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ABSTRACT. Morphology is an essential element in processing natural
language. As morphology in Arabic is highly derivational, morpho-
logical analysis/synthesis is systematic and can be easily automated.

The objective of this research work is to design and implement a
morphological analyzer/synthesizer (MAS) for Arabic. In analysis
mode, given a word, MAS determines the following properties of
words: 1) type (noun, verb, article), 2) person, number and gender (for
verbs and nouns), 3) tense of verb (past, present, imperative), 4) type
of article (interrogative, prepositional, etc.), 5) root, and derivation
(for verbs and nouns), and 6) type and identity of affixes (prefix, in-
fix, suffix). In synthesis mode, the above properties are given and the
corresponding word is constructed. 

MAS is based on linguistic principles of Arabic morphology. It is
designed as three modules for particles, nouns and verbs respectively.
The modules consist of rules that encode the linguistic principles of
word construction in Arabic. The mode (analysis or synthesis) of op-
eration is automatically determined by the values associated with the
word and its properties. For a word of size n of a particular type
(noun, verb or article), the possible derivations (determined according
to the linguistic principles) are implemented as ordered (according to
their frequencies of occurrence) Prolog predicates. The size of the
word and frequency of occurrence of the corresponding derivation are
used to minimize the search time.

MAS is currently being used as a component of a natural Arabic
understanding system. It can also be used in translation, computer-
aided Arabic learning, character recognition and text and speech pro-
cessing systems.
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Introduction 
Morphology is an essential element in processing natural language. As mor-
phology in Arabic is highly derivational, morphological analysis/synthesis can
be easily systematized. Morphological analysis/synthesis systems can be used in
natural language understanding systems, computer-aided-learning of Arabic,
sentence generation and spell checking.

The objective of this research work is to design and implement a morphologi-
cal analyzer/synthesizer (MAS) for Arabic. In analysis mode, given a word,
MAS determines the following properties of the word:

1)  type (noun, verb, article),
2)  person, number and gender (for verbs and nouns),
3)  tense of verb (past, present, imperative),
4)  type of article (interrogative, prepositional, ... etc.),
5)  root, and derivation (for verbs and nouns), and
6)  type and identity of affixes (prefix, infix, suffix).

In synthesis mode, the above properties are given and the corresponding
word is produced.

Many approaches[1], [2], [3], [4], [5] have been devised to perform morphologi-
cal analysis of Arabic words. The main disadvantage of these approaches is the
use of dictionaries of roots and other types of words. They also do not address
the synthesis problem. Furthermore, there is no indication of the implementa-
tion of these approaches. With respect to morphological synthesis, a system[6]

used two methods of synthesis. The first method used the root and the deriva-
tion while the second uses a preliminary word and a set of attributes. The sys-
tem requires storage for all roots, morphological patterns and standard forms.

In this paper we present a new approach that addresses both the analysis and
synthesis problems. Section II of this paper describes the linguistic concepts and
principles upon which the design and implementation of the proposed system
are based. Section III describes the system design and implementation with
some illustrative examples. We then conclude with a summary of the work done
and future research areas in the topic.

In our presentation below, we assume the absence of diacritics on Arabic text
since most of Arabic text (books, newspaper articles, reports, ... etc.) is non-
diacrticized. 

Arabic Morphology 
In Arabic, like other languages, lexemes can be classified into three types:

verbs, nouns, and particles. In general, verbs and nouns are derived from roots
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according to well-defined rules. Most (over 90%) of the roots are three-letter
words while some are four-letter words. The two classes of roots are represent-
ed by corresponding patterns as shown in Table 1. The basic set of particles is
closed and is divided into separable particles, those which are written as separ-
ate words, and non-separable, those which are always one-letter prefixes of
words[7]. Table 2 shows the separable particles. Table 3 shows the singleton
particles (there are only eight). Note that some of the singleton particles serve
more than one purpose.

TABLE 1.  Root patterns and examples.

  Examples     

translation transliteration   Arabic
Pattern  Ê�u�« 

  go δahaba   V��            
  hit Daraba   »d{ fa9ala  qF�  
  decrease naqaSa    hI�         
  gargle gargara   d�d�
  neigh    hamhama   r�L� fa9lala  qKF�
  roll dahraja   Ãd��

TABLE  2.  The basic set of separable particles.

Separable particles ordered in ascending length      
Particle type ·d(« �u� WKBHM*« ·Ëd(«            

 q�  b�Ó Í≈   ÓÊ≈   Ê√ affirmative bO�u�
Í√  s�  U�  u�   Ê≈ conditional ◊d�
r�    q� interrogative ÂUNH��«
l�  c�  �≈  »�    w�  s�  s� preposition d�
 j�   Â√  Ë√  r� conjunctive  nD�
  Í√ explicative dO�H�
ö�  negative wH�
U�  «Ë  U� interjective ¡«b�
w�  Ê√ infinitive �bB� 
 vK�  q�√  rF� affirmative »«u�
s��  v�√  s�√  v��  U�√  U*  nO�  «�≈ conditional ◊d�
nO�  v��  s�√  v�√ interrogative ÂUNH��«
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TABLE  2.  Contd.

