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Abstract. A prerequisite to economic viability and social acceptance of
computer-based systems, particularly in developing countries, is their ability
to accept and present information in the natural language of the user comm-
unity. This paper identifies problems relating to the use of Farsi and

Arabic Janguages in computer-based systems and outlines known approaches to
their solutions. The problems discussed fall into four main categories:

(1) Information representation and standardized information interchange codes;
(2) Input of information through devices such as keyboards and optical readers;
(3) Processing functions such as sorting, text formating and data compression;

and {4) Output of information on hard-copy devices and various types of

Computer applications;

displays.
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INTRODUCTION

Computers are information processing
machines and much of the information we deal
with in our everyday lives is generated,
maintained, and used in a natural language.
Furthermore, for computers to be useful,
they must interact with human beings and the
most convenient way of doing this, at least
as far as ordinary users are concerned, is
by utilizing a natural language as the
medium of communication. It follows that
the ability of computers to deal with
information presented in a natural language
is essential for their successful utiliza-
tion in most environments.

[
Even though language considerations are not
critical in activities such as programming,
there are clearly instances where informa-
tion storage (e.g., in the case of names and
addresses), manipulation (e.g., in text
processing), and presentation (e.g., for
questica-answering systems) can be most
effectively handled in the users' native
language. It is, therefore, quite natural
that for a number of years, we in Iran have
been dealing with language-related problems
created by the rapid expansion of computer
applications (Parhami and Mavaddat, 1977).

In this paper, some basic problems relating
to the encoding, input, processing and out-
put of information in Farsi and Arabic
Tanguages are identified and approaches to
their solutions are outlined. OQur discussion
will be in terms of the Farsi language, with
the understanding that almost all of these

Computer input and

Data processing: Display systems;

Text editing.

considerations apply to Arabic and Urdu as
well.

ENCODING OF INFORMATION

The recording of information on computer
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storage media and its transmission from one
place to another (be they circuits on the
same board or geographically distant computer
systems) usually requires some form of
digital encoding. The advantages of using
standard codes for these purposes are well
known and have resulted in the adoption of
national and international standards for
various natural languages. MNational
standards of this type must be designed
according to specific guidelines, put forth
by the International Standards Organization
(IS0, 1973), if they are to be mutually
compatible.

Following relative maturity in various
application areas, the need for a standard
represention of Farsi symbols was felt in
Iran (Mavaddat and Parhami, 1977). In
February of 1978, the Iranian Plan and Budget
Organization invited a number of computer and
language experts to form the "Study Committee
for Standard Farsi Information Code." Even
though the Committee's final report was
published in August of 1979 (SCSFIC, 1979),
it has not yet been adopted as a national
standard.

Based on IS0's code extension guidelines, the
committee set out to define a 94-symbol Gl
graphic set which can either replace the
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standard GO set in a seven-bit code or used
in conjunction with it in an eight-bit
environment (Figure 1). The following five
points were taken into account in designing
the Farsi Gl graphic set:

1. One-to-one correspondence between code
and output symbols. This point, which
proved quite important in practice, pre-
cluded the use of a reduced code set (Hyder,
1972), as originally envisaged in the
Committee's preliminary proposal.

2. Inclusion of all common Farsi alpha-
‘betic and special symbols. The proposed set
includes all needed' numeric, alphabetic,
punctuation, mathematical and commercial
symbols ag well as vowels which may be
needed in special linguistic applications.

3 Proper alphabetic ordering of symbols
for ease of sorting.« Even though it has
been shown that the Farsi sorting problem
cannot be solved by code assignment alone
(Parhami, 1978c), care has been taken to
avoid complications whenever possible.

4. Maintaining the correspondence between
Farsi symbols and equivalent or similar

symbols in the GO set to the extent possible.

The particular set of alphabetic symbols
used turned out to contain 52 members, thus
exactly replacing thé upper and lower case
letters in GO (Figure 1).

