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Abstract: Arabic is a highly inflectional language, with
a rich morphology, relatively free word order, and two
types of sentences: nominal and verbal. Arabic natural
language processing in general is still underdeveloped
and Arabic natural language generation is even less
developed [32]. Word ordering plays an important role
in the translation process between languages. This
research is presenting work-in-progress to examine the
implications of using verb subject object (VSO) and
subject verb object (SVO) words order when dealing
with the agreement requirements of irregular verbs in
MT. several distinguishing cases of Arabic pertinent to
MT will be explored in detail with reference to some
potential difficulties that they might present. Irregular
verbs can be defined as verbs that act differently from
the basic patterns in all or some cases [31]; the
definition of irregular verbs involves accounting
doubled, hamzated and weak verbs. There are four
categories of weak verbs depending on the position of
the weak letter/Vowels in the root (first, middle, last
letter, or more than one letter). The paper presents
formalism to best suit word orders based on rules and
examples of part of the morphological knowledge of
the Arabic language based on irregular verbs and their
derivatives. We will first perform a thorough study of
irregular verbs of the Arabic Language and propose a
model that is based on set theory and ontologies. We
then show how this model can be used for some
applications that include NLP applications. Approach:
The main objective of this research is to reinforce a
hybrid-based MT (EA-HBMT) to improve the quality
of MT from English to Arabic. Arabic lexicon would be
supported by a strong theoretical framework and
implemented using robust tools that will facilitate its
implementation. Rules will be used to recognise the
derivative and inflexional nature of the Arabic
language. Transfer-based MT is used to obtain an
intermediate representation that captures the “meaning”
of the original sentence in order to generate the correct
translation. Example based-technique is used as well to
handle the irregular cases. Semantic process is mainly
conducted to detect the statements that require the use
of SVO construction rather than VSO. Results: in this
paper we built a module to detect irregular verbs, i.e,
doubled, hamzated, Mithal, Hollow, defective, and
enfolding. A set of 30 rules have been conducted based
on the tense of the verb, place of the vowel root letter,
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first, second or third person representation, number
and gender features, and diacritics preceding vowel
letter, i.e., nominative, accusative or genitive case.
Our proposed module has been effectively evaluated
using real test data and achieved satisfactory results.
Keywords: MT, agreement, irregular-verbs,
hamzated, doubled, hollow, defective, word-
ordering, SVO, VSO, affixes, suffixes, EA-HBMT.

1.

Arabic verbs are constructed on a root that uses three
consonants that is known as (Morphological balance)

(C1aC,aCsa)! 2 to identify the basic meaning of the
verb. However, the multifarious vowels and affixes
are attached to the root verbs to create the desired
inflection of the meaning. Each root can generate a
vast number of meanings, of which all are predictable
in form and related to the basic meaning of the three
root letters. Arabic roots can be classified into two
classes; the Vowelized roots and Non-Vowelized
Roots [13][6]. This classification was made in
accordance with the availability of the Arabic vowels
in the roots. (Wightwick, J and Gaafar M. 2008) stated
that Waaw () and yaa’ () are often called weak
letters, and the verbs they contain called weak verbs.
However, a weak letter must be preceded by a
corresponding short vowel and not followed by any
vowel in order to become a vowel. Arabic is
comprised of three short vowels that are similar to the
"i'" like in "bit", the “@” in fat and the “00” in the word
“foot”. The short vowels are clarified by diacritics
that are appearing above or below the consonant
letters in the orthography [38]. The previous studies in
the Arabic language research explained that the
greater portion of the Arabic root verbs are of trilateral
origin while the remaining are of quadriradical and
biliteral origin [5].

Introduction

Irregular verbs can be defined as verbs that act
differently from the basic patterns in all or some cases.

1 The reference that we have used as sources of data is related to the Arabic
Morphological Balance: Al Rajihi (1993), Wright (1967), Al-Hamalawi (1991), Omer
et. al. (1984), Yaqub(1988), Makram (1987), Al-Dahdah (1991), Al-duqur (1986),
and Mustafa et. al. (1989).

2 To clarify the structure of Morphological forms we have used the corresponding CV
array of each form alongside. Cns corresponds to radical letters, and represent the
consonants of J=b



There are four categories of weak verbs depending on
the position of the weak letter/Vowels in the root (first,
middle, last letter, or more than one letter). Doubled
verbs as well are also considered as irregular verbs,
doubled verbs are those verbs that end with two
identical consonants with no short vowel between them,
whereas weak verbs are verbs that have original weak
letters (y or w). in other words, verbs whose roots
contain one or more weak letters.
According to (Wightwick, J and Gaafar M., 2008)
Weak verbs are the largest category of irregular verbs.
They can be subdivided into four types depending on
which of the root letters is affected:
* Verbs with waaw or yaa’ as the first root letter
(Mithal verbs).
* Verbs with waaw or yaa’ as the second root letter
(Hollow verbs).
* Verbs with waaw or yaa’ as the third root letter
(Defective verbs).
e verbs that have two weak letters in their roots
(Enfolding verbs)

Arabic language plays a crucial role with the root
(C1aCaCsa) to add subtle variations to the meaning.
There are eight significant derived forms (for the
singular masculine 3rd person in the present tense) as
shown in table 1 below:

Table 1 Eight significant derived forms

Table 2 derivation for the doubled-verb pass (J3).

