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Machine Translation
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bushi yu shalong juxing le huitan

Bush held a talk with Sharon
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Learning to Translate
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los clients y los asociados son enemigos .
sus asociados no son fuertes .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides
7



Learning to Translate

Garcia y asociados .

Garcia and associates .

los clients y los asociados son enemigos .

the clients and the associates are enemies .

sus asociados no son fuertes .

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides
7



Learning to Translate

Garcia y asociados .

Garcia and associates .

los clients y los asociados son enemigos .

the clients and the associates are enemies .

sus asociados no son fuertes .

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides
7



Learning to Translate

Garcia y asociados .

| N\

Garcia and associates .

los clients y los asociados son enemigos .

\

the clients and the associates are enemies .

sus asociados no son fuertes .

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

| N\

Garcia and associates .

los clients y los asociados son enemigos .

\

the clients and the associates are enemies .

sus asociados no son fuertes .

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

| NN\

Garcia and associates .

los clients y los asociados son enemigos .

N \

the clients and the associates are enemies .

sus asociados no son fuertes .

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N \

the clients and the associates are enemies .

sus asociados no son fuertes .

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N NN O \

the clients and the associates are enemies .

sus asociados no son fuertes .

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N NN N N \

the clients and the associates are enemies .

sus asociados no son fuertes .

| d |

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N NN N N0 NN\

the clients and the associates are enemies .

sus asociados no son fuertes .

| d |

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N NN N N0 NN\

the clients and the associates are enemies .

sus asociados no son fuertes .

| | d |

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N NN N N0 NN\

the clients and the associates are enemies .

sus asociados no son fuertes .

X |

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N NN N N0 NN\

the clients and the associates are enemies .

sus asociados no son fuertes .

| X

his associates are not strong .

Garcia y sus asociados no son enemigos .

adapted from Kevin Knight's slides

7



Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N NN N N0 NN\

the clients and the associates are enemies .

sus asociados no son fuertes .

| X

his associates are not strong .

Garcia y sus asociados no son enemigos .

Garcia

Garcia

y and
asociados | associates
los the
clients clients
son are
enemigos | enemies
SUS his
no not
fuertes strong

adapted from Kevin Knight's slides




Learning to Translate

Garcia y asociados .

N N N\

Garcia and associates .

los clients y los asociados son enemigos .

N NN N N0 NN\

the clients and the associates are enemies .

sus asociados no son fuertes .

| X

his associates are not strong .

Garcia y sus asociados no son enemigos .

[N N N 5% NN

Garcia and his associates are not enemies .

Garcia

Garcia

y and
asociados | associates
los the
clients clients
son are
enemigos | enemies
SUS his
no not
fuertes strong

adapted from Kevin Knight's slides

7



MT Approaches

Q: How machines learn translation knowledge?



MT Approaches

Q: How machines learn translation knowledge?




MT Approaches

Q: How machines learn translation knowledge?

rule-based MT



MT Approaches

Q: How machines learn translation knowledge!?

rule-based MT



MT Approaches

Q: How machines learn translation knowledge!?

rule-based MT data-driven MT
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data-driven MT

Example-based MT
(Nagao, | 984)
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where translations are generated on the basis of statistical

models whose parameters are derived from the analysis of
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-- Wikipedia



Statistical MT

Statistical machine translation is a machine translation paradigm
where translations are generated on the basis of statistical

models whose parameters are derived from the analysis of
bilingual text corpora.

-- Wikipedia

Modeling

Tell machine how to translate

Learning

Machine learns translation knowledge from data

Decoding

Machine translates text using learned knowledge



Big Data

® An explosion of data across numerous languages
® 60,000 news websites per day
® ) million blog posts per day
® |/5 million Tweets per day
® 293,000 new Facebook status updates per minute

® ) billion Internet users speaking 6000 languages
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The SMT Pyramid
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Part 2:VWord-based MT



The Origin of SMT

Warren VWeaver

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

decode.”
Weaver (1955)



IBM and Machine Translation

Some of us started to wonder in
the mid of 1980s whether our
ASR methods could be applied to
new fields. Bob Mercer and I ...
came up with two: machine
translation and stock market
modeling.

