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The Languages of the World

« More than 6000 languages:
— 45% oral

— 43% endangered or vulnerable

—)

ifferences in culture, vocabulary

—

ifferences in morphological
complexity, syntax, tonality, word order...

But also...

Altre Lingue

& Ocitano
I Francoprovenzale
Arbéreshé (Albanese)

Tedesco:

WA walser

Cl cimbro

MO mocheno

CB bavarese centrale
ST sudtirolese

EN Sloveno
Croato
GC  Griko (salento) - Grecanico (calabria)
CA Catalano

Lingua Siciliana
Siciliano (Sicilianu)
[E21 Messinese (Missinisi)
B Siciliano orientale
EZY Ennese
Siciliano sudorientale
Agrigentino (Giurgintano)
Eoliano
Palermitano (Palermitanu)
Trapanese o Mazarese (Trapanisiannu)
Pantesco
Pelagio
Salentino (Salentinu)
IER Brindisino (Brindisinu)
IER Leccese (Tialettu de Lecce)
EF1 Salentino meridionale
Calabrese (parrati calabbrisi)
[#9 Catanzarese (Catanzarisa)
[@F1 Calabrese meridionale

Cilentano meridionale (Cilindanu)

Lingue Retoromanze

LA Ladino (Ladin)
Frivlano (Furlan)
IE2 Frivlano centro-orientale
Frivlano occidentale

Frivlano carnico

Dialetti Mediani

Marchigiano centrale (Marchiggia)
Mca ' Anconitano (Ancunetd)

Mc Maceratese-Fermano

Dialetti umbri

Ubx  Umbro settentrionale

UB3 Umbro meridionale

Laziale

& Romanesco(Romano)

I Laziale centro-settentrionale

a3 Tuscia viterbese

Sb Sabino

Mappa delle Lingue e Gruppi dialettali di‘ltalia

Lingua Napoletana (x5emo 3 schwa,

per la vocale muta)

Campano

Cma Napoletano (Nnapulitano)

Dialetti del Lazio meridionale

B Beneventano (Banavientana)
&% Irpino
Cms Cilentano (Cilendano)

Pugliese

Pua

Barese (Baréss)

§ Dialetti apulo-salentini - Tarantino (Tarandina)

Dialetti apulo-lucani - Materano (Matarrass)
Foggiano (Fuggana)

Dialetti garganici

Lucano

Lua
Luz

Luz

Dialetti del Vulture-Melfese
Dialetti appenninici-metapontini

Dialetti arcaici lucani (Area Lausberg)

Cosentino
[ Basso Cosentino (Cusintinu)

[€33 Alto Cosentino o Alto ionico (Cusentinu)

T8 Molisano (Mulisana)

Abruzzese (Abbruzzésa)

Aba

Ab2
Ab3

Mm

Abruzzese orientale adriatico
Dialetti dellarea Marsica-Peligna

Teramano (Terramans)

Marchigiano meridionale (Marchascia)

LinguaVeneta
Veneto (Véneto)
1 Veneto centrale
721 Veneziano (Venesian)
Veneto orientale
2 Veneto trevigiano
Veronese (Veronéxe)
Alto vicentino
Veneto bellunese
Trentino centrale
(Trentin)
Lingue Gallo-italiche
Ligure (Ligure)
Ligure genovese
I3 Ligure orientale
IEEY Ligure dell'Oltregiogo
Dialetto intemelio-roiasco
Piemontese (Piemontéis)
Piemontese torinese-cunese
Piemontese orientale
Canavesano (Canavzan)
Lombardo (Lumbaart)
[ Lombardo occidentale
[T Lombardo orientale
[X] Lombardo-emiliani
Lombardo alpino
Emiliano (Emilian)
[E¥! Emiliano orientale
[FF Emiliano occidentale
£l Mantovano (Mantudn)
Tortonese (Turtunés)

Lunigianese

X Romagnolo (Rumagnol)

A Gallo marchigiano (Marchizan)

Gallo-itanco lucano

GS Gallo-italico siciliano

Gruppo Toscano-Corso
Toscano (Toscano)
Aretino
Fiorentino
Senese
Grossetano-Amiatino
Pisano-Livornese
Elbano
Pistoiese
Lucchese
Toscano apuano
Corso (Corsu)
C Gallurese (Gadduresu)
Sassarese (Sassaresu)

Corso oltremontano (Pumontincu)

Lingua Sarda

EX Sardo campidanese
(Sardu campidanesu)

EEF1 Sardo nuorese
(Sardu nugoresuv)
Sardo Logudorese
(Sardu lugudoresu)
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—
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er...
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Articles in Wikipedia

The Long Tail of Data
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CASE STUDY: TRANSLATION BETWEEN SIMILAR LANGUAGES

Catalan: Qué diu aquesta frase?
Spanish: ;Qué dice esta oracion?

Galician: Que di esta frase?

Portuguese: O que esta frase diz?




CASE STUDY: TRANSLATION BETWEEN SIMILAR LANGUAGES

Catalan: Qué diu aquesta frase?
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Portuguese: O que esta frase diz?
Many similarities to utilize




CASE STUDY: TRANSLATION BETWEEN SIMILAR LANGUAGES

Catalan: Qué diu aquesta frase?
Spanish: ;Qué dice esta oracion?

