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Overview

® A Brief History of MT

® Modeling: Language & Translation
® Using MT

® Evaluating MT

o Coffee
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MT Timeline

1940s - WW?2 code breaking

1947 - Weaver letter outlining translation as a problem in cryptography

1954 - Georgetown Experiments showed “promise” of Russian-English MT

1966 - ALPAC report shifts funding to basic research in computational linguistics
1968 - MT company SYSTRAN founded (still in existence)

|970s - advances in formal languages and automata theory; development of
statistical speech recognition techniques at IBM and Princeton

1993 - Weaver’s model of translation prototyped by IBM; statistical
revolution

1999 - Open source reimplementation of IBM models
2000s - Major modeling advances, rediscovery of syntax, large scale funding
2006 - Open source Moses decoder development begins

2006 - Google Translate launches
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One naturally wonders 1f the problem
of translation could conceivably be
treated as a problem 1n cryptography.
When I look at an article in Russian, I
say: ‘This is really written in
English, but it has been coded in
some strange symbols. I will now
proceed to decode.

Warren Weaver to Norbert Wiener, March, 1947
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Claude Shannon.“A Mathematical Theory of
Communication” |948.
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N Y % R X VK
4 Encoder Nlelky Decoder >
channel

Message Ser.1t | Recel.ve.cl Recovered
transmission transmission message

p(y) p(zly)

Shannon’s theory tells us:

|) how much data you can send
2) the limits of compression
3) why your download is so slow

4) how to translate

Claude Shannon.“A Mathematical Theory of
Communication” |948.
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channel

Sent Received
transmission transmission

p(y)\p(zly)

Recovered
message

arg max p(y|z)
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N

arg max p(y|x

¢ )
)

— arg max p(z|y)p(y)
Y p(x)

\

Denominator doesn’t depend on .
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Y “Noisy” X Y Y
channel
Ser?t | Recel.ve.d Recovered
transmission transmission message

y' = arg mgxp(x\y)p(y)

Friday, September 7, 2012



Y 13 . 9 X Y/
Nl Decoder >
channel

Sel?t | Recei.ve.d Recovered
transmission transmission message
English “French” Engllsh’

/

e’ = argmax p(fle)p(e)
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“Noisy”
channel

Sent Received Recovered
transmission transmission message
English “French” Engllsh’

/
e’ = argmax p(fle)p(e)
e

translation model
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“Noisy”
channel

Ser.1t | Recei.ve.cl Recovered
transmission transmission message
English “French” Engllsh’

/

e’ = argmax p(fle)p(e)
A

translation model language model
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“Noisy”
channel

Sent Received

)IIHHHHHHHII

o A Recovered
transmission transmission message
English “French” Engllsh’

e’ = arg max p(fle)p(e)
A

translation model language model

Other noisy channel applications: OCR, speech

recognition, spelling correction...
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Division of labor

e Translation model

® probability of translation back into the
source

® ensures adequacy of translation
¢ Language model
® is a translation hypothesis “good” English?

® ensures fluency of translation
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The Big Question in MT
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The Big Question in MT

¢ How do we design language and
transiation models?
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The Big Question in MT

¢ How do we design language and
transiation models?

® Two (usually competing) considerations
® |s the model correct!?
® |s prediction (inference) tractable!

® Also:is there data to learn the
parameters/?
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Language Modeling

® Two related, but different questions:
® |s a string of words grammatical or not?

® |[s a string of grammatical words semantically
coherent!

® We usually adopt a statistical approach:

® What is the probability of a sentence in some
language!

® Modeling challenge: there are an infinite number
of grammatical sentences in any language
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" Messages |

How did dads dr. ‘W
__appointment go?

e

',Okay. He has heartburn.
Doctor prescribed
__prostitutes.

_':2x per day.:

Wow. In that case | have w
\heanbum too. Lol

_——

“Best prescription ever! "

“oh gosh. Not funny.
Prilosec. That is my worst

auto correct ever! -

@ DAMN YOUAUTOCORRECT.COM B W
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Open Problems

® N-gram models have billions or trillions of parameters
® Do we really need all of these!?
® |f we do, how do we efficiently represent them!?
® How do we efficiently reason with LMs?
® (Can we come up with a better representation for words?

® Can we leverage syntactic information to improve
language models!?

® | Ms were developed for English: how should they
change when we model different languages?
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English:
| have a bad headache

Chukchi (Siberian language):
Tomeynolevtpaytorkon
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English:
| have a bad headache

Chukchi (Siberian language):
Tomeynolevtpaytarkan

f

Aggultinative and polysynthetic languages have
rich word-formation processes.
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Translation Modeling

® Modeling task: Is a string of words e (in the
target language) a meaning-preserving
translation of a string of words f (in the
source)!?

