CS 11-737: Multilingual NLP

Translation, Translation Data, and Evaluation

Graham Neubig
(many slides from Yulia Tsvetkov)

Carnegie Mellon University
Language Technologies Institute




Translation

J K. Rowling

Horly Polter

y la piedra filosofal

Mr. and Mrs. Dursley, who lived at El sefor y la sefora Dursley, que vivian en
number 4 on Privet Drive, were proud to el numero 4 de Privet Drive, estaban

orgullosos de decir que eran muy normales,
say they were very normal, fortunately. Afortunadamente
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Translation vs. Interpretation

e Translation

Conversion of the written word from one language to another
Generally less time constrained

e Translators tend to specialize in one area, work alone

High accuracy and fluent output highly valued

e Interpretation

Conversion of spoken language from one language to another
Simultaneous and consecutive interpretation

Interpreters tend to be generalists, work in teams

Complete accuracy often infeasible, conveying intent most important



How Much Translation is Done?

Language services market w/ 56.1 billion (translation, interpretation, MT)
640,000 translators worldwide (about 75% freelance)

Europe owns 49% of market share

88% of full-time translators use computer aided translation

Market size of the global language services industry from 2008 to 2021 (in billion U.S.
dollars) Which CAT tool(s) do you use?
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https://redokun.com/blog/translation-statistics



Difficulty in Translation



Why is it difficult to translate?

e Cross-lingual lexical and structural divergences

WEBEMLRESEN. . . XBREMIEEEZ L,
MERDT, BERER, AEIGENRE

dai yu zi zai zhen shang gan nian bao chai...you ting jian chuang wal zhu shao xiang ye
zhe shang, yu sheng xili, ging han tou mu, bu jue you di xia lei lat

From “Dream of the Red Chamber” Cao Xue Qin (1792)



Why is it difficult to translate?

C1 DAIYU ALONE ON BED TOP THINK BAOCHAI

=

E, As she lay there alone Daiyu's thoughts turned to Baochai

cz AGAIN LISTEN-TO WINDOW OUTSIDE BAMBOO TIP PLANTAIN LEAF OF ON-TOP RAIN SOUND SIGH DRIP

N

E, Then she listened to the insistent rusfle of the rain on the bamboos and plantains outside her window .

Ca CLEAR COlLD PENE'll’RATE CURITAIN

E, The coldness penetrated the curtains of her bed .

C‘ NOT FEELING FALL DOWN TEARS  COME

| I l

E, Almost without noticing it she had begun to cry




Why is it difficult to translate?

e Structural divergences
e Morphology
e Syntax

German: In der Innenstadt explodierte eine Autobombe

English: A car bomb exploded downtown.

Translationese: In the inner city, there exploded a car bomb.



Why is it difficult to translate?

e Lexical ambiguities and divergences across languages

[Examples from Jurafsky & Martin Speech and Language Processing 2nd ed.]



Machine Translation



Machine Translation

e Machine translation is a $3 billion market
e Top providers: Google, Amazon, DeepL
e Spread across many industries

U.S. Machine Translation Market Size, By Application, 2019 & 2026

2019 2026
mAutomotve m BFS! m E-commerce
m Electronics = Healthcare m [T & tdecommunications
m Military & Defense m Others

Source: www.gminsights.com



Google Translate

R Text B Documents

DETECT LANGUAGE RUSSIAN ENGLISH SPANISH v - ENGLISH RUSSIAN SPANISH v

<

Search languages

Afrikaans
Albanian
Ambharic
Arabic
Armenian
Azerbaijani
Basque
Belarusian
Bengali
Bosnian
Bulgarian
Catalan
Cebuano

Chichewa

Czech
Danish
Dutch

v English
Esperanto
Estonian
Filipino
Finnish
French
Frisian
Galician
Georgian
German

Greek

Hebrew
Hindi
Hmong
Hungarian
Icelandic
Igbo
Indonesian
Irish
Italian
Japanese
Javanese
Kannada
Kazakh