Galician: Que di esta frase?

Portuguese: O que esta frase diz?
Many similarities to utilize

Team Type BLEU TER
MLLPUPV P 647 208
UPC-TALP P 62.1 23.0
NICT P 533 291
Uhelsinki C 528 28.6
Uhelsinki P 520 294
Uhelsinki C 51.0 331
NICT C 479 334
UBC-NLP P 46.1  36.0
UBC-NLP C 46.1 359
MLLPUPV C 455 353
BSC P 440 375

Table 27: Results for Spanish to Portuguese Translation




CASE STUDY: TRANSLATION BETWEEN SIMILAR LANGUAGES

Team Type BLEU TER

MLLPUPV P 66.6 19.7

= % NICT P 59.9 253

Uhelsinki C 59.1 25.5

Catalan: Queé diu aguesta frase? e C oo
Uhelsinki P 58.4 253

KYOTOUNIVERSITY P 56.9 26.9

- £ 2 Cat NICT C 54.9 28.4
Spanish: ;Qué dice esta oracion? & P sin 208
UBC-NLP P 52.3 32.9

UBC-NLP C 52.2 32.8

e G > MLLPUPV C 51.9 30.5
Galician: Que di esta frase? NLLPURY A
BSC C 48.5 35.1

Table 26: Results for Portuguese to Spanish Translation

Portuguese: O que esta frase diz?

Many similarities to utilize

Team Type BLEU TER

MLLPUPV P 647 208
UPC-TALP P 62.1 23.0
NICT P 533 291
Uhelsinki C 528 28.6
Uhelsinki P 520 294
Uhelsinki C 51.0 331
NICT C 479 334
UBC-NLP P 46.1  36.0
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CASE STUDY: TRANSLATION BETWEEN SIMILAR LANGUAGES

Team Type BLEU TER

MLLPUPV P 66.6 19.7

NICT P 599 253

Catalan: Queé diu aguesta frase? e C oo
. o - KIOTOUNIVERSITY b 569 209
Spanish: ;Qué dice esta oracion? T bosis s
URGALE C e e

Galician: Que di esta frase? LLPUPY c ®7 o
BSC C 48.5  35.1

Table 26: Results for Portuguese to Spanish Translation

Team Type BLEU TER
MLLPUPV P 647 208
UPC-TALP P 62.1 23.0
NICT P 533 291
Uhelsinki C 528 28.6
Uhelsinki P 520 294
Uhelsinki C 51.0 331
NICT C 479 334
UBC-NLP P 46.1  36.0
UBC-NLP C 46.1 359
MLLPUPV C 455 353
BSC P 440 375

Table 27: Results for Spanish to Portuguese Translation

Portuguese: O que esta frase diz?

Many similarities to utilize

Team Type BLEU TER
NITS-CNLP C 537 363
Panlingua-KMI P 1.5  79.1
CMUMEAN P 11.1 79.7
UBC-NLP P 082 77.1
UBC-NLP C 082 772
NITS-CNLP P 03.7 -
NITS-CNLP C 03.6 -
CFILT_IITB C 03.5 -
Panlingua-KMI C 03.1 -
CFILT_IITB P 02.8 -
CFILT_IITB C 02.7 -
Panlingua-KMI C 01.6 -
JUMT P 01.4 -

Table 28: Results for Hindi to Nepali Translation




CASE STUDY: INDIAN SUBCONTINENT

g3 YT BT AEA? A dIS 2] 5& 9783 2308, D HeFHIL3Ned A off AfJet I?
EDM QUd2ldho af) DI alOW)MN@IE TR RIT Bedl 87 & AT B FUTd?
&8 SPEL0 A DO ATRI b HBBOO D56 5965868 ROBE?

* Phonetic and Orthographic Similarity
* Transliteration and Cognate mining
e Character-level translation

|lssues: text normalization, tokenization



http://anoopkunchukuttan.github.io/indic_nlp_library/

CASE STUDY: ENGLISH-CHINESE

/

=/=F B[ EFR=HED
. = B E\ M\ .

what does this sentence mean? \':'/_J EE’.;._/ )/z\u JTN
XAOIEETARER?

Best WMT system: The Niulrans Machine Translation Systems for WMT19, Li et al. 2019
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CASE STUDY: ENGLISH-CHINESE
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what does this sentence mean? \':'/_J E'_l'—jxl&:l—/ )/z\u JTN
XAOIEETARER?

Very high resource, but:

Best WMT system: The Niulrans Machine Translation Systems for WMT19, Li et al. 2019
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Very high resource, but:
logographic writing system —> huge vocabulary

Best WMT system: The Niulrans Machine Translation Systems for WMT19, Li et al. 2019
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CASE STUDY: ENGLISH-CHINESE

= B BRE B

. = B E\ M\ .

what does this sentence mean? \':'/_J E'E'.;T/ )/z\u JON
XAOIEETARER?