5. Simple recognition ¢f numeric and
alphabetic symbols and efficient packing and
unpacking of numeric jnformation. This is
accomplished by assigning numeric and alpha-
betic sybmecls to positions where GO contains
symbols of the same types.

A complete presentation of the tradeoffs
involved in designing the Iranian National
Standard Information Code (INSIC) and justi-
fication of the particular decomposed
character set used is beyond the scope of
this paper. Interested readers are referred
to the Study Committee's final report for a
discussion of these points as well as
extensive application notes.

INPUT OF INFORMATION

The existing problems with Farsi input and
some of the approaches for dealing with them
have been enumerated by Parhami and Mavaddat
(1977). With respect to the input of
natural language information, we can visual-
1ze three distinct possibilities at the
present:

1 Keyboard data entry.
2. Document data entry.
3. Voice data entry.

The third alternative is in the research and
experimental development stage even for

languages of technologically advanced
countries. The Farsi language will undoupt-
edly present its own unique problems in this
respect.

The second alternative, though in practical
use for languages utilizing the Latin alpha-
bet, is relatively new in the case of Farsi-
The difficulties in the automatic recognition
of Farsi texts are depicted in Figure 2.
Parhami and Taraghi (1980) have developed
algorithms for separating the symbols in
connected subwords of printed Farsi texts and
for recognizing the symbols from their
—geometric properties. Figure 3 shows the
result of their algorithm applied to a three-
letter subword.

The insight gained from the above-mentioned
study will be helpful in the design of type
fonts for various document input devices.
However, the development of standards in this
area does not seem urgent at present.

For most applications, the initial data entry
is, and will be for the foreseeable future,
through the first alternative: namely, key-
boards. Eveh though there is no technical
reason for using the present typewriter key-
board layout for computer applications, the
practical factor of familiarity has prompted
most manufacturers to adopt the same layout
and may continue to influence keyboard designs
for years to come. Nevertheless, a total
reorganization may be considered desirable or
even necessary in future, based on one or
both of the following considerations:

1. The known inefficiency of the
present typewriter layout for
Farsi data entry.

2. Large scale replacement of Farsi
typewriters by word-processing
machines.

Figure 4 shows a proposed keyboard layout for
use with the Iranian National Standard
Informationgode in Farsi and bilingual data
entry. ‘This layout has been proposed by the
"Study Committee for Standard Farsi
Information Code" {SCSFIC, 1979) based on the
following considerations:

1. Maintaining the typewriter key positions
to the extent possible, unless where this is
in conflict with other goals described below.
A total of eight changes turned out to be
necessary. These changes made the keyboard
layout more systematic, more efficient and
easier to remember and also enabled the
numerals to be placed on Tower case.

24 Inclusion of all the standard symbols,
and only these symbols. The only exceptions
are Farsi letters which are represented by
two symbols in the standard code due to the
requirement for one-to-one correspondence
between ccde and output symbols. These are
entered by a single key stroke, with the
reeded tail symbols added automatically.
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3. Placing equivalent and similar Farsi

and Latin symbols in corresponding positions,
to the extent possible, in order to reduce
the amount of information appearing on each
kev and to facilitate operator training for
bilingual data entry. This was accomplished
quite nicely with minimal changes to
conventional Farsi and Latin layouts

(Figure 4).

PROCESSING OF INFORMATION

The three processing functions of sorting,
text formating and data compression are
briefly discussed in this section. With
respect to sorting, it has been shovn that
the problem cannot be solved by code
assignment alone, even if a reduced code set
is used (Parhami, 1978¢c). Therefore, we
either have to adjust ourselves to a new
notion of sorting, which might appears some-
what unnatural, or resort to more
sophisticated algorithms.

In the area of text formating, two compli-
cating factors are observed:

1. Hyphenation is not allowed for
breaking long words.

2. Words are not consistently
separated by blanks.

The second problem arises since some words
appear naturally disconnected when juxta-
posed, enabling a human reader to determine
word boundaries by paying Timited attention
to the context and/or meaning.

