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However , the sky remained clear under the strong north wind .



The Tower of Babel

Pieter Brueghel the Elder (1563)
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Georges Artsrouni’s “mechanical brain”,
patented 1933 (France)



ENIAC (1946)



When I look at an article
in Russian, I say: “This
1s really written in
English, but it has been
coded in some strange
symbols. I will now
proceed to decode.”

Warren Weaver (1949)
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Because we want to provide everyone with access to
all the world's information, including information
written in every language, one of the exciting projects
at Google Research is machine translation... Now you
can see the results for yourself. We recently launched
an online version of our system for Arabic-English
and English-Arabic. Try it out!
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Translated search

Type a search phrase in your language. Google will find results in other languages and translate them for you to read.

Search for: " Translate and Search

Search pages written in: My language:
@ Automatically selected languages English v
) Specific languages

1. Search for Bern tourist information.

2. We translate your query into French and German, and find French and German results.
3. Finally, we translate the French and German results back into your language.

Translate text

Bienvenue a Le Mans

| French S1M English 4 )( Translate °
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However , the sky remained clear under the strong north wind .

Despite the strong northerly winds, the sky remains very clear .
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Although a north wind was howling , the sky remained clear and

blue .
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Although a north wind was howling , the sky remained clear and

blue .






‘‘‘‘‘

HRFEANE S A A

"'l'ﬂ 'A
'ﬁiﬂ N NAN {
; n 13?&!-7!:4:}\;'-:»

i& u N AmwA \TY “
ﬂ!o\'lll1lnu

ALY 0|X0Ee\L
IM = il‘ m\zmuu
'I'

eI ZrIpovaPr Ale
m:;muo

2 fmonumu
'” Nt
i\!'l‘l ZEfIES
f r‘o ‘u’""

: &um»«m > 4o ..









R e e e T DS ———







(9 A A LS GRS
National Bureau of Statistics

wiAE | T

8, News and Coming Events Ritas

National Bureau of Statistics of China

Memonal Ceremony for Late Deputy
Commissioner Zhe Xangdong Held in

LA} T TR TS+
Deying

B I R
Wit
RiretN

RMAN ‘ ' ‘ wirms
RitEmw




FAER J

- - . +

q:}'z . _ (9'l"F.'l\”lt,“;mlhllhl'if ENGLISH 4

National Bureau of Statistics

wiAE | T

B, News and Coming Ritax

Memonal Ceremony for Late Depu.,
Commissioner Zhe Xangdong Held in

.e
\* MR
Deying

B il A
it m
Ritet™

Related links

L& 8
Rit@m

What's New




¥
i
FE
#
*®
£
=
i
_ﬂﬁﬂ
B

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup ..ooocevvviiiiiinennnne.
. Regular Wonton Soup ...cccevviieiiiiiiiiicce,
. 8 Hot & Sour Soup oo,

Egg Drop Soup...covviiiiiiiiiie,
Eag Drop Wonton Mix .....coccvviiiiiiiiiiiinnnensnnaens

Tofu Vegetable Soup ...

Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign




¥
i
FE
#
*®
£
=
i
_ﬂﬁﬂ
B

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup .....covvvveiiiinnnnnee.
. Regular Wonton Soup ...ccceveviieiiiiiiiiiiiccee,
. 8 Hot & Sour Soup oo,

Egg Drop Soup...covviiiiiiiiiie,
Eag Drop Wonton Mix .....coccvviiiiiiiiiiiinnnensnnaens

Tofu Vegetable Soup ...

Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign




¥
i
FE
#
*®
£
=
i
_ﬂﬁﬂ
B

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup .....covvvveiiiinnnnnee.
. Regular Wonton Soup ...ccceveviieiiiiiiiiiiiccee,
. 8 Hot & Sour Soup ..ocoovviiiiiii e,

Egg Drop Soup....coovvvviiiiii,
Eag Drop Wonton MixX .....cooviviiiiciiiiiinnsensnnaens

Totu Vegetable Soup ...

Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign




o)
o

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup .....covvvveiiiinnnnnee.
Regular Wonton Soup ...ccceveviieiiiiiiiiiiiccee,

. 8 Hot & Sour Soup ..ocoovviiiiiii e,

Egg Drop Soup....coovvvviiiiii,
Eagg Drop Wonton MiX......cocoiiiiiiiiiiiiiininnnrnes
Totu Vegetable Soup ...
Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign




o)
o

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup .....covvvveiiiinnnnnee.
Regular Wonton Soup ...ccceveviieiiiiiiiiiiiccee,

. 8 Hot & Sour Soup ..ocoovviiiiiii e,

Egg Drop Soup....coovvvviiiiii,
Eagg Drop Wonton MiX......cocoiiiiiiiiiiiiiininnnrnes
Totu Vegetable Soup ...
Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign




¥
i
FE
#
*®
£
=
i
_ﬂﬁﬂ
B

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup .....covvvveiiiinnnnnee.
. Regular Wonton Soup ...ccceveviieiiiiiiiiiiiccee,
. 8 Hot & Sour Soup ..ocoovviiiiiii e,

Egg Drop Soup....coovvvviiiiii,
Eag Drop Wonton MixX .....cooviviiiiciiiiiinnsensnnaens

Totu Vegetable Soup ...

Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign




¥
i
FE
#
*®
£
=
i
_ﬂﬁﬂ
B

o)
o

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup .....covvvveiiiinnnnnee.
. Regular Wonton Soup ...ccceveviieiiiiiiiiiiiccee,
. 8 Hot & Sour Soup ..ocoovviiiiiii e,

Egg Drop Soup....coovvvviiiiii,
Eag Drop Wonton MixX .....cooviviiiiciiiiiinnsensnnaens

Totu Vegetable Soup ...

Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign




CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup .....covvvveiiiinnnnnee.
Regular Wonton Soup ...ccceveviieiiiiiiiiiiiccee,

. 8 Hot & Sour Soup ..ocoovviiiiiii e,

Egg Drop Soup....coovvvviiiiii,
Eagg Drop Wonton MiX......cocoiiiiiiiiiiiiiininnnrnes
Totu Vegetable Soup ...
Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign



¥
i
FE
#
*®
F
=
i
_ﬂﬁﬂ
B

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup .....covvvveiiiinnnnnee.
. Regular Wonton Soup ...ccceveviieiiiiiiiiiiiccee,
. 8 Hot & Sour Soup ..ocoovviiiiiii e,

Egg Drop Soup....coovvvviiiiii,
Eag Drop Wonton MixX .....cooviviiiiciiiiiinnsensnnaens

Totu Vegetable Soup ...

Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

(0 00 00 L0 N D NI DD NI I W W )
TN O = = =D <] DN ]
CCOoOoOooOoooUign




¥
i
FE
i
-
£
- 4
=
i
_ﬂﬁﬂ
B

'|.|_'|,
ar o

4 18
B o 86 ¥ He e Bo B O% 4R e

!

w
£

ol =

% o

e

e
Ay ol
7

CLASSIC SOUPS

House Chicken Soup (Chicken, Celery,
Potato, Onion, Carrot) ...oceeveevieienniennnenennnnn

Chicken Rice Soup ...oovvevvvieeieniiennnn,
Chicken Noodle Soup

Cantonese Wonton Soup

Tomato Clear Egg Drop Soup ..oovevviiiiiiinnnnnee.
. Regular Wonton Soup ....ccooevveiiiiiiiiiiicce,
. 8 Hot & Sour Soup .o,

Egg Drop Soup....cccoiveiiiiiiiiiinrnie,
Eag Drop Wonton Mix .......c.ccoveiiiiiiiiiinnnenrnnaens

Tofu Vegetable Soup ...

Chicken Corn Cream SOUP .vvvrveieieeiiiicciaiicanns
Crab Meat Corn Cream Soup.....cccoevvieiecivniinnnnn.
S ealOOd SOUD et

0 00 0 W NN LW
T non == = =D -] N =]
COCOoOOoOoOoOoOooULiunno



















tails)?

heads)” x p(

p(

p(data)






p(data)

p(heads)



p(data)







u%’.‘?i l'!“

4 1
1
; f | ::
1 H e L l
118
| ,
,‘ ' |
Il

7

T
tlo
!H |










p(heads) ?



Although north wind howls , but sky still very clear .
2R R, {2 REORK o miE .

v ‘
s l

However , the sky remained clear under the strong north wind .




Although north wind howls , but sky still very clear .
2RO R, A2 RE KRR o mi .

However , the sky remained clear under the strong north wind .
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However , the sky remained clear under the strong north wind .

This is a latent variable problem



More on learning from parallel data:
Today’s lab

Tomorrow’s lecture



Statistical Machine Translation

Develop a statistical model of translation that can be
learned from data and used to predict the correct
English translation of new Chinese sentences.
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under the strong north wind .
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What’s a model?

For our purposes, a model will be
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® Given some partially observed data (e.g. an input
sentence), what is the most likely complete data
(e.g. a sentence pair)?