Khmer

Latin

Latvian
Lithuanian
Luxembourgish
Macedonian
Malagasy
Malay
Malayalam
Maltese

Maori

Marathi
Mongolian
Myanmar (Burmese)

Nepali

Portuguese
Punjabi
Romanian
Russian
Samoan
Scots Gaelic
Serbian
Sesotho
Shona
Sindhi
Sinhala
Slovak
Slovenian

Somali

Tajik
Tamil
Telugu
Thai
Turkish
Ukrainian
Urdu
Uzbek
Vietnamese
Welsh
Xhosa
Yiddish
Yoruba

Zulu



nature Communications View all Nature Research journals ~ Search Q  Login ()

Explore our content v Journal information v

nature » nature communications > articles > article

Article | Open Access | Published: 01 September 2020

Transforming machine translation: a deep learning system reaches
news translation quality comparable to human professionals

Martin Popel &, Marketa Tomkova, Jakub Tomek, tukasz Kaiser, Jakob Uszkoreit, Ondrej Bojar & Zdenék Zabokrtsky

Nature Communications 11, Article number: 4381 (2020) \ Cite this article



FERE T, SEBICAVT, ALLWOTETRIESNTULWEREDZ., ZORIKICKIGT 2B
WOTFRICETHMZ 21TAZT, BEAENIICE. BASECHLT, BRESE (CLPINE
z. lOBEERE:E CLBNEBEICE]RT 21TAZT,

l Google Translate

a ditferent form an expression that takes
Translatiﬁn refers to the act of replacing-what-ts-expressed-ina-the form of A in a language
wit B that corresponds to meaning. Specifically, in natural language, it
refers to the act of convertin entence in source language into a sentence in
the same another target/language.

a



Lexical Ambiguity in Translation (e.g. Google Translate)

d—F
ko-do BELQOI— RHINT,
(code, cord, chord) The electriqlCordhas broken.
7072700 -REEN,
| wrote th -@, for the program.

7|<|:|EI(L:| l\%:'ib\fgo

| wrote thn the score.

707X —BDOTI—- REHODONEER.
As a programmer, | am good at readm

a2V Y UROTI- REFDOHER.
As a musician, | am good at reading codes.

JavaT., ¥F¥—-DI—-RZERRITDI—RFZEL,
In Java, | wrote a chord that displays thf the guitar.



3 Classical methods for MT

e Direct
e Transfer
e Interlingua



The Vauquois triangle (1968)

Conceptual

Shallow
Semantic
Analysis

Syntactic
Generation

Morphological
Analysis

Source Language Text Target Language Text

Morphological
Generation



Transfer approaches

e Direct transfer (word-by-word translation)




Transfer approaches

e Syntactic transfer




Transfer approaches

e Syntactic transfer

A car bomb exploded downtown




Transfer approaches

e Syntactic transfer

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown

4“‘ 3




Transfer approaches

e Semantic transfer

detonate
. :arg@ bomb
Semantics :argl car
« . P :1loc downtown
IOglCGI for m :time past

In der Innenstadt explodierte eine Autobombe



Transfer approaches

e Semantic transfer detonate
. :argd bomb
Semantics :argl car
cl_ o 2 :loc downtown
logical form :time past

A car bomb exploded downtown

$

\

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown

Syntax



Transfer approaches

detonate

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown




Interlingua

Interlingua
“meaning”

explodieren detonate

= =

In der Innenstadt explodier'te e:lne Autobonbe A car bonb exploded downtoun




Interlingua?

{
000000)]

~Noooooo

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown




MT and Data



Learning from data

la. ok-voon ororok sprok . 7a. lalok farok ororok lalok sprok izok enemok .
1b. at-voon bichat dat . 7b. wat jjat bichat wat dat vat eneat .

2a. ok-drubel ok-voon anok plok sprok .  8a. lalok brok anok plok nok .

2b. at-drubel at-voon pippat rrat dat . 8b. iat lat pippat rrat nnat .

3a. erok sprok izok hihok ghirok . 9a. wiwok nok izok kantok ok-yurp .

