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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 Communities

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

o India:
— Hindi, Kashmiri,
Sindhi and 20 more
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Context: Language Communities

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

e Pakistan:
— Urdu and English

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

@ lIran:
— Persian!

Linguistic Composition of Iran | indo-European Family, Iranic Branch Other Indo-European groups
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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

Sina Ahmadi (GMU) Script Normalization for Unconventional Writing July 10, 2023



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:
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Unconventional Writing: Perso-Arabic scripts

Gorani

Kurdish

Traditionally used for Arabic

Persian

Used for over a millennium

A Reichssprache for centuries

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

fc vt

Perso-Arabic scripts:
e Languages in Iran and Iraq

3338 JAzeri Turkish

Mazanderani
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Unconventional Writing: Perso-Arabic scripts

1 H rani 3533
e Traditionally used for Arabic “ 1531; Kurdish
@ Used for over a millennium P
@ A Reichssprache for centuries .
e Have been adopted: FERE
. . . 5 <
Ajami, Wolofal, Pegon, Jawi, etc. o
|
o Perso-Arabic scripts: <
e Languages in Iran and Iraq
e Languages in Pakistan and —
3338 JAzeri Turkish

India

Mazanderani
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Unconventional Writing: the Pandora’s Box
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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

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

= . . L=
= litterature ti kaneis? —

Spelling Error : .

P & ) Transliteration
Correctio ]
literature \ TL RAVELG;
AN W v
Text Normalization

Script normalization

2023’an ——> 2023-an
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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
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Script Normalization: Approach

. v st Sorani to Arabic
@ Data collection — Not easy!
_ 0.9829
Q Script mapping s 1.0066
- Common characters I 1
- Visual resemblance v i
- Orthographic rules I 1.9559
@ Character-alignment matrix v o
— sequence alignment based <t 1.999
on dictionaries v i
s 2
v st
st 1.9222000000000001
v o
ot 1.7437
L 1.1711
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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

@ Baseline: a naive “copy” system
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Script Normalization: Intrinsic Experiments

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

100 CKBpys —CKB 100 [-89.49 KASyrp —7KAS
77.48 76
80 |~ 67.7 80 - 66.39 67.63 68.03
5
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Script Normalization: Intrinsic Experime

@ 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
@ QOurs: trained models on different levels of noise
@ Our models dramatically improve over the baseline

@ Including when evaluated on real data

Original

(Unconventional)

Normalized
Sorani
Eval Set BLEU chrF BLEU chrF

CKBpas—>CKB 1.2 38.4 20.1 69.6
CKB zgs—>CKB 04 19.4 127 65.2
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Script Normalization: Extrinsic Experiments

@ Language identification (LID)
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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)
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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

F-SCORE

0.75

0.25

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

FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS FASTTEXT OURS
0% 20% 407 607 80% 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
o Terrible performance by any existing model
e Models trained on normalized datasets improve the F-scores
o Closely-related languages (scripts) are confused!
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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
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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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Conclusion
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Key Takeaways

@ Unconventional writing is more widespread than thought of.
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https://github.com/sinaahmadi/ScriptNormalization

Key Takeaways

@ Unconventional writing is more widespread than thought of.

@ It is an open problem and non-trivial to solve.
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https://github.com/sinaahmadi/ScriptNormalization

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.
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https://github.com/sinaahmadi/ScriptNormalization

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...
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https://github.com/sinaahmadi/ScriptNormalization

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
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https://github.com/sinaahmadi/ScriptNormalization

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

Models and codes:
https://github.com/sinaahmadi/ScriptNormalization
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https://github.com/sinaahmadi/ScriptNormalization

Any questions?
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