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Abstract

This paper will analyze certain translation software and focus on certain linguistic
phenomena that are often claimed to be the most problematic areas in machine translation. It
will be shown that implementing the system with an adequate parser will empower the
translation software. The adopted parsing tool, concentrates on 4 important issues: Constituent
vs sentence recognition, Coordination, Preposition semantic function and Prepositional Phrase
(PP) attachment. The parser presented is based on a sample corpus of Modern Standard
Arabic and a formal grammar to analyze MSA structures automatically. The formal
description is implemented using the Affix Grammar over Finite Lattices (AGFL)
representing a linguistic approach in terms of functions and categories to account for the
sequences inside the structures together with the relations governing these sequences;
accuracy exceeded 95%. It is necessary at this point to make two important issues clear. First,
in the present stage of the work will be limited to Noun Phrase structures. Second, the
adequacy of the grammar is limited to the extent covered by the sample corpus under study.
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1 Introduction

Machine translation research has often been criticized for ignoring developments in
linguistic theory. There would appear to be wide communication gab between theoretical
linguistics and practical machine translation research. Some observers believe that there are
good reasons for this situation: until recently linguistic theories had not provided adequate
accounts of all aspects of language use; a good linguistic theory may have given a convincing
analysis of, say, quantifiers or coordination but not explained all the peculiarities of actual
usage in the coverage required for machine translation. However, recent theories such as
Lexical Functional Grammar (Shihadah et al 1998). or Generalized Phrase Structure
Grammar (Gazdar et al 1985) and their various derivatives have set out explicitly to cover as
broad a range as possible, not only within one specific language but also for different types of
languages. In the past, and unfortunately, it is generally true today, much of linguistic theory
was based on phenomena observed in English, the language of the majority of theoretical
linguistics. This neglect of other languages has been why linguistic theory has had less impact
on Machine Translation than some observers might have expected. In other words, linguistic
theories have rarely addressed questions of contrastive linguistics, i.e. the way in which
different languages use different means to express similar meanings and intentions. Such
questions are of course at the heart of Machine Translation.

2 Linguistic and Formal Framework

In this section the linguistic and formal framework is going to be explained briefly in which
a NP category occurred which represents the core of our parsing tool that can be used
efficiently in translating Arabic structures into English.

Analyzing linguistically the NP, a number of functions could be distinguished. These
functions are: the head, the determiners and the postmodifier. The individual behavior of these
functions ranges between determination and postmodification of the nucleus of the NP, the
element occurs in the head function. The NP, in its simplest form , only consists of a head.
Even in a more or less complicated NP, only one head function is to be distinguished. The
head is specified and defined as the unit which is marked for its function at the next higher
level of description and cannot be deleted without affecting the meaning of the constituent
(Al-Ansary 2002), (Ditters 1992)). By this definition, the head function of an NP can only be
realized by the category noun. Owens (1988) distinguished several subcategories able to
realize this function (cf. Owen’s 1984, Ch. 9). According to our subclassification of nouns, a
common noun, pronoun, proper noun, present participle, passive participle, adjectival noun,
standard infinitive (verbal noun), noun of title... etc are examples of heads of an NP (for more
details cf. (Al-Ansary 2002) and (El-Kareh S., Al-Ansary S. 2000). In extension of the head,
an element can function as a determiner to the head of the NP. The element occupying this
function may occur before or after the head. This brings us to differentiate between what is
called a “predeterminer” (PREDET) and “postdeterminer” (POD). However, it has to be kept
in mind that they are mutually exclusive in relation to the head i.e. they could not occur
together. The category in the function of predeterminer is mainly the prefixed article “J”
while the category in the function of post-determiner is a normal NP marked for genitive case.
The post-modifier function is always placed after the head of the NP and; is for this reason
called “post modifier” (POM). In our approach, post-modification could, according to its
categorial realization, be classified into PPOM, ADJPOM, NPOM or ADVPOM, realized by a
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prepositional phrase, adjective phrase, noun phrase and adverbial phrase respectively. An
additional element could be distinguished functioning as a complement of the head of the NP
(COMPL). Like post-modification, the complement function is always realized after the head.
However, it is not recommended to treat both of them as a post-modification since the
complement has a particular syntactic function in relation to the head. For example, a post-
modifier follows its head with respect to ‘definiteness’, ‘number’, ‘gender’, and ‘case’. There
is no direct relation between the head and its complement as far as agreement is concerned.
On the contrary, the head imposes specific values on its complement.

