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Abstract

The Arabic WordNet project has provided the
Arabic Natural Language Processing (NLP)
community with the first WordNet-compliant
resource. It allowed new possibilities in terms
of building sophisticated NLP applications re-
lated to this Semitic language. In this paper,
we present the new content added to this re-
source, using semi-automatic techniques, and
validated by Arabic native-speaker lexicogra-
phers. We also present how this content helps
in the implementation of new Arabic NLP ap-
plications, especially for Question Answering
(QA) systems. The obtained results show the
contribution of the added content. The re-
source, fully transformed into the standard
Lexical Markup Framework (LMF), is made
available for the community.

1 Introduction

WordNets are important as lexical resources con-
taining not only words of the targeted language
but also synsets and semantic relations between
them such as synonymy, meronymy and anton-
ymy.

Synsets are groups of words that each can sub-
stitute others in a sentence without changing its
general meaning. Therefore, in Natural Language
Processing (NLP), various applications used this
information, especially Query Expansion (QE),
Information Retrieval (IR) and Question An-
swering (QA) systems.

Thus, the development of new WordNets tar-
geting new languages and dialects and/or enrich-
ing existing ones, witnessed regular experiences
and research works.

Arabic, as a Semitic language spoken by
around 300 million people worldwide, is con-
cerned by these experiences as well as the use of
Arabic WordNet (AWN) (Felbaum 1998; Elka-
teb et al., 2006) in recent NLP applications such
as information retrieval (Abbache et al., 2014) E-
learning of Arabic (Karkar et al., 2015), seman-
tic-based applications (Bouhriz et al., 2015),
conceptual search (Al-Zoghby and Shaalan
2015), etc.

After the first release of AWN, There were
many attempts to enrich its content (Al khalifa
and Rodriguez 2009; Rodriguez et al., 2008a;
2008b). Nevertheless, the gap between AWN and
the Arabic language as well as other similar WNs
remained one of the limitations for its use. Also,
some particularities of the Arabic language, in-
cluding Broken Plurals (BP), has not been suffi-
ciently addressed. Indeed, the morphological
analysis of BP is not an easy task in NLP since
they are irregular forms of plurals, and cannot be
identified using patterns. Making these BP forms
in a resource such as AWN is much helpful for
the developers of NLP applications.

In previous research (Abouenour et al., 2013),
we presented a new content that has been added
to the AWN in order to cover more words and
synsets and, therefore, enhance the usability of
this resource for Arabic NLP applications.

This paper keeps on the track of this previous
research by presenting the last experiments con-



ducted using the new content of AWN and the
different refinements brought by manual valida-
tion made by lexicographers. This paper also
presents the transformation of the new content of
AWN into the Lexical Markup Framework
(LMF) format in order to make this resource
available for the community in the context of the
Open Multilingual WordNet project (Bond and
Kyonghee, 2012), providing free access to
WordNets in several languages in a common
format.

The paper is organized as follows: Section 2
recalls some existing works around the AWN
enrichment and its use in NLP applications. Sec-
tion 3 draws a synthesis of the main techniques
that we used to enrich AWN. Section 4 presents
the conducted experiments to show the usability
of the new content as well as to validate this con-
tent. Section 5 addresses the transformation of
the enriched AWN into the LMF format. Finally,
Section 6 provides a conclusion of this research
and highlights the future works.

2 Related works

The AWN project followed the development
of WordNets for other languages, including Euro
WordNet (Vossen 1998; 1999) by focusing, first,
on the most common concepts and word-senses
in PWN 2.0 (Fellbaum 1998). The first release
was available on 2007* (Black et al., 2006; Elka-
teb et al., 2006).

The first AWN release contains 9,698 synsets,
corresponding to 21,813 Modern Standard Ara-
bic (MSA) words, and 6 different relation types
(hyponymy, meronymy, instance, etc.). A later
version of AWN, is also available and contains
11,269 synsets, corresponding to 23,841 words,
including new Named Entities (Rodriguez et al.,
2008).2 This content is smaller than the PWN 2.0
and much smaller than what is expected by Ara-
bic NLP applications.

Indeed, although various research experiences
used AWN in many Arabic NLP applications,
the common limitation reported in these experi-
ences was the shortcomings of this resource in
terms of the coverage of the Arabic language.

