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Agenda:

A Why MT: Volume, Quality and Cost?

A Why is MT hard?

A MT + Human Translators = Quality

A How does modern statistical MT work?
A lts all about Datal!

A And the right kind of Data!
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0 European Language

o | mereconinaion - Machine Translation, Quality and Cost?

" L Connecting Europe Facility

A Europe = Multilinguality

A 24 official languages,
24+2 CEF languages

A So much to translate!
A Translation costs!?

A Can MT help? pe—
A What about the Quality? jhslbinion sopi i
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®  European Language

Resource Coordination Why IS M T H ard ?

A Human languages are:

I Elegant

I Efficient

I Flexible

I Complex
A One word/sentence may mean many things
A Many ways of saying the same thing
A Meaning depends on context
A Literal and figurative language (metaphor)
A Language and culture (different ways of

conceptualising the same thing)
A Word order Image: httpwbrkingtropes.Imc.gateciekiindex. phipile:Mawsmachine.jpg
License: CBY-NGSA 3.0

A Morphology
A e

ELRC Training Workshop $tovenig 08.12.2015 4



®  European Language

e Coorination | @Nguage and Translation is Complex

/
° 4 Connecting Europe Facility

A Language/translation is complex
A We cannot compute it exactly . ‘.’
A Wetried:rule-based MT and L n
A What do we do?

A Machine Learning ._
i Learns from data Y data is all important / Machine
. : . . Learning -
I Approximate solution Y not perfect, needs help
A human professional translators

A Post-editing Af
AAut omated Transl ati on I a
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0 European Language

Resource Coordination HOW doeS MOdern MT Work’?

L Connecting Europe Facility

Output [nput

4

€os; = argmax, Plelf)

= argmax P(f|e P(e)

Decoding ' anslatlon Language
\\ Algorithm Model Model

A No maths today
A Instead:

A The story of Statistical
MTinpi ct ur es

A Its all about Data é
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0 European Language

Resource Coordination

;l L Connecting Europe Facility

Statistical MT learns from data
Two kinds of data;

A Human translations
A Text in the target language

A The more data the better!
A Also: the right kind of data!

GERMAN
Einleitung

I. Von dem Unterschiede der rei-
nen und empirischen Erkennt-
nis

Dafl alle unsere Erkenntnis mit
der Erfahrung anfange, daran
ist gar kein Zweifel; denn wo-
durch sollte das Erkenntnis-
vermdgen sonst zur Ausiibung
erweckt werden, geschihe es
nicht durch Gegenstinde, die
unsere Sinne rithren und teils
von selbst Vorstellungen be-
wirken, teils unsere Verstan-
destatigkeit in Bewegung brin-
gen, diese zu vergleichen, sie
zu verkniipfen oder zu tren-
nen, und so den rohen Stoff
sinnlicher Eindriicke zu einer
Erkenntnis der Gegenstinde
zu verarbeiten, die Erfahrung
heif}t? Der Zeit nach geht also
keine Erkenntnis in uns vor
der Erfahrung vorher, und mit

dieser fangt alle an.
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How does Modern MT Work?

ENGLISH
Introduction

I. Of the difference between
Pure and Empirical Knowledge

That all our knowledge begins
with experience there can be
no doubt. For how is it pos-
sible that the faculty of cogni-
tion should be awakened into
exercise otherwise than by
means of objects which affect
our senses, and partly of them-
selves produce representations,
partly rouse our powers of un-
derstanding into activity, to
compare to connect, or to sep-
arate these, and so to convert
the raw material of our sensu-
ous impressions into a know-
ledge of objects, which is
called experience? In respect
of time, therefore, no know-
ledge of ours is antecedent to
experience, but begins with it.

FRENCH

Introduction

L De la différence de la connais-
sance pure et de la connaissance

empirique.

Que toute notre connaissance
commence avec l'expérience,
cela ne souléve aucun doute.
En effet, par quoi notre pou-
voir de connaitre pourrait-il
étre éveillé et mis en action, si
ce n'est par des objets qui
frappent nos sens et qui, d'une
part, produisent par eux-
mémes des représentations et,
d'autre part, mettent en mou-
vement notre faculté intellec-
tuelle, afin qu'elle compare, lie
ou sépare ces représentations,
et travaille ainsi la matiere
brute des impressions sensibles
pour en tirer une connaissance
des objets, celle qu'on nomme
I'expérience? Ainsi, chronolo-
giquement, aucune connais-
sance ne précéde en nous l'ex-
périence et c'est avec elle que
toutes commencent.



