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Abstract. We present an approach to the machine trandlation of French to Arabic
in which we explain each of the different steps and some of the problems
encountered at each level of linguistic analysis together with their solutions. We
show that for high quality trandlation, an approach which is both global and proper
to the couple French to Arabic is necessary, and we compare our approach with
existing ones (direct, transfer, pivot, statistical). The fact that we have two
languages which are linguistically distant requires that certain linguistic
phenomenathat are specific to the couple must be analysed, such phenomena not
necessarily being found in other language couples.

1. Introduction

Approaches to machine translation from French to
Arabic are rare. Certainly, translation memory
systems do exist (as for example the commercial
system An-Nakel Al-Arabi from French to Arabic
from CIMOS (Paris)') but the limitations of such
systems are now well known to all specialists
working in the domain. In this paper we present an
approach which we have implemented specially for
the machine translation of specialty languages from
French to Arabic.

At the outset of the project, existing approaches (see
for example [1], [2]) were examined (direct,
transfer, pivot, statistical) but it became apparent
that each presented limits and it became
increasingly evident that it was necessary to devise
an approach specific to this particular language
couple. The fact that we have here two languages
that are very distant linguistically means that, from
the linguistic point of view, certain linguistic
operations which are specific to this couple will not
necessarily be found in other couples, whether or
not one or other of French or Arabic is present as
either source or target. The approach that we
describe is thus unique for the couple French to
Arabic; and it follows that it is not valid for the
inverse couple Arabic to French. Reversing the
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translation steps will not result in a machine
translation system of the couple Arabic to French
because to have such a system would necessitate
certain linguistic operations that are not present for
French to Arabic. Indeed, this consideration of
direction in translation explains our use of the term
"language couple" rather than "language pair", by
analogy with "couple" in statics in which direction
is inherent. Other work that we have carried out
vindicates our findings concerning the uniqueness
of couples for linguistically distant language
machine translation (for example Chinese to French
[3], Korean to French [4], both Chinese to French
and French to Arabic [5]). It is our opinion that if
machine translation is to succeed, and by success we
mean quality machine translation, it is necessary to
limit one's ambitions by dealing with one couple of
languages at a time, this implying in one given
direction, and above all when the languages are
linguistically distant. Moreover it is necessary to
limit the domain to be translated, as for example in
[6] and [7]. This means that the domain itself must
be analysed linguistically in order to know and be
able to formalise its morpho-syntactic, lexical and
semantic behaviour. As well as this, there is the need
to understand the domain's behaviour and its
conceptual organisation. The principal domain we
have researched is the specialty language of French
and Arab law.

To conclude this introduction, we are of the view
that machine translation approaches ought to treat
all the linguistic levels as well as the problems that
ensue in order that the results be acceptable in terms
of quality. In machine translation, the same defects



keep being reported (see [8]). We certainly do not
claim to have solved all the problems; rather we
simply say that we have started the process for the
machine translation, where this is possible, for
French to Arabic. In the paper, we present the steps
which allow the machine to perform the translation
in presenting the problems encountered and
proposing, where possible, solutions.

2. Thetrandation process

Our analysis is carried out in several steps; this is
due to the fact that we have two languages of
different origins, and this renders the machine
translation process more complex.

2.1 The steps of the analysis

Step 1: Segmentation

The user having entered an utterance in French,
this step is concerned in segmenting this into
French linguistic units.

Step 2: Morphological analysis

This step has as objective the production of a
structure in which the French linguistic units are
tagged in an unambiguous manner with their
respective grammatical categories (parts of
speech); that is, there are no ambiguities due to the
French units' form. This restrains the possibility of
ambiguity  (without always excluding it
completely). In the event that an utterance has
more than one interpretation, the system could
choose the most frequent, or preferably, the
morphological analysis ought to be completed with
a semantic analysis.

Step 3: French linguistic units' translation

This is the first step in which the two languages are
put into relation with each other, because during
this step, for each source language French
linguistic unit, the system provides all of the
possible Arabic translations. In the case of for
example Arabic verbs and adjectives, the forms for
the two genders (masculine/feminine) and the two
numbers (singular/plural) are mentioned in order to
enable the resolution of problems arising from
differences in gender and number between the two
languages.

