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Abstract

Most existing databases lack features which allow
for the convenient manipulation of text. It 1s even more
difficult to use them 1f the text language 1s not based on the
Roman alphabet The Arabic language 1s a very good ex-
ample of this case Many projects have attempted to use
conventional database systems for Arabic data mampula-
tion( including text data), but because of Arabic’s many
differences with English, these projects have met with lim-
ited success In the Bayan project, the approach has been
different Instead of simply trying to adopt an environment
to Arabic, the properties of the Arabic language were the
starting pomnt and everything was designed to meet the
needs of Arabic, thus avoiding the shortcomings of other
projects A text database management system was designed
to overcome the shortcomings of conventional database
management systems in manipulating text data Bayan’s
data model 1s based on an object-oriented approach which
helps the extensibility of the system for future use In Bay-
an, we designed the database with the Arabic text proper-
ties in mind We designed 1t to support the way Arabic
words are denved, classified, and constructed Further-
more, linguistic algorithms (for word generation and mor-
phological decomposition of words) were designed, leading
to a formahzation of rules of Arabic language writing and
sentence construction A user mnterface was designed on
top of this environment A new representation of the Ara-
bic characters was designed, a complete Arabic keyboard
layout was created, and a window-based Arabic user inter-
face was also designed

1. Introduction

Text 1s one of the complex data types involved i the
growing research field of office automation Many research
systems have been designed to manage complex data types
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such as text, images, and voice [VLDB83] The primary
function of text management systems 1s to provide for the
storage and mampulation of documents An additional
function of these systems is to provide a means for con-
veying the meaming of the text that they manage The
implementation of the former function 1s usually addressed
i the area of database research, while the latter function 1s
addressed 1n the area of artificial intelligence research

Database management systems (DBMS) can provide
uscful services for the manipulation and storage of data
These services mclude storage mangement, concurrency
control, query processing, secunty, and recovery in the
event of a system crash Also, relationships between docu-
ments can be established and maintained using a DBMS
However, the structure of text data 1s different from the
data types usually found in conventional database systems
The structure of text 1s different in that 1t has no fixed
length It contains a variable number of words or charac-
ters This structure property makes 1t very difficult to use
conventional methods employed in DBMSs for performing
queries, except in the case of full text scanmng [FALOS8S],
where every word 1s indexed

Text databases are typically very large The access
methods used most often on them are nsertion and
retrieval Updates and deletions are not performed often n
a text database Rather, versioning 1s used more often mn
order to maintain a history of text modifications for the
user Various methods of performing text retrieval have
been suggested These methods include the use of inverted
ndexes and signature files Inverted indexes do not scale
up well for use 1n the potentially large documents a data-
base may be required to store The signature file method
attempts to address this problem [FALOS84] In the signa-
ture file method, a set of keys 1s chosen to descnbe the text
They are then encoded mto a signature by which the text
can be 1dentified

Various database models have been used to imple-
ment text mangement systems In [STONS3] the relational
model was used for document processing systems A
network-based approach was used n the TEXTNET pro-
Ject [TRIG86] The Bayan Arabic text database manage-
ment system employs an object-oriented model An
mterested reader can consult [SALT89] [FLAOSS]
[WOELS86] [GONN87] for background discussions about
the design of text processing and management, [HOARSS5]
for a discussion of a standard architecture for document
mterchange , and [FALO84] [FALOS85a] [PEELSS] for



discussions on diffcrent Access methods for text DBMSs

In the next section we will give a brief background
discussion of the propertics of the Arabic language Section
3 will give a description of the Bayan data model A
description of the user and database interfaces 1s given m
the 4th secton In section 5, we will give a brief descrip-
tion of some of the current and future work that 1s being
done 1n bumlding Bayan’s environment.

2. Background

Arabic language processmg has been hampered
because, for the most part, people have simply attempted to
adopt English-based computer systems for Arabic such as
[TAYL86] This is very difficult and, to some extent, funle
because the nature of the Arabic language 15 much dif-
ferent than that of Enghlish Arabic, for example, 1s written
from night to left. The Arabic sentence structure and gram-
mar are very different from that in Enghish Therefore,
existing systems ("adopted English systems") cannot ade-
quately process Arabic language data In Bayan, on the
other hand, the Arabic propertes are served first This new
environment will try to examine the problems in working
with the Arabic language by using Arabic text databases as
an application of that environment

Bayan addresses those problems that have led to the
shortcomings 1n the current Arabic programs In the next
subsection, an overview of the properties of Arabic will be
given so the reader may appreciate some of the possible
problems 1 dealing with Arabic using an English-based
system Some aspects of Arabic word processing require-
ments can be found in [BECK87] [AHMES6]