Formally, the linguistic description of the NP in MSA can be represented by means of
context-free rules. To implement the formal grammar, a two level approach for syntactic
description was used by means of the AGFL (Affix Grammar over Finite Lattices) formalism.
In this way, ROOT is the start symbol in our grammar and ROOT is rewritten in the phrasal
category NP. The NP is in its turn rewritten as a sequence of optional and obligatory
functional elements (which constitutes the first level of description, syntactic level). The
description alternates between functions and categories till the description in lexical terms has
been reached. Starting with our initial label ROOT, the first rule is: ROOT: NP. A number of
restrictions is applied via some linguistic features to determine the dependencies and relations
between the elements of the NP (which constitutes the second level of description, affix
level). Thus our start label could be revised as: ROOT: NP(definiteness,
number,gender,person,case). By means of the non-terminal affix variables, the elements of the
first and second levels of description are dealt with. At the first level, non-terminal elements
are arranged in phrase structure rules called syntax rules or hyper rules. These phrase structure
rules are context-free rules describing syntactic structures. As it has been seen with
‘definiteness’, number, gender, person and case, other affix variables can be attached to the
non-terminal of the first level. These meta affixes constitute the second level of description.
For more details about conventions for writing rules of AGFL confer Koster (1991).

3 Important Issues

In this section some linguistic phenomena that highlight important problematic issues in the
field of Arabic-English Machine Translation will be presented. These linguistic phenomena
are : Constituent vs sentence recognition, Coordination, Preposition semantic function and PP
attachment. It will be demonstrated how weak the existing translation systems are and how the
parsing accuracy of the parser adopted can contribute to reach an acceptable translation.

3.1 Constituent vs Sentence Recognition

One of the important issues that a Machine Translation system should take care of is the
ability to differentiate between a phrase and a sentence. In Arabic, a nominal sentence can be
composed of a topic and a comment. The comment can be realized by a PP, giving a complete
meaning of the whole structure, the sentence. Consider the example in (1):

(1) 4wl b 2se  mohammadun fi ?almadrasati  ‘Mohammad is at school’

In this example, “xs<” (NP) is the topic of the sentence while “du 2l & (PP) is the
comment of the sentence. Thus the translation given above can be considered as an acceptable
translation of this sentence. This kind of sentence structure can cause a formal ambiguity



Sameh Al-Ansary and Seham El-Kareh

contradicting with phrase structures. Consider examples in (2a) and (3a) with their automatic
translation (Program 1 is InterNet Translation Service from CIMOS Company.
http://www.cimos.com/. Program 2 is Ajeeb: http://tarjim.ajeeb.com/ajeeb/) :

(2) a) Gl ) 0 e (il ?algabdu ¢ala xamsati ?irha:bijj:n
Program 1:* The arrest is on terrorists ~ Program 2:* taking possession of 5 terrorists
b) The arrest of 5 terrorists

(3) a) adaal e plid) i) (K& tamakkunu ?alfikri 2almotatarrifi min ?asha:bihi

Program 1: * A mastery the extreme thinking is from his owners
Program 2:* The extreme thinking , take possession of his companions

b) Extremist thinking has dominated them

Each of (1) , (2a) and (3a) consists of NP + PP, however the structure in (1) is a sentence
while the structures in (2a) and (3a) are NPs. The false translation is caused by the software in
which the software is unable to recognize and differentiate between constituent structure and
sentence structure. The contribution of our parsing tool resides in using our linguistic and
formal strategies to give a reliable representation. This could be examined through the
labelled tree representation in (4), consequently a reliable translation as those given in (2b)
and (3b) can be obtained.