Why Probability?
® Access to techniques developed and proven over
hundreds of years that work on many problems.
® In particular, techniques for and
® Allows us to answer questions:

® What is the best explanation of observed data?

® Given some partially observed data (e.g. an input
sentence), what is the most likely complete data
(e.g. a sentence pair)?

® Common sense in mathematical form!
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The probabilities of all possible events must sum to 1.
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When an event consists of observations about more than
one variable, it is a
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A probability distribution over a subset of variables is a
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The probability of a variable under the condition that the
other variables are fixed is the



Probabilistic Primer




Probabilistic Primer

S Bl Bl &8l

Sl

joint

marginal




Probabilistic Primer

S Bl Bl Bl Bl

Sl

We can still represent the joint distribution as a product
of other distributions.
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Probabilistic Primer

p(A, B) = p(A) - p(B|A)
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p(A) - p(B|A) = p(B) - p(A|B)
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Bayes’ Rule p(B[A) =



Probabilistic Primer

posterior prior likelihood
\ p(B)-p(A|B
Bayes’ Rule p(B|A) = 5) pAB)

p(A)



...But the probability that an event has
happened is the same as the probability I
have to gquess right if I guess it has
happened. Wherefore the following
proposition 1s evident: If there be two
subsequent events, the probability of the
2d b/N and the probability both together
P/N, and it being 1st discovered that the
2d event has also happened, the
probability I am right is P/b.

Thomas Bayes
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However, the sky remained clear under the
strong north wind .

p(Chinese|English)
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When I look at an article
in Russian, I say: “This
1s really written in
English, but it has been
coded in some strange
symbols. I will now
proceed to decode.”

Warren Weaver (1949)
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Claude Shannon



Bayes’ Rule

p(English|Chinese) =

p(English) x p(Chinese| English)

/

prior

p(Chinese)
|

\

likelihood

normalization term (ensures we’re

working with valid probabilities).



Noisy Channel

p(English|Chinese) =

p(English) x p(Chinese| English)

/ p(Chfinese) \

signal model channel model

normalization term (ensures we’re
working with valid probabilities).



Machine Translation

p(English|Chinese) =

p(English) x p(Chinese| English)

/

language model

1

p(Chinese) \

translation model

normalization term (ensures we’re

working with valid probabilities).
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English
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X p(English)
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English



Machine Translation

p(English|Chinese) =

p(English) x p(Chinese| English)

/

language model

1

p(Chinese) \

translation model

normalization term (ensures we’re

working with valid probabilities).
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What is the probability of an English sentence?



Machine Translation

p(English|Chinese) ~

p(English) x p(Chinese|English)

What is the probability of an English sentence?

What is the probability of a Chinese sentence, given a
particular English sentence?



Language Models

We can think of our probabilistic model as a story
that explains every single word in the sentence pair.
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Language Models

However,

p(, | However)



Language Models

However, the

p(thel,)



Language Models

However, the sky

p(sky|the)



Language Models

However , the sky remained

p(remained|sky)



Language Models

However, the sky remained clear

p(clear|remained)



Language Models

length(English)
p(English) = H p(word;|word; 1)

1=1
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Language Models

length(English)
p(English) = H p(word;|word; 1)

1=1

Note: the prior probability that wordo=START is 1.

This model explains every word in the English sentence.

But it makes very strong conditional independence
assumptions!



Language Models

® The language model does not depend in any way
on parallel data.

® How much English data should we train it on?



Language Models

Impact on size of language model training data (in words) on quality of
Arabic-English statistical machine translation system (NIST test data)
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Language Models

Impact on size of language model training data (in words) on quality of
Arabic-English statistical machine translation system
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Language Models

® There’s no data like more data.

® Language models serve a similar function in speech
recognition, optical character recognition, and other
probabilistic models of text data.

® You'll learn a lot more about them from Nicola
Bertoldi on Tuesday and Wednesday
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Translation Models

What is a good story about how a Chinese
sentence came into being, given that we already
have an English sentence?

Note: in this example I'll show you an English sentence,
conditioned on a Chinese sentence. Note that we can
apply the same technique in either direction.
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Although north wind howls , but sky still very clear .
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However , the sky remained clear under the strong north wind .

p(English|Chinese)?
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However, the sky remained clear under the strong north wind .

p(English|Chinese) = ) _u1ignments Ly, L, 11,
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® Fertility probabilities.
® Word translation probabilities.
® Distortion probabilities.
® Some problems:
® Weak reordering model -- output is not fluent.