The Arabic Language

Arabic 1s the official language of 22 countrics
stretching from eastern Asia to northwest Africa. Further-
more, there are other languages which use a modified Ara-
bic alphabet (such as Persian and Urdu) The importance
of Arabic s perhaps obvious to the reader

2.1, Properties of Arabic Script

The following subsections describe the general pro-
perties of the Arabic script, including characters, digits and
wriing methods

Arabic characters
There are 28 characters 1n the Arabic alphabet The

sounds of 12 of them do not map directly to sounds that are

part of the Enghsh language The following are some
important propertics of the alphabet

° Arabic may only be writien 1n cursive script

. Arabic 1s written from right to left,

° In wnting, each character 1s connected to the preced-
ing or following characters, except six characters,
called "stubborn characters” These six stubborn
charactersare { 5 o o > > 1]
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° Each character, 1n general, takes on a different shape
depending on whether 1t appears 1n the beginning,
middle or end of a word or if 1t 1s standing by itself
(for example, after a "stubborn character” at the end
of a word)

° The Arabic alphabet contains no vowels as such
Instead, diacritical marks, called "tashkeel", are used
to represent vowel sounds They are wntten above
or below the consonants There are 13 "tashkeel”
Four "tashkeel" are basic and nine are derived by
combining one or more “tashkecl” The "Tashkeel"
are essential to understanding the sentence properly,
without the tashkeel, a sentence may easily be
misunderstood This 1s because the placement of the
"tashkeel" 1s determmed by the rules of grammar,
that 1s, the "tashkeel” tells the reader if a given
word 1s a verb, subject, adjective and so on

° Each character in Arabic could be pronounced n 13
different ways, depending on the "tashkeel" written
with 1t

Arabic numerals

Although the numerals of the English language are
referred to as Arabic numerals, they diffcr completely from
the numerals used throughout the Arabic world

There are ten digits that are used in Arabic These
digitsare {Y A V 7 o ¢ r < 1 <} The numbers
are wntten and read from left to right (not right to left, like
Arabic words) This mmplies, obviously, that the least
significant digat 1n a number 1s the nght most digit

2.2, Existing Standards

There have been many attempts to simply modify
English computer systems to accommodate Arabic Such
attempts have ranged from modifying mput and output
(I/0) device dnivers to using graphics to draw the Arabic
script within application programs All of these projects
have failed 1n their attempt to represent all of the aspects of
the Arabic language For example, many of them do not
have any means of representing the "tashkeel”.

One of the proposed standards for represenung Ara-
bic characters in computers may be found in [ALSAS86]
That work contains a proposed representation of a 7-bit
Arabic character set (without Tashkeel) and an 8-but set for
both Arabic (without Tashkeel) and English Sull these
sets are not able to meet all the requirements of satisfac-
torily representing the Arabic language The source of
these shortcomings, agam, 1s because these character sets
were 1ntended to work with English machines

In general, the proposed standards lack the follow-
mng
) The ability to represent all of the Arabic "tashkeel”,

especially the ones that are used as a combination of

“tashkeel" (for example, "*")

. In general, they represent "tashkecl” as characters
added to a word Two words may have the same
characters but differ in meaning because of their



different "tashkecl” When considering "tashkecl” as
characters added to a word, this difference cannot be
taken nto consideration
1 They arrange some of the characters with special
markings as umque characters while they are simply
the same character combmed with different shape
characters For example, { % s £ ) are all the
same character, called "hamza" The system must
consider all of them as one character and not as dif-
ferent characters
° Finally, these standards are not accepted by all Arab
countries and, therefore, until now there 1s no unifor-
mity on this matter
Most of the proposed standards are simply denva-
tions from [ALSA86]. Some simply change the ordering of
the characters while others remove or add some extra char-
acters There are some application programs which which
tried to solve some of the problems related to the "tashkeel”
by creating a character set which included each of the
"tashkeel” However, since there are only 127 character
entries i the 7-bit extended character sets, they were
forced to 1gnore some of the "tashkeel” 1n thewr implemen-
tation

3. Bayan’s Data Model

Many systems have tried to manipulate English text
using different data models In {STONS83] a text-based
database 1s presented using the relaton model In
[TRIG86] a network-based approach for text handling 1s
presented In [PEEL85] a method for representing docu-
ments 1s presented

In our system, we use an object-oricnted model
Every entity within this model 1s modeled as an object
Each object has a number of attributes that hold the values
and properties of different object charactenistics Methods
are associated with each object to perform different opera-
tions on the object Mampulation of the object can only be
accomplished through the use of these methods We chose
this data model because 1t gives us a hgher level of
abstraction of the entiies in the database than other
models This suits our requirements for a flexible, extensi-
ble, and modular data model A more detailed discussion
of object-oriented databases and their usage can be found
in [KING86],[HUDS88], and [MANOS86]

