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Abstract

Electronic multilingual dictionary is a linguistic resource
highly sought after by most natural language processing
applications. The construction of such dictionary is a difficult
task for under-resourced languages, which generally lack even
bilingual dictionaries. This is the case of Moroccan Amazigh
language. In this paper, we describe our approach of building
automatically a multilingual dictionary for this language via
the pivot Universal Networking Language (UNL). The
dictionary is based on universal concepts, called universal
words in the UNL jargon. The idea consists on merging many
bilingual dictionaries for constructing a multilingual dictionary
that looks like a matrix, allowing the map between a given
word from a language, corresponding to an universal word, to
another word from another language corresponding to the
same universal word. The advantage of this approach is to
build a multilingual dictionary between n languages, even if no
bilingual dictionaries exist between them. Presently, the
multilingual dictionary is being implemented for the five most
used languages in Morocco: Arabic and Amazigh, which are
the first and official languages; French, which is used as the
second language; Spanish that is used particularly by the
population residing in the northern region of the country; and
English that is becoming more and more popular in Morocco's
education, business, and science sectors.

Keywords: Amazigh language, Universal
Language, Universal Word, Inflectional paradigms.

Networking

INTRODUCTION

Amazigh language or Tamazight, more frequently known as
Berber, belongs to the Afro-Asiatic language (Hamito-Semitic)
family. It is the autochthon language of North Africa [1]-[2].
Currently, it is one of the official languages of Morocco along
with Arabic. Nevertheless, it has been marginalized for many
years until the creation of the Royal Institute of Amazigh
Culture (IRCAM), in 2003. Since this date, Amazigh has been
introduced in the Moroccan educational system and public
administrations. In order to ensure its survival and its position
in the information society, the computerization of Amazigh is

primordial. To achieve this end, a number of strategies have
been undertaken, as the encoding of Amazigh characters in the
Unicode standard [3]; the development of some tools, such as
a search engine [4], a concordancer [5], transliterators [6]-[7]-
[8], and a conjugator [9]. This list of undertaken works is not
exhaustive, there are many other contributions as on the
Amazigh Technology OCR [10]-[11], and on Amazigh speech
recognition [12]. In this paper, we present our contribution to
this language, which constitutes the first attempt of building an
electronic multilingual dictionary. To achieve this goal, we
have created the bilingual UNL-Amazigh dictionary, and
formalized the inflectional paradigms for verbs, nouns and
adjectives. However, like most non-European languages,
Amazigh still suffers from the lack of automatic language
processing resources. Thus, we have faced the challenge to
develop from scratch inflectional paradigm for some lexical
categories, namely noun and adjectives.

The roadmap for the rest of the paper will proceed as follows:
Section 2 gives an overview of the UNL language. Section 3
presents the structure of a Natural Language (NL) dictionary in
the UNL specifications. Section 4 describes the Amazigh
inflectional paradigms found as a result of the morphological
analysis. Section 5 details the lexical mapping stage, between
Amazigh words and Universal Words (UWSs), also it discusses
the most challenges faced during this stage. Section 6 reports
the design and the implementation of the multilingual
dictionary application. Finally, Section 7 concludes and
presents potential future research directions.

OVERVIEW OF THE UNL LANGUAGE

The Universal Networking Language (UNL) is a computing
language developed by the Institute of Advanced Studies of
the United Nations University, in Tokyo, Japan, in 1996.

Since 2001, the development and the management of UNL
became in charge of the UNL Digital Language (UNDL)
foundation that is a nonprofit organization based in Geneva,
Switzerland [13]-[14].