//_7!\ //_/—7“\
PREOET NHEAD FROM WHERD o TFau
ARTELE NO UM np |
| | /\ NOUN NP [
n NE FPHEADER PCCMPLEMENT | /\ /\
| NE PREEET  NHEAD ADJPOM FHERDER PGOMPLEMENT
el PREP NP
| o5 ARTGLE NOUN PREDET  ADJHEAD PRER NP
-le CHERD PO
b ] NHNG ARTEGLE NOUN - NHEAD Fon
NE NP .
| o] ] NOJ NOUN NP
5 NHEAD |
| i e NNC NHEAD
NOUN
| wdaad NOLN
LT
| NPROD
sl g1

3.2 Coordination

Coordination is a problematic issue in almost all languages. It has been assume that
coordination takes place at the categorical level and that it is dominated by a single function
node. It has also been assumed that the coordination concerns similar categories. In the
present stage of the formal description of coordination, the work has been limited to detect the
boundaries of the coordinated NPs without going into details of revealing all information that
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can result from coordinating a NP with another and how they can affect the identity of the
whole constituent ( In writing a formal grammar for describing coordination, the grammar
should consider the result of coordinating the features of the first NP with those of the second
NP. For example, considering definiteness when the first NP is definite and the second is
indefinite, the coordination will result in a definite constituent. Thus, the formal description of
coordination should deal with features like definiteness, number, gender, and person to reveal
how they can affect the whole constituent. For details about this kind of investigations cf
(Ditters 1992).) To enable our description to detect automatically the boundaries of two
coordinated NPs, all available information at hand have been made used of. Since the
coordinator separates two NPs, the grammar tried to get all possible alternative combinations
that can be expressed before and after the coordinator. Thus a more accurate description to the
NP that precedes the conjunction has been needed to enables precise division in one hand and
eliminate the rest of the alternatives on the other. Up to the NPs analyzed the affixes
‘definiteness’, ‘subclass’ and ‘case’ have been used to control the limits of the NPs being
coordinated. In (5a) a structure that has a coordination at a certain linguistic level i.e. a
postdetermination level of the Nominal Head ‘<" can be seen. A full parsing in labelled
tree of this structure is presented in (6). This structure has been tried to be translated
automatically, the result can be seen in (5a).

) () Sl 5 & 5l pulae el G 22
?adadun min ?a¢da:?1 maglisajj ?asiju:xi wannowwa:bi
Program 1: * Number of the sheikhs councils members and the deputies.
Program? : * He wailed from the councilors of the whitebeards and the vicegerents

(b) A number of the members of sheikhs and the deputy councils.
(6)

NP

N

NHEARD PROM

NOUN PHEROER PCOMPLEMENT
|
NNC PREF NP
N
s -~ NHEAD PQ0O
|
NOLUN NP
TN
NNC MNHEARD Q0o
| |
gLl NOLUN COOROINATON
/—”//‘\
NNC MNP COORO NP
'-li-l PREDET NHERDO CONJ PREOET MNHEAD
|
ARTIGLE NOUN a o ] NOLUN
pl MNNC NOX

s g
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It is very clear from the acceptable translation in (5b) that the boundaries of the coordinated
NPs are not precise. The following brackets in (7) can show the boundaries of the coordinated
parts according to that translation.

(7) [ 5] 5 [& 50 oulaa eliac] J] o 220

However, the parsing tool adopted, relying on subclass, definiteness, case of the coordinates,
and the number of the Nominal Head ‘maglisaj;” to which the coordinates are
postdetermining, could reliably detect the coordinated parts as shown in (8).

