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Abstract—There is a clear need for dictionaries translatingoetween a large number of languages. The creatiorf a dictionary of

good quality takes a lot of time, and given the fadhat 5000-6000 languages yield 25-30 million parof languages, it is important
to have a database that provides the possibility taranslate directly between pairs of languages. Thproblem is that words are
often hard to match across languages: different wals from different languages do not have the same mge of meanings, not all
words from one languages have an equivalent in thether, etc. This paper sheds light on a multilingubdatabase in which most of
these problems are solved.

1 INTRODUCTION

Over the last few decades, a large amount of newederesources have arisen: machine readableodaties, lexical
databases, full-form lexicons, morphological dasaisa semantic networks, dictionary databases, letis. commonly
accepted that there are about five to six thoudanduages. Many pairs of languages such as X andoYhot have a
dictionary from X to Y or from Y to X, there are lgrdictionaries for the pairs from X to English/Rih/Spanish as the
source language or dictionaries for English/FreBphhish to Y as the target language. There isa nkeed for dictionaries
translating between the large number of differangliages without the intervention of a small nundiéiestern European
languages with a colonial past. Creating a dictiprd good quality exhausts a lot of time and dff@iven the fact that
5000-6000 languages would yield 25-30 million paifsanguages, this makes it important to havetaldse that provides
the possibility to translate directly between paiftanguages. Since creating a bilingual dictigrfar every language pair is
not a viable option, we need a way to reach thees@sult as if we had built bilingual dictionarieg need to have a system
that overcomes all the difficulties that preverd timking of dictionaries. A well-known problemtisat words are often hard
to match across languages i.e. different words fdifferent languages do not have the same rangeeainings, not all
words from one language have an equivalent in therpetc. Moreover, a multilingual lexical databashould meet a
number of requirements [1].

« Languages will be connected at the level of meaniagd not at the level of words. Words can displapiguities,
they are arbitrary and by no means identical adevgguages. Hence, words of different languagesever said to
be literally translated, but they share a meaning.

¢ With an increasing number of languages grows expibally, the meanings of the different languagesusth not be
linked up in pairs, but are to be connected viansgrmediate set of meanings. Since using oneefahguages as
an intermediate structure would make the systenem#gnt on the particularities of that central laagg) this
intermediate structure should be a language-indég@n interlingual set of meanings, to avoid a nembf
undesirable effects.

e Since not all interlingual meanings are lexicalizadevery language, there will be lexical gaps. &ctmanism
should be present to produce translations to owmeecsuch lexical gaps since it would be unproductawe
undesirable to resolve this problem by forcing gyaeaning in the interlingua to be expressed imelanguage, in
order to avoid the existence of lexical gaps.

In this paper, we will be presenting MUHIT (Multigual Harmonized database) as a solution. Sinagiicgea bilingual
dictionary for every language pair is not a viabfgion. We need a way to reach the same effectowithctually doing so.
Moreover, creating a bilingual dictionary for evéapguage pair does not seem as a likely solutemabse the huge number
of the bilingual dictionaries would lead to slowopessing and bad interaction. We need a systenotleatomes all these
difficulties. This system is not supposed to beyleage depended, but it should be concept dependhéch means including
all the possible concepts in order to enable easguage to describe those concepts freely, reguitithe prevention of the
overlapping across languages. The main purposki®paper is to explore an electronic system (Muogiual Harmonized
database, MUHIT) that yields bilingual dictionarites every pair of languages presented within thstesn. Section 2
discusses the difference between the lexical dagabad the dictionary database. Section 3 sheusdigMUHIT in detalils.
Section 4 represents the development of MUHIT eRrplg its methodology. Section 5 represents theguistic
infrastructure of MUHIT. Section 6 discusses howse the system and shows the different informétian users can get



from using MUHIT. Section 7 represents how to g#ptte in updating and enhancing MUHIT. Sectione@resents
different applications that can be built dependingMUHIT system and finally section 9 concludes paper.

2  MULTILINGUAL DATABASE VERSES M ULTILINGUAL DICTIONARY ?

The purposes of usage of a lexical database deratit from those of a dictionary. MUHIT databa#féeds from the design
of dictionary databases in a number of things. &ihdoes not list only lemmas, but complete irtBecforms as wellas the
amount and type of information stored for each lenisrdifferent [2].

On the one hand, lexicographers define the dictipaa a collection of words in one or more spedditguages, often
listed alphabetically, with usage information, défons, etymologies, phonetics, pronunciationg] ather information[3].
Multilingual dictionary is designed to link betweemo languages; one is source and the other igta@n the other hand,
the database is also an organized collection &. dddwever, the data are typically organized to ehedlevant aspects of
reality in a way that supports processes requiting information. Usually databases have a systerschema which is
especially designed for applications that inteveith the user [4]. Lexical database can be usealgearch engine providing
human users with lexical information, and also ibPNapplications, computer aided language-learnysgesns, computer
aided linguistic research, etc. In addition, thdtitmgual lexical databases are set up as to lm&esource and many target
languages (all the languages in the system) [2]iNMgual dictionaries are likely to be designed &ypivot language or
meta-language (most of them is English) which isduas a bridge to cross over to any other languBtgs, would permit
many drawbacks to occurs like lexical gaps [1].

3 WHATIS MUHIT?

"MUHIT" is an abbreviation for (MUItilingual Harmadred dicTionary) but it is not just an abbreviatioghconstitutes a
meaningful word. The name "MUHIT" has been inspibgcthe Arabic word Y=4” (al-Muhit), which means "Ocean" and
"comprehensive". Moreover, it is part of one of thest celebrated Arabic dictionaries (al-Qamus ahi), compiled by al-
Firuzabadi (1329-1414) that has been widely usedednturies [5].

MUHIT is a multilingual electronic lexical databasdich has been developed within the universal ngtimg language
(UNL) framework [6], [7], [8] and it is one of th&/NDL Foundation [9] products in cooperation withbBotheca
Alexandrina. MUHIT is available on the UNE(http://www.unlweb.net/lab/) where entries haverbegerlinked by sense,
and natural language word forms have been assddiata uniform concept identifier (UWs), the womfsUNL [7], [10].
MUHIT contains more than 10,000,000 word forms extiéd from more than 40 languages, tablel shoves tlmguages
and the number of word forms from each language.

TABLE 1: THE EXACT FIGURES OF THE CURRENT VERSION OF THE SY&SW

Language Word French 938,576 Malay 15,275 Swedish 5,411
Forms Georgian 6,436 Nepali 3,360 Tamil 10,839

Abkhaziar 1 German 78,442 Panjabi 2,630 Telugu 39,512
Afrikaans 12,008 Greek 13.950 Persian 9,098 Thai 5,383

Arabic 2,333,305 (Modern) ! Polish 1,502 Turkish 5,578
Armenian 1,700,166 Guijarati 360 Portuguese 368,776 Ukrainian 191,704
Assamese 232 Hindi 1,694 Romanian 5,063 Viethamese 9,871
Baatonum 4,116 Hungarian 180,159 Russian 1,611,082 TOTAL 11,824,995

Bengal 9,18 Indonesia 9,62¢ Serbian 84,935
Bulgariar 58,19« Italian 170,89( Sinhala 2,104

Chinese 66,652 Japanese 8,748 Slovak 3,452

Croatian 87,821 Kannada 3,337 Slovenian 467,601

Dutch 3,067 Khmer 4,481 Spanish 1,372,813
English 398,304 Lao 30 Swahili 2,287
Estonial 148,92¢ Latin 1,368,01.

As shown from tablel, the number of entries vafiesn one language to another and is continuousse&sing. Languages
vary in terms of the number of word forms each leage includes, some languages include few word<ditte Abkhazian
language which has only one word form, lao languaae only (30) word forms and Hindi language had (@ord forms.
While some other languages have substantially fangenber of word forms like English which includg98,304) word
forms, Russian which includes (1,585,693) word ®@and Spanish includes (1,374,495) word forms. isriamguage ranks
first inside MUHIT as it represents about 20% of twhole size; the Arabic share is 2,332,765 wordn$o
(http://www.unlweb.net/muhit/index.php?muhit=repdvtUHIT also contains rare languages not found ewenother
multilingual lexical databases. For example langsags Baatonum, Panjabi, Nepali and Sinhala aréonatd in famous
multilingual dictionary like Google.




MUHIT was developed mainly for cross-language wsedrch. This means that MUHIT can help users idirign and
using information in their native or non—nativedaages. This is clear from the design of MUHIT.

