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Abstract Arabic natural language processing “NLP” re-
searchers have not yet reached a consensus on a unified
definition of stop-words, which is a challenging issue and
a limitation in the domain of Arabic NLP in general and
Arabic morphological analysis in particular. In this research
work, we start by giving a detailed definition and classifica-
tion of solid-stem words which renames stop-words; we then
propose a linguistic-based morphological analysis approach
to process this class of words in the Arabic language. A
solid-stem word has a unique morphological form and is
characterized by the fact that the inflectional ending of the
word does not change no matter where the word is in the sen-
tence. A solid-stem word can be a constructed noun (pronoun,
indeclinable noun, and verbal noun), an invariable verb, or a
particle. A new classification of solid-stems is given, based
on their type of affixations. The proposed approach distin-
guishes between variable and invariable solid-stem types,
identifies all possible affixes, and generates all possible mor-
phological variants of each word in a systematic way. For
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this purpose, we propose a formula for solid-stem affixa-
tion and describe in detail affixes schemas using finite-state
machine. Building the work on strong linguistic bases lays
the foundation for building efficient Arabic search engines
and special-purpose information retrieval systems.

Keywords Arabic natural language processing - Compu-
tational linguistic - Morphological analysis - Solid-stem
words - Affixes schema

1 Introduction

Arabic morphological analysis techniques [1-7] and their
use in application such as information retrieval [8—11] have
been one of the most popular research areas in Arabic natural
language processing “NLP” systems in the last two decades.

The design of Arabic morphological analyzers
i e 48 yua OOUsg is a challenging research area because
of the structure and morphological complexity of the Arabic
language. In particular, morphological analysis is a crucial
part when developing NLP applications such as informa-
tion retrieval. In such applications, detection and removal
of the so-called stop-words is central to the accuracy and
performance of the application. We argue that stop-words
removal in the Arabic language should be dealt with differ-
ently from the English language, for the following two main
reasons:

(1) Unlike in the English language, some stop-words in Ara-
bic are in the form of affixes, like the letter "a" in the
word "ula";

(2) Some stop-words in Arabic are derivable; for example,
the word "isi" can be derived from the word "Uil",
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unlike in the English language where there are no such
word generations from stop-words.

We advocate that stop-words in the Arabic language need
stemming approaches instead of stop-list generation based on
various approaches [8,9,12—14]. Stemming can be applied
to obtain a complete and accurate detection of stop-words in
information retrieval applications. This stemming will first
extract a stop-word and then generates all its possible vari-
ants which in turn can be passed on to a removal process if
necessary.

From Sect. 4 and on, we are going to use the term solid-
stem [15] instead of the term stop-word. Solid-stem words
are also called inanimate words or inert words. An extended
definition of the concept of solid-stem is given, and based
on this definition it is shown how to detect all the solid-
stem words and to generate all their morphological variants
in a systematic way. The rest of this paper is organized as
follows: Related features of the Arabic language are pre-
sented in Sect. 2. The concept of stop-words is discussed
in Sect. 3. An extended definition of solid-stem is given
in Sect. 4. Morphological variants of solid-stems are dis-
cussed in Sect. 5. Section 6 describes the design of the Arabic
affixes schema for solid-stems. A conclusion is presented in
Sect. 7.

2 Related Features of the Arabic Language

Arabic words can be divided into three grammatical types:
nouns slausl, verbs d\-’d’i, and particles u—ibu 89 ™ [16]. The
structure of a word consists of its pattern and its lexical
and grammatical forms. A change in the structure of Ara-
bic words can be done for different reasons: either to obtain
a word with a new meaning or a word with a new lexical
category.

Obtaining a word with a new meaning is like changing
from the singular form to dual or plural, and changing to
a diminutive or relative adjectives and derived words from
verbs or gerund. Obtaining a word with a new lexical category
can be done, for instance, by removing or adding one or more
letters from a word, or alternating letters.

The nature and structure of the Arabic words are both
derivational and inflectional [15]. Derivational means that we
can form a new word on the basis of an existing one. Inflec-
tional means that a word can be altered by the addition of an
affix or by changing the form of its base, i.e., stem ¢ 2. There
are three types of affixes in the Arabic language: inflectional
affixes 4.y y.ai §al d, derivational affixes 48E15) 3ual 4l
and non-functional affixes 324 j (3.al 4l also called augmen-
tative or inoperative affixes, i.e., without grammatical and
morphological functions.

> @ Springer

3 Related Work on Stop-Words

A list of stop-words or a stop-list is a list of words that do
not reflect the meaning of the content of a given document
and may include prepositions, pronouns, and conjunctions.
Such a list is also referred to as a functional or structural
word list [11]. In some literature, stop-words are called com-
mon words because of their repeated occurrence in texts
[8,17,18]. In other literature, stop-words are also called non-
context bearing or syncategorematic words, i.e., words that
need other terms in order to make a meaningful constituent
of language [19]. Stop-words are also called excluded words
because they are excluded in the mechanism of the language
processing.

