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** The importance of lexical resources (dictionaries,
thesauri, wordnets, linguistic ontologies) is
increasing in many application areas, such as:

* NLP tasks and applications

* Information search and retrieval
* Multilingual big data

e Multilingual semantic web

* Data integration

* among many others.

+¢» Lack of Arabic Lexical resources for human use!
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+** Lack of Arabic Lexical resources for NLP!




Digitize, Collect, Build,
then clean and link

» Make available online for people

» Make available through APIs for NLP applications
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Building
linguistic
resources for
NLP
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Lexical Resources at Birzeit University

Lexicographic Arabic Dialect

Database Ontology Corpora

| - s

- UITas
Stem @ MSA @ 8 Gloss ”m]
150 lexicons Formal Arabic Wordnet Annotated corpora

Very large Arabic- with ontologically clean each word is annotated

multilingual database content with many morph features = #&X ' o

—
Big Linguistic Data Graph

https://ontology.birzeit.edu



Lexicographic
Search Engine



The Lexicographic Database

ontology.birzeit.e

* The largest lexicographic Arabic

@ attribute

d ata ba s e - Translations Synonyms Definitions

Ontology  Dictionaries Morphology

About § §

I 5 results (0.00 secs)

predicate | Attribute Jy=>
5 a3 B Gl (5 ) Al 4 ol il e Jgansdl

. L3
Contains most lexicon types: glossaries e S ST
7

daall Attribute

thesauri, bi/trili - o
uri, bi/trilingual dictionaries R A
7

attribute - 3 results (0.04 secs)

» Attribute G| i | 02|55 g | i | Ala | Sk | s N
An abstract that describes qualities of an entity without using units
of measure

t philosophy Lexicon (Vol.162) ©

morph datasets, Arabi
, Arabic Ontolo ey e
m O r e . gy ) a n d & Phiosophy Lexicon V01182 ©

A sy Juanisd 5t e el Tpaln Aa 2 B
example: JEd & ) Bala) A s A sl
@ 203263 TypeOf : {Abstractt

» Physical Attribute %=
Attribute that describes an abstract quality of things
Lo 335 daala Aef oo i

s | als | e =P 5| 85 Aha | Bom dimension | attribute property
a construct whereby objects or individuals can be distinguished; “self-
confidence is not an endearing property”

T ArabicWordNet ®

example: Gl o= ol Taalal syae Rhas b S

@ 293264 TypeOf : {Atribute}

» Abstract Attribute i e dha | B0 ia
Attribute that describes an abstract quality of things
Lo o B335 Guala defl O i A

G | s | |58 | 58| G attribute

an abstraction belonging to or characteristic of an entity
% Arabic WordNet ©

example: il oe elall Buatsd PEETFY S

@ 203265 TypeOf : (Attribute}

[ J
Covers most domains: science,
teCh nOIOgy’ IaW’ busineSS’ art’ Proposilionsatlﬁbutivesw'w‘¢i,;i§3;§£?i’§§

Philosophy Lexicon

o ’ ' | pcadamyot the vtic Langunge-aro |
§ ji00 A attribute | flavor | difference | charactet o th Acbi Languge C2

P hiloso P hy’ . e
WHEl2345 AN
-

BIRZEIT UNIV
22
1022977 Copyright © 2018

https://ontology.birzeit.edu



Lexicographic Search Engine

English =a=
e | English g22

About  License 1

* Free access to people: students,
translators, researchers, Arabic

learners ...
(7] awsllls gl

ARABIC ONTOLOGY

—

Most searched: Book, Table, Time

* APl accessible for NLP applications.

* Done over 9 years (No funding!)

gggggggggggggg

1022977

https://ontology.birzeit.edu

Reference:

Mustafa Jarrar, Hamzeh Amayreh: An Arabic-Multilingual Database with a Lexicographic Search Engine.
NLDB 2019. Pages(234--246), LNCS 11608, Springer. 2019. (13)


https://ontology.birzeit.edu/

Lexicographic Search Engine

°. Arabic Ontology - Lexicons;, +

(& https ontology.birzeit.edy

* Search 150 lexicons for definit.ions,
synonyms, specialized translations,
morphology, ontology [3,4] ...

S1ations @ Synonyms @ Definitions

Lexicographic Search

The largest Arabic lexical database:
Arabic Ontology + 150 Arabic dictionaries,

Engine
sh

The Arabic Ontology

150 Dictionarijes

* Accurate! compared with machine

tent. Multilingya( dictionaries Wwere digitized anq integrated, Only the
Classificati f th meanings of the Arabic terms, based on Semantic featyres (deﬁnitions, Synonyms, translations) are
tate-of-art ence, rather than on Speakers' naiye knowledge,
ee[1].
.
translation.

currently disp[ayed, soon the morphological features,

i its kind! ., there are
* The first of its kind! g.g , e @?®®g _
no similar search engines for Eng :

L @@@@ ﬁ?@ gs%e'&'@&e
lexicons!

