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Lexical Resources at Birzeit University

i . Arabic
Lexicographic Annotated NLP
Database Ontology/ Corpora librar
Wordnet P Y
Frinring Ciiras E o
150 lexicons Formal Arabic Arabic Dialects APIs
Largest Arabic Wordnet Morph. Annotations Linguistic Data,
lexicographic with ontologically NER, Intents, hate synonyms, Nested
database clean content NER, intents, ...
. WSD 84% NER 88.4% - Ngeest

Big Linguistic Data Graph

https://ontology.birzeit.edu




The Lexicographic Database

* The largest lexicographic Arabic
database (150 Lexicons)

. Contain.s most lexicon types: glossaries
thesauri, bi/trilingual dictionaries ’

p
g ]

[ ]
Covers most domains: science,

tec.hnology, law, business, art
philosophy, ... ’

* Digitized over 10 years.

ontology.birzeit.edu

attribute

@ Translations 1 Synonyms @ Definitions

Ontology  Dictionaries Morphology

43 results (0.09 secs)

predicate | Attribute J  sandl
5 e 0 B il T il i 4 8 o il e Jyed)
2l sl 22 gy g pesalls el A P A aaied REE

4 Phiosophy Lexicon Vol 182) @

daall Attribute
il o3 S e Ll 05 Bl 5 il Jisal e o I o1 A “aall

Ty el s S s el il e By S Jeals cplalls
T PhilosophyLexicon (Vl.182)©

ida Attribute
.u‘,x\\&,s»xu&.‘v,“»:. S i s Rasls
+

Philosophy Lexicon Vol 182) ©

s | AaE | o) | 250)| 44| 3 5isdibea | 4ia dimension | attribute property
a construct whereby objects or individuals can be distinguished; “self-
confidence is notan endearing property”

v

Arabic WordNet ©

s | s | | 508 | 3500 e attribute
an abstraction belonging to or characteristic of an entity

3 Avabic WordNet ©

Jseas attribute predicate
Propositions attributives il il ey g 32 5m G e - L
4 philosophy Lexicon ©
philosophy Lexicon
attribute | flavor | difference | characte}

§ a0 Ainm
A Aitaprining House

cademy Portal  Browse Onine

WHElz3as MM

About  §

attribute - 3 resuls (0.04 secs)

> Adribute e | @ 8] 851 & ) i dm | 6| Lt | e
An abstract that describes qualities of an entity without using units
of measure

i san s Juaried 0521 o Aanla e iy ey 252
example Ji ) g Ol el o 2 i ol
18,203263

TypeOf : {Abstractt

» Physical Attribute Gaidia
Attribute that describes an abstract quality of things
Lo sl 8350 Al A

e R

example: il o otk Biald S ian A S

2903264 TypeO! : {Atribute}

» Abstract Attribute g asiiig | Bedide
Attribute that describes an abstract quality of things
Lo o pll B3 s B [ R T
example: ) (5 ol il 25 e Y

®,293265 TypeOf - {Attribute}

academy of the Avabic Language-Cairo |

1022977

=+ https://ontology.birzeit.edu
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Some Statistics

150 Lexicons

Category
Total (Millions

1,100K Arabic
1,100K English 800K Arabic 170K Sub-super links

. |1,000K English-Arabic | 400K Arabic .
200K French K English 29K Part-of link
00 renc 800 ngs 300K English-French|300K English % art-ot finks

3K Others 200K French ) 260K Has-Domain links
1,300K Single-word | 50K Others | 200K French-Arabic | 1K Others | o0 e inks
1,000K Multi-word

Sub Counts

* API accessible for NLP applications.

Mustafa Jarrar, Hamzeh Amayreh: An Arabic-Multilingual Database with a Lexicographic Search Engine. NLDB 2019. Pages(234--246),
LNCS 11608, Springer. 20109.



Arabic Ontology

* Characterization of the intended

meaning (i.e., concepts) that the
Arabic terms convey.