Removing stop-words can cause some problems in some
applications such as in information retrieval when the search
applies on key sentences or expressions which include these
stop-words. For example, considering names of numbers in
Arabic (aals L) ) as stop-words can affect the search
result in a text on economics. Another example, the name of
months becomes key words in text on history [17,18].

There are two different approaches to process stop-words.
The first approach is to extract these words manually and
then generate all possible forms from each word and include
these forms in a list or a lexicon; in this case, the size of
the lexicon will continuously increase [8,9,20]. The second
approach is to use finite-state machines “FSM” proposed in
Al-Shalabi et al. work [12] to identify these words with-
out any predefined list or lexicon and load them directly
into memory for processing. It should be noted that FSM
have already been used by Beesley in the context of Ara-
bic morphological analysis and generation [2]. However, in
both approaches, researchers have not reached a consensus
on a unified and limited set of stop-words [8,9]. In fact, the
lexicon-based approach suffers from performance degrada-
tion and is sometimes not used in Arabic language analyzers.
The FSM-based approach in [12] uses a data set of stop-
list of more than 1000 words collected from several sources
and completed by translation of English stop-list into Ara-
bic. Moreover, this data set is based on one type of words
only, which are function words. This gathering of data set
is not systematic and can lead to incorrect and incomplete
stop-list words. For instance, in [12], the word "L " is
identified as a stop-word, which is not correct because this
word is derived from the verb "J3". Moreover, generating
Arabic stop-word by a translation from English [9] is not
always appropriate.

In the next section, we are going to redefine the term solid-
stem and give the motivation behind this redefinition, and
contrast this new definition with the definition given by Ryd-
ing [15]. The various solid-stem variants are described in
Sect. 5.



Arab J Sci Eng (2018) 43:7373-7383

4 An Extended Definition of Solid-Stems

Ryding has proposed a definition of solid-stems as “words
which cannot be reduced or analyzed into the root-pattern
paradigm,” and that “they consist of primarily three sets in
Arabic: pronouns, function words, and loanwords” [15].

We propose an extended definition of solid-stems, based
on a systematic linguistic-based classification. Our pro-
posed definition of solid-stems is as follows: Solid-stem
words are words which cannot be reduced or analyzed into
the root-pattern paradigm (so far as the definition of Ryd-
ing [15]), and which have a unique morphological form,
and are characterized by the fact that the inflectional end-
ing of the word does not change no matter where the
word is in the sentence. They consist of primarily five
groups of Arabic words as discussed in the rest of this sec-
tion.

The extended definition is based on the fact that in the
Arabic linguistic analysis, words can be divided into sev-
eral classes; and one of them (the one that interests us in
this paper) is the class of words which obey a unique form
daa) g Alla o 525 Al S e, words with a single mor-
phological shape 4s y.aiall e LSl By our definition,
these words are called solid-stems. The majority of these
words do not accept any inflection and derivation (that is a
word from which no other words can be derived) but can have
affixes (prefixes (3, o and or suffixes (3l sl).

In addition, the words in this class are all non-desinential
or constructed 4.4 in desinence <=, which means that
their inflectional ending does not change no matter the gram-
matical function and its position in the sentence. Therefore,
this class consists of constructed words 4l LISl which
are composed of constructed nouns (groups 1, 2 and 3 in
Table 1: pronouns, indeclinable nouns, verbal nouns and ono-
matopoeia(, invariable verbs which are also called inert verbs
(group 4 in Table 1) and particles (group 5 in Table 1). These
five groups are shown in Table 1. This class also includes all
the above words with all their possible affixes as shown in
Table 2.

The motivation behind this definition is to be able to make
a classification according to the three grammatical types in
Arabic: nouns, verbs, and particles, which usually accept
affixes, and to have a finite set of words for NLP applica-
tions.

Let us contrast the types of solid-stem words in Ryd-
ing’s definition and our definition. In Ryding’s definition,
solid-stems “consist of primarily three sets in Arabic: pro-
nouns, function words, and loanwords” [15]. The first set
which is the set of pronouns is the same in both defini-
tions. The second set relates to the set of function words
that consist of solid-stems such as prepositions and con-
junctions according to Ryding’s definition [15]. In our
proposed definition, we extend this set of solid-stem words
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Table 1 Grouping of Solid-Stems
— | Pronouns slal)
% a) Independent personal pronouns 4ladidl yleall
S | b) Enclitic personal pronouns Aaidl yilaall
Indeclinable Nouns Aaiall yé plaudyl
a) Demonstrative Nouns 3L elaws
< | b) Relative Nouns A g sall el
§ c) Conditional Nouns Lo il elad
O | d) Interrogative Nouns elefin! ¢ laul
e) Metonymies RN
f) Adverbs okl
« | Verbal Nouns Jadl) ol
% and Onomatopoeia & g slamid g
5
< | Invariable Verbs i) o Jab)
S | (inert verbs) (Baalad) Jladlyr)
5
« | Particles laall g
=
=
©)

to also include all particles (interrogations, conditionals,
prepositions and conjunctions), as well as demonstrative
nouns, relative nouns, conditional nouns and interroga-
tive nouns (part of indeclinable nouns). Our definition
takes into consideration all of these words, even if it does
not consider function words as a group on its own in
Table 1.

