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Abstract

This paper presents an interlingua approach tonehine translation of lengthy documents. This aagh is based
on encoding the source text in the form of univiesemantic networks, using the Universal Networkirgnguage,
UNL interlingua, which can then be decoded back ary natural language. This UNL technology hastzmplied
to 1000 pages from the Encyclopedia of Life supfydtems (EOLSS) in order to be translated intcsthefficial
languages of the UNESCO. This paper summarizes\beall strategy adopted with a focus on the dewpdf
UNL documents into Arabic.

1 Introduction

There are several approaches to Machine transl@tidn. Statistical machine translation has been the
most widely used approach so far according to entesurvey (Lopez, 2008). A different approaches t
interlingua approach, similar to UNL, which relies transforming the source language into a language
independent representation, which can then beftnaned into the target language. When multilingual
translation is of interest, the interlingua apptoattows building a system of Natural language$witn-
current efforts rather than the compound efforssagistical approach would require. The challengé w
the interlingua approach is designing a languadependent intermediate representation that captiuees
semantic structures of all languages while remgininambiguous. Section 2 of this paper will briefly
explain the semantic-based approach to machinslatsgon used in multilingual document processing,
through that, the interlingua called Universal Netking Language (UNL) will be introduced. Section 3
will briefly compare UNL with other interlinguase8&tion 4 will discuss how HTML documents can be
translated into different languages using UNL. Becb will examine the structure of the Arabic-UNL
dictionary through which the Arabic language carebeoded and decoded. Section 6 presents the decod-
ing of the UNL representation into Arabic. Sectibpresents an illustrative example of an Arabiogra
lated sentence, and the results of the evaluafidimeatranslation output. Finally, section 8 cormlga the

paper.
2 The UNL System

UNL is an electronic language that enables revgiiimernet articles, written in various languages,
UNL format in order to be translated into any otNetural Language. The architecture of the UNL sys-
tem (Figure 1) comprises three sets of componéidkidla, 1996, 2002, 2005):

1. Linguistic componentghese include dictionaries with Universal Word8A(s) playing the role of
UNL vocabulary, grammatical rules that are resgaasior transforming Natural Languages into UNL
expressions that include the relations and ategbgbnstituting UNL syntax and a different set &g
matical rules responsible for producing well-formgehtences in the target Natural Language, and a
Knowledge Base which is a hierarchical represemtatif the universal concepts found in natural lan-
guages;



2. Software componentshese are two software programs for convertingquidd Language texts into
UNL expressions (the EnConverter), and vice vetisa DeConverter). The EnConverter is a language-
independent parser that provides a framework forpimmlogical, syntactic and semantic analysis syn-
chronously. It is designed to perform the taskafwerting Natural Language into UNL format; i.e. UN
expressions. The DeConverter, on the other hand,l@guage-independent generator that provides a
framework for morphological and syntactic generat@and word selection for the sake of natural callo
tion synchronously. The DeConverter can deconvélit lExpressions into a variety of native languages,
using the Word Dictionary, formalized linguistidea and the Co-occurrence Dictionary of the re$pect
language;

3. System interface componenitsese are protocols and tools that enable the dbWNL documents
over the World Wide Web.
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“Figure 1: The core architecture of the UNL system”

3 UNL interlingua VS. other interlinguas

The principle of interlingua is not new. The fildeas about interlingua machine translation appkesre
the 17th century. Early interlingua MT systems wads® built at Stanford in the 1970s. Many reseansh
worked in this field; such as Soudi et al (2002a&8an (2006), and others. Many interlingua machine
translation systems have been developed recenfiiNTK for example, is a Knowledge-based, accurate
Natural Language Translation system (Nyberg anduMitra 1992, 1994). UNITRAN is another system,
an implementation of a principle-based approadiatural Language translation (Dorr 1987). It might
noted that interlingua is designed to work in acégedomain and that it is quite difficult, or evem-
possible, to extend it to a wider domain.

Universal Networking Language (UNL) is an artificlanguage that can be used as a pivot language in
interlingua-based machine translation systems.irat g§lance, the UNL seems to be a multilingual ma-
chine translation system; i.e., a kind of interliag into which source texts are converted beforagbe
translated into the target languages. It can, @b, fae used for such a purpose, and very effigietiotb.
However, its real strength is to represent knowde@dad its primary objective is to serve as arasifuc-
ture for handling knowledge that already exist€a@n exist in any given language. UNL can expreiss al
kinds of information and knowledge that is conveygdNatural Languages. Unlike other interlinguas,
UNL is language- independent, universal and noitdichto any specific domain; it operates on any lan
guage and any type of document.



4 Translating EOLSS using UNL

EOLSS provides a useful body of knowledge whichustheeach all peoples in their languages and in a
way that fits their cultural backgrounds. UNL sexwthis purpose; it can do both, reproduce EOLSS
knowledge in peoples' native languages, and endides to explore it according to their cultural bac
grounds. The UNL task is to make the entire EOL&Slable in multiple languages starting with the si
official languages of UNESCO. This task involvesn@-step process: the first step is enconvertimg (e
coding) the content of EOLSS from English into URWINLization process); and the second is decon-
verting (decoding) EOLSS content from UNL into matdanguages. The enconversion process will be
carried out under the responsibility of the UNDLuRdation, while the deconversion into the various
natural languages will be carried out by the UNhglaage center(s) of the respective language.

