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Abstract

The aim of this research is to develop a rule-based lexiaatéwork for Arabic language
processing using the Role and Reference Grammar lingunsiael. A system, called
UniArab is introduced to support the framework. The UniAsgistem for Modern Stan-
dard Arabic (MSA), which takes MSA Arabic as input in the matorthography, parses
the sentence(s) into a logical meta-representation, ang tiss, generates a grammati-
cally correct English output with full agreement and modplgacal resolution. UniArab
utilizes an XML-based implementation of elements of theeRwid Reference Grammar

theory, and its representations for the universal logittaksure of Arabic sentences.

Role and Reference Grammar (RRG) is a functional theory amgnar that posits a
direct mapping between the semantic representation oftarssmand its syntactic rep-
resentation. The theory allows a sentence in a speci c lagguo be described in terms
of its logical structure and grammatical procedures. RR&ters a linking relationship
between syntax and semantics, and can account for how semaptesentations are
mapped into syntactic representations. We claim that RRi@Hdy suitable for machine
translation of Arabic via an Interlingua bridge impleméitta model. RRG is a mono

strata—theory, positing only one level of syntactic reprgation, the actual form of the




sentence and its linking algorithm can work in both direasifrom syntactic representa-
tion to semantic representation, or vice versa. In RRG, séimdecomposition of pred-
icates and their semantic argument structures are repegsas logical structures. The
lexicon in RRG takes the position that lexical entries fatbgeshould contain unique in-
formation only, with as much information as possible dedifrem general lexical rules.
For this reason and due to the functional nature of our Istgumodel, we will create
our own lexicon.

We use the RRG theory to motivate the architecture of thetexand the RRG bidirec-
tional linking system to design and implement the parse ameate functions between
the syntax-semantic interfaces. Through an input procé$sseven phases, including
morphological and syntactic unpacking, UniArab extrabesuaniversal logical structure
of an Arabic sentence. Using the XML based metadata repiagete RRG logical
structure (XRRG), UniArab accurately generates an egemtairammatical sentence in
the target language through four output phases. We outi@e&dnceptual structure of
the UniArab System which utilizes the framework and tratesl#he Arabic language into
another natural language. We follow the Interlingua deaigproach for MT. We analyse
the Arabic sentences to create a universal, abstract lagijgeesentation, and from this

representation we generate English translations.

We also explore how the characteristics of the Arabic lagguaill affect the develop-
ment of a Machine Translation (MT) tool. Several charast&s of Arabic pertinent
to MT will be explored in detail with reference to some potahdif culties that they
present. We will conclude with a proposed model incorpagathe Role and Reference
Grammar techniques to achieve this end. The UniArab systenbeen tested by gener-
ating equivalent grammatical sentences, in English, \@authversal logical structure of

Arabic sentences, based on MSA Arabic input with very sigant and accurate results.




It provides more accurate translations when compared withnaated translators from
Google and Microsoft though these systems have a much widkerage than UniArab
at present. The free word order nature of Arabic and the ehgéls of incorporating tran-
sitivity into the logical structure will be outlined in deftaT his research demonstrates the
capabilities of the Role and Reference Grammar as a baseutitingual translation

systems.
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Introduction

The following paragraph was translated from Arabic into Esfgusing the Google trans-

lator (Google 2009).

That rely entirely on machine translation ignores the fact t hat communication in
the language of rights is an integral part of the context, and that the human is
capable of understanding the context of the original text in a manner sufficient.
Therefore can not be trusted after the machine translation p rograms, they could
not analyze the context of the original version is similar to the human

understanding of when listening to the same text.

It is clear that the paragraph cannot be easily understawdi,aalarge amount of the
information has been confused or mixed up. This shows thkelgms facing machine
translation, and motivates our work. We believe that gtatismachine translation has
not achieved what people expected in terms of quality. Harece/ish to look at another

method, building from the ground up to achieve higher quatanslations.




Machine translation has yet to reach its potential withettanslation market as a whole.
Figures suggest that MT accounts for a small us $ 100 millatign of a us $ 10 billion
translation market (Intelligence 2004). Many have suggegtat the reason is the poor
quality of results, hence it only makes sense when very largeunts of data need to
be processed (Oren 2004). For the MT market to expand, itdessary to improve the
quality of results, which will then make it a viable altenvatwithin the much bigger

translation market.

Arabic is acquiring attention in the natural language pssogg (NLP) community be-
cause of its political importance and the linguistic diffieces between it and European
languages. These linguistic characteristics, espeaialtyplex morphology, present in-
teresting challenges for NLP researchers. According tesi@004) Arabic is the sole
or joint of cial language in twenty independent Middle Easst and African states: Alge-
ria, Bahrain, Egypt, Iraq, Jordan, Kuwait, Lebanon, Libyauritania, Morocco, Oman,
Palestine, Qatar, Saudi Arabia, Somalia, Sudan, Syridsieythe United Arab Emirates
and Yemen. Since the end of the nineteenth century, thereliean large communities
of Arabic speakers outside the Middle East, particularlyha United States and Eu-
rope. Arabic is also the language of Islam's holy book the'§urand as such is the
religious language of all Muslims. Arabic has been an ofld@nguage of the United
Nations alongside English, French, Spanish, and Chinese di January 1971'(Holes
2004). There are a number of different Arabic words in lamggsssuch as Persian, Turk-
ish, Urdu or Malawian. The words derived from Arabic thatsein Spanish, Portuguese,

German, Italian, English or French are also numerous (Bat2603).

The aim of this research is to create an Interlingua Machwramdlation (MT) system

that will accept Arabic source sentences and generate dbnggintences, and to build a




high-quality translation technology that is adequate &xt-to-text translation. In this
research we build an Interlingua architecture in MT whiemglates ef ciently. We con-
sider semantic analysis and other disambiguation relateddbic. This research also
represents a starting point for the future implementatiba euccessful and complete
Arabic MT engine. The hypothesis under investigation anéhraans are to present an
interlingua architecture, which is not only successfulramslating simple Arabic sen-

tences to corresponding English sentences, but also deesrsomost optimal way.

This research is the rst contribution that uses the Role Reterence Grammar (RRG)
model as a basis for machine translation. This contribwglmws how RRG can be used
to deduce the logical structure of sentences and producdcalleepresentation which
can then be used as the interlingua bridge. The lexicon in RiR&s the position that
lexical entries for verbs should contain unique informatmly, with as much informa-
tion as possible derived from general lexical rules. This tee reason for creating our
own lexicon since we need an RRG—-based lexicon of the unigfoemation of verbs

and their logical structure.

UniArab stands fotJniversalArabic machine translator system. The UniArab system
is a natural language processing application based on Rdl&aference Grammar for
translating the Arabic language into any other languagaguen RRG based interlingua
bridge. The UniArab system can understand the part of speeahword, agreement
features, number, gender and the word type. The syntaagse psmpacks the agreement
features between elements of the Arabic sentence into adiemgpresentation (the log-
ical structure) with the “state of affairs' of the sentencethe UniArab system we intend
to have a strong analysis system that can unpack all infoemand its attributes. This

allows for a generalized target language to be generated the logical structures. In




1.1. MOTIVATION

this research we translate from Arabic to English only, véatkiew to translate from

Arabic to any other target language in the future.

1.1 Motivation

The motivation for an Arabic-English translation tool isvatus when one considers
that Arabic is the lingua franca of the Middle-Eastern worlresently, 20 countries
with a combined population of 450 million consider StandArdbic as their national

language. A simple test case during a study at Abu Dhabi Wsityeover three popular

Arabic translation tools (Google, Sakhr's Tarjim and Sgsjrrevealed little success in
generating the correct meaning (Izwaini 2006). Machinediation is a neutral approach
to translation without introducing bias, which can happetin\muman translators. This
research demonstrates the capabilities of Role and Refer&nammar as a base for

multi-language translation.

1.2 Goals

The goal of our research towards an Arabic-to-English nrachianslation system is to
create a system that translates simplex sentences of M&tkendard Arabic as a source
language into English. Our goal is to build a system whichtcamslate a wide variety of
simple sentence types. We aim to make this system as scaplessible by allowing
users to add to the lexicon and later, in future researcmdiude complex sentences.
To achieve this goal, it is essential to build a robust andueate lexical system and
machine translator. One of the steps we have to achieve igriergte the universal
logical structure from a source sentence. The system sl@utdpable of dealing with
free word order which Arabic exhibits. This poses a signntahallenge to MT due
to the vast number of ways to express the same sentence incAralso, we must

account for verbs that do not exist in Arabic like the coputabv'to be' and the verb

4
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“to have'. The system should deal with the transitivily ofbh& (intransitive, transitive,
ditransitive). The Arabic language is written from rightledt and has a unique letters
shapes. Words are written in horizontal lines from rightetio. IThe letter shape depends
on its position in the word; initial (pre x), medial (in x), nal (suf x) or (Isolated).

In technical linguistic terms, Arabic is a "pro—drop’ or omoun—drop' language. It can
de ne who takes the action by using conjugations. The propgarameter is an aspect of
grammar that allows subjects to be optional in some langiabeat is, every in ection
in a verb paradigm is speci ed uniquely and does not need éandependent pronouns
to differentiate the person, number, and gender of the Vidrbe.system should cover and

solve the “pro—drop” challenge in Arabic.

1.3 Technologies

We introduce the main technologies used to support the derednt of the research pre-
sented in this thesis. These technologies are mainly the Xviuage and Java. The
most recent recommendation of the XML language has beermtexs by Bray et al.
(2008). XML has become the default standard for data exahangpng heterogeneous
data sources (Arciniegas 2000). The UniArab system allcata tb be stored in XML
format. This data can then be queried, exported and serthiito any format the devel-
oper wishes. The Java programming language is used to inepleire logical structures.
The primary advantage being that Java is platform-indegeinahd thus highly suitable
for MT.

Advantages of XML

XML is a generalized way to store data, which is not marriegtp particular technology.
This makes it easy to store something, and then come backrabdtdater with some

other technology for processing. Using XML to exchange nimfation offers a number
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of advantages, including the following:

Easily build: A well-formed data element must be enclosed between tags. XML
document can be parsed without prior knowledge of the tadfl. Allows you to de ne

all sorts of tags with all sorts of rules, such as tags reptesg data description or data
relationships.

Human readable: Using intelligible tag names will make it possible to reader by
novices.

Machine readable: XML was designed to be easy for computers to process. XML is
completely compatible with Java and portable. Any applicatan process XML on any
platform, as it is a platform-independent language.

XML fully supports Arabic: We chose to create our datasource as XML les, for op-
timum support of different platforms. It was also easier asused Arabic letters rather
than Unicode inside the datasource.

XML search engine: It is easy to extend the search sample to display more infiioma
about the search. Search by Java API Document Object Mod@W)Ds the ideal tool

for searching collections of XML documents.

1.4 Thesis organization

This thesis is organized as follows. Chapter 2 explores hmncharacteristics of the
(Modern Standard) Arabic language will affect the develeptof an Arabic to English
machine translation (MT) tool. Several distinguishingfeas of Arabic pertinentto MT
are explored in detail (Salem et al. 2008b). Chapter 3 revigne most important fea-
tures of Role and Reference Grammar (RRG) Theory (Salem atahi2009a). Chapter
4 will discuss some distinguishing features of Machine glation strategies. Chapter
5 presents the design of an Arabic to English machine traosléramework based on

RRG. It also presents a high-level view of the system framkvaod de nes our eval-
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uation criteria for measuring system performance and &ffstess (Salem and Nolan
2009b). Chapter 6 presents UniArab: a proof-of-conceptisrégo English machine

translator system. It covers the technical aspects of lWabAcovering all the phases
involved in the machine translation process. We describdekical system that under-
lies UniArab, detailing the attribute information held fesch type of word. We discuss
the input and generation phase and how the system maps tioestogrture to a target

English sentence. We then brie y discuss the user interfand some of the technical
challenges encountered during the implementation (Sateah 2008a) and (Salem and
Nolan 2009c). Chapter 7 discusses the evaluating and exgetal results of the case
study. We present the results of our evaluation of UniAratafavide variety of simple

(Intransitive, Transitive and Ditransitive) sentencedygSalem and Nolan 2009d). The

thesis conclusions and future work are discussed in Ch8pter




The Arabic Language

Arabic is a language with a derivational and in ectionalrricorphology (Holes 2004).
The version of Arabic we consider in this research is Moddeem&ard Arabic (MSA).
When we mention Arabic throughout this research we mean MBi&twis distinct from
classical Arabic. Modern Standard Arabic (MSA) is a modezdi form of Classical
Arabic (Alosh 2005). MSA is the literary and standard variet Arabic used in writing
and formal speeches today (Schulz 2005). MSA is the uniliensguage of the Arabic-
speaking population. MSA is printed in most books, newsmgpmagazines, of cial
documents, and reading primers for children. Most of thé Arabic spoken today
is more divergent than the written Arabic language, becaidis#ialectal interference.
Arabic words are often ambiguous in their morphologicalygsia (Al-Sughaiyer and Al-
Kharashi 2004). As a language, Arabic is rich in morpholaband syntactic structures.

Arabic is also challenging in that it is a derivational or stactional language rather
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than a concatenative one. Words like ‘d(_)éYthb and | ] €Xdhb can easily be seen
as being part of a hierarchy of inheritance from a “speci atr@in this case ] €Xdhb).

In English and in many other languages this is not usuallg#se. The Arabic language
is written from right to left. It has 28 letters, many langeapeci c grammar rules and it
has a relatively free word order language. Each Arabicretjgresents a speci ¢ sound
so the spelling of words can easily be done phoneticallyr&iseno use of silent letters
as in English. Similarly, there is no need to combine letteisrabic to indicate a certain
sound. For example, the 'th' sound in English as in the worldiriking' is reduced in
Arabic to the charactdr t. In addition to the standard challenges involved in devielpp
an ef cient translation tool from Arabic to English, the a#ively free word order nature
of Arabic creates an obstacle. There is no copula verb “tarb&rabic. The mere
juxtaposition of the subject and predicate indicates tlegligational relationship. The
absence of the inde nite article, while not unique to Arabitdl poses many dif culties

within the context of the language structure.

2.1 Characteristics of the Arabic language

The copula verbs "to be' and "to have' do not exist in Arabinstéad of saying "My
name is Zaid', the Arabic equivalent would read like "NameenZaid' - YR Mmy
zyd Instead of saying "She is a student', the Arabic equivalanild be "She student’;
in Arabic éHAﬁ L\hy falbh. The copula in Arabic is only realised in the past and
future tenses and in negation. Regarding the verb "to hax@th in English can also
mean "to own'. Instead of saying “He has a house”, the Arabigwalent is “To him a
house' -| Kéltl_:l byt Adjectives in Arabic have both a masculine and a feminimsfo
The singular feminine adjective is just like the masculidgeative but morphologically

marked (Ryding 2007).

Arabic examples are written here by using Buckwalter Ardlransliteration which is converted in latex into the DIN 356
standard of Arabic transliteration
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Table 2.1: Dual: merely add two letters to achieve dual farArabic
Arabic English Translation

HABb | door
aAl&an | two doors

The Arabic number system includes the dual form, whereaar ¢dimguages move from
the singular to the plural form directly. In Arabic we needyoio add two letters to the
singular form to express the dual form. An example is giveilable 2.1. The plural
form, however, is obtained using a different mechanism.

Plurals are of two types:

(1) The sound plural. The sound plural is one in which the @izgform of the word
remains intact (sound) with some addition at the end. Exaspl

Masculine in the nominative case e.qg. engineﬁ@fye@hndswﬁn which 80 wn
added to singular noun. Masculine in the accusative andigermases e.g. engineers
a f Wé@mdsyrin which éKm Is added to the singular noun.

Feminine in the nominative e.g enginediAﬂ@@hndsTtunin which H @tun is
added to the singular noun.

Feminine in the accusative and genitive cases engih‘é&f\]éﬁndsitin in which H@

atin is added to the singular noun.

(2) The broken plural. The broken plural is one in which therf@f the singular word is
broken, that is, changed. It has no xed rule for making iti&bimes letters are added
or deleted and sometimes there is merely a change in the yo\Eethplesl ] J»ktb

books, H@>xtaba book,EQPrgl man, E@gﬁl men, &) fsnh ayearH @f]snv\ﬁt

years.

10
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2.2 Characteristics of Arabic words

There is no upper and lower case distinction. Words areemrittorizontally from right
to left. Most letters change form depending on whether thgpear at the beginning,
middle or end of a word or on their own. Arabic letters that rbayjoined are always

joined in both hand-written and printed form.

An interesting feature of Arabic is its treatment of the destoative. Whereas in En-
glish one refers to an object that is either near or far aslgithgs (very near the speaker)
or that (away from the speaker up to any distance), Arabic has a tl@mdonstrative to

specify objects that are in between these points on thendistspectrum.

Table 2.2: Grammatical gender

Arabic Masculine | English Translation
Q@mr moon

-J [ syf sword

HA=Db door

Arabic Feminine | English Translation
*(Psms sun

A'«sa stick

& Rnaich window

In Arabic, all nouns must be either feminine or masculinel e gender can be either
grammatical or natural. The gender of inanimate objectsasgnatical, examples are
in Table 2.2. In this case the gender is a built-in lexicalpgmty of the word. Animate
objects have a natural gender, and this gender can be etthgymductive or productive.
The non-productive gender is the case of nouns where thenfieenand the masculine
have different lexical entries, i.e., the feminine is notiged from the masculine, as
in Table 2.3. By contrast, in the productive gender, the fen& is derived from the

masculine, usually by adding a special suf x "ta marbutathie end of the masculine

11
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form, as in Table 2.4. The Arabic de nite article is concattad to nouns and adjectives.

The shape of the de nite article is shown in Table 2.5.

Table 2.3: Feminine is different than masculine

Arabic English Translation
eX A Xdagaagah | Chicken
2Kdyk Cock

Table 2.4: Feminine and masculine in Arabic
Arabic English Translation

Chujlmun teacher(M)
é@Enu,limtun teacher(F)
| EAHEIb student(M)
éd Adibn student(F)

Table 2.5: De niteness in Arabic
Arabic | English Translation

EAQ | the

The de nite article in Arabic is graphically pre xed to an Abic noun. An example of

Arabic de niteness is shown in Table 2.6.

Table 2.6: De niteness example in Arabic
Arabic English Translation

EQ rgl | aman
EqRE@ | the man

2.2.1 Free word order

Arabic has a relatively free word order (Ramsay and Mans006%, this poses a signif-
icant challenge to MT due to the number of possible ways toesgthe same sentence

in Arabic. For the elements of subject(S), verb(V) and olffe); Arabic's relatively free

12
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word order allows the combinations of SVO, VSO, VOS and Ou\8.éxample, consider

the following word orders:
(1) Nounl Verb Noun2
(2) Noun2 Verb Nounl
(3) Verb Nounl1 Noun2

(4) Verb Noun2 Nounl

Table 2.7: Free word order
_({:1) Noun Verb Noun example. (b) Verb Noun Noun example.

GIE IM*  qysy iy GIE = [ Myfbays &
Qays loves Laila __ Qays loves Laila |

GEya|[ I My s ays| | GlEyia][ s ays[ T Mymo
Laila loves Qays Laila Qays loves
noun verb noun noun noun verb

(c) Verb Noun Noun example.
Y f

o ulE Imymo iylaqys
__ Qaysloves Lalla

* qys| Ulbyla| [ Myno
Qays Laila loves
noun noun verb

This means that we have a challenge to identify exactly wisithe subject and the ob-

ject. Tables 2.7(a), 2.7(b) and 2.7(c) show this challehge.

The difference in Tables 2.7(a), 2.7(b) and 2.7(c) is thetjposof the actor. The sen-
tences in fact have the same meaning. While in English thre @dra sentence is subject

verb object.

YNote that Arabic sentences should be read from right to left.

13
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2.3 Part of speech inventory of the Arabic language

In the Arabic linguistic tradition there is not a clear-cutell-de ned analysis of the

inventory of parts of speech in Arabic. Attia (2008) mengdrthat the traditional clas-

si cation of Arabic parts of speech into nouns, verbs andipkes is not suf cient for a

complete computational grammar. This categorizatiomjioally proposed by Sibawaih

(Owens 2006), remains the standard accepted scheme tooagvelr, we have found it

lacking when applied to machine translation, and so, d@esl@ur own lexical scheme.

Our classi cation of the parts of speech in Arabic is illeged in Figure 2.1. We clas-

si ed parts of speech into nouns, adjectives, adverbs,s/etbmonstratives, and others.

Each category will be further explained in the following sabtions.

Noun

—

Proper

Person
Organization
Location
Objects

Common

%%

Arabic Inventory
of Parts of Speech

Adjective

Adverb

Inanimate

Animate

EZAN

Intransitive Transitive Ditransitive

Transitivity

Verb

v

Tense

| e

Demonstrative

Mood Voice

Others

Prepositions
Conjunctions

P

Declarative

Imperative

Human Nonhuman

Figure 2.1: A classi cation for the Arabic language syntax

2.3.1 Noun

Relative pronouns
Particles
Determiners

| Active

| Passive |

A noun denotes either tangible or intangible identitiesuhare independent of other

words in indicating their meaning. What distinguishes reotrom verbs is that nouns

refer to entities or things. Nouns are further classi e@diptonouns, common nouns and

proper nouns. Pronouns are classi ed according to persist, (second, third), number

14
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(singular, dual and plural) and gender (masculine and fer@)n They can also be hom-
inative, accusative, or genitive. Examples @na “, | I@nt “you”, and NE hw
“he”. We make a further classi cation of common nouns intonaaite and inanimate.

Examples of common noun are in Table 2.8.

Table 2.8: Noun example in Arabic
Arabic English Translation

EgPragqun man
é_QHﬂgrh tree

Although this seems more like a semantic classi cation, Arabic morphology and
syntax needs this classi cation. For example the choiceenhanstrative adjective with

plural nouns depends on whether the noun is human or non+huroa example

HC¥:E@ueakiab
this.sg.f dog.pl

The proper nouns are further classi ed into names of perssunsh aQer “Omar”

and YEAﬁId “Khalid”; locations, such aQQ@ﬁ@nrh “Cairo” and @E@Nndg
“Ireland”; organizationséYJ"@ mammalmt_hjh “United Nations”; and objects,

such as’»ﬁJHynwks“Linux" Common nouns can either be de nite or inde nite.

2.3.1.1 De nite nouns

A noun normally can be considered as de nite (in Arabé_Qa@rfh) when the speaker

and the reader know about the speci ¢ object being referwedekample in Table 2.9.

Table 2.9: De nite example_in Arahic

Arabic CEOARE] K o E @°B@2baldy toix nh fwgaltawih.

English Translation | The book you are looking for is on the table.

In the example, the word "book’ is de nite by using the deaiarticle "the’, since both

the speaker and the listener know which book they are dewlitihg The de nite article

15
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in Arabic is used to introduce and talk about a known subjBleé Arabic language uses
the same article for all nouns, be they male or female, sargui plural. The article is

written before the noun it refers to and, graphically, it @@ attached to it.

2.3.1.2 Inde nite nouns

Inde nite nouns (in Arabic:éQ@krh) are nouns which are not speci ed. Itis translated
as ‘a' or an' in English, e.ga man, an apple, waterThere is no need to translate it
everywhere as in the example whter. The absence of the inde nite article is, as in

Table 2.10, a potential source of problems for Arabic-Estginachine translation.

.. Table 2.10: Inde nite example in Arabic
Arabic | ?%2E Tié E€ &ikOMBIH 0B wodt kaba Ja altawih hi hw 1k?

English | Tfound a book on the table, is it yours?

2.3.2 Adjectives

Adjectives are used to modify nouns. Arabic adjectives egvéh nouns in number,

gender, de niteness and case. An example is “useful” in@anl 1.

Table 2.11: Arabic adjective
Arabic English Translation

A A @@at ktaba nafa | | read a useful book

2.3.3 Adverbs

Adverbs are used to modify verbs. They can be adverbs of plexme or manner. An

example in Table 2.12.