Our definition also includes all other indeclinable nouns,
verbal nouns and onomatopoeia, and invariable verbs as
solid-stems since they cannot be reduced or analyzed into
the root-pattern paradigm.

As for the third set which consists of loanwords 4 Las i<
such as gt like in Ryding’s definition, our definition of
solid-stem words also includes loanwords (even if they are
not discussed in depth in this paper). Nevertheless, a differ-
ent approach from what is described in this work should be
applied to process this type of solid-stem words. It is worth
mentioning that it is practically difficult to list all loanwords,
as there will always be new ones. Loanwords are not dis-
cussed any further in the rest of this paper.

In addition, our definition also includes all the variants of
these solid-stems words as described in Sects. 5 and 6, which
is not included in Ryding’s definition.

As for comparing our work with the related work in Sect. 3,
the lexicon-based approach does not define and include the
stop-words in a systematic way and it is not based on Arabic
linguistic rules as in our work. Nevertheless, although the
approaches are rather different, some stop-words are similar
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or the same. For example, pronouns are included in both
the lexicon-based approach and our approach. Similarly, the
FSM approach in the related work is neither systematic nor
based on Arabic linguistic rules; besides, it considers only
functions words. Overall, our approach is linguistically and
computationally more formal and more complete than the
related work discussed in Sect. 3.

In the rest of this paper, solid-stems are defined according
to our new definition given and discussed in this section.

S Morphological Variants of Solid-Stems

In this section, we briefly discuss the solid-stems and the
generation of their variants.

The Arabic language is characterized by three levels to
create new words from existing ones, as follows:

(1) The first level is adding non-functional affixes;
(2) The second level is word inflection which in turn is
divided into two sublevels:

(a) Declension for nouns slewy! (,Sai;
(b) Conjugation for verbs Jxd¥! Cay iy

(3) The third level is word derivation.

Although solid-stems cannot be reduced or analyzed into
the root-pattern paradigm, they can accept the three types of
affixes (not to confuse with affixes categories such as prefix,
infix and suffix):

(1) Non-functional (or non-category changing) affixes;

(2) Inflectional affixes and;

(3) One kind of derivational affixes (which is the suffix "4,
for the artificial gerund seliall jauaall).

Furthermore, a solid-stem word can accept more than one
affix.

On the other hand, derivational words accept also all the
three types of affixes (non-functional, inflectional affixes, and
derivational affixes).

Infixes are specific for derivational words only, although
solid-stem words also accept infixes but in the form of
germination (consonant doubling, 31% 4S =) which has no
calligraphic letter in Arabic language and often does not
appear in the modern Arabic text.

Note that in general, inflection and derivation are per-
formed through affixation. Inflection and derivation can
be used to generate morphological variants of solid-stem
words in particular. Inflection is performed through affix-
ation, whereas derivation is performed through suffixation.

@ Springer

5.1 Levels of Word Creation

In this section, we discuss how words in general and solid-
stem variants in particular can be created through affixation.

5.1.1 First Level: Non-functional Affixes

Non-functional affixes include the interrogation particle
"M algdiuN) oy, coordinating  conjunctions  particles
"t M Calaall s, preposition particles
" Q" el Cag s, letter  of  protection g
"o 4d,l),  enclitic  (attached) personal  pronouns
ilaiall yilaall In addition, the following non-functional
affixes: imperfective pronominal affixes
"Lf" e Rutt g_cJL_bAM &_17);1 and the future par-
ticle " " JLaiwY) s s are specific to conjugation verbs.

Non-functional affixes for solid-stems can be the interro-
gation particle, coordinating conjunctions particles, prepo-
sition particles, letter of protection " ", enclitic pronouns.
These affixes are governed by the following identified lin-
guistic rules:

(1) The preposition cannot be a prefix for particles and verbs;

(2) Preposition cannot be placed before coordinating con-
junctions particles;

(3) The interrogation particle must be before any coordinat-
ing conjunctions particle;

(4) The interrogation particle is always the first prefix (i.e.,
antefix);

(5) Enclitic pronouns are always the last suffix (i.e., postfix).

