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Abstract

This paper introduces a finite-state computational approach to Arabic
orthographic relaxation. Relaxation is a technique which allows computational
systems to handle human errors caused by orthographic variations existing in
the Arabic orthographic system. The impact of such variations is considered
in addition to exploring positive and negative aspects of the relaxation
technique, which will be used to handle such variations.
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1. Introduction

Arabic orthography exhibits a number of orthographic variations in which
abstract lexical words differ from surface orthographic forms. The main
variations in Arabic orthography are related to the writing of the glottal stop
and the weak letters. These variations normally cause writing errors and
confusion even among native speakers of Arabic. They have also an impact
on computational systems dealing with Arabic texts like database
management systems.

In this paper we discuss this phenomenon through considering the
variations in the orthography of the verb-initial glottal stop, and the
variations in the orthography of verb-final weak letters. Next, the impact of
this phenomenon is considered. Then, the paper introduces a finite-state
computatioal approach to Arabic orthographic relaxation. Relaxation is a
technique which allows computational systems to handle human errors
caused by such orthographic variations. This approach is part of a larger
computational approach to the derivation and inflection of Arabic verbs
(Alnajem, 2002a, 2002b, 2002c). Positive and negative aspects of the
relaxation techniques are also explored.

2. The Phenomenon

The word-initial glottal stop, known as Hamza, has special conditions in the
orthographical system of Arabic. It has two representations illustrated in (1):
O

a- il U0 st

b- CL:a.J\ A ?M. JM:.“\ . ) .
The word-initial glottal stop can be written as 11 or as | . The first
orthographic representation of the glottal stop is known as the Disjunctive
Hamza »Ls i ;o». The second is known as the Conjunctive Hamza |5 .
The Conjunctive Hamza is a glottal stop which is pronounced only if
preceded by a pause. It is not pronounced if it is preceded by a word or
particle. The Cut Hamza is a glottal stop which is always pronounced.
Thus, we have one grapheme (Hamza) but with two orthographic
representations when this grapheme is used in a word-initial position.
Alnajem (2002d) discussed the variation in the orthography of verb-initial
glottal stop, and introduced a linguistically-motivated account for these
variations. Alnajem (2002d) introduced also a computational approach to
handle such variations.

Weak letters have different orthographic representations in the
orthographical system of Arabic according to their position in the word. In
this paper we consider the relaxation of the variations in the orthography of
verb-final weak letters. The verb which contains among its radical letters a
weak letter or more than one weak letter is called a Weak Verb. This weak
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letter comes either at the beginning, middle, or end of the verb. An example
of verbs whose first radical letter is a weak letter is uc s . The verb JG is an
example of a verb which has a medial weak letter. An example of verbs
with a final weak letter is 5 . Verbs with an initial or medial weak letter
undergo phonological variations but not orthographic. Such variations have
been considered in Alnajem (2002b). The orthographic variations are
applied in the case of the verbs which end with a weak letter.

The last radical letter of the verb which ends with a weak letter can
either be /w/ or /u/ (glide). This means that, at the lexical abstract level, the
verb which ends with a final weak letter ends with a glide. At the
orthographic surface level, this glide may be changed to Extended Alef

55 e ) Which is written | as in:

@) o5 ™ L
or as a Magssora Alef 5, 5220 i written ¢ as in:

@) o ™

In the case of verbs derived from pattern | (CVCVC), traditional
grammarians say that the shape of the Alef (Extended or Maqgsoura) is
governed by the original weak letter from which the Alef has been
transferred. The Alef is written as an Extended Alef if the original weak letter
was ‘W’ as in (2). The Alef is written as a Magsoura Alef if the original weak
letter was ‘y’ as in (3) (Alkhatib, 1994).2

In the case of verbs derived from the other patterns, the Alef is written
as Magsoura as in:

@) el ™ el (Pattern IV)

except in the verbs whose penultimate letter is ‘y’. In this case, the Alef is
written as Extended as in:

(5) Loriwl > Lol (Pattern X)

"These variations have been studied by traditional grammarians who
suggest a number of rules which govern them. Many of these rules are not
well understood even by the native speakers of Arabic since they are
complicated to some extent. Even specialists do not fully understand these
rules. Besides, many of these rules are descriptive rules and not
linguistically-motivated to the standards of modern linguistics.

