ABSTRACT

Language Choice and Code-Switching

Dr. Muhammad Ali Alkhuli
King Saud University/Riyad

This paper aims at defining Language Choice (LC), illustrating factors that determine
LC, and showing the relationship between LC and style choice and dialect choice. The
paper has also explicated the elements of the LC process and given some LC instances.

The pzper has especially emphasized these LC factors : the speaker’s and listener’s
abilities, conversational habits, age, socia! status, conversers' degree and quality of rela-

tion, social pressure, usage distribution, topic, prestige gain, social-distance increase,

and exclusion. '

“The paper also aims at defining Code-Switching (C3) and illustrating the difference
between CS and each of iterference and LC. Further, it aims at showing the types, sysiem,
and objectives of CS. The paper has especially emphasized these objectives : influence,
need, continuity, quotation, selecting the addressee, belonging, special emotion,
confidentiality, exclusion, social-distance increase, and emphasis.
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b) defining what lexical items are potentially possi-
ble within the language/range.

¢) defining what forms are impossible to be introdu-
ced into the language.

— The KBS can be helpful in developing children's
literature as well as simplified science books.

— Determining the most recurrent Arabic syntactic

structures.

Conclusion

This paper incorporates a proposal for a knowledge
base sysiem for Arabic as a natural language. It has been
an attempt to draw the atiention of those interested in
the area of Arabic linguistics, as well as related studies
and research, to the vast potential of recent advances in
computer science technology. This technological poten-
tial, we have seen can now accomplish once incredible
analytic feats when driven by the current theoretical

advance in the field of linguistic science.

We believe that serious computational linguistic
research is long overdue if Arabic is to be analyzed and
understood thoroughly. Furthermore, this research should
be done in the Arab World in order to have the proper
and appropriate grounding, and it should be distinct from
any commercial interests or considerations.

The goal of this paper was 1o have opened wide the
door for discussion of problems. It was also intended 10
initiate a cooperative effort towards realizing the uliimate
aim of understanding and analysing the language of the
Holy Quran. .

The debate that this proposal is expected to engen-
der and encourage is presented in the hope that it will shar-
pen the central idea put forward. Finally, this paper has
been presented in order to crystalize numerous details.

% K %
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Frequency of the various consonants and vowels (e.g.
tha, wa, on, 0o... ¢ic.) ;

Sequence of occurence of various sounds ;
Relation to various morphological structures ;
Permissible sound clusters ;

Syllable structures ;

The relation between vowels and consonants.
Statistical information about syntactic structures :
Marked VS unmarked forms ;

Percentage of grammatical words.

Frequency of various Arabic Syllables (e.g. fi, ala,
In; ila etc.)

Determining syntactic exceptions and deducing the
constraints preventing their generation ;

Word order (sentence initial position).

The above are just a few examples of possible statis-

tical results that may be collected during this phase of pro-
ject. Other studies. may be developed and considered as
required by the research. )

Thijrd Phase : In the third phase, different analyses are
1o be made of the statistical information collected from
the previous phase. These include ;

1)
0
0
2)
3)

4)

Analysis to deduce various linguistic theorems, such
as :

Finding analogical rules for irregular morphological
structures. {e.g. triliteral verbs, and their gerunds) ;
Laws for phonemic arrangement ;

Analysis of common vocabulary, common sounds,
etc., in order to determine reasons for common use
of certain words, or sounds, and rare use of others ;
A comparative analysis of the project's results with
the statistical results obtained from previous studies.
A comprehensive review of various results in order
to determine the degree of relevance (o the represen-
tation of Arabic knowledge base, As was explained
in the literature section, che acquiring of a base from

various sources such as experts, books, or empirical -

data-analysis, undergoes several stages. These stages
can be characterized as (1) problem-identification, (2)
conceptualization, (3) formalization, (4) implemen-
tation, and (5) testing (as shown in figure 1). Howe-
ver, the process is not as neat and well-defined as the
figure might suggest. These stages are simply a rough
characterization of complex and ill-structured acti-
vity that takes place during knowledge acquisition.
Generally, the first step in acquiring knowledge for
an expert-system is to characterize the important
aspects of the problem. This involves identifying pro-
blem characteristics, resources and goals.