5.1.2 Second Level: Inflection Affixes

There are two types of Arabic words in inflection [16]:

(a) Declension, which is the inflection of nouns (declin-
able and indeclinable), it includes gender (masculine/
feminine), number (singular/dual/plural), cases (nomi-
native/genitive/accusative), definiteness, relative adjec-
tives, and diminutives.

(b) Conjugation, which is the inflection of verbs (verbs
are either conjugable or invariable), it includes tense
(past/present/imperative), voice (passive/active), mode
(indicative, subjunctive, jussive), gender (feminine or
masculine), number (singular, dual, plural), and person
(first, second, third).

In inflection, affixes have grammatical functions (in the
form of grammatical categories). Inflectional grammati-
cal categories are one type of morphological variants of
solid-stem words. These solid-stem words are not totally
inflectional.
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There are a few solid-stem words (pronouns and some
indeclinable nouns: interrogative nouns, metonymies, and
adverbs) that can be inflected according to the following
inflectional grammatical categories:

(1) Masculinity or feminization;

(2) Singularity, duality, or plurality;

(3) Nominative, genitive, or accusative;
(4) Definiteness;

(5) Relative adjectives.

It is important to note that the above-mentioned pronouns
and indeclinable nouns accept the above inflectional gram-
matical categories after creating the artificial gerund.

However, we do not consider any inflection category for
verbs because in the class of solid-stem words we consider
only invariable verbs which do not accept conjugation in all
tenses and all pronouns.

5.1.3 Third Level: Derivation Affixes

In general, word derivation in Arabic can be from verbs,
nouns, and particles. (The amount of derivation is most for
verbs and nouns and least for particles).

There are a few solid-stem words that can be derived, and
for such words, there is only one type of derivation which is
achieved through adding the suffix "4)" to create the artificial
gerund.

5.2 Types of Solid-Stems

In this section, a new classification of solid-stems is given,
based on their type of affixations.

5.2.1 Invariable Solid-Stems

We call invariable solid-stem words solid-stem words which
accept non-functional affixes only. New words created from
invariable solid-stem are of the same grammatical word type.

5.2.2 Variable Solid-Stems

For solid-stem words, the first level, in Sect. 5.1, can be
applied to all the words in this class of words. In contrast, lev-
els 2 and 3 are applied to a very few solid-stem words which
we call variable solid-stems. Variable solid-stems accept all
the three types of affixes (non-functional, inflectional, and
derivational). Adding such affixes to a given variable solid-
stem results in creating new words which can be of the same
or a different grammatical word type of the given variable
solid-stem.

5.2.3 Derivable Solid-Stems

From the following groups of solid-stems: adverbs (subset
of the indeclinable nouns), verbal nouns and onomatopoeia,
and particles, a few words can be transformed into a deriv-
able form. For example, for the adverb "C\-,ua" we create the

gerund "&:‘..43" and the verb "C:,xuf' from which many words
can be derived such as "C\-,um". For the verbal noun "_j",

N,z n 3 @

we create the gerund Csls and the verb "l J"g_aé\" from
no,.wsn n Bt "

which many words can be derived such as 8l 5 sslia

For the particle " ,..", we create the gerund "Ca, o..5" and the

a n

verb "_&%." from which many words can be derived such as
"', These words accept all types of affixes, in addition
to all types of derivations.

These kinds of words become part of the class of derivable
words in Arabic and therefore are not treated as solid-stems.

To summarize, we have identified two types of solid-stems
in Arabic: variable and invariable solid-stems. Together,
these types of solid-stem words satisfy the following affixes

formula:
[Antefix | Prefixl | Prefix?2 | Prefix3] +
Solid-Stem +
[Suffixl | Suffix2 | Suffix3]| Postfix]

Formula 1: Affixation for solid-stem words.

Table 2 summarizes all the types of Arabic affixes and their
categories for solid-stems and all the different possibilities to
generate morphological variants of these solid-stem words.

6 Arabic Affixes Schemas for Solid-Stems

Here, we describe the affixes schemas for the variable and
invariable solid-stems. The schemas identify all the possible
associated affixes and generate all possible morphological
variants of each solid-stem word.

These schemas are used for both detection and generation
of variable and invariable solid-stem words.

6.1 Affixes Schemas for Invariable Solid-Stems

In this section, we describe the possible affixes for the invari-
able solid-stems in each group in Table 1, based on the
affixation levels defined in Sect. 5.1, and affixes defined in
Table 2.

An example of generation without changing the gram-
matical word type is as follows: From the pronoun "c.ii", we
can add the interrogation particle "cusii", we can add a coor-
dinating conjunctions particle like "3 ", we can add the
letter "_1" to obtain <YY", and we can combine all the above

oo

to obtain "¢ 3y " ¢ "l " "easy " All these obtained

words are pronouns.

