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Abstract. This article presents the inflectional and the derivational model of
Arabic verbs based on root and pattern approach, using a linguistic classification
that determines and specifies a set of morphological properties.

Our work in NOOJ platform is based on:

e A dictionary that consists of roots, lemmas and patterns.
e Generating all possible verbs inflectional and derivational forms using our
NoolJ grammars.

Since formalizing Arabic verb’s requires the determination of certain
unavoidable morphological properties as root and pattern, we started by speci-
fying them; the matching process between them gives twenty thousand verbs
entries [1]. Consequently, this work stands on the following principles:

e Categorizing all possible roots and patterns.
e Matching roots with patterns that give Lemma, which is a verb in our
case.

Our dictionary considers, in addition to roots and patterns, lemmas as dic-
tionary entries, which allows making an advanced search in a text.

Root and pattern serve to build the meaning of most Arabic word [1]. For
instance, matching the root(KTB-«S) with the pattern (fzd [Fa3aLa], gives the
lemma (verb): ,LI-'Z(KaTaBa-to write); matching the same root with the pattern
Jlzd (Fi3aLun) gives the lemma (noun): <5EYKiTaBun — a book); matching the
same root with different patterns gives different Arabic words.

The implementation of this work is a dictionary that contains all inflectional
and derivational verbs forms.

Adding other Arabic words (nouns, adjectives, infinitives) with their inflec-
tional and derivational forms, in order to complete our dictionary, is considered
as our future perspective.
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1 Introduction

The linguistic analysis must go through a first step of lexical analysis, which consists of
testing the membership of each word of the text to the Arabic vocabulary. So, we must
begin with the formalization of the Arabic vocabulary [2]. Verbs cover a large part of
Arabic vocabulary. Each Arabic verb has a one single root, also called radical, and a
single pattern. In addition to these two components, the verb has other morphological
properties that we are going to detail.

The verb is classified into several categories according to the number and the nature
of its root letters. The verbs that have 3 letters (called trilateral verbs) form 64% of
Arabic verbs, like the verb (to write - (& KaTaBa), those that have 4 letters (called
quadrilateral verbs) form 33% of Arabic verbs, like the verb (to assure - il -
TaMAaNa), and those that contain 5 letters, form the rest of the percentage [3], the
most frequently ones are those that have 3 radical letters.

In this paper we give an overview about the first and the only dictionary that was
implemented in NoolJ platform (EL-DiCar), then we present a theoretical study that
reflects the linguistic side of our work, and answers the question: why do we have to
specify the root and the pattern during the formalization of Arabic vocabulary espe-
cially verbs? And, We also give the linguistic classification of Arabic verbs that we
have adopted during the formalization process, as a first part, the second part is the
practical study which is the implementation of the theoretical study that was enu-
merated in the first part of the article, using NooJ platform importantly; we are going to
detail the dictionary structure, and give an example of our own lexical grammar that we
have implemented to generate the inflectional and the derivational forms of all dic-
tionary entries. In addition to that we are going to present the annotations as the result
of the text linguistic analysis. Finally, we are going to present the comparison results
between the search operation using root and pattern in our dictionary and the lemma
search in the previous dictionary.

2 Related Works

As far as the previous works in NooJ platform are concerned, there is only one
dictionary called the Arabic EL-DiCar dictionary that is based on lemma approach.
EL-DiCar retrieves all inflectional and derivational forms of one entry using lemma
search. It contains, in addition to the Arabic words, 10375 fully vowelled entries of
verbs; each entry represents third person, singular, masculine and perfect verbs [4].
These entries are not related to each other even if they share the same root. For
example: the verb (to write — KaTaBa — i), the verb (to write a letter - iKTataBa —
é.ffé!), the noun (library — maKTaBa - 4—\-&) and the noun (book — KiTaB- <) share
the same root that is: [ktb-—S], but they are not linked to each other in this dictionary;
entries have no relation between them whereas the dictionary is based on lemma. This
limits the search operation, and makes the application of several operations on the text
like retrieving concepts or the auto-correction more complex. Our model that is based
on root and pattern approach retrieves all entries with their inflectional and derivational
forms that share the same root. It can also we can extract concepts within a text using
pattern search even if these concepts do not share the same root.
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3 Theoretical Study