3b. totat dat arrat vat hilat . 9b. totat nnat quat oloat at-yurp .

4a. ok-voon anok drok brok jok . 10a. lalok mok nok yorok ghirok clok .

4b. at-voon krat pippat sat lat . 10b. wat nnat gat mat bat hilat .

5a. wiwok farok izok stok . 11a. lalok nok crrrok hihok yorok zanzanok .
5b. totat jjat quat cat . 11b. wat nnat arrat mat zanzanat .

6a. lalok sprok izok jok stok . 12a. lalok rarok nok izok hihok mok .

6b. wat dat krat quat cat . 12b. wat nnat forat arrat vat gat .

Translation challenge: farok crrrok hihok yorok clok kantok ok-yurp

(from Knight (1997): Automating Knowledge Acquisition for Machine Translation)



Parallel corpora

Y United
V ” Nations

Peace, dignity and equality Search [ a ] ‘t’]‘ é/ H*AE ‘ fEEMIk FAOFIFE,. Bm5FF

on a healthy planet PETTITg NS

23 Q
MR 3|

Olympic Truce: to -

build ‘culture of .
peace’ through ﬁgggg{% SFJE
sport ¥4 =

As the Beijing 2022 Olympic Winter

e it et FH202FEFARLREDS

18F202F2 BB ERFR, ¥
BREFER HHBERRTHR
WTAFOHBRINTX
ft", FITIFEERT LMmh
BEAS RN RITR K

L i

Paz, dignidad e igualdad
en un planeta sano

@V Naciones
” Unidas

DEPORTES

Tregua Olimpica:
construir una
"cultura de paz” a
través del deporte

Con motivo de la nnuguvacndn delos
Beijing oz &l 4 de febreo, el secretario
general de la ONU, Antonio

Guterres, insta al mundo a “construir
una cultura de paz” a través del poder
del deporte y ha pedido a las naciones

R I Ty ey




Parallel corpora

NEW ENGLISH TRANSLATION
NOVUM TESTAMENTUM GRAECE

NEW
TESTAMENT




Parallel corpora




Parallel corpora

CLASSIC SOUPS Sm.

A W & 57. House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...cccevveeeeeerrrmssneeeesennes 1.50
M & & 58. Chicken Rice Soup ....cccooviiuiiiiiiiiiiciiiiiiiiiiiiiennnns 1.85
i =B & 59. Chicken Noodle Soup ......ccevvviiiiiiiniiiiiiinniennnns 1.85
AR 2 F5 60. Cantonese Wonton Soup......c.cevvviviiniiinicniennnn. 1.50
% » #F & 61. Tomato Clear Egg Drop Soup .....cccoovuiiviivnnnnnn. 1.65
T & & 62. Regular Wonton Soup ......cccccveiieininiciiinnnnninnnns 1.10
BR 2 & 63. '8 Hot & Sour SOUp ....ccooviiiiiiniiiiniiiicesisiasinane. 1.10
¥ K I 0. Egy Drop SOUD ciencmsiescarsscossssosssssassssssussssncen 1.10
T F & 65 TR TR Y L U —— 1.10
2 R R & 66. TofuVegetable Soup ......cccoovviiiiiiiiiiiiiiiiiiiiinnnnen. NA
m I K & 67. Chicken Corn Cream Soup ....ccccoeiviiiiinininiinnnnnnn. NA
¥ A X K& 68. Crab Meat Corn Cream Soup.......ccoocvviveiiiinnnnnn. NA
# ¥ % 69 Seafood SOUP ...cciviviviiie e NA



