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Context: Languages and Writing Systems

@ More than 7,000 “languages” are spoken (Ethnologue, 2023).
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Context: Languages and Writing Systems

@ More than 7,000 “languages” are spoken (Ethnologue, 2023).

@ Almost 300 writing systems exist (and many adopted ones)
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Context: Languages and Writing Systems

@ More than 7,000 “languages” are spoken (Ethnologue, 2023)
@ Almost 300 writing systems exist (and many adopted ones)

Less than 4,000 languages have a written form
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Context: Language is Text!

@ Resources, tools & applications in NLP heavily rely on text, e.g.:
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Context: Language is Text!

@ Resources, tools & applications in NLP heavily rely on text, e.g.:

@ Machine translation

Google Translate

Fp Text B Images B Documents @ Websites

FRENCH - DETECTED ~ FRENCH  ENGLISH  SPANISH v FRENCH  SPANISH  ENGLISH

"Toute faute qu'on fait est un cachot qu'on X "Any mistake we make is a dungeon we open." *
s'ouvre."
Eh) 53/5000 0

0 % <
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Context: Language is Text!

@ Resources, tools & applications in NLP heavily rely on text, e.g.:

Berkeley Neural Parser

Sentence:
She enjoys playing tennis.

Parse tree:

BaQa</)

@ Machine translation

@ Syntactic parsing PRP VEZ s

She enjoys
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Context: Language is Text!

@ Resources, tools & applications in NLP heavily rely on text, e.g.:

@ Machine translation
@ Syntactic parsing

o Large language models

GPT-3.5
Ecris un poéme découvrant Wikimédia France

En France, une organisation est née
Wikimédia est son nom, une bibliotheque
Virtuelle, gratuite, pour tous les curieux

Découvrir, apprendre, échanger, audacieux

Leur mission est de partager
Les connaissances, les cultures, les idées
De rendre accessibles les savoirs

Afin que chacun puisse s'en emparer

En son sein, Wikimédia France
S'engage pour que chacun avance
Leur dévouement et leur passion

Sont a I'image de leur mission
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Context: Language Communities

Most countries are X-lingual, but not all officially!

e Pakistan:
— Urdu and English

2021 District
Borders in use

Dominant Mother
Tongue in 2017

(share of population)

Plurality  Majority

Punjabi (38.78%)
Pashto (18.24%)
Sindhi (14.57%)
Saraiki (12.19%)
Urdu (7.08%)
Balochi (3.02%)
Hindko (2.44%)
Brahui (1.24%)
Kohistani (~0.35%)*
Khowar (~0.20%)"
No Data

Source: 2017 Pakistan
Population &
Housing Census
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Context: Language Communities

Most countries are X-lingual, but not all officially!
e Pakistan: i
— Urdu and English P

o India:
— Hindi, Kashmiri,
Sindhi and 20 more

Malayalam
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Context: Language Communities

Most countries are X-lingual, but not all officially!

e Pakistan:
— Urdu and English

o India:
— Hindi, Kashmiri,
Sindhi and 20 more

e lraq:
— Arabic and
Kurdish

IRAQ: Linguisitc Composition in 2000
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Context: Language Communities

Most countries are X-lingual, but not all officially!

Linguistic Composition of Iran | indo-European Family, Iranic 8ranch Other Indo-European groups
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e Pakistan:
— Urdu and English

@ India:
— Hindi, Kashmiri,
Sindhi and 20 more
e lraq:
— Arabic and
Kurdish o -
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Context

And what if these languages
are written in the dominant
language’s script?

La nounou fait sauter le marmot étonné.
Nont-ils pas U'air d'un E?

Y3 1Ryt "W

P
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Unconventional Writing
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Unconventional Writing

Unconventional writing

Unconventional writing refers to the usage of the script of another
language, presumably that of a dominant language.

@ Unsystematic writing
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Unconventional Writing

Unconventional writing

Unconventional writing refers to the usage of the script of another
language, presumably that of a dominant language.