Separable particles ordered in ascending length      
Particle type ·d(« �u� WKBHM*« ·Ëd(«            

v��  cM�   ö�  «b�  bM�  Èb�   vK�  v�≈ preposition d�
«c�  jI�  sJ�  v�� conjunctive nD�
ö� negative wH�
UO�  U�√ interjective ¡«b�
Ê�≈  wJ� infinitive �bB�
bO�  ô≈ exceptive ¡UM���« 
·u� futuritive n�u��
U�≈  ô√  ö�  U�√ restrictive hOB��
sJ�  ÊQ�  qF� assurative bO�u�
ÊU�√  ULK�   U�u�  ôu� conditional ◊d�
U/√  U/≈  U�≈  ô√  ö�  U�√ restrictive hOB��
U�U� preposition d�
ULHO�  UL���  ULM�√  UL�O� conditional ◊d�

  

TABLE 3. Singleton particles.

Particle Particle type   
 ·d(« ·d(« �u�   Examples WK��√

                                
√  interrogative   ÂUNH��« Is he here? ?UM� u�√

will    �  futuritive n�u�� I will go V��Q�
and Ë  conjunctive  nD� He and I went UM��� U�√Ë u�
by preposition d� By God tK�«Ë
for �  preposition d� I went for playing VFK� X���
to subjunctive VB� I went to play VF�_ X���
verily affirmative bO�u� Verily you are more feared W��� b�√ r��_
let jussive d�√ Let thy heart be at ease p�K� VDO�
like �  preposition d� He is like a lion b�_U� u�
with »  preposition d� He played with the ball �dJ�U� VF�
then ·  conjunctive nD� He went then ran. Èd�� V�� 
by    preposition d� By God tK�U� 
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Affixes to words in Arabic can be classified into two categories: external and
internal. External affixes, typically prefixes and suffixes, are lexemes such as
pronouns, conjunction particles, prepositions, or interrogatives. External affixes
(excluding the definitive "al" equivalent to "the" in English) represent syntactic
entities. Thus, a word can be a phrase or a complete sentence as shown in Table
4. Internal affixes (prefixes, and infixes) are used to produce derivations of
nouns and verbs of a root.

TABLE 4. Examples of one-word phrases and sentences.

   Translation   Transliteration Arabic

     I hit him   Darabtuhu t��d{
   This is their house   haδa manziluhum rN�eM� «c� 
   He sat then stood   jalasa faqaama ÂUI� fK�

 
Verbs are classified into three classes: past, present, and imperative[7]. Past

and present tense verbs can be active or passive. Passive forms are derived from
the corresponding active forms by only changing the diacritics. Active past tense
single masculine third person forms represent the basic verbal derivations. Table
5 shows all the basic verbal derivations of the two patterns of roots respectively.
Other past tense verbal derivations (e.g., dual, plural, feminine, first person, sec-
ond person) are formed by adding pronouns as (external) suffixes. To produce
present tense single derivations, a one-letter prefix (depending on the person) is
added to all derivations. In addition, for the present tense dual and plural deriva-
tions, pronouns are added as (external) suffixes. Imperative form derivations
only apply to the second person (spoken to) and require the addition of pronouns
as suffixes and for some derivations the addition of the letter "alef" as a prefix.
Table 6 shows the possible derivation patterns of the basic derivation "fa9al". 

A noun in Arabic can be a substantive, adjective, numeral adjective, pronoun
or proper noun[7]. Pronouns can be demonstrative, relative, personal, interroga-
tive, or indefinite. As the pronouns and the cardinal numbers and (a set of) prop-
er nouns are fixed in number and do not follow any derivation patterns, they can
simply be recognized by pattern matching. Substantive and adjective nouns are
derivatives. The derivative nouns include the infinitive noun, active voice noun,
passive voice noun, noun of assimilation and intensiveness, noun of preemi-
nence, relative adjective, diminutive noun, dual noun, sound plural noun, and
broken plural noun[7]. 

The infinitive nouns as defined in[7] are "abstract substantives, which express
the action, passion, or state indicated by the corresponding verb, without any
reference to object, subject or time". These include derivations from verb (root),
the nouns formed from the derived forms of the verb, nouns that express the do-
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ing of an action once, nouns of kind, nouns of place and time, and nouns of in-
strument. There are 44 infinitive noun derivations from the root verb[7]. Table 7
shows a sample of these derivations. Table 8 shows the infinitive nouns derived
from the different forms (Table 5) of the verb.

TABLE 5. The basic verbal derivation patterns.

 Derivation patterns in  Ê«�Ë_«          Examples WK��√
       ascending order ·Ëd(« �b� V��      translation transliteration  Arabic

a9ala qF� to write kataba  V��
af9ala  qF�√ to pour out araaqa      �«�√
faa9ala q�U� to fight qaatala q�U�
fa99ala  q��F� to disperse farraqa �d�

           fa9lala qKF� to roll dahraja  Ãd��
 inf9ala qFH�« to be cut off  inqaTa9a lDI�«

ifta9ala qF��« to oppose i9taraDa ÷d��«
 tafaa9ala q�UH� to pretend to cry tabaaka v�U��

tafa99ala q��ÒFH� to speak takallama  r�KJ�
tafa9lala qFH� to roll along tadhraja Ãd�b�
ifa9alla qF�« to turn black  iswadda �u�«
istaf9ala qFH��« to ask pardon istagfara dHG��«
if9aw9ala q�uF�« to become moist ixDawDala q{uC�«
if9anlala qKMF�« to flow iθ9anjara d�MF�«

Active voice nouns are verbal adjectives representing the actor of the verb.
There is one derivative for every derivative form of the verb. The passive voice
nouns are analogously defined. Table 9 shows the derivations of both types.