Very high resource, but:

logographic writing system —> huge vocabulary
tokenization”

Best WMT system: The Niulrans Machine Translation Systems for WMT19, Li et al. 2019
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CASE STUDY: ENGLISH-CHINESE

|
\

il

|-

)Jk‘m = 9,

== =1
' d E
9 J AH A= TN/ -
what does this sentence mean” S ENE S AL, 2= o
X OIHEITAR G

Very high resource, but:

logographic writing system —> huge vocabulary
tokenization”

Character-based decoding can help
when translating to Chinese (Bowden et al, 2019)

Best WMT system: The Niulrans Machine Translation Systems for WMT19, Li et al. 2019
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CASE STUDY: ENGLISH-CHINESE

=LA F B 4RSS ED
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what does this sentence mean? \':'/_J EE’.;._/ )/z\u JTN
XOEEITARER?
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CASE STUDY: ENGLISH-CHINESE

=T B L BRES E D

. = B E\ M\ .

what does this sentence mean? \':'/_J E'_l'—jxl&:l—/ )/z\u JTN
XAOIEETARER?

Another idea: Modeling sub-character information
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CASE STUDY: ENGLISH-CHINESE

what does this sentence mean

Another idea: Modeling sub-character information

o) = s

e

X T,

T =

A A

N\ =

=

3}

YN

e
)%\ l%\/L\J\?
/A\ /%\/L‘J\?

Neural Machine Translation of Logographic Languages

Using Sub-character Level Information, Zhang and Komachi, 2019.

Semantic Phonetic ..
Character ) i Pinyin
ideograph ideograph
3t run L horse th chu
i pool | ZK(7 ) water th chu
i impose | 5 direction th sh
st loosen = bow th chu
ith land + soil th dm
X drive ) horse X q

Table 1: Examples of decomposed idecographs of Chi-
nese characters. The composing ideographs of differ-
ent functionality might be shared across different char-

acters.



http://anoopkunchukuttan.github.io/indic_nlp_library/

CASE STUDY: ENGLISH-CHINESE

=T B L BRES E D

. = B E\ M\ .

what does this sentence mean? \':'/_J E'_l'—jxl&:l—/ )/z\u JTN
XAOIEETARER?

Another idea: Modeling sub-character information
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CASE STUDY: ENGLISH-CHINESE

I

what does this sentence mean? <, =524
ﬁ L1 o

e
)%\ l%\/L\J\?

/A\ l%\/L\J\?

Another idea: Modeling sub-character information

Character-level Chinese-English Transl
through ASCII Encoding,
Nikolov et al., 2019.

I

1]
S

Figure 1: Overview of the wubi2en approach to
Chinese-to-English translation. A raw Chinese
word (‘2 1%’) is encoded into ASCII characters
(‘bd|yad’), using the Wubi encoding method, be-
fore passing it to a Seq2Seq network. The net-
work generates the English translation ‘commit-
ment’, processing one ASCII character at a time.
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CASE STUDY: ARABIC

what does this sentence mean? Sdlaall sia et 13l
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CASE STUDY: ARABIC

what does this sentence mean? Sdlaall sia et 13l

- d
¢THEY COULD USE MODERN
_STANDARD ARABIC EVERYWHERE
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CASE STUDY: ARABIC

what does this sentence mean? Sdlaall sia et 13l



http://anoopkunchukuttan.github.io/indic_nlp_library/

CASE STUDY: COMPLEX MORPHOLOGY (E.G. FINNISH, TURKISH)

What about linguistically-informed segmentation?

Words He admits to shooting girlfriend
BPE He admits to sho@ @ oting gir@ @ 1@ @ friend

Morfessor He admit@ @ s to shoot@ @ ing girl@ @ friend

Characters | He _admits_to_-shooting_girlfriend

Table 2: Example with different segmentations.



http://anoopkunchukuttan.github.io/indic_nlp_library/
https://www.aclweb.org/anthology/W19-1424.pdf
https://www.aclweb.org/anthology/N19-1154.pdf
https://www.aclweb.org/anthology/N19-1154.pdf

USING RELATED LANGUAGES



http://anoopkunchukuttan.github.io/indic_nlp_library/
https://github.com/LauraMartinus/ukuxhumana

USING RELATED LANGUAGES

How can you choose a related language
for cross-lingual transfer?
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https://github.com/LauraMartinus/ukuxhumana
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NLP beyond
the top-100
languages

Let's make a plan
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Going Beyond the top-100 Languages

Train on all the internet (GPT-4?) — incidental multilingualism
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Train on all the internet (GPT-4?) — incidental multilingualism
or

GEORGE MASON UNIVERSITY

%



Going Beyond the top-100 Languages

Train on all the internet (GPT-4?) — incidental multilingualism
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Explicitly collect data in many languages and upsample low-resource ones
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From incidental, to
Multilinguality by Design



Multilinguality by Design

We need interventions at all levels:
— data
— evaluation
— tokenization
— architecture
— post-training and alignment
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Getting Data - Internet Crawling

GEORGE MASON UNIVERSITY

é



Getting Data - Internet Crawling

GEORGE MASON UNIVERSITY

é



Getting Data - Internet Crawling

Open Source Project on
Multilingual Resources for Machine
Learning

GEORGE MASON UNIVERSITY

é




Getting Data - Internet Crawling

Crawling the internet = Language ID
Currently 166 languages

Open Source Project on
Multilingual Resources for Machine
Learning

GEORGE MASON UNIVERSITY

é



Getting Data - Internet Crawling

Crawling the internet = Language ID
Currently 166 languages

Quality at a Glance:
An Audit of Web-Crawled Multilingual Datasets

Open Source Project on
Multilingual Resources for Machine
Learning

GEORGE MASON UNIVERSITY

(
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Getting Data - Internet Crawling