The EOLSS documents are HTML documentgp(//www.undl.org/unldoc/EOLSS/E2-25-01 TXT.a$px
thus, they contain two types of information; lingfig (the text itself) and embedded non-linguigtior-
mation such as the font style (bold, italic or utided) and size, hyperlinks, symbols and equatiéms
order to begin the UNLization process, natural leage sentences have to be extracted first; an HTML
parser has been built for this purpose. This pagsaerates two files: the first file contains thgdut of

the HTML page while the second file is an XML fileat contains the original sentences present in the
HTML file. The second file will be fed to the Enocgarter to be transformed into UNL representation
which, in turn, will be converted into a naturalget language. The decoded text will then be coewin
with the layout file extracted by means of the HT Méarser to yield the target language in the forafiat
the source document. The whole process is outlim&iure 2.

HTML file
(source language)

HTML Parsing

HTML file
(target language)

Layout of the HTML
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XML file of the original
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“Figure 2: HTML document parser”

4.1 Transforming the Content of EOLSS from English into UNL.

In order to Enconvert the English input into a @msal representation in UNL format, the EnConverter
scans the input sentence from left to right to grenftwo main stages: the first stage is automayiead-
tracting the concepts that represent the inputtenthe second stage has to do with linking theseeots
(nodes) together using semantic relations to bthiel so-calledhyper-semantic networkAlansary,
2006b). However, in order to avoid formal ambigstthat can result in misinterpreting conceptgrais
automatic Enconversion is adopted. This semi-auticnpaiocess starts by converting English texts into
lists of nodes (morphemes) using an English Mompdiohl analysis tool, checking the node lists bgEn
lish speakers, then enconverting the node lists WXL expressions using the English EnConverted, an
finally verifying the UNL expressions using the UNferifier and the English DeConverter. Figure (3)
represents an example of an enconverted seritence

1 EOLSS- human interaction with land and water



[5:23]

{org}

The basic water resource is the precipitation supporting vegetation, society, and ecosystems with water,
{forg}

{unf}

a0](precipitation|ick=process):0Y. @entry. @def, resourcelict=functional thing):01. @topic. @def)

agt(support(ick>maintain{agt=thing,obj=thing)):1C.@progress, precipitation{ict>process):0Y. @entry. @def)
obj{support{ici=maintain{agt>thing,obj>thing)):1C. @progress, :01)

and:01({ecosystem:2C.@entry.@pl,  society(ick=group):1Z)
a0j:01{with{ici=having{aoj»thing,obj=thing}):2N, ecosystem:2C. @entry.@pl)
obj:01(with{ict~having(aoj=thing, obj=thing)):2N, water(icl=liquid):25)
and:01{societylicl=group):1Z, vegetation(icl=plant):IN)
mod(resource(icl>functional thing):0. @topic.@def,  basic(mod<thing):06)
mod(resource(ick-functional thing):0l. @topic.@def,  water(ick-liquid):0C)

{funl

/8]

“Figure3: an example of an enconverted sentence”

5 The Technical Design of the UNL-Arabic Dictionary

The UNL-Arabic dictionary stores the meaninof words the concepts that languis express and the
context in which they would be fou), the Arabic word headings and the linguistiformation the will
guide the encoding and decoding proce We will focus here on word headings and linguistiorma-
tion.

5.1 Word headings

In building the Arabidictionary, entriewere inserted in the form of sterttsavoid adding althe possi-
ble inflectional and derivational paradigms of eachidakiterr. In fact, this decisiotnas been made to
suit the approach we have adoptedealing with Arabic wordshoth linguistically and computationa;
In other words, our desigaf the Head Word is based ahe form needed to fulfill natural langua
processing tasks (Alansary 2003).
Discussinghow each type of Arabic words is dealt with insale dictionary requits a detailed genera-
tive and analytical study on Araklanguage which is not the aim of this p&merd would be irreleva.
Instead and in order to convaygeneral and accurate idea aboutstructureof the Arabic lexical entry
this section will deal with two examp from nouns and verbs. The noun exampleelected from the
class of nouns that ends‘iHamza” since they show a noticeable change on botlirntgaistic andortho-
graphic levels, which makes thedea for illustrating the idea behind our stem-baapgroact
Firstly, the noun example&iouns ending in Ham and how their stems aextracted to be subsequer
stored. From an orthographpoint of viewthere are four forms of the final Han; namely: , ,
and . Hence, every word eimdy in “Hamza” is stored in the dictionary withailke “Hamza” so that
the possiblevord forms can be generated fra single same stem as shown able .. For example, the
word “ "“sa araa?” ‘Desertis stored in the dictionary ", from which allthe different para-
digms can be generated . But, does this implyhat every noun eiing in
shouldbe stored in the dictionary witha  ? It seems not, consideritige difference betwe: the words
“ "and “ " “daw?” ‘Light’ for one example. Although they both end in, the latter has two
lexical entries (stems) storedtime dictionary, i.e and . In this casethe variousparadigms of
thelexeme will be derived from two ste rather

2 Alansary (forthcoming). The technical Design of frbic-UNL Dictionary: Challenges and Implicatio



than one. A second type of words ending in Hamza k@& distinguished; words like “” “mabda?”
‘principle’. Does this type of “Hamza” affect therm and number of stems? Yes, as shown in table 1,
this type of word ending generally has two stentser€ are, however, some exceptions e.g. the word
“ " "?abta?” ‘slower’ which is stored as one lexical entry .