Nouns of assimilation and intensiveness "express a quality inherent and per-
manent in a person or thing with a certain degree of intensity"[7]. Table 10
shows the basic derivation patterns of nouns of assimilation and intensiveness.

Nouns of preeminence have the signification of the comparative and superla-
tive[7] and have only one derivation pattern "af9al". Relative adjectives "denote
that a person or thing belongs to or is connected therewith"[7], and are formed
by suffixing a word with the letter ya. The diminutive noun has three basic deri-
vational forms. Dual nouns and sound plural nouns are formed by adding a two-
letter suffix to the singular form. Table 11 shows the derivation patterns of the
noun of preeminence, relative adjective, diminutive noun, and sample dual and
sound-plural nouns of a singular derivation "mufaa9il".
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TABLE 7.  A sample of the infinitive nouns.

  Derivation Examples   

   pattern   translation   transliteration      Arabic   

   qF�  escape harab »d�
 WKF� mercy rahmah WL��
vKF� memory δekraa Èd��

ÊöF� turbulence hayajaan ÊU�O�
�UF� marriage nikaah ÕUJ�
W�UF� cleanliness naDaafah W�UE�

WO�UF� hatred karaahiyah WO�«d�
�uF� acceptance qabuul �u��
W�uF� difficulty Su9ubah W�uF?

WO�uF� privacy xuSuusiyah WO?uB� 
qOF� departure rahiil qO��

qFH� entrance madxal q�b�

          TABLE  8. The infinitive nouns of the verbal derivation patterns.

Verb Infinitive noun  Examples           
pattern pattern translation transliteration  Arabic

qF� qF� understanding fahm  rN�
qF�√ �UF�≈ honoring ikraam Â«d�≈
q�U� WK�UH� practice mumaarasah W��U2
qÒ�F� qOFH� separation tafriiq o�dH�
qKF� �öF� earthquake zilzaal �«e��

qFH�« �UFH�« ceasure inqiTaa9 �UDI�«
qF��« �UF��« objection  i9tiraaD ÷«d��«
q�UH� q�UH� variation  tafaawut  ËUH�
qFH� qFH� bearing tahhamul qL%

qKFH� qKFH� rolling tadahruj Ãd�b�
qF�« �öF�« blackening iswidaad �«�u�«

qFH��« �UFH��« inhaling  istinsaaq �UAM��«
qKMF�« �öMF�« gathering  ihrinjaam ÂU$d�«
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TABLE 10.  The derivations of the nouns of assimilation and intensiveness. 

        Derivation                             Examples WK��√
        pattern            translation       transliteration      Arabic  

    fa9aal             �UF�       baker        xabbaaz �U��
    mifa9aal �UFH�       talkative        miqwaal �«uI�
    fa9uul �uFÓ��       shy        xajuul �u��
    fa9iil qOF�       sick        mariiD i�d�
    fa9il qFÓ�       rough        xashin sA�
    faa9uul �u�U�       rocket        Saaruux �Ë�U?
    fi99iil qOÒF�       alcoholic        sikkiir        dOJ�
    mif9iil qOFH�       poor        miskiin 5J��
    fu9alah     WKÓFÔ�       breaking in pieces        hutamah   WLD�
    fu99aal �UÒFÔ�       very large        kubbaar   �U��
    af9al qF�√       red        ahmar   dL�√
    fa9laan ÊöF�       thirsty        aTsaan ÊUAD� 
    fa9aal �UÓFÓ�       cowardly           jabaan   ÊU��
    fu9aal    �UÓFÔ�       brave        sujaa9    �U��
    fay9al qFO�       dead        mayyit XO�
    fa9l qFÓ�       easy        sahl qN�
    fi9l qF�       child        tifl qH�
    fu9l qFÔ�       steel        sulb VK?

TABLE 11. The derivations of the nouns of preeminence, relative adjective, diminutive, dual, and
sound plural nouns.

         Examples WK��√       
     Type of noun      Derivation patterns

translation    transliteration  Arabic

    preeminence af9al qF�√    better ahsan s��√ 
    Relative adjective fa9aliy wKF�    mountainous jabaliy wK�� 

    demunitive fu9ayl qOF�    hill jubay qO�� 
fu9ay9il   qFOF�     booklet kutayyib VO�� 
fu9ay9iil   qOFOF�    sparrow 9usayfiir  dOHOB� 

    dual mufaa9ilaan Êö�UH�    two fighters muqaatilaan Êö�UI� 
    sound plural mufaa9iluun ÊuK�UH�     fighters muqaatiluun ÊuK�UI� 
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The broken plural noun has 39 derivations from the three-letter root and three
derivations from the four-letter root[7]. Table 12 shows a sample of these deri-
vations.