® Many decisions -- many things can go wrong.
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Phrase-based Models

Although north wind howls , but sky still very clear .
(B R |, 2)RE KRR T A,

L \

[However] [the strong north wino] [the sky remained clear under]

L

[However] B [the sky remained clear undel} Ehe strong north Wind]

p(English, alignment|Chinese) =

p(segmentation) - p(translations) - p(reorderings)
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® Segmentation probabilities.

® Phrase translation probabilities.
® Distortion probabilities.

® Some problems:

® Weak reordering model -- output is not fluent.
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Decoding

Probability models allow us to make predictions:
Given a particular Chinese sentence, what is the most
probable English sentence corresponding to it?

In math:
argmax g, .15 P(English|Chinese)

problem: there are a lot of English sentences to
choose from!
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X R

segmentations () (2")
substitutions () (5™)

permutations  O(n!)

240,000 possibilities!
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NN\

the strong north wind .

Given a sentence pair and an
alignment, we can easily calculate
p(English, alignment|Chinese)

Can we do this without enumerating O(10™n!) pairs?
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NN\

the strong north wind .

There are O(10™n!) target sentences.

But there are only O(5n*) ways to start them.



Key Idea

E | o3



Key Idea

E | o3



Key Idea

E | o3



Key Idea

north
9000 e X X

E | o3



Key Idea

p(north|START) - p(3k |north)
north
9000 > 000

E | o3



Key Idea

p(north|START) - p(3k |north)
north

9000 e X X
\northem
900

E | o3




Key Idea

p(north|START) - p(3k |north)
north

9000 > 000
p(northern|START) - p(dt |northern)
northern
000

E | o3




Key Idea

strong
e ©

p(north|START) - p(3k |north)
north

9000 > 000
p(northern|START) - p(dt |northern)
northern
000

E | o3




Key Idea

p(strong|START) - p(*F=5 |strong)

strong
e ©

p(north|START) - p(3k |north)
north
9000 > 000

p(northern|START) - p(dt |northern)
northern

E | o3



Key Idea

p(north|START) - p(3k |north)
north
9000 > 000

E | o3



Key Idea

p(north|START) - p(3k |north)

north wind
9000 e X X > ( X

E | o3



Key Idea

p(north|START) - p(3k |north)
north wind
9000 > 000 > o0
p(wind|north) - p( X, |wind)

E | o3



Key Idea

p(north|START) - p(3k |north)

north wind
9000 > 000 > o0
p(wind|north) - p( X lwind)
strong
® O

E | o3



Key Idea

p(north|START) - p(3k |north)

north wind
9000 > 000 > o0
p(wind|north) - p( X, |wind)
strong
® O

p(strong|north) - p( ¥ = |strong)
<[P



Key Idea

Work done at sentence beginnings is shared across
many possible output sentences!

p(north|START) - p(3k |north)

north wind
9000 > 000 > o0
p(wind|north) - p( X, |wind)
strong
® O

p(strong|north) - p( ¥ = |strong)
<[P
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amount of work: better than
O(5n*2"™) O(10™n!)
o
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with a weight and a
word (or words)

Dynamic Programming



Weighted languages

® The lattice describing the set of all possible
translations is a

® So is the language model.

® Since regular languages are closed under
intersection, we can intersect the devices and run
shortest path graph algorithms.

® Taking their intersection is equivalent to computing
the probability under Bayes’ rule.
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Practical Issues

O(5n°2") is still far too much work.

Can we do better?

NO! Knight (1999) shows that this is NP-Complete.

Barry Haddow will tell you how we can still
make it work on Thursday:.
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Recap

® Probability theory enables us to learn from data.
® Very simple models get us pretty far!

® There’s no data like more data.

® Word-based models follow intuitions, but not all.
® Phrase-based models are similar, but more effective.
® All of these models are weighted regular languages.
® Need dynamic programming with approximations.

® Is this the best we can do? Stay tuned on Thursday:.
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Value ot Jordanian imports amounted to 7.39 billion dollars in the
first half of the year (island Net

According to official statements that the trade balance deficit
rose Jordan in the first half of this year by 18.1% due to
increased volume of imports versus exports, as the decline in
the volume of credit provided by banks of Jordan by 11%
during the same period.

The data for the Department of Statistics published on
Monday that the value of the tmde balance deficit amounted
to 2.79 billion Jordanian dinars (3.94 billion U.S. dollars).
The data indicated the lngh volume of exports ourmg the first

half of the year by 16.6%, reaching 2.05 billion dinars (2.91
billion dollars), as 1mp0rts rose by 11.7% to 5.23 billion

dinars (7.39 billion dollars).