In a previous work (Abouenour et al., 2013),
we made a comparison between the size of AWN

L http://www.globalwordnet.org/AWN/
2 In our work, we referred to the content of the first
release.

and a dictionary for MSA on one side, and be-
tween AWN and English and Spanish WNs on
another side. This comparison allowed us to
measure the gap to be filled in to improve the
quality and usability of this resource.

The previously mentioned experiences in us-
ing AWN (Elghamry 2008; EI' Amine 20009;
Baldwin et al.,, 2010; Sharaf 2009; Benajiba et
al.,, 2008; 2009; Kreaa et al., 2014; Suhad et al.,
2015) show the importance of the target commu-
nity once this resource is enriched with a content
that suits the size of MSA and the expectations
by Arabic NLP applications.

In this direction, it is worth mentioning that
the experiences reported in other languages
(English, Spanish, etc.) show the opportunity to
use WordNets in more sophisticated and com-
plex applications, such as humour detection
(Reyes et al., 2010).

Nevertheless, AWN remains one of the few
and important resources that can support the de-
velopment of Arabic NLP applications regarding
the following findings that we reported in
(Abouenour et al., 2013):

e The current AWN considers the most
common concepts and word-senses in
PWN 2.0 so that its use in a cross-
language context is possible.

e Similarly to other wordnets, AWN is
connected to SUMO (Suggested Upper
Merged Ontology) (Niles and Pease,
2001; Niles and Pease, 2003; Black et
al.,, 2006). A significant number of
AWN synsets was, indeed, linked to
their corresponding concepts in SU-
MO. Statistics show that 6,556 synsets
in AWN (65.56% of the synsets) are
linked to 659 concepts in SUMO
(65.9% out of 1000 concepts). Defini-
tions that are provided by SUMO and
its related domain-specific ontologies
can be of great interest, complement-
ing the information contained in AWN
(SUMO also covers the Arabic culture
domain).

Despite the above advantages of the AWN
project, there were just a few attempts to enrich
its content. These attempts relied on existing
tools and resources. Del Gratta and Nahli (2014)



proposed an enhancement of Arabic WordNet
content using the PWN and AraMorph bilingual
dictionary as bilingual resource.® This attempt
resulted in adding new words and synonyms.

There was also another attempt to build a
WordNet for an Arabic dialect based on the con-
tent of AWN and a parallel dictionary (Cavalli-
Sforza et al., 2013).

Boudabous et al., (2013) proposed a linguistic
method based on two steps to enrich AWN. The
first step defines morpho-lexical patterns and the
second step enriches semantic relations using
these patterns. The Wikipedia resource is also
used in both steps.

In comparison with those attempts, our ap-
proach is particular in that: (i) it uses techniques
and resources with higher confidence, (ii) it is
followed by a significant validation by lexicog-
raphers, and (iii) the usability of the enriched
AWN resource is proven through experiments in
the context of real-world application, i.e., Arabic

QA.
3 New Content for AWN
3.1 Techniques used for AWN enrichment

The AWN lexical resource and its semantic rela-
tions showed the ability to support QE, QA and
other applications (Abouenour et al.,, 2014;
Abouenour et al., 2010), giving rise to the im-
provement of performance in comparison to the
baseline systems, respectively. Nevertheless, this
resource has many coverage shortcomings that
we emphasized through the theoretical and expe-
rience-based perspectives. These shortcomings
affect the usability of this resource and have been
the reasons behind its limited use in Arabic NLP
applications. To tackle this problem, we pro-
posed in a previous research (Abouenour et al.,
2013) an enrichement of AWN by targeting three
types of content needed by Arabic QA as ob-
served in the experience-based analysis:
e Instances or NEs enrichment: since our
aim was to answer questions from the
Web, we were interested in integrating
YAGO (Suchanek et al., 2007) entities
and relations in AWN after their auto-
matic translation and validation. This
kind of dynamic information is widely