This has caused the widely encountered errors which appear in the
writing of native speakers of Arabic. The impact of the orthographic errors
affects also the Information Technology field. In database systems, a
record in a database may contain a misspelled value like the proper
noun J.>I. The correct orthographic form of this noun is J.>i . When a
query is sent to this database with the correct forma.~I, the database will
not return, as a result, the record containing the misspelled name ..~I. This
will cause loss of data and confusion, especially in mission-critical
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database systems like those related to government. Another instance
relating to the IT field is the search engines. The problems faced in
database systems are frequently faced in web-search engines, which are
programs connected to databases. These problems are still facing the IT
industry, and have not been solved yet even by the major database
management system vendors.

3. Orthographic Relaxation

Orthographic relaxation is a technique which is used to allow a software to
accept the misspelled input of the user as a correct input without forcing
that user to correct the orthographic errors. A user of an e-mail client
software supplied with an Arabic orthographic relaxation technique can
write an e-mail message with misspelled words like:

©6)

a-* Js

b-* L,

C-* &3

without marking these words as misspelled and without forcing the user to
correct these words to:

A database system supplied with an Arabic orthographic relaxation
techniqug can accept from the user the misspelled value S| or the correct
value Js|as a value for a textual field during data entry stage. After entering
the data in the database, that system can accept from the user a query like
Js!, and it automatically searches for the correct form JST while searching
also for the misspelled entered form s|.

Orthographic relaxation can also be used to apply Automatic
Correction for the frequently encountered orthographic errors without
forcing the user to manually correct them. These automatic corrections are
applied in Real Time (as soon as they are encountered by the system). For
example, an Arabic word processor supplied with an Arabic orthographic
relaxation technique can automatically correct the errors of writing
verb-initial glottal stops and verb-final glides as soon as these errors are
encountered. A word like |S| can be automatically corrected to JST in
real-time, and a word like _¢s can be automatically corrected to le.

Orthographic relaxation can also be used to deal with vocalization in
Arabic. In Arabic, a word is written with full, partial, or with no vocalization.
In this context, a user may enter his data to a data base with full
vocalization. In the query stage, a query can be entered with full, partial, or
with no vocalization. The relaxation technique can search for all the
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possible vocalizations of a query entered with a partial or full vocalization.
For example, a query like _=s with no vocalization can return LM,S ¢ ;.55,
and other verbs.

3.1 Positive and Negative Aspects

Orthographic relaxation has positive and negative aspects from the
linguistic and the computational point of view. One of the main positive
aspects of the relaxation technique is that it eliminates the problem of data
loss and confusion resulting from entering misspelled values to database
systems. The problem mentioned at the end of section two will not occur
with a database system supplied with the orthographic relaxation
technique.

Orthographic relaxation technique also allows us to supply database
systems with the ability to search for values similar to the entered value in
terms of orthography. This makes the database more useful, and facilitates
the query process. In this context, the user can enter a query with the value
~» and the database system can return results with values
orthographically similar to the entered query value.

Orthographic relaxation technique takes into account the increase of
writing errors in environments which require fast response by writing.
Examples of such environments are electronic chat rooms, web fora, and
e-mail client programs. The users of such systems normally fall into typing
errors which are more than the errors of a user of other applications.
Automatic real time correction saves the user in such environments from
spending time in correcting the orthographic errors. It saves the reader also
from the comprehension problems caused by such errors.