The UNL expresses the meaning conveyed by a Natural
Language (NL) sentence as a hypergraph consisting of nodes
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interlinked by semantic relations, as shown in Figure 1. Nodes,
called UWs “Universal Words”, are the vocabulary of the
UNL language. A UW consists of a word loaned from English
and a list of restrictions. This list is added in the case of an
ambiguous English word. For example, the word "bank™ is
ambiguous; it can mean “a financial institution” or “the land
alongside a river”. Therefore, in this case, the addition of a
list of restrictions is mandatory. UWSs are often accompanied
with a set of grammatical features, called Universal Attributes,
to enrich their description (Figure 1).

Figure 1: UNL graph simplified

For example, as depicted in Figure 1, the Universal Attributes
‘@past’ and ‘@pl’ are added, respectively, to the UWs “buy”
and “book” to describe that the first expresses a past action
and the second expresses that the UW is in the plural form.
The semantic relations that link two nodes are called Universal
Relations. They constitute the syntax of the UNL language.
Each Universal Relation is labeled with semantic roles: Agent
(Agt), Object (Obj), Time (tim), Quantity (qua), Manner
(man). The universal relations are represented as follows:

<Rel> (<source>, <target>) where:

e <Rel>: the name of the relation.

e <Source> the node (UW) that assigns the relation
<rel>.

e <Target> the node (UW) that receives the relation
<rel>.

UNL-NL BILINGUAL DICTIONARY STRUCTURE

The UNL-NL dictionary is a bilingual dictionary that links
UWs to their corresponding NL lexical entries. The format of
each entry, in the UNL-NL dictionary is represented as follows
[15]:

1 The complete list of the semantic roles is given in , (visited on 19/09/2017).

[NLW] {ID} ‘UW’ (ATTR ...), Where:
e NLW: The Natural Language Word
e ID: The unique identifier (primary-key) of the entry.
e UW: Universal Word corresponding to the NLW.

e ATTR: The list of linguistic features as gender (GEN),
number (NUM), lexical category (LEX), part-of-
speech  (POS), inflectional paradigm (PAR),
subcategorization frame (FRA), and transitivity(TRA)
in case of verbs.

We give the following UNL-Amazigh dictionary entries as
examples:

o [{CIT.0A8]{2572}"Kid"(LEX=N,POS=NOU,
LST=WRD,GEN=MCL,NUM=SNG,PAR=M50,
FRA=Y0);

o [OW]{4646}"buy"(LEX=V,POS=VER,LST=WRD,
TRA=TST, PAR=M170, FRA=Y0);

The UNL-NL dictionary is called a generative dictionary
when it brings only base forms as entries; but when it brings
all word forms as entries, it is called an analysis dictionary.
This latter is obtained by developing the generative dictionary,
and providing each entry by inflectional paradigm information,
which is a set of rules responsible for generating all its
inflected forms. The inflectional rules follow the general
standard:

<CONDITION>:= <ACTION>, where:

e <CONDITION> is a set of linguistic features as
gender, number, etc;

e <ACTION> describes the changes to be performed
over the base form (pre-fixation, in-fixation,
suffixation or circumfixation).

For example, the following English inflectional rule:
PLR:=0>"s" is read as follows:
to generate the plural (PLR) form, the character "s" is added
at the end of the lemma (boy > boys, table > tables).

AMAZIGH INFLECTIONAL MORPHOLOGY

Amazigh is, morphologically, a rich language with a complex
inflection system. Its inflectional processes are based on
prefixation, suffixation and infixation. Amazigh language
covers ten main lexical categories: noun, adjective, verb,
adverb,  preposition, pronoun, particle, conjunction,
interjection and numeral [16]. Only the categories noun,
adjective and verb are concerned by morphological inflections:
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o Amazigh nouns vary in gender (female/male), number
(singular/plural) and state (free/construct).