3
http://www.nongnu.org/aramorph/english/dictionaries.html

used in questions and other texts
(Abouenour et al., 2013);

e Verbs and nouns enrichment: the cover-
age of these main Common Linguistic
Categories is poor in AWN with respect
to the Arabic lexicon and the coverage
registered in experiments for TREC* and
CLEF® nouns and verbs. The proposed
enrichment consists in: (i) extending the
list of verb senses in AWN using the
translation of both English VerbNet
(Kipper-Schuler 2006) and Unified Verb
Index (UVI)® by means of three heuristic
rules already used in the EuroWordNet
project and (ii) refining the hyponymy
relation among AWN noun synsets using
a technigue based on pattern discovery
and Maximal Frequent Sequences (MFS)
(Garcia-Hernandez  2007) over Web
snippets and starting from a list of AWN
synsets seeds (Abouenour et al., 2013).

e Broken plurals enrichment: BP is among
the forms of plural that are widely and
specifically used in Arabic. The analyzed
questions showed that the enrichment of
AWN forms in terms of BP is important
to apply the QE process for a higher
number of questions in real-world appli-
cations, especially QA (Abouenour et al.,
2013).

The content to be added in AWN was generated
from semi-automatic techniques, i.e. automatic
translation and MFS, and using external re-
sources such as YAGO, Arabic VerbNet, UVI
and Web snippets. Therefore, a manual valida-
tion by lexicographers was required to guarantee
a high confidence content in the enriched AWN.
More details about how these techniques and
resources were used can be found in (Abouenour
etal., 2013).

In the next sub section, we present this valida-
tion.

3.2 Content validation

The manual validation focused on the new en-
tries related to nouns, verbs and BPs. This vali-

4 Text REtrieval Conference,
http://trec.nist.gov/data/ga.html

5 Cross Language Evaluation Forum, http://www.clef-
campaign.org

® http://verbs.colorado.edu/verb-index/index.php



dation involved 3 lexicographers that are also
Arabic native speakers.

Each lexicographer has to validate the BP part
and a specific part of nouns and verbs. For each
entry, the decision to make is three-fold: (i) a
given word is correct or not, (ii) the word can be
member of the given synset or not, and (iii) a
synset has the given relation (synonymy or hyp-
onymy) with the given synset or not. In the latter
case, the lexicographers can propose the right
relation if it exists between both synsets. If the
given relation is correct but not obvious, the lex-
icographer can mention this by “Lenient synon-
ymy” or “Lenient hyponymy” tag. For instance,
the synset “@)s - waAfaga vIAR” (to agree) has
been assigned a new member which is the word
« i (to adopt), while the lexicographers classi-
fied this as “Lenient Synonymy”. Figures 1, 2
and 3 show the results of this manual validation.

Validation -Noun relations-

Antonymy Meronymy
1% 3%

Hyponymy
37%

No
relation
59%

= Antonymy = Meronymy = No relation = Hyponymy

Figure 1. Manual validation of nouns

From Figure 1, 37% of the new proposed hypon-
ymy relations between noun synsets were right.
From the remaining cases, 4% were classified
under the Meronymy (3%) and Antonymy (1%)
relations. Hence, the overall successful relations
generated by the MFS-based techniques repre-
sent 41% of the proposed ones.

Validation -Verbs-

= Wrong raltion

High Synonymy

High
Synonymy = Lenient
23% Synonymy

75 % success

Figure 2. Manual validation of verbs

As for the verbs validation, the percentage of
successful new proposed verb lemmas is roughly
75%. This percentage can be detailed as follows:
(i) 23% of the new verbs can highly be re-
grouped into the given synset, and (ii) 52% have
lenient synonymy with the given synset mem-
bers.

Validation -Broken plurals-

= Wrong
= Valide

91 % success

Figure 3. Manual validation of BP forms

Finally, the BP forms registered the highest
percentage of success (91%), which means that
the related external resource has higher preci-
sion.

4 New experiments using the enriched
AWN

In (Abouenour et al., 2014; Abouenour et al.,
2013; Abouenour et al., 2012), experiments were
conducted in the field of Arabic QA systems us-
ing the AWN that we enriched following the
techniques described above.

Let us recall that the experimental process
relied on a three-level approach for Arabic QA as
follows:



o Keyword-based level generating re-
lated terms from the enriched AWN;

e Structure-based level filtering pas-
sages and weighting those where
guestion keywords and their related
terms extracted from AWN appear in
higher n-gram density;

e Semantic-based level comparing
Conceptual Graphs (CG) of ques-
tions and candidate passages on the
basis of their semantic similarity.
CGs are built using AWN in addition
to Arabic VerbNet.