Besides, orthographic relaxation allows the software to deal with the
different levels of vocalization (full, partial, and non-vocalized forms).
Handling the different levels of vocalization represents a challenge to
Natural Language Professing systems. A word processor supplied with
Arabic relaxation can check the spelling of fully, partially, or non-vocalized
words. When it faces a misspelled word (like L,?S) it takes one of the
following two actions according to the settings adjusted by the user during
software installation. It can accept the misspelled word after removing the
wrong vocalization to give the bare correct form (L:S). Otherwise, it can
suggest possible vgcalizations. For example, when such a word processor
checks the word L:s it marks it as an unacceptable word, and it suggests
the possible vocalizations for this word which include:

®

a- Ls

b- |5

Checking the spelling of vocalized Arabic words is a difficult task. This is

the reason why the Arabic spell checker of the most popular word

ﬂl‘ﬂl] ]I]III‘II3| for “IE ||IIIIIEIIIiIiES

e
\O
(GS)

€T/ 68 onss|



Ell'illl ][IIII‘IIEI| fir I||E ||IIIIIHIIiIiES

=
O
g

€T / 68 2nss|

- -

processor Microsoft Word XP does not handle Arabic vocalization during
its spell checking. When you write the following misspelled words, it
accepts them as correct words since it ignores vocalization:

(9) s

a-*Ls

b-* s

c-* s

P

On the other hand, orthographic relaxation has some negative aspects.
Linguistically, relaxation can decrease a user’s language awareness. The
user may not focus on writing words using their correct spelling because
he/she knows that the software will know what he/she means or because
he/she knows that the system will automatically correct his/her typing
errors.

Automatic correction can affect language competence among
language learners who frequently use word processors supplied with
automatic correction to write their documents. Writing orthographic errors
without getting feedback that what they are writing is wrong can affect their
knowledge of the orthographical system of a language.

In addition, relaxation can cause confusion when a relaxation system
returns to the user as an output a number of alternatives for a single
misspelled word. For example, when a user enters the word 3 the system
can return the following list of alternative spellings in addition to others:

(10)

4. A Computational Approach to Arabic Orthogrpahic
Relaxation

This section introduces a computational approach to Arabic orthographic
relaxation. This approach is part of a larger computational approach to
Arabic verb morphology. This approach is used to produce a morphological
analysis and generation system for Arabic verb morphology. The analysis
and generation system will be expanded later to cover the Arabic noun
morphology. The approach will be used to design a robust Arabic spell
checker and will be used as a component for larger natural language
processing systems. Aspects of this computational approach to Arabic
verb morphology have been covered in Alnajem (2002a, 200b). In this paper
we consider how this approach can be used to handle the relaxation of
Arabic verb orthography. The relaxation of Arabic noun orthography is
handled in a similar way.
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4.1 Finite-State Morphology

The proposed computational approach is a finite-state approach,
which is implemented using Xerox Finite-State Tools. It is an approach
which uses the computational power of Finite-State Automata and the
power of the mathematical operations which are applied to these automata.
For a formal description of finite-state automata, see Roche and Schabes
(1997). Finite-state automata are appreciated in the literature for their
mathematical power. Accordingly, mathematical terms and operations are
normally used to describe and manipulate these automata. The main
mathematical objects used to manipulate finite-state automata are set
operations like union, subtraction, and composition. Xerox Finite-State
Tools and Zerox Finite-State Calculus use such operations to describe and
manipulate finite-state automata, and we use them to deal with Arabic
morphology.

Finite-state automata are widely used in Arabic computational
morphology. It represents the heart of Arabic morphology modeling. The
majority of systems proposed in the literature to handle Arabic morphology
computationally are finite-state systems. These include systems proposed
by Kay (1987), Beesley (1991, 1996, 1998), Kiraz (1994, 2001), Kornai
(1991), Bird and Ellison (1992, 1994), and Narayanan and Hashem (1993).