* Formal Arabic Wordnet - with
ontologically-clean content.

» Linked with PWN, Wikidata, BFO, DOLCE

» Linked with many lexicons

/ E
Definitions

Translations Synonyms

SWtagy  Dictionaries Morphology About .l

4 Entity o3| 18| eob
Whatever existed or will exist, and can be realized or imagined
Alas gl 48] gl 5 s S gl
example: ¢z e = s &
293198

> Object A S5 egh | gy | gais| 8| 81 225
An entity that is wholly and independently present in time, and is
realized either for its concrete or social existence
[l Asiif Gld sl & (Gl b S umln s chndy e 3 A 5o
example: s> clacall (pe as) gl a Lo RN 35250 &Y LSy iy
203200 W TypeOf : {Entity}

» Occurrent Jpad | G52 | 2508
An entity realized by the time of its happening
el e Al 4 Saly 4l gl e
example: 4 e JBY o= Jeaitia JS &2 o psd (S Y
203202 W  TypeOf: {Entity}

» Dependent Entity Loy e | GBlagh | 2is| L
An entity realized by the time of its happening
Al agas e sasms e ot
example: 4 Jsb S Vi 5 isal) 25m 0 Jasie (il Jsha
293201 Wi TypeOf : {Entity}

> Abstract &7 @i x| §35 d%
An entity exists only in mind, cannot be measured or socially realized, and

BIRZEIT UNIVERSITY

1022977 Copyright © 2018

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



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

Arabic Ontology

AT Soos B0 B E
ymine EXIEEmeSTHAL omD?»Oﬁ)_M i 3 s g g
NEZEDEWER e Y o Jusiia JS5 S5 gl o 082 Y
02 W

2932 TypeOf : {en ty}

* Current size so far (but the numbers are dynamic)

4 IS el "Wmmwmmm

T AR O

1800 fully-done concepts (mostly top levels) IR O s
. «wwgauﬁgmmg@mxau

TypeOf : {occurrent}

17K partially investigated (ready for NLP applications) o

PRt AL i
Some branches are elaborated, other not yet. T (T SOV TETHEL

* English labels are not our target - provided for e
4 EREXIEe Ao
.- . . J CII  ZApZ WA TRIEDLTRI0EN
readability and communication. Ty O CEDEEM 967 05T0E R,

d

455000574 TypeOf : {biological process} Ontologies

) VWA’M e Ty, 2 O CD)

* Methodology: Built top-down and bottom-up ac Ov DomO Mocoks DI EAES
. m.mmo:mFbWC?Hmd

at the same time. :

455000020 B TypeOf : {bodily process} Ontologies

» OmEEsTIme WS e
5 OTSCIIIee X LI $:9% DT

https://ontology.birzeit.edu/concept/293198
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Top Levels of the Arabic Ontology
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Mustafa Jarrar: The Arabic Ontology - An Arabic Wordnet with Ontologically Clean Content. Applied Ontology Journal, IOS Press. 2021 @
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Curras, a Palestinian Baladi, a Lebanese

morphologically morphologically
annotated corpus (Revised) annotated corpus

— =

——
duolidl ilxgll 9o

Levantine Corpus
65K tokens

N

El Haff, K., Jarrar, M., Hammouda, T., Zaraket, F., (2022). Curras + Baladi: Towards a Levantine Corpus. In
Proceedings of the International Conference on Language Resources and Evaluation (LREC 2022), Marseille, France.



