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ABSTRACT

Morphology studies the word structure considering its basic
meaningful units. It has been always one of the most important
components in nearly any application of Natural Language
Processing (NLP). Through applying that concept on Arabic
language, Arabic words were highly inflected and derived. In
this paper an approach is going to be developed that will deliver
almost all the words can be produced out of any submitted
word. Beside that, this paper will answer the question ‘whither
or not inflected and derived words can be equally produced
using the same methodology?’. Furthermore, many ideas of
developing the algorithm presented here are discussed.
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1. INTRODUCTION

Given the enormous number of Arabic speakers and the
expectations of meeting their technical needs, it has become
imperative to produce what suits them and which can be in
conformity with their own language. Thence, simulating that
language is certainly a must, but the shortage of resources and
projects in this aspect has become an obstacle. Therefore,
Arabic Natural Language Processing (ANLP) — which is the
scientific notion considers that field — has gained increasing
importance, and several state-of-the-art systems have been
developed for a wide range of applications, including machine
translation, information retrieval and extraction, speech
synthesis and recognition, localization and multilingual
information retrieval systems, text to speech, and tutoring
systems [10].

The development of NLP technologies for Arabic is a
challenging task where it is a language of extensive morphology
with both derivational and inflectional formats. Furthermore,
that richness of Arabic morphology makes it difficult to be
analysed or generated as a critical part of the whole process of
simulation. On the one hand, analyzing Arabic morphemes has
come a long way where number of analyzers is already in the
field. Those analyzers offer rang of results using different
approaches. Despite their known defects, they are providing a
reliable source of computational analyzing even their flaws is
considered to be useful in different circumstances. On the other
hand, generating Arabic words has also received a lot of
attention due to its usage in a large number of required daily
applications like spell checking [5] as an instance.

In this paper a general-purpose approach of generating words in
Arabic is presented. The method will apply an idea of
producing words based on another given word in the form of
added prefixes followed by a stem extracted from the given
word then tailed by suffixes. The prefixes and suffixes are
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chosen based on the stem pattern that is going to be provided in
the earlier stages of this process.

2. WHAT IS ARABIC MORPHOLOGY?
Morphology refers to the study of word structure or form [7].
Its basic concept is morpheme where the smallest expressive
unit of a language is encountered. For example the word
(caAmiluwn, “Cskele”, “workers’)1 consists of two morphemes
(caAmil, “Jale”, “worker’) and (uwn, “0s”, “s: suffix for plural,
precisely masculine’).

There are some key concepts should be defined first to explicate
the formation of an Arabic word, Fig. 1.:

Root

Using Pattern

Lead to Stem

Prefix Infix Suffix

Proclitic/s Enclitic

Word

Fig. 1: Word structure in Arabic language

e Root: relatively invariable discontinuous bound
morpheme, represented by two to five phonemes? [6],
where they are the core part of a word that expresses
the basic meaning [9].

e Pattern: bound and in many cases, discontinuous
morpheme consisting of one or more vowels and slots
for root phonemes [6]. Each pattern conducts a
meaning that defines at least one grammatical feature.

e  Affixes: each is a set of morphemes attached to the
stem. It could be before the stem; prefix, within the
stem; infix, or after the stem; suffix.

e  Clitics: morphemes that attach to the stem after affixes.
They are categorized by their position of words
whither they are placed in the beginning or the end of
the word to be consecutively proclitic or enclitic. On
the one hand, proclitics are representing conjunctions
where the enclitics are denoting pronouns [9][11].

e Stem: a word that is common in all of its inflected
forms [12], which are the generated forms after adding
syntactic features such as tense, number, person, case,
etc. [1] through affixes and clitics. It can be a

! (Arabic Transliteration [8], “Arabic Form”, ‘English Meaning)
2 Phonemes are any of the perceptually distinct units of sound in a
specified language that distinguishes one word from another [6].
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derivative that will be identified with a root and
pattern, or can be a non-derivative [11].

Applying the previous terms constructing the word on an
example would considerably declare that structure, Fig. 2.

Root:

La-Zi-Ma,
143 a }\”’
‘Compelled’

Using Pattern:
(NUC1C2iC3, “d’/-“”)

Lead to Stem:

NULZiM, “a38”, “We
compel (obj.) to accept

>

Prefix
Nu Infix Suffix

s
@ 3
="

‘We’
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a vowel here). Principally, neither an Arabic root nor a pattern
can be used in isolation; they need to connect with each other in
order to form actual words [6]. Detailed example is shown in
Table 1.