Although in the long run this problem can be
rectified by proper training, the current
difficulties will be with us for some time.
Fortunately, however, complete decomposition
is not needed in text formating applications,
as long as the word boundaries that are
actually recognized are not too far apart.
This is usually true in practice (Nasseri,
1978). On the positive side, the possi-
bility of extending connected Farsi letters
is at times helpful for text justification.

In the area of data compression, a recent
study (Tafaghodi Jami, 1980) has shown
promising results. With suitable text
fragment selection algorithms, a compression
ratio of 45 percent was achieved. When a
reduced code set enabling the encoding of
more text fragments was used, the compression
ratio improved to 48 percent. These results
are somewhat better than those achieved for
English texts.

The final aspect of processing discussed
here is that of algorithm specification.
There have been suggestions that we should
be thinking about a high-level programming
language (similar to COBOL) based on Farsi.
Even though on the surface it may appear
that the English-language orientation of
many high-level programming languages is a

deterrent to Farsi speaking programmers,
there is no evidence that a Farsi-based
language will make the programmer's task any
easier or that our computing community will
be hetter off in general as a result.

In response to the argument that, in the near
future, interaction with computers will be
done mostly by non-programmers which might be
aided by the availability of a Farsi
programming language, it can be stated that
non-programmers are not likely to interact
with computers in languages 1ike FORTRAM and
COBOL. They will probably perform simple
computations using a mathematically oriented
language (or simply function keys on a
private, pre-programmed keyboard) or define

a system by filling tables and answering
multiple-choice questions.

Any new language proposed will need to be
initially developed and documented for
various computer systems and subsequently
maintained and updated periodically. Clearly,
our limited resources are better spent on
developing more effective computer appli-
cations than on designing new programming
languages and systems. Furthermore, for the
exact reason that so many programming
languages are in use today (i.e., the
diversity of application areas), no single
Farsi-based language can satisfy all needs.
How many of these languages should we
develop? The most logical answer appears.to
be zero.

QUTPUT QF INFORMATION

With respect to the output of natural
language information, three areas need to be
investigated:

1 Hard copy output of information.
2. Visual display of information.

3. Special methods {voice, braille,
etc.).

We will not discuss the third area here
except for saying that its importance will
certainly draw some of our attention once the
pressing problems in the other two areas are
satisfactorily solved.

While the difficulties with Farsi codes,
input and processing are of concern to
computer professionals and a Timited number
oY direct users, Farsi output is a problem of
broad concern. In view of the fact that over
the centuries of Islamic influence, writing
of Farsi has become something of an art,
extensive modification of the Farsi script
for adaptation to machine printing or display
is highly undesirable and has already caused
some damage in the public attitude towards
computers (Parhami and Mavaddat, 1977).

Most high-speed Farsi line printers produce
Tow quality output due to the following:
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1~ ‘Inter-symbol gaps make the technology
of most high-speed printers unsuitable for
producing the connected symbols of the Farsi
script.

2. The varying widths of Farsi alphabetic
symbols are either ignored for simplicity or
dealt with by decomposing wider characters
into two parts. The first approach reduces
the readability and aesthetic quality of the
resulting output while the second approach
compounds the problems of connectivity and

horizontal alignment.

3. Due to the large symbol set needed for
printing Farsi, frequently some of the
special symbols or variants of letters are
eliminated. The need for mixed Farsi/Latin
print in some applications has compounded
this probiem.

4. The sim11ar1ty of many Farsi symbols,
diff v.:l'ing un|y in the number or p‘nECES of
small dots, necessitates a higher quality
printout for readability. The smearing
effect of most high-speed impact printers
is, therefore, a serious drawback in this

respect.