Singular Dual Plural

Past Pres Imp Past Pres Imp Past Pres Imp

o Sl U i

1st - Fem

2nd - Masc

[ 1354

2nd - Fem e g A

e

ol

3

3rd - Fem

From the table above we can conclude that the
doubled-verbs are dependent on the vowel over the 3™
root letter, hence, the doubled root letters are written
separately if the 3" root letter (Cs) has a sukuun over
it, and written together if it does not.

Verbs with hamzah (hamzated-verb) behave roughly
just like regular verbs with some exceptions: when
hamzah comes as a first root letter (c,) then the past
tense of forms 111 and 1V starts with maddah ()). e.g.,
the verb believes ((«3) has to be written in form IV
as believed ((41), nevertheless, when hamzah comes in
the middle (second) root letter (c,) then it has to be
written on the line in form Il as it follows a long
vowel. e.g., the verb asks (Jls) with past tense asked
(J) has to be written in form 111 as questions (Jitus).
See table 3 below:

Table 3 derivation for the hamzated-verb read (if-ls).

Singular Dual Dlural

Past Pres Pase Pres Imp Past Pres Imp

&g s

Form | yaC;C,aCs Jx

Form Il yuC1aC,C,iCs Jagy fs M
Form 111 yuC:aCsiCs delis s
Form IV yuC;C,iCs Jaay H :
FormV ytaC,aC,C,aCs d;'ﬁ:‘:.’ o
Form VI ytaC1AC,aCs Jeld —
Form VII yanCiaCsiCs Jaai;

Form VIII yaCitaC,iCs Jaig

Form X ystaC1C»iCs i

In this section we are going to explore the behavior of irregular
verbs of the forms | through X.

Doubled verbs behave as regular verbs in form Il. (Doubling the
middle root letter (C2C2) means that the second and third root
letters of a doubled verb are always written separately. in forms I11
and IV they follow the same rules as for the basic doubled verb.
Form IV doubled verbs are much more common than form Ill. Let
us investigate these forms through table 2 shown below for the

present tense doubled-verb pass ().

B e EF 1

i oA

le i e 1

g s e s S

We have to notice here that verbs with hamzah attached to
pronouns the same way regular verbs do, except for some cases:

1. Omitting first root letter (C,) of (took, ate) in the

imperative as shown in tables 4 and 5 respectively.

Table 4 derivation for the first root hamzated-verb take (:\Sie).

Singular Dual Plural

Past Pres Imp Past Pres Imp Past Pres Imp

caal | ab a Lol | oaal | s asaal o8l

2nd- Fem el ol e Gpaal Gl [SLEN
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In table 3 above we have seen that the verb took (Asi)

(CiaC,aCsa) lost his 1% root letter (c,) when it is
conjugated with imperative.

Same amendments for the past tense of the verb
eat/ate, see tables 5 and 6 below:

Table 5 derivation for the first root hamzated-verb eat (JSLJ)

Dual

Singular Plural

Past | Pres | Imp | Past | Pres | Imp | Past | Pres | imp




2nd - Masc

2nd - Fem

]
i

&b X
RECER S

ki

s

s
s

i | st

sl

Table 6 derivation structure for the first root hamzated-verb eat (dSiﬁ) -
omitting C; With imperative

Singular

Dual

Plural

Past

Imp

Past

Pres

Imp

Past

Imp

2nd - Masc @)

il
2nd - Fem

(CauCs)

(CauCsiy

s

osls

(C2uCsaay

(CauCsuuy

(CauCsna

the verb ate (JS) (C1aC2aCsa) lost his 1% root letter
(hamza)(C1) when it is conjugated with imperative.

Let us investigate this rule through another example of
the verb (to order) as shown in table 7

Table 7 derivation for the first root hamzated-verb order (J-‘ié)

Singular

Dual

Plural

Past

Pres

Imp

Past

Pres

Imp

Past

Pres

Imp

2nd - Masc

%

2nd - Fem

A

& al

Ol

A

S

LA

BB

53

sl

Gl

03

Sl

15,4

o

one can conclude that the verb to order (U<b)
(yaC1C,uCsu) lost his 1% root letter (hamza)(Ci) when it
is conjugated with imperative as well.

2. Omitting second root letter (C,) of (ordered, asked)
in the imperative under a condition of being at the
beginning of the speech. These two verbs irregularly
lose their 1% hamza(t)'s in the imperative; but they can
keep it if they were not the first words in the sequence
of speech.

Table 8 derivation for the second root hamzated-verb ask (JL“:')

default to the vowel over the hamza itself: to ask (Jbw)
as shown in table 8.

Methal verbs are verbs whose 1% root letter is either
‘s’ or ‘e’. As for form IV, methal verbs have a long
uu vowel at the beginning of the present tense. See
table 9 below:

Table 9 derivation for the first root methal-verb describe (u'hdg)

Singular Dual Plural
Past Pres Imp Past Pres Imp | Past Pres Imp
— ] — —

Ist - Masc E— = o =

1st - Fem

ond Mase | s | Gami [ cha | Ly | gt [ a | dhas [ gshal | Vi

it} S

2nd - Fem Chay | b | e Caas | i

M | = | = (Ao R s | Osim

3rd — Fem Ciay | s Giay i Chas | i

Actually, the table above shows regularity in the past
tense but the case is different with present and
imperatives as we will see in next section, Verbs will
lose their first original letter (Cy) (the weak letter) if
the short vowel following the second root-letter (C.) is
i, and sometimes if it is a.