By choosing an object-onented model for our design
we gave ourselves the ability to divide the problems of
representing text data into smaller problems which can be
solved one by one These solutions can then be used to pro-
duce a more complete solution which can be extended with
new features mn one part without affecting the structure of
other parts of the data model This 1s a new way (o look at
text data, as objects rather than strings of characters This
will allow for the reuse of text mn many documents We
think that this can be a very useful 1dea even 1 English
based text systems

The main components of Bayan’s Object manager
are shown m [Figure 3 1] The application program uses
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the object manager interface The object manager then
performs the requested operations on the objects All
operations on objects should go through the object
manager The object manager also manages the object
buffer The object buffer 1s where the objects are kept to
allow further operations to be performed on them In figure
31 we can see that some objects are 1n the object buffer,
while others are still in the object store The object
manager contains all the information about the different
classes The class information includes the structure of
each class object and the different methods of access

t v
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Figure3 1
Object Manager
components

3.1. Standard Class Methods
There are some standard methods that can be used

with all objects 1n the database These methods are neces-

sary for creating, updating, deleting, and storing objects mn

the database Some of the standard methods are the follow-

ing

° Create_Object: This mcthod will take an object
1dentifier and create an mnstance of a gtven class This
method will only create an instance in the memory
buffer To store this object, the application should
use the Save_Object method An optional automatic
save operation can be set With the automatic save
operation activated, every time an object 1s created
the object will be created in the buffer and in the
object store The same apphies if an attribute 1s
changed This feature 1s used to accommodate the
need to use the 'what if’ concept The user can make
changes 1n the memory buffer to check the results of
a change If he wants to make those changes per-
manent he can commit them to the object store using



the Save_Object method

. Save_Object: This mcthod will save a given object
to the object store This 1s done automaucally if the
Automatic_Save option 1s requested

) Get_Object: This method will search and place a
given object 1nto a buffer memory for access by the
application program If the object 1s 1n the buffer
then 1t wall inform the application where the object
1s If the object 15 not 1n the memory buffer, then 1t
will read 1t mto the buffer and inform the application
where the object 1s The buffer manager uses the
Least Recent Used (LRU) mcthod for buffering
objects

. Modify_Attribute: This method will modify the
contents of an attribute The attributc name and the
new valuc must be given as argumcents to the
method

. Change_Access_levels: This mcthod can be used to
change the authorizauon code for accessing an
object This method takes authorization codes simi-
lar to the protection valucs used with files mn the
operaung system This includes sclf, group, and
world access codes Only appropriatcly authorized
people can access a given object This method can
be used for concurrency control by changing the
access codc to the appropriatc values to lock or
unlock an object

. Delete_Object This method will remove an object
from the databasc Becausc of the nature of text data
, 1t 18 very seldom that an object 1s deleted from a
database Verstoning 18 used extensively 1n text data-
bases to keep track of changes to the data Bayan at
the time being allows the deleuon of objects from the
object store Versioning will added to Bayan

3.2. Bayan’s object classes

Bayan has threc main classes of objects that will
cover the required representation of text objects in general
and m Arabic text mn particular These classes are the
Arabic_Document  class, Text_Umt Class, and
Arabic_Word class Objects of the first class can be com-
posite objects This means that they can have other objects
as one or more of their attributes  Objects of the second
class may not have other objects as attrnibutes In gen-
eral, objects 1 Bayan may contain other objects
(composite objects), links to another object’s attributes
(der1ved attributes), and methods to access these objects

Objects of the third class (Arabic_Word) are used
extensively by the query manager The Query manager 1s
discussed 1n the following sections

[Figure 32] shows the block diagram of the rela-
tionships between the different objects which compose a
book Note that all objects are i the same object store
(simular to the objects shown n [figure 311 ) We chose
different levels to display the objects to make the figure
easter to understand The arrow means that the originating
object 1s used as an elcment 1n the target object

Figure 32

Example of how to
build 2 book m bayan.

Arabic_Document class

The first of the classes in the Arabic database 1s the
Arabic_Document class This class will contain the ele-
ments that will compose the document These elements can
be other documents or a number of Text_Unit objects The
following 15 a description of this class The description wall
not contamn the standard methods supplicd by the object
manager Only those methods that are special to the
Arabic_Document class are shown

CLASS Arabic_Document

{

ATTRIBUTES
DATE_TYPE creation_date_time,
DATE_TYPE access_date_time,
AUTHOR_ID_TYPE authors_id,
ACCESS_TYPE  access_permissions,

STATUS_TYPE Document_status,
OBJECT_ID_TYPE Elements[ ],

METHODS
LIST_ALL_ELEMENTS( ),
ADD_AN_ELEMENTPosition, Element_obj_id),
DELETE_ELEMENT(Position, Element_obj_1d),
OUTPUT_TEXT_BODY( ),

