m>0 && ligature[m]==90 && (lig[m-1]==6||lig[m-1]==7||lig[m-1]==45)) 
    nuqta[m-1][3] -=300; 
   //Nuqta adjustment for final Laam 
   if(m>0 && ligature[m]==94 && (lig[m-1]==6||lig[m-1]==7||lig[m-1]==45||lig[m-
1]==12)) 
    nuqta[m-1][2] -=100; 
   //nuqta adjustment for choti-yeh 
   if(m>1 && ligature[m]==107 && (lig[m-2]==6||lig[m-2]==7||lig[m-2]==45||lig[m-
2]==12||lig[m-2]==40)) 
   { 
    nuqta[m-2][3]-=200; 
    nuqta[m-2][2]-=100; 
   } 
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   //Nuqta adjustment for pay x jeem  
   if(m>1 && nuqta[0][1]==2 && ligature[0]==128 && (lig[2]>=11&&lig[2]<=14) )  
    nuqta[0][2]-=50; 
 
   //Nuqta adjustment for tay kaf alif 
   if(m>1&&nuqta[0][1]==1 && ligature[0]==115 && 
(ligature[1]==647||ligature[1]==665)) 
   nuqta[0][2]-=100;     
 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++    
//Handling of Nuqta Clash for nuqtas above the base character 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
   for(j=m-1;j>0; j--) 
   { 
    flag=0; 
    if (nuqta[j][0]!=0&&nuqta[j][1]==1) 
    { 
     if(nuqta[j-1][0]!=0&&nuqta[j-1][1]==1) 
     { 
      w=j-1; 
      flag=1; 
     } 
     else if(j>1) 
      if(nuqta[j-2][0]!=0&&nuqta[j-2][1]==1) 
      { 
       w=j-2; 
       flag=1; 
      } 
     if(flag) 
     { 
       
//do horizontal adjustment for above nuqta 
 
//fprintf(pfile,"\n(j=%d w=%d) %d-%d+%d < 
%d+%d+%d",j,w,nuqta[j][2],nuqta[j][4],width[j],nuqta[w][2],nuqta[w][4],width[w]); 
      if(nuqta[j][2]-nuqta[j][4]+width[j]<nuqta[w][2]+nuqta[w][4]+width[w] && 
!(lig[w]==23||lig[w]>=11&&lig[w]<=14) && w!=0 &&nuqta[w-1][1]!=1 && !(lig[w-
1]==34||lig[w-1]==32||lig[w-1]==33)) 
      { 
//fprintf(pfile,"\n\n j=%d w=%d) %d+%d>%d-100 && %d-
100<%d+%d",nuqta[j][3],nuqta[j][5],nuqta[w][3],nuqta[j][3],nuqta[w][3],nuqta[w][5] ); 
       if(nuqta[j][3]+nuqta[j][5]>nuqta[w][3]-100 && nuqta[j][3]-
100<nuqta[w][3]+nuqta[w][5])    
       { 
        nuqta[w][2] -= nuqta[w][2]+nuqta[w][4]+width[w]-(nuqta[j][2]-
nuqta[j][4]+width[j])+50;  
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    nuqta[w][3] += 50; 
       } 
      } 
//do vertical adjustment for above nuqtas 
      if(nuqta[j][2]-nuqta[j][4]+width[j]<nuqta[w][2]+nuqta[w][4]+width[w]) 
      { 
       if(nuqta[j][3]+nuqta[j][5]>nuqta[w][3]-100 && nuqta[j][3]-
100<nuqta[w][3]+nuqta[w][5])    
       { 
        if(nuqta[j][3]>=nuqta[w][3])        
        {      
         p = nuqta[w][3]+nuqta[w][5] - (nuqta[j][3]-100); 
         nuqta[j][3]+=p+50; 
       }    
        else 
        { 
         p = nuqta[j][3]+nuqta[j][5] - (nuqta[w][3]-100); 
         nuqta[w][3]+=p+50; 
        } 
       } 
      } 
     } 
    } 
   } 
 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++   
//Handling of nuqta clash for nuqtas below the base character  
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 
   for(j=m-1;j>0; j--) 
   { 
    q=0; 
    clash=0; 
    flag=0; 
    if (nuqta[j][0]!=0&&nuqta[j][1]==2 ) 
    { 
     if(nuqta[j-1][0]!=0&&nuqta[j-1][1]==2) 
     { 
      w=j-1; 
      flag=1; 
     } 
     else if(j>1) 
      if(nuqta[j-2][0]!=0&&nuqta[j-2][1]==2) 
      { 
       w=j-2; 
       flag=1; 