Hollow verbs are those verbs with waaw or yaa’ as the
first or second root letter, hollow verbs behave as
regular verbs in forms Il and I1l. However, in form 1V
hollow verbs behave as they do in the basic pattern.
They have a short vowel in the middle if the third root
letter has a sukuun over it, but this is the short vowel
connected to the derived pattern. See table 10 below:

Table 10 derivation for the second root hollow-verb say (J$8)

Singular Dual Plural

Past Imp Past Pres Imp Past Pres Imp

XM & | W | oV | e | Ak | oses | Ve

2nd - Masc

20d - Fem EA Sl Sle | s ol

From the examples above in tables 2 through 8 we can
conclude that:

 If the hamza is at the beginning of the verb, it is
written on an ’alif’. e.g., 1% masculine singular present
tense (to read): I sl

« with 1% masculine singular present tense you would
need to write two ’alifs, then these are combined as one
with a madda sign over it (1), pronounced as a long aa.
e.g., se (to eat) : JSI

* Otherwise, the letter carrying the hamza tends to
relate to the vowel before the hamza:

— Damma () before hamza (nominative case)= hamza
written on waaw ()

— Kasra (:) before hamza (genitive case) = hamza
written on ‘yaa’, without dots (= or &)

— FatHa (<x) before hamza (accusative case)= hamza
written on “alif (1)

* If the hamza has no vowel before it (i.e., the letter
before has a sukuun over it), then the rules above
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Singular Dual Plural

Past Pres Imp Past Pres Imp Past Pres Imp
1st - Masc S JA s Jss B B
1st - Fem
2nd —Masc | <B | J& | & Lk V& | s B | o | \as
nd-Tem | ex | s | I8 G | g | o8
3rd — Masc Ja Jssy NY Y sy kY Os s
3td — Fem s U5 s Y i o Sy

We have seen here that the second vowel letter (c,) has

been omitted in the following cases

e 1% past singular, 1% past dual, and 1% past plural
for both masculine and feminine.

e 2" past singular, 2" past dual, and 2" past plural
for both masculine and feminine

e 2" masculine singular imperative, 2" feminine
plural present and 2" feminine plural imperative.

e 3" feminine plural past and 3™ feminine plural
present.

Defective verbs are verbs whose last original letter is
a weak letter the original weak letter can be either w
or y. Verbs whose last original letter is ‘alif | are not
weak verb. Just like the hollow verbs (as will be
shown latter), the final w or y of these verbs can
change based on the preceding short vowel. however,



defective verbs behave irregularly in all forms of Il, 11l
and IV.

In any Arabic word with more than three letters, the
final weak ‘alif will take this form « (alif
magsorah/broken alif) regardless of its origin. When
such an ‘alif is transformed back to a weak letter, likely
wise, when conjugating defective verbs, it will be
always transformed to y regardless of its true origin. let
us investigate this rule through the following example:
the verb threw (.=_) is originally came from the form
(=) because when we use it with 3™ masculine
singular present tense it would be to throw (=_»),
while it is with 3 masculine plural present tense would
be () 3<»).

On the other hand, the verb invited (\=2) is originally
came from the verb (5=2) because when we use it with
3 masculine singular present tense it would be to
invite (s=) while with 3 masculine plural present
tense it would be (s=). Therefore, one can claim that
Arabic does not have a true weak ‘alif at all. All the
weak ‘alif's are transformed from y's or w's (and
sometimes from other things). Thus, there is no real
long A vowel in Arabic

Enfolding verbs are categorize into two groups, one
that have a middle and final weak original letters and
the other group is the one that have a first and final
weak original letters. From the definition we can
conclude that the first group enfolds the definitions of
both hollow and defective verbs, yet it is always treated
as a defective verb only, and the middle weak letter is
treated as if it were a regular letter. While the second
group enfolds the definitions of both Mithal and
defective verbs. These verbs get the dealing of both
Mithal and defective verbs together.

In the next sections we are going to discuss the morph-

syntactic agreement features in the translation into
Arabic based on words order combinations VSO and
SVO, considering number, gender, case and person
features.

2. Review of Literature

Avrabic is the fourth most widely spoken language in the
world. It is a highly inflectional language, with a rich
morphology, relatively free word order, and two types
of sentences[3][4].

Verbs in Arabic are categorised in different ways
according to the needs of the grammarians or
applications. Verbs can be classified based on the

3 (Shaalan, 2005)
4 (K., 2005)
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number of characters that form their root, or based on
the nature of characters forming their root as this will
influence their conjugation and the forms of their
derivations [5].

Shaalan (2005) defined weak verbs as those verbs
whose root contains one or more weak letters. Based
on the position of the weak letter (i.e. alef (), waw (),
or yaa (w)), the verb can be further classified into the
following three subclasses: first weak (called
Paradigm), second weak (called Hollow), third weak
(called Defective).