3.1 Arabic Verb Morphology

Arabic morphology exhibits rigorous and elegant logic. It consists primarily of a
system of consonant roots, which interlocks with pattern to form most Arabic words,
especially verbs [5]. With the same root we can derive several words by using different
patterns. In this context it is necessary to provide a definition of root and pattern:

A root is a relatively invariable discontinuous bound morpheme, represented by
two to five phonemes, typically three consonants in a certain order, which interlocks
with a pattern to form a stem [5]. For instance, the verb (to write, KaTaBa - uaS) has the
root letters (KTB-<S), that are interlocked with the pattern ( FaAaLa — d’ﬁ) To clarify,
the first letter in the root will be substituted with the first letter in the pattern and so on.
This process of interlocking aims to form the verb (to write, KaTaBa-(—\fS), as well as
the quadrilateral roots like the root (TMAN- olek) and the pattern (FaALaLa- (la3) that
gives the verb (to assure -TaMAaNa - b,

The importance of specifying the roots and the patterns in the morphological
analysis during building a dictionary, and adopting them as dictionary entries is to
make all nouns, verbs and adjectives; in general all Arabic words that share the same
root or concepts, retrievable by their root or pattern.

A pattern is a bound and in many cases, discontinuous morpheme that carries
meaning [6]. For example, the pattern (FaAaLa- Ja2) refers to an action, matching this
pattern with:

e The root (KTB--i) gives the verb (to write, KaTaBa —=).
e The root (SANAa-gi=) gives the verb (to make-SaNaAea-guz).
e The root (JLS-l>) gives the verb (to sit-JaLaSa-o4s).

With a simple search operation using this pattern, we can extract all verbs that refer
to an action, even if they do not share the same root.
Matching the pattern (MaFALa- da_u) that refers to a place with:

The root (KTB-—X) gives the noun (a liberary - maKTaBa - &),
The root (KHBZ- ) gives the noun (a bakery shop - miKHBaZa -5 a%),

To extract all nouns that refer to a place, we simply apply a pattern search using the
previous pattern, the same thing applies to all other patterns.

The following table represents a part of the Arabic lexicon that is formed by the
possible matching process between roots and patterns: 1 means that the matching
process is possible, while 0 means that the matching process is not possible or there is
no Arabic lemma formed from this combination (Table 1).

3.2 Verb Classification

This linguistic classification covers all Arabic verbs categories [6]. Structured as a tree,
each leaf represents a verb model that we are going to formalize using Nool platform;
Fig. 1 shows a part of the classification tree that we used.
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Table 1. Capture of Arabic lexicon formed from matching several roots and patterns

Root/pattern Jé Jid Jsd Jeld | &
FaAala FaAoLa FaAiLa FaAiL| taFaALa

(o 0 1 1 1 0

HSN

i 1 0 0 1 1

KTB

] 0 0 1 1 1

DRB

The Verb - J‘uﬂ\ al-fealo

Regular :.'.a.'.a.‘\ al-sahih

l ) Humz_ulcdl amhmouz l
Duplicated ~#2<'modacaf ) o) o) al-salim

Fig. 1. Arabic regular verb classification

Arabic verbs are divided into two main classes: regular verbs, like the verb (to
write), and weak verbs like, the verb (to say) [6]. We are going to detail one of them.

Regular Verbs. Verbs that their roots are free of vowel are also called (da.siaiyiaiyl--
AaFAaL - SaHiHa) like the verb (to write K KaTaBa).

It is worth mentioning that the vowel letters in Arabic are one of these letters {s,,cs} -
{YaE, AaLiF, WaW}.

Regular verbs, in their turn, are divided into three sub-classes, as Fig. 1 shows, [sound
-alle —SalLiM], [Duplicated — —aias — MoDaAaEF] and [hamzated —) 4% - MaHMoZ].

Sound Verbs. Their radical letters are free of hamzaletters( §-{5msnl ), and none of their
radicals are identical. In its turn, this type of verbs is divided into three sub classes. The
reason of this division is due to the inflections forms. All verbs that endwith the letter [n -
0] are inflected in a similar way to those that end with the letter [t - <] except the first
singular person and the second plural person, to which we have to add shedda::diacritic.