Crawling the internet = Language ID
Currently 166 languages

Quality at a Glance:
An Audit of Web-Crawled Multilingual Datasets

Very low quality for some languages

OSCAR langID far from perfect

Open Source Project on
Multilingual Resources for Machine
Learning
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Our Solution: Work with Communities
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ur Solution: Work with Communities

Language map of Zambia

Select a language from the menu to see where it's Select a district from the menu to see
spoken as people’s first language which languages are spoken as people's first language
Bemba All
Language # of speakers % of population
Bemba 3,727,677 28.9%
Tonga 1,585,877 12.3%
Tumbuka 1,445111 11.2%
Chewa (Nyanj.. 1,305,434 10.1%
Lozi 741,755 5.7%
Lunda 520,643 4.0%
Other langua.. 464,474 3.6%
Luvale 416,725 3.2%
Lala-Bisa 379,548 2.9%
Nyamwanga 299,337 2.3%
Nsenga 292,814 2.3%
Mambwe-Lun.. 276,006 2.1%
\/ Kaonde 189,173 1.5%
Lamba 189,059 1.5%
Kunda 172,360 1.3%
lla 150,976 1.2%
Ushi (Aushi) 132,887 1.0%
Soli 88,383 0.7%
Mbunda 77,004 0.6%
English 67,818 0.5%
Taabwa 62,831 0.5%
Lenje 56,770 0.4%
Bwile 49 996 0.4%
Ngoni 44 625 0.3%
Simaa 40,963 0.3%
Nkoya 29,116 0.2%
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Our Solution: Work with Communities

Language map of Zambia

Select a language from the menu to see where it's Select a district from the menu to see
spoken as people’s first language

Bemba Al

which languages are spoken as people's first language

Educational Tools for Mapuzugun

Cristian Ahumada' Claudio Gutierrez' Antonios Anastasopoulos®
'Department of Computer Science, Universidad de Chile
2Computer Science Department, George Mason University
ahumada.860@gmail.com cgutierr@dcc.uchile.cl antonis@gmu.edu

Abstract Guaranf for Spanish speakers,” learning resources
for Indigenous languages are hard to come by, let
Mapuzugun is the language of the Mapuche alone ones that incorporate language technologies

people. Due to political and historical reasons,
its number of speakers has decreased and the
language has been excluded from the educa-
tional system in Chile and Argentina. For this
reason, it is very important to support the revi-

in the educational setting in order to aid learners. In
particular, it is undeniable that the development of
NLP tools that reach the users lags further behind
that NLP research itself (Blasi et al., 2021).

Ten ot e soanal> seam dassalscs & denl o ashenatsasssnl

Language # of speakers % of population
Bemba 3,727,677 28.9%
Tonga 1,585,877 12.3%
Tumbuka 1,445 111 11.2%
‘ Chewa (Nyanj.. 1,305,434 10.1%
Lozi 741,755 5.7%
Lunda 520,643 4.0%
Other langua.. 464,474 3.6%
Luvale 416,725 3.2%
Lala-Bisa 379,548 2.9%
Nyamwanga 299,337 2.3%
Nsenga 292,814 2.39
Mambwe-Lun.. 276,006 2.1%
Kaonde 189,173 1.5%
Lamba 189,059 o P W e e/ SR - Rty e
Kunda 172,360 1.3%
lla 150,976 1.2%
Ushi (Aushi) 132,887 1.0%
Soli 88,383 0.7%
Mbunda 77,004 0.6%
English 67,818 0.5%
Taabwa 62,831 0.5%
Lenje 56,770 0.4%
Bwile 49 996 0.4%
Ngoni 44 625 0.3%
Simaa 40,963 0.3%
Nkoya 29,116 0.2%
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Our Solution: Make Existing Data ML-Usable
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Our Solution: Curation at Scale

Let’s get small, but high quality data

New Stornyoooks
Storybooks approved by ASD

Ursula Nafula
Vidyun Sabharey Afrcan Storybook
Vidyun Sabharey

PRATHAM BOOKS

st Cryweaver

>350 languages

LIMIT: Language Identification, Misidentification, and Translation using
Hierarchical Models in 350+ Languages

Milind Agarwal Md Mahfuz Ibn Alam Antonios Anastasopoulos
Department of Computer Science, George Mason University
{magarwa, malam21, antonis}@gmu.edu

Abstract

Knowing the language of an input text/audio
is a necessary first step for using almost every .9!“’ P)
NLP tool such as taggers, parsers, or transla-
tion svetems | anounace identification i< a well-
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Learning Under Privileged Information

Training Inference Convergence Rate

Supervised learning:
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Learning Under Privileged Information

Supervised learning:

Learning under
Privileged Information:

Training Inference
X =y y = J(x)
f
(X, x*) =y y = f(x)
f

What is good privileged information for language tasks?