[6] stated that weak verbs can be categorized into
three subclasses depending on the position of the weak
letter in the root: mithal (aka first weak) (J), hollow
(aka middle weak) (u—'u.ai), and defective (aka last
weak letter) (u=2Y). A fourth weak verb is the
enfolding (—4!) verb that contains two possible cases
of weak letters: middle and final or first and final
weak letters. Verbs can be further sub-categorized by
tense (past, present and future), case (nominative,
accusative and genitive), with respect to transitivity
(intransitive and transitive), aspect (perfective,
imperfective and imperative), with respect to the
subject (person, number and gender) and, voice (active
and passive).

This study attempted to examine the implications of
using VSO and SVO word order and the agreement
requirement with irregular verbs in machine
translation.

Corbett (2001) defined agreement as ‘“‘systematic
covariance between a semantic or formal property of
one element and a formal property of another.”, he
used the terms “controller” to refer to the element
which determines the agreement, “target” to refer to
the element whose form is determined by agreement,
and “domain” to refer to the syntactic environment in
which agreement occurs [30][16][37].

Attia (2008) stated that Arabic has rich agreement
morphology which allows it to show agreement
relations between various elements in the sentence.
There are five morpho-syntactic features involved in
agreement in Arabic: number (singular, dual and
plural), gender (feminine and masculine), person (1%
2nd, and 3), case (nominative, accusative and
genitive) and definiteness (definite and indefinite)
[14].

Noun-adjective shows strongest agreement where four
of the five agreement features are involved: number,

5 (Belkredim., 2009)
6 (Shaalan. K., 2009)



gender, case and definiteness, second strongest
agreement are the pre-verbal position subject where
verbs are required to agree with their subjects in
number, gender and person, thus it is clear that there is
a strong correlation between word order and verbal
agreement in Standard Arabic (SA), i.e. full agreement
in SVO order and partial agreement in VSO order.

Al-Jarf (2007) categorised the need to use VSO word
order against the use of VSO word order as follows:
SVO structures are used mostly in (nominal sentences
and clauses):

0] sentences consisting of a subject and a predicate.
(i)  sentences beginning with emphatic &' .

(iii)  sentences beginning with auxiliary o<,

(iv)  sentences beginning with the negative particle ¥.
(v) after (b “thought’ group.

(vi)  after JU& ‘said’.

(vii)  after »ul “told” and sl ‘showed’

(viii)  in answer to certain interrogatives.

On the other hand, VSO structures are used mostly in (verbal
sentences):

(i)  Conditional sentences beginning with certain particles.

(i)  when independent subject pronouns are deleted.
Independent pronoun usage in subject position is discourse-
based.

(iii)  After sentence initial adverbials and prepositional phrases,

(iv) in passive clauses ([24][5]).

Al-Jarf (2007) added "Although word order has been
found to constitute a major difficulty in translation,
studies that analyze SVO errors and VSO errors in
English-Arabic translation are lacking" [8]. She then
attempted to examine the nature of transfer of SVO
word order from English. Semantically speaking, the
SVO pattern gives emphasis to the subject, whereas the
VSO pattern gives emphasis to the verb, the choice
between VSO and SVO in Arabic is related to
syntactic, pragmatic, discoursal discourse and semantic
factors available in a particular context [4] She
concluded that the Mastery of SVO and VSO structures
in English-Arabic translation can be achieved by
improving translation instruction

Al-Momani (2010) explored the word ordering
phenomena in a free word order language like Arabic.
He concluded that Arabic is a non-configurational
language because it exhibits high word order freedom
(i.e. it allows multiple word order permutations). He
added, Arabic has the SVO word order as an alternative
order and the alternation is conditioned by discourse
and semantic features. Thus, the choice between these
two orders is triggered by prior information in the
discourse. If an entity has not been mentioned before,
then the VSO order is preferred; whereas, if an entity
has been mentioned before, then the SVO order is
necessary [10].
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Essentially, the Arabic word can be described as
follows:

[prefix1][prefix1] stem [infixes] [suffix1] [suffix2] [12]

The stem (morpheme) is the minimal meaning-
bearing unit in a language. Affixes in Arabic can be
categorized into three types, the prefixes, suffixes (or
postfixes) and infixes [33]. The prefixes are added at
beginning of the stem and the suffixes are added at the
end of stem, whereas, the infixes are inserted inside
the stem. Table 11 below shows some examples of
the affixes handling.

Table 11Table 11 An Arabic affixes/suffixes handling examples.

suffixes2|suffixes1|infixes| stem |Prefixes2|prefixesl AV\ZE(;C Structure
_ - - e - 1 <2 |CiaC,aCsa
- - - e - 1 <«»= [yaCiCyiCsu
- - Ve 2 1 <la WuC,ACICsu
& - - e - 1 rer2 yaCiCiiCsuhum
& - - e - A rer2e= JsyaCiCaiCsuhum
2 - Vo] - A relame syuCiIAC,ICsuhum
A 09 (I (ST~ uw(wr';u\#ﬂ:—»syuClACZicgunahum

Suffixes in Arabic can be categorized into two basic
categories, the suffixes that are attached to the verbs
and the suffixes that are added to the nouns [39].
Furthermore, some of the suffixes can be attached to
both the noun and verb stem. Nevertheless, Arabic
permits the use of up to three suffixes simultaneously
to be attached to the end of the same stem [1].
Furthermore, Arabic words are built from roots rather
than stems and involve diacritization. Written Arabic
is also characterized by the inconsistent and irregular
use of punctuation marks [14]. Table-12 below
presents a wide range of suffixes example for the verb

hit ().