Jelinek (2009)

20
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The Noisy-Channel Model
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The Noisy-Channel Model
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P(E) x P F\E)}

I
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Language Model

P(“Bush held a talk with Sharon”)

22



Language Model

P(“Bush held a talk with Sharon”)
= P(“Bush”)x

22



Language Model

P(“Bush held a talk with Sharon”)
= P(“Bush”)x
P(“held” |“Bush” ) x

22
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Language Model

P(“Bush held a talk with Sharon”)
P(“Bush”) x

P(“held”|“Bush”) x

P(“a”|“Bush held”) x
P(“talk”|“held a”)x

P(“with”|“a talk”)x
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Language Model

P(“Bush held a talk with Sharon”)
P(“Bush”) x

P(“held”|“Bush”) x

P(“a”|“Bush held”) x
P(“talk”|“held a”)x

P(“with” |“a talk”)x
P(“Sharon”|“talk with”)

22



Translation Model

Bush held a talk with Sharon
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IBM Models 3-5

HHPI’(T; ITzl ,Té——quﬁé,e) X

=0 k=1

HHPr(m |7r ,7r ' 70, 90, €) X

i=1 k=1

$o
H Pr(vrgklvrm"l, 1,70, Phs €).

k=1
(Brown et al., 1993)
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Learning from Data

Q: how to learn model parameters from data!’

the clients and the associates are enemies .

sus asociados no son fuertes .

his associates are not strong .

_ Spanish __ English

Garcia Garcia
y and
asociados | associates
los the
clients clients
son are
enemigos | enemies
Sus his
no not
fuertes strong
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Maximum Likelihood Estimation

alighment is unobserved
inPUt: (f(l)a e(l)) IO (f(S)a e(S))

output: ¢

S
) = argma,xe{ H Py (£(%) \e(8>)}

(Brown et al., 1993) y



Maximum Likelihood Estimation

alighment is unobserved
inPUt: (f(1)7 e(l)) IO (f(S)a e(S))

output: ¢
) S
0 = argma,xe{ H Py (£(%) \e(s))}
s=1

The EM algorithm is often used for
estimating parameters from unlabeled data

(Brown et al., 1993) y
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Problems with EM
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® Solution: use the output of simpler models as
the input of training more complex models
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del 3 =d mod

3 3
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JHU Workshop

® Kevin Knight led a team to develop open-source toolkits
for IBM Models in the 1999 JHU Workshop

® Franz Och wrote GIZA++, the trainer of IBM models

9 J

; - ™
Kevin Knight Franz Och
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Problems with VWord-based MT
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Problems with VWord-based MT

hard to include context
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Part 3: Phrase-based MT
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(51T, Bush)
(5, with)

(Koehn et al., 2003; Och and Ney, 2004) |



Phrase Extraction

Wt (5 Bk BT T 2%

B

Bush held a talk [with Sharon]

(51T, Bush)
(5, with)

(Koehn et al., 2003; Och and Ney, 2004) .



Phrase Extraction

Wt (5 Bk BT T 2%

B

Bush held a talk [with Sharon]

(51T, Bush)

(5, with)
(5 7V, with Sharon)

(Koehn et al., 2003; Och and Ney, 2004) .



Phrase Extraction

Wt 5 (k) T T S

e

Bush held a talk  with [Sharon]

(51T, Bush)

(5, with)
(5 7V, with Sharon)

(Koehn et al., 2003; Och and Ney, 2004)



Phrase Extraction

Wt 5 (k) T T S

e

Bush held a talk  with [Sharon]

(51T, Bush)

(5, with)
(5 7V, with Sharon)

(b 17, Sharon)

(Koehn et al., 2003; Och and Ney, 2004)



Phrase Extraction

wft 5 B (BfT) T &k

e

Bush [held] a talk  with Sharon

(51T, Bush)

(5, with)
(5 7V, with Sharon)

(b 17, Sharon)

(Koehn et al,, 2003; Och and Ney, 2004) .,



Phrase Extraction

Wt 5 Bk (7T T) 2%

e

Bush [held] a talk  with Sharon

(51T, Bush)

(5, with)
(5 7V, with Sharon)

(b 17, Sharon)

(Koehn et al., 2003; Och and Ney, 2004) .,



Phrase Extraction

Wt 5 Bk (7T T) 2%

e

Bush [held] a talk  with Sharon

(51T, Bush) (F1T 7, held)

(5, with)
(5 7V, with Sharon)

(b 17, Sharon)

(Koehn et al., 2003; Och and Ney, 2004) .,



Phrase Extraction

Wt 5 Bk (BT T S

e ———

Bush [held a talk] with Sharon

(51T, Bush) (F1T 7, held)