http://www.jarrar.info/publications/EJHZ22.pdf

DA Sentence: o i Loy Ll Gpi Jb 75 51 351 s Uly Gisee i 52 &S 2

Token [ CODA | Prefix(es) Stem Sufix(es) POS Person | Aspect | Gender | Number La:1Ama L:/r:nsrﬁa Gloss
) ; , | //PREP | ~;,/NOUN /POSS_PRON_1S | NOUN - - : 173 irit
m o | Pon | s & $ m s (D) cs) |spiri
: sl | wsu SW/ADJ /NSUFF_FEM_SG |ADJ - - f s 1 S 1 S |residing
= ost | osx o5/ ADJ ADJ - - m s 1 Osisa 1 5% |grateful
% iges | e 5</NOUN J/POSS_PRON_2FS [ NOUN ] - m |1 p 1 e 156 |eye
o umm S | P 35</NOUN </POSS_PRON_1S |NOUN - - m p 1 e 1 e eye
: Gl G, | /CONJ |G/PRON_1S PRON 1 - m s 14l 14l |
w e - ~/PROG_PART PROG PART - i - - 0 o= 10k continue
: sl 1 [1/IV1S iV VERB 1 i m s 1 4] 13 |take
.9 Sl | Es J/DET 5/NOUN sNSUFF_FEM_SG | NOUN R _ f s 145 14 provisions
'la & o c/FUT_PART FUT PART - - - - 0.5 1<z |wil
"6 bo | W Ju/Iv VERB 1 i m s 10k 105 |remain
c Gi | Osa S,/ IV VERB 1 i m s 0_<iks 155 |looking
: S| Wil |J/DET | Lw/NOUN NOUN - - f s 2L 2L |world
< Ly | Ly L,JJCONJ CONJ - - - - 0 Ll 1Y3  |except for
VLT B &V SNVSUFF_SUBJ:1S | VERB 3 i m s 148 145 |remain
R e 05</NOUN NOUN - - m p 1 e 10 |eye

(15



u rra S Im [ = ]
Word Stem MSA Surface Gloss
COl'DUB fpr‘Pahs]Iniani?rabic O Whole Word ® Substring ; .4"_ "
Lhaudil Lalall dagll) &5 50 Palestinian Lebanese o

About

Search

Publications

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

Free ldeas

nLTE o rapy R L N e K 2l 1o
l alal e e g N . . e
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Wojood

Nested Arabic Named Entity Corpus

Sami
Flat NER —
Sami
Nested NER | S=crs

works

works
o)

at

Jimmy Carter Center

B-ORG I-ORG I-ORG Y mature
Jimmy Carter Center

B-PERS I-PERS I
B-ORG I|-ORG  I|-ORG .

Jarrar, M., Khalilia, M., Ghanem, S. (2022). Wojood: Nested Arabic Named Entity Corpus and Recognition using BERT.
In Proceedings of the International Conference on Language Resources and Evaluation (LREC 2022), Marseille, France.



http://www.jarrar.info/publications/JKG22.pdf

* NER Corpus

Corpus  Nested? (000 ifies  closses  Arabic Domain
Ontonotes5 No 300k 28k 18 MSA News

ANERCorp No 150k 11k 4 MSA News

Canercorpus No 258k 72k 14 Classic Religion

AQMAR No 74k - open MSA 4 domains

Woiood VISA &, Multi domains
Copus  YES 850K 75K 21 Dialect Finance, ICT, Law, Elestions, |

* NER BERT

Multi-task learning (nested entities)
88.4% F1-score

Politics, Migration, Terrorism



Annotation Guidelines

PERS People names
Joxo @L” ‘4&.\‘“\.& [OIN|PRVeES o) c“—*LAl Jole (g nd

NORP Group of people
Oyl &zl ¢ly 39 ¢ uaddl OB ¢ umeunad| cyall

OCC Occupation or professional title
e 5 e opdacdd el oo cu 0 daolr )

ORG Legal/social body

cGraadl Gl (Giels cyde JUy alall el

GPE Geopolitical: country, city, state
B3 Luwgy AUl o) ggazedl ¢ )l dige ot

LOC Geographical location (non-GPE)

Q! b gl diel ¢ pugand] BUB capall e

FAC

@4553‘ Joewo)! (sl gl O cslaiue Hlas

Places: landmark, road, building..