4.2 Derivation and Inflection

Verb derivation is achieved in our approach in a way which focuses on
capturing dependencies between patterns. This is done through the use of
finite-state transducers and mathematical operations applied to these
transducers. The operations are union, subtraction, and composition. The
derivation process yields inflectional stems derived from roots using patterns.

Table 1 shows some of these inflectional stems derived using a
number of patterns. These inflectional stems are used to form perfective
(active and passive), imperfective (active and passive), and imperative
verbs through the affixation of inflectional suffixes or prefixes and suffixes.
The stems are given in this table without inflectional prefixes and suffixes.
For the triliteral verbs, the root ktb (writing) will be used as an example root;
while the root dhrj (rolling) will be used for the quadrilateral verbs. Roman
numbers are used for reference, with the prefix Q denoting a quadrilateral
verbal pattern. Not all the patterns occur with every root. The root ktb, for
example, does not occur with some patterns. For instance, *nkatab (Pattern
VIl) is unacceptable in Standard Arabic while katab (Pattern |) is acceptable.
It should also be noted that some stems undergo certain additional
phonological processes. For example, the stem staktab (Pattern X) has the
surface form /?i/ staktab with the epenthetic syllable /?i/ prefixed to it. This
epenthetic syllable /?i/ will be mentioned in the table in parenthesis. In
addition, in this table we will use CV arrays to represent the perfective,
imperfective, and imperative stems (patterns) of each pattern.

ﬂl‘ﬂl] ]I]III‘II3| for “IE ||IIIIIEIIIiIiES

e
\O
Q1

€T/ 68 onss|



[eiyepey [eayepey luynpny [eiyepey
vQEEQCOEIDE vQEEQLOEIOE rplEgeynigm vQEEQLOEIOE [eleeier 10
feayep luyep fuynp feayep
vQEEQCOELY [foi%e 2o Miz0) [fo e 20 e vQEEQCOELY ey 10
gepfe;, ame;, aming, qepfe;,
Clo e 120 i €nlegltoey, €glegtony, Lo %o 10 i) eee; Al
gejeey qneey qnnny gejeey
€QBCQEELY CloiZeblte)] €9legnnip €QBCQEEly |legeey 1]
geney qme qmny geney
€QBenLnEy €9'enen®in CloiZe 2o e} Lo iiZe o kdle] |le66e) Il
gep| qnpy quny qeiey
oo Lle] €gnegly €nlegniy €QBCOED [egey _
aAnesadw| pue
aAnoauaduw aAnoapadwi 9A1}O3LI8d 9AI}O3Idd aweN
OAIssed Aoy OAIssed aAnoYy uieyed ON

suioned |equan i} 9|qel

\O

ma______m_______ u___ d0) __w_________ ___“___w SN tssuesy/23




- -

After constructing the inflectional stems, the inflectional component of
the approach is used to construct fully inflected verbs from the inflectional
stems through the  affixation of suffixes or prefixes and suffixes
(circumfixes) which indicate person, number, and gender. In this affixation
process, the long-distance dependency between the circumfixes for the
imperfective verbs is handled through composition. The inflectional
component of the approach handles the inflection of verbs in Arabic in a
way which captures generalizations, sub-generalizations, and syncretisms
which govern verb inflection. This component yields fully inflected verbs
like those in the following perfective active inflectional paradigm:

Table 2: The perfective active paradigm

Mas Fem
Singular
1st katab-tu katab-tu
2nd katab-ta katab-ti
3rd katab-a katab-at
Dual
1st katab-naa katab-naa
2nd katab-tumaa katab-tumaa
3rd katab-aa katab-ataa
Plural
1st katab-naa katab-naa
2nd katab-tum katab-tunna
3rd katab-uu katab-na

Some of these verbs are still abstract and do not represent a surface
form. Further changes in verb structure like radical letter rejection or
transformation are also applied in the inflection process when we deal with
Weak Roots. Weak Roots are roots which contain among their radical
letters a weak letter or more than one weak letter. Furthermore, some verbs
undergo epenthetic prefixation as previously mentioned. Such changes
have been considered in Alnajem (2002b).