During conceptualization phase, the key concepts and
relations are made explicit.

The following questions need to be answered befare pro-
cessing with conceptualization process :

« What types of data are available ?
« What is given and what is inferred ?
« Do the strategics have names ?
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+ Are there identifiable partial hypotheses that are com-
monly used ? What are they ?

+ How is the object in the domain related ?

« Is it possible to label causal relations, set inclusion,
part whole relations, etc ?

« What does it look like ?

» What is the information flow ?

The formalization process involves mapping the key con-
cepts and data-analysis of characteristics into more for-
mal representation based on various knowledge-
engineering tools or framework.

5)

Understanding the nature of data in the problem
domain is important in formalizing knowledge. If the
data can be explained directly in terms of certain
hypotheses, it is useful to know if this relationship
is causal, definitional or merely correlational. Such
knowledge may help explain how hypotheses that
directly explain data can be related to other high-level
hypotheses and how these hypotheses relate to the
structure of goals in problem-solving process itself.
The results of formalizing the conceptual
information-flow and sub-problem elements will be
basic specifications for knowledge-base systems.
The utilization of empirical analysis of the Arabic lan-
guage is necessary through this stage of the develop-
ment of the knowledge-base svstem. First, three sta-
ges of development of the KBS for Arabic (problem
identification, conceptualization, formalization) will
be artempted during this phase of the project.
The experience gained through the work in this phase
will provide insight inio the development of several
applications. This in turn allows the formulation of
a plan for various uses of the Arabic knowledge base
systems.

Possible applications to the Arabic language to be
investigated may be selected from the following :
— the computer-aided Insiruction of Arabic ;

— a system for machine translation to/from Arabic |
— a searching for new linguistic theorems and rules ;
— developing an Arabic speech synthesis system ;
— a question-Answering System ;
— Natural Language Interfaces
— Information retrieval |
— Machine Translation (MT) :
-~ data base interfaces .

~ — Arabic Computer Design and Architecture ;
— the vocalization of Arabic text by computer ;
— providing a solid basis for 1ackling problematic
areas in Arabic grammar, such as marked V5
unmarked forms, irregular and other peculiar
forms in Arabic (studying broken plurals will be one¢
example of this).
— Creating a network for the derived verbal and
nominal forms in the language with the following
aspects in view :
a) defining the inventory of the language (i.c. what
lexical items actually exist].
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Applications and Utilization

The construction of empirical & statistical informa-
tion for the Arabic language by the proposed research will
have several direct applications which can be enumera-
ted as follows :

1) Once the 2000 most frequent words have been selec-
ted the following can be achjeved ;

a) Pocket dictionaries can be compiled for quick refe-

rence. This item is currently missing in the Arabic

library.

Writing textbooks for Arabic primary education. The

majority of the current texts do not concentraie on

the most commonly used forms.
c¢) Teaching Arabic to non-native speakers. This project
will make easy the learning of the most recurrent 2000
words by foreign learners.

2) Development of Arabic Educational books for ele-
mentary schools students and for non-Arabs that
include commonly used vocabularies and structures
suitable for various educational level.

3) Evaluation of educational books regarding their use
of rare vocabulary, or complex and uncommon
syntactic or morphological structures.

4) Design of various language examinations linguistic
tests in particular,

5) The results of the project also constitute the first
necessary step in a multi-stage plan to develop a KBS
for the Arabic language. This system, upon comple-
tion, will assist in developing very important
applications.