Duplicated Verbs. They contain all verbs that their second and third root letters are
identical. For example, the root letters of the verb (to count S AaDa) are (ADD-2x=);
the diacritic sign ¢ refers to the duplication of any letteron which it is placed. This
category of verbs is divided into two sub-classes: category * (all verbs that their root
letters are free of hamza) like the verb (to count — AaDDa- 3{:), its root letters are: [22=]
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free of hamza and the second category is hamzated (verbs that contain hamzaletter in
one of their three radicals). These two categories are divided, in their turn, three
sub-categories [7].

Hamzated Verbs. The category of the verbs that contain hamzaletter in any of its root
letters like the verb (to read - 128 -KaRaAa), is divided into tree sub-classes, as it is
shown in Fig. 1.

3.3 Inflectional and Derivational Forms of Arabic Verbs

Arabic derivations are derived from the combination of a specific pattern and a given
root. For example, the matching process between the root (LAAB-<+)) and the pattern
(FaAiLon- dclﬁ) that serves to generate the active participle form, gives the noun
(player — LaAiBon-c=e¥). The same thing is applied to the rest of the derivation forms
of all Arabic verbs.

Also, the matching process gives the inflections of any Arabic verb as we have
explained before, or by applying several morphophonological alternations to this
combination.

Arabic verbs inflect for the following grammatical categories:

o Subject agreement: in person (1%, 2" and 3'), number (singular, dual, and plural)
and gender (masculine and feminine)

o Tense/aspect: (perfect aWl-imperfect g Jaall)

o Mood: (indicative ¢ 524\, subjunctive wsiaiall | jussive a5 aal, long energetic
Jil) K5 imperative <Y, imperative of long energetic 234 Y1) and

o Voice (active asiaall 52l and passive Jseaall Liall) [6].

Along with the root and pattern, we have adopted the previous grammatical cate-
gories as the text annotation. The result of the text analysis appears as annotations that
give all information of the grammatical category, root and pattern of all verbs in the text.

4 Practical Study

We are going to review the previous theoretical study using Nool platform, in order to
formalize a comprehensive model of Arabic verbs, by building a dictionary of verbs
that is based on the root and pattern approach. This dictionary will use our lexical
grammars to generate all possible verb inflections and derivations.

Nool is a linguistic developmental environment, which can analyze texts of several
million words in real time. It includes tools to construct, test and maintain large coverage
of lexical resources, as well as morphological and syntactic grammars. Dictionaries and
grammars are applied to texts in order to locate morphological, lexicological and syn-
tactic patterns, remove ambiguities, and tag simple and compound words [2].

As we have mentioned before, the following words: ([to study —DaRaSa - «33] [a
teacher - moDaRiS- ug‘&], [a school — maDRaSa - 4], [a study - DiRaSa- 4432],
[a lesson — DaRS - x> ] and [to teach — DaRraSa - (53] are formed as entries and
they share the same root. They share also the same concept. Even though they have
different patterns. We can retrieve all of these words with their inflectional and
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derivational forms within a text, using the root that they share. We can also apply a
search using pattern to extract all words that share the same concept (as we have
explained before), while EL-DiCardictionary cannot retrieve concepts, because it is
based on lemma and their entries are separated.

Figure 2 shows the result of the search operation in EL-DiCardictionary using
lemma [to write — <] as search entry, on a text that contains these words: ([Library -
maKTaBa—‘\-uSA] [Writer-KaTiB-<\&], [Write a letter-KaTaBa- &S], [To copy -
iKTataBa- uﬁi‘] and [Desk-maKTaB- uﬁ-ﬁ]) while Fig. 3 shows the same operation’s
result on the same text using the root as a search entry. As we can observe the first search
operation in Fig. 2 that is based on lemma [to write — &) will retrieve only the active
participle because it is formed as a derived form of this entry in EL-DiCar dictionary.
Thus, this dictionary provides only inflectional and derivational forms of a given lemma.