In this approach, these phonological/morpho-phonological variations
are applied through special rules known as Replace Rules. These rules are
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automatically converted to finite-state transducers by Xerox Finite-State
Tools. These rules are formalized in a linguistically-motivated manner and
they are similar to what is known as context-sensitive phonological
re-writing rules. They are written as follows:

A—->BIIL_R

This rule states that any upper-sided string containing a string from A is
related to a string or strings on the lower-side containing a string from B.
This mapping is applied when the left context ends with L and the right
context begins with R.

A replace rule is written for each phonological/morpho-phonological
variation. A replace rule can be optional or obligatory. The rules are applied
in parallel or in a sequential ordering where the output of a rule serves as an
input for the next rule. The replace rules are applied to words through a
mathematical operation widely applied in the field of finite-state computing
which is composition. The replace rules are composed with the lower side
of the lexicon transducer which holds the inflected verbs as its lower side
language, and the morphosyntactic feature strings which correspond to
those verbs as its upper-side language. This composition produces a new
lexicon transducer whose upper-side language consists of morphosyntactic
feature strings, and its lower-side language consists of fully inflected verbs
corresponding to the morphosyntactic feature strings after applying the
required variation rules.

4.3 The Relaxation of Arabic Verbal Orthography

In this paper we will consider how the orthographic relaxation is
applied to deal with three types of orthographic phenomena: the
orthography of the verb-initial glottal stop, the orthography of verb-final
glides, and the orthography of vocalization. The relaxation of other
orthographic phenomena can be handled in a similar way. Alnajem (2002c)
gives more details about the orthography of verb-initial glottal stops and
the orthography of verb-final glides.

4.3.1 The Relaxation of the verb-initial glottal stop

In Arabic orthography, the word-initial glottal stop (Hamza) has a
special nature. It has two shapes (variants) illustrated in (11):
(1)
a- il W0 st
b—C\:.AJ\JJjJ\JM:.‘\ o .
From (11) the reader can understand that the word-initial glottal stop is
written as | or I. The first word-initial glottal stop is known as Disjunctive
Hamza CE“J""” The second initial glottal stop is known as the Continuous
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Hamza |»; i5.». The first type of initial glottal stop is defined by the
traditional grammarians as the initial glottal stop which is not deleted in
continuous speech (Alduqur, 1986). The continuous initial glottal stop is a
glottal stop which is written but not pronounced in continuous speech (Assi
and Ya’aqoub, 1987).

What governs the variation in writing the word-initial glottal stop is a
phonological phenomenon related to the epenthetic short syllable /?V/,
which is prefixed to the verbs and nouns beginning with a CC consonant
cluster. The Continuous Hamza (1) is used in the verbs and nouns which
begin with a CC consonant cluster. When this CC consonant cluster is
prefixed by the epenthetic /?V/ syllable, the onset (?) is written as the
Continuous Hamza. If the verb or noun is preceded by a pause, the onset
(?) is pronounced as an ordinary glottal stop. If the verb or noun is not
preceded by a pause (in continuous speech) the epenthetic /?V/ syllable is
not pronounced and the first consonant in the CC consonant cluster
becomes the coda of a closed syllable beginning with the last short syllable
in the preceding word/article (as shown in Fig. 1) If the preceding
word/article ends with a closed CVC syllable, a short vowel is inserted after
the coda of this closed syllable, which makes the coda of this closed CVC
syllable an onset of a short syllable. That short syllable is integrated with
the first consonant of the CC consonant cluster to form a closed syllable
(as shown in Fig. 2). A phonological re-writing rule which describes the
deletion of the epenthetic /?V/ syllable can be formalized as follows:

W -0/CV__[genCC

(e} (e) O O
/\ R /\ R R R
0 N C 0 N C 0 N 0 N
| | | | | | | | | |
\Y a S t a k t a b a

Fig. 1: The syllabic structure of wa (?i) staktab-a
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O O O
o N C O N C O
I N |

=

N (6] N

I
h a I 1 s t a k 't a b a

Fig. 2: The syllabic structure of hal (?i) staktab-a

Whether the CC consonant cluster is preceded by a pause or not, the
verb-initial glottal stop is represented orthographically as Continuous
Hamza.