6) The application plan 1o be formulated will estimate
the uses of the Arabic knowledge system for Arabic
linguistic research. The plan will list numerous pos-
sible applicartions of the Arabic knowledge base that
may be utilized by Arabic scientists.

b

~—

- Research project design

4

In order 1o achieve the planned objectives, this pro-
posed research project should go through three main
phases :

First Phase : In the first phase, hundreds of samples of
modern Arabic texts are to be gathered from various Ara-
" bie sources (e.g. newspapers, scientific and literary arti-
cles, educational books, engineering, organization, com-
puter installations, Data Processing (DP) manuals,
government offices, industrial environments, texts... etc).
These texts should be examined carefully in order to select
the most appropriate ones for statistical analysis. The total
word volume of the texts have to exceed one million words
in order (o fully represent the language. A team of Ara-
bic specialists, should then work on vocalizing these texts.
This is done by adding the vowel diacritics to the charac-
ters of each word, according to Arabic syntactic and mor-
phological rules. In the meanwhile, another effort is to
be made to prepare a super microcomputer or a micro-
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computer system to accept and process Arabic vocalized
writing. Several data-base programs are to be developed
to store and organize them in computer files.

By the end of the first phase, all vocalized texts will
have been entered into the computer storage and will then
be ready for the statistical analysis. The first goal of this
project (the formation of Arabic vocabulary data base)
will then be realized.

Second Phase : During this phase, an automatic analy-
zer SATA consisting of several tools should be develo-
ped. [Fig. 2 shows a block structure representation of
SATAJ. This software system should utilize state-of-the-
art techniques both in software engineering and Al. For-
mal techniques and data-structuring from nartural lan-
guage processing are to be employed. [Ref. 1-10].

Heuristic Search [1] strategies must be implemented
to ensure controlled processing time with a gradual exten-
sion of the Arabic vocabulary data base. This is expected
to provide greater flexibility for continuous experimen-
tation (which is the basic characteristic of knowledge base
systems) for several researches in this area, This analyzer
should provide a user-oriented, simpie interface for mana-
gement of an Arabic Vocabulary Data Base (AVDB) to
perform empirical analyses on raw data. SATA may act
as a front-end for development of a knowledge-base
system in several application areas. The design of SATA
should allow easy implementation of any further analy-
sis. The investigators may program (SATA) by involving
several tasks from the SATA library to perform analyses
of desired ends. This is anticipated to include statistical
information required for educational applications as well
as the Arabic knowledge base. Examples of the empiri-
cal data to be extracted by using ‘SATA' are :

1) The most commonly used Arabic words. These are
the words that have the highest frequency among all
words stored in the AVDB. This vocabulary will then
be organized in different ways to obtain various sta-
tistical results :

Word-class (e.g. verb, noun, articles, adverbial,...
etc.) ;

Roots (triliteral, quadriliteral Js;

Kind of sociolinguistic register (e.g. scnennf‘ ¢ article,
poetry, ... etc) ;

Semantic features ;

Other classifications :

Various morphological statistical data such as :
Frequency of nouns, active parucaples, diminutive
aspect, etc. ;

Frequency of () article

Probablh(y that a word with a given numbcr of cha-
racters is a verb, is a noun, etc.

Percentage of tnhteral verbs to all words and to all
verbs.

Statistical information about Arabic sounds may
include :

o oo oMoco oo o
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textbooks used by third grade students in 1948. [35].
_ Dr. Douad Abdo, in 1979, prepared a list based on
_ several previous studies of the most commonly used
“Arabic vocabulary, [36]. :

Other studies made on various Arabic structures
include : '

0 - A study by Dr. Mohamad Ali Al-Khuli, in 1978,
on a text of a.1000 words for the frequency of
the various morphological structures and phra-
ses types. [37-39). In 1982, he also wrote 2 book
(18) about the statistical results gathered from a
5000-word text.

For the frequency of the Arabic sounds, the follo-

wing studies were conducted.

0 Ibn Manzoor, seven hundred years ago, in his
famous book Lisan al Arab, classified Arabic
sounds into three main categories based on their
frequencies. [40]. .

0 Dr. Ali Mousa, in 1971 and 1972, counted the

- sounds of Arabic roots from the ALSIHAH dic-
tionary compiled by Al-Jwahiri a thousand years
ago [41-43].

Most of the previous studies had the follo-
wing shortcoming :

1) The samples chosen for analysis were relatively
small, and not accurate enough for serious
application.