Table 2.12: Arabic adverb
Arabic, R English Translation

~ZA, O JIB@R¥dalagtma, msa- | The meeting was held in the evening

16
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2.3.4 \erbs

A verb describes both an action and tense. There are four Wwagkssify verbs in

Arabic: according to tense, transitivity, mood and voice:

2.3.4.1 \erbtenses

There are mainly two tenses in Arabic: the imperfect and dréept.
The imperfect tense P’,@@ @E@Elm_dir,, which indicates that an action has not
yet been completed but is being done or will be done; somettiat is happening at the

moment. An example is shown in Table 2.13.

Table 2.13: Imperfect tens"epﬁ@ @ﬁl@lmpﬁr,

Arabic English Translation
| ] JF Kyaktubu| he is writing.

The perfect tensel'max@e_ldy, which indicates that an action has been completed. An

example is shown in Table 2.14.

Table 2.14: Perfect teni@q@ @E@Inﬁdy

Arabic English Translation
| Jkataba| he wrote.

Both the perfect and imperfect tenses can be modi ed bydéirtin ectional forms
which depend on person, mood and number. Table 2.15 shows fbems applied to
the imperfect, and Table 2.16 shows the thirteen personeraf&r the perfect tense.
The word ‘—Iﬁf swfifitis before the imperfect tense then the verb has a futneaning.
Graphically a word like this will look like $awfa+ imperfect] or g + imperfect] similar
to the example in Table 2.17.

In Arabic, it is possible to combine the verb kaaf‘:laAgEn with the main verb to in-

dicate past progressive. This is where an action took pladka past but happened

17
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Table 2.15: Imperfect in ectional forms of word “write'
Singular Dual Plural

First Person | ) J¥Knktbu | ) JQktbu
Second Person (m) anJ¥iktbwna | aAKktbani | I J¥Kiktbu
Second Person (f) é—_JLKIktbna aAlKiktbani é,]“Ktktbna
Third Person (m) | aNJ°Kiktbwna| aAl¥Kiktkani | | J°Kktbu
Third Person () | AJKktbna | aAllKktbani | 1 JHKkibu

Table 2.16: Perfect in ectional forms of word “wrote'
Singular Dual Plural

First Person A_J@&tbra_ | J>xibt
Second Person (m @ﬂ»(tbtum AD»(tbtuma_\ |J J>ktbta
Second Person (f) aJ>ktbtuna AD>ktbtumaT | Joxtbti
Third Person (m) | @Ixdbwa | Alxtba | J>ktba
Third Person () | @J>ktbna | A>ktbas | | Jokibat

Table 2.17: Future tense in Arabic

Arabic English Translation
| ] R K—Iﬁf swf yaktubu he will write
| 3F syaktubu he will write

over a long period , or represents a state of being. This ngiss used when talk-
ing about knowledge of something in the past. In Arabic, thstperfect progressive
is actually indicated using the present tense and the lmrtiundhuYJOmnd e.g.
H@f] ‘@ YJOJé\ <<@a,ys hra mndhms snwat | have been living here for ve
years. Future perfect in Arabic is indicated using the presense of kaana with a past
tense main verb. e.géJf @P@Gﬁfﬁoﬂ sykwn gdanha drasthhe will have n-

ished his studies.
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2.3.4.2 Aspect

Tense deals with when an action occurs, aspect determineth&rtthe action has been
completed, is ongoing or is yet to occur. In Arabic, tenseasykct are generally blended

together, that is why past/present are often switched vatfept/imperfect in discussion.

2.3.4.3 Mood

Mood is re ected in Arabic in word structure, and so analysis part of the morphol-
ogy. The mood can be indicative, subjunctive, imperativpissive. The indicative are
straightforward statements, the subjunctive includesthide towards actions, the im-
perative indicates a command. Mood marking is only done emptiesent tense. There
are no markings for past tense. Examples of the four moodshemen in Tables 2.18,

2.19,2.20and 2.21.

Table 2.18: Indicative mood
Arabic | AKAK K@arhb bzkaynra

English | we welcomeour customers.

Arabic | D K PPRyBadr dbinalywm

English | He leavesDublin today.

Table 2.19: Subjunctive mood

Arabic ém@é@ fhygb an nqwm bzgrh

English | Itis necessary thate undertakea visit.

Table 2.20: Jussive mood

Arabic | HK @fat

English | we did notcome
Arabic | AO0AKMO BR BGEAgCi@hat Im tkiml mndamyn

English | renovations thabave not been completedor two years
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Table 2.21: Imperative mood
Arabic | OF@ABKI @thya smsm

English | Open, Semsame.

Arabic | U 10R@smhly

English | Permit me.
Arabic | * K Hatns

English | Do notforget.

2.3.4.4 \oice

The voice in Arabic is indicated by in ection on the verbs adifferentiates between
active and passive, as shown in the contrast betanquI “[he] said” and E@Kqﬁl

“[itis] said”.
2.3.4.5 Transitivity

In Arabic and English, we can classify verbs as either irditare, transitive or ditransi-

tive.

(1) Intransitive (EFCET@ZM)
An intransitive verb is unable to take an object; it existsnal. Intransitive verbs
incIudeiJ_, ysbh, swim, Eéxﬁkl : ate,HAQt die, égnéymsleep.
Some verbs can be both transitive and intransitive:
Fg@nﬁ fzt, I won. (Intransitive)

l:l|,a3 @m @nﬁ fzt kalgayzhalawla, | won the rst prize. (Transitive)

(2) Transitive (3Y 3@ mtdy)

A transitive verb takes one or more objects (an object, oewgakr of the verb).
For example;HA» Q@ @tra mr kiab , Omar bought a bookéEAfJB@
aktb ralh, | write a letter. é.de'ﬁ_ HAOE@ @Pm_@bw bkr wd alktab
fwq mktbh Abu Bakr put the book on his disk.
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A transitive verb is incomplete without a direct object. Egample;
Incomplete:EdeAéld yhml, Khalid holds.
Complete: P{i@ 0 @”,E@ﬁéﬁig éJ|>>é<K E%Aﬁld yhmltlath ktb
w haswbhalshsy w zhwr, Khalid holds three books, his laptop and owers.

(3) Ditransitive
A ditransitive verb takes two objects. This can be througlnairect object con-
struction,QOa.H UQ@ P Aantata kiab Imr, Essam gave a book to Omar

Or double object constructiorl,‘]A» Q(Dk@ P Aza ata mr kiab , Essam

gave Omar a book.

2.3.5 Demonstratives

The demonstrative pronouns in Arabic include referenceﬁemear@ﬁlda“this”, the
far 2Kdlk “that” and for the inbetwee/2@k, which has no equivelent in English.

2.3.6 Others

This class includes all other types of words not includedhim previous categories. It
includes for example the prepositions, sucf&@nn“from”, UT« Ja“on”, l]_fy “in”,
ﬂi@“till”. It also includes conjunctions, such QA w “and”; determiners such asE@
al “the”; relative pronouns, such a@YE@/ “who (masculine)” ancl:EEETI@‘who
(feminine)” and particles, such é'iEn “Will not” (Khan 2007).

Table 2.22: Particle "Lan’
Arabic Arabic Meaning | English Translation

|.é\KéElan yachaba | willnot "he'go | he will not go

The particleéEn Is used to negate future events. It is used within the impeténse

(Versteegh 2001). An example is shown in Table 2.22.
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2.4 Sentence types in Arabic

A sentence is a string of words that expresses a semanicatiplete message. There are
two main sentence types in Arabic: verbal sentences andiegabor copula sentences.

The classi cation of clauses in the Arabic language is iitated in Figure 2.2.

Clausal Types

Equational Verbal
Sentences Sentence
[
Subject Predicate A
Adj VSO e} VOS
NP
NP Adv

PP

Figure 2.2: A classi cation of clauses in the Arabic langaag

2.4.1 Equational sentences

Equational sentence contains two parts (subject and @tedidn Arabic the copula verb
“to be' is not used in the present tense. Both the subject lmagredicate have to be
in the nominative case if they are not precededéb@1 "indeed" or é.A{gan "was"
(Abn-Ageal 2007). In Table 2.23 the predicate in the rstexde is realized as noun
phrase, in the second example as adjective, and in the ttard@e as a preposition.
The subject and predicate can serve as arguments for ottesr a& will be shown in the

following subsections.
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2.4. SENTENCE TYPES IN ARABIC

Table 2.23: Nominal sentence

Arabic English Translation
[ & WPzaydunaalibun | Zaid is student.
- OQ»™MHzaydun krym Zaid is generous.

| JE @Y8Pzaydun fyalbyt | Zaid is in the house.

2.4.1.1 \erb and noun

Verb and noun. such a%(g@A%al ahmdAhmad asked.

2.4.1.2 \erb and two nouns

It only occurs in one construoﬁﬁ@m{gﬁn w ahwatha kan and its sisters. The
verb knaé.A{g?m and its sister verbs mark the time or duration of actiongestaand
events. Sentences that use these verbs are considered tgdeea nominal sentence
according to Arabic grammar, not a type of verbal sentent¢e word order resembles
Verb Subject Object when there is no other verb in the sestenc

They areé.A&in was,PA"sEr to become,iJ." @_sbh to become,l:I m@dha to
become,ﬂ@ﬁto becomeEE 4to remain,HAliﬁt to be,® Elys it is not.

Table 2.24: Kan and its siste/&ﬁ@ M{g’n w-ahwtha
Arabic English Translation

@KEEﬁ @A@_n al-aklu ldydaan | The food was delicious.

With these verbs the subject is in the nominative case angréticate is in the accusative
case, an example is shown in Table 2.24.
2.4.1.3 Verb and three nouns

It only occurs in one construdft @ & zn w-ahwatha anna and its sisters. Both the

subject and the predicate o zn and its sisters are in an equational clause.
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2.4. SENTENCE TYPES IN ARABIC

They aredf Zn to guess or to thinkl_ ,k hsbto consider,(4 |mto learn (about),
Eal_( gl to make,Q syr to make. They usually come before the nominal sentences

“subject and a predicate’, an example is in Table 2.25.

Table 2.25: zanna and its sisteAEK(@ && zn w-ahwtha
Arabic EE1D @@ ahmdalgyadh shit.

English Translation | Ahmad thinks leadership is easy.

2.4.1.4 \erb and four nouns

This clausal type is used in classical Arabic, but not in M8As mentioned here only
for the sake of completeness. It has one typ@F@ 5@Ilm w ary informed and
showed. They aré@,lm informed,ﬂ@ry showed,A@nbatold. A(nba told,
Q\Z]@hbr told, Q\Z] hbr told. HY ghdt talked. é@,lm when it has hamza above it
can has four nouns (ibn Abd Allah Ibn Malik 1984), such as iblé&.26.

Table 2.26: Informed and showed

Arabic @G}@ @(@Q]E@Jmtu mraan realidaan timy@an

English Translation | I'informed Omer that Khalid (is) a student.

2.4.2 The Verbal Sentence

The verbal sentence is the second type of sentence in Adloicntains a verb and one
or more participants depending on the verb transitivitye @iefault word order in Arabic

is to begin with a verb: verb(V), subject(S) and object(@klsas in Table 2.27

Table 2.27: verb(V), subject(S) and object(O)
aE

Arabic EEQ@F hald allbn
Gloss drank Khalid the-milk
English Translation | Khalid drank the milk.

Another possible word order is to start with the subject,$€0, such as in Table 2.28
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Table 2.28: subjec}(S),.verb(V) and object(O)
Arabic dEE srballbn

Gloss Khalid drank the-milk
English Translation | Khalid drank the milk.

Another possible, but more restricted, word order is VO8hsas in Table 2.29

Table 2.29: verb(V), object(O) and subject(S)

Arabic Y'g AQBarbh hald
Gloss drank it Khalid
English Translation | Khalid drank it

The OVS word order is perfectly acceptable in Classical Ardt no longer occurs in

MSA (Attia 2008).

2.4.3 Clause

A clause in Arabic may be simple or complex. A complex clagdeimed by conjoining

two simple clauses by subordinating conjunction, such dslote 2.30.

Table 2.30: Two simple clauses by subordinating conjunctio

Arabic | € fPEOII &K@ EIEE @ PN@3h haid alibn gbl an ychb ilaamdrsh
English | Khalid drank the milk before he went to school.
2.5 Summary

We have shown that Arabic is a language of increasing impoetan the modern world.

As a language it is fundamentally different from Europeamglsages and has many

unique features. Considerations such as its derivationatsre, its distinction of gender

forms, and its numerous sentence orders present a chaftereggomatic machine trans-

lation. We discussed an inventory of the language incluéxemples. In order to deal

with these challenges it is important that a machine traoslanderstands the structure
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of the source language. We aim to use this knowledge to dugldUniArab translator. In
order to provide a standards-based, cross-platform solutve will make use of XML

for data representation and build the system using Java.
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Role and Reference Grammar (RRG)

This chapter is based largely on material taken from (Vam\é&id LaPolla 1997), which
explains the theory behind Role and Reference Grammar. &ald&keference Grammar
(RRG) is a model of grammar developed by William Foley and&bkan Valin, Jr. in
the 1980s, which incorporates many of the points of view ofent functional grammar
theories. We have chosen RRG because it has been shown tgdi#eeand universal in
the creation of parsers for English (Van Valin and LaPoll&@7)9 We wish to apply this

success to MT in order to discover it importance can madeamatcuracy of translation.

In RRG, the description of a sentence in a particular languagormulated in terms

of its logical structure and communicative functions, ahd grammatical procedures
that are available in the language for the expression okthasanings. The main fea-
tures of RRG are the use of lexical decomposition, based ppedlicate semantics, an
analysis of clause structure and the use of a set of thenudéis organized into a hier-

archy in which the highest-ranking roles are "Actor' (foe titlmost active participant) and
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3.1. ROLE AND REFERENCE GRAMMAR LINGUISTIC MODEL

"Undergoer' (Van Valin 1993). RRG takes language to be aesysif communicative
social action, and accordingly, analysing the communredfiinctions of grammatical
structures plays a vital role in grammatical descriptiod Hreory from this perspective.
Role and Reference Grammar posits algorithms to go fromagyat semantics and se-
mantics to syntax. The main contribution is the use of pgrgamplates and the notion
of the core. A core consists of a predicate (generally a \emd)(normally) a number of
arguments. It must have a predicate. Everything else i$ éwalind one or more cores.
Simple sentences contain a single core; complex sentencgsic several cores. The
fact that RRG focuses on cores, means that the semantickiively easy to extract
from a parse tree. You just have to look for the (PRED), and@\Branches of the core
to obtain the predicate (PRED) and the arguments (ARG). Wihevbat to whom will
depend either on the ordering of the ARG branches (in the @gBaglish), or on their

cases, or both.

3.1 Role and Reference Grammar linguistic model

Role and Reference Grammar is a model which presupposesda diapping between
the semantic representation of a sentence and its syntaptiesentation; there are no
intermediate levels of representation (Van Valin 2007).e Teneral view of RRG is

presented in Figure 3.1.

Syntactic Representation

1

Linking
Algorithm

v

Semantic Representation

Figure 3.1: Layout of Role and Reference Grammar
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The RRG creates a relationship between syntax and semanticsan account for how
semantic representations are mapped into syntactic eygeggns. RRG also accounts
for the very different process of mapping syntactic repnes@ons to semantic repre-
sentations. Before developing the linking algorithms thatern these mappings, it is
necessary to rst introduce a general principle constrgjrthese algorithms (Van Valin
and LaPolla 1997). Of the two directions, syntactic repnes@n to semantic represen-
tation is the more dif cult since it involves interpretingeg morphosyntactic form of a
sentence and inferring the semantic functions of the seatéom it. Accordingly, the
linking rules must refer to the morphosyntactic featureshef sentence. The question
remains why a grammar should deal with linking from syntaggmantics at all. Simply
specifying the possible realizations of a particular seimaapresentation should suf ce.
They refute this using the argument that theories of lingugiructure should be directly
relatable to testable theories of language production antpeehension (Van Valin and
LaPolla 1997). One of our hypotheses it that RRG is very blétéor machine trans-
lation of Arabic via an interlingua bridge. It is a mono s&dheory, positing only one
level of syntactic representation, the actual form of theesgce. Linking algorithm can
work in the both directions from syntactic representatiorsémantic representation or
vice versa. UniArab will ful | this role. In RRG, semantic demposition of predicates
and their semantic argument structures are representediaallstructures. The lexicon
in RRG takes the position that lexical entries for verbs sthoantain unique information
only, with as much information as possible derived from gehlexical rules. We brie y
illustrate the active voice linking in (2.1) where (2.1ajis subject, verb, object (SVO)

clause and (2.1b) is the verb, subject, object (VSO) egemtal

(2.1)
a. Q@@FPX/Kray mr  Zaid saw Omar

Y Rzyd MsgNOM see.pasQQnr- MsgNOM
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b. Q@(R @%zyd,mr Saw Zaid Omar

see.pastYRzyd MsgNOM Qénr MsgNOM

Arabic allows variation in clause word order. The activeéeeolinkings, those in the

sentence in (2.1a)-(2.1b), are illustrated in gure 3.2.

SENTENCE SENTENCE
CLAUSE CLAUSE
CORE CORE
NP PRED NP NP NP PRED
ol 2J M% ’
ACTOR Undergoer ACTOR Undergoer
LS: see'(Zaid-ACV,0Omar) LS: see'(Zaid-ACV,0Omar)

Figure 3.2: Arabic sentence types; verb subject objectlojestiverb object

The rst (leftmost) argument ofseein the logical structure is the actor, the second the
undergoer, following the RRG Actor-Undergoer Hierarchync® Arabic is an accusative
language an(ﬂ@%‘seéis a regular verb, the actor will receive nominative casd an
the undergoer accusative case. On the other hand, in Arabicaw start by verb rst
the sentence in (2.1b). The only changes in the clause arferteof the verb and the
form of the actor NP; the arrangement of the arguments hashastged in the logical

structure.
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3.2 Formal representation of layered structure of the claus e

Having introduced the fundamental units of clause strectwe need to have an explicit
representation of them. We will present the non-univeesatifres of the layered structure

of the clause.

3.2.1 Representing the universal aspects of the layered atture of the clause

SENTENCE

CLAUSE

CORE  €———— PERIPHERY

l

ARG ARG NUCLEUS

PRED

XP XP  X(P) XP/ADV
Figure 3.3: Formal representation of the layered struatfithe clause

To represent the nucleus, core, periphery and clause, weseila type of tree diagram
which differs substantially from the constituent-struettrees discussed earlier. The ab-
stract schema of the layered structure of the clause canppesented as in Figure 3.3.
The clause consists of the core with its arguments, and Heentcleus, which subsumes
the predicate. At the very bottom are the actual syntactiegmaies which realize these
units. Notice that there is no VP in the tree, for it is not acapt that plays a direct role
in this conception of clause structure. The periphery iseggnted on the margin, and
the arrow there indicates that it is an adjunct; that is, @iptional modi er of the core

(Van Valin and LaPolla 1997).
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Constituent structure representations of the sentend¢eseword-order and head-marking
languages are unrevealing, because they fail to captureissb@ammon to clauses in the
different language types. The layered approach to clausetste does not suffer form
the same shortcomings. For a language like Arabic, the ilnkénlg the head nouns with

their determiners will be discussed in the section on nouagghstructure 3.3 below.

3.2.2 Layered structure of the clause (LSC)

In the simple English sentencegsmes ate the sandwich in the cla¥3@mes ate the sand-
wich is the core (withatethe nucleus andamesandthe sandwiclthe core arguments);
andin the clasgs in the periphery. The rst division in the clause is betweecore and
a periphery, and within the core a distinction is made betwee nucleus (containing
the predicating element, normally a verb) and its core agpus(NPs and PPs which are
arguments of the predicate in the nucleus). Core argumeathase arguments which
are part of the semantic representation of the verb (Vam\é&id LaPolla 1997). The

relationships between the semantic and syntacts unitsiarmarized in Table 3.1

Table 3.1: Relationships between the semantic and syotauitis

Semantic element (s) Syntactic unit

Predicate Nucleus

Argument in semantic representation of predicatéore argument

Non arguments Periphery

Predicate + arguments Core

Predicate + arguments + Non- arguments Clause (= core + periphery)

3.2.3 Non-universal aspects of the layered structure of thelause

An initial phrase cannot be in the precore slot, because iser WH- word in the precore
slot in the sentence; hence the position of the initial pliaglistinct from the precore

slot. This position, which will be termed the left-detachmakition, is outside of the
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3.2. FORMAL REPRESENTATION OF LAYERED STRUCTURE OF THE CLAU SE

clause but within the sentence. An example from English aitlof these elements is

given in Figure 3.4.

Sentence
LDP CLAUSE
PrCs CORE €«——— PERIPHERY

ARG NUC ARG

NP PRED PP

ADV PP

=
)

Yesterday, what did Khalid show toJames in the class?

Figure 3.4: English Sentence with precore slot and lefacietd position

The operator projection in Figure 3.5 may be combined witlatwie will call the “con-
stituent projection’ in Figure3.8 to yield a more compleietpre of the clause, as in
Figure 3.6; the periphery is omitted, since it can occur imaber of different positions.
What we have here is two projections of the clause, one ofwtamtains the predicate
and its arguments (the constituent projection), while tieocontains the operators (the
operator projection) (Van Valin and LaPolla 1997).

They are both linked through the predicate, which may be b,WeP, AdjP or PP, be-
cause it is the one crucial element common to both. The apgpadjection mirrors the
constituent projection in terms of layering; hence “nuslen the operator projection
corresponds to "nucleus' in the constituent projectiom, smon. The multiple nucleus,
core and clause nodes represent each of the individualtopgia that level; the num-
ber of multiple nodes corresponds to the number of operatdisat level present in the
sentence. If there are no operators at a given level, a bate wdl be given. As the

"bare skeleton' of the layered structure of the clause orritgte makes clear, the two
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\

l

NUCLEUS <«&—— Aspect

l

NUCLEUS <&—— Negation

l

NUCLEUS/CORE <« Directionals

CORE <—— Modality

CORE <€— Negation (internal)

l

CLAUSE &— Status

l

CLAUSE &— Tense

l

CLAUSE  &— Evidentials

l

CLAUSE < |llocutionary force

l

SENTENCE

Figure 3.5: Operator projection in LSC

projections are indeed mirror images of each other, andmitlisecome particularly im-
portant in representing the structure of complex senten&erore complete picture of
the clause in Arabic, is given in Figure 3.7. Please notettlt@asentences in Figure 3.7
should be read from right to left.