From and including this step we prefer to use the
apparently (but incorrectly) more general term
linguistic unit; what started as a French linguistic
unit takes on other aspects as it proceeds through
the translation steps of the process. From now on a

"French linguistic unit" refers to the French aspects
of a given linguistic unit.

It is during this step that a part of the problem
concerning the translation of prepositions is
resolved. The difficulty is that the sense of
prepositions and thus their translation is very
dependent on their context. Sometimes indeed, a
French preposition has no translation in Arabic.
For example the French preposition 'a' can have up
to eight possible translations in Arabic, and this
means that the formal rules which select the good
translation have to be found. French preposition
processing for translation to Arabic cannot be done
in one single step; in some situations one has to
wait until the 6™ step for a preposition to have its
translation calculated. Thus during this 3" step the
system verifies if the lexical unit could have a
preposition and if this is the case one provides at
this point the translation of the actual preposition.
By default, the preposition has no translation in
Arabic. Even if this is in fact the case, the system
cannot and does not exclude the possibility of
giving a translation of the preposition as a
linguistic unit later in the translation process, after
the application of formal rules in the 5" step. The
following example shows this type of problem
where 'des' is not translated during this 3" step but
is so during the 5™

l'ordre juridique interne des Etats
Jsall J Jalal 5 gital) oUasl)

Another problem that can occur in processing
prepositions is when a preposition that occurs more
than once in a sentence keeps a particular sense for
at least two of its occurrences and where this sense
is not present in the system's lexicon for linguistic
units governed by the preposition, this being
because in fact the correct interpretation is done at
the syntactical level. Consider the following
example:

l'ordre administratif connait des litiges
relatifs a I'organisation et au fonctionnement
des services publics et aux contrats
administratifs

Here, 'a' (present in 'au' and 'aux') keeps its
translation (<) established for 'a 'organisation ' for
the rest of the sentence:

au fonctionnement (44L) aux contrats (2 sill)

In consequence we have written a formal rule
allowing the resolution of this type of problem. It
should also be remarked that whilst the first 'des' in
the above French sentence has a precise translation
(&%, this is not so for the second 'des'. These
examples indicate the level of complexity of the



formalisation of the problem and also the need to
formulate precise rules which are both complete
and also which operate in concert. In respect of
this we have been able to cope with these types of
problem and obtain good results as is demonstrated
by the complete translation of the above sentence
given later in the paper.

Another problem that is treated in this 3 step is
that of the polysemy of certain lexical units, even
in the case of the machine translation of specialty
languages. Our definitions of simple and
compound linguistic units enable a partial
resolution of this problem. However, in certain
cases, we find total ambiguity and this leaves us
with no choice other than to interrogate the end-
user in order to select a given translation. We have
observed the same problem in other language
couples [3], [4]. For example, the word 'direction’
has different translations in the following two
sentences which are otherwise similar:

le pouvoir de direction (3_)¥)) doit E&tre
exercé

le texte institutionnel permet de préparer les
directions (Sl 5l et  réglements
d'application
In the steps that follow, we treat the linguistic units
as members of a syntagmatic structure forming an
utterance. At this point in the translation process
one can ask the following questions:

— How can one transpose a French utterance into
the equivalent in Arabic?

— How can one take account of particularities
both in the French utterance and in the Arabic
one?

— In what way does one establish the formal link
between two languages which have different
morpho-syntactic structures?

In order to reply to these questions, we have
designed and implemented 3 successive steps (4, 5
and 6) which establish a correct morpho-syntactic
and semantic transition from French to Arabic, the
final lexical generation into Arabic being done in
the 7™ step.

Step 4: Linguistic unit actualisation and
morpho-syntactic and semantic agreement

The 4™ step in the machine translation process
analysis is both important and necessary in terms
of the translation process formalisation.

Having in the 3™ step noted all the possible
translations of each linguistic unit, in this 4™ step
the system first actualises the following

information for each linguistic unit: grammatical
category, gender, number, potential prepositions,
semantic information, and whether or not the
linguistic unit takes the Arabic article 'al-".