          TABLE 12.  Sample derivations of the broken plural noun

Broken plural                           Examples WK��√
noun derivation        

translation     transliteration Arabic
patterns

   fu9al qF�              knees     rukab V��
     fu9ul qF�              books     kutub V��

   fi9al qF�              tents     xiyam rO�
   fi9aal �UF�              men     rijaal �U��
   fu9uul �uF�              souls     nufuus �uH�
   afa9aal �UF�√              feet     aqdaam Â«b�√
   fawaa9il q�«u�              stamps     Tawaabi9 l�«u�
   fa9aail qzÚUF�              pronouns     Damaair dzUL{
   fi9laan ÊöF�              neighbors     jiiraan Ê«dO�
   fu9laan ÊöF�              horsemen     fursaan ÊU�d�
   fu9alaa ¡öF�              poets     su9araa ¡«dF�
   af9ilaa ¡öF�√              friends     aSdiqaa ¡U�b?√
   fa9iil qOF�              slaves       9abiid bO��
   fa9aalil q�UF�              tables     jadaawil �Ë«b�

The verbal and nominal derivation patterns discussed above are basic and can
be further affixed by (external) prefixes and suffixes. Table 13 shows the basic
set of prefixes, which are the singleton particles (shown earlier in Table 3 with
examples) in addition to the definitive "al" equivalent to "the" in English. Table
14 shows the basic set of suffixes, the type of word (particle, noun, or verb)
they affix to and examples.

When some derivations are applied to roots that contain vowels (typically
one or two vowels), new patterns result as a consequence of deleting or chang-
ing the vowels. In addition, when combinations of certain letters occur in a deri-
vation of a root, some letters are substituted according to phonological rules to
ease the pronunciation of the word. These actions are manifested by well-
defined rules[7], [8]. Table 15 illustrates some examples of both phenomena. In
this paper, we refer to the non-vowel roots as normal.
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TABLE  13.  The basic prefixes.

  Prefix Types of words prefixed

√     noun, verb, particle

»     noun

      noun

�     verb

·     noun, verb, particle 

�     noun

�     noun, verb, particle

Ë     noun, verb, particle

�«     noun

TABLE 14. The basic suffixes.

Sufffix Types of words prefixed Examples  

« noun, verb U�b? , U��U?
  verb X�b?
� noun W��«�
� noun, verb, particle pM� , p�d{ , p�U��
Ê verb s�b?
Á noun, verb, particle tO� , t�d�√ , t�U��
Ë noun, verb UNO�uL��Q� , u�bMN�
Í noun, verb , particle wM� , w���« , w�U��
 « noun  «bO�
Ê« noun, verb ÊU��J� , ÊU��b�
- verb r����
r� noun, verb , particle  rJ�d{ , rJ�U��,rJM� 
s� noun, verb , particle sJM� , sK�� , sJ�U��
U� noun, verb, particle  UMO� , UM�d{ , UM�U��
w� verb w�UD�√
U� noun, verb , particle UNM� , UNK�� , UN�U��
r� noun, verb , particle rNO� , r�dB� , rN�O�
s� noun, verb , particle sNM� , sNF�U� , sN�uO�
«Ë verb «u�b?
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TABLE 14. Contd.

Sufffix Types of words prefixed Examples  

ÊË noun, verb Êu��J� , Êu�cJ�
s� noun  5��b�
U9 verb UL����

UL� noun, verb ULJ�d�√ , ULJ�U��
UL� noun, verb ULN�d�√ , ULN�eM�

TABLE 15.  Vowel verbs and substitutions.

Actual derivation
     Derivation  pattern Root

 translation transliteration Arabic

      if9al qF�«           qawala �u�          say  qul q�
      fa9ala qF�           qawala �u�          he said qaala �U�
      efta9ala qF��«          Daraba »d{          he agitated iDTaraba     »dD{«
      efta9ala qF��«          axaδa c�√          took for himself ettaxaδa c��«

The Morphological Analyzer/Synthesizer (MAS)

As words in Arabic are classified into nouns, verbs and particles, MAS con-
sists of three word-modules for nouns, verbs and particles respectively, and a
control module. If the type of the word is already determined (e.g. by a syntax
analyzer/synthesizer), the corresponding module can be directly called. If the
type is unknown (applicable in analysis mode), the control module is invoked.
The control module applies heuristic criteria to restrict the search space and
time as follows. First, the word is checked against the basic set of particles
shown in Table 2, the basic set of pronouns and a set of proper nouns defined
by the user. Second, the particles module is called since their number is limited.
Third, the nouns and verbs modules are called in that order according to their
frequencies of occurrence, 57% and 11% respectively as given in[9]. If at this
stage, the word can not be recognized the system returns failure.

It is noteworthy that some of the affixes cannot be determined (in synthesis
mode) by morphological rules as the affixes depend on their syntactic function
in the context in which they occur. In such cases, it is assumed that an end-case
or syntax synthesizer[10],[11] provides the affixes. In fact, this strategy is adopt-
ed in the natural Arabic understanding system (NAUS) which uses MAS as a
morphological component.
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Each word-module is divided into a set of rules based on the number of letters
in the word and the set of possible affixes. For each module, the patterns have
been grouped in terms of word size. This approach minimizes the number of
rules as words can be analyzed/synthesized in terms of shorter words and affix-
es. However, the compatibility of possible concurrent affixes must be checked. 