Steml| WF1 WF2 Stem2) WF | WF
# " $ $ $
%& '
“Table 1: Stem forms of the final Hamzanouns”

The third type of final “Hamza” is . This type of words is stored as a single sterhauit the Hamza,
as in ) *¥ “takaafu?” ‘equivalence’ which is stored as*+”. Yet, there are some exceptions such as
“(-(-" “lu?lu?” ‘Pearls’ which is stored with two steris/-  (-(-". The most interesting point here is that
the final Hamza is not deleted, rather, it is cdastd a part of the stem.

Secondly, some verb examples that show how diftdygres of verbs are stored in the dictionary can b
pointed out such as0"” “baala” ‘sold’, “, 2 ” “khaafa” ‘Feared’ and 3 4 “qaala” ‘said’. Although all
these verbs are Hollow0"” has 3 stems5 56 0 ), “,2 " has 2 stems7@ ,2 ) and ‘3 4 has four
stems 86484 3 4 3 Ybecause each verb follows a different morphologiedtern; 0 ” follows “ 899
g<z>, 2 " follows “89=89Yvhile “3 4 follows “8;=6899

So far, we have presented some examples of thatieas in the forms of lexical entries and theirres-
ponding stems. It should be clear by now that dgiaty a successfidtrategy for storing the minimum
number of stems capable of generating and analyifgabic words is not an easy task, to say éaest.

If these complexities were encountered in only examples, how complex would be extracting and stor-
ing the suitable stems for the rest of the words éxist in the Arabic language.

5.2 Augmenting Stems with Linguistic Features

Various types of information about the linguistighlavior of words are stored in the dictionary talda
generating all, and only, correct word forms aslwelusing these words to constitute well-formeg-sy
tactic structures.

At the morphological level, much information hagbestored with each stem describing its morphologi-
cal behavior in order to facilitate the selectidrth@ correct word ending. For example, on the loared, a
code has been stored with the stem in order to add the final " in case of singular, and “ " in
case of plural and so on. On the other hand, aflistffixes is stored in the dictionary with infoation
about the behavior of each and the type of wordghich it can be attached.

At the syntactic level, a list of syntactic attribs has been attached to control word order insgfe
tences. This has been achieved by studying thesrahgyntactic arguments a verb takes and the rahge
semantic arguments the verb expresses. The differeetween the vert?6” “mayyaza” ‘favored’ and
the verb ?6@4%amayyaza” ‘characterized’, as in examples (hyg2) below, lies in the fact that the
theme of the verb in (1) is its syntactic subjebila/the theme of the verb in (2) is its syntactzect.
Such information represents the mapping betweetasyand semantics, which is substantial in our dic-
tionary to enable the grammar to decode UNL sermargiworks into well-formed syntactic structures.

(1) tamayyaza ?al?ibn baltafawwég=B- CD ?6@+ (2) mayyaza ?al?ab ?ibnah&% FG ?6
The son was characterized by his excedlenc The father favored his son

6. Deconverting UNL into Arabic

The Arabic language is a morphologically and sytitally rich language; hence, its automatic gerienat
from an interlingua is very complicated. The autbongeneration of an Arabic text from the UNL inter
lingua, which is a hyper-semantic network, shoudd of all the linguistic information conveyed by th
universal representation. The DeConverter genethgetarget sentences in a native language from UNL



expressions using deconversion rules and the dantyoof the respective language. This processsdbgrt
recognizing the main concept in the sentence. &rdbconversion rules, then, have to select thaldait
Arabic syntactic structure in which the universapnesentation should be generated; a topic-comment
structure or a VSO structure, for example. Finathe dictionary should provide the appropriate deki
items of the target language. In order to follow thain steps of generating Arabic language fromrint
lingua, the next subsections will focus on the niagpetween concepts and Arabic words, the symtacti
stage and the morphological stage respectively.

6.1 Stages of Arabic Generation Grammar

The Arabic generation grammar is divided into thstsges; namely, the lexical mapping stage, the syn
tactic stage and the morphological stage.

6.1.1 The Lexical Mapping Stage

The lexical mapping stage performs the mapping éetnthe meaning conveyed by the concepts of the
intermediate representation (UNL intelingua) anel lgxical items of the target language. For example
the word “part” can be translated in the Arabicgaage as ?H’ “guz?” or “1 $” “dawr”, or “J6K’L
“naa iyah” or “JM %"“mantigah” according to the context in which it appedssIL provides a different
concept for each of these words distinguishing betwthe different senses of the word “part”, a faat
helps in overcoming the problem of lexical ambigultiring the translation process. To be more peecis
the word “part” is expressed in the UNL represeotaby four different concepts “part(icl>section)”
which is mapped with the corresponding Arabic nduPH’, the concept “part(icl>role)” which is
mapped with the corresponding Arabic noufs*, the concept “part(icl>area)” which is mappediwtihe
corresponding Arabic nounl6K’Land the concept “part(icl>region)” which is mappeith the corres-
ponding Arabic nounJM % However, in many cases the situation is more mlesmh One of these cases
is when a single concept is mapped with more thanlexical item in the target language. For example
the Universal Word “people(icl>person)” can be maghvith either NOP” “shakhg, “! QLR?insaan’,
“J@Qtnasamah” or S L” “naas” in Arabic; the selection between thesdeddnt lexical items depends
entirely on the context in which they appear. Tieigresents a real challenge. Consider the followg
ample:

3 #)* #V- ,V- l6U LT6- MB=> 4 6:1VC @- WUX>
Wa yftaqid ?alyawm naa 2 billion yaglib ?alnaas ?almaa? min masdéidba
nasamah ?até?al$ y ?alkaafy. People bring water from a distant seurc

Today, 2 billion people lack adegusdnitation.