Furthermore, unlike

The difference between our provided root and pattern approach and lemma
approach, used by EL-DiCar dictionary is very clear by applying a search using lemma
[to write — uaS] on a text that contains words which share the same root: ([Library -
maKTaBa—‘*—uSA] [Writer-KaTiB--&], [Write a letter-KaTaBa- Gi), [To copy -
iKTataBa- <&#€)] and [Desk-maKTaB- u-&«]) returned only the active participle that is
formed as a derived form of the entry (to write — KaTaBa- <) in EL-DiCar dictionary.
While the rest of the words are not retrieved as they are not linked with the lemma (to
write — KaTaBa- u—\S)

A library A dosk
es

& To write To copy
writer ©

Write a letter

Fig. 2. The result of lemma search in EL-DiCardictionary.

Figure 3 shows the result of our dictionary that is based on root and pattern
approach. All words that share the same root will be retrieved using root search.

Now, we move to explain the internal structure of EL-DiCar dictionary. To clarify In
lemma based dictionary, the entry that represents a verb takes the form ('3,
V + Tr + FLX = V_darrasa + DRV = D_darrasa:FLXDRV:(4+)? -DaRaSa- to teach)
is an entry; V: Verb, Tr: Transitive, V_darrasa: the inflectional paradigm that gives 122
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A library A desk
e

KTB
A writer D =3 Tocopy

Write a letter

Fig. 3. The result of root search in our dictionary.

inflectional transformations, for example: [I thought — DaRaSTo - _&..%3] and [you
thought — DaRaSTa - &l 7)3], and DRV = D_darrasa: derivational paradigm that gives the
active participles ({» QSAMoDaRiSon teacher) and the passive participles (MaDRouS —
()3 — has been taught) of the entry, and other plural forms [7]. As we have mentioned
before, both the active and the passive participles are derived from the same entry.
Conducting a search using this entry will retrieve both of them if they exist within the text.
. The following words: 433, N + FLX = N_drassa2 (study - DiRaSa-4<\32) and
a4 N + FLX = N_mdrassa, (a §ch001 — maDRrSa - 4&)3%) share the same root.
Making a search using (DiRaSa-4&132 - a study) or any of their inflectional or
derivational formswill neither give (a school — maDRrSa - 4%33%) nor their derivations
and inflections if they exist within the same text.

Unlike EL-DiCardictionary, in our dictionary, we have added more morphological
features: root and pattern. For example our dictionary gives the following forms of
entries:

o 503,00 3 VAT FLX=fIx 1+DRV=drv1:flx2.

o AL)% (3 Ntos o Halast FLX=N mdrassa+DRV=drv2:flx3.

o 4053 3 Nt o+ lW+FLX=N_drassa+DRV=drv3:flx4.c,? root of
the entries, [(Jx-FaAaLa), (ﬂﬁk—maFAaLa),(UGAf—FiAaLa)]: patterns of
the entries, FLX and DRV the inflectional and the derivational
paradigms, that serve to generate the inflections and the derivations of the
entries.

The difference between the internal structure of EL-DiCardictionary and our dic-
tionary lies in the adopted approach as we have previously explained.

Furthermore, unlike our dictionary EL-DiCar dictionary cannot make a root and
pattern search. This is because EL-DiCar dictionary lacks the morphological features
(root and pattern) that we are going to use to make an advanced search.

Making a search using the root [DRS-+_2] in our dictionary, will retrieve all entries
with their inflectional and derivational forms that share the same root like: ([to study —
DaRaSa - 3+33] — [a teacher - moDaRiS- L+)%] — [a school — maDRaSa - 453%] - [a
study - DiRaSa- 4&32] - [a lesson — DaRS - 23] — [to teach — DaRraSa - (. ')3]).
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Figure 4 contains a text that we are going to analyze in NooJ platform, using our
dictionary that is based on root and pattern approach, and linked to our lexical
grammars that generate the possible inflectional and derivational verb forms.