-

To ope D
Cecosca® ®@ C-L PP

https://ontology.birzeit.edu




Some Statistics

Currently!
Category [Lexical Concepts Lexical entries Synsets Translations pairs Glosses Semantic relations
Total (Millions) 1.1 M 24M 1.8 M 1.5M 07M 05M
1,100K Arabic
1,100K English 800K Arabic 170K Sub-super links

1,000K English-Arabic 400K Arabic .
200K French 800K English 29K Part-of link:
rene neis 300K English-French |300K English ar-ot ks

3K Others 200K French 260K Has-Domain links
200K F h-Arabi 1K h
1300K Single-word| SOK Others | 0O French-Arabic Others | 30k Other Tinks
1,000K Multi-word

Sub Counts

For more, see [3]



Accessible

To download and accegs NLP data,
corpora, tools and services

RESTful web services

Ask us for an APl Key!

We developed hundreds of RESTful web services (APIs) for other lhird-party software developers to directly
download and access our lexicographic databases, corpora, and tools. Some are listed on this Page. Please
getin touch with us for details,

The “sampleKey” Apj token allows You to use all wep services but with 5 limited numbper of requests
{enough to try itl), if you need more requests, yoy need to Request Ap| Token .

+ Arabic Ontology
+ Dialect Corpora
+

Something to be announced

Something to be announced

Something to be announced

+ Retrieve Morphology Information (Msa ang Dialects)
+ Autocomplete Service (Arabic and English)




Arabic Ontology

* To enable machine understand
semantics.

* Classification of the meanings

_Of the Arabic terms, specified
in D. Logic

* Benchmarked to scientific advances

rather than to speakers’ naive beliefs
as wordnets do.

~ ¢| En
ﬁ’: @
Definitions

Translations Synonyms

Ontology ~ Dictionaries Morphology About 1

4 Entity o8 | LA ] oS
Whatever existed or will exist, and can be realized or imagined
ALa gf ASI 3l glaiad s 33 S sl
example: ¢l x b = sl 08
@293198

> Object éﬁﬁl&ﬁl9Q|@J@‘Jl$¥lé@|cﬁ\slléﬁ
An entity thatis wholly and independently present in time, and is realized either for its concrete
or social existence
T e anal ol Lk a3 s el G TS Elas candny Aliiae 3 AY oS
example: 15 sal) clilall ac) g ey Le DAY 2250 s ) alidy
@293200  TypeOf : {Entity}

» Occurrent A | s | e | 35500
An entity realized by the time of its happening
45 gan (e 43R Gy el
example: A e =Y o= Joniie (S5 Caaa s et 0S¥
@ 293202  TypeOf: {Entity}

» Dependent Entity Layyaa | Glada | adea | L
An entity realized by the time of its happening
R O T et
example: 4 Jsk 6 J15 el 225 Lo Gl dsha
@ 293201 TypeOf : {Entity}

» Abstract | s3e 2 | ZNN RV

An entity exists only in mind, cannot be measured or socially realized, and does not have a location
BIRZEIT UNIVERSITY
Copyright © 2018

1022977

https://ontology.birzeit.edu/concept/293198



https://ontology.birzeit.edu/concept/293198

Arabic Ontology

St
Information
Entity

i Ju-‘d SR L
Information| |nformation Abstract
Realization Objec

Cag
Descriptio

Alga
Propositio

39 ma

Occurrent

b sia
Dependent Entity

iy
&

@ 31 & il S .’ O . .
Duration Process . X Physical Object
Capability, anism
0 Lo
TS alsds ¢ =
Collection

Astronomica s> Ol
Bod Anatomical

@ Hilie i o5 tructure
Region /\viaterialk Artifact
Geo.Area Water Reg,

s e el
ocial Agent

dali
Referent

il Al
Temporal
Referent

k FRTT>
TR, 31,3442\ Physical
R Abstract Attribute
Scalar Attribute
Q Qat

Based on:
Mustafa Jarrar: The Arabic Ontology - An Arabic Wordnet with Ontologically Clean Content. Applied

Ontology Journal, I0S Press. (Forthcoming).




Linking the Ontology with Knowledge Graphs

* Every concept in the
ontology is linked with a
node in the Wikidata

* In this way, one can access the
the world knowledge as an
Arabic knowledge graph

* So, we can build applications
like chatbots and question
answering, ...