(8) [ 5] 5 [ 50il]] (omloe sliac] (o 220

Consequently, relaying on the parsing tool adopted a reliable translation can be obtained as
that given in (5b).

3.3 Preposition Semantic Function

It is very important for a good translation system to automatically detect the meaning of a
preposition in a structure. This issue is very dangerous in the translation from and to Arabic
because the same preposition in Arabic can convey more than one semantic meaning.
Consider the following examples:

(9) (a) ¥ a5 331l g il risa:lata:n min muba:rak liza:jed waga:bir ?al?ahmad
‘Two letters from Mubarak to zayed and gaber Alahmed’

(b) Alall (b (52500 ) sl aalie L e
?a%la: nisbati musa:hadatin lihiwa:rin tilifizjo:nijjin fi ?al%a:lami
‘A highest ratio of viewing for a TV talk in the world’

In (9a) the preposition “Y” prefixed to “3” has a target meaning since the structure has a
source “c«” preceding. While in (9b) the same preposition has an associative meaning
connected to the superlative noun, the Head of the NP. However, it has been noticed that
Arabic Machine translation systems have fixed the semantic function of prepositions.

Consider the following examples with their corresponding translation

(10) (a) Mal ) Agaall 308 ga:datu ?algabhati ?al?isla:miyyati lil?inga:3i
Program 1: * The leaders of the Islam bloc to the Rescue
Program 2 : * The commanders of the Islamic front of the deliverance

(b) 2 yall o3a 5 Sal 13a 493 ) Chaatial) apa i Al glas
muha:walatun litawgi:hi ?almutahaddifi ?ila ?ida:nati ha:0a ?alfikri waha:8ihi
?algara:?1mi
Program 1: *An attempt to the speaker directing to the conviction of this thinking and
these crimes

Program 2: * An attempt to crown him the spokesman to condemnation of this
thinking and this the crimes.
(c) LS Y 3L ) zija:ratun li?amirika
Program 1: A visit to America. Program 2: A visit to America.



Arabic-English Machine Translation Systems: Discrepancies and Implications

As it is clear from the examples listed in (10) together with their automated translation that the
meaning of the preposition “J” is always fixed, thus it was incorrect in (10a, b) and acceptable,
accidentally in (10c). The parsing system adopted could link the meaning of the preposition
with the structure it occurred in leading to a reliable translation in this respect. In (11) an
example of a labelled tree representation of (10a) can be seen:

(11)
1 NP
N
NHEAD 13
NOUN NP
NNG PREDET  NHEAD ADJPOM PROM
NOS ARTIGLE NOUN AR L]
ad ] NNC PREDOET  ADJHEAD PHEADER PCOMPLEMENT
L i NOUN PRER NP
N | PREDET NHEAD
L ARTIGLE NOUN

In this analysis the parser could detect the associative meaning' of the preposition (<) which
directly leads to translate is as “for” not “to”.

3.4 PP Attachment

Attaching the PP to a given part in the structure can make a kind of ambiguity that affects
translating that structure from Arabic to English. Consider the structure in (12). In fact if you
concentrate for a while, you will notice that it can support two translations depending on the
attachment of the PP (daws¥) (3,30 ). This PP can be considered as a locative constituent
attached to 3= or as a prepositional postmodifier attaching this constituent to > In fact
parsing tool can give flexiblely two parsing trees that can be implemented in two different
translations. The discourse will the exact translation. In (13a) and (14a) two parse trees (in
labelled brackets format) were given with their translations in (13b) and (14b) according to the
structure.