The auributes are specified such that the attribute
type 1s wrtten first followed by the attribute name itself



For example, ’creation_date_time’ attribute will have the
type 'DATE_TYPE' which 1s defined somewhere else
While in the case of the Elements attribute, it will be of
the type *OBJECT_ID_TYPE’ which means that this attri-
bute value will contain a list of Bayan objects identifiers

The LIST_ALL_ELEMENTS method 1s used to list
all the elements that compose a document. It will return a
list of Text_Unit objects that compose that object If the
Elements attribute contains an Arabic_Document Object
then this method will be applied again to that document to
get 1ts Text_Unit objects By doing this recursively we wall
have a bist of all Text_Unit objects contamed 1n a document
and can use this to print or process that document

The OUTPUT_TEXT_BODY method will take the
LIST_ALL_ELEMENTS method one more step It will
take every Text_Unit object and output 1ts text body This
can be used to print or display a document

Text_Unit class

This class of objects 1s what we can think of as a
"Text_Unit" This means that the objects in this class will
contan the atomic text body This class will contain the
actual information we are trying to manage

Large raw text data will be divided nto small
Text_Unit objects Then documents can be composed of
these objects Documents can contain Text_Unit objects
and other document objects For example, A book can be
divided n the followmng way Each paragraph 1s a
Text_Umt object, a group of these Text_Unit objects can
be grouped to form a small document object which
represents subsections These documents (representing sub-
sections) can be grouped to form documents representing
sections These documents (representing secuons) can be
grouped to form another document representing a chapter
These documents (representing chapters) can be grouped
further to form a book Tables and Figures can be thought
of as another Text_Unit object and can be included in a
document A picture, on the other hand, can be thought of
as a Text_Unmit (if 1t 1s a simple picture) or as a document
(f it 1s a complex one) composed of smaller documents
and Text_Units Figure 3.2 shows an example of how a
document can be constructed to form a book The struc-
ture of the Text_Umt class 1s as follows

CLASS Text_Unit {

ATTRIBUTES
DATE_TYPE access_date_time,
AUTHOR_ID_TYPE authors_id,
ACCESS_TYPE access_permissions,
Arabic_Text_TYPE text body,
METHODS.
OUTPUT_TEXT_BODY( ),
EDIT( ),

}

The ’text_body’ attribute will contain the actual text
data the system 18 managing The
*OUTPUT_TEXT_BODY’ method 1s the one used to
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output the body of text in the object, while the 'EDIT’
mcthod will be used to mnvoke an editor to edit the text
body. Bayan has a built-in Arabic text editor The
Arabic_Text_ TYPE consists of special structures to hold
the Arabic text We designed 1t this way to test the dif-
ferent mcthods of storing text (internal represcntations)
Currcnlly we arc using the coding method shown 1n the
ncxt secuion, to represent Arabic characters

Arabic_Word class:

This class will contain Arabic word objects and all
the information about them It will contain mformation
about the classifications of words according to the rules of
the Arabic language These classification can be used to
determine the linguistic type of a word Dernived words are
storcd as root words with the proper denvation methods
associated with them The structure of the Arabic_Word
class 1s as follows

CLASS Arabic_Word

{

ATTRIBUTES
WORD_TYPE Word_class,
ARABIC_CHAR Root{ ],
DERIVATION_METHOD derivations[ 1,

METHODS

IS_LEGAL(Derivation_rule) ;
ADD_RULE(Derivation_rule),
MATCH( Word_To_Look_For),
MAKE_DERIVED_WORD( ),
LIST_ALL_DERIVED( ),

}

The attribute Word_class’ 1s where the word 1s
classificd according to the Arabic language Classification
may 1nclude root, verb, noun, tools, or special word The
'Root’ attribute will contain the actual word 1n Arabic Itis
defined as a list of Arabic characters (see section 5 1) The
*derivation’ attnibute 1s the one which will hold all the
information about the possible derivatons from the root
word The denvation rules are explamned 1n the following
sections

The method *IS_LEGAL’ will determine 1f a specific
derivation rule may be applicd to a root or not The method
'ADD_RULE’ will add a new derivation rule to an object
The object method "MATCH’ will match a given word to
its root or one of 1ts derived words It will return TRUE 1f
the word can be matched The object method
"MAKE_DERIVED_WORD’ will derive a new word from
the root using the specified derivation rule Finally, the
'LIST_ALL_DERIVED’ method will output all possible
derived words from the root word using the stores deriva-
tion rules 1 the object store

4. The Bayan environment
The Bayan environment atiempts to solve the prob-
lems described n secuon 2 by attempting to fully represent