0 European Language
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L ;, L Connecting Europe Facility
L

A Which sentences translate
as which: sentence
alignment

A Which words translate as
which: word alignment +
translation probabilities

A What is good target
language like: language
model

GERMAN
Einleitung

I Von dem Unterschiede der rei-
nen und empirischen Erkennt-

nis

Dafl alle unsere Erkenntnis mit
der Erfahrung anfange, daran
ist gar kein Zweifel; denn wo-
durch sollte das Erkenntnis-
vermdgen sonst zur Ausiibung
erweckt werden, geschihe es
nicht durch Gegenstinde, die
unsere Sinne rithren und teils
von selbst Vorstellungen be-
wirken, teils unsere Verstan-
destatigkeit in Bewegung brin-
gen, diese zu vergleichen, sie
zu verkniipfen oder zu tren-
nen, und so den rohen Stoff
sinnlicher Eindriicke zu einer
Erkenntnis der Gegenstinde
zu verarbeiten, die Erfahrung
heif}t? Der Zeit nach geht also
keine Erkenntnis in uns vor
der Erfahrung vorher, und mit
dieser fangt alle an.
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What can/do we Learn from Data?

ENGLISH
Introduction

I. Of the difference between
Pure and Empirical Knowledge

That all our knowledge begins
with experience there can be
no doubt. For how is it pos-
sible that the faculty of cogni-
tion should be awakened into
exercise otherwise than by
means of objects which affect
our senses, and partly of them-
selves produce representations,
partly rouse our powers of un-
derstanding into activity, to
compare to connect, or to sep-
arate these, and so to convert
the raw material of our sensu-
ous impressions into a know-
ledge of objects, which is
called experience? In respect
of time, therefore, no know-
ledge of ours is antecedent to
experience, but begins with it.

FRENCH

Introduction

I De la différence de la connais-
sance pure et de la connaissance
empirique.

Que toute notre connaissance
commence avec l'expérience,
cela ne souléve aucun doute.
En effet, par quoi notre pou-
voir de connaitre pourrait-il
étre éveillé et mis en action, si
ce n'est par des objets qui
frappent nos sens et qui, d'une
part, produisent par eux-
mémes des représentations et,
d'autre part, mettent en mou-
vement notre faculté intellec-
tuelle, afin qu'elle compare, lie
ou sépare ces représentations,
et travaille ainsi la matiere
brute des impressions sensibles
pour en tirer une connaissance
des objets, celle qu'on nomme
I'expérience? Ainsi, chronolo-
giquement, aucune connais-
sance ne précéde en nous l'ex-
périence et c'est avec elle que
toutes commencent.
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CLASSIC SOUPS Sm. La.

A i I 57. House Chicken Soup (Chicken, Celery,
Potstn: CInNcn. KBEIBRE « s ccsmssierssismms nne 1.90 2.75
m & 58. CIRBCHOTE FRICH DOMMD L. eanmsormsunssxstsssimsvssstsanss 1.85 325
O ¢ 59. Chicken Noodle Soup ..ciisiimgiaiisiseieiss 1.85 3.25
AR E F& 60. Cantonese Wonton Soup.......cccccvvviniiiiiiniiinnnnnn, 100 €io
* » ‘ ' 61. Tomato Clear [Egg Drop Soup .......cc.coevveeruennne 1.65 2.95
= 62. Regulair' Wontorn S0Up .......svimssisivmississmisse 1.10 2.10
i)i 63. W Hol & SEOPF SOUD. .cnsusissinsismmmisussnmmviinvmssamons 1.10: 2.10
64. D SO s csvonesessamsmnivassmarviesspassssisssminenns 1.10 2.10
z 65. [ Wonton MiX.......ccceceeeersssnrernesanssssassas 1.10 2.10
2 R = 66. ToluVegetable SOUD .....ccmsisniemiiinicsnssianssasesas NA 3.50
mE K 67 Chicken Corn Cranm SOUD i NA 3.50
¥ A I K 68. Crab Meat Corn Cream Soup.......cccoevvieiiiiiicnnnnns NA 3.50
S 62  BBIOod HOUD sk v R NA 3.50
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CLASSIC SOUPS Sm. La.