4 HowIs MUHIT DEVELOPED?

As mentioned in section 2, MUHIT contains more ti&n000,000 word forms in more than 40 languagdisetries have
been introduced through various projects in the UNL(http://www.unlweb.net/unlarium/), The UNT™ is the UNDL

Foundation’s language resources management syttisna. web-based integrated development envirotffioercreating and
editing language resources for natural languagéeagng especially related (but not limited) te tiNL framework. Some
of these projects are WordNet based and some o#lrercorpus based. This section introduces therdift projects
integrated in building MUHIT lexical database, thien of each project and the achievements of eacfeqirin different

languages. In addition, this section will also préghe participants of building MUHIT.

A. Methodology
This subsection describes the approach adoptediiding MUHIT. There are several approaches to duniultilingual
lexical databases such as Parallel Wordlists apprddub-and-Spoke Mode approach, WordNet approacuilex et al.
approach and Corpus Based approach [1].The metbgg@dopted in developing the computational lexi¢MUHIT”
depends on the combination of WordNet approach amgus based approach through many projects whiste tbeen
developed through the UR™ environment. To develop multilingual lexical resoes there are two methods. First method
depends on reusing existing resources. Second thdtifeends on building machine readable dictiondrges scratch [10].
MUHIT is a combination of both methods.

B. Projects
This subsection presents the different projects MidHIT is composed of, illustrating the aim ancethrogress of each
project. BRUNO, MIR, LPP, LIS, LEWIS & SHORT willebdiscussed. Each project was developed for aiceita but all
their lexicon were integrated to form MUHIT lexicofror more details about each project and othejegi® see
(http://www.unlweb.net/wiki/Projects).

1) BRUNO
The project BRUNO (Basic Resources for UNLizatiOs)devoted to the creation of NL-UNL (analysis) tiinaries.
BRUNO project has two goals. First, is to providgeeral word-to-concept monolingual databases @recpding or reader's
dictionaries). Second, is to find concepts thatratenclosed in the WordNet3.0 and should be pmated to the UNL
Dictionary. BRUNO is language dependent projecterifManguage has its own set of entries to be addce It includes
more than50,000lemmas to be addressed in universal concepts. Zahlews the progress of BRUNO project among
different languages illustrating that Arabic ramissfirst in terms participation.

TABLE 2: BRUNO PROGRESS REPORT

| Language | Target ’Current |Accomp|ished

[ Arabic [[51,837][ 51,837 | 100.00%
| Armenian | 601 | 535 59.02%
[ Bulgarian || 2,242 || 2,032 90.63%

| Chinese | 4,746 88.18%

|Hungarian| 1,925 1,816
| Kannada | 700 192
| Khmer | 303

| Panjabi | 958 250

|Slovenian | 2,050

[ Telugu [ 2,057

[ thai [ 1,975

s |

|
|
|
|
|
[ malay |[ 4,175 |[ 4,175
|
|
|
|
|

|Ukrainian | 2,258

2) MIR
MIR is a centralized repository of lexical datarexted from the WordNet3.0. It contains 117,659 Ukpresenting
different sets of synonyms (or synsets) of Englsibe associated to the corresponding lexical itefrany language. MIR
project is divided into two phases, MIR1 considt&1,241 concepts and MIR2 consists of 90,373 cptscéMIR project has



two main goals. First, is to provide a concept-tmrdvmultilingual database. Second, is to assigegrat of universality to
each of the senses registered in the WordNet3.blege8shows the progress of MIR1 and table 4 shtbegprogress of
MIR2among different languages.

TABLE 3:MIR1 PROGRESS REPORT

| Language |Target iCurrent ‘Accomplished | Kaiirida |27’241 [ 1dlis [ b
= = = : [ hmer [27.241] 1334 || 4.90%
| Afrikaans  |[27,241] 2,864 || 10.51%
' = i — _ | Lao [272a1] 30 ][ oa1%w
[ arabic  |[27,241] 27,087 || 90.42% - !
= - e - — | Latin [27,241] 7,645 || 28.07%
| Armenian  |[27,241] 27,158 || 90.70% , ,
- ! ' d | Malay [27,241] 5,282 || 19.30%
| Assamese [[27,241] 132 | o.51% ! = - ; _
' ——— ' | Mepali 27241 1699 | 6.24%
| Azerbaijani |[27,241] 120 || 0.44% — - . —
- ! ! [ Ppanjabi [27,241] 725 | 2e6%
| Bastonum [[27,241] 3,078 | 11.30% - — . :
- - | - | persian 27241 3040 | 11.19%
[ Bengali [27,241] 1625 || so7% | - — 7 =
I : | | Polish [27,241] 1148 || 421%
[ Bulgarian _[[27,201] 3079 | 1461% [ Portuguese 27,241 27,004 || 29.13%
| chinese  ][27,241] 14532 | s53.35% | [ Romanian ||27,201| 1287 | a2
[ Croatian [27241]] 3278 || 12.03% | | Russian 27,241 27201 | s9.82%
[ Dutch [[27.241] 1628 || s08% [ serbian 27,241 2,849 || 10.46%
[ English _[[27,241] 27,241 || 100.00% | sinhala 27281 1325 || 4.e6%
[ Estonian  [[27,241] 3,118 || 11.44% [ Slovak (27201 1282 || a71%
[ French  [[27,241][ 27,201 | 90.85% | stovenian 27,241 sasa || 31.00%
| Georgian [[27,241] 1400 || s.47% | spanish  |[[27,241] 27,220 | s9.06%
[ cerman [[27,241] 26,645 || o07.81% [ swanili 27,241 1850 || s.00%
|Greek (Modern)|[27,241 | 3,168 || 11.63% [ vamil [27,241] 3062 || 11.24%
|  cujarati [[27,241] 120 || 0.44% [ tewgu  J272a1] 2115 || 77e%
[ Hindi [[27.241]] ese || 3.19% | Thai [27.241] 2,843 | 10.44%
| Hungarian [[27,241] 4,020 || 14.76% [ Turkish 27,241 1891 [ e3am
| ndomesian |[27,241] o05 | 365% | ukrainian  [[27,2a1] 6228 | 22.86%
l_ Italian _|27,241.| 3,414 ‘ 12.53% | Vietnamese |27,241 ‘ 1,699 ‘ 6.24%
| Japanese (27,241 1660 || 6.13%
TABLE 4: MIR2PROGRESS REPORT
| Language ‘Target|Current fAccompIished | Malay | 90,373 3,093 | 3.42%
[ afrikaans  [[90,373]] 1897 || 2.10% | Nepall | 90373 1657 | 1.83%
[ Arabic 90,373 90164 || 99.77% | persian 90373 1238 | 1.37%
Armenian 90,373 | 466 0.52% | Portuguese | 90.3?3_| 3,819 ‘ 4.23%
Baatonum 90,373 | 170 | 0.19% | Romanian |_90:373 | 395 ‘ 0.44%
Bengali 90,373' 157 | 0.17% | Russian | 90,3?3_ 2,310 2.56%
Bulgarian  [90373 [ 2084 | z.28% serbian || 90,373 || 1,288 | 1.43%
Chinese  [90,373][ 3,998 || 4.42% _ slovak | 90,373]| 127 0,14%
Croatian 50,373 || 1,986 2.20% slovenian | 90,373 || 2528 |  2.80%
Dutch _90,373_: 152 0.17% | Spanish :| 90,373 | 1,786 1.98%
English [ 90,373 | s0,356 || so.8% ' Tamil [0.373]] 1935 2.14%
Estonian [ 90,373 | 1,587 | 1.76% | Tegu  [[s0,373] 1771 1.96%
French 90,373 || 4,898 5.42% Thai Tsasa 1918 T S
Herman Wl £ | 190% Turkish || 90,373 [ 151 0.17%
Greek (Modern) [ 20373 ]| 1999 | 221% | ukrainian  [[s0373] 2380 | 263%
| Hungarian  [90373] 2198 || 2.43m | - d .
| ! ; Vietnamese || 90,373 | 924 | 1.02%
| indonesian [[50,373] 50 0.10% - :
Italian 90,373 ][ 1687 || 187%
Japanese  |[00,373]] 263 0.29%
Khmer 50,373]| e3¢ | o70%
Latin 30,373 5301 | s87%




3) LPP Dictionary
The Project Le Petit Prince (LPP) aims at buildindjctionary for translating Le Petit Prince noyalplished by Antoine de
Saint-Exupéry in 1943,to the Universal Networkiranguage (UNL). The project LPP has two main gdalset standards
and guidelines for human UNLization and to testesaltools that have been developed at the UNDLnBation. The total
number of word of LPP is 1,832.Table5 shows thgmss of building LPP dictionary among differemdaages.