Parallel corpora

ENGLISH MANDARIN
1 | i wanna live in a wes anderson world T B ZE 1% 1= Wes AndersonfITH i
2 | Chicken soup, corn never truly digests. TML BHE, EXRFSEI AR A LR Y.l
3 | To DanielVeuleman yea iknw imma work on that | % DanielVeulemani%, J&RJ3% G0H, FCICLE [RIAL) H 2% 7]
4 | msg 4 Warren G his cday is today 1 yr older. ZlE B8 Waren G, S AR ER, LET —% I -
5 | Where the hell have you been all these years? XEERTMDE R 2= |
ENGLISH ARABIC
6 | It’s gonna be a warm week! A~ sl C,,...\N
7 | onni this gift only 4 u A Lazs Lag S
8 | sunset in agaba :) (il 3 el g 2
9 | RT @lMARYAMALKH.AWAJA: fhen? is a call lag 3bla das ¥ Q'J‘ Wl s 2la
for widespread protests in #bahrain tmrw =

Table 2: Examples of English-Mandarin and English-Arabic sentence pairs. The English-Mandarin
sentences were extracted from Sina Weibo and the English-Arabic sentences were extracted from Twitter.
Some messages have been shorted to fit into the table. Some interesting aspects of these sentence pairs

are marked in bold.

Mining parallel data from microblogs Ling et al. 2013



opus.nlpl.eu

Latest News

2018-02-15: New corpora: ParaCrawl,
... the open parallel corpus XhosaNavy ’
2017-11-06: New version:
OpenSubritles2018
2017-11-01: New server location:

(0.PUS

OPUS is a growing collection of translated texts from the web. In the OPUS project we try to convert
and align free online data, to add linguistic annotation, and to provide the community with a publicly htto://

. . . . ttp://opus.nlpl.eu
available parallel corpus. OPUS is based on open source products and the corpus is also delivered as 2016-01-08: New version:
an open content package. We used several tools to compile the current collection. All pre-processing OpenSubtitles2016
is done automatically. No manual corrections have been carried out. 2015-10-15: New versions of
TED2013, NCv9
2014-10-24: New: JRC-Acquis
2014-10-20: NCv9, TED talks, DGT,
WMT

The OPUS collection is growing! Check this page from time to time to see new data arriving ...
Contributions are very welcome! Please contact <jorg.tiedemann@helsinki.fi >

Search & download resources: | - select -- v || - select - v all v « 2014-08-21: New: Ubuntu, GNOME
« 2014-07-30: New: Translated Books
« 2014-07-27: New: DOGC, Tanzil
« 2014-05-07: Paralle! coref corpus
ParCor
Search & Browse Sub-corpora (downloads & infos):
* OPUS multilingual search interface * Books - A collection of translated literature (Books.tar.gz - 535 MB)
» Europarl v7 search interface e DGT - A collection of EU Translation Memories provided by the JRC
o Europarl v3 search interface ¢ DOGC - Documents from the Catalan Goverment (DOCC.tar.gz - 2.8
= OpenSubtitles 2016 search interface GB)
o EUconst search interface ¢ ECB - European Central Bank corpus (ECB.tar.gz - 3.0 GB)
* Word Alignment Database (old DB) ¢ EMEA - European Medicines Agency documents (EMEA tar.gz - 13.0

GB)
The EU bookshop corpus (EUbookshop.tar.gz - 42 GB)
o EUconst - The European constitution (EUconst.tar.gz - 82° MB)
* OPUS Wiki EUROPARL v7 - European Parliament Proceedings (Europarl.tar.gz - 2!
* OPUS API by Yonathan Koren GB)
» Uplug at bitbucket GNOME - GNOME localization files (GNOME.tar.gz - 9 GB)
Some Projects using OPUS ?E’Zol();a!l3 )Voices - News stories in various languages (Global Voices.tar.gz -
8 . . The Croatian - English WaC corpus (hrenWaC.tar.gz - 59 MB)
. !-On-
B Ee.[iI‘VETA} S-n 1;.1;_5}\_«_13_:02153 .. JRC-Acquis- legislative EU texts (JRC-Acquis.tar.gz - 11 GB)

Tools & Info



MT Evaluation



Is it a good translation?