@ Springer
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Table 2 Arabic affixes for solid-stem words

Types of Arabic Affixes for Solid-Stems
Prefix Category Suffix Category
» =l o (o] — (o]
szl 2 | 2|2 2 | 2| &
£S5 % | 5| & E | €| 3
= = = = = = = | o
< [~ A [~ ) n 2 ==
= | = = = =
s | o 15 = S|l | €| | 5
= = g=! o) B ) =] o | &
Q Q Q = [&] = ~ = [&]
5] 15} S 5]
slE(2]2|2
= = = s | 2| 98| ¢
) o ) — o | = A | = )
g | & E = =
b b K
o o _3’
2 2 -
S| = ==
5| = = | <
z S = |
J 2 5|3
2 ) ~ |
Q - -
= E1E
< g H =
= A = - =
'A:— Q“ = j'n -
E = I I 3
2 [OR [ OR | 7! = o |||
S N A R
o0 L = = ko] D=
] n Q [} Q =t - -
g ol £ o | .2 2 - | =
g = al B E1 T 5= |4
G - n = 6 [ — - ~
@] [75) (D) -ﬁ é $— .2 § -(I} =
— —
2 22| B~ E]&]8|D
2l 2| E A S| B |.2|%
= 5 5 g o pw =
S| a A = < 5 =
VN S = 8| 4
= 2%
<= [_OR s | %
2 ER=
:a‘ " ng "
:0.) = L = g
5|2 = Sl e
= | = B > [=}
< —_ 2 - =
Al S g =
g Al g
=
= a5

Below, the affixes schemas for the invariable solid-stems
in the five groups in Table 1 are described.

Group 1 This group consists of independent personal
pronouns and enclitic personal pronouns. The following

@ Springer

(b)

Fig. 1 Finite automaton for independent personal pronouns. a Subject

independent pronouns. b Object independent pronouns

start € <

Demonstrative

€ ¢ € «J el «Q
O Nouns

-

Fig. 2 Finite automaton for demonstrative nouns

automata define all possible affixes for independent personal
pronouns. However, enclitic personal pronouns are always
and only suffixes; for this reason, no specific automata are
defined for such pronouns. (In Arabic language, enclitic per-
sonal pronouns cannot be independent words).

Independent personal pronouns can be subject pronouns
or object pronouns, as shown in Fig. 1a, b, respectively.

Subject independent personal pronouns (for example, Ui
and <) accept as prefixes the interrogation particle "i", the
coordinating conjunctions particles " s" ¢"<", and the parti-
cle « > with all its possible types (such as jurative particle

~~&ll 2¥), but it does not accept any suffixes.

Object independent personal pronouns accept as prefixes
the interrogation particle, the coordinating conjunctions par-
ticles, and the particle “J” with all its possible types (such as
jurative particle). All object pronouns have in common the
root "3)" (for example, 'sUl" and "ly") Object pronouns are
obtained by appending the enclitic pronouns (see Table 2) as
a postfix to the root "U|". No other suffixes are accepted.

Group 2 This group is composed of six subgroups: demon-
strative nouns, relative nouns, conditional nouns, interroga-
tive nouns, metonymies, and adverbs.

Demonstrative nouns (for example, "' and 's34") accept as
prefixes the interrogation particle, the coordinating conjunc-
tions particles and the preposition particles " " (&l ("
and do not accept any suffixes, as shown in Fig. 2.

Relative nouns (for example, "s3I" and "") accept as
prefixes the coordinating conjunctions particles and the
preposition particles, and do not accept any suffixes, as shown
in Fig. 3.
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Relative
Nouns

start € ¢ g ¢« mS Jd (2

—=O )

Z

O

Fig. 3 Finite automaton for relative nouns

start | €y (9 mS 6d [y

Fig. 6 Finite automaton for metonymies

Fig. 7 Finite automaton for adverbs

Conditional nouns (for example, "&" and ™_!") accept as
prefixes only the coordinating conjunctions particles and do
not accept any suffixes, as shown in Fig. 4.

Interrogative nouns (for example, "3' and "_id") accept
as prefixes the coordinating conjunctions particles, and the
preposition particles'J" «"<" and do not accept any suffixes,
as shown in Fig. 5.

Metonymies (for example, 13" and ',<") accept as prefixes
the interrogation particle, the coordinating conjunctions par-
ticles, and the preposition letters "Jd" «""<and do not accept
any suffixes as shown in Fig. 6.

Adverbs (for example 'J&" and "axy") accept as prefixes the
interrogation particle, the coordinating conjunctions parti-
cles, and the particle “J” with all its possible types and accept
as postfix the enclitic pronouns as shown in Fig. 7.

Group 3 This group consists of verbal nouns and ono-
matopoeia. Some verbal nouns (for example, "Cilea” and
'blii") and onomatopoeia (for example, "é" and "é'-’") can-
not be incorporated with the enclitic pronouns and accept
as prefixes only the coordinating conjunctions particles as
shown in Fig. 8a, b.