Arabic script In particular, representing the diffcrent
forms of "tashkecl" 1s given high priority Bayan also
includes a database of Arabic words, roots and derivations
rules This environment could be a base for future Arabic
natural language processing research Figure 4 1 shows the
major components of the environment The application
interface will give application programs the ability to com-
municate with Bayan’s DBMS It will be responsible for
getting information to and from the application program
The application program can only use this interface to
access the Arabic Text data of the system Each com-
ponent 1s discussed 1n the following sections

System Interface
pplication vices
Interface Interface

Presentation
Manager

Z =

Pl BN

T

Object
Manager

Arabic
Word
Manager

Query
Manager

Fg41l
Bayan Major
Components

5. 1/O interface

The I/O interface includes drivers to wnte and type
Arabic script according to the Arabic language rules. We
will discuss a character set, keyboard layout, and our con-
textual analysis algorithm. The contextual analysis algo-
rithm 1s the one which makes sure that all Arabic charac-
ters are displayed correctly with the proper shape

The Arabic character set

A 16-bit coded method 1s to be used 1 the Bayan
system Arabic characters are encoded 1n such a way that
each character 1s represented by one and only one code
That 1s, the "tashkeel" do not affect the value of the charac-
ter Instead, the "tashkeel” are treated as a description or a
property of the character They can be treated in the same
way underlining, hghlighting and other screen display
information are treated A character will be represented by
a byte while attributes (such as underlining, highlighting
and so on) are represented by another byte It was decided
to represent Arabic characters as m Figure 51 In this
figure, the right hand side byte 1s used to represent the
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characters while the left hand side byte 1s used to describe
the properties of the character 1 e the "tashkeel”)

Arabic character
code

attributes
"HARAKAT"

Figure 51
A proposed representation
of an Arabic Character

It may be possible to make the code-byte values a
modification of the proposed standard found in [ALSAS6]
m order to allow some compatibility with the proposed
standard However, the character forms that represent the
“tashkeel" are removed as, 1t 1s argued here, 1t 1s more
efficient not to include the "tashkeel” 1n the character set,
rather, they should be considered as attributes to each
character Furthermore, 1t 18 also proposed here, that each
character should be stored 1n one code only

Output drivers must be able to determimne the proper
shape of each character (depending on where 1t occurs mn
the word) along with the correct positioning of the "tash-
keel" This 1s done by building a contextual analyzer
which knows how Arabic script 1s writtcn

An Arabic keyboard

Since there are only 28 characters in the Arabic
alphabet, 1t 1s possible to use an English keyboard and sim-
ply modify 1t to resemble the Arabic typewriter keyboard
The Bayan’s keyboard 1s shown 1n Figure 5.2 Note that
the "tashkeel" have keys on the Bayan keyboard Arabic
typewriters typically do not have "tashkeel” (the tashkeel
are added by hand)

(=] G (Zs) Gw) (o) (el (e (T i ) (5] (1 (2] (e
@E‘E@@@[&l@
KN 8 0 | Y Y O o 9 0 Y [ AR
N | A e 2 o 4 e s
[ || |

Figure 52
Bayan’s Keyboard Layout

Device drivers should be able to map the scanning
code {rom the keyboard to the appropriate Arabic code and
attribute  This keyboard layout 1s a collection of different
proposed layouts and 1t overlaps with many of them The
default mput mcthod 1s to enter the Arabic character fol-
lowcd by 1its "tashkeel” However, an cditor has been added
m order 1o allow the user to first type characters without
entering the "tashkeel” and to go back and add the proper



"tashkeel” later if so dcsired This feature was added
because some users prefer to wnite a word first and then go
back and add any desired "tashkeel”

Contextual analysis

In Bayan, a contextual analyzer was bwlt The role
of this analyzer 1s to detcrmine the shape of the Arabic
character according to 1ts posizon mn a word The analyzer
takes mnto considerauon whether the character appears at
the begmning, middle or end of a word It will represent
the character properly and also place the "tashkeel” 1n their

character

proper place
Contextual

[ >
Connect at Analyzer

middle font ]/ 7 o\
Connect at
End font j/Updated Updated

Screen
status
Table

Previous
Character

v

Current

Stand
Alone font

ARN

Start of
word font

current previous
character character
Figure 53

Bayan’s Contextual analyzer

The block diagram of the contextual analyzer is
shown 1n Figure 53 It uses four fonts for the output of
Arabic characters There 1s a separate font for each possi-
ble position or shape of a character These fonts are *
"stand-alone fomt", "start-of-word font", "connect-at-
muddle font", and "connect-at-end font" The analyzer will
take the current and previous character codes and their
shapes as its input and will return the correct shapes of the
previous and current character This means that the calling
procedure to the contextual analyzer should check if the
previous character changes shape after the return from the
contextual analyzer call The algorithm to determine the
shape of the character at the current position can be found
in [MORF89]