Table 12 Arabic suffixes examples (adopted from Abu Shquier. M and
Abu Shgeer. O 2012) [5]

Suffix category
Verb/Noun/Both

Suffix Suffix description Example phonetics




drbny
« first person Verb (S pa

drbk
4 addresser singular Both EFPRY

drbh
N absent masculine singular Both 4 pua

drbha
L absent feminine singular Both PR

drbhm
o) absent masculine plural Both NPT

drbhn
5 absent feminine plural Both (i pa

drbhma
Lo absent dual Both Lags pn

drbkm
Y addresser masculine plural Both oS

drbkn
B addresser feminine plural Both S

drbkma

addresser masculine dual Both [SXNN

As for traditional Arab grammarians, VSO is the
normal syntactic word order. According to generative
grammar, VSO is the basic word order and SVO is
derived through subject movement. VSO order is
unmarked for focus, emphasis and information
distribution. The SVO pattern gives emphasis to the
subject, whereas the VSO pattern gives emphasis to the
verb [4].

3. Proposed Model

It is clear from the previous section that VSO and SVO
words ordering plays a crucial role in the translation
process. The subsequent examples in tables 13 through
30 show different agreement requirements between the
irregular verbs and their subjects depending on whether
VSO or SVO words ordering are used. The selection of
using VSO or SVO related to the context where we use
SVO whenever the subject is our focus.

Table 13 Example 1 (Third person subjects with different genders and
numbers with doubled verb repeated 4))

Structure C1aCC2aC3naa C1aC2C2aC3tu
Agr. Number and person
Arabic eall s Al

) Structure C1aCoCzaCanaa C1aC2C2aC3tu
Agr. Number and person

It is clear from example-1 that verbs have full
agreement with their third person subjects, as they are
supposed to agree with their subjects in number,
gender and person when SVO is used; contrastively
when VSO is used, verbs have partial agreement, as
they agree with their subjects in gender and person
only; while they remain intact with both singular and
plural subjects. At the same time, example-2 shows
that in both modes (SVO and VSO) the same rules of
agreement (number and person) have been applied
between verbs and subjects regardless of the gender
when the subject is a first person. With more
examples, we can show that a lot of agreement
variations exist between verb and subject according to
the subject features (gender, person, and number),
verb tense (past, present, and imperative), and verb-
subject order (SVO and VSO).

Table 15 Example 3 (Third person subjects with different genders and
numbers with hamzated past verb read | 2)

a b c d
English The girls read | The girl read | The boys | The boy read
the sentence the sentence read the | the sentence
sentence
Subject girls (p, f, 3) girl (s, f, 3) boys (p, m, 3) | boy (s, m, 3)
Arabic Laad) s aal) o g ) aall 138 VY aali i@ Al
SVO| structure | C,aCjaCsana C1aCaCaat C1aCCsuu C1aCraCsa
Agr. Number, gender, and person
Arabic Aaal) i) i @ Alaal) ) @i @ Alaadl Y N1 1 8 Alaad) Al gl 18
VSQ| Structure C13C23C3at ClaCzaC3at C1aC23Cga C1aCzana
Agr. Gender and person

Table 16 Example 4 (First person subjects with different numbers with
hamzated past verb read |_2)

a b c d a b
English We read the sentence | read the sentence
English The girls repeated The girl repeated The boys repeated The boy repeated
the sentence the sentence the sentence the sentence Subject we (P, - 1) | (Sv N l)
Arabic Al U3 Al aul
j il f, irl (s, f,
Subject girls (p, f, 3) girl (s, f, 3) boys (p, m, 3) boy (s, m, 3) SVo Structure ClaCzaC3anaa ClaCzaC3atu
Arabic Alaad) (a3 Alaadl @iy call Alaall ) ga3, Y 5V Aaall 33, A4
o i M N Agr. Number and person
i Adaad) Uij 8 ALaal) & 2
svo | Arabic ) Ul A &l B
ructure
C1aC2CaC3na C1aC2Coat C1aC2C2aC3uu CjaC2CpaCza
Agr. Number, gender, and person VSO Structure C1aCraCganaa C1aCraCaatu
Arabic ) ol s, Tl ol o, Tl WY 5, Tl 94 53, Agr. Number and person
VSO - - - .
SUUCUe | oo Concaat CraCstaaCaat CraCataan C1aCacaCa Table 17 Example 5 (Third person subjects with dlﬁergn} genders and
Adr. Gender and person numbers with hamzated present verb read )
a b c d
English The girls read the The girl reads the The boys read the The boy reads the
Table 14 Example 2 (First person subjects with different numbers with sentence sentence sentence sentence
doubled verb repeated 2))
a b Subject girls (p, f, 3) girl (s, f, 3) boys (p, m, 3) boy (s, m, 3)
English We repeated the sentence | repeated the sentence Arabic Aaal) Gia i) Aaad) 1,85 ) Aaadl 38 YY) Laadl Tn A0
Subject we (p, -, 1) 1(s,- 1) svo Structure yaC,CaCsana taC,C,aCsu yaC.C,aCsuun yaCiC,aCsu
o Arabic Tl o, on Tl on,0 Agr. Number, gender, and person
VSO | Arabic Laal) iyl a5 Aaal) i) jas Laadl Y 1A ALaal) Al 18y
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Structure

taC.C.aCsu

taCiCzaCsu

yaC;C.aCsu yaC;C.aCsu

Agr.