(a

)
start € ; .
pl- O i e (OOnomatopoeia~)

(b)

Fig. 8 Finite automaton for Verbal nouns and onomatopoeia

start — € ¢ g «a € cJ 4
ou=.0t Mg

Fig. 9 Finite automaton for invariable verbs. a Invariable verbs of
praise and blame. b Invariable verbs L Sl € Invariable exception
verbs

Another subgroup of verbal nouns (for example, "els 53"
and "&la") can be incorporated with the postfix enclitic pro-
nouns "<" ¢"a<" (MS" ("d" only and accept as prefixes
only the coordinating conjunctions particles as shown in
Fig. 8c.

The last subgroup of verbal nouns (for example, "5{<; )
can be incorporated with the postfix enclitic pronouns and
accept as prefixes only the coordinating conjunctions parti-
cles as shown in Fig. 8d.

Group 4 This group is composed of invariable verbs; the
first subgroup is composed of verbs of praise and blame
a5 zad) Jladl (for example, "aa" and "slu'), accepts as
prefixes the coordinating conjunctions particles and the jura-

@ Springer



7380

Arab J Sci Eng (2018) 43:7373-7383

tive particle, and does not accept any suffixes, as shown in
Fig. 9a.
The second subgroup is composed of the invariable verbs

"LW" and "\-Aié", accepts as prefixes the interrogation par-
ticle, the coordinating conjunctions particles, and the jurative
particle, and does not accept any suffixes, as shown in
Fig. 9b.

The third subgroup is composed of the exception verbs
¢LiiuY) Jladl (for example, "Lila" and "Sa") and accepts as
prefixes only the coordinating conjunctions particles and as
postfix the enclitic pronouns, as shown in Fig. 9c.

Group 5 This group consists of particles such as prepositions,
coordinating conjunctions, conditionals, and interrogations.

The first subgroup is composed of words such as interro-
gation particles and exception particles ¢LiiwY) Ca g ya like
"Y)" and accepts as prefixes only the coordinating conjunc-
tions particles as shown in Fig. 10a.

The second subgroup is composed of words such as
causality particles (Julaill Ca g ya like " 5", particle of future
"o JLdt Nl caya, and  particle  of  certainty
"a8" 3l (o ya and accepts as prefixes only the coordi-
nating conjunctions particles and the particle " J" as shown
in Fig. 10b.

The third subgroup is composed of words such as parti-
cles of jussive a3l a5 ya like "~1", and particles of negation
il <oy s like " 1" and accept as prefixes only the inter-
rogation particle and the coordinating conjunctions particles
as shown in Fig. 10c.

The fourth subgroup is composed of words such as con-

firmative particles ».S ¢ill Ca gy like G, accepts as prefixes
the interrogation particle, the coordinating conjunctions par-
ticles, and the preposition particles "d" """ and can be
incorporated with the postfix enclitic pronouns "LS" ¢"Lea"
only, as shown in Fig. 10d.

The fifth subgroup is composed of words such as prepo-
sition particles ,all Cag s, and accepts as prefixes the
interrogation particle, the coordinating conjunctions parti-
cles and the particle "J“, and can be incorporated with the
postfix enclitic pronouns, as shown in Fig. 10e.

The sixth subgroup is composed of words such as sisters
of “Indeed” g3l sl 5 (), and accepts as prefixes the interro-
gation particle, the coordinating conjunctions particles, the
particle “J” with all its possible types and the preposition par-
ticle "<*", and can be incorporated with the postfix enclitic
pronouns, as shown in Fig. 10f.

6.2 Affixes Schemas for Variable Solid-Stems
In this section, we describe the possible affixes for the vari-

able solid-stems in groups 1, 2, and 4 in Table 1, based on
the affixation levels defined in Sect. 5.1, and affixes defined

S @ Springer
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Fig. 10 Finite automaton for particles

in Table 2. Recall that groups 3 and 5 do not contain any
variable solid-stems.

An example of generation with changing grammatical
word type is as follows: From the pronoun"Ui", we can derive
the artificial gerund "2~—J-"L"i", we can inflect it to relative adjec-
tive "@Ui", as well as define it to become " SLY)", we can

put it in its dual form "oid" and transform it into its all its
plural form "0sad" and ", and we can add to it the
enclitic pronouns like "4.-.%:‘:".’1'.“".