Information
Entity

‘ G pd
ation] - Information
" jec

b gia
Dependent Entity

WIKIDATA



Dialect Corpus

http://portal.sina.birzeit.edu/curras

* To enable machines understand

dialects.
* We collected a corpus written in C s
Palestinian dialect (60k words). | urr
Corpus for alestinian ;
AP f'li’:.‘l:.nit*u,;?ﬁb'c

* Described and annotate each word |
with 16 tags. —~

Surface v
" Whole Worg ® Sllbstring ¥ Gloss

Based on:
Mustafa Jarrar, Nizar Habash, Faeq Alrimawi, Diyam Akra, Nasser Zalmout: Curras: An Annotated Corpus for the
Palestinian Arabic Dialect. Journal Language Resources and Evaluation. Volume(51), Issue(3). Springer. 2017


http://portal.sina.birzeit.edu/curras

Dialect Corpus

http://portal.sina.birzeit.edu/curras

s

¥/ Word ¥/ Stem ¥/ MSA v/ Surface v

Corpus for Palestinian Arablc O Whole Word ® Substring

gkl Lpalall gl &3 e

BIRZEIT UNIVERSITY

[ Search ]

Gloss

Search Publications Download Free Ideas

. . Ja . X bIPROG_PART+AV | i.cavbe said: e [ R @00l Al () ALy 2 s sl o oo ey vt R 3 5yl
| s " Y; R e 2 2O I
Sa J8 1 1J Sy '1: fs%m:,ggnkw/lvsw (for_exompie) [CALIMA] ~ Verb s, Y g« £ 1536 35 33 2n s 2 A 1 5Shgis 81 AT B e
. . Ja . . b/PROG_PART+y/IV said;say;be_said; Cagd bl Jldy  Aajlad |, Sl by lie s Jla L ol Ji b s
Ao dA g 18 A SMSIQWIVAKIVSUR(for_example)_[CALIMA] VoD il 3 Al by 11y o i) o s La it 3 Sl B
- . Ja 3 - b/PROG_PART+y/IV said;say;be_said; u{ e é%l‘ - A e Hﬁn A L dloiy ? 2.4')".4};2{‘_»'@?& )f
A s 1 106 Sy 2M§892wN||/|SV+k/IVSUF (for. oxampie) [CALIMA]  Ver o5h 4l al Al (B ey | i ale Capndl o gy el i 2 e (il il ,;‘
_DO: 3
- DEROGLEARTAYIV Sl 4l ad ) adlady | ol dale ) o ol 2 e sl il Al i
ag s P o8 @ 3MS+quillv+k/IVSUF  Saidisayibe_said; Verb £ O ey, cla Bile Sl o ol 7 e e 0 sl 52
1 F DO2MS (for_ example) [CALIMA] ;;‘ Jg B0 QJL.\.\ el Lol Jlae (38 i) o Sl gy ? &8 V)
2 . Jua . . BIAROE IZARIEY said;say;be_said; et allaly | i (b g pra i S UDEN 4 g A iVl JS il g £ DG
S| 1 (RS o SMSTQUIVHIVSUR (for_example)_[CALIMA]  /er® R E I o P EY R I YR TR W B X I
Ji b/PROG_PART+y/IV sdifisaybe isdid ity Ljla L il (i e Jie:@@5LEQ E-@@S
<l i, Jds 148 ellgy 3MS+qwl/IV+k/IVSUF isay;be._salcs Verb L Gl by | qm et o gl o Lol P Ao le i e Casd bl
1 F DO:2MS (for_example)_[CALIMA]
_DO: il g Al
3 5 Jé 3 i HAROe KR said;say;be_said; e u" qJ.)M g o Tt LQ\JIA“J'S u:’d JJ, s
<l gy Jds 1 16 gy gMgsgz\N’\}l/IS\/+k/IVSUF (for exampie) [CALIMA]  Verb ol g sl e 138 el Lty Guedll o gyl s A5V saila ()

Le@


http://portal.sina.birzeit.edu/curras

Connecting
lexical resources



W3C Lemon RDF Model Standard

Lexicon Model for Ontologies:
Community Report, 10 May 2016

Final Community Group Report 10 May 2016

W3

Editors:
Philipp Cimiano (Cognitive Interaction Technology Excellence Center, Bielefeld University)

John P. McCrae (Insight Centre for Data Analytics, National University of Ireland, Galway)
Paul Buitelaar (Insight Centre for Data Analytics, National University of Ireland, Galway)

Copyright © 2016 the Contributors to the Lexicon Model for Ontologies: Community Report, 10 May 2016 Specification,
published by the Ontology-Lexicon Community Group under the W3C Community Final Specification Agreement (FSA). A
human-readable summary is available.