21 entity classes

EVENT
021 pgs ¢ Sadll e 2005 doyall dadll (1973 Oy

Events of general interest

DATE  Specific/relative date (>day)
d0ledall 84001 <2019-2020 505013
TIME  Specific/relative time (<day)

L‘;}'&Lw JBL> cslun7 Lg‘>5 delud! R ¢ VY delud!

LANGUAGE  Human language or dialect
2\@)&)\ sl c@}d‘ 2\.>;J|JJ| ‘L;:,,a_?dl ‘aﬁ)ﬂl sl
WEBSITE Website or specific URL

schema.org « 25 s 2 guund algo

LAW

2005 wbgaall g5 (10114 Boladl ¢ Hlaiiwdl 0938

Geographical location (non-GPE)

PRODUCT Vehicle, weapon, food, ...

09953 Lo b3 VY gl VA - (g wckanyo

CARDINAL ' Numerals in digits/words
Ogake ¢ 09 ey dayl ¢ OUSI ¢ 4au0 ¢1.5 30 ¢150

ORDINAL  does not refer to a quantity
oo o025 ¢ ply250 ¢ o3« ‘n.xéiincjnjler

PERCENT Word/symbol refers to a percent
Gl S 09 10% ¢ &lL5

QUANTITY  Value measured by units

oo 025 ¢ 50 ¢ yb3 ¢ b dha ¢ Ko ghST

UNIT Name/symbol of a unit
Jo ¢ JUSa ¢ el ghS ¢ i) ¢ aghS ¢ oS ¢ e

MONEY  Monetary quantity, incl.
V558 ¢ SR 81 ¢ Gl ps Ggamess 0

CURR Name/symbol of currency

,€g§$wdl3)cgﬂb§c)hg$c§ﬂ%c)}’jé



Corpus Collection

Source - Topics Sentences Tokens

Web Articles' (MSA)

Hea_lth, Fin_ance_, ICT, Law, El_ections, 9,053 258 102

Politics, Migration and Terrorism

Archive? (MSA)

History and Culture 12,271 227,020

Social Media® (Dialect)

General topics 5,653 65,342
Total 26,977 550,464

1 un.org, hrw.org, msf.org, who.org, mipa.institute, elections.ps, sa.usembassy.gov, diplo- matie.ma, quora.com ....
2 Awragq, Birzeit University Digital Palestinian Archive
3 Palestinian and Lebanese dialect corpora



Nested NER Results

Tag | Precison Recall F1-Score |
PERS 0.9135 0.9122 0.9129
NORP 0.6828 0.7037 0.6931
OocCC 0.7993 0.8402 0.8193
ORG 0.8924 0.9072 0.8997
GPE 0.9424 0.9516 0.9470
LOC 0.8054 0.7059 0.7524
FAC 0.7366 0.6481 0.6895
PRODUCT 0.3333 0.2500 0.2857
EVENT 0.6364 0.6488 0.6425
DATE 0.9253 0.93%4 0.9323
TIME 0.6000 0.5122 0.5526
LANGUAGE 0.9310 0.7105 0.8060
WEBSITE 0.4496 0.5472 0.4936
LAW 0.8525 0.9123 0.8814
CARDINAL 0.8437 0.8575 0.8505
ORDINAL 0.9411 0.9448 0.9430
PERCENT 0.2903 0.9310 0.4426
QUANTITY 0.2500 0.1667 0.2000
UNIT 0.5000 0.1667 0.2500
MONEY 0.9143 0.8205 0.8649
CURR 0.8810 0.9487 0.9136
Overall 0.8772 0.8909 0.8840