A tx W 3 57. House Chicken Soup (Chicken, Celery,
PEER: CINION. BITOR) & cwissiivamanicasmsmins nnus 1.90 2.75
i  f& & 58. CIRBCHOTE FRICH DOMMD L. eanmsormsunssxstsssimsvssstsanss 1.85 325
m = & 59 Chicken Nooadle Soup: ...c.usiiiisiisinsiiiig 1.85 3.25
AR £ & 60. Cantonese Wonton Soup.......ccccvviiniiiiiniiennnnin 100 €io
* » # &% 61. Tomato Clear Egg Drop Soup ........ccocevvvvvnnnnnnns 1.65 2.95
* & & 62. Ragular WONON SOUD ...cvicicsiiiviimeassisasisssvisass 1.10 2.10
R M. W B W ot 8 S0P SOUD . osssnsiinsvimmmissnsnmsviinsrosmmones .30 2.10
Bl S & 64. [ SOUD.......ccoossssusssasenrassosssssssssassnssssses 1.10 2.10
T [# % 65. [EggDrop Wonton MiX........cceeeveereieerissosnnnsesacees 1.10 2.10
X K. & 0606 TohaVegetable SOUD ...-iiiisiasssssisassiaisssssiasssssesen NA 3.50
M I K & 67. Chicken Corn Cream SOUp ....iiiisiiissessissssaies NA 3.50
¥ A X K& 68. Crab Meat Corn Cream Soup.......cccovviiiciiiinnann NA 3.50
E M & 6D Boeslood SOUDsisnin RS NA 3.50
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®  European Language

Resource Coordinatio Learning to Translate Words:

A Word alignment mode knows a lot about Chinese soups
ADoesndét know much el se &

A Only knows what it has seen in the training data
ALi ke peopl e é
AA common theme &

A Given word aligned translation data, can we learn a
translation dictionary?

AYes, really easy &
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[ love the boy, ]
Taime l2 garcon,
| love the dog.
Taime [ chien.

They love the dog.

s aitment (e chien.

They talk to the
(s parlent a (a

They talk to the dog.

l[s parlent au chien,

| talk to the mother,
Je parle a la mére,
R

< Aligned Data >
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o Resource Coordinaton Statistical Machine Translation

" L Connecting Europe Facility

[ love the boy, ]

Jathae le gargon. r’f T [l mother mére [

[ love the dog. Je | dog  chiene Il

Jaime le chien, ove  ainme 0 .

They love the dog. aiment | they ds oL

[[s atment (e chien, talk  parlent I
the (2 il parle ,

They talk to the . a I ‘

s parlent a la . boy garcon : fo a (

They talk to the dog. au/_the |

l[s parlent au chien, girl fuCoﬂaﬁed Sl"a@

| talk to the mother,
Je parle a [a mére,
R

< Aligned Data >
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0 European Language

Resource Coordination Statistical Machine Translation

" L Connecting Europe Facility

Taime le garcon,
| love the dog.
Taime (2 chian.

They love the dog.

s atment le chien.

They talk to the
(s parlent a la

They talk to the dog.

l[s parlent au chien,

| talk to the mother,
Je parle a [a mére,
R

< Aligned Data >

[ love the boy, ]

[ talk to the girl.

(o> 1

=
T [l | mother maére [

Je L) dog  chiene I

(ove arme [l they  ils [l
atment |

talk -l wk| |l

e [ | T EEE
[ [

fo [l

boy  gargon | /_H«el

vl 1 [
. coumd sm@

ELRC Training Workshop $tovenig 08.12.2015
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[ talk to the girl.

[ love the boy. ] ﬁ/_/

Jaime [2 gargon, T [l | mother mére l
[ ’fo‘ve the 499- Je , dog chiene Il
Jatme (e chien. o A [l -

They love the dog. atment | ey 8 "

s atment le chien. » e ] " talk [l

(o
They falk to the Fa

- (a [l
(s parlent a la . , fo I

They falk fo the dog. Eof: h f ol e |
l[s parlent au chien, /<Co“al'~ed Sl"a@
| talk to the mother,

Je parle 4 la maére, Tparlent a le fille.

L
< Aligned Data >
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[ love the boy,
Taime le garcon.
[ love the dog.
Taime [ chien.