The export value increased significantly for the countries of
the Greater Arab Free Trade, including Saudi Arabia, and the
countries of the free trade agreement for North America,
including the United States, as well as non-Arab Asian
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Overview

Evaluation

However, the sky remained clear
under the strong north wind .



More has been written about
machine translation
evaluation than about
machine translation itself.

Yorick Wilks



® Why evaluate?
® Rank systems
® Evaluate incremental changes
® Assess new ideas objectively
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US willing to negotiate with North Korea but
not to pay more compensation.
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US willing to negotiate with North Korea but

not to pay more compensation.

The United States is willing to hold talks
with North Korea but refused to pay

remuneration.
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“Fit” TR TFREHER S E

Launch of “Endeavour” delayed by
robotic arm problems.

“Progress” postponed because of mechanical
hand into the sky:.



Chinese people in the traditional Spring Festival is approaching, the CPC
Central Committee this afternoon in Zhongnanhai on the 22nd non-Party
personages to convene a forum in Spring Festival, invited the central
committees of democratic parties, the leadership of the National Federation
of Industry and Commerce and personages without party affiliation on
behalf of comrades gathered together State yes, talked in length about the
friendship, to greet the Chinese New Year. CPC Central Committee General
Secretary and State President and Central Military Commission Chairman
Hu Jintao on behalf of the CPC Central Committee, the State Council, to the
central committees of democratic parties, leaders of the National Federation
of Industry and Commerce and personages without party affiliation, to
members of the united front, to extend my New Year's blessing.
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Although the northern wind shrieked across
the sky , it was still very clear .

However , the sky remained clear under the strong
north wind .

Although a north wind was howling , the sky
remained clear and blue .
The sky was still crystal clear , though the north
wind was howling .

Despite the strong northerly winds, the sky remains
very clear .
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The sky was still crystal clear , though the north
wind was howling .
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Although a north wind was howling , the sky
remained clear and blue .
The sky was still crystal clear , though the north
wind was howling .
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BLEU-1
BLEU-4
BLEU-v11b
BLEU-v12
METEOR-v0.6
NIST-v11b
TER-v0.7.254-GRR
ATEC1
ATEC?2
ATEC3
ATEC4
Meteor-v0.7

BEwT-E
Badger
BadgerLite
Bleu-sbp
BleuSP
CDer
DP-Or
DP-Orp
DR-Or
EDPM
LET
METEOR-ranking
Max5im

RTE
RTE-MT
SEPIA1
SEPIA2
SNR
SR-Or
SVM-Rank
TERp
ULCh
ULCopt
invWer
mBLEU
mTER



A bit more on learning...



p(Chinese|English)

English



p(Chinese|English)

X p(English)

English



p(Chinese|English)

X p(English)

T T T

~ p(English|Chinese)

English



p(Chinese|English)’

x p(English)’

T T T

~ p(English|Chinese)

English



p(Chinese|English)?

x p(English)’

T T T

~ p(English|Chinese)

English



p(Chinese|English)/?

X p(English)l

LD S ROV T

~ p(English|Chinese)
MMMMMW

English



p(Chinese|English)”

x p(English)’

T T T

~ p(English|Chinese)

English



0 - log p(C'hinese| English)

1 -log p(English)

T T T

~ p(English|Chinese)

English



p(English|Chinese) =

|
~ A1 log p(Chinese|English) + Ao log p(English)]



p(English|Chinese) =

|
A

Z Aihi(Chinese, English)




argmax p(English|Chinese) =

English

|
A

Z Aihi(Chinese, English)




log-linear model
conditional random field
case-factor diagram
undirected model

argmax p(English|Chinese) =

English

|
A

Z Aihi(Chinese, English)




argmax p(English|Chinese) =

English

|
A

Z Aihi(Chinese, English)




argmax p(English|Chinese) =

English

Z Aihi(Chinese, English)




argmax p(English|Chinese) =

English

Z Aihi(Chinese, English)

linear model




Linear Models



Linear Models

® We could optimize lambdas for likelihood (this
would be a log-linear model).
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Linear Models

® We could optimize lambdas for likelihood (this
would be a log-linear model).

® Good news: optimization is convex.
® Bad news: computing Z is intractable.

® Question: why should we bother with likelihood?



BLEU(MT output)



BLFEU (argmax score(English|Chinese))
English



Z BLFEU (argmax score(English|Chinese))

Chinese&l'est English
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Max Blues



Things to Remember

® Probability gives us a well-founded framework in
which to explore a wide variety of models.

® We get many tools for learning and prediction.

® We can express many models in terms of weighted
languages.
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