One of the major motivations for this scheme is that opesatintually always occur
in the same linear sequence with respect to the predicalemgemt. When an ordering
relationship can be established among operators, theyhaegysordered in the same
way cross-linguistically, such that their linear order eets their scope. This is a very
signi cant point. Operators are ordered with respect tcheather in terms of the scope

principle discussed earlier, with the verb or other pretiigaelement in the nucleus
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SENTENCE SENTENCE
/CLALSE CLAUSE
(P /l\ (RDP) I
(PrCs) CO‘RE (PoCS) oke
(ARG) (ARG) NUCLEUS |
| NUCLEUS
PRED |
PRED
xP XP xP XxP X(P) XP XP X(P)
| Aspect
NUCLEUS <«—— Aspect NUCLEUS <«——|Negation

l Directionals

NUCLEUS <&—— Negation

l Directionals

NUCILEUS/CORE<— Directionals CORE <—] Modality

Negation
CORE  <€«—— Modality
CORE <—— Negation (internal)
Status
l Tense
CLAUSE  &— Status CLAUSE «— Evidentials
I Illocutionary
force
CLAUSE &—— Tense

I SENTENCE
CLAUSE &—Evidentials

CLAUSE < lllocutionary force

SENTENCE

Figure 3.6: LSC with constituent and operator projections

as the anchorpoint, and thus the ordering restrictions emtbrphemes expressing the

operators are universal.
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SENTENCE

CLAUSE

Periphery ——— > CORE

(ARG) (ARG) NUCTEUS ARG
I PRED
ADV pp \p | !
%
o N S ol 0>
yesterday ~ to-Omar the-book show not Johm
v
NUCLEUS
CORE ---- Negation
CLAUSE
CLAUSE
SENTENCE

Figure 3.7: Arabic LSC

3.3 Noun phrase structure

Noun phrases refer, while clauses predicate, and yet thergtrgking parallels between
the structure of the two which have long been noted. For ex@nbpth can be said to
have arguments; while this is obvious in the case of verbsamses, it is also clear that
relational nouns like father, friend and sister can taketvdoald be analyzed as argu-
ments, e.gfather of Jameg James's fathera friend of Khalid/ Khalid's friend and the
other sister of SarahSarah's other sisterClauses sometimes have clauses within them
as arguments, as itaid believed that pollution isn't a problenand the same is true of

NPs, e.g.Zaid's belief that pollution isn't a problemGiven these parallels, it would be
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appropriate to say that at least some nouns take argumaaitgyans to verbs taking ar-
guments, and therefore it is also appropriate to posit adalystructure for NPs (LSNP)
similar but not identical to that for clauses. Relating te tandamental functional dif-
ference between verbs and nouns, is that Nd@minates a REF (for ‘reference’) node,
indicating that the unit in question refers, in contrastte PRED (for "predicate’) node
which appears in the nucleus of a clause. Of is non-pregieatithis construction, be-
cause it does not license the argument; moreover, it is ssratipempty, as it can occur
with argument NPs having many different semantic functifvem Valin and LaPolla

1997). Consider the range of semantic functions which tiHgRd$ have in the following

examples.
(2.2)
a. the attack of the killer bees Agent
b. the gift of a new car Theme
c. the destruction of the city Patient
d. theleg of the table Possessor
e. theresupplying of the troops (with ammunition) Recipien

(Nunes 1993) shows that NPs have only a single direct cowgraggt, and it is marked
by of. This is consistent with the point made above thfatloes not mark any particular
semantic relation, in much the same way that the direct gratincad functions, subject
and direct object, are not restricted to particular sengdatictions. Accordingly, the of-
marked NP counts as the single direct syntactic argumeimeofdminal nucleus in the
core of the NP. Predicative adpositions, by contrast, halede ned semantic content,

like other predicates.
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An important feature of the layered structure of the clauase the differential treatment
given to operators like tense, aspect and illocutionargdpand the same contrast is a
vital part of the layered structure of the noun phrase. NRaipes include determin-
ers (articles, demonstratives, deictics), quanti ergat®n and adjectival and nominal

modi ers (Van Valin and LaPolla 1997).

3.3.1 NP headed

Pronouns can be classi ed into a number of subtypes: pefgooaouns, including pos-
sessive pronouns (PRO), e.g. | liked her book; relative guos (PROreL), e.g. the
book which | bought; demonstrative pronouns (Pf6), e.g. That pleased Man\WH-
pronouns (PRQ), e.g. who did Fred see?and expletive pronouns (PR&r), e.g. it

rained.

3.4 Lexical representations for verbs

Table 3.2: Lexical representations for the basic Aktiohslaisses

Verb class Logical structure
State predicate’ (x) or (X, y)
Activity do’ (x, [ predicate(x) or (X, Y)])

Achievement INGR predicate’ (x) or (X, Yy)
Accomplishment BECOME predicate’ (x) or (X, y)

These distinctions among the four basic Aktionsart typeg bwarepresented formally
as in Table 3.2. These representations are called logiealtstes. Following the con-
ventions of formal semantics, constants (which are nognpeédicates) are presented in
boldface followed by a prime, whereas variable elementpersented in normal type-
face. The elements in boldface and prime are part of the wagbof the semantic
metalanguage used in the decomposition; they are not woodsdny particular human

language.
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Hence the same representations are used for all languabese(appropriate), e.g. the
logical structure for Arabic and English die (intransifiveould beBECOME dead'(x) .
The elements in all capitals, INGR and BECOME, are modi efrthe predicate in the
logical structure; their function will be explained belowhe variables are lled by lexi-
cal items from the language being analysed; for example:tigdish sentenc&he dog
died would have the logical structuBECOME dead' (dog) , while the correspond-
ing Arabic sentenceHAQEl%El@ mat . “The dog died” would have the logical
structureBECOME dead' (|_ E%E?I@)) should be this sentence start with the verb
| ] E:’/AI'EE@tEIka. States are represented as simple predicateymken’ (x),

be-at'(x,y) ,andsee'(x,y) . There is no special formal indicator that a predicate
is stative.
The logical structurepe'(x,[pred] ) is for identi cational constructions, e.g.

Omar is a studentand attributive constructions, suchBse watch is brokenequire a
different logical structure. In this logical structure th&cond argument is the attribute or
identi cational NP, e.g.be' (Ayesha, [tall]) , be'(Omar,[student’)

The primary criteria for distinguishing between attrilvetconstructions and result state
constructions is whether the attribute is inherent, eGpal is black(be' (coal,
[black?)) , or whether it is the result of some kind of process, dbe re black-

ened the wood... BECOME black'(wood)) (Van Valin and LaPolla 1997).

3.4.1 Agents, effectors, instruments and forces

In "Zaid is cutting the bread with a knife', an EFFECTOR, tygdly human, manipulates
a knife and brings it into contact with the bread, whereuganinteraction of the knife
with the bread brings about the result that the bread becoute$his may be represented

as in (2.3). (The main CAUSE in the logical structure is daied.)
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(2.3)
[do'(Zaid ,[usé(Zaid ,knife)])] CAUSE
[[do'(knife ,[cut'(knife ,bread)])]CAUSE

[BECOME cut'(bread)]]

The causing event in (2.3) is complex, and the INSTRUMENTuargnt appears three
times in the logical structure: as the IMPLEMENT of use' argdthe EFFECTOR of
do'(x,[ cut'(x,y)]). Itis possible, if the rst argument of the highedb' were left unspec-

I ed, to say The knife cut the bread, with the INSTRUMENT kai&s actor.

3.4.2 change of state verb

A change of state verb may be punctual in one language anghmoctual in another. A
good example of this cross-linguistic variation is Engligie’ and Arabic. Both have
the result that the subject is dead. Accordingly, it is palssio say in EnglistHe died
quickly, He died slowly and He died sudderlly Arabic we can sayie died quickly, He
died slowly and He died sudden@_/_q'l‘hﬁxo / W@t srya / mat fgah also, it is
possible to say in Arabitl ¢_KH A@t bbty Hence the logical structure for English and
Arabic “die' would be] BECOME dead'(x)] , an accomplishment.

3.5 Why we use RRG as the linguistic model

A reader might ask the question, why use Role and Referenami@ar as the basis of
our machine translator? More than one reason prompts usomsehRRG. The most
important one is that RRG is a new linguistic method and tier® research using the
Role and Reference Grammar linguistic model as a basis fehima translation until
now. We would like to discover this area using the RRG rulaktanhniques.

What distinguishes the RRG conception is the convictiohghammatical structure can
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only be understood with reference to its semantic and concative functions. Syntax
is not autonomous. In terms of the abstract paradigmaticsgnthgmatic relations that
de ne a structural system, RRG is concerned not only witatrehs of co-occurrence and
combination in strictly formal terms but also with semaraticl pragmatic co-occurrence
and combinatory relations. According to Van Valin and La&¢1997) RRG takes lan-
guage to be a system of communicative social action, andrdiogiy, analysing the
communicative functions of grammatical structures playgal role in grammatical de-
scription and theory from this perspective language is tesysand grammar is a system
in the traditional structuralist sense.

We claim that RRG is very suitable for machine translatiodbic via an Interlingua
bridge implementation model. RRG is a mono strata-theargitimg only one level of
syntactic representation, the actual form of the sentendeita linking algorithm can
work in both directions from syntactic representation tmagtic representation, or vice
versa. In RRG, semantic decomposition of predicates anidst@antic argument struc-
tures are represented as logical structures. The lexic®Ri@ takes the position that
lexical entries for verbs should contain unique informatanly, with as much infor-
mation as possible derived from general lexical rules. Thnnfeatures of RRG are
the use of lexical decomposition, based upon predicate rszaaan analysis of clause
structure and the use of a set of thematic roles organizedaititierarchy in which the

highest-ranking roles are "Actor' (for the most active paint) and "Undergoer"'.

3.5.1 RRG representing the universal aspects of the layeresdructure of the clause

A sentence in English is NP VP, but this is not valid in Arabantences. There is no
copula(verb to be)in the Arabic language, this means some types of sentenceain&
not contain any verlfnominal sentence) For example|. EAEQYEQI talb Khalid

(is) a student there is no "is' in this sentence in Arabic. In RRG there is\® in
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sentences structure. The abstract schema of the RRG lagteveture of the clause can
be represented as in gure3.8.

SENTENCE

CLAUSE

CORE  <€——— PERIPHERY

— T~

ARG ARG NUCLEUS

PRED

Xp XP  X(P) XP/ADV

Figure 3.8: The RRG representing the universal aspectseolafered structure of the
clause

The clause consists of the core with its arguments, and Heenucleus, which subsumes
the predicate. At the very bottom are the actual syntactegoaies which realize these
units. Notice that there is no VP in the tree, for it is not acapt that plays a direct role

in this conception of clause structure.

3.5.2 The lexical representation of verbs and their argumets

The approach to the depiction of the lexical meaning of vevbeh we will adopt is
lexical decomposition, which involves paraphrasing venlderms of primitive elements
in a well-de ned semantic metalanguage. As a simple exaroplhe mechanism of
lexical decomposition, “kill' can be paraphrased into stiimgy like “cause to die', and
then “die' can be broken down inftbecome dead' , Thus the lexical representation
of "kill' would be something likex causes [y become dead]' (Van Valin and
LaPolla 1997). A system of lexical representation shouttlide a way of expressing the

fact that the subject of "die' and the object of kill' are th@me argument semantically.
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There are many verbs pair like this , and in many cases theare$hip between them
is overt. Examples include “sink’, as in "the boat sank' ahe torpedo sank the boat',
where boat is the subject of intransitive "sink’ and the obge transitive "sink’ (Van Valin
and LaPolla 1997). Another example is the predicate "cediich can take three forms,
one adjectival and two verbal: "The soup is cool', ‘the saipdoling' and "the wind
cooled the soup’. Thus, there seems to be a pattern of intixengerbs whose subjects
are identical to the objects of their transitive counteiparThere are cases, however,
when the intransitive-transitive alternates do not haeestime lexical form, as in “die'
and kill', or “receive' and "give'. An adequate theory okieal representation should
be able to capture these relationships, and lexical decsitnpo provides a promising
method for doing it. There are many theories of lexical dgoosition, which differ
in terms of how ne-grained they are. It is necessary to ne tight level of detail,
one which allows the expression of certain important gdizatsons but which also has
representations whose differences have morphosyntamtigequences. Thus, arriving
at a decompositional system is a compromise between theraknaod semantics (make
all necessary distinctions relevant to meaning) and thésgrdax (make syntactically
relevant distinctions that permit the expression of sigant generalizations) (Van Valin

and LaPolla 1997).

3.6 Summary

RRG describes mainly a sentence of a speci ¢ language instefm

1) logical structure.

2) grammatical procedures.

We use RRG to model Arabic, because there are certain cases Wie standard NP VP
categorisation does not apply due to the absence of a coptilarvthe language. Since

RRG does not structure sentences based around a VP, it issuibed to representing
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such sentences.

The main features of RRG are the use of lexical decomposibiased upon predicate
semantics. The RRG model creates a relationship betwedaxsgnd semantics and
can account for how semantic representations are mappesyintactic representations.
RRG also accounts for the very different process of mappnggstic representations to

semantic representations.

The division in the clause is between a core and a peripheeyclduse consists of the
core with its arguments, and then the nucleus, which substingepredicate. The core
arguments are those arguments which are part of the semaptesentation of the verb.
The periphery is represented on the margin, and the arrore thdicates that it is an

adjunct; that is, it is an optional modi er of the core.

There are languages in which operators occur on both sidie @fucleus; for example,
in Arabic, the imperfect tens'épm@ @ﬁl@lmpﬁr, marker is a pre xes, while the
perfect tensd:mq@ @%@Inﬁdy marker is a suf x (Ryding 2007). In such cases

there will be more complex language-speci c linear preceserules for operators.
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Machine translation strategies

In this chapter, we introduce background information alddathine Translation. We
discuss the computational techniques, basic strategigsiistic aspects and the gener-
ation problem. Much of the background information is sumseat from Hutchins and

Somers (1992).

Natural language processing (NLP) can be thought of as aetlof arti cial intelli-

gence. It refers to understanding and automatic generafioatural human languages.
Machine translation (MT) is a part of computational lingigs and refers to comput-
erised systems that can translate from one natural langoag®ther. Hence, MT uses
many ideas, methods and techniques from these related aldshas also built up a
body of techniques and which can, in turn, be applied in otineas of computer-based

language processing.
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4.1. ADVANTAGES OF MACHINE TRANSLATION

Modularity has changed as MT systems have developed. Isfenasystems, lexical and
structural transfer were sometimes separated. In mangtdmanslation systems, anal-
ysis, transfer and generation often mixed together and netrelearly distinct. As the
area has matured, modularity has become an important asfpedt systems, allowing

different aspects to be developed independently.

4.1 Advantages of machine translation

Some of the advantages of machine translations are as ®llow
Machine translation is quicker than human translation.

It ensures consistency. There is no concern that a transtaght take too much
creative license with a translation or forget how a paracword was translated in
earlier pages. MT will translate a particular word in the savay. However, the

downside is that will exhibit the same errors over and ovairag

It gives a neutral approach to translation without intradgdias, which can happen

with human translators.

Machine translation is considerably cheaper. It is a one wwst; the cost of the

tool and its installation.

4.2 Computational techniques in MT

Computational processing allows for the analysis and @sing of large amounts of
data. Before looking at the computational aspects of MT,mMmduce some basic con-
cepts. Machine translation can take advantage of one ofasie boncepts in computing.
Since data and programs are separate, it is possible todprlagram that functions with

different types of data. In the case of MT, this means thatatberithms for translation,
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and the data used for doing the actual translation can bdapmaeseparately. In reality
this is a little simplistic, but there are certain exampléd/d systems that operate in a
similar manner for different sets of data like dictionaréasl grammar rules (Hutchins

and Somers 1992).

4.2.1 System design

As in standard software engineering, recent trends arerttsvaodular and incremental
system design. Whereas previously, systems would be budtmonolithic structure,
with some debugging access into the system, now we buil@s\stp in stages, com-
pletely de ning and testing each stage, before incorpogati into the overall system.
This method has revolutionarised software engineeringeaathled much more effective

collaborative design, as well as the integration of otheptels work in any design.

4.2.2 Interactive systems

Interactivity is a key aspect of computer systems. MT systean take advantage of
interactivity to achieve higher quality results. It is pis for an MT system to ask the
user to select from a set of possible solutions. It is als@iptesto extend the lexicon
through user input at the time of translation. The systemhimigg unfamiliar words,
which the user can then categorise for inclusion in the taxidHowever, intereactivity
and relying on user input can have disadvantages. For exastpuld the user be relied
upon to be correct in his input? Is he fully aware of the lirsgjigiproperties of the words?
Furthermore, as more user input is required, the bene ts ©fdMer human translation

become less signi cant.
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4.2.3 Lexical databases

A key component of any rule-based MT system is its lexicabueses; the information
associated with individual words. The eld of computatiblexicography is concerned
with creating and maintaining computerised dictionariés.practice, rule-based MT
systems can often have different dictionaries, some aoinggthe core entries, and others
containing specialised vocabulary. An MT lexicon is diffiet from a standard dictionary,
and so is typically concentrated on some linguistically bgeneous set of words, e.g.
abstract nouns, intransitive verbs, or the terminology epecialist eld. It is a good

investment to develop tools which aid lexicographers tcaexjthe lexicon.

4.2.4 Tokens and tokenization

The term “token” refers to an abstraction for the smalledtinra text that is considered
when describing the syntax of a language. A process of takéioh can be used to split
the sentence into word tokens. Although the following exenig given as XML there
are many ways to represent tokenized input. The sentdecgent to the schootould
be tokenised as follows:

<sentence>

<word>He</word>
<word>went</word>
<word>to</word>
<word>the</word>
<word>school</word>

</sentence>
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4.2.5 Syntactic analysis (Parsing)

Syntactic analysis, or parsing, is a major component inelalsed MT system. It is the
process by which a sentence is dissected or analysed institc@mt parts, to determine
grammatical structure. One of the key challenges in argaligsiealing with ambiguity.

One approach is what is called depth- rst parsing, in whiabhepossible solution is pur-
sued to its conclusion. Each time a solution is found to bengrthe system backtracks
and takes another route until it eventually nds the cormetegorisation of a word. In
breadth- rst parsing, alternatives are evaluated in palraintil each alternative is found

to be wrong except the right one.

4.3 Basic machine translation strategies

Traditionally three different approaches to MT have beesduslirect translation, inter-
lingua translation and transfer based translation. A few approaches have also been

established. In this section we will discuss basic strategf MT systems.

4.3.1 Multilingual versus bilingual systems

Bilingual systems translate between a single pair of laggaa multilingual systems
translate between more than two languages. Bilingual syst&re uni-directional or
bi-directional, they may be designed to translate from @mgliage to another in one
direction only, or they are able to translate from both memsloé a language pair. As a
further modi cation we may differentiate between revefsibilingual systems and non-
reversible systems. In a reversible bilingual system tloegss involved in the analysis
of a language can be inverted without change for the gewoerafi output in the same

language.

49




4.3. BASIC MACHINE TRANSLATION STRATEGIES

4.3.2 Direct translation

Source
language
input

\

morphological
analysis

Y

bilingual
dictionary
look-up

Y

local
reordering

target
language
output

Figure 4.1: Direct MT system

Direct translation is the oldest approach to MT. The dirextslation strategy passes each
sentence text to be translated through a series of stant@ayekss If the MT system uses
direct translation, this usually means that there is noastitt analysis after the morpho-
logical analysis for the source language. The translagdmased on large dictionaries
and word-by-word translation with some simple grammatachlistments e.g. on word
order and morphology. A direct translation model is showRigure 4.1. This strategy

is no longer in signi cant use.

50




4.3. BASIC MACHINE TRANSLATION STRATEGIES

4.3.3 Interlingua

The Interlingua approach is to develop a universal languageesentation for text. In
effect, in Interlingua there is no transfer map, and the MTdeldhus has phases: anal-
ysis and generation. In a standard multilingual system Withkource languages and
target languages, the transfer approach will involé transfer maps; moreover, we
needX analysers andy generators. In the Interlingua approach, oKlyparsers and
Y generators are needed. Interlingua based MT is done viatarmeadiary (seman-
tic) representation of the source language text. Intenknig supposed to be a language
independent representation from which translations cagelperated to different target
languages. Translation needs two phases: analysis frosotiree language to the In-
terlingua (universal language) and generation from thearsal language to the target

language. An Interlingua translation model with eight laages is shown in Figure 4.2.

Arabic
English Irish
German Spanish
French Mandarin Japanese

Figure 4.2: Interlingual model with eight languages pairs
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To apply our framework to other generation languages, wg oeéd to change the gen-
eration phases. The intermediate representation is indepé of the target language,
and this is the bene t of using an Interlingua approach, siaalysis and generation are

separate tasks which are implemented independently.

4.3.4 Transfer systems

Transfer systems are a middle course between direct andingtea MT strategies.
Transfer systems divide translation into steps which tledifferentiate source lan-
guage and target language parts. In the transfer approashiththerefore no language-
independent representation: the source language inteatee@presentation is specic
to a particular language, as is the target language inteateaepresentation. There is no
necessary equivalence between the source and target atiatarepresentations for the
same language. In the transfer strategy a source languaggse is rst parsed into an
internal representation. Thereafter a transfer is madethtlbxical and structural levels
into equivalent structures of the target language. In tird #tage a translation is gener-
ated. Whereas the Interlingua approach requires compstdution of all ambiguities
in the source language text so that translation into anyrdéimguage is possible, in the
transfer approach only those ambiguities inherent in thguage in question are tackled.
This approach is a development over direct translation kisdias lexically driven. The
level of transfer differs from system to system - the repnés@n varies from only syn-
tactic deep structure to syntactic-semantic interprestré multilingual transfer model

with eight languages pairs is presented in Figure 4.3.

In comparison with the Interlingua system there are clesadirantages in the transfer
approach. The addition of a new language involves not ordytilo modules for analy-

sis and generation, but also the addition of new transferutesdthe number of which
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may vary according to the number of languages in the exisysgem: in the case of
a two-language system, a third language would require feur tnansfer modules. The
addition of a fourth language would entail the developméisixonew transfer modules,

and so on as illustrated in Table 4.1.

English

Spanish

Mandarin

Figure 4.3: Multilinguality transfer model with eight langges pairs

Table 4.1: Modules required in an all-pairs multilingualrtsfer system
8

Number of languages n
Analysis models 3[4 [5 |...]8 |n
Generation models 3[4 [5 [..]8 |n

6 [12]120]..[56[n* n
12120[30]..[ 72| n*+n

Transfer models
Total models

O NN NN

The number of transfer modules in a multilingual transfestegn, for all combinations

of n languages, i8> n. Also needed ara analysis anah generation modules, which
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would also be needed for an interlingua system.

As shown in Figure 4.4, the direct method has no modules farcedanguage analysis
or target language generation. In the interlingua methedstiurce language is fully
analyzed into a language-independent representation\frioich the target language is
generated. The transfer strategy can be viewed as fallitgele® interlingua systems

and direct systems.

Interlingua

Transfer

Analysis
_—

Generation

Direct

Source Language Target Language

Figure 4.4: Difference between direct, transfer, and limgoa MT models, (Trujillo
1999)

Figure 4.4 shows language analysis up the left-hand sidetaaget-language generation
down the right. The peak of the pyramid represents the thieaténterlingua represen-
tation achieved by analysis and suitable for direct use Iegsion. However, the path
to that interlingua is long. By cutting off the monolinguadaysis at some point and
entering into a bilingual transfer phase, one can avoid theutties of a full analysis.
The diagram is also intended to suggest that the more thestextalysed, the simpler
transfer will be, as depicted by the length of the line cgti@cross the pyramid. At the
very bottom, where there is smallest amount of analysis naadly all the work is done

in transfer, as was the case with the early direct metho@syst
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4.3.5 Statistical machine translation

The ideas behind statistical machine translation come omfarmation theory. Essen-
tially, the document is translated on the probabififgja) that a stringe in the target
language (for example English) is the translation of a gt@im the source language (for
example Arabic). As translation systems are not able testhmative strings and their
translations, a document is typically translated sentéycgentence, but even this is not
enough. We assign to every pair of strii@s) a numberP (ga), which we interpret as
the probability that a translator, when presented wjtivill producea as its translation.
You could imagine another program that takes a sentencergag and outputs every
conceivable string e along with iB(gja). This program would take a long time to run,
even if you limit English translations to some arbitrarydédm They seek the English sen-
tencee that maximized? (gja) and minimizes time (Brown et al. 1993). To summarize,
we computeP (gja) by summing the probabilities of all alignments. For eachratent,
we make two signi cant simplifying assumptions: Each Esglword is generated by
exactly one Arabic word; and the generation of each Englisttvis independent of the

generation of all other English words in the sentence. Thadaarly not true in theory.

4.4 Linguistic aspects of MT

In this section we will look more closely at the kinds of lingfic problems that MT has to
face and will discuss ways in which MT programs work arouresthproblems. We will
distinguish monolingual problems of morphology, lexical@guity, syntactic ambiguity,
pragmatic aspects from bilingual problems of languagerestit lexical mismatches,

structural divergence, typological differences.
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4.4.1 Non-Roman alphabet scripts

Since computer technology developed mostly in Englishewoltanguages, particularly
those with non-Roman alphabet have historically been searspecial case and required
new code sets to de ne character representations. Furtitermot all languages with
alphabetic scripts are written left-to-right, e.g. Arahied Hebrew, so any input/output
devices making this assumption will be useless for suchuaggs. Before Unicode was
standardised, there were different encoding systems $igrasg this problem. Unicode
provides a unique code for every character, no matter wiegildtform, the program and
the language are. Appendix A provides the correspondingadia for each Arabic letter

and describes the letters with their corresponding wristeapes.