Table 1. Example of Derived Words from Their Root

Derived Derivation
Root Pattern Word Gloss Category
. sanic, . s Active
ClaAC2iC3 el maker Participle
$-N-g masnowg ‘something Passive
> |maC1C2owC3| . " :. .7 has been Participle
“Oua d made’ P
&”Y
.| macic2ac3 | T | manufactory’ | Adverb
made ilaz
sinaAcah, | ‘manufacture/
C1iC2aAC3ah M__Lm ) Craft Noun
> industry’

Enclitic

kum' “(’s”’
‘you’+

UW “"”
Y. il 9
Proclitic/s

vowel for

A i, pronunciati
‘Shall, in on +

this case’
ha, “u”’

“it:
feminized’

AnuLZiMukumuwhA,
“6la gaa L,

“‘Shall we compel you
to accept it?’

Fig. 2: Word structure in Arabic language applied to
“LB‘Q&}V-'I‘\”

In fact, Arabic morphology is extremely systematic and it
normalizes those approaches associated with the clarified
concepts are cataloged into two models: derivation and
inflection.

2.1 Derivation

Arabic morphology is using morphemes based on a system of
consonant roots that interlock with patterns to form a new word
[6]. Also the roots could contain vowels and those will be
considered as main parts of the root too. For example, the root
of the word (caAmil, “Jele”, ‘worker’) as a sample of a root
consists of consonants is (camil, “de&”, ‘work”), and that word
is a stem of this root formed by following the pattern
(C1laAC2iC3, “Jel&”  Active Participle [13]), where the
notations C1, C2 and C3 are the main components of the root
(i.e. ¢-m-l in this case) [2][9]. Another instance can be shown
for other roots having a vowel as a main part, is the word
(qaAyil, “J&, ‘the man who said’), where its root is (gaAl,
“J& ‘says’), and its core components are g-A-l (i.e. the “A” is

2.2 Inflection

The term “inflection” generally refers to phonological changes
a word undergoes as it is being used in context, where the core
meaning of that word remains unchanged [6] [9].

Arabic words are generally marked for grammatical categories
to represent the inflectional process upon those words. There
are eight major grammatical categories in Arabic: tense/aspect,
person, voice, mood, gender, number, case, definiteness [6].
Employing those categories upon a stem would result in an
integer of words annotated with their grammatical meaning, as
presented in Table 2.

Table 2. Example of Inflected Words from a Stem

Inflectional Categories
Inflected v
Stem Word Q g o) g‘
2 3 8 =
) g @ 3
- (1]
&
- ) Nominative
saAriq, saArigah,
. - Singular| Genitive
“d:)l.ul”’ “MJL;H” g
. Accusative
“Thief®
saArigataAn, o
. Nominative
Fromthe | “OB &7 &
Root; . g Dual —
saArigatayn, = Genitive =4
s-r-q, L @ ] @
3 o8 Accusative | 3
“Gouv”, @
‘ ) . Nominative
stole saArigaAt,
) Plural | Genitive
“h:JL§<)L;&” )
Using the Accusative
F’Eitt(irn: SEl/\ri(}fi/\r], é;
; 2| Dual |Nominative
ClaAC2iC3 s @ 2|
=)
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saAriquwn,
L Plural |Nominative
“dﬁ/)‘-“”
saArigayn, Dual Genitive
Ol Plural | Accusative

3. GO TO DERIVATIONAL OR
INFLECTIONAL GENERATION?

Generating words given a specified word could be
accomplished through one of the morphological approaches
enlightened above. On the one hand, using the derivational
technique will produce variant collection of words in which the
meaning of the original input could be even altered. The root of
the word entered is needed where all the words generated will
be formed as a combination of that root and the suitable
patterns. On the other hand, inflectional procedures will reserve
the pure meaning of the word and will turn out the proper words
based on grammatical factors. The pattern of this word as well
as its Part Of Speech (POS) should be declared where it
accordingly will be inflected. In this paper the second approach
is implemented since keeping the same meaning for the
produced words compared to the original entered one is the
defined goal of the process developed in this paper.

4. METHODOLOGY

In the following two subsections the method of generating is
elucidated. Section 4.1, accompanied by Fig. 3, presents the
algorithm while section 4.2 clarifies its symbols and mechanism
and section 4.3 shows a trace of the algorithm.