 73

      } 
      
     if(flag) 
     {  
//do horizontal adjustment for nuqta below 
      //move right if there is no nuqta already there 
      if(nuqta[j][2]-nuqta[j][4]+width[j]<nuqta[w][2]+nuqta[w][4]+width[w] && w!=0 
&& nuqta[w-1][1]!=2) 
      { 
       if(nuqta[j][3]+100>nuqta[w][3]-nuqta[w][5] && nuqta[j][3]-
nuqta[j][5]<nuqta[w][3]+100)    
       { 
        nuqta[w][2] -= nuqta[w][2]+nuqta[w][4]+width[w]-(nuqta[j][2]-
nuqta[j][4]+width[j])+50;  
       } 
      } 
      //else move left if there is no clash with already nuqta placed at left 
      else if(nuqta[j][2]-nuqta[j][4]+width[j]<nuqta[w][2]+nuqta[w][4]+width[w]) 
      { 
       if(nuqta[j][3]+100>nuqta[w][3]-nuqta[w][5] && nuqta[j][3]-
nuqta[j][5]<nuqta[w][3]+100)    
       { 
        q=nuqta[j][2]; 
        q += nuqta[w][2]+nuqta[w][4]+width[w]-(nuqta[j][2]-nuqta[j][4]+width[j])+0; 
    qy = nuqta[j][3]+0; 
    if(j+1<m && nuqta[j+1][1]==2) 
        { 
      //   fprintf(pfile,"\nreach here %d",j); 
         if((q+nuqta[j][4]>nuqta[j+1][2]-nuqta[j+1][4]) && (qy+100>nuqta[j+1][3]-
nuqta[j+1][5] && qy-nuqta[j][5]<nuqta[j+1][3]+100)) 
          clash=1; 
          
        } 
        if(j+2<m && nuqta[j+2][1]==2) 
        {  
         if((q+nuqta[j][4]>nuqta[j+2][2]-nuqta[j+2][4]) && (qy+100>nuqta[j+2][3]-
nuqta[j+2][5] && qy-nuqta[j][5]<nuqta[j+2][3]+100)) 
          clash=1; 
        }  
    if(j+1<m && 
((lig[j+1]>=11&&lig[j+1]<=14)||lig[j+1]==42||lig[j+1]==35) || j+2<m && 
((lig[j+2]>=11&&lig[j+2]<=14)||lig[j+2]==42||lig[j+2]==35)) 
         clash=1; 
 
        if(j+1==m && (lig[j+1]>=11&&lig[j+1]<=14 || lig[j+1]>=18&&lig[j+1]<=25 || 
lig[j+1]==28||lig[j+1]==29||lig[j+1]>=34&&lig[j+1]<=45)) 
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         clash=1;  
    //fprintf(pfile,"\nvalue of clash=%d at=%d ",clash,j); 
        if(!clash) 
        { 
         nuqta[j][2]=q; 
         nuqta[j][3]=qy; 
     //fprintf(pfile,"\ncame here %d",j); 
        } 
 
       } 
      }     
//do vertical adjustment for nuqta below 
     if(nuqta[j][2]-nuqta[j][4]+width[j]<nuqta[w][2]+nuqta[w][4]+width[w]) 
      { 
       if(nuqta[j][3]+100>nuqta[w][3]-nuqta[w][5] && nuqta[j][3]-
nuqta[j][5]<nuqta[w][3]+100)    
       { 
        if(nuqta[w][3]>=nuqta[j][3])        
        {      
         p = nuqta[j][3]+100- (nuqta[w][3]-nuqta[w][5]); 
        //  if (nuqta[w][0]==841) p+=50; 
         nuqta[j][3]-=p+20; 
         if(j+1<m && lig[j+1]==11 || lig[j+1]==12)  
        { 
          nuqta[j+1][2]+=30; 
          nuqta[j+1][3]-=70;  
         }   
         else if(j+2<m && lig[j+2]==11 || lig[j+2]==12) 
         { 
          nuqta[j+2][2]+=60; 
          nuqta[j+2][3]-=70;  
         }  
 