4.4.2 Lexical ambiguity

Category ambiguities or homographs are examples of legicddiguities which arise
when there are potentially two or more ways in which a word lsaranalysed. More
complex are lexical ambiguities, where one word can be pné#ed in more than one
way. Lexical ambiguities are of three basic types: categampiguities, homographs and

transfer (or translational) ambiguities.

4.4.2.1 Category ambiguity

The simplest type of lexical ambiguity is that of categorybaguity: a given word could
be assigned to more than one grammatical or syntactic agtég@. noun, verb or
adjective) according to the context. There are several piesof this in Englishiight
can be a noun, verb or adjective, alsontrol can be a noun or verb. In Arabic there
are some words that can be in more than one category, for é«xel'n’ﬁs Ja could be a

preposition with meaning of “on”, or a verb with meaning oise”.
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4.4.2.2 Homograph

The second type of lexical ambiguity occurs when a word cam th&o or more differ-
ent meanings. Linguists distinguish between homograpdmophones and polysemes.
Homographs are two (or more) “words' with quite differentanimgs which have the
same spelling: exampléght (not dark or not heavy). Many Arabic words can have two
or more overlapping meanings exampl&C« @n could be announcement, adver-
tisement, declaration or sign. AIsQ»Q@zcould be centre, position, rank or status.
Moreover,@ﬁéan could be position, rank, site or status. The direct apprdeash
particular problems with homographs; the usual method sélveng homograph ambi-

guities is to look at the closest words for clues.

4.4.3 Syntactic ambiguity

Syntactic ambiguity arises when there is more than one wayalysing the underlying
structure of a sentence according to the grammar used irysihens. Examplel, know a
man with a dog who has eass ambiguous. It could be the man or the dog who has eas.
It is the syntax not the meaning of the words which is uncl&ae classical example is
He saw the girl with the telescopEor the purposes of this discussion, we represent these
examples in the notation of a context-tree grammar ratlaer ith RRG notation.

The two trees in Figure 4.5 and Figure 4.6 represent the tffereint analyses in the
sense of recording two different “parse histories'. In lirggic terms, they correspond to
the two readings of the sentence: one in which the PP is panedfP (i.e. the girl has
the telescope), and the other where the PP is the same letred agbject (i.e. the man
has the telescope). For convenience, a bracketed notatidrees is sometimes used:
the equivalents for the trees in Figure 4.5 and Figure 4.&laogvn in (3.1a) and (3.1b)

respectively.
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Sentence
NP VP
pron v NP
det n PP
prep NP
PN
det n

he saw the girl

with the telescope

Figure 4.5: NP rule (NP> det n pp)

Sentence

T~

NP /vp\ PP
pron v NP prep NP
det N det n
he saw the girl with the telescope

Figure 4.6: PP is attached at a higher level
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(3.1a)

S(NP(pron(he)), VP( v(saw),NP(det(the), N(qirl),
PP(prep(with),NP(det(the),n(telescope))))))

(3.1b)

S(NP(pron(he)), VP(v(saw),NP(det(the),n(girl)),
PP (prep(with),NP(det(the),n(telescope)))))

The tree structures required may of course be much more expbdt only in the sense
of having more levels, or more branches at any given levelalso in that the labelling

of the nodes (i.e. the ends of the branches) may be more iafomen

4.4.4 Structural differences

Many relatively trivial syntactic differences betweendamages are well known, e.g. in
Arabic most adjectives follow nouns but in English adjeesiwormally precede the nouns
they qualify. Also, Arabic sentences have more than onetiral type. The sentence
which contains a verb, will have order of the form verb(V)bgct(S) and object(O) or
verb(V), object(O) and subject(S). The only combinatidra tlo not occur in Arabic are
OSV and SOV (Attia 2004).

4.5 Challenges of Arabic to English MT

Arabic words can often be ambiguous due to the three-lattd#rsystem. These conso-
nant roots interlock with patterns of vowels or consonamtsards or word stems. This
root system allows the language to evolve to cover a widegarigneanings. In some
derivations one or more of the root letters is dropped, tegpin possible ambiguity.

Examples of derived words from a three-letter-root are shmwlable 4.2.
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Table 4.2: Derived words from a three-letter-root in Arabic
Arabic Example POS
| ) Fkataba he wrote verb
| KA&aba | he corresponded | verb
| ) Fkutiba it was written verb

- Hi ktiab book noun
| ) Fkutub books noun
AV writer; (adj) writing | noun
HA& kuiab writers noun
| ) J QOmnaktab | desk; of ce noun
I HChalatib desks; of ces noun
é:ﬂ’Qnaktabah library noun

A root is de ned in (Ryding 2007) as “a relatively invarialdéscontinuous bound mor-
pheme, represented by two to ve phonemes, typically thogesonants in a certain order,
which interlocks with a pattern to form a stem and which hagk meaning.”

There are also two and four letter roots. They are discoatisa because the root letters
can be interspersed with other letters in a pattern. Howéverorder of the root letters
must be the same.

A pattern is de ned in (Ryding 2007) as “a bound and in manyesa$iscontinuous mor-
pheme consisting of one or more vowels and slots for root eim@s (radicals), which
either alone or in combination with one to three derivatlafaes, interlocks with a
root to form a stem, and which generally has grammatical mean

Patterns signify grammatical or language-internal infation, distinguishing word types
and classes. These patterns can differentiate betweers neems and adjectives, but
also give more detailed information about sublasses otthategories. There are fewer
patterns than roots.

Arabic has a large set of morphological features (Al-Suggraand Al-Kharashi 2004).
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These features are in the form of pre xes, suf xes and alsgas that can completely
change the meaning of the word. Also, in Arabic there are saorels that hold the
meaning of a full sentence for exam@,f snsafr , would translate to\We will
travel. in English. This means any MT system should apply thorougtlyars in order
to obtain the root or to deduce that in one word there is in dafttll sentence. Arabic
has a relatively free word order, this poses a signi cantleinge to MT due to the vast

possibilities to express the same sentence in Arabic.

4.6 Generation

In this section we discuss the generation of target langteads.

4.6.1 Generation in direct systems

In direct systems in Figure 4.7, generation is based as msigossible on source lan-
guage structures: nothing is changed more than strictlglett®r the creation of a suit-

able target language word order.
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Source
language
input

A

morphological
analysis

Y

bilingua
dictionary
look-up

A

loca
reordering

target
language
output

Figure 4.7: Direct MT system

4.6.2 Generation in transfer-based systems

In a transfer system, the generation phase is generallgativinto two parts, syntac-
tic generation and morphological generation. Syntactiwegation involves creating a
deep-tree structure from the output of the analysis, whsctinén re-ordered by trans-
formational rules. The nal tree is labelled with the grantroal functions and features
of the target language. This re-ordered surface structamenow be processed by the

morphological generator, which creates labelled lexieahs which can be easily turned

into target sentences.
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4.6.3 Generation in interlingua systems

The steps for generating texts in interlingua-based systemsimilar to those described
for transfer-based systems. Generation includes phasgstdctic and morphological
generation. The main difference is that the start point tsandeep-structure syntactic
representation, but an interlingua representation, finiglizased on predicate-argument
structures. The syntactic structure must rst be generfated the interlingual represen-
tation by a phase often known as semantic generation. Theegsanay be described

using example in Figure 4.8. The structure to be generatgbian in Figure 4.9.

Tense= imperfect
Verb = Lex item= love
g=m
Subj = Qays N= sing
P=3
g=f
Comp = Laila N= sing
P=3

Figure 4.8: Semantic generation
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SENTENCE

tns = imperfect

A

NP VP
fun=subj N
num= sg \ NP
sex=m fun=head fun=obj
sex =M num= sg
sex=f
Qays Loves Laila

Figure 4.9: Structure to be generated

4.7 Summary

In the stages of analysis and generation, most MT systentaio@eparated components
dealing with different levels of linguistic description: amphology, syntax, semantics.
Hence, analysis may be divided into morphological analysiatactic analysis and se-
mantic analysis (Hutchins and Somers 1992).

For the purposes of this study, our proposed solution to abi&fEnglish translator will
be based upon the interlingua model of machine translatigabic is unique in many
ways but is not immune to the standard challenges faced bgr ddihguages such as
multiple meanings of words, non-verbalisation and insignt lexicons.

An Interlingua model that incorporates source languagéyaisathereby creating a so
called universal logical structure, will facilitate mydte language generation in a more

exible way. An Interlingua model is presented in Figure@..1
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Arabic Language

A

Universal logical
structure of Arabic

e N,

English x1 x2 XN
Language Language Language Language

Figure 4.10: Interlingua model of Arabic MT

For the elements &fubjec(S), verl(V) andobjec(O), Arabic's relatively free word order
allows the combinations of SVO, VSO and VOS. The only comtiams that do not
occur in Arabic are OSV and SOV. Arabic's exible word orderdiscussed later in this
research. Our research develops a rule-based and |lexaoaddvork for the processing of
Arabic using the Role and Reference Grammar (RRG) lingumstdel. The framework
is to be evaluated using a machine translation system thaslates an Arabic text as

source language into an English text as target language.
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Design of Arabic to English machine translation

system based on RRG

The UniArab system is a natural language processing apipiichased on Role and
Reference Grammar (RRG) for translating the Arabic languatp any other language,
using an interlingua bridge. An interlingua based MT applhoto translation is done
via an intermediate semantic representation of the soangubge (Hutchins 2003). The
conceptual architecture of the UniArab system is shown gufe 5.1. To apply it to
any other language, we need only change phases 9, 10, 11 arfdldie 5.1 will be

discussed in more detail in the Chapter 6.
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5.1. UNIARAB: INTERLINGUA-BASED SYSTEM

(1) Arabic
Language —>
Sentences/ text

(2) Sentence
Tokenizer

(3) Word
Tokenizer

AN
A

(4) Lexicon

\Agreement,
1 Features
: XML Datasource

6) Syntactic 5) Morphol /
(6) Sy ¢ (5) Morphology

Parser Parser ~_

(7) Syntactic to semantic
linking algorithms in RRG

(8) Logical Structures:
a. <TNS: past<NEG: not [do” (X, [PRED" (x,y)])]>>
b. N [3sg,f]

(9) Semantic to syntactic
linking algorithms in RRG

(10) Syntax (11) Generate English (12) English Sentence

Generation } Morphology i Generation

Figure 5.1: The conceptual architecture of the UniArabesyst

5.1 UniArab: Interlingua-based system

In interlingua MT systems, the result of source languagdyarsis a language indepen-
dent representation of the text which is the basis for theggion of the target language
text. The advantages of using interlingua for multilingegstems have already have
been mentioned in Chapter 4. The challenges start with sisaynd generation, they
have to be strictly separated; it is not desirable to leawutlnalysis towards a par-
ticular target language and it is not possible, during gatinam, to refer to the original
source language text. Using an RRG based interlingua bidgges strong analysis
methods that incorporate all attributes of a sentence analdtds including the logical
structure of its verbs. This technique could be very amemihinterlingua. The interlin-

gua representation must include all the information thatmassibly be required during
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the generation of any target language text or rather moreciy: any target language
included in the system from the outset or planned for theréutun effect, this high
degree of language-independence and objectivity meahstedinguas must strive to-
wards universality in lexicon and structure: one might adtrgay, towards representing
the meaning of the text. Most interlingua-based systemsamesentations. The Chom-
skyan theory of deep structures was thought to be attradiivieit is now agreed they
are not suf ciently abstract, being too oriented towards slurface features of individ-
ual languages. The implications of neutral structural @spntations can be illustrated
by allowing for differences of word order between languagesl their signi cance. In
English, word order is the primary means of distinguishingngmatical functions like
subject and object. The Arabic language has a relativeg/rerd order. The implica-
tion for an interlingua is that it is not enough to designatedvorder on its own: the
interlingua must represent the signi cance in terms of gratical function (syntactic
relations), text function, determination, case role or igt@r else the interpretation of
the word-order dictates. Structural differences can bateckin transfer-based systems
by structural transfer rules. But in interlingua-basedays the representation must be

language-neutral.

5.2 Designing an XML lexicon architecture for Arabic MT base d

on RRG

The lexicon in RRG takes the position that lexical entries/&rbs should contain unique
information only, with as much information as possible ded from general lexical
rules. The lexicon is designed to re ect the word categandste Arabic language with
as much information as possible derived from general Iéxidas. The lexicon stores

the Arabic words in categories, each category is stored iXMh format datasource
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le. In order to be able to analyses Arabic by computer we misstextract the lexical
properties of the Arabic words. The UniArab system usesdkiedn to construct a logi-
cal structure for Arabic input sentences, also represent¥L, which is then used for
generating the target language translation. We show thetate of the UniArab lexicon,
discuss how it is used in the system, and show the user ingetfsed for adding to the

lexicon. The lexicon is built from individual words at prese

5.2.1 An XML-based lexicon

In order to build this system and represent the data souneesise the XML language
and Java. The most recent recommendation of the XML langhagéeen presented
by Bray et al. (2008). XML has become the default standardifda exchange among
heterogeneous data sources Arciniegas (2000). The Unigystiem allows data to be
stored in XML format. This data can then be queried, expoated serialized into any

format the developer wishes.

We choose to create our data source as XML, for optimum sumpadifferent plat-
forms. It was also easier as we used Arabic letters not Ueitaside the data source,

XML fully supported Arabic. We created our search engin@gsiava.

5.2.2 Lexical representation in UniArab

Lexical frames represent the language-dependent lexi&nuse an XML data source
to represent the UniArab lexicon. The lexicon creates gosto corresponding con-
ceptual frames or attributes of each word. These frameshage relations which link
them to verb class frames, which are organized hierardhiaatording to the particular

language.
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In Phase 3 in Figure 5.1, the UniArab system tokanizes aseaiato words, then sends
each word to the search engine within the Lexicon to queryc#tegory of each word

and all attributes for that word. The Lexicon returns theregponding category and its
attributes as detailed below. The Morphology Parser, Phaseceives the word meta-
data and ensures that the properties of the words are camisisthe verb attributes in
particular, are of great importance in correctly extragtsentence logical structure fur-
ther down the processing chain, helping to answer the basistepn "Who does what?'
In free word order sentences, for examp[e’l].:; o |_ r'n yhb gys lyh, "Qays loves

Laila' multiple orders are possible including verb-sultjebject, verb-object-subject or
subject-verb-object. The attributes of the verb agree thitlgender of the subject. Given
the masculine gender of the verb in this case, the SyntaatsePwill look for a mascu-

line proper noun to make the actor for this sentence. If tieen@ore than one masculine
proper noun in such a case, then Modern Standard Arabic delme rst proper noun

as the actor. The Morphology Parser will be extended so tlecani deal with words that
are de ned in multiple categories, deciding which shouldobecessed. Meanwhile the
Syntactic Parser, so far, has only been implemented foaetxtig word order, though it

will be extended to deal with word ambiguities in future vens.

5.2.3 Lexical properties

Figure 5.2 shows the structure of the Lexicon including thapprties stored for each
word category. For all categories, an Arabic word is stoted@with its English repre-
sentation. Since word ambiguity has not been dealt withistifare is a one to one map-
ping for the simple sentences which UniArab processes upuo klowever, word am-
biguity is supported in the structure, with each possibkecsored as a separate record.

All search results will be passed to the Morphology Parseletode which is taken.
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Arabic
English
Logical structure
Verb Tense
Gender
Person
Number
Arabic
English
Common Noun Definiteness
Gender
Number
Arabic
English
Proper Noun —— Gender
Number
Arabic
Parts ] ] English
of Adjective Definiteness
Gender
SpeeCh Number
Arabic
English
Demonstrative Demonstrative type
Gender
Number
Arabic
Adverb —— English
Adverb Type
Arabic
English
Logical structure
Part of speech
Other Arabic word —— Tense
Gender
Person
Number
definition

Figure 5.2: Information recorded in the UniArab lexicon
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Since the verb is the key component when analysing using RBGy verb has an asso-
ciated logical structure, which is later used to determimeelogical structure of the full
sentence. The tense of the verb is also stored within itsdattalong with the person.
The verb type also stores the gender, which in Arabic musttbheremasculine or femi-
nine; there is no natural gender. The number property ini@c#n be singular, dual or
plural. These propertieshelp the Syntactic Parser an#éiigssentence, since there must

be agreement with the subject and verb, among other rules.

Although we adhere to the Interlingua approach, we do notadwigh the translation
of lexical items. In an ideal Interlingua system lexicalresg should be broken down
into sets of semantic features. For example the word “mabfaken down into +human
+male +adult. While this works in theory, in practice we caihmd enough seman-
tic features to describe every entity in the world. For ex@nipow”, “computer” and
“chair” cannot be described using these sets of semanttarBsaunless we invent a

unique semantic feature for every object and this is praltyieanpossible.

Table 5.1: Verb 1

Arabic verb @@a

English translatior| read
Logical structure | [do'(x,[read"(X,(y)])]

Tense past
Gender m
Person 3rd
Number singular

Table 5.2: Verb 2
Arabic verb | Jokibt

English translatior] wrote
Logical structure | [do'(x,[write’(x,(y)])]

Tense past
Gender f
Person 3rd
Number singular
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In Tables 5.1, 5.2, we show two examples of records for vembihé Lexicon. The
absence oH t “t' sufx signi es m: gender. The English translation of tke verbs are
‘read’' and “wrote'.
An example of the XML record for a verb in the Lexicon is shoverdy
<@Q

EnglishTranslate="read”

LogicalStructures=< TNS:PAST[do'(x,[read'(x,y])P "

NumberVerb="sg”

P.O0.S="Verb”

genderVerb="M"

personVerb="3rd”

tenseVerb="PAST"

/>

5.3 Design of test strategy

We will create variants of Arabic sentences that represiépbasible structures of sen-
tences that UniArab can translate. We will evaluate thelreduhe system output by
comparing between human-translated and machine-tradslatsions. In Tables 5.3 to
5.9 we represent some examples of sentences that are used tioet UniArab system.
For actual test examples see Appendix C.

Verb-Subject one argument in deferent tenses:

In Table 5.3, Verb-Subject Agreement with two argumentsesaes, are sentences where
UniArab should select the correct form of the verb. In paitic the verb must agree with

the subject.
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Table 5.3: Test strategy: verb-subject agreement
Arapic human-translated UniArab | other

| E'I@‘Q@,éysrb mralhlyb | Omar is drinking the milk/] ? ?
| BEI@MHQarb mralhlyb Omar drank the milk. ?
"HACE @Y2&¥L gra alktab Mark read the book. ?
2

AEE @ Y@EAKArihark albn | Mark will drink the milk

Demonstrative Adjective-Noun:

N NI N

The system should place the Demonstrative Adjective-Nogreément that agrees in

number and gender. The test sentences are shown in Table 5.4.

Table 5.4: Test strategy: demonstrative adjective-noueeagent

Arabic human-translated | UniArab | best of rest
EqBEM@diirgl | This man ? ?
EJUE @ikAlDl | That man ? ?

Gender-Ambiguous proper nouns:

Proper nouns can confuse MT in two different ways. The r&g MT system may
not identify that the word is a proper noun and analyse it asunnadjective, or any
other categories. The second is that it may fail to identiy giender of the noun and
thus fail to provide information needed for agreement inbdca The test sentences
are shown in Table 5.5. The UniArab system should follow thles for agreement in
number and gender. This is due to the fact that Arabic diffgeatly from English in
the distribution of number and gender in the pronoun systerical items as well as
the syntactic structure. This difference results in mamgament problems during the

translation process.

Table 5.5: Test strategy: gender-ambiguous proper nouns

Arabic human-translated | UniArab | best of rest
HACE @ E@§uakalkiab Jack read the book,| ? ?
HAOE @ M@@at mary alktab | Mary read the book| ? ?
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Copula verb "to be":

There are certain cases where the standard NP VP categoridaes not apply due to the
absence of a copula verb in the language. In Arabic there \&rio to be' (Salem et al.

2008b). UniArab should understand if the sentences continm "to be' and generate

them correctly. The test sentences are shown in Table 5.6.

Table 5.6: Test strategy: verb "to be'

Arabic human-translated | UniArab | best of rest
€YJ@0§§Imhnds | am the engineer | ? ?
£YJeO memhnds | heis an engineer | ? ?

Verb "to have':
UniArab should understand if the sentences contain verlhat@' and generate them

correctly. The test sentences are shown in Table 5.7.

Table 5.7: Test strategy: verb "to have'
Arabic __ human-translated UniArab | best of rest

Q]”AIO \®Ed gmt kalhgz | | have made a reservation? ?

mlﬁd fqdt tckrty | | have lost my ticket. ? ?

The free word order in Arabic:
Arabic has free word order, this poses a signi cant chaleetg MT due to the vast
possibilities to express the same sentence in Arabic (Satesh 2008a). The actor in

Table 5.8 could be the rst, second or third argument. UnlAsaould analyse who the

actor is.
Table 5.8: Test strategy: free word order (Verb Noun Noun)
Arabic _ | human-translated | UniArab | best of rest
UlE ¢ | Mmyhbqyslyk | Qays loves Laila. | ? ?
ule Ime qysyiblyla | Qays loves Laila. | ? ?
* UlE Imyno lyla qys| Qays loves Laila. | ? ?
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Pro—Drop:

In technical linguistic terms, Arabic is a "pro—drop' or omoun—drop' language (Ryd-
ing 2007). The pro—drop parameter is an aspect of grammaalioa/s subjects to be
optional but understood in some languages. That is, evezgtion in a verb paradigm
is speci ed uniquely and does not need to use independenbpres to differentiate the

person, number, and gender of the verb. The test sentereceb@wn in Table 5.9.

Table 5.9: Test strategy: pro—drop

Arabic . human-translated | UniArab | best of rest
mwyatayrh | missed the plane| ? ?

é_@ Yﬂ@ryd grfh | want a room. ? ?
UBE®Th , hsytmifizty | |forgot my wallet. | ? ?

O@ Y||@ryd hatm | want a ring. ? ?

5.4 Design of evaluation criteria

We will evaluate the result of output by comparing with hurteemslated and machine-
translated versions . Comparisons can be made between tevomedranslation systems,
or between human-translated and machine-translated®esteUniArab system is com-
pared with translations done by human translators. Thenr#dsult is compared with

the results of other (Arabic to English) Machine translatsystems. We are comparing
different levels of human translation with UniArab systeuotput, using human subjects
as judges. The human judges were skilled for the purpose chia Translation; it is

an ef cient evaluation for MT research. The evaluation stadmpared an MT system
translating from Arabic into English with human translatorhe ve point scale for ad-

equacy indicates how much of the meaning expressed in teeerefe translation is also

expressed in a hypothesis translation:
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5=All

4 = Most
3 = Much
2 = Little
1 =None

The second ve point scale indicates how uent the translaiis. When translating into
English the values correspond to:

5 = Flawless English

4 = Good English

3 = Non-native English

2 = Bad English

1 = Incomprehensible

5.5 Summary

UniArab is designed as an Interlingua machine translatbichvtakes Arabic sentences
and analyses their structure producing in interlinguaesg@ntation which can then be
used in isolation to generate the English translation. Vsemted a test strategy in
which a wide range of sentence types will be used to test fieetefeness of UniArab.