For example, if the user question is * ¢S5 o
"ol Ol m e A Anuiadl GlsydI” (Where do
plaques causing the Alzheimer's disease are
made up?). The keyword-based level generates
related terms of “culay llI” | “Apuidll” < & and
“sada 30 from AWN, the structure-based level
ranks the resulting passages on the basis of the
N-gram density, i.e., a passage is highly ranked
when these terms and their related terms appear
in it and form a high density. The semantic-based
level uses the AWN and the Arabic VerbNet re-
sources to represent the Conceptual Graph (CG)
(Sowa 1983) of the resulting ranked passages as
well as the question itself in order to compare the
semantic  similarity  between both CGs
(Abouenour et al., 2014). The idea of the con-
ducted experiments is to process the three levels
with the original version of AWN and thereafter
with the extended version, and compare perfor-
mance before and after AWN content improve-
ment.

The effectiveness of the new content added
in AWN was proven by means of different ex-
periments previously reported in (Abouenour et
al., 2013; 2014):

e Experiment #1: The test-set of
2,264 CLEF and TREC questions
(1999-2008) shows an improvement
of the keyword-based and structure-
based levels using the enriched
AWN according to the considered
QA measures: accuracy (+53%),
Mean Reciprocal Rank (+45%), an-
swered questions (+55%) and C@1
(+50%).

o Experiment #2: The test-set of the
2013 QA4MRE question set (Sut-
cliffe et al., 2013) is composed of
284 question classified into 4 topics,
namely “Aids”, “Climate change”,
“Music and Society” and “Alz-

heimer”. This test-set shows the abil-
ity of the enriched AWN to support
the semantic-based level at an ac-
ceptable extent (56% of the ques-
tions were represented in CG while
this percentage is 61% for the candi-
date passages thanks to the new con-
tent of AWN).
Thus, the Experiment #1 shows that the QA
performance based on the keyword-based
and structure-based levels is better when us-
ing the enriched AWN. In order to show at
which extent the performance of the Arabic
QA process can be improved with the new
AWN, we had to include the semantic-based
level. The Experiment #2 shows that with the
new AWN content, it is possible to semanti-
cally represent a higher percentage of ques-
tions and passages.
In this paper, we reconducted Experiment #1
using the 2,264 CLEF and TREC questions
(1999-2008), considering also the semantic-
based level. This is to assess the ability of
the enriched AWN to improve the three lev-
els of the Arabic QA approach regardless the
considered test-set and passage collection
(the QA4MRE test-set has local collection,
the CLEF and TREC are assigned a Web
collection).

The obtained results show a significant im-
provement in terms of C@1. Indeed, the three-
level approach reaches a 0.51 C@1 which is
higher than the 0.21 C@1 registered by the par-
ticipating Arabic QA systems in QA4MRE Track
2012, including the IDRAAQ system
(Abouenour 2012) that we built.

According to results of the manual validation
of the new content as well as the promising re-
sults obtained with this content in a challenging
task like Arabic QA, we decided to make availa-
ble this content for the community of Arabic
NLP.

The next section shows the steps followed to
achieve this goal.,

5 Theenriched AWN in LMF

5.1 Presentation of the LMF

LMF is the 1SO standard for NLP lexicons and
Machine Readable Dictionaries (MRD). The ISO
code number for LMF is 1SO-24613:2008. LMF
has been developed under the aegis of TC37/SC4



by Gil Francopoulo and Monte George as editors
and with Nicoletta Calzolari as convenor (Fran-
copoulo et al., 2007).

The main goals of LMF are to use the lexical
resources, manage and exchange the data among
these resources

, and finally, provide a common model for the
creation.

Types of individual instantiations of LMF can
include monolingual as in our case, bilingual or
multilingual lexical resources. The same specifi-
cations are to be used for both small and large
lexicons, for both simple and complex lexicons,
for both written and spoken lexical representa-
tions. The descriptions range from morphology,
syntax, and computational semantics to comput-
er-assisted translation.