@ Unsystematic writing

@ Not necessarily complying with orthography
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Unconventional Writing

Unconventional writing

Unconventional writing refers to the usage of the script of another
language, presumably that of a dominant language.

@ Unsystematic writing
@ Not necessarily complying with orthography

@ Impact of donor language on code switching
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Unconventional Writing

Unconventional writing

Unconventional writing refers to the usage of the script of another
language, presumably that of a dominant language.

@ Unsystematic writing

@ Not necessarily complying with orthography
@ Impact of donor language on code switching
o

No specific rule for mapping graphemes-phonemes
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Unconventional Writing

Unconventional writing

Unconventional writing refers to the usage of the script of another
language, presumably that of a dominant language.

@ Unsystematic writing

Not necessarily complying with orthography

o
@ Impact of donor language on code switching
o

No specific rule for mapping graphemes-phonemes

A few examples:
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Unconventional Writing

Unconventional writing

Unconventional writing refers to the usage of the script of another
language, presumably that of a dominant language.

@ Unsystematic writing
Not necessarily complying with orthography

o
@ Impact of donor language on code switching
o

No specific rule for mapping graphemes-phonemes

A few examples:
@ ana raye7 el gam3a el sa3a 3 el 3asr. (Ararbic in Latin script, aka
Arabizi)
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Unconventional Writing

Unconventional writing

Unconventional writing refers to the usage of the script of another
language, presumably that of a dominant language.

@ Unsystematic writing
Not necessarily complying with orthography

o
@ Impact of donor language on code switching
o

No specific rule for mapping graphemes-phonemes

A few examples:
@ ana raye7 el gam3a el sa3a 3 el 3asr. (Ararbic in Latin script, aka
Arabizi)

@ Tora ti na sou po (Greek in Latin, aka Greeklish)
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Unconventional Writing

Unconventional writing

Unconventional writing refers to the usage of the script of another
language, presumably that of a dominant language.

@ Unsystematic writing

Not necessarily complying with orthography

o
@ Impact of donor language on code switching
o

No specific rule for mapping graphemes-phonemes

A few examples:
@ ana raye7 el gam3a el sa3a 3 el 3asr. (Ararbic in Latin script, aka
Arabizi)

@ Tora ti na sou po (Greek in Latin, aka Greeklish)

e mer6 pr tn mess pr mn anif (French SMS language)
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Unconventional Writing: Perso-Arabic scripts
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Unconventional Writing: Perso-Arabic scripts

e Traditionally used for Arabic
e Used for over a millennium

o A Reichssprache for centuries
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Unconventional Writing: Perso-Arabic scripts

Traditionally used for Arabic
Used for over a millennium
A Reichssprache for centuries

Have been adopted:
Ajami, Wolofal, Pegon, Jawi, etc.

Perso-Arabic scripts:

Sina Ahmadi (GMU)
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Unconventional Writing: Perso-Arabic scripts

Traditionally used for Arabic
Used for over a millennium
A Reichssprache for centuries

Have been adopted:

Ajami, Wolofal, Pegon, Jawi, etc.

Perso-Arabic scripts:
e Languages in Iran and Iraq

Gorani

Persian

Sina Ahmadi (GMU) Unconventional Script Normalization
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Mazanderani
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Unconventional Writing: Perso-Arabic scripts

Traditionally used for Arabic Gorani
Used for over a millennium

A Reichssprache for centuries

Have been adopted:
Ajami, Wolofal, Pegon, Jawi, etc.

e B

| R R

Perso-Arabic scripts:

e Languages in Iran and Iraq
e Languages in Pakistan and
India

3338 JAzeri Turkish

Mazanderani
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Unconventional Writing: Perso-Arabic scripts

@ Used for writing in more than 20 languages/varieties

TURKIYE

% [l Arabic scripts - official
[l Perso-Arabic scripts -
official
[ Perso-Arabic scripts -
provincial
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Unconventional Writing: Perso-Arabic scripts

@ Used for writing in more than 20 languages/varieties
@ Persian, Urdu, Kurdish, Uyghur, Kashmiri etc.