TABLE 5: LPPPROJECT PROGRESS REPORT

1
| Language Target Current Accomplished | 120 [es2 | 21 [ 1asw
[ afrikaans [ 1,832 | 1,023 || 55.84% | Lot [1e32 | 1104 | so26%
[ Arabic 1832 || 1828 || 9978% [ maly [uesa| ses || assew
[ armenian |[ 1832 || 1831 | o0.95% I Nogdli I 1532 } 248 I 15345
[ Assamese [1832] 97 |[ s5.20% Panjabi 1839 | 396 e
[ Baatonum te3z || 1230 [ 67.14% [ Persion |[ 1832 [ 1676 || o148%
| Bengali vesz || 17sz [ e7.27% I Follsh I Adiid } 45 I LA
| Bulgarian 1,832 ‘ 1,764 ‘ 96.20% Portuguese 1,832 || 1,739 94.92%
[ chinese 1832 [ nere [ e9.81% [ Romantan || 1e32 [ 187 || 10.21%
[ croatian 832 || 1828 [ o0978% I Russian I 1,832 } 1,828 I 29.78%
[ Dutch 1832 [ L7so [ 97.15% Serbian 1,832 || 1,639 || 89.47%
[ English 1,832 | 1,832 | 100.00% | sihala 1832 s || asaw
[ Estonian 132 |[ 1e3r [ 99.95% [ slovak  |[1e32 1400 | 76.01%
[ French 832 [ 1828 [ oo78% | stovenian | 1,832 | 1830 || oo.80%
[ German [ 1832 1747 || o5.38% [ spanish | 1832 [ 1678 | o1.50%
|Greek (Modern) [ 1,832 || 1,832 || 100.00% [ swahili 1832 191 |[ 1043%
[ Gujarati 1832 [ 120 || &.55% [ Tamil [1832] 1673 | o1.32%
[ Hindi tezz [ a0 [ zas% [ telgu  [[1832 300 |[ 18.38%
[ Hungarian ez || s2s || 4s.00% | Thai [1e32][ 544 || 20.80%
[ indonesian 1,832 [ 1085 || 59.22% [ Turkish [[1832 [ 1788 | 97.60%
[ malian 1,832 [ 1,823 | oa51% [ Ukrainian || 1,832 [ 1832 | 100.00%
[ Japanese g3z || 340 || 18.56% | vietnamese | 1e32 [ 208 || 11.24%
[ Kannada 1832 [ 83 |[  3.44% - -
[ Khmer 1832 [ 188 || 10.28%

4) LISDictionary
This project aims at building a dictionary for thibrary Information System (LIS) which is an infoation retrieval system
that aims at performing multilingual search ovéalibigraphical metadata. The main goal of the lipiaformation system is
to UNLize a small set of MARCZfiecords and to provide the resources necessargrierate it into at least five different
languages other than Arabic. The project has beealdped by the UNL Center at the Library of Aledea. Table 6 shows
the progress of LIS dictionary among different laages.

TABLE 6: LIS DICTIONARY PROGRESS REPORT

1
| Language Target Current Accomplished
[ arabic | 2881 || ze80 [ o300%

[ armenian | 2861 || 2844 [ ooa1%
[ nssamese [[zme1| 2 [ oor%
[ english  J[zee1 || 1 [ ooz%
[ French | z8e1 | 2708 [ 94.65%
[reek (Modern)|| 2861 | 62 [ 2.41%
[ Hungarian | z8s1 | 25 || osvw
[ matian || 2,861 || 2776 | 97.03%
[ Latin [2861] 25 || o87%
[ Portuguese |[ 2861 | so || 175%
[ Russian | 2881 | 2735 | es.63%
[ spanish | 2861 || 2734 [ os.58%
[ Tamil [2881] 5 || o1r%
[ ukrainian [ zme1 || 110 [ 384%

http://www.loc.gov/marc/specifications/



5 LEWIS& SHORT
The project Lewis & Short Latin Dictionary aims atapping Latin lemmas extracted from the Lewis & $Hatin
Dictionary (1879) into UNL. The lemmas were extemtfrom the online version of "A Latin DictionargVailable at the
Perseus Digital Library. This project is coordirthtyy the UNL Language Center at the University afr&s, in Greece.

C. Participants
After reviewing the projects that constitute MUHIthjs subsection will present how these projectseveeveloped and the
participants; who participate in developing thesejgrts through UNE™™ environment. Participants are: 1) Language-
Centers (LCs), which are responsible for manadieglinguistic resources (dictionaries, grammars, @rpora) created for
a given language. There are many language centets & the Arabic language center in BibliothecaxAhdrina, in
Alexandria, Egypt Ittp://www.bibalex.org/unl/Frontend/home.aspf¥he Russian Language Centéitt://www.unl.ruj,
and the Spanish Language Ceritgg//www.vai.dia.fi.upm.es/ing/projects/unl/indbim).2) Volunteers and freelancers
participate in any project as fully independent aalf-determining contributors and are not comrditeany goal, timetable,
schedule, deadline or obligation other than conmglyiith the system specifications.

5 MUHIT LINGUISTIC INFRASTRUCTURE

As section 3 reviewed the projects and the pasditip of MUHIT, it is important to explain the linigtic infrastructure of
MUHIT. Linguistic knowledge that appears in MUHITa$h been assigned to all words through @NL encompassing
different linguistic levels: morphological informi@h, morpho-syntactic information, syntactic infation and semantic
information. UNL uses a standard and universaldisteatures (Tagset) to describe all types oflthguistic information

concerning every natural language word in MUHITisT&ection will present the linguistic informatitimat constitutes the
linguistic infrastructure of MUHIT provided with fierent examples.

A. Tagset®
This subsection presents how natural language warelsiescribed in MUHIT using a list of featuresrasted from the
UNDL Foundation Tagset. This Tagset is a set ofufes in a UNL dictionary depending on the strugtaf the natural
language. However, in order to boost the standatidiz of the lexical resources used in the UNL fearark, the UNDL
Foundation recommends adopting the following tagsbme specific and pervasive grammatical phenamen

Several of those linguistic constants have beesady proposed in the Data Category Registry (IS62a@, and
represent widely accepted linguistic concepts. filmpose of this Tagset is providing the technicalns for describing any
linguistic behavior which should be done in a hygstiandardized manner, so that others could eastgrstand and exploit
the data for their own benefit. The main intentisrto create a harmonized system in order to makguage resources as
easily understandable and exchangeable as posEitadinguistic information inside MUHIT is a lisff simple features and
a list of inflection rules.

B. Morphological Information

Morphological information is the structure of worddany languages have rich morphology where a sivgbrd can

function as an entire sentence in another languagieexample, the Arabic word /faEnahum/‘sil=>&" can be translated
into the English sentence ‘and We made them’. Téteof morphological information that MUHIT uses chandle these
kinds of phenomena in different languages. Thiseation will discuss some of this morphologicabimhation such as part
of speech, Lexical structure and Inflections of égr

1) Part of speech feature

It is used to classify words into main classes @ach class may include subclasses. The classesamns, verbs, adjective,
adposition, adverb, affix, classifier, conjuncticeterminer, interjection, numeral, particle andrnmun. The system is
designed as such in order to create much flexbitit describing the different types of words. Moren the classes are
divided into subclasses. For example, MUHIT diffdrates between two types of nouns, common nouh 88CGsia"
‘box’ - “<l” ‘door — “4d,4" ‘paper and proper noun ashise cuai” ‘Naguib Mahfouz’ - “r=as” ‘Egypt’ - © sSui sl
‘UNESCOQ’. Pronouns are also included with a dethiltescription as a part of the noun class. It i&@ddd into
demonstrative pronoun such as” ‘this’ - “ ol -

” ot

these’, possessive pronoun as th ‘our’, “ " ‘my’ in words like “L.B”

2 For more information see: http://www.unlweb.nekiliagset
3 http://media.dwds.de/clarin/userguide/text/consel®Ocat.xhtml



‘our pen’ - ‘8" ‘my pen’, relative pronoun such agi” ‘who’ - “ A" ‘who’ - “ ;3" ‘whose’, reflexive pronoun such as
“sa" ‘he’ - “ 4" 'she’ and interrogative pronoun ag<" ‘who’ - “ 3" ‘what’ - “S” ‘how’.