We then set evaluation criteria which can be used to quahtfy the system performs

for each of these test types.
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UniArab: a proof-of-concept Arabic to English

machine translation system

This chapter presents an Arabic to English machine trasrstgistem, called UniArab.
UniArab is a proof-of-concept translation system suppgrthe fundamental aspects of
Arabic, such as the parts of speech, agreement and tenségablstands fotJniversal
Arabic machine translator system. UniArab is based on the Imklgorithm of RRG

(syntax to semantics and vice versa) as indicated in Figdre 6

Syntactic Representation

1

Linking
Algorithm

v

Semantic Representation

Figure 6.1: Layout of Role and Reference Grammar
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6.1. CONCEPTUAL STRUCTURE OF THE UNIARAB SYSTEM

6.1 Conceptual structure of the UniArab system

The conceptual structure of the UniArab system is shown iareg6.2. The system
accepts Arabic as its source language. The morphologympansleword tokenizer have

a connection to the lexicon which holds all attributes of advo

(1) Arabic
Language —>
Sentences/ text

(2) Sentence
Tokenizer

(3) Word
Tokenizer

AN
A

! ! (4) Lexicon
1Agreement,

1 Features
1

XML Datasource

6) Syntactic 5) Morphol /
(6) Sy ¢ (5) Morphology

Parser Parser v

(7) Syntactic to semantic l

linking algorithms in RRG

(8) Logical Structures:
a. <TNS: past<NEG: not [do” (X, [PRED" (x,y)])]>>
b. N [3sg,f]

(9) Semantic to syntactic
linking algorithms in RRG

(10) Syntax (11) Generate English (12) English Sentence
Generation } Morphology i Generation

Figure 6.2: The conceptual architecture of the UniArabesyst

UniArab stores data in XML format. This data can then be egerexported and se-
rialized into any format the developer wishes. The systemuwaderstand the part of
speech of a word, agreement features, number, gender amaitigype. The syntactic
parse unpacks the agreement features between elements Afahic sentence into a

semantic representation (the logical structure) with #tate of affairs' of the sentence.
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In UniArab we intend to have a strong analysis system thaeg#&act all attributes from

the words in a sentence.

6.1.1 Technical architecture of the UniArab system
The structure of the UniArab system in Figure 6.2 breaks dowathe following phases:

Phase (1) - Arabic language sentencd he input to the system consists of one or more

sentences in Arabic.

Phase (2) - Sentence Tokenizefokenization is the process of demarcating and classi-
fying sections of a string of input characters. In this phhgesystem splits the text

into sentencdokens The resulting tokens are then passed to the word tokenizer

phase. For examplelﬁbXYd}é EMOE @ m hald alktab. hald timyd
dky. will be two tokens;HACE @) @A rald alkab and (XY AKE Y

timyddky the translation of these two sentencekllid read the book. Khalid is

a clever student

Phase (3) Word Tokenizer There, sentences are split into tokdtiAOE @ m
hald alktab Khalid read the bogkhe output of phase 3 is as follows;

<sentence >

<word > @§ge< /word >

<word > Y § Aald< jword >
<word > HAOE@EK jword >

</sentence >

Phase (4) Lexicon DatasourceA set of XML documents for each component category

of Arabic.

Phase (5) Morphology ParserDirectly works with both the Lexicon and Tokenizer to

produce the word order. A connection is made to the datasmfrphase 4 which
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has been implemented as a set of XML documents. The use of XadltHe added
advantage of portability. UniArab will effectively work éhsame regardless of the
operating system. To understand the morphology of each,waedrst tokenize
each sentence and determine the word relationships. Pludskeessystem holds all

attributes speci c to each word of the source sentence.

Phase (6) Syntactic ParseDetermines the precise phrasal structure and categorg of th
Arabic sentence. At this point, the types and attributedlaf@rds in the sentence

are known.

Phase (7) Syntactic linking (RRG)We must rst develop the link from syntax to se-
mantics out of the phrasal structure created in Phase 6, #@re/¢o create a logical
structure that will generate a target language and alscsabiedink in the opposite
direction from semantics to syntax. The system should angwemain question in
this phasewho does what to whom?We use the gender of the verb to determine
the actor. When the subject and object have different gentler gender of the verb
must match the subject. If they both agree with the verb, M&A dictates that
the rst noun is the subject. In this case the actdKalid and the undergoer the

book

Phase (8) Logical Structure Creation of logical structure is the most crucial phase. An
accurate representation of the logical structure of an itreéntence is the primary
strength of UniArab. Below is a sample output from the UniAystem. The
Arabic equivalent of the past tense sentence "Khalid reatdlok’ HAOE @ @?\

gra hald alktabis input as the source.
HAOE@b book:N YEAa—Id Khalid:MsgN @@a read:V

The results of the parse can be seen in the following logicattire:

Verb read
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<TNS:PAST[do'(x,[read'(x,(Y)])] >

sg 3rd M PAST@6pa

where the Proper Noun Ishalid sg unspec M YEAa“Id
and the Noun isthe book sg def M HAOE_@b

Consider the following example; Omar is a studenbe'(Omar,[student'])

in Arabic Y@é@@r timyd This is a challenge since there is no verb "to be' in
Arabic, but this must be inferred for correct translatiamstead of sayingOmar is

a student’ the Arabic equivalent would bé&mar student’ We also face the chal-
lenge of inferring the inde nite article, which does not sixin Arabic. All of the
unique information for each word can thus be taken from tkeds to aid in the

creation of a logical structure of the target language.

Phase (9) Semantic to SyntaAssuming we have an input and have produced a struc-
tured syntactic representation of it, the grammar can migpsthucture from a se-
mantic representation. In this phase the system uses adiakgorithm provided by
RRG to determine actor and undergoer assignments, ass@oith arguments and
assign the predicate in the nucleus. The system uses serasguments of logical

structures other than of the main verb.

Phase (10) Syntax GenerationThis will be unique for each target language. In this
phase the system uses the target language rules to germeratntax. In this case

English language rules are used.

Phase (11) Generate English Morphologyl'he system generates English morphology
in an innovative way, generating the tenses not existentabi& but in English as

well as verb “to be'.

Figure 6.3 shows the technique used to generate the coemxtenses, and generate

verb to be. Verbs in English have a mood; e.g. indicativejusuive, imperative
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Generation

Generate English Language

Y

Generate the tense for the verbs

There is a lexical verb There is no lexical verb

Generate the right Create auxiliary
tense for the verb verb

Figure 6.3: Generation the right tense for the verbs

and can be in one of many tenses. We discussed the specalmitwith refer-
ence to the intersection of Arabic tense and aspect in Chapfehe solution is to
recognize the difference between morphological featunessyntactic functional

categories. The tense features must be expressed angfytica

Phase (12) English Sentence Generatiohhe process of generating an English sentence
can be as simple as keeping a list of rules. These rules caxtéreded through the
life of the MT system. The system will use some operationsnglish such as
vowel change: examples; man men. Sometimes this accongpaniations: break

broke broker(= broke + en)

6.1.2 UniArab: Lexical representation in interlingua sysem

In transfer-based systems there are no problems if for &pkat language pair there
are one-to-one equivalents; the problems arise when then®ie than one target word
for a single source word. But for an interlingua in a mulgjiral system there are prob-

lems even if only one of the languages involved has two or mpotential forms for a
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single given word in one of the other languages. If an intgua is to be completely
language-neutral, it must represent not the words of onenothar of the languages,
but language-independent lexical units. Any distinctidmahk is (or can be) expressed
lexically in the languages of the system must be represenglicitly in the interlingua
representation (Hutchins and Somers 1992). The UniAratesysan generate a target
language by classifying every Arabic word in the source.t@ktere are six major parts
of speech in Arabic. These are Verbs, Nouns, Adjectiveqétroouns, Demonstratives,
Adverbs and we create a seventh, so called “other' categorAribic words which do
not tinto any of these six categories. The major parts ofexghein the Arabic language
have their own attributes, and we use these attributesmiti@ UniArab system. For
example, verbs in the Arabic language agree with their sibja gender. Arabic words
are masculine and feminine; there is no neutral genderethArab system we record
the gender associated with a verb in the syntax for a paaticubject NP. Adjectives
and demonstratives also agree with the subject in gendeht@oabic, words come into
three categories with regards to number: They are (1) samgualdicating one, e.gEgD
rgl "one man'. (2) dual, indicating two, e.g":lc_@ rglan “two men' and (3) plural,
indicating three or more e.d‘EA@rgal ‘men'. The UniArab system records these at-
tributes of gender and number. It is important to understhatisource language speci c
features may not be used or may be different in the targeukzge For example, the
Arabic number categ ory of dual is not relevant in Englishe TmiArab system is based

on RRG and uses logical structures for each verb in the laxico

Arabic examples are written here by using Buckwalter Arabansliteration which is converted in latex into the DIN 356
standard of Arabic transliteration
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6.2 UniArab: Lexical representation in interlingua system based

on RRG

Lexical frames represent the language-dependent lexi&nuse an XML data source
to represent the UniArab lexicon. The lexicon creates poto corresponding con-
ceptual frames or attributes of each word. These frameshage relations which link
them to verb class frames, which are organized hierardhiaatording to the particular

language.

Although we adhere to the Interlingua approach, we do notadwigh the translation
of lexical items. In an ideal Interlingua system lexicalresg should be broken down
into sets of semantic features. For example the word “mabfaken down into +human
+male +adult. While this works in theory, in practice we canmd enough seman-
tic features to describe every entity in the world. For exeipow”, “computer” and
“chair” cannot be described using these sets of semanttarEsaunless we invent a

unique semantic feature for every object and this is praltyieanpossible.

6.2.1 Verb

In the UniArab system, we capture the information shown guFe 6.4 for each verb.
The verb information captured consists Afabic Verhh English Translation, Logical
Structure, Tense, Gender, Persand Number The Arabic Verbrepresents one of the
Arabic verbs in a speci c tense, for a speci ¢ gender, peraod number. Th&nglish
translationis the English equivalent of th&rabic verb ThelLogical Structureattribute is
the RRG equivalent logical structure or lexical entry repgrgation for thérabic Verb
Arabic in ects verbs for tense and they agree in person, remamd gender with the

subject.Tensds verbal operator providing information about the tensthaf verb.
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English
Translation

Arabic
Verb

Logical
Structure

Tense Gender Person Number

Figure 6.4: Information recorded on the Arabic verb

Table 6.1: Verb 1

Arabic verb @@a
English translatior| read
Logical structure | [do'(x,[read"(X,(y)])]
Tense past
Gender m
Person 3rd
Number singular
Table 6.2: Verb 2
Arabic verb | Jokibt
English translation] wrote

Logical structure

[do’(x,[write'(x,(y)])]

Tense

past

Gender f
Person 3rd
Number singular

In the Arabic language, tense can be past or present as thargrdistinction.Genderis
an Arabic attribute of the verb. The verb agrees with theesttbp gender. Th&erson
attribute could be rst, second or third person. Tiemberattribute refers to number of
the subject. In Arabic, the number of a verb can be singulzal dr plural. Table 6.1
and Table 6.2 shows an example of one Arabic verb appliedffereint genders. The
absence oH t t' sufx signi es m: gender. The English translation of tee verbs are

‘read' and “wrote".

86
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6.2.2 Common noun

In the UniArab system, we capture the information shown guFe 6.5 for each noun.
The noun information captured consistsAvibic Noun English Translation, De nite-
ness, GendeandNumber Arabic Nounrepresents a noun in the Arabic language. The
English translationis the English equivalent of th&rabic Noun De nitenessof the

nouns can be de nite or inde niteGenderis an Arabic attribute of the noun.

Noun

Y

Arabic English

) Definiteness| | Gender Number
Noun Translation

Figure 6.5: Information recorded on the Arabic noun

Table 6.3: Noun

Arabic noun P_A@gar HAOEa@b
English translation trees the book

De niteness Inde nite de nite
Gender f m

Number plural singular

The Numberattribute refers to number of the noun. In the Arabic languagmber of
nouns can be single, dual or plural. Table 6.3 shows exangblego different Arabic
noun words, whose English translations are "trees' andkb&tease note that "book' is

dif +.

6.2.3 Proper noun

Proper nouns in Arabic are not capitalized. In the UniArasteyn we capture the infor-
mation shown in Figure 6.6. For each proper noun the systgruiasArabic proper

noun English Translation, De nition, Gendeand Number Arabic proper nounsep-
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resents a proper noun in the Arabic language. Ehglish translationis the English
equivalent of theArabic proper noun Genderis an Arabic attribute of the proper noun.

The Numberattribute refers to the number of the proper noun; singlel duplural.

Proper Noun

X

Arabic English
Pronoun Translation

Gender Number

Figure 6.6: Information recorded on the Arabic proper noun

Table 6.4: Proper Noun
Arabic proper noury (JOhnr | aAf@)man
English translation| Omar | Eman
Gender m f
Number singular| singular

Table 6.4 shows examples of two different Arabic proper naands, whose English

translations are "Omar' and "Eman'.

6.2.4 Adjective

In the UniArab system, we capture the information shown guFe 6.7 for each adjec-
tive. This consists oArabic Adjective English Translation, De niteness, Gendand
Number Arabic Adjectivegepresent adjectives in the Arabic language. BEmglish
translationis the English equivalent of th&rabic Adjective De nitenesscan be de nite

or inde nite. Genderis an Arabic attribute of the adjective.

Table 6,5: Adjective

Arabic adjective | & qgyr | e BRKER@yIn |
English translationy short the long

De niteness inde nite | de nite

Gender m f

Number singular | singular
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Adjective

Arabic English

ini Gender Number
Adjective Translation Definiteness

Figure 6.7: Information recorded on the Arabic adjective

The Numberattribute refers to the number of the adjective. In the Acdddnguage num-
ber agreement for adjectives can be singular, dual or plligdlle 6.5 shows examples of
two different Arabic adjective words, whose English tramisins are “short' and “long’,

please note that ‘long' is def+.

6.2.5 Demonstrative

In the UniArab system we capture the information shown iruFeg.8 for each demon-
strative. this consists &rabic DemonstrativeEnglish Translation, Demonstrative type,
GenderandNumber Arabic Demonstrativegepresents a demonstrative in the Arabic
language. Thénglish translationis the English equivalent of th&rabic Demonstra-
tive. Demonstrative typean be, in the Arabic language, near to the speaker, far fnem t
speaker or between near and far from the spedaBenderis an Arabic attribute of the
demonstrative. Th&lumberattribute refers to number of the demonstrative. Table 6.6
shows examples of two different Arabic demonstratives, sehénglish translations are
“this' and “that'.

Table 6.6: Demonstrative representative

Arabic demonstrative @Hldﬁ 1%k | /3 @wlyk

English translation | this that those

Demonstrative type | close far between near and far from the speaker
Gender m m both m and f

Number singular | singular]| plural
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6.2. UNIARAB: LEXICAL REPRESENTATION IN INTERLINGUA SYSTE M BASED ON RRG

Demonstrative

Arabic English Demonstrative
Demonstrative Translation Type

Figure 6.8: Information recorded on the Arabic demonsteati

6.2.6 Adverb

In the UniArab system we capture the information shown iruFegs.9 for each adverb.
this consists ofArabic Adverbh English Translatiorand Adverb type Arabic Adverbs
represents an adverb in the Arabic language. Ehglish translationis the English
equivalent of theArabic Adverb Adverbs typeefers to time or place (proposition), time

such as “today' or ‘tomorrow' and places like “under', “iof, on' etc.

Adverb
A
Arabic English Adverb
Adverb Translation Type

Figure 6.9: Information recorded on the Arabic adverb.

Table 6.7; ,Adverb
Arabic adverb | KABgRNb | D EXPvm

English translation beside today
Adverb type Proposition | time

Table 6.7 shows examples of two different Arabic adverbspsehEnglish translations

are "beside' and "today'.
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6.2.7 Other Arabic words

In the UniArab system, we capture the information shown guFe 6.10 for each other

Arabic word. This consists dfrabic Other WordEnglish Translation, Logical Structure,

Part of Speech, Tense, Gender, Person, NurahdDe niteness

Other Arabic Wrods

Arabic
Word

English
Translation

Logical
Structure

Part of
Speech

Tense

Gender

Number

Definiteness

Figure 6.10: Information recorded on the other Arabic words

Table 6.8: Other Arabic words
Arabic other wordg Ow ue hy
English translation| and she
Logical structure | NON NON
Part of speech conjunction| pronoun
Tense NON NON
Gender NON f
Person NON 3rd
Number NON singular
De niteness

We allow a variety of attribute possibilities for the categoother' in Arabic words for

the moment. Table 6.8 shows examples of two different Ar&ticer words, whose

English translations are "and' and “she'.

6.3 UniArab: Generation

The target language generation phases in the UniArab syfstéow the syntactic re-

alization model. Generation takes as input, the universgital structure of the input

sentence(s) and produces as output a morphology-syntaatisation of the sentence in

the target language. The UniArab system is designed as argalvmachine translator,
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which means that it can support translation of the Arabic arty other natural language
with the addition of additional language generation brglgene UniArab system is eval-
uated using Arabic as source language into English as thetianguage. In the UniArab
system phases 9, 10, 11 and 12 are for generation of the langgtages, in our case this
is English. For the example given under Phase 8 in Sectioﬂ,GthoE @ m
hald alktab, Khalid read the bookye have the logical structure:

Verb read [do'(x,[read'(x,(y)])] sg 3rd M PAST @@ep

where the Proper Noun Ishalid sg unspec M YEAa—Id

and the Noun ishe book sg def M HAOE@b

Firstly, theSemantic to Syntactjghase determines the actor and undergoer assignments,
assigns the core arguments and assigns the predicate indleais. In the UniArab sys-
tem we keep all word attributes whether they are used in tigetdé&anguage or not. In

this case, the gender of the notlne book in Arabic is masculine, but in Englighook

has neutral gender. In Phase Byntax Generatignand Phase 11Generate English
Morphology UniArab uses target language rule to generate the synthg.vérb log-

ical structure gives UniArab a ag indicating how many argemis this verb takes. In
this case the logical structure will head[do'(x,[read'(x,(y)])] . Now the
UniArab system replaceswith Khalid, andy with the book The UniArab system now

holds the following for this simple sentence:
read[do'(Khalid,[read'(Khalid,(the book)])]
In the last phasd&snglish Sentence Generatighe UniArab system builds the nal shape

of a sentenceKhalid read the book Moreover, there are some special cases, like the

UniArab system adding verb to be or changing the verb tensieec$ource language to
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another tense in the target language. Also, the role of woidran the target language

must be considered.

HAOE@b book:N YEAa—Id Khalid:MsgN @@a read:V
read [do'(x,[ read'(x,(y)])] sg 3rd M PAST @@a

The results of the parse can be seen here with LS as :

Verb read [do'(x,[read'(x,(y)])] sg 3rd M PAST @@ep
where the Proper Noun Ishalid sg unspec M YEAa—Id

and the Noun ishe book sg def M HAOE@b

At this point the generation will start; rst of all the semanto syntactic phase deter-
mines the actor and undergoer assignments, assign the rgum@ents and assign the
predicate in the nucleus. In the last phaSaglish Sentence Generatiotine UniArab
system builds the nal shape of a senten&gtalid read the book Moreover, there are
some special cases, like the UniArab system adding the tette’ or ensure the verb
tense of the source language is re ected as the appropeasetin the target language.

Also, the rules of word order in the target languages musbbsidered.

6.4 UniArab: Screen design

The graphical user interface (GUI) of UniArab is interaeti\Designing the visual com-
position and temporal behaviour of the GUI is an importangeas of the design of

UniArab. We use one text area to allow a user to input soumguage sentences, two
buttons,Enter to submit the text to the systerGjear to delete all text in the input and
output text areas. There is a separate text area for outpl dfanslated text. Also there

is a text area for logical structure output of every sentence
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B UniArab System 2009

Here is your translation Enter an Arabic Sentence

" QL}\'AU'I .‘ﬂJLﬁ [STyL] ta..\TI La
Adam taught Mark mathematics. Ol jas o i
Omar is dvinking the milk. i J’L it
James reads. g Tt
Jack reads a lot. ‘ P*f If"f,,Jh‘ i
1 have lost my ticket. e "ﬁf
T missed the plane. LBl il |
Mark is fixing the computer. L glad! & jla b
Carl is visiting Ireland. Ll pl S e @

Clear/ g— | Enter/ J=i

<TNS:PAST[do'(Adam,0) CAUSE[BECOME know'(Mark,mathematies)]]> ]
<~TNS:PRES [do'(Omar, [drink' (Omar,milk)])]=
<TNS:PRES<<[do'(James, [read'(Janes)])]>>>
<~TNS:PRES<<lot[do'(Jack, [read'(Jack)])]=>>

<TNS:PAST[do'(I,[lose'(I,ticket)])]> [

fghatl posa bl & wandidl] ] sl ] AL s St i g gl 1]
K you need to add new Arahic words in the database: click on the appropriate tah

| Add Arahic Demonstratives | 3is il gl wical | Add Arabic Adverh | sia wigh il | A3 other Arabic Word | sl i€ gl sl |
Add Avabic Verb { 505 58 22l | Add Arabic Noun [ w2 pul ol | Add Arabic Adjective {5502 4sa 2l | 4dd Arabie Proper nouns f 52 i5 pul 2l |

Add Arabic Verb/uill wal | | English iranslate/4e 2 i | \
Logical struciures ikl gl | || Add number | =il ‘ - H Add Person / sl g g sl |v|
Add tense/ g= 5 |v || Add gender / &g waladl | hd || Enter/ || Clear | g |

Figure 6.11: UniArab's GUI 1

If a user needs to add a new Arabic word in the UniArab systet@sdarce; he/she can
click on the appropriate tab. There are seven differente¢abhk representing a category of
words in the Arabic languagé&dd Arabic Verb, Add Arabic Noun, Add Arabic Adjective,
Add Arabic Proper nouns, Add Arabic Demonstratives, AddbfraAdverb and Add
other Arabic Word.In every tab there are a number of combo boxes. A combo box is a
combination of a drop-down list or list box, allowing the use choose from the list of
existing options. For example, when a user needs to add adjeutiae to the datasource,
the user will be presented with a text eld to let him/her erge Arabic adjective. There

is another text eld for adding the English equivalent of #uabic adjective. There are

a number of combo boxes; number, de nition and gender, aclsgvses from the list an

option. There are two buttons under each tabter to submit the information into the
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B3 UniArab System 2009

Here is your translation Enter an Arabic Sentence
| Aslad o FOLL e-ahg Lo’
Harold is feeding his cat. L Olaubus dlaad) dlaa)
Sulaiman caught the fish. Qg ahs e e
Omar gave Khalid a book. o e
I am an engineer. : w:hé'n T
1 am Tnish. NEEE .
T am a doctor. Ll Y
He is a doctor. Lk 02
Sarah will clean my office. I%a oyl ARG v
Clear/ g Enter/ J=s
<TNS:PAST[do'(Sulaiman,catch'(Sulaiman,fish)])]> 2.
<TNS:PAST[do'(Omar,0) CAUSE[BECOME _have'(Khalid.book)]]>
be'(L[engineer']) :
be'(I,[Irish']) =
be'(I.[doctor']) v

fghatl posa bl & wandidl] ] sl ] AL s St i g gl 1]
K you need to add new Arahic words in the database: click on the appropriate tah

| Add Arahic Demonstratives | 3is il gl wical | Add Arabic Adverh | sia wigh il | A3 other Arabic Word | sl i€ gl sl |
4dd Arahic Verh 53 0t ol Add Arabic Noun / 52 gul il | Add Arabic Adjective / uss b 22l | Add Arabie Proper nouns | s oo pul sl |

Add Arabic Verhiill il | | English transtatefios s ai | \
Logical siruciures sisia gitgl | | | Add number | =i ~ || Add Person [yl g il | -
Add tense/ o=4 | - || Add gender | ptillg sl | - || Enter/ Jasl || Clear/ gl |

Figure 6.12: UniArab's GUI 2

system, ancClear to delete all words in all text elds and return combo boxegheir

default state. Figures 6.11,6.12,6.13 shows GUI of the thli/system.
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B UniArab System 2009

Here is your translation Enter an Arabic Sentence
She is giving Sarah a book. e Ll el # ot 2
Omar gave Khalid a book. LS alld das jas
Suhaib is teaching Eman the history. i ,‘&‘Jm1 Ohas) Qe ugea

Suhaib taught Mark mathematics. L bl & e g (e

Mark is showing Brian the letter. - A é
Suhaib taught the history to Khalid. . ‘A'EL““;’}' E’f'ﬁ o la
Suhaib is teaching mathematics to Sarah. AR Bl a3 e
Brian is showing the book to Khalid. I Lol izl 1 G il g
Mark showed the letter to Sarah. v LSl WA g e Ol W
[—pe— | Enterison, | |
<TNS:PRES[do'(she,0)CAUSE[BECOME have'(Sarah,book)]]> 2.