2) The samples of the previous studies were all con-
fined to particular linguistic use (e. g. literature,
poetry, and so on). Thus, their results were not
representative of the general functions of the
language. )

3) Most of the past studies were also limited to cer-
tain sources, such as newspapers, elementary
school books, etc. Consequently, the statistical
resulis obtained were not at all sufficient to fully
represent the statistical distribution of the Ara-
bic Language.

4) The objectives of those studies were far from
being well-defined ; for this reason there was a
wide diversity among them, and there was no
common link between the various results obtai-
ned from those studies ; besides, much important
statistical data were overiooked.

{n conclusion, because of the several defi-
ciencies described, previous statistical studies on
the Arabic language were inadequate to the task
of building on Arabic knowledge base. In order
to build a comprehensive statistical-body for this
base, the proposed study should have the follo-
wing characteristics :

1) Large samples, with a total volume of about
1,000,000 words.
2) Text samples should be chosen carefully from

ts
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various sources, covering different areas. This
makes it a truly representative of a wide cross-

section of the language.

_3) Among other things, this study aims at collecting

the statistical-data required for an Arabic know-
ledge base system. A careful analysis is necessary
to direct the study to achieve its objectives.

Research objectives

The proposed research -aims to provide
insight to the knowledge base of the Arabic KBS.
For this, it should concentrate on developing the
statistical and empirical information required for
the knowledge base and the numerous applica-
tions of the system to the Arabic language. The
objectives can, therefore, be summarized suc-
cinctly as follows :

1) The development of a comprehensively distribu-
tion data base of Arabic vocabulary. The base will
have a total valume of about one million words
selected after careful evaluation of differsnt
modern Arabic written texts, The base will form -
the raw material necessary to conduct various stu- -
dies on the Arabic language.

2) The development-of a System for Arabic Text
Analysis (SATA), consisting of several state-of-
the-art, software tools that will provide user-
oriented, simple interfaces for management of the
Arabic data-base.

3) The use of SATA for analysis of the vocabulary
data base in order to :

— determine and select the most commonly used
Arabic lexical items, their frequency, and other
related statistical information.

— The provision of comprehensive statistical data
for various Arabic syntactic siructures.

— the gathering of various statistical information
concerning Arabic sounds, such as their phone-
mic arrangement, etc.

— the facilitat” ON of prospective morphological
studies of Arabic.

4) A comparison between the results obtained from
this study and those from previous studies.

5) The selection of the data required for the Arabic
knowledge base from the large collection of sta-
tistical information obtained through this work.

6) The use of the experience gained from the pre-
vious objectives to develop a detailed plan for
potential applications of this proposed knowledge
base system for in Arabic linguistic reszarch.
This plan will include :

— Potential applications of the proposed knowledge

base system.

— Actions required to implement, absorb, adapt.
maintain and create Arabic knowledge-base and
its system applications.



Formalization involves mapping the key concepts and
relations into a formal representation suggested by some
expert system tool or language. The language should be
selected to represent basic concepts’and relations within
the language framework. :

During implementation, the formalized knowledge
is combined and reorganized to make it compatible with
the information flow characteristics of the problem. The
resulting set of rules and associated control structurc
define a prototype software capable of being executed and
tested. .

Finally, testing involves evaluating the performance
of the prototype software and revising it to conform to
standards of excellence defined by experts in the problem
domain.

A Knowledze-Base System For Arabic Language

Despite several advantages offered by KBSS and the
great progress made in their development, no such system
has ever been developed for the Arabic language. This
has mainly been due to the lack of knowledge about new
computer scientist with little linguistic background and
expertise far, [t is, therefore, a necessity to have 2 com-
mon effort by experts in both subjects (linguisue topics
and computer systems) in order to develop a KBS for the
Arabic Language. Such a system will be a very powerful
tool for analysing and solving major problems that limit
prograss in the various fields of the modern Arabic
research, It will also serve as the base for numerous very
important computer applicutions in the Arabic Language
(2. g. machine translation, Arabic speech synthesis, CAlL..
s1c.) These are among the many greatly neaded applica-
tions of a KBS for the Arab world in general, and for
Saudi Arabia in particular. The important goal here is 1o
implement and locally these latest developments in various
fields. In order to appreciate the usefulness and impor-
tance of an Arabic KBS consider the following current
research ropics in the Arabic language @ [30].