4.1 Algorithm

Generate Words:
Input: String Word.

Output: Result.
Declare variables: Word, AR [], Result, i.

Word « Input from the user
AR [] < Analyze(Word)
Result < Null

i — Size(AR)

if AR [i].Type < Tool_Word or Proper_Noun
or Except_Word

return Result
else
Word « Stem(Word)
Result +Generate(Word, Common_Affixes)
do
if AR [i].Pattern = Nominal
Result +Generate(Word, Noun_ Affixes)
else
if AR [i].Pattern = Verbal
Result +Generate(Word, Verh_ Affixes)
else
return Result

ji--
while(i # 0)
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return Result
4.2 Demonstration

Receiving a word from the user is the start point of the Generate
Words algorithm after declaring different variables to monitor
its procedures. These variables are:

o Word: String variable to store the user input, then
later store the returned value of Stem method.

o AR []: The Analyzing Results list of objects.

o Result[]: A list that collects all the possible generated
words.

o i: The counter that maintains the loop based on the
size of the AR list.

Strina Word

| ARI = Analvze(\Ward) Reciilt= Null |

i= Qizal AR)

Result + Generate(Word,

Canman Affivac)

!

ARJi].Type == Tool_Word ||
AR[i]. Type == Except_Word ||
AR[i].Type == Proper Noun

Yes

\Winrd = Stem/\Nnrd)

ARYJi].Pattern ==
Nominal

Result + Result +
Generate(Word, Generate(Word,

AR[i].Pattern ==
Verbal

Print Result

End

Fig. 3: Word Generator Flowchart
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Besides, there are two important methods by which the
algorithm task is accomplished. On one hand, there is the
Analyze method, which takes one parameter and returns a list of
objects. On the other hand, the Generate method takes two
parameters and returns a list of strings represents the probable
generated words.

Mainly this algorithm gives a great attention to the returned
analyzing results from the Analyze method. Based on those
results different dissensions are taken. Essentially, Word value
is sent to the Analyze method where it is going to be examined
and its features are defined. Each possible result of this method
is stored as an object to be a part of the list returned from that
method — the AR list.

The values of AR objects variables have a significant effect on
the generating process. The first parameter of Generate method
is a new value returned from sending Word to the method Stem,
which provides the stem of the word entered by the user. Given
the indicated value of AR[i].Pattern of a Word, the list of
affixes (see Appendix) to be sent to the Generate method as a
second parameter is chosen accordingly. Those list of affixes
are categorized into three main classes: Common_Affixes that
is suitable to be used along with any word submitted by the user
then later stemmed; Noun_Affixes and Verb_Affixes are picked
to be added also based on the Pattern value: Nominal or Verbal
respectively.

This algorithm focus on generating words of nouns and verbs
but it avoids particular types of word. Those Types are Tool
Words, Proper Nouns and some Exceptional Words, and they
are defined earlier to be checked at the very beginning of the
algorithm course.

4.3 Trace

The algorithm has been applied on the word (masnag, “aias”,
‘manufactory’) where it operates as follows:

Input: aas,
Word < Input from the user
AR [] < Analyze(giax)
Result < Null
i — Size(AR)
if AR [i].Type < Tool_Word or Proper_Noun
or Except_Word
return Result
else
Result +Generate(aas, Common_Affix)
do
if AR [i].Pattern = Nominal
Word « Stem(Word)
Result +Generate(ass, Noun_Affix)

return Result

Output:
5! . . .“ . S . .
LeSaicnas riad ciads aiadl
S . . X} . S. . ”i
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xias R il TS
Axian iaad s iaadS 5
Aias giadl EasS s e
i gads el g
Lesnican ol iass aalsl
Lesias  gadl e s
Leguricas Eaall Eiae b sl
poieae gl gl oteae
Ugrinan gl gadl (priaas
Uniias o inaalld Qi
i ghadhs Gl
hans haas sl f lriias
ghadd Liansd o | priaa
ginadl ginaad ginaal
ginaasl el il

5. CAN THIS METHODOLGY PRODUCE

DERIVED WODS?

The generated result of the demonstrated methodology above
has achieved a high accuracy where the words produced are
valid and precise. Those words in general are inflected where
none of them is derived since they kept the pure meaning of the
submitted word and their stems follow exactly the same pattern
of the submitted word.