Verbs are also classified into subclasses, fubyeopula verb, and modal verb. Full verb is thémvarb which is
the head of a verbal phrase with full meaning. talAc, full verb is the most widely used type ofb& For example, in the
sentencé Lkl A4 JSi" ‘the boy ate the food’ the vethsi" ‘eat’ is a “full verb” as it expresses the meanaighe “eating”
action. Copula is a word used to link the subjéa sentence with a predicate (a subject complembnEnglish, verb "to
be" that conveys the meaning of “having the quabitybeing” is an example of copula. The Arabic v&d3' ‘seem’ as
in "ie )l a4 21" ‘the room seems empty’ indicates the meaning efrfg” therefore acting as a copula. Auxiliary vesta
verb that gives further semantic or syntactic infation about a main or full verb. It is also calteglping verb, helper verb
or auxiliary verb, for example the Arabic vetps" in the sentenciul ) Lesie 3,81 caly A4 € “The boy was playing ball
when | saw him’ indicates that the main veglX" ‘play’ occurs in the past. Modal auxiliary verd a type of auxiliary verb
that is used to indicate modality. Modal auxiliargrbs give more information about the function leé tmain verb that
follows it and is used to indicate the attitudestla part of the speaker towards the factual cordéthe utterance, e.g.
uncertainty, definiteness, vagueness, possibilitypically, it is manifested by the grammatical ¢gtey of mood. For
example, the Arabic verlyUsiv" "able’ acts as a modal auxiliary verb in the seogghib s o of sxall gUaiul" ‘The soldier
was able to protect his country’, as it gives miafermation about the function of the main verb&" ‘protect’, it conveys
the “ability” of doing the action.

Adverbs are also classified into four different dlabses. Specifier adverb which is the adverb spatifies an
adjective, a verb or another adverb such'ag “very' - “ L=id” ‘also’. Adjunct adverb which is the adverb thatatjfies an
adjective, a verb or another adverb by indicatiranner, time, place or frequency such as>al" ‘Sincerely’ - “aila Ji”
‘Permanently’ - tke” ‘Practically’. Conjunct adverb which is considdreas a connecting adverb that does not add
information to the sentence and is not considesed part of the propositional content (or at least essential), it only
connects the sentence with previous parts of theodise such asih o« o2 0" ‘In spite of this’ - “l) 48L=yL” ‘In addition
to’ - ‘@l & ‘In fact’. Disjunct adverb which expresses infation that is not considered essential to the sestédt
appears in, but which is considered to be the sgtalor writer's attitude towards, or descriptitatament of, the
propositional content of the sentence suchiad £ " ‘Unfortunately’ - “iuaii iaay” ‘personally’.

Affixes are also classified into four types; prefixsuch as the Arabic definite articlé”“the’ as in “x 1" ‘the boy’
and the Arabic present tense prefie” as in “2,5y” ‘he is drinking’ or “~,<43" ‘she is drinking’. Suffixes such as Arabic
feminine suffix 4" as in ‘“«lx” ‘female teacher’ and the Arabic plural masculméfix “os" as in ‘o " ‘male teachers’
and English present suffix “s” as in “boys”. Infxgvhich appear within the stem, they are very ifenglish, such as "ma"
in "sophistimacated" and such as adding tb the middle of the wordg»" ‘Shield’ to generate the plural form%._-"
‘Shields’. Finally, Circumfixes which appears aéttiont and at the back of the stem, they are vary in English, such as
"a", "ed" in "ascattered".

Conjunctions are also classified into three différypes; coordinating conjunctions such as‘and’ - “ si” ‘or’,
Subordinating conjunctions such asw” ‘While’, Correlative conjunctions that are paiv§ conjunctions that work together
to coordinate two items such a%s" ‘both’, and Complementizers that are special sdbmting conjunctions that introduce
complement clauses such a§’“that’.

Numerals are also classified into six types whichk: @ardinal numbers which describe quantity sugh<ad”
‘three’, Ordinal numbers which describe positiorcisias U5 ‘first’, Partitive numbers which describe divisicsuch as
“Cuai” ‘half’ - “ A8 ‘third’, Multiplicative numbers which describe petition such assisls s 4" ‘once’ - “ob_x" ‘twice’,
Collective numbers which describe groups such A% ‘tripartite’ - “ " ‘fivefold’, and distributive numbers which
describe distributions such &85l & ‘In pairs’.

2) Lexical structurefeature

The second morphological information is the lexistducture. It is used to classify the words intdword (bound
morphemes) such as, in English affixes ("un-","reful", "-ness") and roots that do not occur rao("rupt" in “interrupt”,
"disrupt”, "corrupt", "rupture", etc),and in Arablg+" /sin/ the future prefix. Simple words as the Acaliords 9% ‘read’ -
‘il ‘office’ - “ & ‘wonderful’. Multiword expressions which are ledl structures made up of a sequence of two or
more lexemes such as the English words " darkrodrlye-green”, " get over" and the Arabic words &l e« 4 ) seen”

‘Arab Republic of Egypt’ - “hladl i séias” ‘perilous’ - “3_piln e 44k ‘Indirectly’.

3) Inflectional Paradigms

Inflection is the modification of words to expredifferent grammatical categories such as tensedmazce, aspect, person,
number, gender and case. Conjugation is the iidlecdf verbs; declension is the inflection of nouasljectives and
pronouns. In the UNL framework, inflection is indted by a set of transformations carried over #imelform for generating



the different word forms. For example, Arabic iseoof the highly inflected languages [11].For exapgly assigning a
feature such as M121 to the verhsi)” ‘use’, 146 different verb forms will be generat'em:luding the formgaxivw" ‘he
uses’ -"Laaiul" ‘hoth used’ -"Clerdiny ‘both are using Yoseaaiw" ‘they are using’ '@wadiul" ‘she used’ 'aa33u" ‘'she is
using’ -"beaaiul" ‘poth (feminine) used’ - <235 ‘they (feminine) are using’ * 34" ‘you use (imperative, feminine)’.
Each paradigm contains a list of inflectional ruileat are responsible for generating different wiordhs. Figure 1 shows a

sample of the different inflectional forms of thealic verb'axsiul",

PAS&3PS&SNGEMCLEACY=am5
PSV&PAS&SNG&3PS&MCL=p55
PRS&NOM&3PS&SNG&MCLEALCY:
PSV&PRS&NOMESNG&3PS&MCL=,
PAS&3PPE&MCLEDUARACY =Leastd
PSV&PAS&3PPEMCLEDUA= 21
PRS&NOM&3PPEMCLE&DUASACY = lwsiny
PSV&PRS&NOME&3PP&MCL&DUA= Lassty
PAS&3PP&MCLEPLR&ACY =] jenstd

PSV&PAS&3PP&MCLEPLR=! sax2il PRS&3PS&SNGE&FEM&PSV&ACC=- FUT&3PP&FEM&PLR&NOM=
PRS&NOM&3PP&MCLEPLR&ACY = sy PRS&3PP&DUARFEMEACYEACC=leosins FUT&3PP&FEME&PLREACC =0
PSV&PRS&NOME&E3PP&MCLEPLR= et PRS&3PP&DUARFEM&PSV&ACC=lasts FUT&2PS&MCLESNGE&NOM =522
PAS&3PS&SNG&FEMEACY=aasinl PRS&3PP&PLR&AFEMEACVRACC=pmaatiy FUT&2PS&MCLESNG&ACC=x=
PSV&PAS&3PSRFEM&SNG=ressld PRS&3PP&PLR&FEMEPSVRACC= sty FUT&2PP&DUA&MCLENOM=
PRS&NOM&3PS&SNG&FEMEACY=p150 PRS&2PS&SNGE&MCLEACVEACC=- FUT&2PP&DUA&MCLEACC

PSV&PRS&NOME3PS&FEM&SNG =25
PAS&3PPE&FEMEACVE&DUA= 22000
PSV&PAS&3PPEFEM&DUA= el
PRS&NOM&3PP&FEM&ACY&DUA=Laxsis
PSV&PRS&NOME&3PPEFEME&DUA=Laxsius
PAS&3PPAFEM&EACVEPLR=.
PSV&PAS&3PP&FEME PLR=asstul
PRS&NOME&3PP&FEM&ACVEPLR= 030
PAS&2PS&MCLEACY ESNG=rexsinl
PSV&PAS&2PS&MCL&SNG=reosin
PRS&NOM&2PS&MCL&ACVESNG ]
PSV&PRS&NOME2PS&MCLRSNG =25
IMP&2PS&MCLEACY&SNG=

PAS&2PP&DUARMCLEACY-L J PRS&1PP&PLR&ACV&ACC=
PSV&PAS&2PP&DUARMCL=! '] PRS&1PP&PLRE&PSV&ACC=
PRS&NOM&2PP&DUAGMCLEACY = a3l PRS&3PS&SNGE&MCLEACVEIUS