Gender and person

Table 18 Example 6 (First person subjects with different numbers with
hamzated present verb read | &)

a b

English We read the sentence | read the sentence
Subject we (p, -, 1) 1(s, - 1)

Arabic Alaall T8 ol FTRSEE
SvVo Structure | naC;C,aCsu 2aC,CaCsu

Agr. Number and person

Avrabic Alaal) 83 TLaad) § g1
VSO Structure | naC;C,aCsu 2aC1C,aCsu

Agr. Number and person

Table 19 Example 7 (Third person subjects with different genders and
numbers with Methal verb describe <)

a b c d
English The girls | The girl | The boys | The boy
describe describes describe describes
themselves herself themselves hemself
Subject girls (p, f, 3) girl (s, f, 3) boys (p, m, 3) | boy (s, m, 3)
Arabic D) s ) [PREICPIERN] R E A oy A
SVO | structure | yaC,iCsna taC,iCsu yaC,iCsuna yaC,iCau
Agr. Number, gender, and person
Arabic Ol il Cauad gt Cill L agnadil Y 5V Loiay A Al Il Loy
VSO | structure | taC,iCsu taC,iCsu yaC,iCau taC,iCsu
Agr. Gender and person

Table 20 Example 8 (First person subjects with different numbers with
Methal verb describe i)

a b

English We describe ourselves | describe myself
Subject we (p, -, 1) (s, - 1)

Arabic Liad) ol G (el Laal Ul
SVO | Structure naC.iCsu ?aC2iCau

Agr. Number and person

Arabic Uledl) il (i Cinal
VSO | Structure naC.iCsu ?aCiCsu

Agr. Number and person

Table 21 Example 9 (Third person subjects with different genders and
numbers with hollow verb said dU)

a b c d
English The girls | The girl | The boys | The boy
said... said... said... said...
Subject girls (p, f, 3) girl (s, f, 3) boys (p, m, 3) boy (s, m, 3)
Arabic JECEXEN Y JCKTERRN] [RESY J& 350
SVO
Structure | CyuCsna C,aC,Caat C1aC,Csuu C;aC,Caa
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Agr. Number, gender, and person

Arabic Sl s JERNRENH Y JE A JE
VSO [ structure | C;aC,Caat CiaC,Csat | C1aCCsa | CiaCyiCia

Agr. Gender and person

with hollow verb said d@)

Table 22 Example 10 (First person subjects with different numbers

a b
English We said.... Isaid....
Subject we (p, -, 1) I(s,- 1)
Arabic Ul s s bl
SVO Structure | C,uCsnaa CuuCatu
Agr. Number and person
Arabic L G
VSO Structure | C,uCgnaa C1uCstu
Agr. Number and person

Table 23 Example 11 (Third person subjects with different genders
and numbers with defective verb threw ()

a b c d
English The girls | The girl | The boys | The boy
threw the | threw  the | threw  the | threw  the
stone stone stone stone
Subject girls (p, f, 3) girl (s, f, 3) boys (p, m, 3) | boy (s, m, 3)
Arabic sl e clill [ aall caay ) Sl e, 29 Y aall ey A
SVO | Structure | C;aC,aCsna C,aCoat C;aCouCsu CiaCaCsa
Agr. Number, gender, and person
Arabic ol o) e ol ) e ol YY1 e Sl S0 e
VSO ClaCzat ClaCzat C1aC2aC3a C1aCzaC3a
Agr. Gender and person

Table 24 Example 12 (First person subjects with different numbers
with defective verb threw (#))

a b
English We threw the stone. I threw the stone
Subject we (p, -, 1) 1(s,- 1)
Avrabic saalllse ) a3 oaall e, U
SVO Structure CiaCraCsna CiaCzaCstu
Agr. Number and person
Arabic Al Uy allcuay
VSO Structure CiaCzaCsna CiaCzaCstu
Agr. Number and person

the verb threw (.=_) is originally came from the root-
form (=) because when we use it with 3" masculine
singular present tense it would be to throw (.=_»),
while it is with 3™ masculine plural present tense
would be ()3<_»). In the table above we have seen that
the 3 root letter (c;) has been omitted when
conjugated with 3 feminine singular (s,f,3) in both

SVO and VSO word order,

however, when we

conjugated the verb with (p,m,f), the 3" root letter has
been transformed to ‘w’ when using SVO word order,
e.g., o>l ) gay ¥ g¥). Nevertheless, the 3" root letter
has been transformed back to < with (s,m,3)
conjugation in VSO word order.