o Amazigh verbs can be either simple (radical) or
derived. The simple verb is composed of a root and a
pattern. The root is a sequence of one or many
consonants, while the pattern is a template of vowels
(V) and consonants (C) [17]. Whereas, the derived
form is based on the concatenation of a simple verb
and one of the following prefixed morphemes: ‘@’ [s]
/ ‘@@’ [ss], ‘“++’ [tt], or ‘C’ [m]/ ‘CC’ [mm] to give
respectively the factitive (causative) form, the passive
form, and the reciprocal form. Whether the verb is
simple or derived, it inflects in three moods:
indicative (IND), imperative (IMP) and participial
(PTP). In each mood, the same person markers are
used in four aspects: aorist (AOR), perfective (PFV),
negative perfective (NEG&PFV) and imperfective
(NPFV) that are marked with vocalic alternations,
prefixation or consonant gemination/ degimination.

o Two types of Amazigh adjectives are distinguished:

e Type 1. The adjectives that are in the same time
nouns as «©RRSC [abkkuch] ‘mute’. They inflect
in gender (Masculine/ Feminine), number
(Singular / Plural) and state (Free / Construct).

e Type 2: The adjectives that are only adjectives as
oCoESH [amaduf] ‘delicious’. They inflect only in

gender  (Masculine/Feminine), and number
(Singular/Plural).
Formalization of nominal and adjectival inflectional

paradigms

The construction of the inflectional paradigms of the nominal
and adjectival categories has presented, for us, a real
challenge, due to the lack of references addressing the
classification of Amazigh words vis-a-vis to their inflections
and to the presence of several unpredictable plural and
construct state forms. Our approach, to formalize the
inflectional paradigms, consisted in collecting the Amazigh
lemmas, grouping them into classes in such a way each class
includes lemmas having the same behavior to construct the
plural form, feminine and the construct state forms. To this
end, we have based our research on a deep analysis of
Amazigh word forms from four lexicons [18]-[19]-[20]-[21] to
gather, in a first level, lemmas having the same plural forms, in
the same class; then, in a second level, we created subclasses
for each class to include lemmas having the same inflectional
schema?. Proceeding in this way, we were able to identify 100
nominal classes and 19 adjectival classes [22]. The evaluation
of the coverage of these proposed classes is presented in (see
Section 4.3).

2 Inflectional schema is a template used to create inflectional paradigms. It
describes the different forms that a word may assume in a given language

&
g.
=
3

[ wodIxay

1%
b
0

Unification

B ~

w

@,

=

8 Q

2 W .

3 a 3

%

. -

— \\\
Classification (Construct State)

al

5

w

@,

a 2

2 &

Q w

o =

&

-

O.;

(3]

Figure: 3 Amazigh inflectional classes building approach for
nouns and adjectives

Our methodology of classification did not proceed to pattern’s
concept, because there are, in the Amazigh language, nouns
having the same pattern but they take different plural marks,
and there are ones which have different patterns however they
share the same plural marks. As shown in Table 2, even if the
noun o©.X8® [abagus] 'belt' and .©.+81 [abatul] ‘flat ground’
share the same scheme «CoC8C [aCaCuC], they take different
plural marks. While, the plural forms of the word -AHZ®
[adlis] 'book’, having the pattern -CCZC [aCCiC], and the
word «©.X8® [abagus], having the pattern CoC8C [aCaCuC]
which is different from that of -AHZL®, are formed in the same
manner .
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Table 2. Examples of plural forms

Noun Pattern Plural form
0©oX3O oCoCsC £OoX30I
[abagus] [ibagusn]
000t [abatul] | «CoC3C | £O8+H [ibutal]
oAHZO [adlis] oCCzC LAKLQI [idlisn]

After formalizing the potential inflectional nominal and
adjectival classes of the Amazigh, we have developed the
appropriate inflectional rules for each class to generate all the
inflected forms.

Formalization of verbal inflectional paradigms

The construction of the inflectional paradigms of the verbal
category is based on the classification proposed by [17]. This
classification consisted on dividing verbs into thirty
conjugation classes, according to the morphotactic rules
forming the perfective and imperfective aspects. However, our
classification approach aims to bring out, from each class
among the thirty ones, new sub-classes that take into
consideration the morpho-phonotactic rules forming the
negative perfective and imperfective aspects. Thus, each sub-
class will include only verbs having the same inflectional rules
to generate all conjugated forms.