The system then performs a morpho-syntactic and
semantic agreement analysis between the different
linguistic units of the utterance. The object of this
analysis is to establish the agreements in gender
and number between the relevant linguistic units
and to select one translation for each linguistic unit
amongst the possibly several proposed by the
previous 3" step. In Arabic, because verbs as well
as adjectives have gender and number, several
translations are possible. This problem, which
would appear simple to resolve at first sight, is in
fact very demanding. Not only do all the morpho-
syntactic dependency relations between the
different grammatical categories of Arabic
sentences have to be described in a formal and
subsequently machine interpretable manner, but
selecting the gender and number of verbs and
adjectives implies automatic recognition of the
sentences' subject. It seems that we have obtained
good results for this analysis. In the following
examples, the arrows indicate the gender
dependency of one linguistic unit to another (here
we are dealing with the Arabic aspect of linguistic
units). We show only a few examples without
entering into the details; this problem alone
warrants an article in its own right in order to show
all the subtleties concerning the formalisation and
the processing.

L. Nomtive

le tribunal a rendu un arrmatif

7Noun Adjective + Noun
7 Verb

entre ses diverses instithitions

iii. Conjugated Verb + Adjective

le mg&)rzs‘t//f\o.n.dé

iv. NOW Verb

la cour a cassé la décision

il.

«—
v. Noun + Noun + Noun + Conjugated Verb

D T T——
la responsabilit¢ de l'auteur de la faute reste
entiére



—
vi. No Noun + Conjugated Verb + Noun

Puis interviennent les Parties ou leurs avocats

In this 4" step the polysemy of certain French
grammatical linguistic units such as 'par' is dealt
with. The system's lexicon contains information
indicating that if a given verb is followed by 'par’,
then which sense is applicable; for example for the
verb 'constituer', we indicate its meaning when it is
followed by the preposition 'par’. 'par’ can have at
least four possible translations according to the
context. Thus this step also involves semantic
processing.

In respect of semantic processing and
disambiguation, for nouns the system's lexicon
indicates by means of semantic features the
instances of nouns which are members of
conceptual sets. Thus a 'chambre' is a part of a
'tribunal' which in turn belongs to a 'jurisdiction'
and so on. This has a bearing on the translation of
prepositions. Consider the following example:

la chambre criminelle de la Cour de
cassation de Lyon

where the first and third 'de' acquire a precise
translation (J) due to the conceptual set
membership of the noun that it is linked to.

We have classified the nouns in three categories:
"specific" being for basic elements in the juridical
organisation ('chambre), "generic" as in 'Cour de
cassation' and finally "absolute" such as the names
of towns ('Lyon') or of countries. The categories
are indicated by the symbols +, ++ and +++
respectively. In steps 5 and 6 which follow, there
are formal rules involving symbol processing
which insert the relevant Arabic preposition
between the nouns.

This 4™ step is also concerned with whether, in
principle, a linguistic unit can have the Arabic
article '-al'. It is by means of the symbol
processing that the system decides between
inserting, suppressing, or keeping the article.

Steps 5, 6 and 7

The 5™ step is not concerned with morpho-
syntactic and semantic agreement; instead the
system keeps in memory the results of operations
performed in the preceding steps concerning the
linguistic units in terms of selections of gender and
number together with certain features. The result
of these preceding operations is a symbolic
structure which incorporates aspects of both the

source language French and the target language
Arabic.

The 5™ step's symbolic structure is the basis for the
generation, in the 6™ step, of another symbolic
structure, this of the target language. Formal rules
are involved in the transfer from the 5™ to the 6™
step; these rules are concerned with variously
suppressing, inserting or repositioning certain of
the symbols that represent the linguistic units in
order to have an Arabic sentence which is both
syntactically and semantically correct. Thus what
is involved here is not simply putting into
correspondence source language and target
language structures. Finally, in the 7™ step, the
lexical generation is achieved by replacing the
symbols constituting the structure generated by the
6" step by the appropriate Arabic linguistic units.

We mention that the system's lexicon has been
designed to function with the steps of the analysis.
This shows once again that for machine translation
systems, even the system's lexicon ought to be
designed in terms of the way the system functions.
It is thus preferable firstly to define the
functionality of the system, from this create a
model, and only then design the lexicon in function
with the model.

2.2 Exampleof trandation step by step

The following example shows the different steps of
the analysis.