¢ Modeling challenges:
® There are an infinite number of sentences

® How do we learn parameters of the
models!?
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® Factor problem into (conditionally) independent parts

In der Innenstadt explodierte eine Autobombe
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® Factor problem into (conditionally) independent parts

® Permute the source words into the target language order

In der Innenstadt explodierte eine Autobombe
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® Factor problem into (conditionally) independent parts

® Permute the source words into the target language order

In der Innenstadt explodier‘te_
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® Factor problem into (conditionally) independent parts

® Permute the source words into the target language order

In der Innenstadt explodier‘te_ é -
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® Factor problem into (conditionally) independent parts
® Permute the source words into the target language order
® Pick translations for individual words / phrases
® Probability of particular translations
® Look at source context

® Ensure that the output is fluent & idiomatic

In der Innenstadt explodierte_ q -
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® Factor problem into (conditionally) independent parts

® Permute the source words into the target language order

® Pick translations for individual words / phrases

® Probability of particular translations

® | ook at source context

® Ensure that the output is fluent & idiomatic

In der Innenstadt

downtown
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® Factor problem into (conditionally) independent parts

® Permute the source words into the target language order

® Pick translations for individual words / phrases

® Probability of particular translations

® | ook at source context

® Ensure that the output is fluent & idiomatic

® Computational challenges

® Searching all word permutations is NP-hard

® Massive numbers of translation alternatives

In der Innenstadt

downtown
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® String-to-string translation
® Became popular in the 1990’s with statistical MT
® State-of-the-art for many (most?) language pairs
® Especially: Closely related language pairs

® Especially: Typologically similar language pairs

® ~ Google Translate / Bing Translator
® Limitations

® Independence assumptions are wrong (too strong and too
weak)

® No structural information available to improve modeling

e Models can be learned directly from parallel data

In der Innenstadt explodierte eine Autobombe # A car bomb exploded downtown
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NEW ENGLISH TRANSLATION
NOVUM TESTAMENTUM GRAECE

NEW
TESTAMENT
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58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

CLASSIC SOUPS Sm.
House Chicken Soup (Chicken, Celery,

Fobtale. O, CarTOL) .osissmnsssivriass 1.00
Chicken Rice SoUp ...ccvevviviiecieiiicceiieccea e 1.85
Chicken Noodle SoUD ..cassasssisinssssssssassssssis 1.85
Cantonese Wonton Soup.....ccccevveviviiiicinninnnn. 1.50
Tonmate Llosr Ega DYoD SOUD o ssssassmsas 1.65
RAOUIT WONION SOND wuxssscussnrivmssunsnssasmnnsanses 1.10

- HoE & SO SOUD o 1.10
B DOD SOUD s saavnsssnsss 1.10
Eon LIraD WOonton MM .amnsiisiaisnmice 1.10
TOIU VOO RDIG SOUDY viississsississsussocsvnsssnsssseivovios NA
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S T=T=1 {07010 B 1o 101 o F USSR NA

Lg.

2.79
3.25
3.25
2.75
2.95
2.10
2.10
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Egyptian

Greek
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Aside: Parallel Data

e Alignment

® What words / phrases correspond
¢ Biingual lexicon induction

® |Infer possible translations of each word
e Paraphrase identification

® |f both a and b translate as ¢, take this as evidence that a and
b are synonymous

e Distant linguistic supervision

® |anguages make different things overt (e.g. English has spaces
between words, Chinese does not)

Friday, September 7, 2012
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In der Innenstadt explodierte eine Autobombe

Friday, September 7, 2012



® Tree-to-string transiation
® Syntactic analysis of source (parse)
® Jransfer from tree to string
® Source trees have some benefits
® Proxy for semantic relationships

® Syntax is a natural source of reordering constraints

In der Innenstadt explodierte eine Autobombe

WT\\?

/

In der Innenstadt explodierte eine Autobombe

A car bomb exploded downtown
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A car bomb exploded downtown
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® String-to-tree translation
® Transfer from source tree to target string
® Formally a generalization of monolingual parsing

® |ntuition:it is more important to know the language
you are translating into well than the source language

A car bomb exploded downtown

\

A car bomb exploded downtown

In der Innenstadt explodierte eine Autobombe
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® String-to-tree translation
® Transfer from source tree to target string
® Formally a generalization of monolingual parsing

® |ntuition:it is more important to know the language
you are translating into well than the source language

The best Chinese-English systems are string-to-tree

A car bomb exploded downtown

\

A car bomb exploded downtown

In der Innenstadt explodierte eine Autobombe
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In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown
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® Tree to tree translation
® Use syntax to predict syntax
® Benefits
® As parsers improve, MT will improve (we hope)
® Rich information for modeling in source and target

® Downside: where does the syntax come from?