To generate the inflected forms out of the lemma. We have
led to express, first, morphotactic rules to get aspectual stem,
followed by morphotactic rules related to the personal
markers’ level. At this level, the morphotactic rules are
determined by mood (indicative (IND), imperative (IMP),
participial (PTP)), gender (masculine (MCL), feminine
(FEM)), number (singular, plural), and person (first, second,
third). Then expressing morphophonological alternations. All
these inflection rules are combined to generate the desired
inflections in a linear manner, one after the others. Table 4
below outlines an extract of the inflectional paradigm created
for the class 17-1.

Table 4. Inflectional rules for generating the imperfective forms
(NPFV) in the indicative mood (IND)

Classes | Inflectional rules Inflected
words
1PS&NPFV&IND:="++"< | ++OAAN
Class | 0, 0>"s",0>""; [ttbddagh]
17-1 2PS&NPFV&IND:="+1"< | +3++OANA
0,0>"","+"<0,0>"A","+++": | [tttbddad]
“OAN" "+3+4";
[bdd] | 3PS&MCL&NPFV&IND | £++OAAN.
“To get ="44"<0,0>"o","€"<0; [ittbdda]

up’ 3PS&FEM&NPFV&IND: | $5+1OAA.
="44+"<0,0>"5","+"<0, [tttbdda]
“Ht
1PP&NPFV&IND:="tt"< | #1OANo
0,05"","1"<0; [nttbdda]
2PP&MCL&NPFV&IND | +3++OAAL
=" H<0,05"" 4 '<0,0>'C" | [tttbddam]
S
2PP&FEM&NPFV&IND | +5++OANLCt
=" H<0,05"" 4 <0,0>'C | [tttbddam]
7, "HH
3PP&MCL&NPFV&IND | +1OAA.
0,054, 05T [toddan]
3PP&FEM&NPFV&IND | +1OAAlt
=" H<0,05", 0>'1; | [ttbddant]

Legend:

o "X"<0: prefixation of the letter X at the beginning of the
lemma

o 0>"X": suffixation of the letter X at the end of the lemma

o "X":"Y": Replacement of the string X by Y

e 1PS: first person of singular; 2PS: second person of
singular; 3PS: third person of singular; 1PP: first person
of plural; 2PP: second person of plural; 3PP: third person
of plural

According to the UNL Specifications, we have achieved to
implement 67 inflectional classes for the verbal category. The
evaluation of the coverage of these proposed classes is
presented in (see Section 4.3). In Amazigh, a verb may belong
to more than one class following the meaning that is carried by
this verb, and also following the Amazigh regional varieties.

Evaluation of the formalized inflectional classes

After describing our methodology, in Section 4.1 and Section
4.2, to formalize inflectional classes for Amazigh nouns,
adjectives and verbs, in this section, we would like to evaluate
the coverage of these classes. Known that our study, that has
been undertook based on 8728 lemmas that were extracted
from five dictionaries [17]-[18]-[19]-[20]-[21], was led to
construct the dictionary “D1”. We have looked for new
lemmas that do not belong to “D1”, and tried to apply on them
the formalized paradigms. Thus, we have extracted new nouns,
adjectives and verbs from a recent and large dictionary of 14
693 lemmas “D2” [23]. Table 3 shows the coverage rate of our
classes for each grammatical category.
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Table 3. Coverage evaluation of the formalized morphological
classes

Nouns Verbs Adjectives
(type 2)
Lemmas belonging to
“ D2” and not to | 4803 1645 618
CGDI”
Uncovered lemmas 201 160 9
Coverage (%) 96% 91% 99%