PSV&PRS&NOME&2PP&DUAGMCL=jlessins
IMP&2PP&DUAGMCLEACY=Las2k)

PRS&NOM& 1PP&ACY&PLR=p25%0

PRS&NOM & 1PP&PSV&PLR=m a1

PRS&3PS&SNGE&MCLRACYEAC =i
PRS&3PS&SNGE&MCL&PSV&ACC=-.
PRS&3PP&DUA&MCLEACVEACCS 2
PRS&3PP&DUAMCLE&PSVEACCLaslon
PRS&3PP&PLR&MCLEACVEACCS! sorain
PRS&3PP&PLR&MCLEAPSVEACCS! sersiny
PRS&3PS&SNGEFEM&EACV&ACC=-

PRS&2PS&SNG&MCL&PSV&ACC=;
PRS&2PP&DUASMCLEACY&ACC=la22iuss
PRS&2PP&DUA&MCL&PSV&ACC=Lasis
PRS&2PP&PLR&MCLEAACVEACC=! seasiis
PRS&2PP&PLR&MCLEPSVEACCS! jaasiud
PRS&2PS&SNG&FEM&EACV&ACC=,.
PRS&2PS&SNGE&FEM &PSV&ACC=, -
PRS&2PP&DUASFEM&ACVEACCH
PRS&2PP&DUARFEM&PSV&ACC=luats
PRS&2PP&PLR&FEMEACVRACC=pensind
PRS&2PP&PLR&FEMEPSVRACC=matut
PRS& 1PS& SNGEACY &ACC=p2aiul

PRS&1PS&SNGE&PSV&ACC=

PRS&3PS&SNG&MCL&PSVRIUS
PRS&3PP&DUAMCLEACVEIUS=Lassinny

FUT&3PS&SNG&MCLEACC=paslu
FUT&3PP&MCL&DUAGNOM= =
FUT&3PP&MCL&DUABACC=Lasus
FUT&3PP&MCL&PLR&NOM=

FUT&3PP&MCLEPLR&ACCS! s
FUT&3PS&SNG&FEME&NOM=,
FUT&3PS&SNG&FEMEAC =20t
FUT&3PP&FEM&DUAGNOM=leasluiin
FUT&3PPEFEM&DUABACC=Lesstusin

FUT&2PP&MCL&PLR&ENOM=
FUT&2PPE&MCLE&PLR&ACCS! 522
FUT&2PS&FEM&SNG&NOM=_s
FUT&2PS&FEM&SNG&ACC= o
FUT&2PPE&DUAGFEME&NOM=
FUT&2PP&DUASFEMEACC=Ls.
FUT&2PP&FEM&PLR&NOM=
FUT&2PP&FEM&PLR&ACC=C
FUT&1PS&SNG&NOM=, L
FUT&1PS&SNG&ACC=,
FUT&1PP&PLR&NOM S
FUT&1PP&PLREACC a2t

Figure 1: All the rules of the paradigm M121 and tte generated forms of the verb gl

Inflectional paradigms are also used to generdterdint word forms of nouns as in the noug” ‘publisher’, 12 different
word forms will be generated including the formsi®" ‘male publisher’ -"3_<u" ‘female publisher’ ') &L" ‘two male
publishers’ -"¢li&l" ‘two female publishers’ "o 50" ‘male publishers’ '@l il" ‘female publishers’. Each paradigm
contains a list of inflectional rules that are rasgible for generating different word forms. Fig@&shows a sample of the
different inflectional rules stored in the inflemtial paradigm M532 which handles the regular plir&rabic as in the word
" " which generates the different word forms in diéiet numbers, gender and with different cases.

(1) SNG&MCL:=0>"";

(2) FEM&SNG:=0>";"s

(3) MCL&DUAZNOM:=05""
(4) MCL&DUARACC:=05";":x
(5) MCL&DUA&GNT:=0>";" 3
(6) FEM&DUAGNOM:=05>";"2)5
{

{

{

{

{

{

EE— By

—_— Ol sl

7) FEM&DUA&ACC:=0>";" s
8) FEM&DUA&GNT:=0>";" 5
9) MCL&PLR&NOM:=0>""113
10) MCL&PLR&ACC:=0>";"x
11) MCL&PLR&GNT:=0>""x
12) FEM&PLR:=0>";"

I IV

Figure 2: Paradigm M532 and the generated forms dhe noun “ &

Other inflectional paradigms are responsible ofegating different broken plural patterns as showriigure 3, the noun

“awa )" ‘pavement’ which is assigned to M551 to genethte plural form 4w )" ‘pavements’ - tala” ‘owner’ which is



assigned to M556 to generate the plural foraial” ‘owners’ - “<” ‘door’ which is assigned to M558 to generate the
plural form ‘" ‘doors’ — “u=)” ‘land’ which is assigned to M584 to generate gharal form ‘=" ‘lands’ — “Lsd)”
‘president’ which is assigned to M619 to generhteflural form £L.5,” ‘presidents’ and etc.

s * M551 |PLR:=""$'<0,":[4-4],0>"1  |———> | diaji
cala = MS556 lal
b = M558 =r
o " M559 cydlal
&b * M564 |PLR:=[1]>"" &S
il E:]:I = M581 |PLR:=[2]>" Sl
sal = M584 | PLR:=[2]>" o=l
e " M587 |PLR:=[2]>" Adlle
gy = M619 | PLR:=[2-3]: sluiy
Sls = M620 |PLR:=[2-3]: L
i * M628 | PLR:=[3-4I: =
s = M644 | PLR:=[2-2] b

Figure 3: Different paradigms which generate diffeent broken plural patterns

Inflectional paradigms are also used to generdferdnt word forms of adjectives as in the adjestiveisl” ‘social’, 12
different word forms will be generated includingetforms" =Wl ‘describing masculine noun’ “elial" ‘describing
feminine noun’ "gelial" ‘describing dual masculine nominative nouritiielial" ‘describing dual feminine nominative
noun’' - "uselial" 'describing plural masculine nominative animate moand "<Lelial" ‘describing plural feminine
nominative animate noun’. Each paradigm contailist ®f inflectional rules that are responsible §@merating the different
word forms. Figure 4 shows a sample of the diffeiaflectional rules stored in the inflectional pdigm M466 which
handles adjective with a regular plural patterrAmbic as in the word=Wisl" which generates the different word forms
describing adjectives in different numbers, geradet with different cases.

(1) MCL&SNG:=""<0; s | =lasl
(2) FEM&SNG:=0>";"s > | dslasl
(3) FEM&DUARACC:=0>"" s — 5 | el
(4) FEM&DUA&NOM:=0>"" ) ——— | el
(5) FEM&DUARGNT:=0>";" — R
(6) FEM&PLR&ANM:=0>";"=) —— | cleldal
(7) MCL&DUARACC:=0>""¢ 5 | Caclaal
(8) MCL&DUAZNOM:=0>";"2) — | loldal
(9) MCL&DUARGNT:=05";"C» | caelaal
(10) MCL&PLR&ACCEANM:=0>";" (1 5 | welas)
(11) MCL&PLR&NOM&ANM:=0>","1s5 — s | el
(12) MCL&PLR&GNT&ANM:=0>";"x — Celaal

Figure 4: Paradigm M466 and the generated forms dhe adjective ‘stial”

C. Morpho-syntactic information

Morpho-syntactic information is concerning with tlggammatical categories and linguistic units thatven both
morphological and syntactic properties. Gender, benmmperson and many other features are involvettiéngrammatical
agreement in a large number of languages, theréieseare typical morpho-syntactic features.

1) Transitivity

It is a feature of verbs which indicates the nundfesbjects a verb requires or takes in a givetaimse. The transitivity of a
verb can be basically classified into intransitiiI'ST) and transitive (TSTD). Intransitive verb® durther classified into
two types: unaccusative verb whose subject ishagent, as the verlp#s” ‘flow’ in the Arabic sentencésWll @x" ‘Water
flowed’, the verb “fall” in the English sentenceotih fell”, and unergative verb whose subject isabent, as the verk<x"
‘walk’ in the Arabic sentencélsll " ‘the boy walked’, the verb “run” in the Englishréence “John ran”. Transitive verbs
are further classified into four types: direct si#ive; a verb which takes a subject and a singlect object as the verb
“,a" ‘drink’ in the Arabic sentence"sWl da_ll 4" ‘the man drank the water’, indirect transitiveyerb which takes a
subject and a single indirect object, as the vers_” ‘welcome’ in the Arabic sentenctésua daJll s ‘the man
welcomed his guests’, ditransitive; a verb whicketaa subject and two objects as in the veds “order’ the Arabic
sentencéaall il & " ‘Allah ordered people the truth’, or tritransitjve verb which takes a subject and three objects as



the verb " ‘show’ in the Arabic sentencsle &l jua agllact i oy X" “Thus will Allah show them their deeds as
regrets’. Besides intransitive and transitive vethsre are verbs without transitivity such as daperbs, for example, the
verb ‘s ‘sound’ in the Arabic sentencéha s V" ‘The matter sounds serious’. For more informatavout
transitivity see (http://www.unlweb.net/wiki/Tratigity).