Farsi printer output samples in Figure 5
illustrate the above problems. Many of these
difficulties can be easily overcome with
character printers. Even though quite
valuable in word processing applications,
such devices are re]at1ve]y slow and thus
only of limited 1nterest in most other
environments.

For high-speed Farsi output, the new gener-
ation of non-impact printers appear to be
promising, since by their method of operation
{e.g., thermal, electrostatic, or xero-
graphic processes), such devices produce
sharp and highly readable output with no in-
herent inter-symbol gap. The only adjust-
ment is for the need of a larger frame in the
case of dot-matrix printers, since five by
seven or even seven by nine matrices are
inadequate for Farsi.

In the actual implementation of output
devices, a great deal of flexibility can be
provided. As long as the output device
accepts a standard code set, it can use as
many different forms for each letter as
deemed necessary for a reasonable cutput
script quality. Vowels and similar special
symbols can either be overprinted on the
preceding letter or form an independent
symbol, with connected and separate forms,as
shown in the following examples:

" s T P e 1 8
% 5™ ] PP -

This latter approach is very easily implemen-
ted on conventional printers and results in

a script with reasonable quality for appli-
cations where vowels and supplementary
symbols need to be printed without cost or

world.

speed penalties.

In the visual display of Farsi information,
we essentially face the same difficulties as
in hard copy output. 1In the case of visual-
display units associated with intell.gent
terminals, the needed changes for adaptation
to the special requirements of Farsi are
usually not very complex. The comments made
on dot-matrix printers also hold true for
dot-matrix display un}ts

The representation of Farsi numeric and
a1phanumer?c information on line-segment
displays is also of some interest (Parhami,
1976). A prototype display unit for a single
20-character line of Farsi output is at the
final stages of construction at Sharif
University of Technology. The display uses
18-segment character displays as shown in
Figure 6.

Even though purely numeric information can
be displayed with as few as seven segments
(Parhami, 1976), no design with fewer than
18 segements is known for Farsi alphabetic
symbols.

In some applications, it may be desirable to
present.1arge quantities of numeric infor-
mation in combined digital/analog form. This
can be achieved through the use of an
optically weighted numeral font. Figure 7
shows an example for decimal Farsi numerals
in a seven by five matrix. The area covered
by a numeral x is ax+b (i.e., linearly
proportional to x) with a=3 and b=4 (b=3 if
the points marked with an "o" are deleted).
General guidelines for the design of such
numeral fonts as well as several specific
designs have been presented elsewhere

- (Parhami, 1978a).

CONCLUSION

Satisfactory solutions to the problems
enumerated in this paper are important for
the successful development of informatics
technology in Iran as well as in the Arab
In particular, immediate action on
the standardization of information inter-
change codes is needed to assure compatibi-
Tity of systems and to avoid costly
replication of effort.

In the area of input devices, standard key-
board layouts need to be developed. The
design of better character recognition
algorithms as well as OCR type fonts is also
needed, though it is less urgent.

For effective processing of Farsi information,
the problems of sorting, text formating and
data compression need to be further studied.
The inital results in these areas are quite
encouraging and point to the possibility of
significant advances in the near future.

A cun;iderab1e amount of effort has so far
been placed on the Farsi output problem as
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the most immediate user concern. Hard copy
devices (both impact and non-impact types)
are rapidly improving in this respect.
Visual display units have generally relied
on large dot matrices (say with more than
150 points) to generate the Farsi symbols.
This situation is not Tikely to improve soon
- and thus Tine-segment displays may become a
viable alternative when cost is a prime
factor.

As we solve the fundamental language-related
problems facing us in the field of computing,
we may in future attack less crucial, but
perhaps more interesting, problems of
generating classic Farsi scripts and
analyzing the rich heritage of Farsi
literature with the aid of computers. The
artistic and scholarly possibilities of such
undertakings are almost limitless

(Parhami, 1978b). ;
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(Farsi/Latin) keyboards.

The proposed layout for Farsi and bilingual
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