They love the dog.

s atment [e chien.

They talk to the
l[s parlent a (a

They talk to the dog.

[(s parlent au chien,

| talk to the mother.

Je parle a [a mere.
R

 Aligned Data >

| talk to the

J O parlent au
213 213 213
Je parle -~ la

1/3 1/3 1/3  2/5

girl

le fille
3/5 1/1

fille
1/1

How to choose?

ELRC Training Workshop $tovenig 08.12.2015
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®  European Language
Resource Coordination

Connecting Europe Facility

20
[

Statistical Machine Translation

[ love the boy,
Taime le garcon.
[ love the dog.
Taime le chien.

They love the dog.

s atment [e chien.

They talk to the
l[s parlent a (a

They talk to the dog.

[(s parlent au chien,

| talk to the mother.

Je parle a (a mére,

R

 Aligned Data >

The Language Model:

A
A

What is good target language?

Which words can follow which words
and
Learnt fromthed at a &

A Jeparleis good é
A Joparlent i s bad é
A lafillei s good é

A e fille is bad é

Je parle -
fille

Ifile >> J @arlent = le

whi @ehtdhangtr amma

ELRC Training Workshop $tovenig 08.12.2015
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" L Connecting Europe Facility

- ]
| talk to the girl.

(o> 7

] Wr [l mother mére 7
e, =Y
lumfmdg | love :x;f’: they  ils 1l
Tt b i the [le| falk y
They love the dog. = S [
l[s atment (e chien, » boy  garcon | au/_the |
They talk to the

(s parlent a la

| talk to the mother,
Je parle a [a mére,
L

' +

They talk to the dog. |
( hien,

s parlent au chien r Lahguag.e MOO{-Q‘ ‘

Tparlent a (o fille.

< Aligned Data >
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Output [nput A No maths today

‘ % A Instead:

Cpest — ALEIAX P(elf ) A The story of Statistical
= argmax P(f|e P(e) MTinpi ct ur es

Decoding ' anslatlon Language
\\ Algorithm Model Model

A Its all about Data é
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]
A So far: translating single words

A Loses context: such as agreement (le file é) et c.
ATo some repgied®dntbyil anguage mooc

A A better model:
A Not just translations of single words
A But also phrase translations:

I theqirl:la fille
I tothegirl:ala fille
I ltalk:Je parle
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[ talk to the girl.

[ love the boy. ] ﬁ/_/

Jaime [2 gargon, T [l | mother mére l
[ ’fo‘ve the 499- Je , dog chiene Il
Jatme (e chien. o A [l -

They love the dog. atment | ey 8 "

s atment le chien. » e ] " talk [l

(o
They falk to the Fa

- (a [l
(s parlent a la . , fo I

They falk fo the dog. Eof: h f ol e |
l[s parlent au chien, /<Co“al'~ed Sl"a@
| talk to the mother,

Je parle 4 la maére, Tparlent a le fille.

L
< Aligned Data >
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[ talk to the girl.

[ love the boy, ] gr_/
Jaime (e gargon, FT—fo_v-e J"ac'me Il
[ ’fo‘ve the olqg. They love s atment |
Jaime [e chien. They talk l[s parlent |l
They love the dog. [ talk Je Pa‘rf-e l
[[s atment (e chien. » To the dog au chren ’
They talk to the the boy le gargon |

, the dog (e chien il
(s parlent a la . ) )

to the girl a la fille [
They talk to f'h-elalog. to the boy au gargon |
lls parlent au chien. fo the mother ala mére |
| talk to the mother,
Je parle a (a mére,
I

< Aligned Data >
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N\ p_ Europe oo Phrase Based - Statistical Machine
° Resource Coordination .
.. " o Connecting Europe Facility Tran S | atl O n
I

[ talk to the girl.

[ love the boy, ] gr_/
Jatme (2 gargon, WQ D'/al'me Il
[ love the dog. They love s atment |
Jaime e chien, They talk [[s parlent Il
They love the dog. [ talk Je Parh l
[[s atment e chien, » To the dog au chien ’
They talk to the the boy le gargon |

. the dog (e chien 4]
(s parlent a la . . .

to the girl a la fille [
They talk to f'h-elalog. to the boy au gargon |
Ils parlent au chien. to the mother a la mére |
| talk to the mother,
Je parle a (a mére,
I

< Aligned Data >
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