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Letter from the Editor

Several months ago, Won Kim asked me to put together the December 1989 issue. Ini-
tially, we agreed on graphical interfaces to databases as the topic. As I began looking
into the literature and trying to figure what papers to invite, I noticed that there was very
little out there that had to do with non-English interfaces to databases. So I set out to find
a broad range of papers, all dealing with interface problems that American and European
researchers would find unusual.

The individuals who contributed to this issue were asked to put in a lot of effort in a very
short amount of time. A few of them had difficulty writing in English. There were also
communication problems for the authors located outside the USA. All of the authors
deserve a very warm thanks.

There are two papers dealing with Arabic. The first paper, by Elmaghraby, El-Shihaby,
and El-Kassas, gives an overview of why Arabic presents unusual problems for the
developer of interfaces, and why English-based software and hardware may not be easily
adapted to handle Arabic. The second paper represents the Ph.D. thesis work of Ali Mor-
feq and describes an effort to develop text database management techniques specifically
suited for Arabic.

The third paper also deals with textual data. It is by Yaacov Choueka and describes a
very aggressive effort at developing a database of Hebrew texts. This effort has pro-
duced research contributions that are of use to developers of text retrieval systems in gen-
eral, not just to developers of Hebrew-based systems.

The fourth paper is by Fang Sheng Liu and Ju Wei Tai, and concerns the development of
graphical interfaces. It suggests that a useful way of constructiag and categorizing
graphical tokens can be based on Chinese character theory. One interesting aspect of this
paper is that it is not dedicated to Chinese-based interfaces.

The fifth paper (by Yoshioki Ishii and Hideki Nishimoto) describes the support of
Japanese and Korean database interfaces. It gives an overview of why the Japanese and
Korean languages present novel problems, and then describes the approach they have
taken in developing their system.

I hope that the readers of this issue find these papers to be unusual and interesting.

A

Roger King
December, 1989
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Problems and Peculiarities of Arabic Databases

A. S. Elmaghraby1, S. El—Shihabyz, and S. El-Kassas®

ABSTRACT

This paper presents a brief overview of Arabic language databases, their problems,
solutions, and directions for the future. Experience is based on implementation of an
Arabization scheme and several database applications using standard DBMS packages and
programming languages. Most of these problems are due to the fact that Arabization is not
integrated in the design of the hardware and system programs.

1. INTRODUCTION

The need for Arabic Databases has been recognized since the introduction of computers

_ in the Middle East. Modern electronic computers were first introduced to Egypt in the

1950’s starting by the IBM model 1620. Currently all types of computers exist, and are
Arabized, with the exception of some high end models.

Arabization schemes for computers are key to understanding problems of Arabic
Databases. It is also beneficial to briefly get acquainted with some peculiarities of the Arabic
language.

The Arabic language is written from right to left using the Arabic character set with
connected script. Twenty eight characters compose the Arabic set, however each character
has multiple shapes. Displaying an Arabic word requires knowledge of shape selection of
each letter based on the letters positions in the word.

The lack of endogenous computer designs in the Arab world have forced Arabization to
follow a modification and patchwork approach. Peripheral Arabization has been the most
popular approach in the early years and is used for mainframe and minicomputers while
microcomputer Arabization has been approached with a variety of schemes.

This paper presents some of the problems facing Database design and Database interfaces
for Arabic applications. Some of the necessary background related to Arabic language and
Arabization schemes is also included. One major issue in Arabic language that is briefly
presented without detail in this paper is diacritics (al-tashkeel) - which has been dropped
in most modern Arabic publications -- diacritics are mainly used to improve pronunciation.

! EMACS Dept., University of Louisville, Kentucky, USA 40292.
? University of Alexandria, Alexandria, EGYPT.
* EB Dept., Eindhoven University of Technology, the Netherlands.



2. PROBLEMS OF ARABIC DATABASES

2.1. Peculiarities of Arabic and Arabization

~ Differences among natural languages have caused performance degradation in many
computer environments, including databases. However, software designers, most of the time,
include considerations for the differences in Latin-based languages. They do construct layers
to allow the update of the character set -- IBM’s MVS OS allows that within the whole OS
interface. This is convenient when applications do not use "clever" techniques and
communicate directly with system peripherals, such as in the case of Focus on IBM systems.

When the linguistic differences include more than minor variations in the character set,
such as in Arabization, serious problems occur. Operating system designers did not
anticipate, when designing their supervisor calls handling terminals, that entering a character
may alter the shape of an already displayed character. In order to face these problems
designers will assist in manoeuvering around the system capabilities to reach these needs.

In an attempt to build an Arabic database, the designer is faced with the obvious problems
of using a non-English character set in addition to some peculiarities that relate to Arabic
language and Arabization schemes.