The particles module processes separable particles. The inseparable particles
are recognized/synthesized as prefixes in all three modules. The length of parti-
cle words spans from two to seven letters. Table 16 shows the possible con-
structions for each length with examples.

The length of verbal words spans from one to twelve. Table 17 shows a rep-
resentative sample of possible constructions of verbal words with examples.
The Table shows possible constructions of verbal words of size one, two, three,
four, ten, eleven, and twelve. 

For verbal words of size n, 4 ≤ n ≤ 6, the word can be an n-letter verbal deri-
vation, an (n-1)-letter verb prefixed with a one-letter preposition or interroga-
tive, an (n-1)-letter verb suffixed with a one-letter pronoun, an (n-2)-letter verb
with a two-letter prefix, a (n-2)- letter verb with a two-letter suffix, or an (n-3)-
letter verb with a three-letter suffix. For verbal words of size n, 7 ≤  n ≤ 12, the
word can be an (n-1)-letter verb prefixed with a one-letter preposition or inter-
rogative, an (n-1)-letter verb suffixed with a one-letter pronoun, an (n-2)-letter
verb with a two-letter prefix, a (n-2)-letter verb with a two-letter suffix, or an
(n-3)-letter verb with a three-letter suffix.

The length of nominal words, excluding proper nouns, spans from two to
fourteen. Table 18 shows a representative sample of constructions of nouns with
examples. The Table shows possible constructions of words of size two, three,
four, five, ten and fourteen. 

A nominal word of length 5 ≤ n ≤ 9  can be a noun derivative of length n, an
(n-1)- letter word with a one-letter prefix, an (n-1)-letter word with a one-letter
suffix, an (n-2)-letter word with a two-letter suffix, or an (n-3)-letter  suffixed
with a  three-letter  pronoun. A nominal word of length 10 ≤ n ≤ 14  can be an
(n-1)-letter word with a one-letter prefix, an (n-1)-letter word with a one-letter
suffix, an (n-2)-letter word with a two-letter suffix, or an (n-3)-letter suffixed
with a three-letter pronoun. 

Having determined a root of a word, the analyzer checks its validity accord-
ing to the phonological properties of the letters of the Arabic alphabet. The let-
ters are grouped according to their location of occurrence in the human speech
system. Those letters of the same group, for example, the letters (h�, 9and h), can
never be adjacent in a word. 
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TABLE 16.  Particle word constructions.

 Word 
Constructions

             
Examples       WK��√

size
    translation transliteration Arabic

2 two-letter particle from min s�     
one-letter particle for him lahu t�   
with a one-letter suffix 

     3 three-letter particle when mata    w��     
two-letter particle-word and from wamin s�Ë     
with a one-letter prefix

two-letter particle from him minhu tM�     
with a one-letter suffix

one-letter particle for her lahaa UN�     
with a two-letter suffix

4 four-letter particle whenever ayyaan ÊU�√     
three-letter particle-word and for her walahaa   UN�Ë     
with a one-letter prefix

three-letter particle-word and from him waminhu     tM�Ë     
with a one-letter suffix

two-letter particle from her minhaa UNM�     
with a two-letter suffix

one-letter particle for both of them lahumaa ULN�     
with a three-letter suffix

5 five-letter particle wherever aynamaa  ULM�√     
four-letter particle-word and from her wa-min-haa      UNM�Ë     
with a one-letter prefix

four-letter particle-word and whenever  wa-ayyaan      ÊU�√Ë     
with a one-letter suffix

three-letter particle-word and from her  wa-min-haa UNM�Ë      
with a two-letter suffix

two-letter particle from both of them  min-humaa       ULNM�     
with a three-letter suffix

6 five-letter particle-word and from both of them wa-min-humaa     ULNM�Ë     
with a one-letter prefix

7 six-letter particle-word Is ... from both of them ...? a-wa-min-humaa rNM�Ë√     
with a one-letter prefix
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TABLE 17.  Sample verbal word constructions.

 Word 
Constructions

             
Examples       WK��√

size 
   translation transliteration Arabic

  1 singular masculine protect  qi �  
 imperative of two-

vowelled root

  2 singular masculine take xuδ c� 
imperative of one-
vowelled  root

one-letter verb with a protect him qihi t�
one-letter suffix

  3 Past tense three-letter he drank  shariba »d�
 normal verb

Present tense of we promise  na9id bF�
one-vowelled root

Past tense of I came back  9ud-tu   b�
one-vowelled root

two-letter verbal word take him xuδ-hu Ác�
with a one-letter suffix

one-letter verb with a protect them qi-him  rN�
two-letter suffix

  4 derivable verb he fought qaatil  q�U�
three-letter verbal word and he drank wa-shariba »d�Ë
with a one-letter prefix

three-letter verbal word he advised him nasah-hu t�B�
with a one-letter suffix

one-letter verb with a protect both of them qi-hima ULN�
three-letter suffix

10 nine-letter verbal word do we give it to you a-nu9tikumuuhaa  U�uLJODF�√
with a one-letter prefix

eight-letter verbal word will you use her a-satastakhdima-haa UN�b�����√
with a two-letter suffix

seven-letter verbal word and he used both of them wa-staxdama-huma ULN�b���«Ë
with a three-letter suffix

11 nine-letter verbal word you gave it to me a9Taytumuunii-ha UNO�uL�OD�√
with  a two-letter suffix

12 eleven-letter verbal word did you gave it to me  a-a9Taytuumuniiha UNO�uL�OD�√√
 with a one-letter prefix
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TABLE  18.  Sample nominal word constructions.