5.2 Transforming the raw extended AWN
to LMF

As mentioned above LMF contains several pack-
ages such as syntax, morphology, semantics,
MRD, and Multilingual notations. In our ap-
proach, we used the semantics and morphology
packages.

Global Information | Lexical Resource

Lexicon

l{
0.* 0.1 0.."
Form Representation Sense
; T
0.

Representation Definition

—_—

Text i 0.*

p

Figure 4. LMF core package.

After examining the content of the extended
AWN and LMF, we made the following mapping
to process the transformation:

AWN extended LMF

Item Sense

Word Lexical Entry
Links Synset relations
Forms (including BP | Word Form
and roots)

Table 1. Mapping of the correspondence between
LMF and the Element in the extended AWN.

Some attributes from the Element of the AWN
needed to be transformed into element in the
LMF to respect the DTD.

AWN extended attribute | LMF

Item id Synset
Word value Lemma
Form value Written form

Table 2. List of attributes that became elements in
LMF

<LexicalEntry id="sanap_ 5">

<Lemma partOfSpeech="n" writtenForm=" iu
Lo />

<Sense id="sanap 5 sanap n3AR" syn-
set="sanap n3AR"/>

</LexicalEntry>
<LexicalEntry id="sanap 6">
<Lemma partOfSpeech="n" writtenForm=" i3

D" />
<Sense id="sanap__6_ sanap_n3AR" syn-
set="sanap n3AR"/>

</LexicalEntry>

<Synset baseConcept="3" id="sanap_ n3AR">
<SynsetRelations>

<SynsetRelation relType="hyponym" tar-
gets="tAriyx nlAR"/>

<SynsetRelation relType="hypernym" tar-
gets="sanap nlAR"/>

</SynsetRelations>

</Synset>

Figure 5. Sample of AWN relation represented in
LMF

5.3 Statistics

The process of transformation was done by a
Java code using DOM API. After the transfor-
mation, we got 1036 lexical entries without part
of speech (POS), this error occurred because
some words did not have a corresponding item to
get the POS from. To address this issue we fol-
lowed a semi-automatic approach by using the
SAFAR APl (Jaafar and Bouzoubaa 2015;
Souteh and Bouzoubaa 2011; Sidrine et al.,
2010). The use of SAFAR is due to its integra-
tion of the most known Morphological Analyzers




(MA) and preprocessing tools, which simplify
their use in a complementary way.

This process results in 1,012 POS from the in-
tegrated MAs, from which 24 POS were manual-
ly identified as wrong and were manually cor-
rected.

At the end of our process, we obtained a doc-
ument in LMF format totalizing 56,164 lexical
entries (words grouped into synsets), 17,498
word forms and 41,136 synset relations.

6 Conclusion and Future Works

As a conclusion, the AWN project is im-
portant for Arabic NLP as witnessed by various
attempts and research having used this resource.
However, its content needs much extension and
refinement. Our research tries to fill in a part of
the gap registered between the current coverage
of AWN and the expected one.

We presented in this paper the last experi-
ments and manual validation of the AWN en-
richment proposed in previous research
(Abouenour et al., 2013). This enrichment was
based on semi-automatic techniques and used
external resources, thus the added content re-
quired refinement brought by lexicographers.

Also, the experiments conducted in the con-
text of this paper shows a significant improve-
ment of Arabic QA after using the enriched con-
tent of AWN. The new experiments together
with the results previously presented in
(Abouenour et al., 2013; 2014) show that regard-
less the considered test-set of questions, the new
AWN content allowed an improvement of Arabic
QA performance through various measures, es-
pecially the C@1 (from 0.21 to 0.51 after using
the enriched AWN as a lexical resource in the
keyword-based level and as a support resource
for the semantic-based level).

Thus, the new release of AWN, manually val-
idated by lexicographers and experimentally
tested in the context of Arabic QA, is now avail-
able for the community in its LMF format’. The
process of transformation into this format was
described in Section 5 of this paper.

As future works, we can mention the re-
quirement to add new relation types such as mer-

" The AWN v2 can be downloaded from the Open
Multilingual WordNet project Web site. The resource
is available at: http://compling.hss.ntu.edu.sg/omw/

onymy and antonymy that currently are slightly
present in AWN. In addition, new techniques and
resources could be investigated for this enrich-
ment.
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