Abstract

This document describes the lexicon model for ontologies (lemon) as a main outcome of the work of
the Ontology Lexicon (Ontolex) community group.




The Linguistic Linked Open Data Cloud

Legend

Terminologies, Thesauri and kaqwledge es

“ A collaborative effort to develop
a Linked Open Data (sub-)cloud
of linguistic resources.

® Represent (lexical entries,
concepts, synsets, and other)
using Lemon RDF model, then
interlinked.




Linking All linguistics levels

>N Jao gy GBS (e

CODA: s3]l

POS_ar: pwl/ yod + Casyas 8151/
POS_bw: Al/DET + gmr/NOUN
Gender: ,Sde

Number: 5,40

Lemma: 1,88

\ 1 ):A :i.\.';;‘dl

(Lo iy 528 ; jacadll)
s auad A

o) ALRAA £ i
¢ abe Habe jabe jae Al g al iy pead
sginall

(AO 51587) moon o

Astronomical Body Sliaua | 53
A Physical object exists naturally j
slaaill A ands JS5 20 4 (53l 293 34
example: 4313 ¢ uan y S50 4 7 gia (5 glass o > A aaill

293258 W TypeOff (physical object)

satellite "o | )8 _
om0 (Al LN S Jady Y AT CS S gm sy g e p0n
example: pa)l) e Uad da ) Jl sa &5 fsia )l Jsi

s1587 TypeOf : {Astronomical Body}

CODA: &>

POS_ar: pw!/ 385!
POS_bw: dgAyq/NOUN
Gender: &ige

Number: zo=>
Lemma: 1 4585
\
(Lans iy 5226 jaemall)
o) AL £ 5 e e

S &l 3 jhall e
[ARE3 A AL eipal)  all digua
¢ :‘,}‘j.‘:( &L’Ln iS¢ 38 :J);L;,'_‘._,).‘;

rinall

(AO_293582) minute o

_ Sentence in

J MSA/Dialect

_ Morphology
Level

AL by e o i o e o 3 RT3 35
example: )yl gl A28 1436 22 50

293582 B TypeOf : {Interval}

2

/

Lexical/
Ontology
Semantics

—

. (25



Example Case Study

Word Sense Disambiguation

Moustafa Al-Hajj, Mustafa Jarrar: ArabGlossBERT: Fine-Tuning BERT on Context-Gloss Pairs for WSD. In Proceedings
of the International Conference on Recent Advances in Natural Language Processing (RANLP 2021). PP 40--48, 2021



http://www.jarrar.info/publications/HJ21b.pdf

The Word Sense Disambiguation (WSD) Task

Given a word in a context, which sense (i.e. meaning) this word denotes?

30 Bdad

Set of senses
c ) QB Gl L) YT - el (S e Al 1ol sl Glady) 3 sbad) gas 1
ade JBU T o e e B - il (et sl Gy ddual Al gal e S" (G guils 2
Al & e ralaii g diual s g d 08 3520 .3
Sl e e (S8 1w la 4
v e 3 1 maal g IS (sl 5
sl e (358 bl Gl cae s sl (2 .6
A Gl A8 US - agiie] o gl ela s(a gill Jostind) 4503 candi 1o 2l (8 7
alaayl &KXy Bl e &350 ddiad 508 - i) cie 8
..... 9

-]
-
®
©
=
O
=
®
=

WSD has been a challenging task for many years but has gained recent
attention due to the advances in contextualized word embedding models

such as BERT.




o
=
1
(@)
O
=
(g
=4
o
=
=t
O
S
wn

+¢* Arabic context-gloss pairs Dataset (167k)

e Extracted from Birzeit University’s Lexicographic database
e Annotated target words in context;

[SEP] duiiy diwsrly 5,53 US 392 [SEP] ymidl Ogue (30 84sad (CLS| True

[SEP] ( 4uSsall Jasmiud ) 4315 « dud : sg2] e [SEP] ymidl ygue (3o 8sad [CLS]  False
[SEP] (a:Ss2l) Jastias ) 515 « duud : s g2l s [SEP] pgies] psdll slz [CLS]  True
[SEP] duusiiy diuusly 5,63 JS 3521 [SEP] agius] psdll sl [CLS]  False

** Three Fine-tuned BERT Models

* WSD into binary sequence-pair classification task
* Accuracy 84%

* 4 types of signals to emphasize target words in context

NSP Mask

M Mask LM
P S *
=E=geRr—— [ -
] GElE=lE]- &




Conclusions

Universities in developing countries need your help!
We need e-infrastructure to conduct Al experimenfg
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Thank You

Mustafa Jarrar
mjarrar@birzeit.edu