 Word 
Constructions

             
Examples       WK��√

size
    translation transliteration Arabic

2 non-derivable noun they  hum    r�
 derivable vowelled noun blood dam    Â� 

3 non-derivable noun we  nahnu s��
derivable noun escape  harab  »d�
two-letter nominal word and they wa-hum r�Ë 
with a one-letter prefix

two-letter nominal word his hand  yadu-hu Áb�
with a one-letter suffix

4 non-derivable noun you antum  r��√
derivable noun killer qaatil  q�U�
three-letter nominal word and we wa-nahnu s��Ë
with a one-letter prefix

two-letter nominal word her hand  yadu-haa U�b�
with a two-letter suffix

  5 non-derivable noun you  antumaa  UL��√
derivable noun fighter  muqaati q�UI�
four-letter nominal word his killer qaatilu-hu tK�U�
with a one-letter suffix

three-letter nominal word her escape harabu-haa UN�d�
with a two-letter suffix

two-letter nominal word their blood damu-humaa ULN��
with a three-letter suffix

10 nine-letter nominal word and by the teachers  wa-bilmudarrisiin   5��b*U�Ë
with a one-letter prefix

nine-letter nominal word and with his infirmation wabima9auumati-hi   t�U�uKF0Ë
with a one-letter suffix

eight-letter nominal word and with her keys wabimafaatiihi-haa UN�O�UH0Ë
with a two-letter suffix

seven-letter nominal their information  ma9aluumaatu-humaa ULN�U�uKF�  
word with a three-letter
suffix

14 Thirteen-letter nominal and with both colonies? a-wabilmusta9maratayin 5�dLF��*U�Ë√
word with a one-letter
prefix
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In implementing the rules of each of the three modules, the words are
grouped according to their lengths and properties, and the properties of their
prefixes. Whenever any of the rules implies the concatenation of affixes, the af-
fixes are checked for compatibility. When a property of a word assumes any of
a set of possible values, the property is left undefined in order to match any pos-
sibility later through unification in Prolog. The rules are ordered in conforma-
tion to the frequencies of occurrence of the different derivations as given in[9].
In addition, due to the absence of diacritization, as assumed earlier, a single der-
ivation may by satisfied by a number of rules as a word can be interpreted in a
number of ways in the absence of diacritics, particularly for verbs. In such cas-
es, the desired choice is assumed to be made by the user (when prompted by the
program), or any of the syntax, end-case, or semantic analyzers of the natural
Arabic processing system by backtracking and forcing the morphological com-
ponent to present the next possible construction of the word or to reprocess the
word. 

Figure 1 shows sample rules of MAS. The predicate npre_test9 is used to rec-
ognize a possible construction of a nine-letter noun. The noun has a three-letter
prefix represented by the variables I, H, and G in order. Note that Arabic is read
from right to left. The remaining six letters are recognized by the predicate
nsuf_test6 as a six-letter noun. The predicate conca is used to match in analysis
mode (or construct in synthesis mode) the variables G, H, and I with (from) any
of the possible prefixes represented by the variable M. The predicate ifthen
checks if the rule is being used in synthesis mode, in which case the derivation
DEE and the prefix PRE of the remaining six-letter noun are determined in or-
der to synthesize the noun using the predicate nsuf_test6. Next the compatibility
of the prefix and suffix is guaranteed by assuring that the suffix is not incompat-
ible with the prefix. The predicate concat is only useful in analysis mode and
has no effect in synthesis mode.

The predicate nsuf_test8 recognizes a possible construction of an eight-letter
noun. The noun has a three-letter suffix represented by the variables A, B, and
C in order. The predicates member and conca check the suffix as being one of
two possibilities that imply that the word is a feminine dual noun. The remain-
ing five letters are recognized by the predicate npre_test5 as a five-letter noun. 

The predicate vpre_test7  is used to recognize a possible construction of a
seven-letter verb. The verb has a one-letter prefix represented by the variable G.
The remaining six letters are recognized by the predicate vpre_test6 as a six-
letter verb. The predicate conca is used to match in analysis mode (or construct
in synthesis mode) the variables G, H, and I with (from) any of the possible pre-
fixes represented by the variable M. The rule identifies the tense of the verb as
present. This conclusion is forced by the fact that the first letter (prefix) applies
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% In the rules below the list [A, B, C, ...] represents the letters of the word being processed.
% RO = root, DE = derivation, TY = type of verb (past, present, imperative)
% SDP = number (singular, dual, plural) , MF = gender, PSN = person
% PR = prefix, IN = infix, SU = suffix

npre_test9([A,B,C,D,E,F,G,H,I],RO,DE,SDP,MF,PR,IN,SU) :-
member(M,[$$�«Ë,$qK�$,$�U�$,$�U�$,©�$�U�$,
conca([G,H,I],M), ifthen( (var(A)),(conca(DEE,M,DE),conca(PRE,M,PR)) ),      
nsuf_test6([A,B,C,D,E,F],RO,DEE,SDP,MF,PRE,IN,SU),
not(member(SU,[$$s�,$U�$,$U�$,$r�$,$r�$,©©�$s�$,
concat(PRE,M,PR), concat(DEE,M,DE). 