1) Context
2) Meta-language

Convergence Rate
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Meta-data Augmented
LLMs



[12] Mark Davies. “Corpus of News On the Web (NOW)”. 2016

news article

25



news article

TITLE: Spread The Love With NY Country 94.7 And Kelly Ford's 'Valentines For The Troops'

CONTENT: The team at 94.7, led by Kelly Ford, are asking people across the Tri-State area
to send Valentine's Day cards to troops. "It's really all about the message because

you're away from home on a holiday that's all about love and you need to know that

people back here love ya," Ford tells Wayne Cabot and Paul Murnane. "lt's about

saying, 'Hey, we love and appreciate you."

[12] Mark Davies. “Corpus of News On the Web (NOW)”. 2016
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Metadata augmented news article

URL.: https://wcbs880.radio.com/articles/news/ny-country-947s-kelly-ford-seeks-valentines-for-
troops

COUNTRY: us
CONTINENT: America

TITLE: Spread The Love With NY Country 94.7 And Kelly Ford's 'Valentines For The Troops'

CONTENT: The team at 94.7, led by Kelly Ford, are asking people across the Tri-State area
to send Valentine's Day cards to troops. "It's really all about the message because

you're away from home on a holiday that's all about love and you need to know that

people back here love ya," Ford tells Wayne Cabot and Paul Murnane. "lt's about

saying, 'Hey, we love and appreciate you."

[12] Mark Davies. “Corpus of News On the Web (NOW)”. 2016
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Localizable Foundation Models

MAPLE: Metadata Aware Pre-training
for Localized Evaluation
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The MAPLE model family

YWFAPLE model family

Localizable Foundation Models

MAPLE: Metadata Aware Pre-training
for Localized Evaluation

Standard decoder transformer LMs
Model sizes: .5B, 1B, 3B

Pretrained on the NOW corpus:
Scraped English news from across the world:
US, Canada, UK, Nigeria, Australia, India, etc

Metadata: URL, Country, Continent

Ablations: Global model, Continent-localized model
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Significantly improved token efficiency
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Local Models cannot generalize to unseen regions
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Local Models cannot generalize to unseen regions

Local(T+,1+))
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Showing perplexity on corresponding test sets
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Local Models cannot generalize to unseen regions

Local(T+,1+))
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We can localize our global models
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Perplexity (1 better)

We can localize our global models
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We can localize our global models
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We can localize our global models
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We can localize our global models
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Models trained on all continents together

can perform as well as -



Example advantage: Underspecified user queries ':\35I,(+ questions

[9] Anjishnu Mukherjee, Ziwei Zhu, Antonios Anastasopoulos. “Metadata Conditioned Large Language Models for Localization”. Under review. 30



Example advantage: Underspecified user queries ':\35}5-" questions

%
m APLE LocalNewsQA Explicit

Who was the Prime
Minister in the UK in 2015?

(A) Gordon Brown EIS
(B) David Cameron Ei=
(C) Narendra Modi ==

(D) Angela Merkel =

v (B) David Cameron fr ﬂ\
*9Y

[9] Anjishnu Mukherjee, Ziwei Zhu, Antonios Anastasopoulos. “Metadata Conditioned Large Language Models for Localization”. Under review. 30



Example advantage: Underspecified user queries :\35I,(+ questions

v (B) David Cameron

LocalNewsQA Ambiguous LocalNewsQA Ambiguous
Who was the Prime :
Minister in the UK in 2015: : Who was the Prime Who was the Prime
: Minister in 2015? Minister in 2015?
(A) Gordon Brown EIS : -
: (A) Gordon Brown EIS (A) Gordon Brown EIE
(Fhibzilel e | (B) David Cameron EfS (B) David Cameron Ef2
(C) Narendra Modi  wm (C) Narendra Modi &= (C) Narendra Modi ==
(D) Angela Merkel == (D) Angela Merkel == (D) Angela Merkel ==

v

[9] Anjishnu Mukherjee, Ziwei Zhu, Antonios Anastasopoulos. “Metadata Conditioned Large Language Models for Localization”. Under review.
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Example advantage: Underspecified user queries :\35I,(+ questions

LocalNewsQA Ambiguous LocalNewsQA Ambiguous

Who was the Prime URL: news.co/uk

Minister in the UK in 20157

Who was the Prime Who was the Prime
| Minister in 2015? Minister in 2015?
(A) Gordon Brown EiS s
(A) Gordon Brown Ef= (A) Gordon Brown EI=
(B) David Cameron EiS (B) David Cameron EfS (B) David Cameron Ef=
(C) Narendra Modi  wm (C) Narendra Modi == (C) Narendra Modi &=
(D) Angela Merkel == (D) Angela Merkel == (D) Angela Merkel ==

v (B) David Cameron v (B) David Cameron

v

[9] Anjishnu Mukherjee, Ziwei Zhu, Antonios Anastasopoulos. “Metadata Conditioned Large Language Models for Localization”. Under review. 30



Example advantage: Underspecified user queries :\35I,(+ questions

v (B) David Cameron

v (B) David Cameron Q v (C) Narendra Modi

Ve

LocalNewsQA Ambiguous LocalNewsQA Ambiguous
Who was the Prime URL: news.co/uk URL: news.co/in
o o o . ) : i
Minister in the UK in 2015: : Who was the Prime Who was the Prime
: Minister in 2015? Minister in 2015?
(A) Gordon Brown EIS : -
: (A) Gordon Brown EIS (A) Gordon Brown EIE
(Fhibzilel e | (B) David Cameron EfS (B) David Cameron Ef2
(C) Narendra Modi  wm (C) Narendra Modi &= (C) Narendra Modi ==
(D) Angela Merkel == (D) Angela Merkel == (D) Angela Merkel ==

[9] Anjishnu Mukherjee, Ziwei Zhu, Antonios Anastasopoulos. “Metadata Conditioned Large Language Models for Localization”. Under review.

