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BACKGROUND



~64% of the World Wide Web is in
English

Only ~26% of users are native English
speakers

English Is the Internet's
Universal Language

Share of websites using selected languages vs. estimated
share of internet users speaking those languages”

® % of websites @ % of internet user
2533 2.0 2.0
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Russian Spanish French German

63.7

19.4

English

Chinese Arabic  Portuguese

* Websites as of February 2022, internet users as of 2021.
Sources: W3Techs, Internet World Stats
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How to read the map:
Hakarl from Iceland
was the most
mispronounced food
by foreigners. It is a
study conducted by
TasteAtlas and Forvo.

Most mispronounced
food in each country

@languages.eu | source: TasteAtlas and Forvo
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24 official languages in Europe m

Hottest season in various
languages spoken in Europe

@languages.eu | source: wiktionary.org, wikidictionary
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3 languages in EU
people

EUROPEAN LANGUAGES

Map of european languages and dialects
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Why privacy-friendly translations

e Current cloud-based services do not offer the privacy
guarantees that we like to offer in Firefox

“Navegador web”

Translation

Q Crearunacuenta Acceder s

service

= Navegador web EHiRL ..
Articulo  Discusion Lear Editar Ver historial Herramientas +
Un navegador web o explorador de internet (del inglés web Cuota de uso de
browser) es un software, aplicacién o programa que permite el navegadores web mas
acceso a la Web, interpretando la informacion de distinlos lipos conocidos, segin

de archivos y sitios web para que estos puedan ser vistos StatCounter, en mayo
La funcionalidad basica de un navegador web es permilir la de 2023'

1 de de texto, con Gréfico no
recursos mullimedia incrustados. Ademas, permite visilar disponible
paginas web y hacer actividades en ella, es decir, enlazar un temparalmente
sitio con otro, imprimir, anviar y resibir correos, entre otras @ debido a

funcionalidades més, probiomas
Los decumentos que se muestran en un navegador pueden tecnicos. "Web browse r"
estar ubicados en la computadora donde esta el usuario y
también pueden estar en cualquier otro dispositivo conectado
[ Satani (20,5 %)
en la computadora del usuario o a través de Internet, y que o (5,28 %)
langa los recurses necesanos para la lransmision de los [T Opera (3,22 %)
documentos (un soffware servidor web). W Firelox (2.8 %)

I Chrome (62.55 %)




Privacy-friendly translations

e European Union B funded project to investigate client-side
private translation capabilities
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Languages

Released

- Bulgarian, Dutch, English, French, German, Italian, Polish, Portuguese, Spanish

In development

- Catalan, Czech, Estonian, Finnish, Greek, Hungarian, Icelandic, Lithuanian,
Maltese, Norwegian Bokmal, Norwegian Nynorsk, Persian (Farsi), Russian,
Slovenian, Turkish, Ukrainian
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Model download

e Firefox will download and update the model from our servers - just for

the languages that you need

Machine
Learning Model

WIKIPEDIA

La enciclopedia libre

= Navegador web

Q_ Crear una cuenta Acceder +s+

T 131 idiomas -

Articulo  Discusion Leor Editar Ver historial Herramientas ~

Un navegador web o explorador de internet (del ingles web
browsen es un software, aplicacién o programa que permite el
acceso & la Web, interpretando la informacién de distintos tipos
de archivos y sitios web para que estos puedan ser vistos.

La funcionalidad bésica de un navegador web es permitir la

isualizacidn ce de texto, con
recursos multimedia incrustados. Ademas, permite visitar
péginas web y hacer actividades en ella, es decir, enlazar un
sitio con otro, imprimir, enviar y recibir correos, entre clras
funcionalidades mas.

Los documentos que se muestran en un navegador pueden
estar ubicados en la computadora donde esté el usuario y
también pueden estar en cualquier otro dispositivo cenectado
©en la computadora del usuario o a través de Intermet, y que
lenga los recursos necesarios para la transmision de los
documentos (un soffware servidor web).

Cuota de uso de
navegadores web mas
conocidos, segin
StatCounter, en mayo
de 2023'

Grafico no
disponible
temporalmente
@ debido a
problomas
técnicos.