2.1.1. Orientation

The Arabic language is written in a right to left orientation. When the first IBM Arabic
terminals (XCOM, XCOM1, and XCOM2) were introduced they allowed writing characters
in both orientations; left-to-right (R-L), and right-to-left (L-R). However, because of
technical problems, not related to Arabic language features, letters entered through these
terminals were accepted in the way they appear on the VDU screen. So, in L-R orientation
all Arabic strings were stored in an order which is the reverse of their entry order, on the
other hand all Latin characters were also reversely ordered if the L-R orientation was used.
The Arabic user was forced to switch between L-R and R-L orientations. L-R orientation
is essential for database queries and operating system commands and R-L orientation has
to be initiated before Arabic strings are entered. The orientation switching also resulted in
a screen reversal of strings entered previously in the other orientation. Besides the
inconvenience, this concept historically lead to a serious bad practice (also IBM still insists
on this mechanism in their new XBASIC terminals). The Arabic user still insists on having
selectable orientation rather than being satisfied with one bilingual orientation mechanism.
Thus, although other natural languages are also defined on a L-R orientation, Arabic
computer users have the added difficulty of considering both.

2.1.2. Bilingual Issues

Perhaps because of colonial influence in almost all Arabic speaking nations, the Arabic
user will never renounce the use of at least one Latin language. The Egyptian scientist will
use some technical terms in English while the Egyptian artist and humanist will use some



French. This indeed is not very peculiar. Remember the use of French in the Russian novel
"War and Peace" of Tolstoy (1869). However when it comes up with two languages each
having its orientation, the problems are more serious than adding a few characters from a
different character set.

Problems in Database interfaces allowing bilingual entry can be explained by a simple
example. Assume upper case letters denote English and lower case letters denote Arabic
characters. Then if a bilingual field is entered in the following sequence "ABCxyzDEF", a
person reading Arabic will expect it’s display as "ABCzyxDEF". If we are interested in
sorting this field based on the first four characters, should we view this string as "ABCx" or
as "ABCz" ? Storing the data based on it’s display format means considering "ABCz" ! Such
problems can (and have been) solved using un-shaping operations on such fields before
performing any Data base operations such as search or sort. This however introduces extra
performance penalties and builds language dependencies deeper in the Database.

2.1.3. Automatic Shape Determination

A character must be displayed in a form which is a function of the context of characters
it appears within. Most of the languages prior to typography shared this feature. An "e" at
the beginning of a word would be slightly different from an "e" in the middle of a word.
However with increased mechanization this feature was relaxed in Latin languages. Writing
is considered a fundamental art in the Arabic culture, and is rooted in the predominantly
Islamic notions restricting other forms of art such as sculpture and painting. Arabic speaking
people have strong feelings for their language and are not expected to give up their art in
favor of speeding up the implementation of new technologies.

Automatic shape determination is needed and can be delegated to the computer, or
achieved by using an Arabic typewriter style keyboard with an extended character set.
Essentially this feature leads to problems in storing even purely Arabic fields. If an Arabic
field is entered as "abc" it should be displayed as "cba" and "a" should be displayed using
its beginning of the word shape, "b" uses it’s middle of the word shape, and "c" uses end of
word shape. The sequence "aaa" itself will be displayed using three different shapes for "a".
If we were to search for occurrences of a particular character we should search for all three
of its representations. One surprising simplification in Arabic that contrasts these
complications is the lack of capital letters. Figure 1 displays a sample of Arabic letters and
their multiple display shapes based on their position.

First —0 —_ A ~+ 3

Middle —e e | e

Last T v L & =
meem seen aleph ein waw

Multiple Shapes For Arabic characters
FIGURE 1



2.1.4. Connected Script

Similar to most languages, hand writing is almost always done using connected scripts. For
the same reasons that Arabic printed characters have not been modified to discard
automatic shape determination they also have been required to support connected script.
This is essentially a challenging problem in some cases. Graphic adapters such EGA and
VGA for personal computers do not allow completely connected text in their text modes.

2.1.5. Diacritics

Diacritics in Arabic language present a major problem. They are not really characters, they
are character modifiers. If Arabic implementations would consider character-diacritic pairs
as the basis of an expanded character set, this would lead to an extremely large character
set. The possibilities of an Arabic implementation using more than 256 characters scared
most of the Arabic language implementers (although other languages such as Kaniji
considered this problem). In a more conceptual view the expanded set solution was not view
appropriate because it does not reflect the nature of Arabic diacritics. A database query
searching for a character in Arabic should result in all occurrences of the letter regardless
of its diacritic modifiers. An alternative approach to diacritics which seems logical is to
consider the symbols as normal Arabic characters that are not stated in the alphabet. This
is consistent with the Latin view of diacritics as vowels. A true discussion and analysis of this
problem is beyond the scope of the paper and requires further research.