       }    
        else 
        { 
         p = nuqta[w][3]+100 - (nuqta[j][3]-nuqta[j][5]); 
          //if (nuqta[j][0]==841) p+=50;   
         nuqta[w][3]-=p+20; 
        } 
       } 
      } 
     } 
    } 
   } 
/**/ 
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   //final bariyeh adjustment 
   if(ligature[m]==108) 
   { 
    for(j=m-1;j>=0;j--) 
    { 
     if(nuqta[j][3]<180 &&nuqta[j][3]>-150) 
      nuqta[j][3]=-230; 
    } 
   } 
 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
//output ligature 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
   //kerning for bariyeah, ain and jeem    
   if(ligature[m]==108 && ligenex[m][0]+width[m-1]<0) 
    printf("\\kern%dex",(ligenex[m][0]+width[m-1])*-1); 
   if((ligature[m]==87||ligature[m]==88) && width[m-1]<410) 
    printf("\\kern%dex",410-width[m-1]+70);     
   if((ligature[m]>=58&&ligature[m]<=61) && width[m-1]<575) 
    printf("\\kern%dex",575-width[m-1]+70);     
 
   //output ligature 
   for(j=0; j<=m; j++) 
   { 
    if(ligenex[j][0]!=0) 
    { 
     printf("\\kern%dex",ligenex[j][0]); 
    } 
    if(ligenex[j][1]!=0) 
    { 
     printf("\\raise%dex\\hbox{\\char%d}", ligenex[j][1],ligature[j]+253);   
   //fprintf(pfile,"\n%d",ligature[j] ) ; 
    } 
    else 
    { 
     printf("\\char%d", ligature[j]+253); 
   //fprintf(pfile,"\n%d",ligature[j] ) ; 
    } 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
//Nuqta Placement 
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
    if ((nuqta[j][0]!=0 && nuqta[j][0]!=844 && 
ligature[j]>108)||(nuqta[j][0]==844&&ligature[j]<439&&ligature[j]>108))    
    { 
     printf("\\kern%dex",nuqta[j][2]); 
     printf("\\raise%dex\\hbox{\\char%d}",nuqta[j][3],nuqta[j][0]+253);       
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     printf("\\kern%dex",nuqta[j][2]*-1); 
    } 
   } 
   if(ibuff[l]==1032) 
   { 
    printf("\\ "); 
   } 
 
   m=-1; 
   w=0; 
   ligature[0]=0; 
  free(nuqta) ; 
   free(ligenex); 
  }//end of big if 
  else 
   lig[++m] = ibuff[l]; 
    
 }//end of for 
 //for buffering problem 
 if(l==48 && m>-1) 
   fseek(stdin,(m+1)*-1,SEEK_CUR); 
 
} //end of while(fgets(buff,50,stdin)) 
 
 free(init); 
 free(medi); 
 free(fina); 
 free(fina2); 
 free(positioning); 
 return 0; 
} 
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Appendix G: Nastaleeq Rendered through Omega 
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Appendix H: Nastaleeq Rendered using OpenType in 
MS Word 
 
 

aǖ� aǖǦل Ǒ/ن j�bĕ añƙ ڈ /m̈́ ͇ Ň͊ ͈ ͊Ǩ ͇ ̈́ ͈ ͅ†ħ ͉/Ǒ  ͈ lĲ 7ƅbʑ د@bں añƙ ان :A ئ8̈́  kı Z ͉ ا ͈ ̈́ � ǷŮ
 añƙ ن/Ǒ /m lʀ  lȘ añƳ lǤ اaǖŔ ا bŶ ãگ   ḻ  lǤ  lʀ 7͈̆ ¡/رے  ͈ͅ†ħ ͉ ̈́ ͈̈́ ͈ǜ ǜɍ ɍų ų͈r ͆ ͌ ͅ ̘̈́ �ő Ǽ͉ŉ }ͅ ͇ |͇