30



Disambiguation of under-specified user queries

31



Disambiguation of under-specified user queries

Training/Inference:

Without metadata
' H (T-1) @ (T+,1+)
|BB\
Explicit | [
Ambiguous > O
Overall ]
28 30 32 34 36 38 40

Target accuracy (%)
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Without metadata With metadata
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Altre Lingue

4 Occitano

&3 Francoprovenzale
Arbéreshé (Albanese)

Tedesco:

WA walser

Cl cimbro

MO mocheno

CB bavarese centrale

ST sudtirolese

Sloveno

Croato

Griko (salento) - Grecanico (calabria)
Catalano

Lingua Siciliana
Siciliano (Sicilianu)
[ S Messinese (Missinisi)
A Siciliano orientale
EZF1 Ennese
EA Siciliano sudorientale
Agrigentino (Giurgintano)
Eoliano
Palermitano (Palermitanu)
Trapanese o Mazarese (Trapanisiannu)
Pantesco
Pelagio
Salentino (Salentinu)
IEA Brindisino (Brindisinu)
EH Leccese (Tialettu de Lecce)
Salentino meridionale
Calabrese (parrati calabbrisi)
[E71 Catanzarese (Catanzarisa)
[€F1 Calabrese meridionale

Cilentano meridionale (Cilindanu)

Lingue Retoromanze

LA Ladino (Ladin)
Frivlano (Furlan)
I Frivlano centro-orientale
Frivlano occidentale

Friulano camico

Dialetti Mediani

Marchigiano centrale (Marchiggia)

Mc1 Anconitano (Ancunetd)
Mc Maceratese-Fermano
Dialetti umbri

Ubxy Umbro settentrionale

UB3 Umbro meridionale
Laziale

Il Romanesco (Romano)

I Laziale centro-settentrionale
a3 Tuscia viterbese

Sb Sabino

Lingua Napoletana (&rmos schw
Campano
Cmi Napoletano (Nnapulitano)
Dialetti del Lazio meridionale
Bl Beneventano (Banavientan)
&% Irpino
Cms Cilentano (Cilendano)
Pugliese
Pill Barese (Baréss)
B Dialetti apulo-salentini - Tarantino (Tarandina)
B Dialetti apulo-lucani - Materano (Matarrdss)
PUZ  Foggiano (Fuggana)
PUS ' Dialetti garganici
Lucano
Lu1 Dialetti del Vulture-Melfese
Luz Dialetti appenninici-metapontini
Luz Dialetti arcaici lucani (Area Lausberg)
Cosentino
[€Y Basso Cosentino (Cusintinu)
[€3] Alto Cosentino o Alto ionico (Cusentinu)
T8 Molisano (Mulisana)
Abruzzese (Abbruzzésa)
Ab1  Abruzzese orientale adriatico
Ab2 Dialetti dell'area Marsica-Peligna

Ab3 Teramano (Terramans)

Mm Marchigiano meridionale (Marchascia)

Mappa delle Lingue e Gruppi dialettali di’ltalia

Lingua Veneta
Veneto (Véneto)
21 Veneto centrale
1 Veneziano (Venesian)
Veneto orientale
N Veneto trevigiano
Veronese (Veronéxe)
Alto vicentino
Veneto bellunese
Trentino centrale
(Trentin)
Lingue Gallo-italiche
Ligure (Ligure)
Ligure genovese
Y Ligure orientale
XY Ligure dell’Oltregiogo
Dialetto intemelio-roiasco
Piemontese (Piemontéis)
Piemontese torinese-cunese
Piemontese orientale
Canavesano (Canavzan)
Lombardo (Lumbaart)
[T Lombardo occidentale
[FH Lombardo orientale
[XF] Lombardo-emiliani
[T7] Lombardo alpino
Emiliano (Emilian)
ER Emiliano orientale
[E5F Emiliano occidentale
fiF] Mantovano (Mantuén)
Tortonese (Turtunés)

Lunigianese

Romagnolo (Rumagnol)

Gallo marchigiano (Marchizan)
Gallo-itanco lucano

Gallo-italico siciliano

Gruppo Toscano-Col
Toscano (Toscano)
Aretino
Fiorentino
Senese
Grossetano-Amiatino
Pisano-Livornese
Elbano
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Toscano apuano
Corso (Corsu)
1 Gallurese (Gadduresu)
Sassarese (Sassaresu)

Corso oltremontano (Pumontincu)

Lingua Sarda

EX Sardo campidanese
(Sardu campidanesu)

1 Sardo nuorese
(Sardu nugoresu)
Sardo Logudorese
(Sardu lugudoresu)
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[€3] Alto Cosentino o Alto ionico (Cusentinu)
T8 Molisano (Mulisana)
Abruzzese (Abbruzzésa)
Abx  Abruzzese orientale adriatico
Ab2 Dialetti dell'area Marsica-Peligna