The contextual algonthm will take the current and
previous characters as mputs The contextual analysis
algorithm will examine the previous and current charac-
ters If the previous character can not connect to the current
character ( eg space, comma, a stubborn character, ),
then 1t will make the current character’s shape to be
*START_POSITION_SHAPE’ and 1t will exit Next, the
algorithm will check if the current character 1s a space, a
punctuation mark, or a digit, in which case, 1t will set the
shape of the previous character to be the proper ending
shape depending on the shape of its previous character(1 e
the second to the last character) If both of the above tests
fail, the algorithm will change the current character to con-
nect to the previous character depending on the shape of its
previous character
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Data structures and constants,
identificr
START_POSITION,
MID_CONNECT,
END_CONNECT,
STAND_ALONE, /* identifiers for
character shape
1t can be assigned
the values from 0-3
*/
Arab_Char' Structure of {
Code Byte, [*Arabic character code*/
Tashkeel Byte, /*Tashkeel code*/
Shape nt, [*character shape number*/

/* 1t must be one of the above shapes */
)

The 1dentifiers are used to represent the different
fonts wuwsed 1 our system For example,
START_POSITION 1s the font that contains the shape of
all characters when they are at the starting position of a
word

In the following table, we show an example of how
contextual analysis determines the shape of the Arabic
character displayed The first column shows the current
input character The sccond column shows what 1s being
displayed as a result of the mput so far The third column
contains comments of what has been done The black rec-
tangle 1s the cursor.

Input Ouputon | Comments
character | screen
o ..w start of word shape
J ._L, connect the second to the first
letter
a higature 1s a must, so go back
! I&” and join both 1nto one new
char

start of word shape because the
previous can not connect to
next

space cause the last letter to
have cnding shape

6. Text Manager

This part of Bayan will be responsible for managing
a document object’s mnput and output It prepares the
Arabic_Document objects to be used by other parts of the
system The text manager will take a Text_Unit object or
an Arabic_document and prepare the text body using the
word manager and pass the resulung text to the presenta-
tion manager to be used by the calling procedure

The Text manager will also cooperate with the Query
manager to find the required text items, which will also




mvolve calling the word manager to get the root of the
word(s) that 1t 1s looking for A more detailed discussion
can be found under the 'Query manager seccuon’ The text
manager will also take a plain text and prepare 1t to be uscd
by the query manager for storing the word object’s refer-
ences within documents for later use [Figure 6 1] shows
the major parts of the Text manager

The Natural Arabic Text Coder/Decoder

Thus part of the Text manager 1s uscd to take Arabic
text and split 1t into pieces. each piece consists of an Arabic
word If a word can not be found, 1t will be flagged as unk-
nown

It 1s also used to add text units to the system after the
creation of 1ts text body The same routine can be used to
mmport existing text from other systems nto Bayan. Care
should be taken when importing data from other systems
since the representation of the data may differ

Natural

Format

Arabic
Text

Natural format
Text
Coder/Decoder

Arabic
Word(s)

Bayan
Object

Figure 61
Text manager
Components

7. The Arabic word manager

The word manager uses Arabic_word objects exten-
sively It 1s 1s responsible for deriving words from their
roots and reporting the resulting word to the requesting
procedurc It must know the rules for word denvations in
Arabic as well as have the ability to leam new rulcs. Every
Arabic_Word object will have the denvation rule informa-
tion in the "denvation" attnbute The Arabic word
manager will be able to use that information to derive new
words The Arabic word manager will be able to receive
new derivation rules from the user and add that to the
Arabic_Word objects This fcature will allow the user to
add addwuonal rules later if nccded This 1s done because
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of the number of the derivauon rules and derived words 1n
the Arabic language Figure 7 1 shows the major com-
ponents of the word manager

This manager allows a database administrator (DBA)
to enter what 1s known as the teaching mode In the teach-
ing mode, the learning manager 1s called and then the DBA
can add new words to the vocabulary of the system, add
new denvation rules and specify which words 1t applies to
In the teaching mode, the DBA can modify exisung denva-
tion rules for the roots of an Arabic word

Word
Generauon ‘ Aragll::_“:ord
Denvauon Engine jec

rules
information

Y
To
Object Manager

Figure 7 1
Word manager components

The learning manager

This part of the word manager can leam new words
It takes information about a word and adds 1t to the object
manager. It 1s important that this manager only bc used by
someone proficient in Arabic as incorrect information can
be harmful to the database since Bayan stores words as
objects rather than actual characters of a word

Denvation rules are defined for each word by use of
the leaming manager This 1s the only way to add a word
to the vocabulary of the system Arabic words are added to
the database objects through this option after obtaining the
required information to form a complete word object and to
check if the word already exists