Entities of the same time
are not supported yet



Downloads and Demo

E https://ontology.birzeit.edu/wojood
C

Olon B 4 Syl gl & Oslaidloy gy b
gl ol ae By 4 Ol T o omadl 4
¥ Y & & A a4 g & Ay ,16/5/2022

output format : highlighted v

EVENT ¢ aadil) Q&.\SQ\;)&A?L:\SPERS J,)MJJ\JJ‘- & Ostaill g
e le i ol peme gl M ALl el g



https://ontology.birzeit.edu/wojood

ArabGlossBERT

Arabic Word-Sense Disambiguation

The Word Sense Disambiguation (WSD) Task

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

:.”-

oo Bl

Set of senses
o B QB el W) YT - iall TS lise 4l i) sall s () 8 Jlany) s

adde HBU o3 e e G - Gl (et 1 sl Gy Aial A gal Uie (IS" Gugmla
Sl G e el g dual g 500 S 250

OSal e e (38 1l

e 2y 15 cM‘ P JS o pualad)

KRR O3 (s sl Glad e iy iplall (6

e OIS 8 US - agief o gl ela 1(aS sl Jaind) 4313 i 1p SR 06

Elay) &g Jiadll e &y 3a Aiad 308 -1 gl i

'«DOO\ICDU'I-bOONH



ArabGlossBERT

Arabic Word-Sense Disambiguation

¢ Arabic context-gloss pairs Dataset (167k)

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

(SEP] ducdiy diuusrly ssb JS 332 [SEP] ;2id) 33s 0 bugad [CLS] True

[SEP] (4S5l Jasiud ) 15 « dued 2 5ol (5 [SEP] ;) (3.8 (30 Bunad [CLS]  False
[SEP] ((Ssal Jasins ) 4513 « dud : 5 g2J| e [SEP) pgius] podll sl [CLS] True
[SEP) duusiiy diuusrly .63 JS 3927 [SEP] egius] psdll sl (CLS]  False

*¢* Three Fine-tuned BERT Models

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

e 4 types of signals to emphasize target words in context



** Fine-tuned three Arabic pre-trained BERT models
The WSD task is converted into binary sequence-pair classification task

[SEP] duusdiy diwusrls st JS 3921 [SEP] j=iJl Jsue po Buducad [CLS] True

[SEP] ( 4uSsall ol ) 4515 « ducdti 2 6] (g6 [SEP] jsedl (5u (oo Bncd [CLS] False
[SEP] ((4Ss2l) Jasiud ) 513 « etz g2l oy [SEP] pgus! poill sle- [CLS]  True
[SEP] duusdiy diwusly s JS 3321 [SEP] sguus] pdll sl [CLS]  False

** Results

.
-
?
-

Model True False Accuracy

Precision 81 85
AraBERTv02 | Recall 66 93 84
Fl-score 72 89
Precision 77 83
CAMeLBERT| Recall 60 92 82
Fl-score 67 87
Precision 73 82
QARiB Recall 58 90 80
Fl-score 65 86

guiun




Constructing a dataset of context-gloss pairs

count
Statistics: Unique Lemmas (undiacritized) 26169
Avg glosses per Lemmas 1.25
Unique Glosses 32839
Unique Contexts 60272
Avg context per gloss 1.83
True context-gloss pairs 60323
False context-gloss pairs 106884
Total True and False pairs 167207
Training and Test Datasets
. Datasets| Pairs Count Total
* every context selected in the test set — ,
should not be selected in the tr.aining set; Training E;?:Eiaﬁs gg:igg 152.035
* every gloss should be selected in both the Test | Truc pairs 4,738
training and the test sets. False pairs 10,434 15,172
Total 167.207

Download: https://ontology.birzeit.edu/downloads




ArabGlossBERT

Arabic Word-Sense Disambiguation

Arabic Language Understanding Tools

SD
Tokenize Lemmatize NER Wi

x,p-'dw‘ :ﬁ:-“" Ll “w’@p}ﬂf&ﬂ.\—l—;‘;‘é‘q‘é}sw‘
4 S o 1) bl g oyl gb Banta dyast] ST O0 o