In (3), generation ruleshould select the lexical iterd@QInasamah” because it representseasusunlike (4).
Consequently, much effort has been invested inigimy the Arabic dictionary with the semantic feasi ne-
cessary to restrict the lexical and/or grammaticabccurrences of each word.

6.1.2 The Syntactic Stage

The syntactic stage is concerned with the ordevartls in the node list under generation. It camdib&led into
two phases. The first builds the main skeletorhefdentence; a process that starts by the decenaetomati-
cally identifying the main predicate of the sentifimarked in the semantic network by the attrii@tentry).
Then, syntactic rules are applied to insert thdéagytit arguments of the predicate, which sometidiffer from
the semantic relationships the predicate has irsémeantic network. The second phase in the gramless
with the generation of modifiers; in this phasdesuare formulated to generate the modifiers oheme in the
network, whether they were of the same type, dewiht in types (mod, aoj. . . etc.). Many chalesgre faced
in the syntactic stage, such as the mapping betsemantics and syntax, and the problem of gengrattmin-
al chunks (N_Cs). Each of these challenges williseussed in more detail in the following sections.



6.1.2.1 The Semantics-Syntax Interface

In recent years, all the studies that addressethtbeaction between syntax and semantics regasyethx as
the basis from which semantic relations can be dedfuin other words, they identify the syntactiguanents
(subject, object, . . . etc.) and then determimestmantic relations between these categoriest(ageme, . . .
etc.) (Alcantara and Moreno, 2004). This way ohkimg was the cause of many problems, the most ipeh
of which is Ambiguity. The UNL system is semantigabased; it is the only linguistic system, as &arwe
know, that starts off by laying down the semanélations and from there pinpoints the syntactiegaties.
Consider the UNL semantic network in Figure 4.

make(agt>thing,obj>thing)
[@entry
agt

gol
& Tnterdependent(aoj>thing)
. nterdependent(aoj>thin
land(ic>natural world) technology(icl>knowledge) P =

“Figure 4: The UNL graph for the English sententechnology has made lands interdependent”

The syntactic module arranges the nodes of theamnktw order to generate a well-formed Arabic seoge
structure. A 'VSO' structure will be selected ifethmain entry is a verbal concept. In this case,
“make(agt>thing,obj>thing)” will fill in the 'V' git, the agent will fill in the 'S’ slot, the theraethe object will

fill in the 'O’ slot and the goal will fill in thBD_O' slot. The formal rules in (5) map semanétation with syn-
tactic slots. The braces refer to the existing nadée node list, the quotations refer to the ntwbe inserted
into the node-list, and "P" refers to the <pric¥itgf the rule.

(5) @) { p2,"@entry,"GOL-O::}""15:p2:gol:"P300;
b) :{ p2,"@entry,"OBJ-G:::}""15:p2:0bj:"PR;
c) { p2,"@entry :::}"*15:p2:agt:"P100;

Accordingly, the distribution of the constituenfstioe sentence can be controlled to generate tlmviag legi-
ble Arabic sentenceJ* B # IG 6H - %*B- YU:lalalat ?altiknulughya ?al?araathutaraabah” ‘Technol-
ogy has made lands interdependent’.

The generation process of the sentence highligktsype and number of syntactic arguments the tedwds and
determines the type and number of semantics argsntleat a predicate expresgas seen in the network in
Figure 4) which reflects the interface between ggiog and syntax (Alansary 2007). In some casesdédtod-
ing process is simply a 1 to 1 mapping between séosaand syntax; however, in most cases, thetgtuis
much more complex. We cannot simply map the gogh@ferb with the indirect object in the syntacgaliza-
tion in every sentence, sometimes the goal maywitipthe direct object in the syntactic realizatiém Figure

5, the entry of the network fills in the 'V' sltlhe agent in the 'S’ slot, the goal in the 'O ahat the theme in the
'ID_QO' slot to generate the legible Arabic sentefiteM- Z O+ #) | M- 0% !*Q- '['Qusaalid ?alsukkaan
sunnad ?alqaraar fi ?ittikhaadh ?alqaraar” ‘populatiom teelp decision-makers in making decision’. The for
mal rules in (6) map semantic relations with sytitaslots. Rule (6a) inserts the right node ifateives “obj”
relation from the left node, therefore O*will be inserted. Rule (6b) has a lower prioriiyyjnserts the node
that receives a “Gol” relation from a verb thamarked in the lexicon with the feature “GOL-O”. $Heature
informs the grammar that the 'goal’ of this verlgyatactically its “obj”, therefore it is mappedthvithe “obj”
slot, and accordingly,|“M- 0 %' is inserted. Rule (6¢) has the lowest priorityinserts the node that receives
“agt” relation, and therefore, the nodé*Q- ” will be inserted.