2) Gender

Linguistically, some languages like Arabic has tgenders; masculine and feminine, however, Gendaatfral language
words within the UNL framework is classified intour genders; masculine such as:s” ‘chair’ - “Js)" ‘man’ - “ _Jla"
‘wall’, feminine such as# k" ‘table’ - “<” ‘girl - “ 33 2" ‘newspaper’, common such a&<L=" ‘victim’ - “ J» <" ‘model’

- “3 <" ‘nobody’ and variable such as<” ‘glass’. In the case of common and variable, Wards may be classified as
either masculine or feminine. The difference isttiim common gender, a change of the gender im@liehange of the
natural gender of the reference. For examples2 J=” ‘victim = man’ and “us= 3l " ‘victim = woman’. whereas, in
variable gender, a change of the gender does fexttahe reference, we can sdip ‘" or “s» LS’ both equal ‘this
glass’. Gender attribute is important in generatimg different word forms of both adjectives andbgeas in the adjective
“Lua ‘active’, the word form “hwii"he active’ describes masculine noun and the worthf "4 she active’ describes
feminine noun. Similarly with the verb-£<" ‘write’ the word form “ iS"‘he is writing’ indicates that the verb agent is a
masculine noun and the word form=&"'she is writing’ indicates that verb agent is fenie noun. For more information
about gender see (http://www.unlweb.net/wiki/Gehder

3) Number

The number feature is mainly for describing nou®sme languages like Arabic classify nouns accorttingumbers into
three classes; singular, plural and dual, otheguages like English classify nouns into two classemyular and plural. The
UNL Tagset classifies nouns into three main clgssiegular, plural and invariant and each clastubes subclasses. For
example, the first main class singular includesdthieclass “singular tantum” which describes woldd are singular but do
not have plural form such a&ts” ‘writing’. The second main class plural includesjal nouns such agts” ‘two books’,
paucal nouns which are nouns that refer to few oflaas such ase=:" ‘few’ as in “usw a0 ‘few years’, multal nouns
which are nouns that refer to many of a class sschw " ‘Many of’, plural nouns such asJiki” ‘children’, and plural
tantum which refers to plural nouns that do notehawsingular form such aghs” ‘spices’. The number attribute &lso
assigned to verbs to specify the number of thdijezt and to adjectives to specify the number efShbstantive.
For example, the verbiS”" *he wrote’ is assigned as singular to indicatattits subject is singular, and the verb
“1 K" ‘they ate’ takes plural feature to indicate titatsubject is plural and so on so fors. for adjectives, dss "
‘describes singular masculine noun’ diid<> ‘déscribes dual masculine noun’. For more infatiora about number see
(http://www.unlweb.net/wiki/Number).

4) Person

It is a category that defines the deictic refereioca participant in an event, such as the spettkerddressee or others. It is
classified into first person, second person anddtherson. First person have two subclasses: ggston singular as the
Arabic word"ul" ‘I’ (1PS) and first person plural ag=" ‘we’ (1PP). Second person have two subclassesinseperson
singular as if'<sl" ‘you’ (2PS) and second person plural ag#" ‘you’ (2PP). Third person have two subclassesdthi
person singular as iw" ‘he’ (3PS) and third person plural asle" ‘they' (3PP). Person attribute is also assignedets

to specify the person of the verb subject. For eptanthe Arabic verbgw” *hear’ is assigned the person feature (3PS) to
specify that the verb subject is third person siag(BPS) and the verb fotge ‘I'hear’ is assigned the person feature
(1PS) to describes that the verb subject is fpstson singular (1PS). For more information aboetsgn see
(http://www.unlweb.net/wiki/Person).

5) Tense

It is a category used in the grammatical deschiptbverbs, referring primarily to the way the graar marks the time at
which the action denoted by the verb took plac&ws€ecan be broadly classified into two main catiegpabsolute tense and
relative tense. Each category is classified to laglses such as past tense as the weilj ‘write’ in the sentence 4l i<
w_A” ‘the boy wrote the lesson’ (PAS), present tensama‘vsl A LS ‘the boy writes the lesson’ (PRS) and future
tense as indAll A5l i ‘the boy will write the lesson’ (FUT). Relativeenise is also classified into subclasses such as
relative past (RPT), relative nonpast (NRPT), redatfuture (RFT), etc. For more information abowgng see
(http://www.unlweb.net/wiki/Tense).



6) Case

It is a grammatical category that indicates thergratical function of a word such as the role ofjeaty of direct object, or
of possessor in a phrase or clause. It can be lyrolssified as: accusative case (ACC) which dbesrdirect object of a
verb, for example:als” ‘two boys’ is (ACC) in ‘el da )il i@ ‘the man met the two boys’. Generative case(GMfjch
describes possessor, for examplely” ‘two boys’ is (GNT) in ‘s ¢l 1" ‘the book of the two boys’. Nominative case
(NOM)which describes subject of a finite verb, éoample, &5 ‘two boys’ is (NOM) in “_Si olalsll =l ” ‘the two boys
play football’. Case attribute is important in geaténg different word forms of both adjectives aratbs as in the adjective
“oeaa” little’ the word form “ols="describes noun in nominative case and the word faxms<=" describes noun in
generative case. With regards to the vel “say’ the word form ¥4 "‘they are saying’ describes the verb in the presen
tense and nominative case while the word f6¥nd." ‘they are saying’ describes the verb in the presamse and accusative

case. For more information about case see (htipu/wnlweb.net/wiki/Case).

7) Voice

It is a feature of verbs which describes the retethip between the action that the verb expressdstte participants
identified by its arguments. The voice attribute & classified into active voice, middle voice grassive voice. Not all
languages have these three types. For examplejcAckssifies verbs into only two types; active grassive, for example
the verb"gL" ‘sell’ in the sentencé&icladl Ja ) ¢ ‘the man sold the goods’ is used in the activee@ACV) while in the
sentenceicladl iy ‘goods were sold’ the verb is used in the passoiee (PSV). For more information about voice see
(http://www.unlweb.net/wiki/Voice).

8) Mood

It is one of a set of distinctive verb forms theg¢ ased to signal modality. Imperative mood isangnatical mood that forms
commands or requests. For example, the Arabic Vgeh ‘sell’ in the sentencdicladl & ‘sell the goods’ is used in
imperative mood (IMP). Jussive mood is a grammhtitaod that is used in negation; in negative impeea, and in the
hortative. For example, the Arabic veig-" ‘sell’ in the sentencéi=ladl «n" ‘he sells the goods’ can be used in jussive
mood (JUS) as in the sentent&lall v A" ‘he didn't sell the goods’. For more informatiobcait mood see
(http://www.unlweb.net/wiki/Mood).

D. Syntacticinformation

Syntactic information describes the principles andcesses by which sentences are constructedald déth phrase and
sentence formation out of words. This subsectiolh discuss some syntactic information that are gresil to words in
MUHIT such as valency, aspect and subcategorizatfonmation.

1) Valency

Valency or valence is a category that indicatesntimaber of syntactic arguments required by anyipate. Verb valency
can be: monovalent such as in the sentérigk ix"the boy walked’, divalent such as in the sentehge A5l "the
boy wrote the lesson’, trivalent such as in theiesere"4 » ks Ja i Jaei" ‘the man gave his neighbor a gift’ and tetravalent
such as in the sentent@sle &l yus agllect & agy » " Thus will Allah show them their deeds as regrebs’some cases the
predicate is considered avalent which means tleptiedicate does not have arguments. For exanmglautiful” (adjective)

is avalent. For more information about valency #etp://www.unlweb.net/wiki/Valency).

2) Aspect

Grammatical aspects a feature for verbs which ésl tig indicate the temporal internal structurerofaction, event, or state,
from the point of view of the speaker. There are types of grammatical aspect inceptive(ICP)asi@Arabic sentenda"
"ol = 4 ‘start to explain the lesson’ and causative (CAlyathe Arabic sententesy! diiuelas ‘Made him accept it'.
For more information about aspect see (http://wvmweb.net/wiki/Aspect).