Ab3 Teramano (Terramans)

Mm Marchigiano meridionale (Marchascia)

Lingua Veneta
Veneto (Véneto)
Veneto centrale
71 Veneziano (Venesian)
Veneto orientale
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DialectBench

DEP. 40" 3 4 1 8
POS. 6 4 8 8
NER IR 2 4 4 2 5 2 4 ‘BN 19
EQA 24 7 11 2 2 2
MRC 11 6 1 2
° X
First large-scale benchmark & N 38 o 1 4 : 1 5
. « Lo TC 38 9 1 4 1 1 5
10 tasks, 40 continua, 281 varieties < ERE
DId 26 4 3 4 6

MT25 23 20 21 8 1 2 3 5 2 4
Total B30 42 31 26 21 19 13 12 11 11 8 8 8 6 5 5 4 4 3 3 3 3 3 32
= Lo c O O O O O O X c c ™ = < £ c = QO < = L
S T O S5 = = O 90 ®© ®© > ® ©& » € ® € © O ®© o
S 8 E S T 2E S 5 ¢ g L 235 5 8 c 8§ 5 £ @ 8§ £
s g £ g © ° £ g ©° g ¢ S F 3 8 3 2 g £ 3 ©

> 5 ° 5 O £ £ 2 9 2 £ 0

S c E o c © T o 8 c

= © e = © 2 S S o %

IS 3 @ 2 3 E 3

= > S @©

)] GLJ (b}

(73]

Language Clusters

N
o
LL
=
Z
D
Z
O
7
<
=
LL
©)
o
O
L
S




DialectBench Results

GEORGE MASON UNIVERSITY

(



(G V, | GEORGE MASON
UNIVERSITY:

Minority
Languages




Minority Languages in X-lingual Communities

37
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tion with more reliable and

Auailable data than Iran.
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Many more people speak Persian as|
their first language today than did two
generations ago. Heavy migration into
the cities, mass education an
electronic media have all helped in
linguistic _ assimilation of many an
Iranian minority member. While, ¢.q..
around 19% of the Iranians are ethnic

zeris, only around 13% speak Azeri
as their first language. Meanwhile, the
percentage of those speaking Persian
as their first language, may now be
not much less than the 68% claimed
by the Iranian census of 2001,

Posa  Sorani

Consult the “Ethnic Map of Iran” for a
| comparison _between ethnic and
. linguistic data.
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Minority Languages in X-lingual Communities

Linguistic Composition of Iran ndo-European Family, Iranic Branch Other Indo-European groups
- Persian (Farsi, Luri, Bakhtiari, Bandari, i )
| I SRR G Rl A P e e i s B Armenian
ARMENIA AZERBAIJAN = Kurdish (Sorani, I§urman]|, Gurani, B Raji (various dialects)

Laki, Awrami, etc. [ | Southern Tati (various dialects)

Dominant language (e.g. Farsi) influences the minority one: T SRR SEEE e,

S i
Kholardi, Shahmirzadi, Firuzkuhi, I Minabi, Bashagirdi, Qishmi, Persian 514 633
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Minority Languages in X-lingual Communities

Linguistic Composition of Iran Indo-European Family, Iranic Branch Other Indo-European groups
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Case Study: Languages using Perso-Arabic Script

Language 639-3 WP Script type Diacritics ZWNJ Dominant
Azeri Turkish azb azb Abjad v v Persian
Gilaki glk glk Abjad v v Persian
Mazanderani mzn mzn Abjad v v Persian
Pashto pus ps Abjad v X Persian
Gorani hac - Alphabet X X Persian, Arabic, Sorani
Northern Kurdish (Kurmanji)  kmr - Alphabet X X Persian, Arabic
Central Kurdish (Sorani) ckb  ckb Alphabet X X Persian, Arabic
Southern Kurdish sdh - Alphabet X X Persian, Arabic
Balochi bal - Abjad v X Persian, Urdu
Brahui brh - Abjad v X Urdu
Kashmiri kas ks  Alphabet v X Urdu
Sindhi snd sd  Abjad v X Urdu
Saraiki skr skr Abjad v X Urdu
Torwali trw - Abjad v X Urdu
Punjabi pnb  pnb Abjad v X Urdu
Persian fas fa  Abjad v v -
Arabic arb ar  Abjad v X -
Urdu urd ur  Abjad v v -
Uyghur uig ug  Alphabet X X -

Table 1: Perso-Arabic scripts of the selected languages studied in this paper. Columns 2 and 3 show the codes
of the languages in ISO 639-3 and on their specific Wikipedia (WP), if available. The diacritics and zero-width
non-joiner (ZWNJ) columns refer to the usage of diacritics (Harakat) and ZWNJ as individual characters.
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Mitigating the Effect of Unconventional Writing
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Mitigating the Effect of Unconventional Writing

Train a Normalization model
(Encoder-decoder, self-attention based)
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Evaluate its effect on Machine Translation
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We Need to Handle
Speech Input

With many slides from the
“End-to-end-ST tutorial” at EACL 2021

by Jan Niehues, Liz Salesky, Marco
Turchi, and Matteo Negri



Speech Translation - History (before e2e)

Late ‘80s: first proofs of concept

Constraints to control language ambiguity (phonetics, syntax,
semantics)
e Restricted vocabulary
Controlled speaking style

®
e Narrow domain
e Offline processing ‘90s: Less constraints (vocabulary, speaking style)

First spontaneous ST systems (C-STAR, Verbmobil, Nespole,...)