The learming manager uses an nteracive window-
based nterface that prompts the user to supply the required
information This process guides the DBA by requesting
the needed information before accepting the new word
The DBA 1s responsible for the correctness of the informa-
tion in the system

The learning manager can also accept new derivation
rules. Rules can be specified by the DBA using the proper
format Rules can be added to the knowledgebase of the
learning manager and are used by the word generation
engine,



The word generation engine

The word generation engine interprets derwvation
rules and cxecutes commands encoded in the derivation
rules It 1s like a small computer executing a limited
mstruction set It will take a root as an input and produce
the newly gencrated word (if any) as output If there 1s an
error, the same root will be returned wath a flag indicating
the presence of an error Errors can range from a null root
to the wrong number of characters n the root and so on

Derivation rules

All the rules are the same for each root class of
words Therefore, they need to be stored only once, after-
wards, the word generation manager can gencrate the
desired word from its root It should be noted that rules are
completely different for three character roots, four charac-
ter roots and five character roots

In general, a derivation 1s performed by adding char-
acters and/or changing the "tashkeel" of the word The
encoding of the derivation 1s as follows

<digit>
concatenate character number <digit> of the root
adding the following "tashkeel", where each <digit>
will be followed by the proper "tashkeel”.
<character>
concatenate <character> where character represents
an Arabic character with 1its "tashkeel"
An example of what the derivauon rules look like 1s
the following

al o<l @
’fi’]”_g,('l ’f

Arabic denvation rules, however, do not only
involve the concatenation of characters at the end of a
word Characters may also be added to the middle, begin-
ning or end of a word to denve a new word

20

An example:
Given the fol owmng:
¢ v/
Root =
Y] Y > o 7/
Rule = 5 91’9 C 1 @

= b > o ¢
Result = 9D 5o

The steps for this result 1s shown 1n the following table

Step Result Comments
1 p the new word starts with the arabic
- character 'Meem’
2 . letter number (1) of the root word
- to be added
3 L letter number (2) of the root word
to be added
4 ’ e s letter (waow) to be added
Soai
5 » e s letter number (3) of the root word
<3t | o be added
6 y s e, letter (waow) to be added
9 3o
7 4 RIPAR. letter (noon) to be added
8 return the new word

8. Query manager

This part of the Bayan system receives requests to
search for a word 1n a document(s) or simply answermng a
question about a word An cxample of a question can be
What are all the derivatives of the following word’s root?
The result 1s returned to the calling procedure

The Query manager will be able to take words and
scarch for all their occurrences n the documents in the
database It can search for exact words, for root derivatives
of a word, or words of similar meanings It returns a hst of
object 1denuifiers (Documents or Text_Unit) which have the
desired word(s) in them This information can then be used
by the prescntation manager to display the body of the text

The query manager uses a morphological analysis
algorithm (whuch under development at this time) which
will be able to parse Arabic words and returns the com-
ponents which make up a word These components include
root words and different affixes

8.1. Morphological analysis of Arabic

A morphological analyzer for Arabic words 1s 1n the
process of being built It provides mformation concerning
Arabic words such as the recognition of different parts of a
word, the root of a word, and affixcs attached to words



The following information was required for con-
structing the morphological analysis algorithm for Arabic
words

¢y
@

The roots of words along with all the derivation rules
that can be applied to them,

The derived word and root links (which can be per-
formed by a lookup table or by a smart algorithm)
which takes a word and returns 1ts root,

A list of all possible affixes that can be attached to a
word and that are not covercd by the derivauon rulcs,
and

A list of words that are not derived from roots, such
astools (¢ g , "from”, "to", "on" and so on)

We are constructing a grammar which can be used
by a parser to parse Arabic words Constructing the gram-
mar will require a considerable amount of work to collect
and study most , if not all, the cases of the dcrivation and
classification of Arabic words

©)]

@

8.2. The Search

When the Query manager determines which word
to look for (using 1ts own algorithm plus the morphological
analyzer), it will search 1n a search structure similar to the
one found in [SALTS89] to find the occurrences of the word
in the database documents The Bayan search structure 1s
shown in [Figurc 8 1]

At the Qucery word-level, an entry of an Arabic word
(root) 1s storcd with a pomter to a list of documents-
Text_Unit level At the document pointer level, there 1s a
counter of how many documents a word appears in  The
structure storcs pointers to the lowest level which 1s called
the Document-Unit_text level At the Document Unit_text
level, 1t will contain the Document object identification and
Text_Unit object Idenuficanon Those identfication
numbers can be used for accessing the documents at the
Document level or at the lower level of the Text_Unit
objects