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown

R i e

/ \

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown
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Semantics

“logical form”

In der Innenstadt explodierte eine Autobombe

detonate
:argd bomb
:argl car
:loc downtown
:time past
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detonate
:argd bomb
:argl car
:loc downtown
:time past

Semantics

“logical form”

A car bomb exploded downtown
Syntax f
$

In der Innenstadt explodierte eine Autobombe
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detonate
:argd bomb
:argl car
:loc downtown
:time past

Semantics

“logical form”

A car bomb exploded downtown
Syntax f
$

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown
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detonate
:argd bomb
:argl car
:loc downtown
:time past

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown
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report_event|

I nte rl i ngua factivity=true

explode(e, bomb, car)

“meaning” loc(e, downtown)
|
explodieren detonate

:argd Bombe :argd bomb

:argl Auto :argl car

:1loc Innenstadt :loc downtown
:tempus impert :time past

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown
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More Abstract Models
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More Abstract Models

® Modeling challenges
® What are the right abstract representations!?

® How do we support more abstraction without sacrificing
accuracy on frequent elements!?
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More Abstract Models

® Modeling challenges
® What are the right abstract representations!?

® How do we support more abstraction without sacrificing
accuracy on frequent elements!?

® Computational challenges
® large search spaces

® Error propagation in pipelines
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More Abstract Models

® Modeling challenges
® What are the right abstract representations!?

® How do we support more abstraction without sacrificing
accuracy on frequent elements!?

® Computational challenges
® |arge search spaces
® Error propagation in pipelines
® Learning challenges
® Nonconvexity

® Where does the data come from?
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report_event|

I nte rl i ngua factivity=true

explode(e, bomb, car)

“meaning” loc(e, downtown)
|
explodieren detonate

:argd Bombe :argd bomb

:argl Auto :argl car

:1loc Innenstadt :loc downtown
:tempus impert :time past

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown

In der Innenstadt explodierte eine Autobombe A car bomb exploded downtown
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Other Challenges

European parliament language (training):

| declare resumed the session of the European Parliament adjourned
on Friday |7 December 1999, and | would like once again to wish you
a happy new year in the hope that you enjoyed a pleasant festive
period.
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Other Challenges

European parliament language (training):

| declare resumed the session of the European Parliament adjourned
on Friday |7 December 1999, and | would like once again to wish you
a happy new year in the hope that you enjoyed a pleasant festive

period.

Human language (testing):

/ 4 Its Me Edith :) @Lovelyyed 40m
- Birthday is on sunday & im pribably not doin anythin cause mom
w4

planned that other thing for sat nd sunday idk tf ima do -.-
Expand 4 Reply t3 Retweet % Favorite
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Other Challenges

European parliament language (training):

| declare resumed the session of the European Parliament adjourned
on Friday |7 December 1999, and | would like once again to wish you
a happy new year in the hope that you enjoyed a pleasant festive
period.

Human language (testing):

/{ 4 Its Me Edith :) @Lovelyyed
- Birthday is on sunday & im pribably not doin anythin cause mom
™ 4

7 planned that other thing for sat Ad sunday idk tf ima do -.-
Expand 4 Reply t3 Retweet % Favorite

spelling error
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Other Challenges

European parliament language (training):

| declare resumed the session of the European Parliament adjourned
on Friday |7 December 1999, and | would like once again to wish you
a happy new year in the hope that you enjoyed a pleasant festive
period.

Human language (testing):
Its Me Edith :) Lovelyyed 40m

/ - Birthday is on sunday -& iIm pribably not doin anythin cause mom
w”” planned that other thing for sat nd sunday idk tf ima do -.-
Expand 4 Reply t3 Retweet % Favo T

abbreviations
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Other Challenges

European parliament language (training):

| declare resumed the session of the European Parliament adjourned
on Friday |7 December 1999, and | would like once again to wish you
a happy new year in the hope that you enjoyed a pleasant festive
period.