2003-2006: Less constraints (domain)

First open-domain ST systems (STR-DUST, TC-STAR,
GALE)
e differentscenarios (broadcast news, parliamentary
speeches, academic lectures)
e differentlanguages (Zh, Ar, Es)

2006: Less constraints (operating conditions)

First simultaneous translator
(real-time translation of spontaneous lectures
and presentations)




Speech Translation - History (the e2e era)

2005: first ST corpora
Small size/language coverage

2016-2017: first e2e ST models

(Duong et al., 2016, Berard et al., 2016, Weiss et al., 2017, ...)
encoder-decoder architectures based on RNNs

2018: first e2e models at IWSLT

8.7 BLEU points below cascade ST solutions on En-De

2019: significant gap reduction at IWSLT

1.6 BLEU points below cascade ST solutions on En-De

2019: ST adaptation of Transformer
(Di Gangi et al., 2019)

2019-2020: new ST corpora

Larger size/language coverage

2020: the gap almost closed?
+0.24 BLEU on unsegmented En-De test data

10



Cec 1.2
Challenges In

Translation of
Speech




Challenges in translation of speech

* Audio challenges
- Multiple speaker
- e.g. Meetings
- Challenges:
- Overlapping voice
- Background noise
- Audio segmentation

20



Challenges in translation of speech

* Audio challenges
e Text-Speech mismatch
- Disfluencies
- Hesitations: “uh”, “uhm”, “hmm?”,
- Discourse markers: “you know”, “I mean”,...
- Repetitions: “It had, it had been a good day”
- Corrections: “no, it cannot, | cannot go there”

- No punctuation
- Let’s eat Grandpa!
- Let’s eat, Grandpa!




Challenges in translation of speech

* Audio challenges
e Text-Speech mismatch
e Error propagation
- ASR errors worse after translation
- More difficult to compensate by human
- MT adds additional errors

oge)

i Reden (engl. speeches)

Reben (engl. vines)

22



Challenges in translation of speech

Audio challenges
Text-Speech mismatch
Error propagation
Data
-  End-to-End data:
- Growing amount but still limited
- Integration of other data types
- Speech transcripts
- Parallel data

23



Challenges in translation of speech

* Audio challenges
e Text-Speech mismatch
* Error propagation

Partial information

- Online: Translate during production of speech
-  Generate translation before full sentence is known

Speech [N

Translation

24
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Cascade Approach




Traditional cascade approach

Das ist ein Satz

WMMM—”M Das ist ein Satz
Vo v

decoder decoder decoder decoder
V
Das ist ein Satz This is a sentence Das ist ein Satz This is a sentence
ASR MT SLT
2 models 1 model

26



Traditional cascade approach

WMMM%—»’}M . Das ist fin Satz «NWW ' Das is’i ein Satz Mo a/a /ar, /b'./be /'.“e a'b ,broac A

- ASR MT: icolated objectives

LM LM decoder decoder
V
Das ist ein Satz This is a sentence Das ist ein Satz This is a sentence
ASR MT SLT
2 models 1 model

(Waibel et al. 1991; Vidal, 1997; Ney, 1999; Saleem et al. 2004;
Matusov et al. 2005; Bertoldi and Federico, 2005; Quan et al. 2005;
Kumar et al. 2014; IWSLT Eval Campaigns 2004—) 27
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Encoder-Decoder with Attention
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Encoder-Decoder with Attention
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An Audio-Input model
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The SeamlessM4T model

(1) Pre-trained models

Speech Encoder| |adaptor

w2v-BERT 2.0 T2U
SE?;\AT# Eiﬁgg&;ﬁﬁ:‘rLB Unsupervisgq speech Text-to-Unit Spe:{gcrzgsenet;esis
pre-training encoder-decoder
S2ST

o

. . t

(2) MUltltaSklng UNITY [ HiFi-GAN }

Unit Vocoder

X2T ' T fl
Conformer | [Length | (ASR, T2TT, S2TT) ransiormer
N T | Unit Decoder

w |
Transformer | Transformer

Text Decoder Text-to-Unit Encoder

Transformer
Text Encoder

GEORGE MASON UNIVERSITY
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(G V, | GEORGE MASON
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Today: data mining



Recap: Available data

Can we make use of this large
amount of data?

ST
PN

(text, translation) (audio, transcript) (audio, transcript, translation)

128



Mining Parallel Speech Data
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SONAR Representations

SONAR
Text Encoders

L

Shared multilingual and multimodal
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SONAR Representations

Multilingual Text /7

Initialized with
NLLB 1B
decoder

Initialized with
NLLB 1B
encoder

Speech sentence embedding

Multilingual Speech & Multilingual Text /2

GEORGE MASON UNIVERSITY




SeamlessM4T Results

GEORGE MASON UNIVERSITY

(



SeamlessM4T Results

tl;dr: it's great

GEORGE MASON UNIVERSITY
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