Query

Word 1 Lw d2 Word Ent
[Word 1 ]| [Word2[| [ Wonk]]  WordEnuy
1n the DBMS)

Number of Document
Documents(n) pointers level

Document
Unit_text ptr

ocument| [Text_Uni§ Pocument][Text_Uni ocument] {lext_Unif
ID ID ID D ID D
Figure 8 1

Bayan-Query manager
search structure
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Figure 8 2
A prototype of Bayan session

When a word comes to the query manager, it
scarchs for the word at the query_word entry level If it
docs not find 1t, it will report a failure 1n the search If 1t
finds the word, 1t follows the pointer to the next search
level which contains a variable number of pomters to the
document Text_Unit level The query manager follows the
first pomnter and retrieves the document 1d and the
Text_Unit 1d, and returns them to the requesting process
Upon the request of the user, the query manager will be
ablc to go through all the pointers and return the proper
idenufication of the Documents and the Text_Unit objects
unul all pointers are explored

An addiuonal feature that can be added to the search
structure 1s a synonym pomnter which will pont to word
scarch cntrics which give the same meaning as the origmal
word Figure 8 2 shows a prototype session of Bayan with
the query manager mvoked This prototype was built to
display English messages to give English speaking readers
the ability to understand 1t The final system will be fully 1n
Arabic

9. Bayan’s user mterface

Bayan’s user interface was built in a SUN worksta-
tion environment Machime dependency was kept to a
muumum The existing iterface will allow the use of Ara-
bic text in windows, 1t will also perform all proper input
and output operations on that window Furthermore, Ara-
bic text may be edited 1n these windows
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Figure 9 1
Arabic window in Bayan

Figure 9 1 shows an Arabic window which displays
Arabic text information Note that the text has displayed
the proper "tashkecl” for every word of text The figure
shows the main options allowed by the system Currently
the Text_Umt option 1s activated The Text_Umit object
called "Bukh7 new" 1s displayed The other options are
document, query, learn and exit options The document
opuon, for example, allows the user to manipulate and
create documents

10. Scenario

A user will create a Text_Unit object using Bayan’s
editor Figure 9 1 shows an editing sesston of a Text_Unut
object called 'bukh7 new’ External files can also be
mmported to Bayan’s editor using the "Load"” option An
option can be activated by clicking on the button which
represents the command The updated Text_Unit can then
be storcd n the database using the "Store" option The
user, when done, can ask Bayan to incorporate the new or
modified Text_Umt object mto 1its final database Bayan
will check the Text_Unit object for new words, index the
words, or 1t can activate the learming manager 1f a word 18
not known to Bayan

The uscr can specify the information which Bayan’s
Icamming manager prompts him for This will include the
specification of which class of Arabic words this word
belongs to The user will also verify the derivation method
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uscd to derive this word from its root  Additional informa-
uon may be requested to determine affixes added to the
woird If the uscr made a mistake in the 'v'v'OTu, he can go
back and modify the Text_Unit object using the editor, then
ask Bayan to continue 1ts operation Bayan will add this
mformation to its database The user can query that
Teat_Unit object by words that appear 1n 1t

Documents can be built using the "Document option"
which can be selected from the man menu The user will
be required to enter the elements which make up docu-
ments These clements may include Text _Unit objects
and/or other documcnts

The user can make quenies about words within docu-
mcent objects  The result of the query will be a list of the
document objects 1n which the word appears The user can
then specify that he wants to see the Text_Umit object level
and the Text_Unit objects will be displayed At the

Taxt ITnit ahinct lovel tha neer can hrawee or madifv thaca
WAL WL UU Wb AWV Wil LIV WUOWL Wil VAU YY OWw Ul lllwll] LAIvOw

objects If he modlﬁcs a Text_Unut object he would need to
ask Bayan to update 1ts database as explained above

Queries can also be made about Arabic words, their
roots, or their denivation methods Queries can ask Bayan
1o show examples of words derived from the same root, or
even words of similar meanings

11. Conclusion

Bayan 1s a text database management system which
was dcsigned to overcome the shortcomings of conven-
tional database management systcms 1n manipulating text
data n general and Arabic text mn parucular Bayan 1s a
starting stcp for more advanced research regarding Arabic
It points to the possibility of more advanced studies about
the language, such as natural language processing based on
Bayan’s environment For now, though, many persistent
problcms have been addressed, such as the design of an
Arabic character set including the "tashkeel”, an Arabic
kcyboard, word-generation algorithms and Arabic word
gencration mcthods from the roots of words At the present
tme, the Arabic text database, which utilizes the represen-
tation and algorithms designed m Bayan, 1s being built In
addiuon, a built-in morphological word analyzer 1s also
under construction Bayan should be able, at the end, to
handle large amount of text data written 1in Arabic and give
the uscr a way 1o qucry this data
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