3) Subcategorization frames

They are sets of rules used to generate syntacticteres out of the base form. Subcategorizatramés determine the
number and types of the necessary syntactic argsnigmecifiers, complements and adjuncts) of thib.\@ubcategorization

frames are used in case of valent words whose »syrgads to follow a general rule, i.e., wheneverehcan be stated a
regular pattern for generating constituents linkedthe base form, such as specifiers, complememts aaljuncts. For

example the Arabic sententela! JWll Ja )l s 5"'the man gave money to his neighbor’, The Subcategtion frame is:
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Figure 5: The syntactic tree of the sentence

indicates that the verb-t " ‘give’ has three arguments; verb specifier (nquhmase), verb complement (noun phrase),
another verb complement (adverbial phrase) antiehd of this phrase is the prepositiah to’. As shown in figure 5.

E. Semanticinformation
The semantic information focuses on the relatidmveen signifiers like words, phrases, signs, symlaold what they stand
for; their denotation. This subsection will discussme semantic information as animacy and sematfdgsification of
words.

1) Animacy
It is a semantic category assigned to nominal qaiscét indicates human or animal referents. Aniynaay assume two

possible values: animate (ANM), if the referenaiving object; human or animal, as:)~" ‘teacher’ - 'Us_" ‘man’ - "aki
‘cat’ or inanimate (NANM) which refers to any otheon-living referent ds_ " ‘car’ - " S <" ‘boat’ - "4 " freedom’.

2) Semantic classification of the words

MUHIT utilizes a semantic ontology. This ontologlassifies the entities existing in the natural \doithto a semantic
hierarchy. This hierarchy points out the partictijgoe of each concept and the kind of relatioroltdk with other concepts in
the ontology. Each entry in this hierarchy cardeset of features and attributes and all subclasfsess concept inherit the
properties of that class. Ontologies are useflNli® as they play a crucial role in the disambiguaf word senses as well
as the understanding of a natural language texddbgrmining the exact sense of a word via its osiin the semantic
hierarchy. CYC, WordNet and Sensus are examplestologies that have been used for language ursshelisig[12].

The semantic ontology adopted in MUHIT is the EsiglWordNet 3.0. ontology. In WordNet, English naquwmerbs,
adjectives and adverbs are organized into setyrafnymous words (called synsets), each synsetseptiag one distinct
concept. For example, the words “coast”, “seacods#a-coast” and “seashore” are all synonyms gedujpgether in a
single synset that refers to a unique cognitiveceph which is “the shore of a sea or ocean”. Famgple, nouns in the
WordNet hierarchy are divided into several semafi¢icls each having a “unique beginner” as thetisigmode. A unique
beginner is a semantic entity that probably habypernym and from which nouns that belong to thésirct semantic field
can be pulled out. The WordNet employs a set ofii2fue beginners, 8 of which refer to tangible gsiror “entities”, 5
denote “abstractions” and 3 are “psychological fesgt”.Verbs, modifiers and adverbs are also claskiinto distinct
semantic hierarchies[13].
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Figure 6: WordNet semantic ontology

6 HOW TO USE THE SYSTEM?

This section will present a detailed demonstratbmow to use MUHIT. It is available on the URfLand it is accessible
through the websitehttp://www.unlweb.net/lab/. Bean online application provides the user with enbar of advantages;
data is stored remotely hence requiring no dislcsgeom the part of the user, no installation odatpng is required, and
most importantly providing an easy access throbghinternet. Moreover, the user is not requiretladee an account in the
UNL to access this application.MUHIT is a free apén source application.

MUHIT is auser friendly system, especially desighegrovide the user with the utmost convenientgfedeaturing only
two icons for facilitation of use as shown in figidr One is a help icon, which is found on the $afe of the searching bar,
upon clicking a list explaining everything about MLT is shown, including how it is used. The otherthe search icon
which is found on the right side of the search box.

= B

@&

Figure 7: MUHIT interface
A. What arethe search options?
MUHIT provides a varity of search options for ma@mrehensive results. A distinct advantage thastistéem provides is
that there is no need to choose a specific langahagead, either as a source language or as a targetage, rather the
system searches for the string in all existingiditzries belonging to the different participatimgpduagesas shown in figure

8.
W o @

4 results in 3 langusges for

boy

boy >

(ethnic slur) offensive and disparaging term for Black man

English
boy & #
a friendly informal reference to a grown man
a youthful male person
a male human offspring

German
boy )"

(ethnic slur) offensive and disparaging term for Black man

boy X

the vertical dimension of extension; distance from the base of something to the top
the linear extent in space from one end to the other; the longest dimension of something
that is fixed in place

d

Figure 8: Results of regular search in English

Hence, the search does not only include base fonmigh are the typical headwords of most dictioesyribut all existing
inflected forms as well as shown in figure 9. Thisans that, in order to find cross-language synenfgn“eat", you may

type "eats", "ate", "eaten", "eating", or any otfiemm and still get the results. Therefore, Prasgna bigger chance for



finding the intended search results especiallyusers that are unfamiliar with the source langusigee it is difficult

sometimes to detect the base form especially froegular inflections.

English
ate & A X
{inflection of eat)
eat a meal; take a meal

English
ate & <A X

{inflection of eat)

English
ate & A A

(inflaction of eat)

take in food; used of animals only

English

eating & © 4 X
= 7 the act of consuming food

cause to deteriorate due to the action of water, air, or an acid

use up (resources or materials)

English
eating & 4 X
(inflection of eat)

eat a meal; take a meal

take in solid food

English
English : eating FY F
ate & * (inflection of eat)

{inflection of eat)

¥ worry or cause anxiety in a persistent way

take in food; used of animals only

English

eating & “ A X

(inflection of eat)
¥ use up (resources or materials)
take in solid food

Portuguese
ate & =
(inflection of at&)

to the degree or extent that

Portuguese

ate
(inflection of atar)

¥ secure with or as if with ropes
make fast; tie or secure, with or as if with a rope

English
eating & = A ¥
(inflection of eat]

WOrry or cause anxiety in a persistent way

Slovenian
ate & 4 A
(inflection of ata)

a male parent (also used as a term of address to your father

Figure 9: Result of searching by inflections

Along typical search option and searching by inftets, MUHIT has adopted the regular expressionesyso provide a
concise and flexible means for matching stringseaf, such as particular characters, words, oepstof characters. The
adopted regular expressions follow the PCRE lib¢atip://www.pcre.org/).

Two of the applied regular expressions for wildsaade () and (%). While () is used for one sirglaracter, (%) is
used for any number of characters even zero. Bbarige,x_z will return any string beginning witlaxd ending with z with
one character in between. For instance if the keigrconducted with the letter “b” , “y” and “_” ithe middle the results
will be the words “bly” from Afrikaans and “bay”pby” and “buy” from English as shown in figure 10.

-,

?&muhtt

-
b.
(=15 @
23 results s
b_y
wdinciten () a4 | s G |
Afrikaans
byd >

inhabit or live in; be an inhabitant of

ection of bay)
a horse of a moderate reddish-brown color

a small recess opening off a larger room

Figure 10: Results of searching by wildcard ()




The input “x%z” will return any string beginning thix and ending with z with any characters in betwd-or instance if the
search is conducted with the letter “b” , “y” anth™ in the middle the results will be any word thetgins with “b” , ends
with “y” and contains any number of characters étmeen. Figure 11 shows that the input “b%y” resimtludes the words
“bakkery”, “Barry”, “battery” and “bely” from Afrikaans language.

O @

831 results in 15 languages for

b%y
filter by adjective (125) | adverb (106) | noun (528) | verb (58) | other (4)
Afrikaans
bo%y & A
(inflection of bakkery)

a workplace where baked goods (breads and cakes and pastries) are produced or sold

Afrikaans
booy & A

(inflection of Barry)

Afrikaans

booy 2 X
(inflaction of hattery)
* a device that produces electricity; may have several primary or secondary cells arranged in
parallel or series

Afrikaans
booy & X

(inflsction of bely)

" admit (to a wrongdoing)

Figure 11: Results of searching by wildcard (%)

&
‘Iﬁ# a youthful male person

| 127 result= in 45 languages for |

a youthtul male person

Afrikaans
seun & A

Arabic
A 2
e A S
o & X
Jo & A X
B

4 & A X

Armenian
) A
apng & < A X

Assamese
o, 74T, & < X

Baatonum
aruwaasi bii & >

Bengali
e & < X

Bulgarian
momue & A A
« A

Manuyran & =

Figure 12: Results of searching by concept



Figure 12 shows the possibility to search with ¢bacept. The results provide the number of langsidigat have translated
this concept. For example figure 12 shows thataffgliages have translated the concept “a youthfld peason” and it also
shows the different synonyms in each language.