nsuf_test8([A,B,C,D,E,F,G,H],RO,DE, SDP,MF, PR,IN,SU) :-
member(SU,[$$ÊU�,5�$$]), conca([A,B,C],SU), 
npre_test5([D,E, F,G,H,],RO,DE,SDP,MF,PRE,IN,$$), 
SDP = $$vM��, MF =$ Æ$Y�R�

vpre_test7([A,B,C,D,E,F,G],RO,DE,TY,SDP,MF,PSN,PR,IN,SU) :- 
member(G,[$$�,$�$]), not(member(F,[$$Ë,$�$,$�$,©©�$·$,
vpre_test6([A,B,C,D,E,F],RO,DE,TY, MF,PSN,PRE,IN,SU),
conca([PRE,G],PR), TY = $Æ$��UC�

vsuf_test6([A,B,C,D,E,F,],RO,DE,TY,SDP,MF,PSN,PR,IN,SU) :- 
member(F,[$$√,$«$]), member(SU,[$$U�,$s�$$,©�r�$, 
conca([A,B],SU), conca([C,D,E],RO),DE = $$qF�,TY = $$d�√, 
SDP = $$�dH�, MF = $$d�c�, PSN = $$V�U��, PR= F, IN = $$.

  
art_test4([A,B,C,D],[Oword,TC,Root,Type,X,SU]) :- 

 member(D,[$$Ë,$·$]), ifthen( (var(A)),(conca(PR,D,X)) ),
find_art3([A,B,C],TC,Root,Type,PR,SU),
concat([A,B,C,D],Oword), conca(PR,D,X).

FIG. 1. Sample rules of MAS.
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only to present tense verbs, and by assuring that the second letter, represented
by the variable F is not incompatible with the prefix G.

The predicate vsuf_test6 is used to recognize a possible construction of a six-
letter verb. The verb has a one-letter prefix represented by the variable F. The
verb also has a two-letter suffix recognized by the predicate member as the  vari-
able SU. The predicate conca is used to match in analysis mode (or construct in
synthesis mode) the variables A, B, and C with (from) any of the possible suf-
fixes represented by the variable SU. The rule identifies the type of the verb as
imperative, number as singular, gender as masculine and person as second. 

The predicate art_test4  is used to recognize a possible construction of four-
letter particles. The particle has a one-letter prefix represented by the variable
D. The remaining three letters are recognized by the predicate find_art3 as a
three-letter particle. The predicates ifthen, conca and concat are used as men-
tioned earlier.

The Appendix shows sample output of the program. It is notable that some of
the output fields are left undefined in order to match any of a number of possi-
bilities as mentioned earlier. The program was written in Prolog. The number of
rules is 80, 150, 200 for particles, verbs, and nouns respectively.

Conclusion 

In this paper we have presented a morphological analyzer/synthesizer (MAS)
of Arabic words. MAS is based on linguistic principles of Arabic morphology,
statistical frequencies of occurrence of words and their derivations, and artificial
intelligence techniques. 

MAS may produce more than one result for a word since no diacritization is
assumed. One can obtain the desired result by rejecting solutions as the analyzer
will continue the analysis through backtracking until a solution is accepted.
MAS currently validates the produced roots of words according to the phono-
logical properties of letters as mentioned earlier. As a result, a root that is not in
use may be produced. However, this approach accommodates the possibility of
new roots as the language expands. In addition, since the number of roots in Ar-
abic is between 3000 and 4000[8], a dictionary of roots can be used for valida-
tion. Another approach for root validation can be based on the theory of asso-
ciating semantics with letters[12], and using these semantic properties to validate
the roots. 

MAS is currently being used as a component of a natural Arabic understand-
ing system NAUS. The syntax module directly calls the modules. MAS can fur-
ther be used to teach Arabic morphology and in translation, speech, text pro-
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cessing, and character recognition systems. It can also be used in translation,
computer-aided Arabic learning, character recognition and text and speech pro-
cessing systems.
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Appendix

The following particle lists have the following form: [word, root, type, prfix , infix, suffix]
 

� rNO�≈  , v�≈ ,d� ·d�  , , , r� ¤
� q� , q� ,ÂUNH��« ·d�  , , , ¤
� UM�≈  , Ê≈ ,◊d� ·d�  , , ,U� ¤
�  ô  , ô ,wH� ·d�  , , , ¤
� t�_  ,  Ê√ ,bO�u� ·d�  ,  �  , ,  Á ¤

     
The following noun lists have the following form:  [word, root, derivation, type, gender, num-

ber, person, definite/indefinite, prefix, infix, suffix].