TURKIYE

% [l Arabic scripts - official
[l Perso-Arabic scripts -
official
[ Perso-Arabic scripts -
provincial
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Unconventional Writing: Perso-Arabic scripts

@ Used for writing in more than 20 languages/varieties
@ Persian, Urdu, Kurdish, Uyghur, Kashmiri etc.
@ 400M speakers in the Middle East and the Subcontinent

TURKIYE

% [l Arabic scripts - official
[l Perso-Arabic scripts -
official
[ Perso-Arabic scripts -
provincial
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Unconventional Writing: Perso-Arabic scripts

@ Used for writing in more than 20 languages/varieties

@ Persian, Urdu, Kurdish, Uyghur, Kashmiri etc.

@ 400M speakers in the Middle East and the Subcontinent

e Discriminatory language policies (Sheyholislami, 2012)
— pernicious sociolinguistic effects on language attitudes

TURKIYE \ E .
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Unconventional Writing: Perso-Arabic scripts

Language Unconventional script Unconventional writing Conventional writing
Gilaki Persian S ol S S o oS 03l 0SS S e 5 05 &
Kashmiri Urdu e B A la §oulys aS g 4
Kurmanji Arabic 1 lgns 53,4 53k gl (a6 1 5385 AL s kil i3
Sorani Arabic 383 oligd )b 8y Bl JISL U e 903 plandd 0, 03 BLE paSay &
Sindhi Urdu ‘;w{dug/u,/;fgg,_-,;dm@ 8 36 i 6 gt e iy iyt il e
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Unconventional Writing: the Pandora’s Box
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Unconventional Writing: Questions

Some questions to think about:

@ How does unconventional writing affect NLP?
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Unconventional Writing: Questions

Some questions to think about:
@ How does unconventional writing affect NLP?

@ How can this phenomenon be effectively remediated?
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Unconventional Writing: Questions

Some questions to think about:
@ How does unconventional writing affect NLP?
@ How can this phenomenon be effectively remediated?

@ Do we always need to write a language?
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Script Normalization
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Script Normalization

Script Normalization

Normalization of a text written in an unconventional script based on
the conventional script and orthography
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Script Normalization

Script Normalization

Normalization of a text written in an unconventional script based on
the conventional script and orthography

m

ti kaneis?

|

TL RAVELS;

litterature

|

literature

Spelling Error
Correction

Transliteration

Text Normalization

2023’an ——> 2023-an
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Script Normalization

Script Normalization

Normalization of a text written in an unconventional script based on
the conventional script and orthography

= . . . =
= litterature ti kaneis?
Spelling Error ¢ .
P & . Transliteration
Correctio )
literature \ TL ®dvels;
D

Text Normalization

Script normalization

2023’an —> 2023-an
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Script Normalization: Selected Languages

Brahui, Punjabi, Kashmiri, Sindhi, Saraiki, Torwali

Balochi

{8 Pashto, Gilaki, Azeri Turkish, Mazanderani

DOMINANT

Northern/Central/Southern Kurdish, Gorani

ARABIC Arabic

Sina Ahmadi (GMU) Unconventional Script Normalization May 12, 2023



Script Normalization: Approach

@ Data collection — Not easy!

Language 639-3 WP scripttype diacritics ZWNJ  Dominant

Azeri azb  azb Abjad v v Persian
Turkish
Kashmiri kas ks  Alphabet v X Urdu
Gilaki glk  glk Abjad v v Persian
Gorani hac - Alphabet X X Persian,
Arabic,
Sorani
Kurmanji ~ kmr - Alphabet X X Persian,
Arabic
Sorani ckb  ckb Alphabet X X Persian,
Arabic
Mazanderani mzn ~ mzn Abjad v ' Persian
Sindhi snd sd  Abjad v X Urdu
Persian fas fa  Abjad v v -
Arabic arb ar  Abjad v X -
Urdu urd ur  Abjad v ' -
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Script Normalization: Approach

@ Data collection — Not easy!