On the other hand, the Disjunctive Hamza (1) and its variant (1) oceurin
words which do not begin with a CC consonant cluster. In other words, the
Disjunctive Hamza occurs in words which do not undergo the epenthetic
/?V/ prefixation.

Examples of words beginning with a Disjunctive Hamza are the verb
UET (to eat, Perf Act Third Sing Mas) and the noun %‘;A.BT (pens, P1 Mas
Indefinite) which have the following syllabic structures:

) O (]

O N O N O N

? a k a | a

Fig. 3: The syllabic structure of ?akal-a




O O O
R R R
O N C O N O N C
I N | | |
7 a ¢ I a a m u n

Fig. 4: The syllabic structure of ?aglaam-un

Even in the continuous speech, the word-initial glottal stop in the verbs
and nouns above is not deleted. Stem medial glottal stop is always written
as Disjunctive Hamza as in JL.

The replace rule which allows for the relaxation of the Continuous
Hamza orthography is:

[%! () %@ ||l # _ [V-a] CC ] ;

This rule says that the Continuous Hamza (!) can optionally be written as a
Disjunctive Hamza (@) or it can be kept without change. The (->) is a
special symbol which means the optional application of a rule. The symbol
‘%' is a special symbol written before using the symbols reserved by Xerox
Finite-State Tools which include (!, ad @). This rule will allow the system to
accept verbs like * L,:ST (with the application of the optional rule) and L:s|
(without applying the optional rule). Notice that the nucleus of the initial
syllable should be either the vowel ‘i’ or ‘u’. Excluding the vowel ‘a’
eliminates the case of pattern IV. In this case the /?V/ sequence is not
epenthetic and the glottal stop is written as a Disjunctive Hamza.

The replace rule which allows the relaxation of the orthography of the
Disjunctive Hamza is:

[ %@ (=) %! Il # _ V\N[C C] ] ;

This rule says that the Disjunctive Hamza (@) can optionally be written as a
Continuous Hamza () or it can be kept without change. This will allow the
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system to accept verbs like * JS‘ (with the application of the optional rule)
and uLS\ (without applying the optional rule). This rule is applied to verbs
beginning with a /?V/ sequence followed by any sequence except a Cc
consonant cluster. The symbol /' is used to indicate exclusion. This
context excludes the case which triggers the prefixation of the epenthetic
/?V/ syllable. This case is the only case in which the Conjunctive Hamza is
used. In the context of this rule, the /?V/ sequence is not epenthetic and
the glottal stop is written as a Disjunctive Hamza.

4.3.2 The Relaxation of the Glides

The verb which contains among its radical letters a weak letter or more
than one weak letter is called a Weak Verb. The weak letter comes either at
the beginning, middle, or end of the verb. An example of verbs whose first
radical letter is a weak letter is uc s The verb J& is an example of a verb
which has a medial weak letter. An example of verbs with a final weak letter
IS &>

7 Verbs which have an initial or medial weak letter undergo phonological
variations but not orthographic. Such phonological variations have been
considered in Alnajem (2002b). The orthographic variations emerge when
the verb ends with a weak letter.