1) Research in Arabic phonology to analyze Arabic
sounds, their laws, characteristic, outputs... et¢.

2) The study of Arabic syntaxe and the analysis of
the roots of Arabic vocabulary ;

3) The study of Arabic morphology and affixation.

3) The etymology of Arabic vocabulary and the his-
tocy of the Arabic language.

5) The comparative linguistic research with reference
to Arabic and other world languages. exhibiting
similarities and diffsrences.

6) The lexicography and dictionary compilation.

7) The computer aided translation.

These are just examples of modern Arabic linguistic
research. Most of the above mentioned areas, if not all
of them, can use the Arabic KBS to reach various results.
For example. in the area of phonotactics, a rule-interpretar

4
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program can analyze a large number of phonological

sequences. A rule-interpreter program can process a given

Arabic text, to determine its structure etc. This can be per.
_formed by comparison of the input (text'in the Globe

Base) with Arabic syntactic and morphological rules (in
the knowledge base). After the structure of the text is com-
pletely analysed, an easy translation can be made into any
foreign language, '

To builda knowledge base system for, Arabic is a very
ambitious goal. Intensive research would be needed in
order to define the knowledge base of the system, to create

a method for converting it into a set of rules, and to deve- .-

lop intelligent rule interpreter programs for various appli-
cations. The knowledge base would need to be large

enough to include the following :

1) Large set of Arabic synractic and morphological
statistical data.

2) Sizable corpus of examples representing Arabic
phonology dnd phonotactics.

3) Vast number of Arabic lexical iterns with their
syntactic functions and semantic features, that is,
a rule-interpreter dictionary ;

4) Large corpus of analogous and anomalous data
concerning Arabic morphology ;

%) Linguistic signs and their semantic reference ;

6) Other interesting linguistic theorems.

A knowledgs base that contained all the above men-
tioned items would be enormous, indeed, and it could only
be built gradually. For this reason, the development of
a knowledge system for Arabic should first concentrate
on developing the empirical part of the Arabic knowledge

base.
Review of Previous Work

Several studies were performed in the past to deter-
min= the frequency of Arabic vocabulary, soends, and
various syntactic and morphological structures (31-42).
Frequency is the number of times a given word, sound
or structure appears in a text of a known volume. The
studies of vocabulary frequency may be summarized as

follows :

0 In 1940, Mousa Bryel (31) conducted a study of the
frequency of various words, collected from «Al-
Ahram» and «Palestisn» newspapers. The texts he
chose were about 136.000 words mainly consisting of
news articles.

0 1In 1950, E.M., Baily studied texts from Arabic Egyp-
tian newspapers, about 200,000 words. to determine
those most commonly used. [32].

0 Dr. Fakhar Akel, in 1953, searched various books of
elementary schools for the most cammon words. He
counted a total of 188,000 words. [33].

0 Landen Jacob. in 1959, counted 136.000 words from
books of different subjects. [34].

0 Dr. Mohammad Lutfi counted about 35,000 words in

-
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as certainty C). This value indicates the degree of certainty
by which the conclusion follows from the evidence. As
an example, consider the following rule, from a medical
knowledge base-system (17, 20) for diagnosis :

" IF (1) The site of the culture is blood, and
(2) The identity of the organism is not known
with certainty, and
. (3) Morphologically the organism is a rod, and
(4) The patient has been seriously burned.

THEN :There is weakly suggestive evidence (4) that the
identity of the organism is pseudomonas.

. Thevalueof 4 (on a0 to I scale) means the conclu-
sion is weakly suggested from the evidence.