Human language (testing):

/ 4 Iits Me Edith :) Lovelyyedi 40m
- Birthday is on sunday & im pribably not doin anythin cause mom
™ 4

planned that other thing for'sat nd sunday idk tf ima do -.-
Expand 4 Reply t3 Retweet X '

nonstandard contractions
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Using Translation
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% This page is in | Chinese ... :] Would you like to translate it? [ Nope J [_Translate

RiRIMEREEDIC THESIIERIENT

BUIBRRE LT VHIERAR605) MK : RENPMEARES L FRE =R

BRI A B RS R IBIE23A
ARRER | FIfEHUS, #ERYfFRE
T L3R T — B SE 2RI 5 3 BHLER RV SR

FEER OIS | B LRGSR T
DA LSRG © KA T E A LBITHE...
TP IR 2 G B LA g
BRI BTN ARE >>HRE
TR B SAERBHEAT B O FHEAEH .
YA TRES00 A

SRR B SR @O SE LRI & A 352
P —— ALPER RSB THAF BT 124 SH4L..

B BUSE45000 M LB EBC TR .. H LA 2 RSN © 80ER X AHARAT. ..
(LR AR B AR T SR AR BRAR ..

 FEFA R H RSSO | BN BB A AR F AR A ST (SH)
FLFEHM : TR TNEER A R A EFREVES | TR ® R (S}
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RRSIERRERIC TESHERIZANT

[31 provincial party committee “in charge” an average age of less than 60 years old] [users: the country's 31 provincial party committee
leaders to highlight the "three characteristics" |

- any of the United Front Work Department of the
Provincial Standing Committee in the country's 31
provinces, autonomous regions and municipalities for
up to 23 people, the

People's Forum: cadres have a sense of crisis, the masses
have the happiness

+ Zhejiang Huzhou City, a town of the party deputy

secretary obstruct interview is dismissed

- Juxian county party secretary Liu Shouliang: non-stick

Party Building $laa @ IGITY BNl IEIT feet mud is hard to say the good cadres
~ Overview s - Sichuan Yibin City Cuiping: days are dark can see the

+ The cadres "bribe the masses,” the Han | the female cadres Interview ... the

doctoral ye suffering from .. Guangxi Baise build township secretary sun rising channel
government microblogging over 45 000 | TV politics observation

"asked a ...

« focus from the front line of the grass-roots army 48
* Shandong Dongying "the brother of the sisters have a

party branch | thousand masses ...
* Shanghai party branch every Sunday ran farms |

Congress >> Message Message

- Guangdong Fogang the first in the province implement
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HCI question for MT

® Statistical MT systems know way more
about translation than any human can know

® Yet we end up with non-stick mud

¢ How can we help people find the
information they need?
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Non-VVritten Languages

® There’s a bigger world than text
® Spoken language
®  Written language
® Signed language

® Research questions

® How do we translate to languages with no (standard) orthography!?
® Non-standard dialects
® Minority languages
® Signed language
o . Iwitter & Email
® How do we deal with recognition errors?

® How should humans use speech-to-speech translation devices!?
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Evaluation
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More has been written about machine
translation evaluation than about
machine translation itself.

- Yorrick Wilks
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The gold standard!?

® Human evaluation

® Have annotators read and assess
translations

® (Fluency, adequacy)

® Have annotators read translations and do
something

N

> |s the cake delicious?
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Human evaluation

® Problems

® Humans don’t like to evaluate
translation, especially bad translation

® Humans don’t tend to agree with each
other

As furious nAgA on wednesday , the tribal
° minimum pur of ten schools also was burnt .

B: furious nAgA on wednesday the tribal pur mini ten
*  schools of them was also burnt .
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Automatic Evaluation
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Automatic Evaluation

® Evaluating translation automatically is hard
® There are many correct ways to say something

® |[f we could measure if a sentence was grammatical and a good
translation, then we would have solved the translation problem!
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Automatic Evaluation

® Evaluating translation automatically is hard
® There are many correct ways to say something

® |[f we could measure if a sentence was grammatical and a good
translation, then we would have solved the translation problem!

e But..
e Computers are cheap and reliable
® Computers don’t mind evaluating (bad) translation output

® During the translation process, systems must evaluate massive search
spaces, but evaluation usually just looks at a few hypotheses

® Our“bad” metrics have led to vastly improved translation quality!

® |f we had a great automatic metric, we could make things even better
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In Conclusion
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Machine Translation

® Algorithms & automata theory
® Human-computer interaction
® Linguistics
® Machine learning and statistics
® Many NLP technologies

® Morphology

® Syntax

® Semantics

® Discourse

® System engineering
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Questions!
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