The last radical letter of the verb which ends with a weak letter can
either be /w/ or /y/ (glide). This means that, at the lexical abstract level, a
verb with a final weak letter ends with a glide. At the orthographic surface
level, this glide may be changed to Extended Alef issi4s <l which is
written as «» as in:

(12) /j:o/: — Ll
or as Magsoura Alef i, ywis T written as (¢ as in:

(13) sos = e i)l — ()
A linguistically-motivated account for these variations has been given in

Alnajem (2002c). The replace rules used to handle these variations are
introduced also in Alnajem (2002c). Relaxation of the orthography of
stem-final glides is achieved in the following way:

[aa (=) ayll —.#. ,, ay(>)aall —-.#.] ;

This rule is in fact two rules which are applied in parallel. The special
symbol ‘ , , ‘ is used to indicate the parallel application of two rules.
Applying the two rules in sequence will do nothing since it will convert
X to Y then convert Y to X. The first rule optionally changes the Extended
Alef (a a) to Magsoura Alef (a y) if the Extended Alef is at the end of the
verb. This allows the system to accept verbs like les and 5" The second
rule also optionally changes the Magsoura Alef (a y) to Extended Alef (a a) if
the Magsoura Alef is at the end of a verb. This allows the system to accept
verbs like ., and L ,".
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4.3.3 The Relaxation of Vocalization

In Arabic, words are written with three degrees of vocalization: full, partial,

or no vocalization. For example, the following are three degrees of

vocalization for the same verb:

(16)

a- .3 (full vocalization)

b- )& (partial vocalization)

c- <3 (no vocalization)

Arabic text is normally written with no vocalization. Partial vocalization is

used for disambiguation. For example, the verb J= can be understood as

an active voice form or a passive voice one. With partial vocalization, this

ambiguity is eliminated. When we write the verb as |3, we eliminate the

passive form; while when we write it as J.ﬁ we eliminate the active form.

Full vocalization is used in language teaching text books and in the Quran.
The different degrees of vocalization can simply be handled through

this relaxation rule:

[ V(>)0]

This rule says that a short vowel can optionally be deleted. The V is a
defined variable which stands for the set of Arabic short vowels {a,u,i}.
Beesley (1998) used a similar rule to deal with absent vocalization in his
finite-state system.

5. Future Research

Future research will consider how the finite-state computational approach
introduced in this paper can be expanded to design part of speech taggers
and guessers. In addition, future research will consider how this
computational approach can be used to design an Arabic spell checker.
Future research will also cast light on using this finite-state approach to
create morphological analysis/generation components for large-scale
natural language processing systems like grammar checkers.

6. Conclusion

The complex variations existing in Arabic orthography represent a main
cause of writing errors and confusion even among well-educated native
speakers of Arabic. They also affect computer programs which deal with
Arabic textual data like database management systems. The relaxation
technique demonstrated in this paper is a special technique needed to
allow computer systems to handle the errors caused by orthographic
variations. This technique has been implemented in this paper through a
finite-state computational approach.
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Besides the negative aspects of the relaxation technique, the paper
demonstrates some positive aspects of this technique. The paper shows
that relaxation is a useful technique, and is needed in different fields,
especially in the age of Information Technology. In this age, language users
normally deal with large amounts of textual data, and they are required to
enter their textual inputs to information systems (like e-mail client
programs, web browsers, and database systems) at a maximum speed.
This situation normally leads to writing errors which may have a harmful
impact on language comprehension and/or the performance of information
systems (like database systems).

Furthermore, the paper demonstrates how the finite-state technique
can be used to handle orthographic variations, and to allow for the
relaxation of such variations. Replace rules, which were used to handle
orthographic variations (Alnajem, 2002c), have been used also to apply
orthographic relaxation, but with the additional use of the optional rule
application method.
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NOTES

1. This initial glottal stop representation has a variant which is | . This variant is used in some
particles.

2. There are some minor roots whose last radical letter is considered as /w/ or /y/. In this
case, the Alef can optionally be written as Extended or Magsoura Alef as in
Pl ol

3. This word-initial glottal stop has a variant which is ‘. This variant is used in specific
articles.
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