In addition from the same pronoun "Ui" we can generate
new words of the same grammatical word type as follows:
We can add the interrogation particle "li", we can add the
coordinating conjunctions particle like "W ", we can add the
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start__ g (j /\8 (g ea /\8 i o B «J Subject /.\
>O A 1 1 s« Pronouns 5/

Ssd

Ssjgk_'i /_\SSuﬂ‘L.I/_\ g‘d\

A 4 4

start__ g ¢ ~
» ( > \. 4

Subject 3
« Pronouns )y’

Fig. 11 Finite automaton for subject pronouns

letter "_1" to obtain "WN", and we can combine all the above
to obtain "Ly 4" Ui 4" MUY "
Below, the affixes schemas for the variable solid-stems in

groups 1, 2, and 4 are described.

Group 1 As mentioned in Sect. 5.1, in this group we consider
only subject independent personal pronouns. Object indepen-
dent personal pronouns accept only non-functional affixes
(inflectional and derivational affixes are not accepted) as
described in Sect. 5.1. Enclitic personal pronouns are always
and only suffixes, and therefore, no specific automata are
defined for such pronouns.

Moreover, only three of the subject independent personal
pronouns ('Lfé' ¢ 3&" s"L’J") accept inflectional and deriva-

tional affixes, in addition to the non-functional affixes. These
three pronouns accept all types of prefixes: the interrogation
particle, coordinating conjunctions particles, prepositions,
and the definite article "J\" and accept all types of suffixes:
protection particle 4, 4\l - o5 only for the pronoun "ui" (as
shown in Fig. 11a), the relative adjective article "$" the arti-
ficial gerund S duality particles, and all plurality particles
except the particles (=" <" 035" «" 5" for the pronoun " 2" (see
Table 2), and as postfix enclitic pronouns.

The automata below define all possible affixes for subject
independent personal pronouns as shown in Fig. 11a, b.

start__ g

~
A\ 4

start € (j €y /_\8 & L

@)

start__ € j Begud € «d ‘2~ £

&

Y
A4

Fig. 12 Finite automaton for indeclinable nouns. a Interrogative
nouns. b Metonymies. ¢ Adverbs

It should be noted that the pronoun "2 is incorporated
with the prefix "L" and the suffix "3" to form the word "i_aL"

-

and this word accepts the same affixes as the pronoun "sa" a5
shown in Fig. 11b.

Group 2 In this group, only two of the interrogative
nouns "sS" " a<", two of metonymies g "'", and
some adverbs like "¢ua" accept inflectional and derivational
affixes, in addition to the non-functional affixes. These three
types of nouns (i.e., interrogative, metonymy, and adverb)
accept all types of prefixes: the interrogation particle, coor-
dinating conjunctions particles, prepositions, and the definite
article "J" and accept as suffixes: the relative adjective par-
ticle "&" except for metonymies, the artificial gerund "4"
except for metonymies, duality particles and plurality parti-
cles except the particles """ " 4" " 4" (see Table 2), and
as postfix enclitic pronouns.
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start_ € ¢ g«

Invariable X
@ Verb @

start

=0

start

e

Fig. 13 Finite automaton for invariable verbs. a Invariable verbs

(s axd. b Invariable verb #% ¢ Invariable verb <4, d Invariable
verb L. e Invariable verb ==

The automata below define all possible affixes for these
three types of nouns as shown in Fig. 12a—c.

Group 4 Invariable verbs are verbs which are not conjugable
in all tenses and all pronouns. They may accept conjugation in
the past tense only or in the imperative tense only or with sin-
gular third person pronouns "a" 5 "sa" 3kl Qi e
only [21]. Therefore, variants can be generated from some
invariable verbs.

For example, the invariable verbs "_uiy" ¢"'a=" are con-
jugated only for " 4" 5" s2", as shown in Fig. 13a. The

invariable verbs "<ila" "'@jé" are conjugated only in the
imperative tense, as shown in Fig. 13b, c. The invariable
verbs " ud" " e are conjugated only in the past tense,
as shown in Fig. 13d, e.

@ Springer

7 Conclusion

We gave a linguistic-based and formal definition of the con-
cept of solid-stem words (called stop-words in previous
related work). We demonstrated how to distinguish between
variable and invariable solid-stem words and how to generate
all possible solid-stem variants. We proposed a formula for
solid-stem affixation and provided a detailed description of
the affixation schemas that detect any solid-stem as per our
extended definition and that generate all the possible mor-
phological variants of any detected solid-stem. This work
represents a good effort on the direction of a deep under-
standing and a unified definition of the concept of solid-stem
words in the Arabic Language. Building the work on strong
linguistic bases lays the foundation for building efficient Ara-
bic search engines and special-purpose information retrieval
systems. We also intend to investigate the particular case
of solid-stem words that can be transformed into a deriv-
able form and therefore become part of the class of derivable
words in Arabic.

Acknowledgements The authors would like to thank the Deanship of
Scientific Research at Taibah University for their support to conduct
this research work under research grant no. 432/669.