[ Chroma (62.55 %)
[ Satari (205 %)
W Eogo (5.28%)
[0 Opern (3.22 %)
W Frelox (28 %)
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Run models locally

e Use machine learning on the client side to translate locally

e All the data remains on the system

)
&
3k

€ 2> O O & nttpsi//www... w ©

’ " Machine % ’ "
Navegador web % Learning Model Web browser
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WASM engine with SIMD optimizations

e NMT engine compiled to WebAssembly m

e Using SIMD instructions via gemmology
o 10x perfimprovement

12


https://github.com/mozilla/gemmology

TRAINING



Open Datasets

An overview of the OPUS
collection

CORPORA
TOTAL SENTENCE PAIRS
LANGUAGES AVAILABLE
THIS MAP DISPLAYS CORPORA , WHICH MAKE UP A

/O OF THE ENTIRE ) COLLECTION

https://opus.nlpl.eu/

Corpus

Sentences

% of OPUS

NLLB

13B

28.31

CCMatrix

1B

23.64

OpenSubtitles

8.5B

18.53

MultiCCAligned

2.2B

4.87840

ParaCrawl

1.5B

3.26229

DGT

1B

2.37845

XLEnt

883M

1.92148

MultiParaCrawl|

789M

1.71653

LinguaTools-WikiTitles

487M

1.06082

CCAligned

439M

0.95442



https://opus.nlpl.eu/

Data cleaning and augmentation

e Rule-based data cleaning + ML-based detection of bad sentence pairs
(bicleaner-ai)

e Back-translation for data augmentation from monolingual data
o Translate target to source
o Add pair “noisy translated source” -> “good target”

i § Mi piace
—mangtare

> i §)aime manger
i § Amo mangiare



https://github.com/bitextor/bicleaner-ai

Model training and compression

e Training of a large model

l— Training Data

Teacher Model Student Model
(Pre-trained) (to be trained)

PE: @-n
l

Knowledge Distillation
Predictio

e Compression using knowledge distillation into a smaller one

e Quantization (float32 -> int8) for further compression and perf

Mobile Phone /
Embedded
Device

Improvement
. Total number of Dataset decoding time .
Model Size Quality, BLEU
parameters on 1 CPU core
Teacher 798Mb 192.75M 631s 52.5
Student quantized 17Mb 15.7M 1:7:9s 50.7

16



Pipeline

h

t

tps://mozilla.

ithub.io/firefox-translations-training/pipeline-steps.htm

17


https://mozilla.github.io/firefox-translations-training/pipeline-steps.html

NEXT STEPS



Improving quality
Fix numbers Fix capitalization The web is messy!

The shirt costs $25.73 =

> SOMETIMES THINGS Our training data needs
ARE IN ALL CAPS sto ebee messssy
La camisa cuesta 24,39€. =

Experiment Model Test Dataset Augmentation of test dataset BLEU
teacher sacrebleu_wmtl9 all upper case 4
teacher sacrebleu_wmt19 all title case 6.8

No OpusTrainer augmentation teacher sacrebleu_wmtl9 no 31.5
teacher sacrebleu_wmtl9 all title case 31.8

Upper case and title case augmentation teacher sacrebleu_wmtl19 all upper case 29

with OpusTrainer teacher sacrebleu_wmt19 no 31.6
student sacrebleu_wmtl9 no 29.9
student sacrebleu_wmtl9 all upper case 28.9
student sacrebleu_wmtl9 all title case 29.8

https://qithub.com/mozilla/firefox-translations-training/issues/216



https://github.com/mozilla/firefox-translations-training/issues/216

Supporting more languages

Support Chinese translations

L mmarco
- 4 Employee

# Status: Trending idea

Add Chinese as a supported language for translations in Firefox.

‘ Translations \

®

06-09-2023 05:47 AM

https://github.com/mozilla/firefox-translations-training/issues/369

20


https://github.com/mozilla/firefox-translations-training/issues/369

Android

BETA
Try private translations in Firefox
For your privacy, translations never leave your
device. New languages and improvements coming

soon! Learn more

Translate from BETA

Spanish (detected) v Page translated from Spanish to English £33
Translate to Translate to

English v English v

https://bugzilla.mozilla.org/show_bug.cqgi?id=1820240



https://bugzilla.mozilla.org/show_bug.cgi?id=1820240

Settings improvements

@ Transiation Preferences x |+

« > C QO & httpsi/jwww. w @ ® =
£83 General < Q Find in Settings
(@ Home

Q Search Translation Preferences
earcl

Set your language and site translation preferences and manage languages downloaded for
@ Privacy & Security

offline translation.