1 l'ordre administratif connait des litiges
relatifs a 1'organisation et au
fonctionnement des services publics et
aux contrats administratifs

2 n adj vconj  prep n
adj prep n coord prep
n prep n adj coord
prep n adj

3 L g L S S o g
& Sle edely I Ak e cllad e ol e
5 adatll
ko Jd ol J
-« B iale pwle Gladd
s N Gl 3 gic & e d

44 N(m-s-o0) adj(m-s) v.conj(m-s) prép N(f-p-o)
adj(f-s) prép N(m-s-x) coord adj(f-s)
v.conj (f-s) adj (m-s)
prep N(f-s-x) X N(f-p-o) adj(f-s) coord prép
N(f-p-0).

adj (m-s).



4B N(m-s-0) adj(m-s) v.conj(m-s) prép N(f-p-o)
adj(f-s) prép N(m-s-x) coord prep N(f-s-x) X
N(f-p-0) adj(f-s) coord prép N(f-p-o0).

5 No adj vconj prep No adj prep
Nx coord prep Nx X Nol adj coord
prep art No art adj

6 Nol Art Nx prep coord Nx prep adj Art No
Art prep veonj adj Art No Art adj Art No Art
prep coord

7 Jdaleld B oAy g A Y
J oclad 9 Al g aulai @ cdasi

iy Jd 348 Jd o 5 dae

3. The global approach

In this section we wish to show the originality of
our approach, why we call it a "global" approach,
and furthermore we compare it with existing
approaches.

First of all, we wish to make clear that our
approach is not one in which the languages are
analysed separately. From and including the 3™
step the analysis involves both languages; the
translation is done progressively as the analysis
advances.

3.1 Comparison with the direct approach

As in the direct approach, it is also difficult to add
other languages; both approaches have need of
extensive lexica. However, our approach does have
abstract  representations and a set of
transformational rules which manage the transfer
from one representation to another. As well as this,
for a given linguistic unit our system provides all
the possible translations; in no case does our
system stock a single sense for each word.

3.2 Comparison with the transfer approach

The idea of abstract representations exists just as
well in our approach as in the transfer approach. In
the latter there is a distinction between the source
language abstract representations and those of the
target language; the two are distinct, which is not
the case in our approach. Furthermore, after the
morphological analysis, our approach provides all
the possible translations of each linguistic unit,
whilst in the case of the transfer approach no such
translation is provided before the completion of the
analysis; this could be reasonable in the case where
there is a bijection between forms and senses. The
transfer approach could translate "near" languages
and where the domains are limited. However it
cannot be used in our translation of French to

Arabic where the final translation is not the result
of some transfer link but of a morphological,
syntactic and semantic "construction".

3.3 Comparison with the pivot approach

In our system as in the pivot approach a linguistic
unit can have several senses and several
translations, the sense which is retained is that
generated by calculations on the context. This
aspect is the only feature which is common
between the pivot approach and ours.

3.4 Comparison with the statistical approach

As is the case in the statistical approach, our
system chooses a given morphological structure
based on frequency data, but this occurs only if
there are several possible structures. However
recourse to this option, whilst certainly useful, is
risky; furthermore this occurs only in step 2.

4. Someresults

To give an idea concerning the performance of our
system, we give here a set of examples.

— une promesse de vente a été conclue entre
Max et Luc
dd 5 oSl om oad o J o

— l'objet de la demande principale est
I'annulation de jugement et rejet de toutes
les demandes présentées par Max a titre
subsidiaire
Jd oW oS iy ol Jg e
e Joadk J JS =iy WSs

bl Osin sl Judie

— le pouvoir de direction doit é&tre exercé
localement et conformément aux lois locales

e deae 0S8 o @ad s J dls
Gha  Jope  J J Wy 5 Llaa

— la qualification retenue par la Cour de
cassation dans son arrét doit étre approuvée

@ omall ASae diie pgeae Jos
dsie 058 J em 4 &S

— le Tribunal de loi martiale condamne a des
lourdes peines les détenues
Josaad cbise GOl Aoall o gilall deSaa
i

— il reléve de la compétence administrative
tout ce qui concerne l'organisation et le
fonctionnement des services publics