Thus, producing the derived forms of a word would have a very
different model where the Roots and Patterns are the main
factors. The first step of such an algorithm is to get the root of
the input word then direct its main components to the suitable
patterns. As these letters are sent, the generating method will
return the new-formed words as an output. Obviously,
inflectional and derivational morphologies are following
dissimilar approaches. Therefore, the exact algorithm developed
here will not serve this purpose.

6. EVALUATION

The process used to evaluate the method is to compare the
forms resulted from the algorithm declared above (section 4.1)
to the forms founded by a corpus. The corpus used in this
practice is “arabicCorpus” which has a total of 173,600,000
words out of five main categories or genres: Newspapers,
Modern Literature, Nonfiction, Egyptian Colloquial, and
Premodern [14].

Submitting the same word “giias” to the corpus examining all
the corpora and declaring the word type as a noun will reveal
the following forms:

Lagziaa REPSTOEVN adlld Cpruadl
rhas Unbians Olxianss (an
dxiaa Cpriadll guadlls VLI
gl i Legpnicae s
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Olaiadll Oprinaag ) gl
Eians R Lpeal guaddly
Apiiae s Liae  —
paieaally RS ginadl R
lgpriian s Lriiae lrias Opriuaall 5
Uniaaal R Lo (e
4ninad peaioas el

Exploring this result alongside with the previous one displayed
within the 4.3 section would lead to:

e  The number of words generated by the algorithm is
larger than the one brought by the corpus. Fig 4 is

<o

presenting the word “zx2” case.

O Generate Word Algorithm ~ BarabicCorpus

60

Number of Words
51

Fig. 4: Comparison between the number of words generated
from the word “zia2” by the algorithm and the corpus

e Some of the generated forms are not used frequently
Fig 5 even they are grammatically valid. Thus, they
are not included in the corpus results.

B Not Used
85% O Used

Fig. 5: Words generated by the algorithm usage

e  Generated forms are applying one level of affixes
modulation in which either prefixes or suffixes are
added, where the resulted forms are not limited to
that.

7. FUTURE WORK

In the future, this method can be enhanced further more to be
even more accurate and amusing. Different sets of patterns
could have defined affixes to get the exact expected words.
Accordingly, the databases of patterns and affixes would be
reformed or even follow more precise classifications. More
precisely, affixes should be cataloged in such a way that the
morph-tactic problem can be avoided. Different types of
prefixes do not suit some suffixes to be attached to the same
word.
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Besides, other categories of words could be studied too to be
involved in the generating procedure developed here, where the
special types were eliminated in the beginning of the method
could have their own process as well.

Moreover, the input of the system can be more than a word and
the obtained results would be stored distinctly and subsequently
revealed in a sequence.

Likewise, the system output can be improved by operating the
method in an iterative way, where the generated words are
submitted again to be considered as a new input to the Generate
method. This attitude will provide an advanced level of the
words generated.

Another practice can have a noticeable affect on the output
utility for the user of the system is declaring the modifications
have been made at each word generated.

Finally, integrating this system within larger systems used for
different applications such Information Retrieval and
Extraction, Machine Translation, Data Mining, ..., etc. Doing so
will clarify additional features to be developed and combined
with the system.

8. CONCLUSION

In this paper a method that provides nearly all the words can be
formed out of any entered word was developed. First, the word
will be submitted and its features will be specified after
analyzing that word. Accordingly, new inflected words are
produced using the method developed and demonstrated
through this paper based on the suitable affixes to the word
obtained from the user. Additionally, this paper answers the
question that is ‘whether or not inflected and derived words can
be equally produced using the same methodology?’, it was
proven that another model based on the Root and Patterns is
required rather the one developed based on the Stem and
Affixes to achieve that. Lastly, many ideas of developing the
algorithm presented above has bee discussed.
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4 & Leg2 ¢ Is ! o
s o &l

11.3 Verb Affixes

11.3.1 Prefixes

< ] o 'Y o o o sl
I S PO J Js Ja
A = 48 e Lo aer O

11.3.2 Suffixes
ol b Ll JNE opb &

LS LS S S oS laleS
Laale€ (AL s LS LS s
S A8 el S oS

Ay Ly Legiis  agiy SYE) Uy
L&U) LAAL!) PQL.\) uALI} o3 LA}
Lea 5 )
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