(6) a) {p2, @entry,OBJ-G:::}"*15:p2:0bj:"P300;
b) { p2,"@entry,GOL-O:::}"*15:p2:gol:"P80
c) { p2, @entry :::}"*15,@pl,N2:p2:agt:1P0;



elp(agt>thing,gol>thing,obj>thing]
.@entry

at obj gol

population(icl>person)

decision-maker.@pl

take(icl>adopt(agt>thing,obj>
thing))

action(icl>process)

“Figure 5: the UNL graph for the English sentenmepulation can help decision-makers take action”
6.1.2.2 Generating Nominal Chunks

Nominal chunks are chunks extending from the beg@qof the noun phrase to the head noun. All kiotls
modifiers and/or specifiers occurring between tlgitning of the noun phrase and the head noumaheded
in N_Cs. In order to generate idiomatic Arabic stoues, rules should be devised to control the igeioa of
nominal chunks (as seen in the network in Figure 6)

Water(icl>liquid) od surface(icl>outside) .@entry

“Figure 6: The graph of the noun phrase ‘Waterauef’

This small network suggests that the concept "Wiateliquid)" restricts the concept "surface(icl>eige)".
Syntactic rules take the decision whether the word “maa?” should be inserted after the wokd "" “sat ”

or before it. From the previous example, we carckate that the applied rule will generate the nwincept in
the nominal phrase, the one that assigns the "meddtion, followed by the other nominal concept ethrece-
ives it. This rule can be applied to generate sdwtructures (see the semantic network in Figiwre 7

mod mod . . >o .
@ event(icl>abstract thing) review(ickinformation)
(@entry

"Figure 7: The UNL graph for the English phrase &iew of tsunami events™

The syntactic rules apply to generate the syntatticcture # L Q+ ~ K _ :B] “?istilraad?a daath tsuna-
mi” ‘A review of tsunami events’ whiclis generated by inserting the main conceptB] , marked in the
network by the attribute_‘@entry followed by the other nominal concept which reesithe ‘mod’ relation
from “~ K 7, then the final concept in the network ‘L Q* However, the situation will be more complicated
when the main concept is assigning "mod" relationsvo nominal concepts at the same time (Figurénghis
case, the question would be; which node in the otwhould be inserted first after the main coneept

condition(icl>abstract thing).@entry

mod mod

generation(icl>action) resonance(icl>phenomenon)

mod

wave(icl>phenomenon)

“Figure 8: The UNL graph for the English phrase éTfesonance conditions of generation of the wave™

In order to decode this semantic network into Acabhe Arabic rules should be able to make thesimtithat
the word ‘C6LI“raniin” ‘resonance’ should be inserted firghen the word “ + “tawallud” which is the Arabic
counterpart of the concept “generation(icl>actiothis is achieved through the formal rules in (7).



(7) (a) {@enrty,N:::}"N,10::mod:"P200;
(b) :{@entry,N:::}"N,"10::mod:"P100;

A higher priority is given to the formal rule ii7q) which states that if the left node assigns ad'nrelation
and the word class of this node is an N, insert Alnebic counterpart of the nominal concept "genera-
tion(icl>phenomenon)" —* + — which receives a "mod" relation. Thus, the Acatules generate (8) but do not
generate (9). The output in (9) is ambiguous bex&@sl’Ican be interpreted as referring tdH " “mawgah”
‘wave’, which is an incorrect analysis, or as mygih§ " D K" “ alaat” ‘conditions’ which is the correct analy-
sis suggested by the semantic network in Figure 8.

(8) JH@- -B-C6L- DK 9) C6L-JH -+ DK
alaat ?alraniin litawallud ?almawgabh. alaat tawallud mawgat ?alraniin.
The resonance conditions of generatiathefwvave The resonance conditions of generation ®fwthve

6.1.3 The Morphological Stage

The morphological stage specifies how words arméar and adjusts the gender, number, person anuitdefi
ness agreement. In this section, we will highlidpiet main morphological features used to improveqiredity of

the morphological structure of words in UNL-basedhldic machine translation systems. The morpholbgica
rules adopted in the current system are adequatgghrto deal with the Arabic morphological phenomémat
come to light in different grammatical contexts.eThext subsection will shed light on the morphatadi
generation of word forms, agreement, and referesmaution.

6.1.3.1 Handling word forms

The Arabic verbs are divided into different catéger each category has a morphological behaviderdift
from the others. For example, the form of the defecserb ‘a+’ “?ataa” ‘come’, with an initial hamza changes
according to the number and the gender of its stbgmd according to the tense. Therefore, sevensfdave
been designed to represent all the possible paresdif the verbd+’ ; theseare1],[ 1, [Y 1 [ H, [#H, [aH
and f+. Each of these forms has a specific code thablesathe grammar to pick the appropriate form
according to the syntactic structure of the sereard the tense of the verb. In addition, a giviér will be
added to the HeadWord depending on the subjetieoférb to generate the final realized form. Baairrules
and transfer rules are also used to control thecteh of the correct stem that represent the lexem striking
feature of Arabic morphology is that verbs of thene type do not necessarily behave in the sameeanamor-
phologically. For example, both the verls 'b2” “?akkada-?akhadha” ‘confirmed-took’ have the hamzthe
initial position but exhibit different morphologichehavior. The morphological rules are powerfubwgh to
generate correctly theerbs“b2 >"ya?khudh” and “c(¥ ‘yu?akkid’ in the present tense andt, for example,
an incorrect form such asc*® “ya?kd”. The reason behind this variation in therphological behavior is that
the morphological pattern of the two verbs is difd.

6.1.3.2 Achieving Agreement

Agreement is achieved using the attributes stometthé lexicon with each entry. Morphological rusould
achieve verb-subject agreement, noun-adjectiveeaggat and number agreement. The scope of the agntem
covers not only contiguous concepts but also disgoous concepts that are not linked semanticalyether.
Consider the examples (10) and (11):

(10) JB d B[#B- J>$ @- J&6 - 11 C6@B 0 @- %U:H
?albii?ah ?almaaddyyah ?allatyltebirat thaabitah. gdalnaa ?almawdutmuhtammiin.
The physical environment that was perceived as The topic raised our attention.

unchanging.