L JsS ¢ Jhal Joabaial A e O
J o aleaa J %ﬂi B (s:\L.'\ﬂ\ - é&aﬁ\:\
e



Luc a quitt¢ la France avant l'examen de
son pourvoi par la Cour de cassation
Jiie 4 lall jasd JE Lap e dyl
Oudl deSas
la responsabilit¢ de l'auteur de la faute
reste entiére
W g e J deld O Ay
les avocats réclament la libération de leur
client devant la Chambre d'accusation
XS e A J ol gulse J
Ay Ay Ll
Max a ¢été pris en flagrant délit de vol
dans un grand magasin
G e d dem Lalie ade ad Sl

d'aprés la loi frangaise , il est interdit de
faire travailler les femmes la nuit
Jdodee Dbhay pwd JoosE J e
A J ks
la directive stipule que les hommes et les
femmes doivent avoir les mémes droits
dans leurs activités professionnelles
J s day J Y mas s Jd
G ass od Joosle  Jogsok el
iga Jdooa il
attendu que nul n'est censé ignorer la loi,
tout citoyen est assujetti au droit commun
Ohlse SO dea Y Y Y
dide  J gsi J J pald oS
la constitution francaise décrit l'organisation
de I'Etat et définit les reégles du jeu entre
ses diverses institutions

Jdoa Glews ogn bl J o oaasy
[ RRPRPY

le président de la République peut, apres
consultation du Premier ministre et des
présidents des assemblées , prononcer la
dissolution de 1'Assemblée nationale
Jliind e gl dy)seen J) Gud)
Sy Gdlae J elus,  selyisl o)
Aibll dmaal) da

tout ressortissant de la Communauté peut
demander au juge de son pays l'application

des traité directives et décisions
communautaires

by iy sl J J b K

5 Gleag Gukd o4 A =B ok

Aoladl iy

5. Conclusion

What we have endeavoured to show in this paper is
that in our view French cannot be translated into
Arabic with systems based on existing approaches
(direct, transfer, pivot, statistical). This does not
mean that our approach does not draw on aspects
of these existing approaches; on the contrary it
does incorporate certain aspects of all of them in
certain of our system's steps. Indeed, this grouping
of the operations (and there are many more than
have been described here) in the form of steps
(which comprise sub-steps which are not
developed in the paper) is so that the presentation
is clearer and also so as to avoid entering into the
details of each problem; the grouping in steps is in
fact a simplified view of the translation process.
The system carries out calculations which insert or
suppress particular units (such as '-al') without
necessarily attaching them to other units at that
moment; the attaching can be done later in the
translation process. What is to be noted is that the
overall structure of our system is different from
these existing approaches and that we also use
functions not found in the existing approaches,
functions which are indispensable for treating the
type of language couple characterised by having
linguistically distant languages.

Whilst the approach that we have devised is
specific to the couple French to Arabic, the
approach itself, as far as this specific couple is
concerned, is global in nature. It is in coming to
terms with this apparent contradiction that we feel
that machine translation at least for linguistically
distant languages can advance, that is in applying
such a global approach (to a specific language
couple) in a global manner (to arbitrary language
couples), an approach which might be called
"global®". By global in terms of a specific language
couple we mean that although we organise the
translation process in steps (there is never
backtracking over steps), the results of a given step
are not all simply processed as a whole
"immediately" by the following step; the various
parts of the results are processed by succeeding
steps that have interest in doing so. This global
approach to a specific language couple is a
reflection of the impossibility of analysing
language in terms of separate "levels" (lexis,
morphology, syntax, semantics etc.) [9].

Finally, we also wish to stress the fact that the
types of information required by the various
methods that are used in machine translation are
not the same, and that it is only when a translation



model has been created for a given machine
translation system that one can search for the
information types and the data necessary for
completing the system's development. This is what
we have done for a part of the domain of law, and
also for another domain which is very much
simpler, that of weather forecasts, as illustrated by
the following example:

ailleurs sur la moitié nord-ouest du
pays, la matinée sera peu nuageuse et
brumeuse sur le sud-ouest

Jad o J ad Ao Alaagad

3 S Y

e g OB Aald (sSu Lawa J W
J e

G-
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