2.1.6. Numbers and Decimal Notation

The above problems are mainly concerned with textual data. Numerical data provides
other types of problems. Some Arabization mechanisms have numeral computational while
others do not. Non-computational numerals are needed for manipulation of data.
Furthermore modern Arabic numerals are of Hindi origin and their positional value
increases left to right in the same manner as English numerals which themselves are the old
Arabic numerals. A numeral is considered computational if it can be entered in response
to a numeric data entry command. Computational numerals are standard in seven bit ASCII
Arabization, while they are not necessarily standard in eight bit ones (Sabri 1986).

Some Arab countries such as Tunisia have switched back to the original (currently Latin)
Arabic numerals. In both cases when entering the most significant digit in an Arabic context
it’s position would follow other characters and entering additional numerals will require left
shift of previously entered digits. In contrast, when entering Arabic digits in a Latin context
they are entered in sequence and in their appropriate visual position.

The differences in the Continental Decimal Notation (CDN) between Latin languages are
minor. In the US a period and a comma are used. A number represented in the US as
"1,001,000,555.20" must be written in French as "1.001.555,20". The Arabic culture gave up
its decimal notation and at some time started using a Persian notation with different symbols
for the decimal point and the thousands delimiters.



3. ARABIZATION SCHEMES

3.1. Peripheral Arabization

Perhaps the most logical scheme for Arabization is based on peripheral Arabization,
however;

i. Most of the databases ignore the mechanisms of the peripheral Arabization, so
either they tend to inhibit non standard sets to be sent to the terminal, or they fail
to trigger the right sequence required by the added Arabization functions. So
databases (and other application programs) must be revised for these terminals.

ii. Changes and updates are less convenient with terminals. A change must support
earlier products using emulation if compatibility is not provided.

ili. Text handling in graphic modes is generally provided by the application. In
database software this is typical in the statistical layers responsible for charts and
plots. Even when the operating system kernel supports such processing, most
applications find these OS supervisor calls at least non-efficient if not non-sufficient.
With the increased interest in Hypertext the issue of coexisting graphics and text is
of increased importance.

In general an Arabized peripheral should handle the following functions:

i. Automatic Shape Determination (ASD).
ii. Orientation in L-R and R-L modes.
iii. Representation of numerals.

Some database experience with FOCUS on IBM mainframes using peripheral Arabization
of the IBM XBASIC terminal demonstrates bad behavior. Arabic strings are stored in
reverse in some modules and are not displayed from others. In addition special characters
are incorrectly interpreted since they posses EBCDIC values that do not correspond to their
Latin characters. And, as far as numbers are concerned, the modern Arabic CDN is not
supported.

The ARABIC VT320 terminal from Digital connected to a VAX functions appropriately
using Digital’s RMS (Record Management System). However, output on that terminal is
inconsistent with output on the CI600Q VAX printer which is Arabized by the same
company. Inconsistency can be attributed to some technical variations and some release
differences.

3.2. Hardware and Software

Since it is not always possible to invent an Arabized peripheral that will be respected by
the DBMS, it is sometimes more practical to create software solutions. Given the DBMS



behavior-as a finite set of algorithms, it is possible to create software Solutions (patches).
Examples of such solutions are patches for some of the popular PC software packages such
as DBase IIL. Also, a similar patch for Turbo Pascal allowed writing B+ tree code that
allowed implementation of Arabic databases. '

A simplified version explaining software implementation for Automatic Shaping on an
Arabic string (no lam alefs & kas chars) is given in Figure 2. This algorithm is presented
in Turbo Pascal syntax. Variables of the type CharTable contain an entry for each Arabic
character, and each entry contains the different shapes for that character.

procedure ShapeArabicString( var Table : CharTable; var Atext : string );
const
ALONE = 0; LAST = 1; FIRST = 2; MID = 3;
var
Len, Pos, I : byte;
Next, Prev : boolean; {are TRUE if the next/prev chars are Arabic}
begin
Prev := FALSE; Pos := ALONE; Len := Length(Atext);
for I := 1 to Len do
begin
Next := (I < Len) and
IsArabicLetter( Atext[ Succ(I) ] ) and
Not IsNumericChar( Atext[Succ(I)] );
Pos := ( Ord( Next ) Shl 1) + Ord( Prev );
Prev := Not IsEndArabicLetter( Atext[I] );

if IsArabicLetter( Atext[I] ) then
Atext[I} := Table[ Atext[I] ][ Pos J;
end;

Figure 2
Simplified Algorithm For Automatic shape Determination

A layered architecture for Arabization can be used for Database management systems and
other application software. Figure 3 depicts a possible structure for this architecture.

For example an application’s request to handle the display of an Arabic string can be view
as a procedural call to the Arabic Interface. This is given as follows:

APPLICATION ARABIC INTERFACE

Display(Str, SCREEN) --> Shape(Str)
Orient(Str, ScreenOrientation)
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