� �«u� , �u� ,�UF�  , r�« , d�c� , �dH� , VzU� , �dJ� , ,  « , ¤
� t�Ë��  , ��� ,t�uF�  , r�« , _ , lL� , VzU� , �dJ� , , Ë ,  Á ¤
� W�FK�U� , VF� ,WKFH�«  , r�« , _ , �dH� ,VzU� , W�dF� ,  �U�, , � ¤ 
�  «ËUL��« , uL� , ôUFH�«  , r�« , Y�R� , lL� , VzU� , W�dF� ,  �«,  «,  « ¤
� tK�«  , tK�« ,tK�«  , rK� r�«   , d�c� , �dH� , VzU� , W�dF� , , ,¤ 
� .dJ� , Âd� ,qOFH�  , r�« , _ , �dH� , VzU� , �dJ� ,   �,  Í,¤  

The following verb lists have the following form:  [word, root, derivation, type, gender, num-
ber, person, prefix, infix, suffix]

� VFK�  , VF� ,qFH�  , ��UC� , d�c� , �dH� , VzU� ,  Í, , ¤ 
� U�uLJ�eK�  , Âe� ,U�uLJKFH�  , ��UC� , , lL� , rKJ�� ,  Ê, , U�uL�¤  
� p�OD�√  , wD� ,p�KF�√  , w{U� , _ , �dH� , rKJ�� ,  √,  ,   p� ¤  
� wM�MM�  , 4� ,wM�KF�  , w{U� , _ , �dH� ,VzU� , , ,  wM� ¤ 
� sKF�_  , qF� ,sKF�_  , ��UC� , _ , �dH� ,  rKJ��,  _, , Ê¤ 
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w�d��� w�d��$ V�d���Ë qK�����
**Ê«dHB�« Ê«dH?   Ë   **ÊUL�F�« e�eF�« b�� ,�*◊UO� w�«e� bL��

e�eF�« b�� pK*« WF�U� ,� U��U(« W�bM�Ë WOzU�dNJ�« W�bMN�« r����*
W��uF��« WO�dF�« WJKL*«�−��b�������

W��uF��« WO�dF�« WJKL*« − Ê«d���NE�« ,�Ê�UF*«Ë �Ëd��K� bN� pK*« WF�U���**

Æ�UO�¬ WO�dF�« WGK�«  W'UF?� w� UÎO�U�√ «ÎdBM� ·dB�« q�1 Æ�hK���*«
W?�?�d� sJ1 t�S?� W?�?{«Ë b?�«u?� W?O�d?F�« W?G?K�« w� ·d?BK� Ê√ YO?�Ë
rOLB� u� Y���« «c� s� ·bN�«Ë Æ�W�u?N�� w�dB�« VO�d��«Ë qOK���«
qK;« Âu?I� qOK�?��« W?�U� w?�Ë Æ�w�d?� w�d?$ V�d?�Ë qK�?� d�uD�Ë
dOLC�«Ë ,�©·d?� ,�qF� ,�r�«® �uM�« :�WLKJK� WO�U��« hzU?B)« b�b���
,���UC?� ,�w{U�® qF?H�« W�U?�Ë ,�©�UF�_«Ë ¡U?L�ú�® fM'«Ë �b?F�«Ë
¡UL�ú�® Ê�u�«Ë ,��c?'«Ë ,�©a�≈ ÆÆÆ ,�d� ,�ÂUNH�?�«® ·d(« �u� ,�©d�√
ÂuI� VO?�d��« W�U?� w�Ë Æ�©W�bF� ,�WOD�Ë ,�W?OK��® bz«Ëe�«Ë ,�©�U?F�_«Ë

Æ�Áö�√ ��u�c*« hzUB)« s� WLKJ�« VO�d�� Z�U�d��«
rO?LB� -Ë Æ�w�d?F�« ·dB�« b?�«u� vK� ¡U?M� Z�U�d��« d�uD� - b?I�
q� ÊuJ��Ë Æ��U?F?�_«Ë ¡U?L?�_«Ë ·Ëd?�?K�  «b?�Ë Àö?�?� Z�U�d?��«
Z�U�d?��« �b��Ë Æ�w?�dF�« ·d?B�« b�«u?� q�9 W?O�?�d� b?�«u� s� �b?�Ë
Ê«�Ë_« qO??�9 - b?�Ë Æ� U??ODF*« s?� U?OzU??IK� ©VO??�d� Ë√ qOK%® W�U??(«
W��d� Ãu�Ëd� W?G� b�«uI� ·Ëd(« s� � �b� s� ÊuJ�� W?LKJ� WHK�<«
U?NM� ÊuJ�� w��« ·Ëd?(« �b?� Âb?��?��Ë Æ�Ê�u�« Â«b?�?�?�« ��d�� U?I?�Ë
qOK?�??��« Ë√ V?O??�d??�?�« s� Y�???��« X�Ë qO?KI??�� Ê�u?�« ��d�Ë W??L?KJ�«

 Æ�Z�U�d��« w� `O�B�«
WGK?�« rNH� ÂUE� w� �b?�u� UO?�U� �uD*« Z�U�d?��« Â«b��?�« r��Ë «c�
WO?�ü« rEM�«Ë ,�WO�ü« W?L�d?��« w� Z�U�d��« Â«b?��?�« sJ1 UL?� Æ�WO�d?F�«
W'U?F� rE�Ë ,�»u?�J*« ÂöJ�« vK� ·dF?��« rE�Ë ,�WO�d?F�« WGK�« rOK?F��

Æ��uDM*« ÂöJ�«
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