! In the tree diagram above, it is not clear how the parser could discover the semantic meaning of the preposition. The output of the parser in
labelled  bracketing format is as follows in which the semantic function of the preposition is clear:
NP(NHEAD(NOUN(NDS(52))),POD(NP(PREDET(ARTICLE(-)), NHEAD(NOUN(NNC(4¢:2))),ADJPOM(ADJP(PREDET
(ARTICLE(J)),ADJHEAD(NOUN(NW(4:3.))))),PPOM(PP(PHEADER (PREP(ASSOCIATIVE-)), PCOMPLEMENT
(NP(PREDET(ARTICLE(-)),NHEAD(NOUN(NIS(3&))))))))))
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(12) T sl Gl (A Sull e i
fagdu mo?tamarin lilsala:mi fi ?alSarqi ?al?awsati

(13)(@)

NP
'//_/_/////_;;f’\
NHERD [T FFOM
NOUN NP pp
HNE NHEAD APON PHEADER PCOMPLEMENT
N NNE PRER NP
ol PHERDER PCOMPLEMENT .! PREDET NHERD ADJFON
PRER L1 ARTICLE HOUN ADJP
4 PREODET NHEAD A NT PREDET ADJHEAD
| |
ARTEGLE NHC Y ARTIGLE NOUN
| |
1 A NDJ
|
gl

(b) Holding a peace conference in the Middle East
(14) (a)

EHERD L]
|
mgun (13
N
| EHERD FrOM
| |
. 1 PR
TN
L] PHERDER FECOMPLEMENT
| |
FREP L1y
/\
1 FREBET EHERD PPEM
ARTELE (T1] 13
/\
1 - FHERBER PECMF LEMENT
PREP ur
7
- FRERET EHERD AoJFOM
ARTELE (LT ] ADJP
A
E] T FAERET  AOJHEAR
A ARTELE mgum
] [TF]

gt

b) Holding a conference in the Middle East about peace
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The problem becomes more severe when the prepositional complement is realized by a
coordinated NP. In (15) we see the nominal head “4<;” of the NP is postmodified by an ADJP
“iS,,39” then by a PP. According to our linguistic approach this PP is composed of
PHEADER and PCOMPLEMENT functions. The latter is realized by a coordinated NP. A
full labelled brackets representation describing the whole structure can be seen in (16a). This
structure is tested over a famous Arabic-English translation system, the result was as
represented in (16b).

(15) 2l & 3is bl e aall A 1Y) ANS )
?alwika:latu ?al?amri:kijjatu lithaddi mina ?altasaluhi wanaz?1i ?alsila:hi
(16) a)
13
PRERET NHERD ADJPOM PPOM
AATELE moun /MK PP
L] L] 1] PREBET ADJHEARD FHEHmLEIEIT
lixy ARTELE mmur PREP ECOERBDINATEDNPx
L] I|II L1 EHH‘H.I /lP\
I-.lilld FRE;ET_/;H/AHI [—-1 P ITHEAR FEO
ARTELE mur PHEREER PCOMP LEMERT ] mun L1
1 L)} PREP /IF\ (]:] PREBRET NHEAD
L o PREBET BHEARD Er ARTELE msun
ARTELE mur L] L] 1]
1H =
el
b) Program 1: *The American agency to the restriction is from the arming and the weapon
pulling out
Program 2: *The American stewardship to be anatheist from the armament and the
demilitarisation

¢) The American agency for limiting arms and disarming.

The labelled tree representation above links the NHEAD with its modifiers in a syntactic
harmony that can lead to an acceptable semantic interpretation of the whole structure as it
appear in the translation in (16c).

3.5 Conclusion

This paper has focused on Machine Translation of Arabic in which the Arabic language will
be a source language. What the paper tried to prove is that in order to achieve a good machine
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translation for Arabic, in principle, Arabic structures should be understood by the machine.
Using the parser adopted, it was possible to focus on building a formal module for describing
Arabic structures and transfer them with the same meaning into the target language. Some
problematic areas in Arabic-English machine translation have been surveyed. To a certain
extent, the gabs in the translations have been showed, and how the parsing system adopted
could deal with these gabs. Work in this direction will help to form a new generation of
Arabic studies using Information and Communication Technology for research and teaching
purposes.
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