= Google Translate

Hn Text B Documents
ENGLISH - DETECTED HEBREW ENGLISH SWAHILI v Vg KOREAN ENGLISH HINDI v
This cat is cute. Her name is Latte. X 0| 120|= HECt. Ol 0| &2 2Hy L Ct. w

i goyang-ineun gwiyeobda. geunyeoui ileum-eun latteibnida.

O 37/5000 o) LD 7 °<



Basic Evaluation Paradigm

e Use parallel test set
e Use system to generate translations
e Compare target translations w/ reference



Human Evaluation

e Ask a human to do evaluation

REEDMbF %2 3Tz
4’/_’_,_//’;‘---——‘--__ T
Taro visited Hanako the Taro visited the Hanako Hanako visited Taro
Adequate? Yes Yes No
Fluent? Yes No Yes
Better? 1 2 3

* Final goal, but slow, expensive, and sometimes inconsistent



Human Evaluation
Shared Tasks

e Machine Translation
o Conference on Machine Translation (WMT) shared tasks

e Composite Leaderboard
o GENIE leadeboard for QA, summarization, MT


http://www.statmt.org/wmt20/
https://genie.apps.allenai.org/

BLEU

e \Works by comparing n-gram overlap w/ reference

Reference: Taro visited Hanako
System: the Taro visited the Hanako

1-gram: 3/5
2-gram: 1/4
Brevity: min(1, |System|/|Reference|) = min(1, 5/3)  brevity penalty = 1.0

BLEU-2 = (3/5*1/4)"2 * 1.0
= 0.387

+ Pros: Easy to use, good for measuring system improvement

+ Cons: Often doesn’t match human eval, bad for comparing
very different systems



Embedding-based Metrics

e Recently, many metrics based on neural models

©)

BertScore: Find similarity between BERT embeddings (unsupervised)
(Zhang et al. 2020)

BLEURT: Train BERT to predict human evaluation scores (Sellam et al.
2020)

COMET: Train model to predict human eval, also using source sentence
(Rei et al. 2020)

PRISM: Model based on training paraphrasing model (Thompson and
Post 2020)

BARTScore: Calculate the probability of source, reference, or system
output (Yuan et al. 2021)



Which One to Use?

e Meta-evaluation runs human evaluation and automatic evaluation on the
same outputs, calculates correlation
e Examples:
o  WMT Metrics Task for MT (Mathur et al. 2021)
o RealSumm for summarization (Bhandari et al. 2020)
e Evaluation is hard, especially with good systems!
Most metrics had no correlation w/ human eval over best systems at some
WMT 2019 tasks



MT venues and competitions

e MT tracks in *CL conferences
e WMT, IWSLT, AMTA...

® www.statmt.org

the NAACL-2006 Workshop on Statistical Machine Translation,
the ACL-2007 Workshop on Statistical Machine Translation,

the ACL-2008 Workshop on Statistical Machine Translation,

the EACL-2009 Workshop on Statistical Machine Translation,
the ACL-2010 Workshop on Statistical Machine Translation

the EMNLP-2011 Workshop on Statistical Machine Translation,
the NAACL.-2012 Workshop on Statistical Machine Translation,
the ACL-2013 Workshop on Statistical Machine Translation,

the ACL-2014 Workshop on Statistical Machine Translation,

the EMNLP-2015 Workshop on Statistical Machine Translation,
the First Conference on Machine Translation (at ACL-2016).
the Second Conference on Machine Translation (at EMNLP-2017),

Estonian

Russian
|

Chinese
>


http://www.statmt.org/wmt20/
http://www.statmt.org/wmt20/

Discussion



Class discussion

e Pick a 4-line excerpt from a short text (e.g. poem, text message) in English

e Use Google translate to back-translate the text via a pivot language, e.g.,
o English — Spanish — English
o English - L1 — L2 — English, where L1 and L2 are typologically different from
English and from each other

e Compare the original text and its English back-translation, and share your
observations. For example,
o What information got lost in the process of translation?
o Are there translation errors associated with linguistic properties of pivot
languages and with linguistic divergences across languages®?
o Try different pivot languages: can you provide insights about the quality of MT for
those language pairs?