=

File Edit Lab Project Windows Info

] - [= [® [ =]

_,] z LI mfters ::::“;.';;;:v.::x::?e\.i"u,r;ﬁumy

Digrams
= (

o A pall COlK o S Sl e Sl pury ) EBIS
Aaalall A0S0 8 sna o Laad Vlha (Ul C 8
iy 30 SL(ASES Jrie Wik 050 amm g
P \:;°<’ 45

Fig. 4. Text to be analyzed in NooJ platform using EL-DiCar dictionary

The text: The prime minister wrote to the king to complain about his State Secretary, A
student copies an interesting article that he found at the University Library; the minister
submits a demand to the king secretary asking for an appointment to meet the king; it is
a beautiful desk; two friends wrote to each other after a long time; The teacher dictates
to his students. Figure 5 shows the “locate pattern” or the search wizard in Nool
platform [8]; the lemma (to write — KaTaBa- uﬁ) should return all inflectional and
derivational forms of this entry. Note that NooJ Platform allows us to make a search

with full, semi or even without diacritics [8].

Pattern is:
¢ a string of characters:
€7 & PERL regular expression:

(+ a Nool regular expression:

L

<23 S>

—
Index Limitation
¢ Shortest matches €7 Al occurrences
* Longest matches = Only: 100 occ.

¢ Al matches L

1 occ. per match

IV Reset Concordance

SRR

T

Fig. 5. Lemma search in NooJ platform using DiCar dictionary-EL
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In the result of Fig. 6, only the derivational form (active participant) of the previous

entry is retrieved, although the text contains seven words that share the same root
[KTB-<S].

o C:\Users\toshiba\D \Nool\ar\Proj pleil.not = = | =
_;J| 1 ..LI /17 Tus Characters = [fencuage i= "Arabictamiv. 4
it - ’5: Somemins o Taxs oaiee [
34 colens including: =
¥ Show Text Annotation Structure [ P T— »
P

Al gall S o ey QUL A gSall i ) OIS
3....'@\3,.:.5..4.“.;,;,_'.51,._: Yiie alUall Sa858)
adyy ) Gl GUS sie Llla 50l awiay

S PO e |

,',,,h&\.hm.u.,_-,u,.;.dl A L4

Sl ALY QB

- o
Roooll Di-pl.yzl a = :otdloﬂn- before. and I 5 after. Display: ¥ Matches [ Outputs

Text | After| Seq. | Before |
el Yiie callall 3381 A gall oS 0 oSty QUL Al gSall s OIS

Query mm

Fig. 6. Lemma search result in NooJ platform using dictionary DiCar-EL
Figure 7 shows the search operation using the root (KTB-—) on the previous text,

using our dictionary:

[loctenpaeminen @m

— Pattern is:

¢~ a string of characters:
¢~ a PERL regular expression:
(" a Nool regular expression:

| =1 _set |

I Syntactic Analysis

— Index

~ Limitation"

¢~ Shortest matches ¢~ All occurrences
* Longest matches = Only: 100
¢ All matches

occ.

I 1 occ. per match

T Reset Concordance _Zl

Fig. 7. Root search in NoolJ platform
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The query above retrieves all verbs and nouns that have the root KTB. The result is
as follows:

All entries with their inflectional and derivational forms that share the root KTB
have been retrieved, as it is shown in Fig. 8.

_Rese | Oustae] 5 g ommees before.md [ sher. Displeyi Matches [ Oueouts
After Seq. Before

098w llall dogSall i, oK
Wlio Lol LRl dgall Lol veSiy ellall d
09 0339, lias Alio Ll SISl dgnll Ll o
Wb 59l b9 deolall 4So w9 oa>g ,liu
bo> UKo @l a4yl lladl SIS sic Wb 5,
Jsb g loiil 32, glisall 5K Jues Sils 4

ol Sl Rl Jigb ¢ il

Fig. 8. Root search result in NooJ platform using our dictionary.

While patterns care about meaning, we can also apply a pattern search in a text, to
retrieve all words that share the same concept. For instance, the pattern [FiAaLa — ]
that refers to a craft will retrieve all crafts that occur in the text that Fig. 9 shows:

¥ NeoJ
We Edit Lab Project Windows Info

|Texs convaine 14 amnovavions (36 diffess
curces applied to the tex

Linguistic Res:
z8C-DIC. nod (00}

Fig. 9. Text to be analyzed in Nool.
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The worship of idols is widespread.