<TNS:PAST[do'(Omar,0) CAUSE[BECOME _have'(Khalid.book)]]> ]
<TNS:PRES[do'(Suhaib,0) CAUSE[BECOME _Imow'(Eman,history)]]> =
<~TNS:PAST[do'(Suhaib,0) CAUSE[BECOME_kmow'(Mark, mathematics)]]=

<TNS:PRES[do"(Mark,0)CAUSE[BECOME see'(Brian,letter)]]> v

fghatl posa bl & wandidl] ] sl ] AL s St i g gl 1]
K you need to add new Arahic words in the database: click on the appropriate tah

| Add Arahic Demonstratives | 3is il gl wical | Add Arabic Adverh | sia wigh il | A3 other Arabic Word | sl i€ gl sl |
Add Avabic Verb { 505 58 22l | Add Arabic Noun [ w2 pul ol | Add Arabic Adjective {5502 4sa 2l | 4dd Arabie Proper nouns f 52 i5 pul 2l |

Add Arabic Verb/uill wal | | English iranslate/4e 2 i | \
Logical struciures ikl gl | || Add number | =il ‘ - H Add Person / sl g g sl |v|
Add tense/ g= 5 |v || Add gender / &g waladl | hd || Enter/ || Clear | g |

Figure 6.13: UniArab's GUI 3

6.4.1 Lexicon interface

In order to allow for robust user interaction with the lexicave use a graphical interface
to capture the information for each part of speech. The wdects the part of speech of
the word he is adding, and is then presented with only theogptielevant to it. The in-
terface also limits the user's selections to acceptableesgénd ensures that all attributes
are lled. With this technique, we minimize the risk of humarrors, and therefore the
information is more accurate. The graphical interface iskgr and easier when a user
adds a new word in the lexical (XML data source). When theesyddisplays an infor-
mation error. Figure 6.13 shows the entry interface thamiglémented as part of the

UniArab system.
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gt e Sl S condiall ] ok 1 all Al snsa Ll s gl syl 1]
H vou need to add new Arahic words in the datah click on the iate tah

4dd Arabic Demonstratives 4t il pul iil | 444 Arahic Adverh | ssn it <ial | 40 other Atahic Word / sl 46 gl il |
Add Arabic Verh / ua i il | Add Arahic Noun [0 pul il | Add Arahic Adjective / a3 4doa il |7 Add Arvabic Proper nouns | w3 e pul cieal |

Add Arabic Verh/ il il | | English translate < 5 .l | |
Logical strugtures /il jéel | || Add number /[ axdl | - || Add Person | Al g g sl |v |
Add tense/ os 5 | - || Add gender | ssailg sl | - || Enter/ jaal || Clear/ gl |

Figure 6.14: UniArab's lexicon interface

6.5 Technical challenges

Arabic letters in the GUI We can not write Arabic letters in UniArab's GUI. We use
Unicode to represent thentnicode Converter Systeallows us to enter Arabic

text and click on a button to get the equivalent Unicode oftéxé

Arabic letters in Eclipse IDE for Java We used Eclipse IDE for Java development. We
can not write Arabic as a string in Eclipse. While Java doggpett Arabic, the
problem lies in the operating system not supporting Aradtiet shapes in IDE. We
used Windows XP and Windows 2000 which both have the samdgmoblo x
this we changed to Ubuntu Linux. Under Linux we can write Acgbxt as a string

in the Eclipse IDE.

Arabic in data source We choose to create our data source as XML, for optimum sup-
port or different platforms. It was also easier as we usedbisrietters not Unicode
inside the data source. XML fully supports Arabic. We crdater search engine
using Java. We used a HashMap to make the keyword in Arabic wigesearch
inside the datasource. We useerbMap:containsKey(word) in order to check

the presence of an Arabic word in the data source.
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6.6 Summary

We presented the conceptual structure and architectutedfniArab system. We dis-
cussed each of the phases from source language analysisglhthe logical represen-
tation, then the generation of the target sentences. Wdetkthe lexical properties of
Arabic sentences and the attributes for each type of worddigéissed how generation
maps the logic structure to the target language. Finallydiseussed the user interface

and some of the problems encountered during development.
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Testing and evaluation

This chapter presents the results of the evaluation. Ewratuaf MT software is nec-
essary in order to improve system performance and analysafed problems and, of
course, its accuracy and effectiveness. In the evaluagissien we consider many differ-
ent aspects of the MT system including quality of transkattome for translation ability

to add a new word in the lexicon of the system and resourdeatton.

7.1 Evaluation of MT systems

The evaluation of MT systems is a dif cult task. This is notyphecause many different
metrics are involved, but also because translation isfitBetult (Laoudi et al. 2004).
The rstimportant aspect for a potential test is to deteranine translational capability.
Therefore, we need to draw up a complete overview of thelatiasal process, in all its
different aspects. A good translation has to effectiveptaee the meaning. This involves

establishing the size of the translation task, is it macheggble and if so, according
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to which standards? Current general function MT systemsncdrtranslate all texts
consistently. Output can have very poor quality. It is to lentioned that the "subsequent
editing required’ increases as translation quality getsr@o(Turian et al. 2003).

Given the limited lexicon implemented in this work so far, a&luate the effectiveness
and accuracy of UniArab by comparison. We create varian&rabic sentences that
represent all possible structures of the sentences thatralmican translate. We then

comparing between human-translated and machine-tradstatsions.

7.2 Sentence tests

We have sentences (for actual test examples see AppendixAZabic and their equiv-

alent translations in English. We have covered a represeamtaroad selection of verbs
across intransitive, transitive and ditransitive consinns in simplex sentences in ac-
tive voice. Complex sentences are beyond the thesis scopeie\dr, we do address
copula-like nominative clauses in Arabic. We tested UnbAramore than one way. We
tested single sentences and multiple sentences. UniAsdlly daals with more than one
sentence as input and its output matches. We entered rarefdenses together in one

input or as individual sentences.
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7.2.1 \Verb-Subject with one argument in different tenses

Table 7.1: Test ; \lerb-Subject; one argument
Arabic dEE@HQ)sb mrallbn

Human Omar is drinking the milk.
Google Omar drink milk
Microsoft | drink milk Omar
UniArab | Omar is drinking the milk .

In Table 7.1, the output of the Google translator (Google@dfaulty in tense and verb
“to be'. Microsoft's MT (Microsoft 2009) failed to transkammost of the sentence in tense,
verb and word order. UniArab successfully translates tikesee in its entirety. Figure

7.1 shows this sentence output in the UniArab system.

B UniArab System 09

Here is your translation Enter an Arabic Sentence
Omar is drinking the milk. Oulll jas o pdus
Clear/ g— | Enter/ d=i

<TNS:PRES[do'(Omar, [drink’(Omar,milk)])|>

fghatl posa bl & wandidl] ] sl ] AL s St i g gl 1]
K you need to add new Arahic words in the database: click on the appropriate tah

Add Arahic Demonstratives  #is 3jil gl sl | 4dd Arabie Adverh [ sis iy sl | Add other Arabic Word / il ol gl cical |

Add Arabic Verh /25 0ol | Add Arabic Noun [ 53 ol 2l | Add Arabic Adjective fssndsa aii | Add Avabic Proper nouns f s 15 gl il |
Add Arahie Verh/l o | | English translaterioasl il | |
Logical struc furesFibiad gt | || Add number /s |+ || addPerson | jiest g i I~
Add tense/ =5 | - ‘ | Add genter | sty cali | - || Enter/ daal || Clear/ gl |

|

Figure 7.1: Verb-Subject with one argument
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Table 7.2: Test ; Verb-subject; agreement 1
Arabic adEE®H Qéb mr allbn

Human Omar drank the milk
Google Omar drinking milk
Microsoft | drinking milk Omar
UniArab | Omar drank the milk.

In Table 7.2, the output of the Google translator is faultyanse and de nition. The
Microsoft translator failed to translate most of the seoéeim tense, de nition and word
order. UniArab successfully translates the sentence ®nitisety. Figure 7.2 shows this

sentence output in the UniArab system.

B UniArab System 09
Here is your translation Enter an Arabic Sentence
Omar drank the milk. Ul jae oy
Clear/ g— | Enter/ d=i
<~TNS:PAST[do'(Omar, [drink' (Omar,milk)])]=
Ggiadl i bl b bl ol ] ;s ] AR wisin Ll i gl 3]
K you need to add new Arahic words in the database: click on the appropriate tah
Add Arahic Demonstratives  #is 3jil gl sl | 4dd Arabie Adverh [ sis iy sl | Add other Arabic Word / il ol gl cical |
Add Arabic Verh /25 0ol | Add Arabic Noun [ 53 ol 2l | Add Arabic Adjective fssndsa aii | Add Avabic Proper nouns f s 15 gl il |
AQ1 Arahie Verh/dill ol | | English translaterioasl il || |
Logical structures/-sabsal jébes| | || Add number | s« | - || Add Person | sl gy il | - |
Add tense/ =5 | - H Add genter | sty cali | - || Enter/ daal || Clear/ gl |
|

Figure 7.2: Verb-Subject with one argument
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Table 7.3: Test : verb-subject; agreement 2

Arabic HAOE@Q&J%M gra alktab
human-translated | Khalid read the book

Google Khalid read the book

Microsoft Khaled read book

UniArab Khalid read the book.

Arabic dEE @ P@aAsysrb rad allbn
human-translated | Khalid will drink the milk

Google Khalid drink milk.

Microsoft Khaled drink milk.

UniArab Khalid will drink the milk.

In Table 7.3, the output of the Google translator is succésdicrosoft's MT failed to
translate the de nition. UniArab successfully translates sentence in its entirety. In the
output of the second sentence, the Google translator ityfawtense and de nition. Mi-
crosoft's MT failed to translate the tense and de nition.iRrab successfully translates
the sentence in its entirety. Figures 7.3 and 7.4 show thigsee output in the UniArab

system.

B UniArab System 09.

Here is your translation Enter an Arabic Sentence

Khalid read the book. sl i _)5 [IEY

Clear) gl | Enter/ jsil

<TNS:PAST[do'(Khalid, [read'(Khalid,book)])]>

Joatl e Sl 8 ol ] U5 1 T AT i S s o sl 14
Ifyou need 1o add new Arahic words in the database: click on the appropriate tab

Add Arabic Demonsiratives | 3 120él pul idd | Add Arabic Adverh | i 5 i | Add other Arabic Wond § sl 4 ol il |
Add Arabie Very 52 63 2l | Add Arobic Noun /wm pul 2l | Add Arabic Adjective (sumtba 2l [ Add Arabic Proper nouns j im o gl 2l |
Add Arabic Vel b | English translatefion st il | |
T y
Logical struchures sl jlg! ‘ \ | Add number / 2= ‘ - || Add Person | el gy il | ~|
Add tense/ oo ||| A gender / psaiy ol -] Enter/ s I Clear! g—! |
| |

Figure 7.3: Verb-subject agreement 1
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Figure 7.4: Verb-subject agreement 2

104




7.2. SENTENCE TESTS

7.2.2 Gender-ambiguous proper nouns

Table 7.4: Test : Gender-ambiguous proper nouns 1

Arabic HAE @ @@gpakakiab
human-translated | Jack read the book

Google Jack read the book

Microsoft read Jack book

UniArab Jack read the book.

In Table 7.4, the output of the Google translator is succgésdlicrosoft's MT failed
to translate the de nition. UniArab successfully transkthe sentence in its entirety.

Figure 7.5 shows this sentence output in the UniArab system.

Figure 7.5: Gender-ambiguous proper nouns 1
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Table 7.5: Test : gender-ambiguous proper nouns 2

Arabic HAOE @Aﬂ@@at mary alktab
human-transiated | Mary read the book

Google Marie read the book

Microsoft read Marrie book

UniArab Mary read the book.

In Table 7.5, the output of the Google translator is succésdicrosoft's MT failed to
translate the de nition and word order. UniArab succedgftrinslates the sentence in

its entirety. Figure 7.6 shows this sentence output in thidk#b system.

Figure 7.6: Gender-ambiguous proper nouns 2

106




7.2. SENTENCE TESTS

7.2.3 \Verb “to be'

Table 7.6: Test: Verhb ‘to be' 1

Arabic £ YJeO memhnds
human-translated | He is an engineer.
Google Is the architect of
Microsoft Is the engineer
UniArab He Is an engineer.

In Table 7.6, the output of the Google translator is faultyicidsoft's MT successfully
translated the person. UniArab successfully translatséhtence in its entirety. Figure

7.7 shows this sentence output in the UniArab system.

Figure 7.7: Verb "to be' 1
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Table 7.7: Test : Verb "to be' 2

Arabic €YJMO&T§Imhnds
human-translated | | am the engineer.
Google [ Engineer

Microsoft I am engineer

UniArab [ am the engineer.

In Table 7.6, the output of the Google translator is faultyhia verb "to be' and de ni-
tion. Microsoft's MT successfully translated the verb “#&,bt is faulty in the de nition
only. UniArab successfully translates the sentence inntsety. Figure 7.8 shows this

sentence output in the UniArab system.

Figure 7.8: Verb "to be' 2
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7.2.4 \erb “to have'

Table 7.8: Test: Verb_to hagve'1l

Arabic le'f’AIO \®Ed gmt kalhgz
human-translated | | have made a reservation.
Google [ have made a reservation
Microsoft You have a booking

UniArab | have made a reservation.

In Table 7.8, the output of the Google translator is succésMicrosoft's MT is faulty

in person. UniArab successfully translates the sentenite @ntirety. Figure 7.9 shows

this sentence output in the UniArab system.

Figure 7.9: Verb "to have' 1
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Table 7.9: TJest . Verb _to have' 2

Arabic UG H YR YWRlod fqdt tckrty
human-transiated | | have lost my ticket.

Google I've lost my ticket

Microsoft i have lostUG (edkrty
UniArab [ have lost my ticket.

In Table 7.9, the output of the Google translator is succésMicrosoft's MT is faulty
in the object word. UniArab successfully translates thelesgre in its entirety. Figure

7.10 shows this sentence output in the UniArab system.

Figure 7.10: Verb "to have' 2
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7.2.5 Free word order

Here we show three Arabic sentences with different word rovd@ch translate to the

same English output.

Table 7.10: Test : Free word order (Verb Noun Noun scenar&) on

Arabic ule ¢ | Myhbqyslya
human-translated | Qays loves Laila

Google Qais likes of Laila
Microsoft Love Qais lalili

UniArab Qays loves Laila

In Table 7.10, the output of the Google translator is faultyhe verb meaning and the

system added “of' without any meaning in this sentence. déioft's MT translated each

word while ignoring the word order and meaning of the sergendniArab success-

fully translates the sentence in its entirety. Figure 7Hdwss this sentence output in the

UniArab system.

Figure 7.11: Free word order (Verb Noun Noun scenario one)
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Table 7.11: Test : Free word order (Merb Noun Noun scenarm) tw

Arabic * UlE Imyhblylaqys
human-translated | Qays loves Laila

Google Leila loves measured
Microsoft Love laili Qais

UniArab Qays loves Laila

In Table 7.11, the second ordering possibility is shown. dingut of the Google transla-
tor is faulty in the actor, the system can not analyse ‘'wha ad@t', the actor is Qais but
the output makes the object the subject. Microsoft's tratoesltranslates each word while
ignores the word order and the meaning of the sentence. dtraékes the object the
subject. UniArab successfully translates the sentences ientirety. Figure 7.12 shows

this sentence output in the UniArab system.

Figure 7.12: Free word order (Verb Noun Noun scenario two)
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Table 7.12: Test : Free word order (Verb Noun Noun scenareeh

Arabic ule Ime qysyiblyla
human-translated | Qays loves Laila

Google Qais likes of Laila
Microsoft Qais love laili

UniArab Qays loves Laila

Table 7.12 shows the third possibile sentence order. Thaubof the Google transla-
tor is faulty in verb meaning and adds an extra "of' withouy ameaning. Microsoft's

MT translates each word while ignoring the word order, tearsé meaning of sentence.
UniArab successfully translates the sentence in its dptiFggure 7.13 shows this sen-

tence output in the UniArab system.

Figure 7.13: Free word order (Verb Noun Noun scenario three)
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7.2.6 Pro-drop

Table 7.13: Test: Pro-drop

Arabic ERA CE@ithy altayrh
human-translated | I missed the plane.
Google Missed the plane
Microsoft UBK Agttnyplane
UniArab I missed the plane.

Table 7.13 shows an example of a pro—drop sentence. Thetaftthe Google trans-
lator is faulty in the point of pro-drop; the system did notd the subject. Microsoft's
MT did not recognize the important word in the sentence arsbga it through to the
output. UniArab successfully translates the sentencesientirety. Figure 7.14 shows

this sentence output in the UniArab system.

Figure 7.14: Pro-drop
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7.2.7 Transitivity of verbs

In Arabic and English, we can classify verbs as both inttargitransitive and ditransi-

tive. We have incorporated 46 versions of the same test fdr elause from the lexicon.

7.2.7.1 Intransitive

Table 7.14: Test : Intransitive 1

Arabic @MJD'.shyb ygra
human-translated | Suhaib reads.
Google Souhaib read
Microsoft suhaib reads
UniArab Suhaib reads.

Table 7.14 shows an example of an intransitive sentenceotpeit of the Google trans-
lator is faulty in tense. Microsoft's and UniArab transleisuccessfully. Both systems
are translate the sentence in its entirety. Figure 7.15 shbig sentence output in the

UniArab system.

Figure 7.15: Intransitive
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Table 7.15: Test : Intransitive 2

Arabic @»@m J Dfshyb ygra kiyra
human-translated | Suhaib reads a lot.
Google Souhaib read a lot
Microsoft suhaib reads much
UniArab Suhaib reads a lot.

Table 7.15 shows an example of an intransitive with an advitb output of the Google
translator has given the wrong tense. Microsoft's and UabAiranslators are both suc-
cessful. Both systems are translate the sentence in itegntihough the Microsoft

output is more formal. Figure 7.16 shows this sentence ¢utghe UniArab system.

Figure 7.16: Intransitive with an adverb
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7.2.7.2 Transitive

Table 7,163 Test ; Transitive. ~

Arabic HN [ A 74P AGdidImark alhaswb
human-translated | Mark is xing the computer.

Google Mark works computer

Microsoft Marc computer works

UniArab Mark is xing the computer.

In Table 7.16, the output of the Google and Microsoft's ttatess are faulty in the verb
“to be' and the meaning of the verb. UniArab successfullpdfates the sentence in its

entirety. Figure 7.17 shows this sentence output in the tabAystem.

Figure 7.17: Transitive
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7.2.7.3 Ditransitive

Table 7.17: Test : Ditransitive 1

Arabic HA» YA @ e -atahald kiab
human-transiated | He gave Khalid a book.

Google Khaled was given a book

Microsoft Is given Khaled book

UniArab He gave Khalid a book.

Table 7.17 shows an example of ditransitive. The output efGoogle has been given
in the passive tense. Microsoft's translator gives an ireiroutput. UniArab success-

fully translates the sentence in its entirety. Figure 7H@xss this sentence output in the

UniArab system.

Figure 7.18: Ditransitive 1
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Table 7.18: Jest : Difransitive with 2 NP
Arabic eEAfm& P yry admalrsalh
human-translated | Mark is showing Adam the letter.
Google Mark Adam see the letter.
Microsoft Marc nds Adam message.
UniArab Mark is showing Adam the letter.

Table 7.18 shows an example of ditransitive. The output ef @oogle translator is
faulty in determining the actor, the system can not analyise does what. Microsoft's
translator is faulty in the meaning of the verb and in sergemeaning. UniArab suc-
cessfully translates the sentence in its entirety. Figut® ghows this sentence output in

the UniArab system.

Figure 7.19: Ditransitive with 2 NP
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Table 7.19: Test : Ditrgr_l_sitive with preposition
Arabic HA» YW@ Qata hald kb

human-translated | Omar gave a book to Khalid.

Google Omar Khaled gave a book
Microsoft Omar gave Khalid book
UniArab Omar gave a book to Khalid.

Table 7.19 shows an example of ditransitive. The output ef @oogle translator is
faulty in determining the actor, the system can not analyise eoes what. Microsoft's
translator is faulty loosing the de nite article and serdemmeaning. UniArab success-
fully translates the sentence in its entirety. Figure 728ss this sentence output in the

UniArab system.

Figure 7.20: Ditransitive with preposition
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7.2.8 Limitation of UniArab

Table 7.20: Test - Limitagion of UniArab

Arabic Qa0 @A, snafrgdailams
human-translated | we will travel to Egypt tomorrow
Google Tomorrow he travels to Egypt
Microsoft QA,[ snsifr on to Egypt

UniArab

Table 7.20 shows another example of a pro—drop sentence.odipat of the Google
translator is faulty in the point of pro-drop; the system dimt nd the subject. Mi-
crosoft's MT did not recognize the important word in the sgrtle and passed it through
to the output. UniArab fails to give a translation, becaumsg $tructure does not exist in
the system. Since RRG is built upon the logical structureemdin unknown structure is
encountered, it cannot produce an output, even if some ofvtdnds are in the lexicon.

Figure 7.21 shows this sentence output in the UniArab system

Figure 7.21: Limitation of UniArab 1
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In a case where aword is not available in the lexicon, butdgelstructure is recognised,
UniArab will output a correctly structured translationt lath the unknown Arabic word
in its position within the English sentence. This makes th&tesn resilient to slight
misspellings which can be recognised and corrected. Figu@2 shows this sentence

output in the UniArab system.

Figure 7.22: Limitation of UniArab 2
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Table 7.21: Test : Limitation of UniArab 3

Arabic @™ Qa,» (kabksr ttofg

human-translated | Khaled broke @RRJ™™ dstqfg this word is not an Arabic word),.
Google Khalid break Dsthagafg

Microsoft Khaled GRJ™ dstqfg break

UniArab Khaled broke@R)™  dstqfg

In Table 7.21, we show how the system responds to an unknoweh Wée have putin a
non-word in the Arabic sentence. The output of the GoogleMitdosoft's translators
are faulty in the verb. Microsoft's translator put the untimoword in the wrong position.
Google transliterates the word and puts it in the correcitipos UniArab successfully
translates the verb and puts the unknown word in the coraeitipn. Figure 7.23 shows

this sentence output in the UniArab system.

Figure 7.23: Limitation of UniArab 3
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7.3 System evaluation

UniArab supports simple sentences with one or two argun@ntempounds. We have
a number of sentences that were created to aid the gramneams bf coverage of basic
Arabic sentence structures. Further research should bducted to incorporate more

stages into UniArab.

UniArab is based on RRG, and the logical structure of a sesténthe key piece of

information for producing a translation. The system is pangmed to be capable of
dealing with speci c structures. Once a structure is enéblghin the system, the only
limit on translating sentences of that structure is the caye of the vocabulary. Hence, if
a speci ¢ sentence structure exists with in UniArab, anyteece of that structure can be
translated. This is a strength of being RRG-based, sincsttheture and vocabulary are
dealt with independently. And vocabulary is more straigihtfard to improve. The struc-
ture is also independent of issues of gender and tense, \ahécbnly considered once
a structure has been assigned, to determine who does whatie Alevelop UniArab,

adding further structures increases the coverage by ad=masile amount. However, as

the number of structures increases, word ambiguity wilbipee a bigger issue.

UniArab uses an XML-formatted data-source as its lexicome Key strength is that
this data source is open, and can be used under any opengsiegns and accessed us-
ing different tools and languages. The search engine weousecess the data source is
able to deal with Arabic words which translate into multqlerd English phrases. For
example,YR@aryd in Arabic translates td want However, in its current state, we
cannot nd single entries that consist of multiple Arabicnds. For exampIleT@ f/4AJ

sbak alhgzin Arabic translates tecounterin English; the system cannot deal with this
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yet. Another example id ,E@ Dmé,mr ylb ywmalsbtwhich meangOmar
plays on SaturdayThe structure of this sentence works in the system, howswvere the
two words | ,E @ Dﬁﬂ@lsbttranslate to a single English worBaturday and the
search engine cannot deal with this now. This also affeatsnig and bigrams. We can
overcome this issue by modifying the database and searohtaly. For each n-gram
phrase, we index it by the rst word. When we search the datalbar this token, we get
the single word translation and any n-grams starting wighvilord. Then we can check

the sentence to see if these n-grams are matched.