There are also other ways, 10 represent the certainty
of given evidence, In some systems, the evidence may be
combined by logical operators such as AND, OR, and
NOT. Others may use plausible-inference rules [17, 19]
indicated by the likelihood ratios (rule-strength values).
These ratios are represented by either a plot or by two
decimal numbers. One indicates how sufficient the evi-
dencs is for establishing the hypothesis, if the evidence
is present. The second indicates how necessary the evi-
dencs is for the hypothesis. That is the degree to which
the absence of the evidence will rule out the hypothesis.

From the above discussion the importance and neces-
sity of an accurate statistical study for every KBS should
be clear. This is because, most of the empirical rules are
defined by an expert, usually they do not support a con-
clusicn with a hundred percent cerainty.

A KBS may contain several programs called rule-
intespreter programs, or inferencs systems. These pro-
grams can scan through the rule-base to produce an inter-
nal representacion that makes the expert-sysiem an expernt
about the task's domain. The rule-interpreter program is
thus a reasoning mechanism, that inputs the knowledge-
base (i. e. interprets the rules), and applias it to solve the
problems under investigation.

The rule-interpreter program can vary, as the rule
base may be used for a variety of applications. For exam-
ple, the rule base of a medical diagnosis system can be
interpreted by :

0 A program for medical students’ education.

0 A program for diagnosis of various diseases.

0 A program for medical research.

The nature of the rule-interpreter programs illustrate
an important distinction between a knowledge-base system
and the more conventional computer programs ; there is
a clear separation of general knowledge (knowledge-base)
from the methods for applying it to a particular problem
(the rule-interpreter).
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Various strategies (called control strategies) are used
by interpreter programs to decide which nule of the know-
ledge to apply. References (21.22.23) describe some of

these. . : _ , ‘ ..
_ The Global Data Base (sometimes called the working
memory) contains information about a current problem
needed to be solved (e.g. manifestations noticed about a
particular patient). The G. “bal Data Base can be thought
of as a file of needed facts concerning a problem. These
facts are used as input da:a to the rule-interpreter
program. : : '

Knowledge-base Systems Characteristics and

Advantages

As mentioned earlier, one major characteristic of a
knowledge system is the separation between the rules for-.
ming the knowledge-base, ‘and the rule interpreter pro-
gram (18, 17). This partitioning, together with the fur-
ther division of general knowlege into many separate
rules, and the natdre of the knowledge base itseli, offer
several advantages :

1) The rule-base represents the knowledge and jud-
gement of many scientists and experts. Asa result,
the knowledge system can effectively substitute the
knowledge of the experts for the unknown fune-
tion. In effect, knowledge base expert systems
offer the promise of putting experts at everyone's

disposal.
2) Incremental development of the knowledge base

over an extended time by letting the developers
refine old rules and new ones.

3) Same general system c2n be used for a variety of
applications, and the same knowledge can be put
10 use in different ways, by changing the rule
interpreter. :

4) Possibility of developing sysiems that are intros-
pective and evolutionary (. . can check thecon-
sistency of their own rules aad learn new ones).

Because of the above advantages, several imp.ressivc
knowledge base systems were created, to solve difficult
problems, in specialized areas. [Ref. 24-29]

Overview of Methodology for Building Expert Systems :

Generally expert systems emerge from experimenta-
tion, therefore, it evolves gradually. The major stages in
the evolution of an expert system are shown in Fig. 1.~
During identification, the problem area and its scope Is
estimated and decided upon the goals or objectives of buil-
ding expert systerm.

During conceptualization, the key concepts are esta-
blished, relation and information-flow charactenstics nec-
ded to describe the problem solving process in given
domain. The subtasks, strategies, and constraints related
to problem-solving activity are specified.




linguistic problems were involved. As a result, most
Machine Translation (MT) research activities diminished
world-wide. Since then, the tremendous advances in Al
and computer hardware have brought a resurgence of inte-
restin MT. There have been a growing number of useful
though imperfect systems deployed in government and

industry.