On the other hand, when we use the VSO word order, Arabic | sl R el B Sl G el el o e
the 3" root letter will be omitted when conjugating with ~ [SVO [ Structure | taC,CpaCau | taCyCraCau_| taCiCraCau | yaCiCraCau
P H Agr. Gender and person Person
both (p,f,:_%) anc_i (s,f,.3), while it will be transformed to < A o T | o e o I e I
when conjugating with both (p,m,3) and (s,m,3). \so
Table 25 Example 13 (Third person subjects with different genders and Structure | taCiCpaCou | taCiCraCau | taCiCraCau yaCiCraCau
. . i Agr. Gender and person Person
numbers with enfolding verb saw ().)
a b c d . S
English T gl saw e | The G saw | The hoys saw | T by saw e paper Table 28 Example 16 (Human subjects with different genders and
paper the paper the paper numbers )
_ _ _ a b c d
Subject girls (p, f,3) | girl (s, f, | boys (p, m, | boy (s, m, 3) English The girls drink | The girl | The boys drink | The boy
i 13 13 _ milk drinks milk milk drinks milk

Arabic BAGL | el BALLAN ] Bl 4 Subject girls (0, 1, 3) | girl(s,f,3) | boys(p, m,3) | boy (s, m, 3)
svo | Structur Cj1aCyaCzna | CiaCoat CjaCoaCau | CiaCraCsa Arabic RN IRER TR [N PRy e S e YY) | ol iy S

[

Agr. Number, gender, and person SVO | structure | yaC;CsaCsna | taCiCaCsu | yaCiCraCsuna | yaCyiCraCau

Arabic JEXERTRER callad, | sy el, Al Agr. Number, gender, and person

Arabic O [N O Uy R Py Ny

Vo | Stuetr | CiaCat | CiaCaat | CiaCaCaa | CraCraCaa VSO [ Structure | aCyCaCou_ | 1aCiCraCau | yaCiCraCau | yaCiCoaCa

Agr. Gender and person Agr. Gender and person

Table 26 Example 14 (First person subjects with different numbers with
enfolding verb saw )

a b
English We saw the paper | saw the paper
Subject we (p, -, 1) 1(s, - 1)
Arabic 5l Wl g 50 &l Ul
SvVO Stuture CiaCraCsna C,aCraCstu
Adr. Number and person
Arabic 8 &
VSO Stture CiaCraCsna CiaCraCstu
Agr. Number and person

Other features such as humanity and animate also
should be considered [3]. Examples 3 and 4 below
show how the humanity feature affects the agreement
requirements; it is clear from example-3 that in both
modes SVO and VSO the gender and person
agreements are maintained with non-human feminine
subject, while only the person agreement is maintained
with masculine subject; whereas in both genders the
singular form of the verb is used; observe that a
feminine singular verb is used with masculine plural
subject as it is appear in 3.c. The story is differ with
human being subject, in SVO words order; number,
gender, and person agreements are maintained between
the verb and the subject; while in VSO words order;
gender and person agreements are maintained, whereas
the verb is in singular form regardless of the subject
number (singular or plural).

In the same way we can show that different agreement
rules are needed with animate/inanimate subjects, with
dual (two persons) subject, with more than one subject
in the same sentence e.g. "the boy and the girls play
football”, and also with more than one verb such as
"The women eat and speak™, and so on.

Table 27 Example 15 (Non-human subjects with different genders and

numbers)
a b c d
English The cats drink | The cat drinks | The camels eat | The camel eats
milk milk grass grass
Subject cats (p, f, 3) cat (s, f, 3) camels (p, m, 3) camel (s, m, 3)

Two important questions emerge, the first one: is it
possible to generate all different derivations of the
verb for all verbs by following a fixed set of rules? If
we neglect the irregular cases, the answer is yes; but
we know that nobody can ignore them, therefore we
need to build all possible rules and manipulate the
irregular cases in a different way such as maintaining
an example-based database for them and consult it
beside the rules database. The second question is: how
the translator will decide when to use SVO and when
to use VSO since the decision depends on which is our
focus: the verb or the subject? It is not easy to answer
this question, but in our opinion the translator should
use the mostly used mode (VSO) as a default, and
modify some sentences to (SVO) according to a
semantic analysis of the source text. Figure-1 below
illustrates a proposed model to achieve this. The
following is an explanation of the model processes
with example:

Process 1: Receives the source text (English statement),
and pass it to the parser;
(The girls saw the paper).

Process 2: ldentifies POS by consulting the English
grammar database table:

(The/DT girls/NNS saw/VBD the/DT paper/NN).

Process 3: Retrieves Arabic meanings as well as subject
features from the English lexicon database table;
(The/ J girls/ <l saw/ <l the/ J) paper/ 43 );

(girls/ plural, feminine, and 3" person).

Process 4: Analyzes the source text semantically to
decide whether SVO should be used or not;
(The result will be either yes or no).

Process 5. Creates the correct derivation of the
equivalent Arabic regular verbs depending on the



results from processes 3 and 4, and the consultation of
the Arabic grammar, Arabic lexicon.

Process 6: Creates the correct derivation of the
equivalent Arabic irregular verbs depending on the
result of the 30 cases shown in the figure below and
from processes 3 and 4, and the consultation of the
Arabic grammar, Arabic lexicon.

(If the result of process 4 is no, then the verb will be

<l (Ciacqat) since the default mode VSO will be
used; if the result is yes, the verb will be Cxl)

(CiaC.acCsna) since SVO mode will be used).