Another limitation exists because we are not yet dealindgp @inbiguity. A word like
é@ Jm can have many different meanings in Arabic, for examplean mean ag,
taught, knowledge or discovered. At the moment, the Aralmmmight exist for differ-
ent parts of speech. The search extracts all of them, but lyeiea the rst one returned.
Once we deal with ambiguity, we will have to analyse the défe results, looking at the

sentence structures to decide which translation to use.

Since our system is based on RRG, the logical structure oheesee is the basis of
the translation. This was very useful, since it allows thetesy to deal with issues that
can be complicated, like free-word-order, and determitinggactor and undergoer. The
lexicon used in UniArab can be re ned further, and we wouletlto do this in further
research. At the moment, the lexicon contains entries f@isiArabic words, which can
in some cases translate to clauses in English. For exarﬁﬁ‘D_Elmytranslates tony
pen The @ y at the end of the Arabic word is the possessivein English. Similarly,
mmm translates tavith the penthe H b translates tavith (or using, the E @

is the de nite articlethe Finally, ﬂ@@ﬁqlmytranslates tavith my pen In the future,

it makes sense to simplify the lexicon by including only tlasic noun, and allowing the
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search engine to extract these extra modi ers. Hence, we oely a single entry for the
basic noun, rather than an entry for each possible occlwgrenkis reduces the size of

the lexicon, and hence the speed of the search routine.

At the moment, the lexicon is categorised into seven parspeéch. We have designed
the GUI so that when adding a speci ¢ word to the lexicon, ahly related options are
presented to the user for that part of speech. This mininesess when entering data.
As our research extends, we may need to modify the catetjorisd the lexicon to allow
for more complicated word types.

UniArab does not process ambiguous words or complex seedesa far, in this research.
This research focussed rst on discovering whether thecllgstructure of a sentence,
based on RRG can be used for translation. Hence, we decidedittthe scope of the
project, since this is work in a new area, that has not beesstigated before. We fully
expect to expand the system to allow it to cope with ambiguitize future. The system'’s
reliability depends on the data source and fails to handkaonen words. UniArab does
not process single words, even if those words are in itsdexibecause UniArab is built

on the logical structure of verbs.

In our comparison with other translation systems we havd sgeplex sentences. While
UniArab is limited to simplex sentences and has limited cage, we believe it is essen-
tial to reach high quality translation of these sentencss in order to be able to expand
to high quality translations of more complex sentences. &vesee that the existing tools
cannot even achieve reasonable translations of simplé&rssss, so how can we expect
them to give high quality translations of larger text? Weéndwnd that small errors in
the initial analysis of a sentence can cause huge erroreimdi translation, so high

guality analysis is very important.
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7.4 Summary

In this chapter we subjected the UniArab System to a seriéssts in a wide range of
sentence categories. For each test we compared the relstdisenl through UniArab

to those obtained when using translation engines from Goagtl Microsoft. We also
presented a human-translated equivalent to each. In stntine Google and Microsoft
translators gave mixed results. In many cases, sentenagmgeaas lacking, and even
some basic constructs could not be translated. Perhapsstdise to their focus on

translating long sentences and paragraphs. We highlightedy comparing them to
UniArab for longer compound sentences and found that theyirdleed convey more
of the meaning. These results suggest that RRG is a pronsaimgidate for Arabic to

English Machine translation, and as the grammar is devdldpe system should begin
to cope with more complicated sentences. For simplex seasefintransitive, transitive

and ditransitive) it clearly outperforms existing systems
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Now is not the end.
It is not the beginning of the end.

It is perhaps, the end of the beginning.

Winston Churchill

Conclusion

In this thesis we have presented an Arabic to English madhamslation system called
UniArab, which is based on the Role and Reference Grammaemdte detailed the
design of the system and how it was built to accommodate ggeai the Arabic lan-

guage and the generation of English translations.

We started with the goal of designing a machine translatystesn that could show
whether we can extract logical structure from Arabic seegsrusing RRG, and use this
to produce high quality translations into English. We badiéhe results shown in Chap-
ter 7 show that our system has proved this, and that our meéshadre robust for these
cases, than other MT systems. There are still a number o avhech need to be de-
veloped for UniArab to achieve more coverage, and we betigaewe can build on the

work we have done so far.

Since the logical structure is separate from the vocabulahen we focus on giving
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the system capability to deal with a large number of strigctariations, it becomes sig-
ni cantly more powerful since each structure representassible sentences of that
structure regardless of the speci c words included. Thia ggni cant point, since vo-

cabulary is easy to develop, but structure requires mucle mifbort.

The major challenge we faced was to use RRG within a machareslation system.
UniArab is the rst MT system that uses RRG.In the Arabic lingfic tradition there is
not a clear-cut, well-de ned analysis of the inventory offseof speech in Arabic. We
found that the existent classi cations were not suitable] ao we had to create a clas-
si cation that made sense for RRG-based translation. Wevadite to extract logical
structures that made sense from natural Arabic. And we weoeadble to generate En-

glish translations from this logical structure.

Some speci ¢ challenges included dealing with the absemd¢keocopula verb, "to be’,
in Arabic. To solve this, we had to look at some Arabic ser¢enhich do not contain
verbs, and correctly deduce how to extract the copula. Foed wrder was another chal-
lenge due to its widespread presence in Arabic, and this alasdby detailed analysis

of the source language and incorporating this in the logitakture.

We have discoverd that RRG is a realistic basis for macheestation systems. The
use of a sentence’s logical structure to create transkigrobust and gives high quality

translations which can deal with some of the challengesrgiuages like Arabic.

Our work has contributed the rst machine translation systeased on RRG, which
we have used to prove its effectiveness for MT. This was a n@jallenge as we had

little work to refer to. We have also advanced work on Aralaicguage classi cation,
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and so we hope our work will be the beginning of more work irs tiena. We believe

this serves as an excellent foundation for further researtthe area.

While statistical machine translation has been promotethbgy, we believe that lan-
gauges, expecially rich languages like Arabic, are veryaoiged and structural, and
such approaches cannot correctly deal with the wide vapiietgntence structures. When
these systems cannot deal with simplex sentences, as weslhawe in Chapter 7, how
do we expect them to correctly translate whole paragraphsid approach, we expect
that high quality translations of simplex sentences areotiig basis which can build to
good translations of whole paragraphs. The results we haasepted are the rst step
in applying RRG to sophisticated translation. By focussimghis initial stage on the

basics, we build a more solid foundation for the next stage.

8.1 Thesis summary

In Chapter 2, we presented a summary overview of the grarnatatructure of the Ara-
bic language. We detailed various sentence structures laasvenique word attributes
like gender rules applied to all words and duality in numbee discussed how some of

these properties could be used to extract information adenience structure.

In Chapter 3, we presented the Role and Reference Grammaai naod showed how it
could be used to deduce the logical structure of sentenckgraduce a lexical represen-

tation which could be used as the interlingua.

In Chapter 4, we presented various approaches to machmgdt@n. We compared
direct translation, transfer systems and interlinguaesystand showed how interlingua

systems require signi cantly more effort in the analysisl @eneration stages, but have
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a distinct advantage in the simplicity of the translationgass. Furthermore, they are
more exible in terms of adding extra languages. We alsoadl&bout the challenges of

machine translation, with a speci ¢ focus on those specbdtie Arabic language.

In Chapter 5, we presented a high-level view of the systemédrmork and de ned our

evaluation criteria for measuring system performance.

In Chapter 6, we detailed the technical aspects of UniAraliegng all the phases in-
volved in the machine translation process. We describelb#ieal system that underlies
UniArab, detailing the attribute information held for eagipe of word. We discussed
the generation phase and how the system maps the logiastuota target English sen-
tence. We then brie y discussed the user interface, and surtiee technical challenges

encountered during the implementation.

In Chapter 7, we presented the results of our evaluation aAtdb for a wide vari-

ety of sentence types. We compared its results to those dBtiugle and Microsoft
translators as well as human translation. We found thagrtisiantly outperforms the
other automated translation systems, matching humaratars We discussed its limits

in regards to complex sentence structures.

8.2 Summary of thesis contributions

This thesis contributions are summarised as follows:

A detailed presentation of the structure of Arabic sentsrar®l a discussion of the

language's unique features.

A detailed system framework for implementing RRG machiaastation for Arabic
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and proving the suitability of the model.

A detailed technical implementation of an Arabic to Englislachine translator
based on the RRG model, including user interface and a cud#signed, extensible

data source.

An evaluation of the translation system and comparisonistieg commercial sys-

tems.

Specifying verb "to be’, free word order, pro-drop and travisy of verbs.

8.3 Future work

Given the scope of this Masters research project, there anender of areas where this
work could be extended. Firstly, the question of ambigustyery interesting. We feel
that RRG is suited to overcoming word ambiguity by using sece¢ structure, and would
like to explore this. We would also like to incorporate mooenpound structures allow-
ing UniArab to deal with more complex sentences. We would Bl to explore the auto
generation of lexicon information from Arabic source vealssa way to quickly populate

the lexical source.

The main topic of investigation is the development of a frewordx for translating Arabic
to English based on RRG. The framework is designed to demataghe capabilities of
RRG as a base for machine translation of Arabic into Englsghgian interlingua bridge
strategy. This thesis showed that RRG facilitates the katins process from a speci ¢

language to other languages. Future research should focus o

(1) Enhancing and extending the UniArab system to supporematural Arabic sen-

tences, and word ambiguity, in particular:

132




8.3. FUTURE WORK

To understand, process, and translate complex predicadesalti-clause sen-

tences in coordinate, subordinate and cosubordinatiantstes.

To understand, process and translate voice and valenasasing/decreasing

operations in the machine translation of Arabic.

To design a lexicon architecture to support the morphokdgiemplates for
Arabic words into their respective consonantal and vowslponents with the

appropriate word formation rules implemented in software.

To extend the underlying theory of RRG to encompass morg fiaé lexicon,

syntax and morphology of Arabic.

(2) Evaluating UniArab with respect to other systems basedan-RRG methods.
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Buckwalter Arabic transliteration

Arabic Letter and Phonetic Value | Letter Name | Unicode
1 | @ ALEF u0627
2 | Hb BEH u0628
3 | Ht TEH U0B2A
4 | Hz THEH u062B
5 [hg JEEM u062C
6 | Nh HAH u062D
7 [ph KHAH u0B62E
8 | Xd DAL u062F
9 | Xd THAL u0630
10 | Pr REH u0631
11| Pz ZAIN u0632
12| € s SEEN u0633
13| € s SHEEN u0634
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Arabic Letter and Phonetic Value | Letter Name | Unicode
14| ® s SAD u0635
15| d DAD u0636
16 t TAH u0637
17 z ZAH u0638
18 : AIN u0639
19| g GHAIN UOB3A
20 0 f FEH u0641
21| T q QAF u0642
22 | Y« KAF u0643
23 EI LAM u0644
24 | tn MEEM u0645
25| an NOON u0646
26| €h HEH 0647
27| Ow WAW u0648
28| By YEH uO64A
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Arabic Letter and Phonetic Value | Letter Name Unicode
29| Z- HAMZA u0621
3| @ ALEF WITH HAMZA UNDER | u0625
31| @ ALEF WITH HAMZA ABOVE | u0623
2| @ ALEF WITH MADDA ABOVE | u0622
33| P a YEH u0649
34| Dy YEH WITH HAMZA ABOVE | u0626
35| Ow WAW WITH HAMZA ABOVE | u0624
36| €h TEH MARBUTA u0629
37| @ FATHA =
38| @ DAMMA UOB4F
39| @ KASRA u0650
40 | @h TANWIN ALFATH u064B
41 | @h TANWIN ALDAM u064C
42| (@8 TANWIN ALKASER u064D
3] @ SKOON u0652
44| @ SHADDA u0651
45] 7?72 ARABIC QUESTION MARK | u061F
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List of translatable sentences

| want a ring. CND,Q YR@ryd hatm

| forgot my wallet. | UB@®H , nsyt mfizty

| missed the plane, €RA & @satthy altayrh

| want a room. eQ@ YRQrydgrh

| am a tourist. | 'Afl@na sayh

| am alone. @Y gOKA@E whdy

| am Irish. aYJ E@cﬁﬁyrlndy

we are students. | YO KAMnhn tlamyd

he is an engineer.| €YJEO fi€mhnds
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| am an engineer. €Y3é®@ mhnds

| am the engineer. € YJ&D@a aimhnds

Sarah hurts Yousuf. - fAKeP AR Myrh sarh ywsf
Sarah hurts Yousuf. - fAKh QnéP Agfh tgrh ywsf
Sarah hurts Yousuf. eP AffiKh Qrayrh ywsf @rh

Omar will drink the milk. Q@EE@,&-&ysrbaubn mr

Omar will drink the milk. éEE‘@‘lQ@ sysrb mr allbn

Khalid is drinking the milk.| @ EE @ MNE88erb raid allbn

Khalid drank the milk. | @EE @ M@k haid allbn
Omar is visiting Ireland. @@f@@!ﬁwr mr ayrinda
Qays loves Laila. alE _Ir'n e qysylblyla
Qays loves Laila. GIE ¢ | Myhb qys Iy&
Qays loves Laila. e UIE _|rhy_hb lyla qys
Laila loves Qays. ¢ |_ m l:ITEylgthb qys

Laila loves Qays. e UIE _|rf1thb lyla qys

Laila loves Qays. GIE ¢ | mthb qys ly&

Omar read the book. HACE @@ mr alkeab

Brian read the book. HACH@RIQEHN gra alktab

145




she is an engineer.

é f Ye G By mhndsh

Zaid loves Fatima. éOTEl_Ar'n Y Rzyd ytb fatmh
Zaid loves Fatima. EOEXK IMyhb zyd &mh
Zaid loves Fatima. YREOERMyhb fatmh zyd
Fatima loves Zaid. YR _| m éc\)_ﬂ‘ﬁmh thb zyd
Fatima loves Zaid. YREOE M thb famh zyd

Fatima loves Zaid.

EOEXK _| I’hthb zyd &tmh

Eman drew her school.

ADf P ¥ @A OHPrsmt iyman mdrstia

Louis hit Mark.

VAP A@E Bédrb iwys mark

Louis hit Mark.

VAP AQE fikwys db mark

Mark hit Louis.

o AE. B&YP AL orb lwys

Mark hit Louis.

e AE V4P BGirbnark lwys

Brian wrote the book.

HACE @>AkD&sn kibalkab

Ayesha wrote the book.

HACH@»€ Ad@ysh kibtalk@b

Eman wrote the book.

HACEA@D Jokibt iyman alki@b

| have made a reservatio

|

1jSTA|O_\®Ed gmt alhgz

| have lost my ticket.

UG @H YR YRIgd fqdt tokrty

| am a doctor.

| E RGiratoyb
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Abbas is playing with the ball.

eQPEAK | 2EH D pas talkrh

Abbas is playing with the ball.

eQOE AKE Adpas yip balkrh

Abbas is playing with the ball.

€AJ | 2ERQO ik yip bas

Yousuf played with the ball.

eQOEAIKI 2Hp ywsf talkrh

Yousuf played with the ball.

- AK &QPH AlKp balkrh ywsf

Yousuf played with the ball.

-fAKI 2EQOkaK 1 ywsf

Yousuf will play with the ball.

éQOEﬂﬁ‘K| ] ast\]sylb ywsf kalkrh

Yousuf will play with the ball.

éQOEAEJ-f ﬁKywsf syb balkrh

Yousuf will play with the ball.

- fﬁ KI. aéﬁ éQ?EEﬂ(K sylb ywsf

Essam played with the spoon. @a.éﬁA’«_ qu sam almigh
Essam will play with the spoon. @a.éﬁA’«_ e"?styI,b sam kalmlgh
Essam is playing with the spoon @a.éﬁA’«_ quf(,b sam almigh
Essam played with the spoons. T« CT}@A’«_ alEb sam almlag

Essam will play with the spoons

T« @@A’«_ a|E":szl,b sam kalmlag

Essam is playing with the spoon

5. i«d&@A’«_ qEK,b sam almlag

Mansour ate with the spoon.

@"@Eﬁﬂ() @I mnsvr balmlgh

Mansour ate with the spoon.

@a@@@ P\]@m,cwr akl balmlgh

Mansour ate with the spoon.

Pﬁ'JO @a.éﬁlml,qh akl mnsvr
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Jack is eating with the spoof. @@%A@A%kl gak balmlgh
Jack will eat with the spoon, @@@A@H\szakl gak balmlgh
Jack killed Mary. gPAO 1?4]7\;@ gak mary

Jack killed Mary. 2P AQ BZAgK qtl mary

Mary killed Jack. 1/4AgPAéJ_qtlt mary gak
Mary killed Jack. 1/4A|£J_ P Aary gt gak
Jack killed the man. EQQE @E igakargl

Jack killed the man. EQE BVEAGK qtlalrg|

The man killed Jack. 1/4A5J_ E@E@qtl gak

The man killed Jack. 1/4A6@E@1tl|%lrgl gak
Suhaib bellowed the re. | PJE @ diD<hyb nfhalnar
Suhaib bellowed the re. | JDe PRA@na) ainar shyb
Suhaib bellowed the re. | PJE @Dle @nfhshybalnar
Sulaiman opened the door. E\iA@ﬂ_ b!fEJ@_f'th albab slyman
Sulaiman opened the door. HFE]@_ ﬁA@ﬂynﬁn fthalbab
Sulaiman opened the door. HFEJ@\Q‘J ﬂ_fth slyman albab
Zaid took the book. HACE @YY &@nd zydalkiab
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Zaid took the book. HACE@IO Pk and alkiab

Qays took the les. H@@)-_\g@m qysalmifat

Qays took the les. H@@)-_\g@m qysalmifat

Brian rides the bus. éﬁy\@ $QEIEHN yrkbalhafih
Brian rides the bus. éﬁ&@l@[}b@&b braynalhaflh
Fahmy rides the car. éE’E@»QIKTéhmy yrkbalsyarh
Fahmy rides the car. éE’E@jél_ »QIfb fhmyalsyarh
Fahmy rides the car. UO_ééP,E\@»QJ&b alsyarh fhmy

Khalid answered the question. EF{EE @AKD (Y E2A agab alswal

Khalid answered the question. Y § AT @AKRgab alswal hald

Khalid answered the questio. E-F@ @g\f_@_(@gfib hald alswal

Rashid broke the window. & BE@ Q@Rd¥sranatdh

Rashid broke the window. & AE EIDP kdexzed alnatch

Rashid broke the window. | Yf @3 BE @k&Q&utch rasd

Khalid broke his toy. EFE YJE@aksr hald | bth
Omar tore the book. HA°E @1Q@zqmr aktab
Omar tore the book. HACEIQ O“Q@Omzqalktab

Omar tore the book. QHACEI@@zqalkiab mr
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Ayah tore the page.

o OF @_QO@% mzqélkys

Ayah tore the page.

6@ °E @Q@:zqtalkysayh

Ayah tore the page.

o OF @b@@zqtéyh alkys

Omar opened his present.

&Keé QA fth mr hdyth

Omar opened the window.

& AE &) @@ mr alnatdh

Omar opened the door.

HAI@ QCnr fth albab

James combed his hair.

éQ}a-OH i Omstgyms gh

James combed his hair.

e(?; O O gyms mssrh

Eric cleaned the window.

& BE @@=K nz iyryk alnaich

Eric cleaned the plane.

eRA G QBB ryk n7 altayrh

Eric cleaned the house.

Q@D ¢ nz almnzliyryk

Sarah wiped the table.

EESACEIRD eméxifsarh aitawih

Sarah wiped the table.

EESAIE @P Adarh msh altawih

Rogiah will cook the dinner

7% @F qJf stbhrgyhalsa-

Rogiah will cook the dinner

77 @0 éPrayh stbhalsa:

Rogiah will cook the dinner

eP ZB@0fIstbhalsa-rayh

Harold pinched James.

Ok YESP A&Barwid gyms

Harold pinched James.

Ok *Q YESRA# qrsgyms
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he is a doctor.

| E Néw toyb

Ayah is spending her mone

yv. AEBFRK &ih tnfg nqwda

Ayah is spending her mone

v. AEGN &EKinfq ayh nqwda

Henry lost his money.

e XB & & hnry fqd nqwdh

Henry lost his money.

eXB &B Wiqd hnry nqwdh

Adam punched Philip.

| EID®@ @REdm fylyb

Zakiah killed Sarah.

éPAfP@]_qtlt zkyh @rh

Zakiah killed Sarah.

ePAET éPzkyh qtit arh

Mark slapped Louis.

e AE 1/4F®(‘_@,@rk lwys

Mark slapped Louis.

o AE@ V4R, lwys

Sarah hates Zakiah.

&P eP AKieadSrh zkyh

Sarah hates Zakiah.

&P e®PeR&f tkrh zkyh

Ayesha phoned Eman.

aR® Ak @At ayshiyman

Ayesha phoned Eman.

ARD @ AE A@ysh Hatft iyman

Ayah thanked Khalid.

Y B AABIQF skrt ayh rald

Ayah thanked Khalid.

YHAQF &Byh skrt fald

Sarah called Adam.

D& ePMfadt srh adm

Sarah called Adam.

D@ XA eRAxf nadt adm
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Eman saw Sarah.

eP ARBI@R: iyman sarh

Eman saw Carl.

E Pﬁmmn rat karl

Philip caught the ball. éQOE@%,C’ank fylybalkrh
Philip caught the ball. eQ°E@ EWyb mskalkrh
Philip caught the ball. I _EJéQOE @nealdh fylyb
Carl bought pens. P@ EPX @93 karl agam
Carl bought pens. D(@Q/ @PK‘E@, istra aglam

Mark drove the plane.

ERACE @ YabPrel alehvh

Mark drove the bus.

EE@ YAPAR cad aihatih

Mark drove the car.

VP APR@ oidalsyarh mark

Adam is cleaning his toy.

EFE CIHO®dm yntl bth

Adam is cleaning his room

&Q B ¢IKnZ admgrith

Adam is cleaning his car.

&KF AR CIknZ£ adm sarth

Mark will clean my kitchen.

(jICO CIf VPR synz mibhy

Sarah will clean my of ce.

(B3°0O eRAPf stn sarh mkiby

Sarah will clean the car.

ePRA@CIf eP &fh sinz alsyarh

Eman will clean her room.

ARQ aR® CJf stn# iymangritha

Eman will clean her room.

ADQ - ¢Jf aR@man stn# grftha
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Louis is washing the disheg.

éﬁj’E@ RE EK/gsI Iwysalshwn

Louis is washing the disheg.

éﬁj’E@ aEK' ﬁENys ygslalshwn

Louis is washing the dishes.

° ﬁ@ﬁj'E@ ﬁ(ygsl alshwn Iwys

Harold is feeding his cat.

&¢ YESP AéyiNaérwid qth

Harold is feeding his cat.

¢ Na¢YESRAEd ytm qth

he is a seller.

@(_Aghw bay,

Eric is xing his car.

KFAXBEE' ysh iyryk syarth

Ericis xing his car.

é(HAE’ 1/z@fryk ydh syarth

Fahmy speaks English.

KERB @KAD &hmy ytkimalanklyzyh

Fahmy speaks English.

KERB @ e Kikim fhmyalanklyzyh

Ayah is cooking the food.

P A2¢ Faat) &bk ayhaitam

Ayah is cooking the dinner.

27 @00 E yh tbhalsa

Rashid is helping Mark.

VP AP Ve, rasd mark

Rashid is helping Ayesha.

e A« Y«X, @ddyad aysh

Mansour is eating his food

éOAaE m’gﬁ\kl mnsvr tamh

Mansour is eating his food

éOAaﬁAEﬁU @nn&vr y-akl tamh
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Carl is brushing his hair.

éqa E P A@Symst karlsrh

Carl is brushing his hair.

éqai ,(BE P %y, ymstsrh

Abbas is brushing his teeth.

é(]@ @@@Krs bas-asranh

Abbas is brushing his teeth.