As illustrated in Table 3, the results obtained for the noun
category are satisfying. The rate of covered lemmas of this
category has achieved 96%. The analysis of the 4% remaining
uncovered has shown that these lemmas are even loanwords or
irregular nouns having unpredictable plural forms such as the
noun £UZ [iwi] ‘my son’, that has the plural +.OLl. [tarwa] and
the word ®@O®SZ [ssuq] ‘market’, which is borrowed from
Arabic and has the following unpredictable plural form
Ho®UE [laswaq] ‘markets’. For the verb category, the rate of
covered lemmas is 91%. The 9%, which remains unrecovered,
are irregular verbs or those used, generally, in one aspect, for
example the verb ®R8AAS [skuhhu] “cough” is always used in
the imperfective aspect. For adjectives, as shown in Table 3,
are well covered, the 1% which remains uncovered are
irregular adjectives taking unpredictable plural marks such as
£126¢ [inibi] ‘violet’, that has the following plural form €l.©.l
[inaban].

We expect to improve the coverage rate found, namely for the
case of verbs, by formalizing new inflectional classes, to take
into account the morphological variation of uncovered “D2”
entries.

MAPPING AMAZIGH
ADEQUATE UWS

LEMMAS WITH THE

Each entry is associated manually to the identifier of the UW
that is the concept carrying the meaning of the Amazigh entry.
UWs are divided into four major classes: verbal concept,
nominal concept, adjectival and adverbial concepts [24].

General steps of lexical mapping stage
We performed the lexical mapping between Amazigh
headwords and their equivalent UWs by following these steps:

o ldentification of the word sense (concept) of the
headword.

o Matching the word sense of the natural language with
the appropriate UW.

Creation of new UWs for concepts that could not be matched
exactly. We talk about extra UWSs, when there is no word that
can be suited to convey the intended meaning as in the case of
culture-dependent concepts. In this situation, foreign words
transliterated in English may be used to label the headword of
auw.

Challenges of mapping stage

In the attempt of mapping Amazigh words with the UWs,
many challenges have appeared. The UWs are classified into
different parts of speech according to the English language,
however, their Amazigh counterparts does not always belong
to the same part of speech. For example, the word ©8 [bu],
which is classified as a determinant, corresponds to the
English word ‘owner’ which is classified as a noun. Therefore,
we could not find any UW to correspond to the word ©8 [bul].
Another issue faced is missing of adequate UWs. In fact, some
Amazigh words do not have their equivalents in UNL to
express their exact meanings. For example the Amazigh word
oCROXKO [amzrzr], which means the white horse, the word
oAZAS® [ahidous], which is the name of an Amazigh dance,
etc. In this case, where there is no word that can be suited to
convey the intended meaning, we created new UWSs for these
concepts.

Once the inflection paradigms are created and the
mapping of Amazigh lemmas are done, the analysis dictionary
that brings all Amazigh inflected forms could be generated
thanks to the automata theory. Currently, we achieved to feed
our UNL-Amazigh dictionary by 8728 lemmas.

IMPLEMENTATION OF
MULTILINGUAL DICTIONARY

THE AMAZIGH

In this section, we report our methodology of building
multilingual bidirectional dictionary for n languages before
presenting the implementation for the case of five languages:
Amazigh, Arabic, English, French, and Spanish

Design: the methodology proposed

Our methodology for developing a multilingual dictionary for
n languages consists on merging n bilingual dictionaries: Li-
UNL dictionary, L,-UNL dictionary, and L,-UNL dictionary
by creating a matrix a; where i is the number of UWs (rows)
and j is the number of languages (columns). As depicted in
Table 5, it is associated to each UW, morpho-syntactic
features and eventually semantic features.
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Table 5. Proposed multilingual dictionary structure

T, ALY=ALI,
ANI=ANM,

CAR=CTB,
SEM=HUM

LEX=N,ABN=CC

baby)”.

e The lexical category (LEX) is noun

(N).

e The abstractness (ABN) is concrete
(CCT).