References

1. Al-Sughaiyer, I.A.; Al-Kharashi, I.A.: Arabic morphological anal-
ysis techniques: a comprehensive survey. J. Am. Soc. Inf. Sci.
Technol. 55(3), 189-213 (2004)

2. Beesley, K.R.: Arabic finite-state morphological analysis and
generation. In: Proceedings of 16th International Conference on
Computational Linguistics, vol. 1, pp. 89-94 (1996)

3. Belkridem, F.Z.; El Sebai, A.: An ontology based formalism for
the Arabic language using verbs and their derivatives. Commun.
IBIMA 11(5), 44-52 (2009)

4. Boudlal, A.;etal.: A Markovian approach for arabic root extraction.
Int. Arab J. Inf. Technol. 8(1), 91-98 (2011)

5. Buckwalter, T.: Buckwalter Arabic morphological analyzer version
2.0. Linguistic Data Consortium (2004)

6. Darwish, K.: Building a shallow morphological analyzer in one
day. In: Proceedings of Association for Computational Linguistics,
‘Workshop on Computational Approaches to Semitic languages, pp.
1-8 (2002)

7. Rafea, A.; Shaalan, K.: Lexical analysis of inflected arabic words
using exhaustive search of an augmented transition network. Softw.
Pract. Exp. 23(6), 567-588 (1993)

8. Abu El-Khair, I.: Effect of stop words elimination for Arabic infor-
mation retrieval: a comparative study. Int. J. Comput. Inf. Sci. 4(3),
119-133 (2006)

9. Chen, A.; Gey, F.: Building an Arabic Stemmer for information
retrieval. In: Proceedings of Eleventh Text Retrieval Conference
(2002)

10. Larkey, L.S.; Ballesteros, L.; Connell, M.E.: Improving Stem-
ming for Arabic information retrieval: light Stemming and Co-
occurrence analysis. In: Proceedings of 25th Annual Interna-
tional Conference on Research and Development in Information
Retrieval, pp. 275-282 (2002)



Arab J Sci Eng (2018) 43:7373-7383

7383

11.

12.

13.

14.

Salton, G.: Automatic Text Processing: The Transformation, Anal-
ysis, and Retrieval of Information by Computer. Addison-Wesley,
London (1989)

Al-Shalabi, R., et al.: Stop-word removal algorithm for Arabic Lan-
guage. In: Proceedings of International Conference on Information
and Communication Technologies: From Theory to Applications
(2004)

Alajmi, A.; Saad, E.M.; Darwish, R.R.: Toward an Arabic stop-
words list generation. Int. J. Comput. Appl. 46(8), 8—13 (2012)
Yuang, C.T.; Banchs, R.E.; Siong, C.E.: An empirical evaluation
of stop word removal in statistical machine translation. In: Pro-
ceedings of the 13th Conference of the European Chapter of the
Association for Computational Linguistics (2012)

15.

16.

17.
18.

19.

20.

21.

Ryding, K.C.: A Reference Grammar of Modern Standard Arabic.
Cambridge University Press, Cambridge (2005)

El-Dahdah, A.: A dictionary of Arabic grammar in charts and
tables. Lebanon Library (1996)

ArabEyes. http://wiki.arabeyes.org. Last Visited (2014)

Arabic Stop-Words Project. http://arabicstopwords.sourceforge.
net/. Last Visited (2014)

Van Rijsbergen, C.J.: Information retrieval. J. Am. Soc. Inf. Sci.
30(6), 374-375 (1979)

Khoja, S.: Stemming Arabic Text. http://zeus.cs.pacificu.edu/
shereen/research.htm (1999)

Al-Afghani, S.: Summary of the Arabic language grammar. Dar
El-Fikr Beirut, Beirut (1968)

@ Springer


http://wiki.arabeyes.org
http://arabicstopwords.sourceforge.net/
http://arabicstopwords.sourceforge.net/
http://zeus.cs.pacificu.edu/shereen/research.htm
http://zeus.cs.pacificu.edu/shereen/research.htm

	Arabic Solid-Stems for an Efficient Morphological Analysis
	Abstract
	1 Introduction
	2 Related Features of the Arabic Language
	3 Related Work on Stop-Words
	4 An Extended Definition of Solid-Stems
	5 Morphological Variants of Solid-Stems
	5.1 Levels of Word Creation
	5.1.1 First Level: Non-functional Affixes
	5.1.2 Second Level: Inflection Affixes
	5.1.3 Third Level: Derivation Affixes

	5.2 Types of Solid-Stems
	5.2.1 Invariable Solid-Stems
	5.2.2 Variable Solid-Stems
	5.2.3 Derivable Solid-Stems


	6 Arabic Affixes Schemas for Solid-Stems
	6.1 Affixes Schemas for Invariable Solid-Stems
	6.2 Affixes Schemas for Variable Solid-Stems

	7 Conclusion
	Acknowledgements
	References