@ Script mapping
- Common characters
- Visual resemblance

- Orth ograp hic rules Language Unconventional Source Target
script
Azeri Turkish  Persian c I
Sorani Arabic B BY YRSV
Kashmiri Urdu I i
Sindhi Urdu < slgle

Sina Ahmadi (GMU) Unconventional Script Normalization May 12, 2023



Script Normalization: Approach

@ Data collection — Not easy!

@ Script mapping

(st

- Common characters s
- Visual resemblance v i

- Orthographic rules it
@ Character-alignment matrix v o

— sequence alignment based o
on dictionaries v o

EH

[CH
vo

L
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Script Normalization: Approach

@ Data collection — Not easy!

@ Script mapping
- Common characters

- Visual resemblance Noise % Sentence
- Orthographic rules ey J 305 0526605535 ooty comsss

Clean

Second Kurdish photographers’ exhibition in Belgium

@ Character-alignment matrix

— sequence alignment based Sorlh o S BLP URPL5 ool
.. . 40 Kapd & J 28 ) 41,8k b Gy 0 095

on dictionaries 0 o O LT D,

@ Synthetic data generation 80 Kbt J 38 101,555 Wil sy
— randomly generate pairs 100 e J 5355 cn bl 5558 LSl s

— inject noise
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Data collection — Not easy!
Script mapping

- Common characters

- Visual resemblance

- Orthographic rules

Character-alignment matrix
— sequence alignment based
on dictionaries

Synthetic data generation
— randomly generate pairs
— inject noise

Model

— encoder-decoder with
self-attention

Script Normalization: Approach

( J

QASe:)\SQl:«J))S‘_ngoJL!UJJJ}jA.‘e: d 65

Encoder Decoder

Transformer

Qlﬁ:,&olkﬁsjﬁqilﬁjlﬁj)l.xb})bh Li> g3

Unconventional Central Kurdish in Arabic
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Script Normalization: Intrinsic Experiments

BLEU

BLEU

. . 13 ”»
@ Baseline: a naive “copy” system

100
80
60
40
20

100
80
60
40
20

- CKBpys —>CKB 100
g 80 |-
[5 52.71  51.04 50.34 47.95 50.12 60
o
r —o—base | 40
16,43
- 4.56 326 © |—e—ours| 20
| | A\ 253 |
0
20 40 60 80 100 all
r KMRgg —7KMR 100
rees2 o 65.77 80
= : 5338  49.06 47.36 60 |-
L 40
B 13.73
2.43 1.82 ¢ 20
| 23 4 L 0
20 80 100 all

Noise Levels

Unconventionz

I Script Normalizatio!

[~89.49 KAS —KAS
77.48 vEP
9 67.63 68.03
[[70.69  69.7 69.24 67.17 67.64 403
| | | | | |
20 40 60 80 100 all
r SND —SND
79.46 URD
L ° o
77.68 75.5  75.32 75.14 77.52
41,02
19.74
| | | | | |




Script Normalization: Intrinsic Experiments

BLEU

BLEU

@ Baseline: a naive “copy” system
@ Ours: trained models on different levels of noise
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Script Normalization: Intrinsic Experime

BLEU

BLEU

@ Baseline: a naive “copy” system
@ Ours: trained models on different levels of noise
@ Our models dramatically improve over the baseline
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Script Normalization: Intrinsic Experiments

@ Baseline: a naive “copy” system

@ Ours: trained models on different levels of noise

@ Our models dramatically improve over the baseline

@ The more similar the scripts, the more difficult the
normalization!