In (e), the word 'Y d “thaabit” ‘unchanging(aoj>thing)’ is related semigcally to the verb “B[ " “?i Ztubira”
‘perceive(icl>become aware)’, but it is not relhtsemantically to the wordJ&6 “bii?ah” ‘environ-
ment(icl>surrounding)’. However, they are relategdther syntactically, therefore, they must agnegender.

6.1.3.3 Reference Resolution

The scope of morphological generation includegstihes dealing with generating reference. In)(the pronoun
“'"“ha” its’ is generated as a reference to its anteced@miitthaqaafah” ‘culture’, which is a singular femi-
nine noun. In (i) the masculine pronourg“its’ is generated to suit its antecedent)!” “al ilm” ‘science’,
which is a singular masculine noun. See the forulalin (Ih).

(1) J64I2G 6M- 5 J O- J)Mi- +l k#B- J6@MBHL *- 86i@B- M)>! Cj | 8c#)6UMB- !6LK - @[?- \@k
0 Q=I) MimU+ B: #B- nUQ- J6-i@- 6>:@-

tama a ?alzdamaa? ?alravaniyyuun ?altaglidiyyuun fi kol ?ard zaman ?an yuwaffiqu ?altamthiil ?alkawny wa Zalm
haraat ?altiqganiyyah ?allatgwwarathaa ?althaqaafah alkhadsmda ?algiyam ?al?akhlaaqiyyah w ?alaeyiir ?almi-
thaaliyyat ?alsuluuk ?allaty waththa telka ?althagaafah nafsihaa.

Traditional spiritual leaders, in every land an@ agpught to reconcile the cosmological represiemsand technical skills
developed by their own particular culture, with #thical values and ideal standards of behavioisde\by that same cul-
ture.

(af) dhalika ?&lm nafsuh. EQ=U:-m-Z That same science.

(1h) a):{<aoj,R1}{>aoj, NLNK,"NFLNK:NFLNK}P200;
b):{<a0j,R2}{>a0j,NLNK,"NMLNK:NMLNK}P200;

In addition, the morphological rules are able toagate another kind of reference; the referenceishaready
expressed in UNL by a universal concept. For examipl (Ip) there is a ‘mod’ relation between the word
“N+7 “turaath” ‘legacy(icl>property)’and the pronoun ‘they(icl>person)’, which has thpessible forms in
the dictionary §, “ ' and “' ”. Morphological rules are able to select the eotpronoun *”, which refers to
the feminine non-human antecededf Mdn (1q), however, there is a ‘mod’ relation between trdv'8@|
“lamal” ‘work(icl>activity)’ and ‘they(icl>person. The rules in this case can generate the referént that
refers to the masculine plural human antecede@U[ Julamaa?’.

(1p) d + 66MMi- $ [ (10) #-K 6dE-r6- U@[! @QU#[> > -
?dlaadat ?althaqaafaat taqyiim turaathihaa. lam yalud yadday ?allulamad ?anna
Cultures re-evaluated their heritage. Jamalahum laysa lahu ta?thiiaaly

Scientists can no longer claim that their work \wélve no
immediate effects

6. An lllustrative Example of the Arabic GenerationProcess from UNL interlingua

Figure 9 demonstrates an example of the generptmress to deconvert a given UNL expression ik,
In the lexical mapping phase, different lexicalrexst have been retrieved from the dictionary. B dkintactic
phase, word order rules have been applied to genesdl- formed sentence structures. The morpholdgi
phase finalize the generation of word forms.



UNL expressiol

{unly
aojllead tofagj>thing obj=thing}: 2X. @entry, activity{icl=action):0K. @topic.[@pl)
obj(lead to{agj=thing obj=thing):2X. @enmy, deterioration{icl=phenomenon}3 5}

obj(deterioraton{icd>phenomenon}:35.  quality(icl=atiribute):3Z)
mod(gualitv(icl=amribute):3Z.  ground water:3M)

aoj(such as(aoj=thing obj=thing}:0'W, activity(icl=action):0K. @topic. @pl)
qualactvitv(icl=acton}:0K @ropic.@pl, alotofiqua<thing}:02)
aoj{economic(agj>thing):0B. activity(icl=action}:0K. @topic. @pl)

obj(such as{agj=thing cbj>thing}:0W, :01)

and:01(mining(icl>industv):2P. [@entry, constuction{icd=way, obj=concrete thing}:27}

and:01(consmuction(icl=wayv. cbj=concrete thing):27, deforestadon(ic=action): 1S
and:01(deforestation(icl=action}:15, application(icl=use): 14}
ob_] Ol(application(icl=use) 14, fertilizer(icl=substance):13}
{oymld
Lexical mappinc @

WORD LISTS - 14
[222c ] "a lot of(gua<thing)" (ST 19 E2) <A 0.0>;

[-le] {3 "activity(icl=action)” (ST.N,10N1PL1R1.1R1 NAN) =A 0.0=;

[-=] {3 "activity(ick-action)” (ST.N N2 N2 1 R2) <A 0.0

[Ll=5] {} "activity(iclzaction)" (STN. N1 PL1RBY) <A 0.0=:

[osa8 {}[Lsad "deterioration(icl>decline in quality)" (ST.19. N1 R2) <A 0.0>;

[ehac] {} "fmﬂlZEI{gngsubstmce)" (ST N N1 R NAN) <A 0.0=
[2aol] {} "femilizer(icl=substance)’ (ST.N.N2N2.1R2NAN) <A 0.0=;