The systems developed in America and the extent of
their development have been described in detail in nume-
rous recant articles (11,12). Refarence (11) sketches the
status of well-known systems like SYSTRAN, LOGOS,
METEO, WEIDNER, ALPS and SPANAM. Other
systemns outside America are also described. The stat2-of-
the-art of MAT and MT is greatly affected by the siatus
of research in general linguistics, on the one hand,and in
appiied computational linguistics on the other. This is true
because the interpretation of natural languages requires
simultaneous application of language-specific knowledge
{word use, word order, phrase structure) and real-world
knowledge about typical situations, events, roles and

contexts.

Concerning Arabic, two MT systems from and to
Arabic already exist : Svsiran and Weidner. However,
they are rarely used and their performance is not entirely
satisfactory. In part, this is due to shortcomings found
in other language MT Systems but partally acute in Ara-
bic ; lack of progress in Computational and theoretical
linguistics. Another reason lies in the fact that oo little
is known regarding contrastive issues between Arabic and
other languages. The production of an efiective Arabic
MT system depends mainly on the selection of proper lin-
guistic and computational techniques, techniques up on
which system-development should be based. This, in turn,
requires a large-scale effort directed toward the formal
description of Arabic. In addition, substantial effort must
be concentrated on Arabic terminology, statistical distri-
bution, and contrasts with other world languages. {12]
Specific problems occasioned by Arabic should also be

solved. Arabic morphology, for instance, represents a spe-
~ial problem thar cannot be handled even by the most pro-
.ising currently available techniques [13]. Topicalization,
genitive constructions, and passivization are particular
Arabic attributes that do not seem to exhibir important
;oles in other world languages. It is, therefore, obvious
that the understanding of the language itself is the pri-
mary prerequisite for development of capable and effec-

tive computerized language control.

Pattern Recognition is the description and analysis
of measurements taken from physical or mental objects.

-The general goal of pattern-recognition computer systems
is to analyze images of a given scene and recognize the
contents. A major application of this analysis is in docu-

‘ment processing (Alphabetic and numerical characters

recognition) [14]. Naturally, to perform this analysis easily )

the computer system needs a sizable set of measurements

for language character recognition. Knowledge of the sta- -

tistical and structural characteristic of the pattern (cha-
racter) is therefore vital to achieve this goal.

For Arabic, studies especially oriented 10 serve Ara-
bic pattern-recognition application are stll in their
infancy. Serious computational linguistic research is
greatly needed to develop a practical Arabic characiar-
recognition system. As will be noted later, an expent
system that is especially designed for Arabic pat:zra-
recognition will be of great assistance.

Knowledge Base System

Knowledge Base Systems may be d2fined as comou-
ter algorithms that exploit special knowledg= 1o solve dif-
ficult problems in specialized fields [16]. A KBS consisis
of the following three major components ; A Knowledze
Base (KB) and a Rule Interpreter Prograrm and a Glezal

Data Base :

The KB represents a «collection» of knowledge about
a particular field, knowledge usually obrained from
experts in that field, e.g. professors of medicine for &a-
gnosis systems, geologists for mineral exploration Know-
ledge systems etc {17]. The Knowledge collezied is reqre-
sented in various forms. One popular approach is to use
[F-THEN rules, (usually called KB rules) {17, 18, 193]
These rules say that if a certain kind of action c¢zn be
taken. They are typically used to caprure the kind of
«semi-logical» responses to familiar patterns that charzc-
terize much of everyday human thinking. The rules for
a particular task are usually written in a specialized lza-
guage, which is then put in by a particular application pro-
gram, as will be explained later. The rules have usuzily
the following general form : [17]

IF : antecedent |
0

0
antecedent

THEN :
Consequent |
: _ with certainty C

0
Consequent g
with certainty C

The antecedents can be thought of as evidence ¢f
assumptions or patterns that can be matched agains
entries of the particular case to be investigated. The cox-
sequents are actions that can be performed (or conclu-
ston that van be deduced), if all antecedents match.

" An expert usually has many varying judgements. Evi-
dence either supports or does not support a2 conclusien
or hypothesis, some judgemen:s are more certain than
others. There are degrees of certitude. {n this case, 2

. numerical value iv-associated with each rule (referred o