B. MUHIT results
As mentioned before MUHIT is designed with the imiten of creating an organized enviroment in ottdefacilitate the task
of searching. Thus, each result appearing for daech word is accompained with either three or foans on its left. Each
icon is responsible for providing the user withtagr information. The information displayedarethether of the entry, The
features of the entry, such as part of speech, euyngender etc., The inflections of the entry,nfaFor each sense of the
entry, it is also provided: The set of synonym¢hi@ same language, The set of synonyms in difféamigilages.

eat

English
eat & X
u Features [hide]

takq % Authors

English | Created by Ronaldo Martins in 21-04-2010
eat &

Figure 13: The author and date of creation

The first icon shows the author of the entry anel date of adding it as shown in figure 13.The sddoopn shows the
lingustic description of the entry; the lexical egory, the part of speech, the lexical structurereninguistic information
depending on the part of speech, the number ohfltextional paradigm and the subcategorizatiomtsaf exists as shown
in figure 14.

eat eat
English English
eat & X eat & X
use [hide] Author | U [hide]
take in Features takeinsol|l % . o ions
English lexical category : verb
Fy part of speech : verb English BF
eat lexical structure : regular word eat FA
eat a m| transitivity : transitive INF
Inflecti | Paradi M22 @atamesk SeR S
nflectional Paradigm:
Inflectional Rulegs: FLX(PAS:="ate"; 3PS&PRS = eats
English PTP:="eaten";) PAS = ate
eat & Subcategorization Frame: Y38 English PTP = eaten
take eat &
Figure 14: The lexical description of the entry Kure 15: The inflected forms of the search word

The third icon shows the infelected forms of tharsk word as shown in figure 15.The fourth icothis report problem icon
to report any error about the existing entrieshasam in figure 16, in attempt of participation fraitme part of the user in
updating the system.

eat & A X
use up (resources or materials)
take in solid food

The entry is misspelled. =

The entry does not belong to the part of speech indicated.
The entry is not a lexical unit

The entry is not a correct mapping for the UW.

There is a problem with the definition.

There is a problem with the examples.

There is a problem with the features.

There is a problem with the inflections.

There is a problem with the synonyms.

There is a problem with the translations.

Others (inform below)

Q-

Cancel Submit

Figure 16: The content of the report problem icon



Besides all the linguistic information provided fegich search word, two icons appear on the riglet sf each single sense
of each search word. The first is responsible fispldying the synonyms of the word. The sets ofosyms are also
browsable, which makes it possible to navigatehtmtin order to find correspondences for relateddadn the same
language and in different languages as well as shoviigure 17. The second icon shows the avilalifierent translations
for each sense in different languages, which pewid high degree of accuarcy since each translabarespond to a
particular senseas shown in figure 18.

eat & X eat & >
use up (resources or materials) use up (resources or materials)
take in solid food [hide] [ Transiations [hide]
- Translations
9 Synonyms
English
Arat
eat ‘ X consume B ’
Armenia nNdwdlk); dwjuuky; uuyunky;
eat a meal; take g deplete SREISIMSIE S L mi7 nagemi
eat up Chinese oz ; oz ;
exhaust consume; deplete; eat; eat up;
. run through English exhaust; run through; use up; wipe
English use up out;
eat & X wipe out A consommer; consumer; engloutir;
e o PSR s EERE épuiser; finir; réduire;
German aufbrauchen; verbrauchen;
; . ’ “ >rzehren;
Figure 17: The synonyms of the search word o bk
alay minum;

comer; consumir; esgotar; exaurir;

Portuguese e :
extinguir; gastar;

on

noenaTh; MSHYPATH; UCTOWATD;

Russian ncrpatmTb; norpebnars;
YyHUUTOXKATL;

Slovenian porabiti;

agotar; comer; consumir; gastar;

Spanish
F tragarse; bnt

Figure 18: The available translations of the searckvord

All the options mentioned above have combined blo¢hadvanges of a monolingual dictionary and a itmgtial one. On
the one hand, it provids a detailed linguistic digsion, that is usually found in learners dictiopanly, for each result.On
the other hand, it provides a translation for esingle sense.

MUHIT is a multilinguil system in which the searatord is matched with every existing string belomgito all
participating languages, for more detailed infoliorathe system shows the number of results, fomgka searching for the
string “b%y” resulted 803 different lexical entrias shown in figure 19. Also the results show hoanynlanguages have
this string (b%y),it was found in 14 languages,#amel number of each part of speech. Each part agfcbpis displayed in
different colour to make it easier in recognizihg tategorization;adjective is green, adverb i&,piouns is blue ans verb is
red as shown in figure 19.

0
D%y
filter by adjective (134) | adverb (104) | noun (505) | verb (58)
| other (2)

Figure 19: The number of results and languages

7 UPDATING MUHIT

Dictionaries constitute a dynamic and everlastiffipre of describing the repertoire of natural langes. The UNDL
Foundation has been investing a lot in creatingueses for UNL-based projects but there is alwayshmmore to be done
in order to include every language and every whtdHIT is an open intative. Hence, it is designediway that makes the
participation easily accessible. The participateodone on different levels.

Since UNL intends to be diversity-preservative, ethineans that we intend to go from Swabhili to Tamithout using
English or any other language other than UNL itsalfa pivot language, it has provided an easy adwescrease the
number of the participating languages. In orderatld a new language there are two options. The msgr join the
UNLweb’, the UNDL Foundation language resources managesystem, and help in creating dictionaries and grars;

4 The UNLweb: http://www.unlweb.net/unlweb/



or he may sponsor a given language, by making ataonto the UNDL Foundation to help in increasargl extending our
natural language resources, which are actuallyjablaito anyone, not only to the UNL community.

Besides, the user could also participate on andtivet. The user is welcomed to improve the qualityhe resources. If
a user is confronted with a result that he doefindtsatisifying he may contribute to the dictiopdny reporting a problem

which is easily done just by clicking over the rgpproblem icon X which appears at the right sideeath entryas
mentioned in section 6-B. Furthermore, if somethiggnissing in an existing language, the user cgoid any of the
existing projects, in that way he will be able tmtribute and upgrade the dictionary.In order jiproject, users have to be
approved inVALERIE (http://www.unlweb.net/valerie/), the Virtual Lesing Environment for UNL. Non-accredited users
have access to several facilities of the BN, but are not allowed to add entries in any project

8 APPLICATIONS

Such a multilingual lexical database could servetamng starting point for many applications. Tégstion presents some of
the applications that can be developed dependifdWHIT, benefiting from its characteristics and tigas.

The main application that can be built using MUHETthe cross language search. Cross—language sainshat
facilitating information access across languagess Ibuilt upon more than fifty years of researaid alevelopment in
machine translation and more than ten years ofarekein cross—language information retrieval (CLIRpss—language
search integrates CLIR to provide the full functiofi finding information in languages different fromme users’
queries.Using MUHIT as a multilingual lexical dagale would constitute an extraordinary resourcecfoss—language
information retrieval or cross—language word sealdHIT is intended mainly for cross-language weehrch. This means
that MUHIT can help users to find and use inforimaiin their native or non—native languages.

Machine Translation is difficult not only becauseteéanguage differs from the other(even those ftoensame family)
both structurally and lexically, but also becauatural language is ambiguous(again, both strudyuaad lexically) and is
always evolving. Due to the linguistic phenomend the differences across languages, merging biihtgxicons into a
single multilingual repository is non-trivial. Axeal resource that aims at providing multilingdednslation equivalents
must be well-designed to address these issues MII4HIT can also be used in multilingual machinensiation systems.
These systems make it possible to translate wardsentences from and to a large number of languagataining a lot of
information about languages, their grammar andrdtifermation which can be useful for anyone whe hatranslate texts
or is just interested in languages.

9 CONCLUSION

The paper presented a multilingual lexical datallB8gHIT” that has been built within the UNL framewloand includes
about 40 languages. The linguistic infrastructuréhe system has been introduced. MUHIT can beulidef specialists and
non-specialists. Moreover, many applications carbbié¢ depending on MUHIT such as multilingual ma@htranslation
systems and cross language search systems. Thegpapented the search options of MUHIT and tygessults illustrated
with screen shots.
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