[‘] {} "lead to(api=thing obj>thing)" (ST.V.3V. V412 2GBE21+0OF8 1) <A 0.0>:
[c_éﬂ‘} {} "lead tolagi=thing obi=thing)" (ST.V 3V V11?7 2GBE 21+0 F8 1) =A 0.0=
;5-3"'}{} "lead te@ﬁﬁh]ng,c@}%ng}" STV _3\’_' N2T _ZGBE 21O EB 1) =A ﬂ_{}}
[25] 1} "lead to(aoi=thing obj=thing)" (ST, W 3V V5.172G BE 21+0 F8.1) <A 0.0
[25] {}"lead to{aoi=thing obj=thing)" (ST.V.3V V3,17.2G BE 21+0 E8.1) <A 00>
Syntactic Phas

NODE LIST: 0
es/[lead o (agj- itz hi-bine]
APPLIEDRULE
Al @entry 21 032 2 E AR MO @A ol TR0,
MODE LIST:0
i==/[4lzad to{api>thine chizthing)] [ :»Sldeterioration{i]>dacline m quality)]i>>
APPLIEDRULE
pLEen 2T 2 R R A e AT O N ) RO e P
: NODE LIST:00
M=) ;‘.l,-'hﬂi.—' gt

Generated Structure iL
'.'ri_._#_lr-:l\i:_u:"l S T w ST LY Ten ..":__-"'.l':._."i Wb abande al ool Vg _ﬁ._:.ﬁ"....:E*-_."_'.n.I._;'- fat
Morphological Phas @
et

[ 1} "lead to(zoj>thine obj>thing)
(23A07>2220BF pl. @entry >a0), }ob] §T.21.3V,V4172G BE21+0 F8.1) <A 0.0>;
TEEEE

[z {3 "activity(ic=2ction)” (pl.2 3A0T< Btopic. fipl <20i <a0i > qua <20j ST, IO NI N2 1 BD)
o 00

APFLIEDRULE

TL{23A0F=21 V43V 1G 17 @past " @complete, " @present. @ progress.~@wallH{2 3407 @pl |
[NANSSCOPE: P20,

e

Fazil £ 1= adw»ambﬂawgmyﬂﬂm%
(03A01>22 20BE. 1 @entry >a0] >obj ST 21 3V.V3 172G BE 21+0 F8 1) <A 0 0=

=S |
ZEEEE

Ea] 1} " actvity(icl>action)” (pl,2.3A07< Btopic. Epl.<a0). <a0i>qua=ac,ST.18.N2N2.1.RY)

e 0.0




Generated Sentence

Figure 9: An example of the deconversion process

7. Evaluating the Deconversion’s output

There are various means for evaluating the perfocea@f machine translation systems. The oldesidsise of
human judges to assess the quality of a transl|aianhuman evaluation is very time-consuming dretefore
not always an option. In addition, when using hureaaluation objectivity is always in question. Tdther me-
thod is Automatic Evaluation. The greatest advamtaigusing such a method is that the scoring isatiie,
automated means of evaluation include BLEU, NIS@ RMETEOR. The use of automatic evaluation metrics
became quite widespread in the Machine TranslgtR) community, mainly because such metrics prodde
inexpensive and fast way to assess translationtgulslost efforts focus on devising metrics basedneeasur-
ing the closeness of the output of MT systems #® @nmore human translation(s); the closer iths, ltetter.
The most commonly used MT evaluation metrics irenég/ears has been BLEU (Papineni et al 2002)-an
gram precision metrics that demonstrates a higretadion with human judgment of system adequacyfand
ency. The Recall technique has become extremelgrizpt in assessing the quality of MT output, agfliects

to which degree the candidate translation cover®tiire content of the reference translation (&&tial 2004).
The Arabic UNL language center has generated Arahitslations for 25 documents (more than 13000 sen
tences) from the Encyclopedia of Life Support Syst¢EOLSS) using the UNL technology. Figure (1@)veh

an example of a short paragraph from the Engligtushe@nt: Human Interaction with Land and WateFigure
(11) shows the Arabic output generated from theoewerted version of figure (10). The output in figull)
represents machine quality translation that wdenaérds, subject to post-editing to raise its iquab publish-

ing standards. Figure (12) shows the Arabic ousiigrr post-editing.

This paper presents an overview of kewv rela-
tionships between humans and the water flow-
ing through the landscape where thev live. The
basic water rescurce is the precipitation sup-
porting vegetation, societv, and ecosvstems
with wrater. Out of the precipitation owver the
catchment, one part goes back to the atmos-
prhere as vapor flow or green water flow while
the other part goes as liquid flow or blue water
flow abowve and below theland surface.

“Figure 10: Example of an English text from the E€8”

ol G At N Bl Aale BT Al pall sdy i al
shall 4550 Jpdy ca baddl e (BS A slally
e T
oAl pmadll s Al faud aaly e e 6 slall Al
pluadll sball Ga o 5l JB Ga Jaus ggadl AN
GV sl D e ) QoL (B8 AYY s el [l

AN mhe caty 558

“Figure 11: The deconverted Arabic text”




“Figure 12: The translated text in publishing qtyéli

Two methods have been used to evaluate the outpedchine translation using UNL, the first is theatitative
evaluation: the English documentsunami”has been human-translated taking into consideratie UNL ex-
pression. The comparison between the deconverk¢agnel the human-translated text has been perfoaned
cording to some linguistic criteria that evaludte putput on three levels; the syntactic level Wwhitcludes
word order, order of modifiers, case marking argkition of prepositions and particles. The semadetiel that
includes the comprehensibility of sentences. Thephaogical level includes the well-formedness afrev
forms. And the results were 70-75% syntacticallyrect, 85% semantically correct, and 90% morphalaity
correct (Alansary et al 2007).