100 — T3 T ——— 1
6 o o o baseline
sl R * o Mode]100% o
R S « Ratio ’
o o o o o
o o
60 - . 10.6 =
m =
4 - < — 0. Q
0 . . 04 3
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20 - Lo e 02
o o ¢
0 | | | | \ | | | | | | |
@ P & Q?’ Cgv" Lo
P 964,?'6; < éo @v@‘y O o §§-z§z~
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Script Normalization: Extrinsic Experiments

@ Language identification (LID)

Sentence Language

LS LS iy e 03 s S Capgeaz 95 CShudly cunsd gl Punjabi
S )3 0015 Gubd I wolg ) 59 S Saraiki
Giebldl Ligs Gl pair Ll wjee < lads Lig8 Sindhi
158 38 il Kigs pa0 i S Ll LilT  Balochi
owdadilolnl )ibge dyyguw pegs g Lijed  Azer
Ol (ginly dx duyl lwg) dnyl gunl Lihea  Gilaki

wanl O H3)8 (el ey (§pe el (bl i88 1,8 yloj Lilg>  Persian
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-SCORE

I

Script Normalization: Extrinsic Experiments

@ Language identification (LID)
e Compare LID with and without normalization

FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTE>

07 209 40 60

AMOUNT OF NOISE (BASELINE VS. OURS)

Sina Ahmadi (GMU) Unconventional Script Nor|

F

ASTTEXT OURS

100

May 12, 2023



Script Normalization: Extrinsic Experiments

F-SCORE

@ Language identification (LID)

e Compare LID with and without normalization
e Terrible performance by any existing model

0.5
“.23 '
0

FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS
0 0% 40% 60%

AMOUNT OF NOISE (BASELINE VS. OURS)
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Script Normalization: Extrinsic Experiments

@ Language identification (LID)
e Compare LID with and without normalization
e Terrible performance by any existing model
e Models trained on normalized datasets improve the F-scores

F-SCORE

FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS
0% 20% 40% 60% 809 100¢

AMOUNT OF NOISE (BASELINE VS. OURS)
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Script Normalization: Extrinsic Experiments

@ Language identification (LID)
e Compare LID with and without normalization
Terrible performance by any existing model
Models trained on normalized datasets improve the F-scores
Closely-related languages (scripts) are confused!

Gilaki
Mazanderani
Arabic
Persian
Gorani
Sorani

Kurmanji

Gold Labels

Kashmiri

Sindhi

Urdu
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Script Normalization: Extrinsic Experiments

BLEU

40

20

10

Language identification (LID)
Machine Translation (MT)

o Evaluate MT with and without normalization

B CLEAN DATA (BASELINE) @ UNCONVENTIONAL E UNCONV.+ NORMALIZATION
30.8
SINDHI SORANI KASHMIRI
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Script Normalization: Extrinsic Experiments

@ Language identification (LID)
@ Machine Translation (MT)
o Evaluate MT with and without normalization

e Terrible performance on noisy data (NLLB as baseline)

B CLEAN DATA (BASELINE) B UNCONVENTIONAL B UNCONV.+ NORMALIZATION

BLEU

SINDHI SORANI KASHMIRI

Sina Ahmadi (GMU)
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Script Normalization: Extrinsic Experiments

BLEU

40

30

Language identification (LID)
Machine Translation (MT)
o Evaluate MT with and without normalization

o Terrible performance on noisy data (NLLB as baseline)
e Models trained on normalized datasets improve the F-scores

H CLEAN DATA (BASELINE) B UNCONVENTIONAL H UNCONV.+ NORMALIZATION

30.8 30.8
. l

SINDHI SORANI KASHMIRI
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Key Takeaways

@ Unconventional writing is more widespread than thought of.
@ It is an open problem and non-trivial to solve.

@ It negatively affects NLP for low-resourced languages.

@ We can effectively remediate it, but only to some extent...

@ Do we always need to write a language?
- Multi-modal NLP
- Multi-lingual NLP
- Multi-task NLP
- Better adaptation in NLP
We don’t know yet.
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Any questions?
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