Ui Baseas’ S Ol ¥ (J.;S-‘-‘z,p‘.s@»".!‘e‘ ls

L Bl SSU Sl e 00 il

\ e sl sl £ Baseail! 3
&@@JI@»MQJ.&;&&JJ‘uilﬂgri‘_,.niil_,'i‘fulqlsmmal.,.#l 3
So o _J:,‘i:;.\emillbllu- s s
. (Qodome

. ] . ) (1388 4
"Eﬂ@ys-ﬁ:ﬁ'wwi*mi“@acunbwdsmi-@Mﬂ_l ) (925

2

” ET . . 2l <
S ..,-- < “ X C '(}_QWL =
Lalual! llp-.ll-ld)u.'u“ dﬁwiﬁaaumkwfﬁubwlﬁw ol (gisa ,”’Ar)ls ‘! . . 7,1.\»11!' :m.u.l“ -
N < " 3 e d & ...djaa’a_;l‘w‘l yadd Ls- ,p.ul rlna
i “L‘n’};:ﬂ“ﬁ.‘:l’s\;\}-[&ah]m’;uhl;”‘l—Lu_lJ¢ML)p¢HJ§J|Jn a5
foma ¢ (,9"“"‘.,:-- 3] & 2 2 oY

..hA FJAJ Jﬁ-w- ,".\.\l‘-,.l—u-l] ,:.A-u-"h- 58 4 Ln.\iLh F.HJ.-\JI" &l rl.nﬁ‘é.l.uﬂ"ﬁ“ﬁg
g ale . .

) q-] . a.:L...JH.-.ﬂ | J:I .
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https://ontology.birzeit.edu/tools/ALMA.html -
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¢ | En

@ ‘ Search Arabic and English terms ... Q it
Translations Synonyms Definitions ¥
Ontology  Dictionaries ~ Morphology About License &

NLP Library

Download and access NLP data, corpora, tools and services

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

The “sampleKey” API token allows you to use all web services but with a limited number of requests (enough to try it!), if you need more
requests, you need to Request APl Token .

\ 1
APls:
O u r { + Search 150 dictionaries (synonyms, translations, glossses) ]
N LP Li b ra ry { + Arabic Ontology ]

{ + Dialect Corpora ]

{ + Word Sense Disambiguation ]

{ + Arabic Named Entity Recognition (Wojood) ]

{ + Lemmatizer ]

{ + Retrieve Morphology Information (MSA and Dialects) ]

{ + Arabic Processing Tools ]

{ + Autocomplete Service (Arabic and English) ]

BIRZEIT UNIVERSITY
Copyright © 2022 Birzeit University







Computing Resources

Deep Leerning
A

~—~ N
Language Model Adapted model to solve NLP task
(e.g., BERT or GPT) (e.g., fine-tuning output for Q&A)

.-"f;IBF' Blask LM M#LII -\\\

StartEnd Span
f E —
G- CX=D- G- C=)E)-
o | (R -

Document
Corpus, e.g.,
Wikipedia

Ele]. [EE=E] - &
—— Em @mma e [ER) Bl

Can be extremely Macked Saciencs & Mosked Senionoe B Typically less
computationally '\\_ e i _/ computationally @ [ @
expensive expensive : st

Al reseach Language is not possible without fast GPUs

Each experiment takes many, many hours/days



Cloud is expessive of studetns

il Microsoft
Ml Azure

Currently, each student have to
! oo pay 50$/month to Google

Google Cloud

+ Free socens ta GPUS.

= Google also offer Colab

For example, here is  cade sl wih 2 shart Python scrgt hat compues a alus, stares i a variable, and print the result

setsnds_in_o._say




GPUs are not good enough!

CPU GPU TPU

Takes hours/days Really fast!
to train a language
model
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Source: https://arxiv.org/pdf/2103.11927.pdf



Recommendations

Build own TPU Cloud

For top 20 Al centers
In the Arab countries

Negotiate Google/Amazon

For affordable prices
for more researchers



Thank You

Mustafa Jarrar
mjarrar@birzeit.edu