The second method is the statistical approachvihatadopted to evaluate the output of machinelatms us-
ing UNL. 500 sentences have been selected randommythe EOLSS and translated by two human tréamsla
in addition to another translator who post-editeel tachine output by making the minimal changesired.
Most efforts focused on devising metrics based eaguring the resemblance between the Arabic dedenve
output and one or more human translations. Thrddaea were used BLEU, F1 and F mean. The restitti®
evaluation of the UNL system were compared to otheze English to Arabic translation systems; namel
Google, Sakhr’s Tarjim and Babylon. UNL translatechieved the best scores in this evaluation, e by
Google, Sakhr and then Babylon. These results gtatestically significant at 95% confidence. Foe ttietails
of this evaluation, cf. Adly and Alansary (2009).

8. Conclusion

This paper presents an approach for machine ttaorslasing UNL as an interlingua that intermedidiesveen
different languages. It focuses on Generating Arélom the intermediate representation in the fofreeman-

tic networks. This approach has been applied tdd@ments from the Encyclopedia of Life Supportt&ys
(EOLSS). And, it has been proved that the UNL systan make the dream of language-independent siemant
analysis a reality, thus breaking language barbete/een different nations. The generation of Ardtom the
UNL semantic representation has resulted in alatios that outperformed other systems. To our Kedge,
this trial can be considered as the first leap tdw@enerating natural language from an interliriguaie histo-

ry of Natural Language Processing.

References

Alansary, S., Nagi, M. and Adly, N. 2006&enerating Arabic text: The Decoding Componentrofrdaerlingual System
for Man-Machine Communication in Natural Languaties 6th International Conference on Language Ereging, 6-7
December, Cairo, Egypt.

Alansary, S., Nagi, M. and Adly, N. 2008Brocessing Arabic Content: The Encoding Componéandnterlingual Sys-
tem for Man-Machine Communication in Natural Langéa the 6th international conference on languageirees-
ing”, 6-7 December, Cairo, Egypt.

Alansary, S. 2003. Building a Computational Lexi¢onArabic,the 17th ALS Annual Symposium on Arabic Linguisic,
10 March 2003, Alexandri&ggypt.

Alansary, S., Nagi, M. and Adly, N. 2007. A Semesiased Approach for Multilingual Translation of b&&e Docu-
ments. Alansary, S., Nagi, M., Adly, N.: A Semariased Approach for Multilingual Translation. In&fth Interna-
tional Symposium on Natural Language Processind_B§NPattaya, Thailand.



Alcantara M., Moreno A., 2008yntax to Semantics Transformation: ApplicatioMteebanking Workshop Frontiers in
Corpus Annotation at HLT-NAACL, 2-7 May, Boston.

Adly, N. and Alansary, S. 200%&valuation of Arabic Machine Translation Systemdshsn the Universal Networking
Language the 14th International Conference on Applicati@fisNatural Language to Information Systems “NLDB
2009", 23-26 June, Saarland University, Saarbructgsmmany.

Dorr, B. 1987 UNITRAN: A Principle-Based Approach to Machine Tiation. Al-Technical Report 1000, Massachusetts
Institute of Technology, Cambridge, MA, USA.

Lopez, A., 2008 Statistical Machine Translatigin ACM Comp. Surveys, Vol. 40.Lavie, A., Sagae, Bayaraman, S.
2004 The Significance of Recall in Automatic Metrics K6F Evaluation In Proceedings of the 6th Conference of the
Association for Machine Translation in the Ameri¢AMTA-2004), pp. 134-143, Washington.

Nyberg E. H., Mitamura T. 1994Evaluation Metrics for Knowledge-Based Machine Hlation Proceedings of
COLING-94, August 5-9, Kyoto, Japan.

Nyberg E. H., Mitamura T. 199Zhe KANT system: fast, accurate, high-quality thatien in practical domainsProceed-
ings of the 14th conference on Computational lietjcs, 1992 - Volume 3.

Papineni, K., Roukos, S., Ward, T., Zhu, W. 2BEU: a Method for Automatic Evaluation of Machifieanslation.In
40th Annual Meeting of the Association for Compiataal Linguistics (ACL), pp. 311-318, Philadelphia

Shaalan .K, Monem .AA, Rafea A. and Baraka H. 20@&pping Interlingua Representations to Feature &tes of
Arabic Sentence3he Challenge of Arabic for NLP/MT. London.

Soudi, A., Cavalli-Sforza, V., & Jamari, A., 200 Prototype English-to-Arabic Interlingua-based 8ystem," Proceed-
ings of the Workshop on Arabic Language ResouroesEvaluation - Status and Prospects, 3rd InteynatiConfe-
rence on Language Resources and Evaluation (LRBE)2Das Palmas de Gran Canaria, Spain.

Uchida, H, 1996UNL: Universal Networking Language — An Electrohi@nguage for Communication, Understanding,
and Collaboration UNU/IAS/UNL Center. Tokyo, Japan.

Uchida H., Zhu M., 200®niversal Word and UNL Knowledge BaséCUKL, Goa, India.

Uchida H., Zhu M., 2008JNL2005 for Providing Knowledge Infrastructyi®eC2005 Workshohiba, Japan.