Q sync

Always translate these languages Add language
Language

fi French

(@ Ukrainian

Spanish
Never translate these languages Add language
Language Bulgarian
Catalan
i Estonian
Dutch
i Portuguese English
Estonian
German French
German

Hungarian
Icelandic
Never translate these sites Italian

To add to this list, visit a site and select "Never translate this site” fi Norwegian

menu Persian
Polish
Site Portuguese
Russian
[ expedia.ca Spanish
Ukrainian
@ wikipedia

Download languages

Learn more about downloading

quages
Language
& Download all languages (21.43Mb)

[l German (21.43

£) Extensions & Themes

L English (21.43
® Firefox Support

https://bugzilla.mozilla.org/show buqg.cqi?id=1869015



https://bugzilla.mozilla.org/show_bug.cgi?id=1869015

Selection translation
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L'enciclopedia libera

Pagina principale
Uttime modifiche

Una voce a caso
Nelle vicinanze
Vetrina

Aluto

Sportello informazioni

Comunita
Portale Comunita
Bar

1l Wikipediano

Fai una donazione
Contatti

Strumenti

Puntano qui
Modifiche correlate
Carica su Commons
Pagine speciali

Link permanente
Informazioni pagina
Ottieni URL breve
Elemento Wikidata

Stampa/esporta
Crea un libro

Scarica come PDF

Pagina principale Discussione

| P
ﬂVieni a leggere le commedie di Raffaele Viviani su Wikisource in napoletano m

Benvenuti su Wikipedia

L'enciclopedia libera e collaborativa

Leggi

©_ Sfoglia l'indice  » Consulta il sommario & Naviga tra i portali tematici

Vetrina

Marte ¢ il quarto pianeta del s|
di tipo terrestre dopo Mercurio
alle grandi quantita di ossido ¢
suo simbolo astronomico & la |

Pur presentando temperature
quelli del sistema solare. Le st
un'inclinazione dell'asse di rot:
e deserti sabbiosi, e formazior
fortemente craterizzata, a cau;
assenza di attivita tettonica de
grado di consumare buona pal

Copy
Select All
Pin Selection

nslate Selection to Engli

View Selection Source

Inspect Accessibility Properties

Inspect

Services

ile ad occhio nudo ed & I'ultimo dei pianeti
ausa del suo colore caratteristico dovuto
amonima divinita della mitologia romana e il
iia del dio (o ; Unicode: 8 ).

14 °C), il pianeta & il piu simile alla Terra tra
1 pianeta e della Luna, e presenta

.a sua superficie presenta formazioni vulcaniche, valli, calotte polari
1idrosfera in un lontano passato. La superficie del pianeta appare
ita i ei
rutture tettoniche. La bassissima densita dell'atmosfera non & poi in

i principali) e dalla totale

con maggior frequenza che non sulla Terra. Fra le formazioni

geologiche piu notevoli di Marte si segnalano I'Olympus Mons o monte Olimpo, il vulcano piu grande del sistema solare (alto 27 km); le Valles

Marineris, un lungo canyon notevolmente pil esteso di quelli terrestri e un enorme cratere sull'emisfero boreale ampio circa 40% delliintera

superficie marziana.

& Accesso non effettuato discussioni contributi registrati entra

Visualizza sorgente ~ Cronologia | Cerca in Wikipedia Q

[nascondi]

1829 619 voci in italiano

Versione per dispositivi mobili

W Wikipedia

Wikipedia & un'enciclopedia online, libera e collaborativa.

Grazie al contributo di volontari da tutto il mondo, Wikipedia & disponibile in
oltre 300 lingue. Chiunque pud contribuire alle voci esistenti o crearne di
nuove, affrontando sia gli i tipici delle i i zZi i sia

quelli presenti in almanacchi, dizionari geografici e pubblicazioni
specialistiche.

Tutti i contenuti di Wikipedia sono protetti da una licenza libera, la Creative
Commons CC BY-SA, che ne permette il riutilizzo per qualsiasi scopo a
condizione di adottare la medesima licenza.

< Cosa posso fare?

« Vuoi partecipare? Leggi le regole fondamentali e le altre linee guida, e
rispetta la wik la regi: e igliata ma non i

https://bugzilla.mozilla.org/show_bug.cqi?id=1855907
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https://bugzilla.mozilla.org/show_bug.cgi?id=1855907

Help us!

e Know any dataset that we could use?
e Want to contribute code for a Firefox feature?

e Interested in adding support for your language?

24



grazie Il

thank you =

dziekujg ==

merci L1
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