/Ǒ   ḻ  l�/Ǒ  jƯ añƙ ںb˛  l� ںb@>Ǒ  j³/Ǒ͈ ͈ ͈8̈́ 6 Č ¤}ͅ ͈ ̈́ ͇ ͌ ͈ Ǒ͈ �͇ ̈́ ͈ lĲ Z د@bں añƙ ان ئͅ ͈ ا ̈́ ǷŮ
 \m ںb@/5 lĲ /Ǒ b� 5� lʀد �aǖل   lȘ êC lư j̰ ا  êë êɼ  \mا A:ͅ ̈́ ͈ ͈8̈́ ̈́ ͇ ̈́ ͇ ̈́ ͈ǜɍų ͈ ͈r ͌ }͇ ̈́ ǜ͈ɍų ͉

ˤ  l� ںb̐ b@ lǾƃ ا ̈́ |̈́ ͅ ͉Ǖ̘̈́|͉اؤر آ QǗ aǖ̈́ی ا ͇Ǭ ͈ǕˣǑ͈
͊ǔn̈́ ɭ/ث ͏~k͈ اQr آ͏~͊  êC /mد _ʒ  b@ kͅ ǜ͈ʁͅǶ9ͅ ͈ �

 a:/� lǤ /¡ lʗ A:/ʙ ا´l ا ̪وج   /5 Sǲ  lŽؤا l�/Ǒ  lʀ  A: ان lĲA:̈́ ̈́ Ɨ m̈́ ű Œ ̈́ 7͆ ̈́ ̈́ 6͇ ̈́ ͈ǜɍų ͉
 b@ ی>Ǒ  j³/Ǒ  lȘ l�/Ǒ ؤاlŽ ا  lʀ  l� k~آ Qrا k~5/ر آ Aآ� l�/� /Ǒ͈ ͈ ͈Čͅ ¤ 6 8͈r ̈́ ̈́̈́ ͇ ͈̈́ ͈̈́ǜɍų ͈ ͈ ͈ ͇
 lǤ l� /Ǒ ا ˔aم �/:aǖ� lư aل  l�/Ǒ ؤالا   lʀ a8 /Ǒ  RǗ  lńآ lʗ ̈́ا ̈́�͉ ̈́ ͈̈́ ͈8̈́ 6 8̈́ ͇ ͌ ƃ ̈́ ͇ ͈̈́ ͈ǜɍų n͉ m̈́

˛bم a˔ƃم  añ̚  k~bƩ lȘ A� kı l�/Ǒاث   lʀ  A: ã  añ̚  /̞ b@ l´ ɓƍ ͈ ͈˸ ˸ͅ ͅ� �͈ ͌ ͈ǗŇ ͇ ̈́ ̈́ 6͇ ̈́ ͈ǜɍų ͉ Ǽ͇Ƈ �͉ ͉
 êë ل/�œ̉  /̄  l� lŽؤا l�/Ǒ  lʀ Ǒ?ر bƩں   Aůb@/m /5 ن/Ǒ /m añƙ êC añ͈̚ |͇ ő ̈́ ̈́ ̈́ 6͇ ŭ †̈́ ͈ǜɍų ͌ ͈ ͉ ͉͉ ͅ ħ ͈ ͈ |̈́

 /m/Ǒ  añ̚  l� añƙ êɼ͈ ̈́ ͇ ǜ6 ͈ |̈́ ̈́ ͈ ̈́ ͈ ɍų 
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Appendix I: Test Data 
 
Testing data of eight character ligatures 
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Sample testing data of seven character ligatures 
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Sample testing data of seven character ligatures (continued) 
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Sample testing data of six character ligatures 
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Sample testing data of six character ligatures (continued)   
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Sample testing data of five character ligatures 
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Sample testing data of five character ligatures (continued). 

  
 
 
 
 
 
 
 
 



 86

Sample testing data of four character ligatures. 
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Sample testing data of four character ligatures (continued). 
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Sample testing data of three character ligatures 
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Sample testing data of two character ligatures 

 
 