e The alienability (ALY) is alienable
(ALL).

e The animacy (ANI)
(ANM)

is animate

e The cardinality (CAR) is countable
(CTB)

e The semantic class (SEM) is person
(HUM)

«COB8MH[achb
bulloA%£%
[ahziz],

0AQoLC
[ahram],

oAOLSC
[ahrmouch]

UWs UW description Amazigh Arabic Englis | Fren | Spanis
h ch h
crippled(aoj>thing) ALK coel lame Mutil | Cojo
; “disabled in the feet or legs (crippled, [ahizun], [aaraj], ¢ Lisiado
LEX=J halt, halting, lame, gimpy, game).” SOIAM sl
] ) dal [akssah]
e The lexical category (LEX) is [arjdal],
adjective (J) JL8CaH[amuch

al],

oAZE.Q

[ahidar]
child(icl>person); “an  immaturechildish person (child, | €I€IZ [ijiji], Jiba [tif]] child enfan | nifio

Implementation

The proposed multilingual bidirectional dictionary application
is called AMuD (Amazigh Multilingual Dictionary). It has a
very simple and intuitive interface. The activity diagram of
AMuUD is shown in Figure 5.
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Figure 4: Activity diagram of the AMuD application

The development of AMuD dictionary is based on six
dictionaries:

o the UNL-Amazigh dictionary, which we have
elaborated, in the previous sections, its size is about
of 8728 entries;

o the UNL-French dictionary, which we have
participated in its feeding with the UNDL Foundation
with 4050 entries. Its size is about of 140 000 entries;

o the UNL dictionary, provided by the UNDL
Foundation, its size is about of 107 548 entries;

o the UNL-English dictionary, provided by the UNDL
Foundation, its size is about of 130 000 entries;

o the UNL-Arabic dictionary, provided by the UNDL
Foundation, its size is about of 144 449 entries;

o the UNL-Spanish dictionary, provided by the UNDL
Foundation, its size is about of 73 653 entries;

AMUD consists of two combo boxes to choose the source
language and the target one from the list {Amazigh, Arabic,

English, French, and Spanish}, four zones, and a translation
button (Figure 5).

Figure 5 is a screenshot that shows an example of translation
from English language to Amazigh Language. Each zone, in
the figure, is dedicated to specific information:

e Zone 1: After having chosen the source and the target
languages, the user typed the English word ‘tired’ to
translate it into Amazigh. The user can search the
words either in lowercase, uppercase, or mix both
lowercase and uppercase.

e Zone 2: The system displayed the UW, corresponding
to the English word typed, that is tired (aoj>thing).
The UW is accompanied with its lexical category
(Lex=J)

e Zone 3: The system displays the Amazigh translation
oAXAX [adgdg] of the English word “tired’.

e Zone 4: The delay time of the system to look-up for a
word. We added this information just to give an idea,
to readers, on the performance of the look-up
operation.

Regarding tools and the environment of development used in
developing AMuD application, we have chosen to work

with the database engine SQLite because it is an embedded,
open-source, and highly compact, given the big size of our
dictionaries. Concerning the Graphical User Interface (GUI),
we used C# language with Visual Studio.
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Figure 5: Screenshot of AMuD application

CONCLUSION

In this paper, we have proposed a methodology for building a
multilingual dictionary for under-resourced languages, which
generally lacks even bilingual dictionaries. We have, in
particular, worked on Amazigh language as a case of study.

We have dealt with five languages that are Amazigh, Arabic,
English, French, and Spanish. However, we can easily
integrate new languages into the dictionary AMuD. In fact,
there are more than 17 languages having their dictionaries
available following the UNL specifications as Russian,
Armenian, Panjabi, Hindi, etc. So, we could very well translate
words from all these languages to Amazigh and vice versa. In
addition to adding more languages, we will also consider to
enrich and feed the Amazigh-UNL dictionary with new entries.
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