Process 7: Finally, the complete Arabic translation is
produces by referencing the words ordering rules
database table:

(based on the result of the previous processes, we will
get either 48,0 ) &, "ra?at albnat alwaragah” in
the case of using VSO or

4,0 G, cldalbnat ra?aina alwaragah” in the
other case SVO).

[—Eng. stat. Y
Receive source text

Eng. stat.

2.0
Parse the stat.

POS

User

Rules D1: Eng. grammer
3.0 Arabic meanings
Eng. Stat., POS, Get Arabic meaning & & D2: Eng. lexicon
And subject features subject features subject features

D3: Arabic grammer

’—‘ D4: Arabic lexicon

{«4—————Verb derivation

Arabic meanings,

4.0 POS, and subject features Verb derivation
Semantic analysis

5.0
Produce Arabic
verb derivation

Analysis results—m|

Words, POS, and meanings

| Arabic 60 ord ‘ D6: Words ordering
‘translation Construct Arabic reering rule rules
translation

User

v
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Weak Verb

preceded by Dumma

/’9 preceded by Aasrs

N~

/—i yyyyyyyyyyyyyyy
/E‘ preceded by fzths

preceded by 7o vowe/

Figure 1 Level 0 DFD of the proposed model

Figure 1 explores the verb derivation process
conducted in EA-HBMT, we first determine whether
the verb is regular or not, if it is regular then we
proceed to the next step, otherwise we check whether
the irregular verb is weak, doubled or hamzated (with
hamzah) verb. If the verb is weak then we have to
further check how weak is that verb, i.e, Mithal,
Hollow, defective, or enfolding. Actually we have
labeled each of the derivational cases with a number to
represent the action behind that case. For instance
number 3 represents the behavior of the irregular weak
mithal past tense-verb whose 1% root letter is the (long
vowel s), based on the number, gender, tense and
person, we will define the following table that
represents what suffixes/infixes are to be added to the
verb according to the rule [prefix1][prefixl] stem
[infixes] [suffix1] [suffix2]. Let us explore this rule by
taking the verb (described —v= )

Table 29 Example 17 derivation of rule 3 of the irregular weak mithal
past tense-verb whose 1 root letter is the (long vowel .$)

Singular Dual Plural

Past Past Past

oy Y oy
1st - Masc (C1aCpaCituy (C1aCaaCsnay (C1aCpaCsnay
1st - Fem
nd — M Ziay CaCaCat Wi (CaCoaCatumay Sia s (CraCpaCatumm,
nd — Masc
2nd - Fem Cioay (C1aCaaCatiy (a5 CaCoaCatunany
rd — Mase Gy CraCaCany G (CraCraCaan 153 (CaCpaCanty
3d — Fem Chias (C1aCaCat Uia s (CaCpaCaatany a5 (CaCraCanaay




Table 29 shows regularity in the past tense but the case is different
with present.

Let us now explore the behavior of the irregular weak mithal
present tense-verb whose 1% root letter is the (long vowel ). Table
30 below represents the entire behavior

Table 30 Example 18 (Human subjects with different genders and
numbers)
Singular Dual Plural

Present Present Present

Caal

(?C2iCauy maCziCauy

1st - Fem

2nd - Masc Caad (taCiCauy Olaad (taCaiCaany Osaal (taCaiCauny

2nd - Fem caai (taCpiCaly

Oaad (taCoiCanay

3rd — Masc Caay (yaCaiCauy Oleay (yaCoriCaany

olead (taCariCsany

O s (yaCriCauny

3rd - Fem

Caai (taCpiCauy Jay (yaCaiCanay

We have seen here that irregular weak mithal present tense-verb
whose 1% root letter is the (long vowel ) lost their first original
letter (the weak letter) (Cy) in all cases.

4. Conclusion

This research has dealt with irregular verb derivation in English-
Arabic Machine Translation in conjugation with sentence word
order. Through this paper we have explored the characteristics of
Arabic language that will affect the development of a Machine
Translation (MT). Several distinguishing features of Arabic
pertinent to irregular verbs have been explored in detail with
reference to some potential difficulties that they might present.

The recent study attempted to examine the nature of using VSO and
SVO word order with irregular verbal sentences. This paper
investigates different rules to manage the problem of morphological
and syntactic ambiguities in Arabic that arisen due to the richness
and complexity of Arabic morphology.

Arabic as a Target Language (TL) in this paper is highly
inflectional, rich morphology and relatively free word's order
language; it allows the combinations of SVO, VSO, VOS and OVS.

We concluded that we can enhance the output quality of English-
Arabic MT by feeding the system with adequate, robust and
completed rules to deal with the morph-syntactic inflectional
morphological features of irregular verbs. To achieve this task we
proposed a set of 30 rules based on the tense of the verb, place of
the vowel root letter, first, second or third person representation,
number and gender features, and diacritics preceding vowel letter,
i.e., nominative, accusative or genitive case.

Through the investigation of the available MTs and related
researches, as well as the flexibility of Arabic language grammars,
we concluded that we are a bit far away from getting an English-
Arabic MT up to the accuracy of human translation due to either
faulty analysis of the SL text or faulty generation of the TL text.
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