Decision-making requires an in-depth study.

The worker mastered two craft: wood carpentry and wild fences.
Writing examples is exhausting.

) As we can see, the text contains five words that share the same pattern [FiAalLa —
4laé]. Making a search using this pattern will retrieve all crafts that occur in the text.
Figure 10 shows the search operation using the previous pattern.

B Noold

File Edit Lab Project Windows Info

Locate a pattern in E3
Pattern is:
€ a string of characters:
7 a PERL regular expression:
f* a MNoold regular expression:

> =
= << a JL = s+N>
— =
Index Limitation
T Shortest matches € All occurrences
* Longest matches = Only: 100 occ.
< Al matches I 1 occ. per match
I meset Concordance [ - |

Fig. 10. Pattern search.

The result is as follows (Fig. 11):

o' Concordance for Text SEARCH-BY-PATTERN.not [Modified] ﬁ

p
Resetl Dlsplay:l 5] & :‘::::;i’:s before, and S after. Displayd¥ Matches | Outputs

After| Seq. Before
| el slsal - L6 jsuiio Al |8
9 5> Jol2Jl 130 sy - .dicso
S - elwbadl ol 9 wlgsl
oo dliodl GUS - elylull.

by L1l ks
5 leAl o,

Fig. 11. Pattern search result.



Formalizing Arabic Inflectional and Derivational Verbs 63

We can retrieve also all nouns that refer to an actor using the pattern [FaAiLJs\] or
all nouns that refer to an action or a place using their patterns.

Text annotations take the form shown in Fig. 12. The text contains 213 inflectional
forms of the verb (to store — KhaZaNa - {)3); its root is [KHZN-¢ 3], voice = passive,
tense = time = I, while I means perfect, subject agreement = 1** person.

¢

82 Nool - [,j>.not [Modified]] - o X
o File Edit Lab Project Windows Info TEXT -||&]%
J 1 ;] /16 TUus Characters A |215 word forms ~
Tokens 37 delimitezs
ams
Annotations ¥ stic Resouzces applied .
- (gw Text Amotation M23C-DIC. nod (00) S
frichre
: oAl 580 A5AD &5l Ll
GO o ool 0o HJP
S0 98 AT, g o8 N O
R O O U G PES J—“~
> 8 > 8 L °

w; U)L o2 e

4% o \ 1 -"-.~v .« \ A

Fig. 12. Text annotation form.

Lexical grammar takes the same hierarchy of the verb classification, in NooJ
platform; Fig. 13 gives an example of a lexical grammar of the regular category.
Yellow color means that the case includes is a sub-graph.

Fig. 13. A sub graph of the regular category
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As we have mentioned before, this category contains tree sub categories:
sound-duplicated-hamzated, (see Sect. 3.2).

An example of a sub-graph for the duplicated category, as Fig. 14 shows:
(FaaAaLa—J;-_G); (taFaAaLA_JI:Gi) and (inFaAaLa- JS&S}): several sub-graphs that
generate all possible inflectional and derivational forms of a given duplicated root;

N T o |
S O PNt /
Cacliae-Jels
Cacliae-(Jad)

Fig. 14. All possible patterns for each duplicated root

Finally, the grammar takes the form that Fig. 15 shows. Each of these operators
serves to reform the root in the inflectional or the derivational form. (For more oper-
ators see NoolJ Manuel).

(=R>1<R><S> |

4 <R> <R><S>

(V=5
(V=5 ]

Fig. 15. The possible inflections in the jussive case of a duplicated root

5 Conclusion and Perspectives

Our dictionary that is based on root and pattern approach contains 14500 entries,
generated from 295 verbs models. These models cover all Arabic verb categories, each
entry contains all possible inflectional and derivational forms, that are generated using
our grammar. The adopted approach allows us to extract all words within a text that
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share the same root. We can also extract concepts using a pattern search. The result of
the linguistic analysis of the text appears as annotations that give all morphological
details about the analyzed text words. In future work we will cover the other Arabic
words like nouns and adjectives. Also adding Arabic morphophonological alternation
as new grammars.
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