é(y@@ I€ Adpas yfrs asranh

Yousuf is wearing his clothes.

é,KG f NKe Eiﬂbs ywsfyabh

Yousuf is wearing his shoes.

&K@ ° EKFiKywst ylbs biayh

Henry is watching the television|.

PRE @8 Y & Assahd hnryaltifaz

Henry is watching the television|.

PRE @ & hnry yahdaltifaz

Henry is watching the television|.

Q8 PRI @ Y&Wiatifaz hnry

Sulaiman caught the sh.

10, BED X AgE@lynan alsmk

Sulaiman caught the sh.

%O,E@ HABEGa istad alsmk

Sulaiman caught the sh.

aAEY] 120, E @isKdai@iyran

Omar is planting the trees.

QCPAB’@ Qﬁr alasgar mr

Omar is planting the trees.

P_AB’@ Q@Qnr yzr,al-asgar

James pushed the chairs.

(ee... @QOQ@ g&)@sﬁlkrﬁsy

James pushed the chairs.

lee... @@H@/t@@k alkrasy

James pushed the chairs.

Ok (Be... @QU@yQks
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Roqih drew trees.

P A@ JPI OPrsmt rqyh-asgar

Roqih drew Omar.

QOGP EPrqyh rsmtmr

Roqih drew Khalid.

éP YHOAPrsmt ald rayh

Ayesha picked the owers.

PRE@CTé A@ysh gt alzhwr

Ayesha picked the owers.

P F@E@« ®5q_tft ayshalzhwr

Ayesha picked the owers.

& A« RIE@Cqtit aizhwr aysh

Omar is xing the computer

Hﬁfb@‘@ ydh mr alhaswb

Omar is xing the computer

HA £ M@ IEQGnr ysh aihaswb

Omar is xing the computer

QOHA f @ iEjsh haswbmr

Omar bought the toys. |_aEE@ZQ@tr5 mrallbp
Omar bought the sh. Qé/zC),E@ @)ra alsmkmr

Eman ironed the clothes.

o _C@A@lﬁ»wt iyman almlabs

Eman ironed the clothes.

° C@iﬁ»ﬁﬂ@man kwtalmlabs

Eman ironed the clothes.

E\i"@ _C@ﬁ»(Wt almlabsiyman

Ayah painted the picture.

ePi'E@ kHant ayhaswrh

Ayah painted the picture.

eP i’ E @hE@Kiwntaiswrh

Ayah painted the picture.

P i [E @ikt aiswrh ayh

| want the book.

HACE @ ak@b
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| want a book. HA» Rfryd kéb

| want the food. P A2¢ @y Yt am

| ate the dinner. 73 @ (Qit alsa-

| ate the food. P A2¢E @it a1t am

| ate the sh. 10, EQ@Qit alsmk

| drank the milk. aE B@a&rbt allbn

Eman lost her cat. ADE&@ \®_fth iyman gtha
Eman ran over her cat. | ADCAMDEX dhstiyman qtha
Omar won the race. TA,EKKCPTA@Z mr balsbaq
Omar is sleeping. Q@]@ﬁngm mr

The children are crying. éﬁ"_&E@B @a_tfal ybkwn

the wheel squeaks. Q&-QEBA Y&u@sb yssr
Omar reads. @I@Gnr ygra

Omar reads a lot. @>@®Onr ygra kiyra

He hit Khalid. Y AIQ& Ehw db hald

He played with the spoon.

@IBR2E kw1 baimigh

He loves Laila.

UIE Im fiéhw yib lyia

He loves Laila.

UIE fié mMyhb hw ly&

He loves Laila.

ABUTE IMyhb Iyia hw

156




Omar gave Khalid the book. HAOE @ ME@‘Q@aﬁ hald alktab

Omar gave Sarah the book. HAOE @ éP@‘Q@qa sarh alktab

Omar is giving Khalid the book|| HAOE @ MEK}OM yty hald alktab

Omar is giving Sarah the book HAOE @ éPKQCB.r yty sarh alktab

Sarah is giving Khalid the book| HAOE@ MElA é%lft,ty hald alktab

Sarah is giving Eman the book|| HﬂomaK éF%Qdft,_ty iyman alktab

Sarah gave Eman the book. Hﬂom« @ éBrAﬁ,_tt iyman alktab

Sarah gave Khalid the book. HAOE @ MIES@ éBrAﬁ,_tt hald alktab

He gave Khalid the book. HAOE @ ME@ A& ata hald alktab
He gave Khalid the book. HACE @ & Ad@¢a hw rald alktab
He gave Sarah the book. HAOE @ ép@clﬁ\ﬁ%ﬁﬁrh alktab

He gave Sarah the book. HAOE @ ePA[fGi& ruaen alktab

He is giving Khalid the book. || HACE @ ME2KiEnw yty hald alkiab

She is giving Sarah the book. HAOE @ E\!P%\ﬁ Ih\,j/ tty sarh alktab

She is giving Khalid the book. || HAPE @ YEIA & hy tty hald alkiab

She gave Sarah the book. HAOE @ @R/@éﬁiy aft sarh alktab
She gave Sarah the book. HAOE @ @Aﬁ @,_tt hy sarh alktab
She gave Khalid the book. HAOE @ Mfs@élﬂy aft hald alktab
She gave Khalid the book. HACE @ WHA« @it hy tald alkiab
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Omar gave the book to Khalid.

HACE @nWE@QDasa Ihald alkiab

Omar gave the book to Khalid.

Y BRACE @ @8Q0aa kb Iald

Omar gave the book to Khalid.

HACE @EHIOnr vy Ihald alkiab

Omar is giving the book to Khalid|

YﬁHAOE @Kl}()nr yty alktab Ihald

Omar is giving the book to Sarah

&P A, BHE @KDOnr yiy alkeEb Isarh

Omar is giving the book to Sarah

HACE@ ePME R yiy Isarh alkeab

Omar gave the book to Sarah.

eP A BH @ @$Q@asa akiab Isrh

Omar gave the book to Sarah.

HAE@ éP AGQRQ@@ua Isarh alkiab

Eman is giving the book to Khalid

HACE @nEKR AQman tty hald alkiab

Eman is giving the book to Khalid

YﬁHAOE @E A man tty alkiab Ihald

Eman is giving the book to Sarahj,

eP A FAME @& AQman tty alktab Isarh

Eman is giving the book to Sarah|

HAOE @ émmﬁn tty Isarh alktab

He gave the book to Khalid.

HACE @YK@ 6 ata Ihald alkab

He gave a book to Khalid.

YHERA» U@ 6 aa kab Ihald

He is giving a book to Khalid.

AN

HA» WhEEWeKEiEnw yiy Ihald kiab

He is giving a book to Khalid.

YE’HA» G énw yiy ktab lhald

He is giving a book to Sarah.

eP A,_iH Gk énw yty k@ab Isarh
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He is giving a book to Sarah.

HA» éPN}E‘ﬁEhW yiy Isarh kiab

He gave a book to Sarah.

ePA BHUG 6 asakiab Isrh

He gave a book to Sarah.

HA» eP A HQ)I6ié ata Isarh kiab

She is giving a book to Khalid.

HA» WK @ hy try Ihaid kiab

She is giving a book to Khalid.

Y ERA» ¢3K @hy tty kb Ihald

She is giving a book to Sarah.

ePA BHGK @hy ty kb Isarh

She is giving a book to Sarah.

HA» &P AGEK (& hy tty Isarh kiab

Eman is giving a book to Saral.

HA» &P AGEKa@man tty Isarh kb

He gave a book to Khalid.

N

HA» WA 76 ataihald k@b

She is giving Sarah a book.

HA» éPAITKL‘ﬁ hy tty sarh ktab

Omar gave Khalid a book.

HA» YEA @ QfDaga hald kb

Khalid drives.

Yﬁﬁtﬁ, yswq fald

Khalid drives.

Tﬁ, YEAa“Id yswq

Khalid drives a lot.

@i, YEAa“Id yswq kyra
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Verbs in lexicon

Verbs in Arabic change depending on gender, number and térike subject, so there
are multiple entries in the lexicon that translate to thees&mnglish output. The translit-

eration makes it clear that these are different words in i&rab

Arabic Example Logical Structure

YRQryd || I wantaring. <TNS : PRES[dAI; [wantql;y)])] >

| , nsyt| I forgot my wallet. || <TNS : PAST[dRI; [forget{I;y)])] >

IEg@klt | ate an apple. <TNS : PAST[dAI; [eatdl;y)])] >

IKQ&rbt | I drank the milk. || < TNS : PAST[dAR(I; [drink {1;y)])] >

@&pa Omar read the book| < TNS : PAST[ddx; [read{x; y)])] >

H@§&at | Eman read the book| < TNS : PAST[dRx; [readdx; y)])] >
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Arabic Example Logical Structure

NON | am a tourist. beéX!; [tourist )

NON He is an engineer. bé{he;[engineer?)

NON We are students. bé{we;[studentsT)

HQérb Khalid drank the milk. <TNS : PAST[doXx; [drink qx;y)])] >
HQaysrb || Khalid is drinking the milk.|| < TN'S : PRES[do{x; [drink {x;y)])] >
HQZ sysrb || Omar will drink the milk. || < TNS : FUT[do%x; [drink %x; y)])] >
° Eiﬂbs Eric is wearing his clothes|| < TNS : PRES[ddXx; [wearYx;y)])] >
HQ&drb Louis hit Mark. <TNS : PAST[dXx; [hit Xx; y)])] >

| Myhb Qays loves Laila. <TNS : PRES[doYx; [loveX(x; y)])] >
| Mthb Fatima loves Zaid. <TNS : PRES[dx; [loveXx; y)])] >
|©_qmt | have made a reservation|| < TNS : PAST [ddx; [make{x;y)])] >
HWR fqdt Eman lost her cat. <TNS : PAST[doXx; [lose¥x;y)])] >
E]_qtl The man killed Jack. <TNS : PAST[ddXx; [Kill {x;y)]] >

i J fth Sulaiman opened the door| < TNS : PAST[doXx; [operf(x;y)])] >
Y9 @nd Zaid took the book. <TNS : PAST[doYx; [taked(x; y)])] >
| »Qko Fahmy rides the car. <TNS : PRES[ddXx; [rideqx;y)])] >
q@ fst_1bh Raiga will cook the dinner.|| < TNS : FUT[dd{x; [cook(x;y)])] >
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Arabic

Example

Logical Structure

HA@gab | Khalid answered the questiof|. < TN'S : PAST [dd¥x; [answerdx; y)])] >
P®Wwr || omaris visiting Ireland. <TNS : PRES[doYx; [visit {x;y)])] >

| 2EHp Abbas is playing with the ball| < TNS : PRES[do¥x; [playdx;y)])] >
I_aEstylb Yousuf will play with the ball. || < TNS : FUT[doYx; [playXx; y)])] >
E@kl Mansour ate with the spoon. || < TNS : PAST[doYx; [eatYx; y)])] >
EAJaki || Mansouris eating his food. || < TNS : PRES[dd(x; [eatx;y)])] >
Eéf\]syakl Eric will eat with the spoon. || < TNS : FUT[doXx; [eatYx;y)])] >
q@Qﬁh Suhaib bellowed the re. <TNS : PAST[ddXx; [bellowdx;y)])] >
[,EX dhst || Eman runned over hercat. || < TNS : PAST[doYx; [runnover {x;y)])] >
Qé.}@r Rashid broke the window. <TNS : PAST[ddXx; [oreakdx;y)])] >
h(jn’@;rh Sarah hurts Yousuf. <TNS : PRES[doXx; [hurt {x;y)])] >
TQ@zq Almahdi tore the book. <TNS : PAST[ddXx; [tear(x;y)])] >

| _QG)zqt Ayah tore the page. <TNS : PAST[doXx; [tear(x;y)])] >

| J fth Almahdi opened the window.|| < TNS : PAST[dd{x; [oper{x; y)])] >

i ,O mst James combed his hair. <TNS : PAST[doXx; [comf(x;y)])] >
-C nZA Eric cleaned the plane. <TNS : PAST[ddXx; [cleandx;y)])] >
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Logical Structure

*Q qrs Harold pinched James. <TNS : PAST[ddXx; [pinchYx;y)])] >
i@ﬁnfq Ayah is spending her money. < TNS : PRES[doYx; [spend{x;y)])] >
Y®fqd Henry lost his money. <TNS : PAST[ddXx; [loseXx; y)])] >
OOfiam Adam punched Philip. <TNS : PAST[do¥x; [punch®x; y))] >
eQurh Sarah hates Zakiah. <TNS : PRES[do{x; [hateX(x;y)])] >
|O°Bkmt | Sarah punched Sarah. <TNS : PAST[doYx; [punchqx;y)])] >
|EJ_tht Zakiah killed Sarah. <TNS : PAST[dAXx; [Kill {x;y)]] >
EJ_th Jack killed Mary. <TNS : PAST[dAYx; [Kill {x;y)]] >
@R“f, Mark slapped Louis. <TNS : PAST[do¥x; [slapdx;y)])] >

| @ A&t | Ayesha phoned Eman. <TNS : PAST[do¥x; [phone¥x; y)])] >
HQf skrt || Ayah thanked Khalid. <TNS : PAST[doYx; [thank {x;y)])] >
HXBadt | Sarah called Adam. <TNS : PAST[do¥x; [call{x; y)])] >

P Aaz Omar won the race. <TNS : PAST[doYx; [win {x;y)])] >
HoR Eman saw Sarah. <TNS : PAST[doYx; [seé\x;y)])] >
Y5,Onsk || Philip caught the ball. <TNS : PAST[do¥x; [catchqx; y)])] >
ﬂq @Xra || Carl bought pens. <TNS : PAST[ddXx; [buyXx; y)])] >
X Aad Mark drove the bus. <TNS : PAST[doYx; [drived(x;y)])] >
- ¢J Kn_zf Adam is cleaning his room.|| < TNS : PRES[doYx; [cleanqx;y)])] >
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- ¢Jf syn# || Mark will clean my kitchen. || < TNS : FUT[ddXx; [cleanqx;y)])] >

- C¢Jf stn# || Sarahwill clean my ofce. || <TNS : FUT[ddx; [clean®x;y)])] >
E, aKygsl Louis is washing the dishes,|| < TNS : PRES[do{x; [washqx; y)])] >
Naq; ytm Harold is feeding his cat. <TNS : PRES[doYx; [feed¥x;y)])] >
iE’ ysh Eric is xing his car. <TNS : PRES[doYx; [fix qx;y)])] >
mtklm Fahmy speaks English. <TNS : PRES[dXx; [speakx; y)])] >
¥ ttbh Ayah is cooking the dinner. || < TNS : PRES[dd{x; [cook(x;y)])] >
Y«Aysad || Rashid is helping Mark. <TNS : PRES[doYx; [helpXx;y)])] >
E Affakd Mansour is eating his food. || < TNS : PRES[do¥x; [eatY(x;y)])] >

i ,mymst Carl is brushing his hair <TNS : PRES[do¥x; [orushqx; y)])] >
E@®rs Abbas is brushing his teeth.| < TNS : PRES[do{x; [brush%x;y)])] >
° Eiﬂbs Yousuf is wearing his shoes|| < TNS : PRES[ddx; [wearYx;y)])] >
BEWnam Omar sleeps early. <TNS : PRES[dx; [sleed(x;y)])] >
Y& Aysahd || Henry is watching the TV. <TNS : PRES[doYx; [watchq(x; y)])] >
"R, Almahdi is planting the treeq| < TNS : PRES[do{x; [plant¥x;y)])] >
XAC Sulaiman caught the shs. || < TNS : PAST[ddYx; [catch{x;y)])] >
Q_l@r James pushed the chairs. <TNS : PAST[doXx; [pushqx;y)])] >
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Arabic Example Logical Structure

| J>ktbt Ayesha wrote the book. <TNS : PAST[doYx; [write (x;y)])] >

| J>ktb Brian wrote the book. <TNS : PAST[doYx; [write (x;y)])] >
Ij,O msh || Fatima wiped the house. <TNS : PAST[doXx; [wipeXx;y)])] >
|d:Prsmt Raiga drew trees. <TNS : PAST[doXx; [draw¥x;y)])] >

| ®Cqt Ayesha picked the owers. || < TNS : PAST[dd\x; [pickYx;y)])] >
H>xwt Eman ironed the clothes. || < TNS : PAST[do{x; [iron {x;y)])] >
zQ‘ @ra | Omar bought the toys. <TNS : PAST[ddx; [buyXx;y)]] >

| Kiimt Ayah painted the picture. || < TNS : PAST[doYx; [paint{x;y)])] >
Y4aA@ak | Omar gave you the book. || < TNS : PAST[ddXx; [givedx; y)])] >

iE’ ydh Omaris xing the computer|| < TNS : PAST[ddXx; [fix Ax;y)])] >

E Okl Yasser works hard. <TNS : PRES[ddXx; [workdx;y)])] >
PQ Philip passed the ball. <TNS : PAST[doYx; [passAx;y)])] >

Tn, yswq Khalid drives. <TNS :PRES << [dd{x; [drive(x)])] >>>
é.ﬁO_Kybkwn The children are crying. <TNS :PRES << [dd¥x; [crydx)])] >>>
@@ra Omar reads. <TNS :PRES << [ddYx; [read{x)])] >>>
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Arabic

Qa-Qarr

Example

the wheel squeaks.

Logical Structure

<TNS : PRES << [dd{x; [squeak(x)])] >>>

Arabic

BEMnam

Example

Omar is sleeping.

Logical Structure

<TNS : PRES << [dd{x; [sleed(x)])] >>>

Arabic

Example

Omar gave Khalid the book.

Logical Structure

<TNS : PAST[dd{x; 0)CAUSE[BECOMEhave{y;2)]] >

Arabic

UKty

Example

Omar is giving Eman a book.

Logical Structure

<TNS : PRES[do{x; 0)CAUSE[BECOMEhaveqy; 2)]] >

Arabic

UC3HKs ty

Example

Sarah is giving Eman a book.

Logical Structure

<TNS : PRES[do{x; 0)CAUSE[BECOMEhaveqy; 2)]] >

Arabic

¢« @it

Example

Sarah gave Khalid a book.

Logical Structure

<TNS : PAST[dd{x; 0)CAUSE[BECOMEhave{y;2)]] >
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Arabic

HRGart

Example

Fatima showed the letter to Khalid.

Logical Structure

<TNS : PAST[doAx; 0)CAUSE[BECOMEseeqy; 2)]] >

Arabic

2Qlky

Example

Mark is showing Brian the letter.

Logical Structure

<TNS : PRES[do{x; 0)CAUSE[BECOMEseely; 2)]] >

Arabic

o Rra

Example

Brian showed the letter to Sarah.

Logical Structure

<TNS : PAST[doAx; 0)CAUSE[BECOMEseeqy; 2)]] >

Arabic

2@y

Example

Fatima is showing Adam the letter.

Logical Structure

<TNS : PRES[do{x; 0)CAUSE[BECOMEseely; 2)]] >

Arabic

€EP Y¥irs

Example

Suhaib is teaching Eman the history.

Logical Structure

<TNS : PRES[do{x; 0)CAUSE[BECOMEknow qy; 2)]] >

Arabic

€P Xtdrs

Example

Eman is teaching mathematics to Sarah.

Logical Structure

<TNS : PRES[dd{x; 0)CAUSE[BECOMEknow qy; 2)]] >
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Arabic

€P Xdrs

Example

| am teaching mathematics to Sarabh.

Logical Structure

<TNS : PRES[do{x; 0)CAUSE[BECOMEknow qy; 2)]] >

Arabic

€P Xirs

Example

Suhaib taught Mark mathematics.

Logical Structure

<TNS : PAST[dd{x; 0)CAUSE[BECOMEknow qy; 2)]] >

Arabic Example Logical Structure

UBK Asttny || | missed the pland| < TNS : PAST[dA; [missYI;y])] >

YRQryd | 1 wantaring. <TNS : PRES[dAI; [wantql;ring )] >

| , nsyt || | forgot my wallet.|| < TNS : PAST[dI; [forgetql; wallet])] >

IE4@kit || 1 ate the food. <TNS : PAST[dR(: [ealdl: food])] >

IKQa&rbt | I drank the milk. | <TNS : PAST[AA; [drink 1; milk ])] >
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The UniArab code

Given the large amount of code developed as part of the wasgnted in this thesis, it

is available in the attached CD rather than included here.

Package: Name of Class Class Summary

pkgl: ArabicToEnglishMT The main class

pkgl: AdjectiveXMLWriter To write an adjective in the datasource

pkgl: Adjective To hold adjective attributes from the datasource
pkgl: AdverbXMLWriter To write an adverb in the datasource

pkgl: Adverb To hold adverb attributes from the datasource

pkgl: Demonstrative XMLWritet To write a demonstrative in the datasource

pkgl: Demonstrative To hold demonstrative attributes from the datasodrce
pkgl: Global This class to add a new word in lexicon

pkgl: NounXMLWriter To write a noun in the datasource

pkgl: Noun To hold noun attributes from the datasource
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Package: Name of Class

Class Summary

pkgl: OtherWordXMLWriter | To write an OtherWord in the datasource
pkgl: OtherWord To hold OtherWord attributes from the datasource
_ To change the value from lexicon interface’s list to be saved

pkgl: Preparation .

in datasource
pkgl: ProperNounXMLWriter | To write a proper noun in the datasource
pkgl: ProperNoun To hold proper noun attributes from the datasource
pkgl: SearchEngine2 This class to manage search in datasource

o To manage a written an adjective in the XML datasource

pkgl: TempAdjectiveXML _ _ _ .

while the UniArab system is running

To manage a written a new adverb in the XML datasource
pkgl: TempAdverbXML _ _ _ .

while the UniArab system is running

_ To manage a written a new demonstrative in the XML

pkgl: TempDemonstrative XML

datasource while the UniArab system is running

To manage a written a new noun in the XML datasource
pkgl: TempNounXML

while the UniArab system is running

To manage a written a new OtherWord in the XML datasource
pkgl: TempOtherWordXML _ _ _ .

while the UniArab system is running

To manage a written a new proper noun in the XML datasource
pkgl: TempProperNounXML

while the UniArab system is running

To manage a written a new verb in the XML datasource
pkgl: TempVerbXML

while the UniArab system is running
pkgl: Tokenizer This class to split a sentence into word tokens
pkgl: VerbXMLWriter To write a verb in the datasource
pkgl: Verb To hold verb attributes from the datasource
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Package: Name of Class Class Summary

S This class to mange the adjective panel
gui: AdjectivePanel . _ o
in the UniArabs lexicon interface

_ This class to mange the adverb panel in the
gui: AdverbPanel _ _ .
UniArabs lexicon interface

_ . This class to mange the demonstrative panel
gui: DemonstrativesPanel _ . ) _
in the UniArabs lexicon interface

_ This class to mange the noun panel in the
gui: NounPanel _ o
UniArabs lexicon interface

_ This class to mange the OtherWord panel
gui: OtherWordPanel
in the UniArabs lexicon interface

_ This class to mange the proper noun pang
gui: ProperNounPanel _ . ) _
in the UniArabs lexicon interface

_ b I This class to mange the verb panel in the
gui: VerbPane
UniArabs lexicon interface

uniArab: PreUniArab This class to mange the POS of input words
uniArab: UniArab This class to preparation of syntactic parser
uniArab: GenerationLS This class to generate the logical structure
syntaxGeneration: syntaxGeneration This class to mange the syntax generation

) _ This class to mange the generation
generationEnglishMorphology: pressTenseTaBe
of target language morphology

Package: Name of Class Class Summary

xml: AdjectiveDB.XML This is the adjectives stored in the XML datasource
xml: AdverbDB.XML This is the adverbs stored in the XML datasource

xml: DemonstrativeDB.XML| This is the demonstratives stored in the XML datasource

xml: NounDB.XML This is the nouns stored in the XML datasource

xml: OtherWordDB.XML This is the OtherWords stored in the XML datasource

xml: ProperNounDB.XML | This is the proper nouns stored in the XML datasourge

xml: VerbDB.XML This is the verbs stored in the XML datasource
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