(5, with)
(5 7V, with Sharon)

(b 17, Sharon)

(Koehn et al., 2003; Och and Ney, 2004)



Phrase Extraction

Wt 5 Bk (BT T S

e ———

Bush [held a talk] with Sharon

(51, Bush) (51T 7, held)
217

(5, with) (
(5 7V, with Sharon)

(b 17, Sharon)

2%, held a talk)

(Koehn et al., 2003; Och and Ney, 2004)



Phrase Extraction

wit 5 PR BT T (&%

==

Bush held a [talk] with Sharon

(51, Bush) (51T 7, held)
217

(5, with) (
(5 7V, with Sharon)

(b 17, Sharon)

2%, held a talk)

(Koehn et al., 2003; Och and Ney, 2004) 57



Phrase Extraction

Wt 5 Bk 2T 7T (&%)

==

Bush held a [talk] with Sharon

(7511, Bush) (2517 7, held)
(5, with) (Z1T T £, held a talk)
(5 /b, with Sharon) (214, talk)

(b 17, Sharon)

(Koehn et al., 2003; Och and Ney, 2004) 57



Phrase Extraction

Wt 5 Bk 2T 7T (&%)

e ———

Bush held [a talk] with Sharon

(7511, Bush) (2517 7, held)
(5, with) (Z1T T £, held a talk)
(5 /b, with Sharon) (214, talk)

(b 17, Sharon)

(Koehn et al., 2003; Och and Ney, 2004) cq



Phrase Extraction

Wt 5 Bk 2T 7T (&%)

Bush held [a talk] with Sharon

({1, Bush) (#17 7, held)

(5, with) (Z1T T £, held a talk)
(5 7> ), with Sharon) =%, talk)

(*b 7, Sharon) £, a talk)

(Koehn et al., 2003; Och and Ney, 2004) cq



Phrase Translation Probabilities

f e count P(elf) P(fle)
ZiEhnn Bush I
5 with |
5% with Sharon I
Y4 Sharon |
2977 held |
21T 7 2| heldatalk | |
IR talk |
IR a talk |




Phrase Translation Probabilities

P = &t

f e count P(elf) P(fle)

1 Bush I

5 with I

5tk with Sharon I

Y47 Sharon I

2977 held |

24T 7 1% | heldatalk | |

SR talk I

SR a talk |




Phrase Translation Probabilities

P = &t

f e count P(elf) P(fle)

GEARE Bush | 1.0

5 with | 1.0

5% with Sharon I 1.0

y)Y)7 Sharon | 1.0

17T held | .0

#4177 21K heldatalk | | 1.0

SR talk | 0.5

IR a talk I 0.5




Phrase Translation Probabilities

Pl = < P = S
f e count P(elf) P(fle)
ZiEhnn Bush | 1.0
5 with | 1.0
5% with Sharon I 1.0
y)Y)7 Sharon | 1.0
21T T held | 1.0
#4177 21K heldatalk | | 1.0
SR talk | 0.5
e a talk | 0.5
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Phrase Translation Probabilities

PN = S U= S
f e count P(elf) P(fle)
it Bush | 1.0 1.0
5 with | 1.0 .0
5% with Sharon I |.0 |.0
)% Sharon | 1.0 1.0
21T T held | 1.0 1.0
T 7T 1% heldatalk | | 1.0 1.0
e talk | 0.5 1.0
e a talk | 0.5 1.0
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Lexical VWeighting
® estimating phrase translation probabilities using

relative frequencies suffers from sparse data

® |exical weighting considers word alignment with
phrase pairs

=17 T =K

e

held a talk
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® estimating phrase translation probabilities using

relative frequencies suffers from sparse data
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phrase pairs

=17 T =K
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Lexical VWeighting
® estimating phrase translation probabilities using

relative frequencies suffers from sparse data

® |exical weighting considers word alignment with
phrase pairs

>:

T T =R

e

held a talk

?

(W(uheld”‘uﬁ/—”)_l_w(uheldn‘uT”)) / 2 k
(u ”‘NULL) sk
W(“talk”‘“/\lk”)

60



Reordering is Hard

at

Minister

Prime Bush
Us meeting
held President
yesterday
with White

the

House

Sharon

Israeli

61



Reordering is Hard

{
Prime 2
Bush Minister
th
U5 meeting -
held President House
esterda
Y Y Sharon
with White Israeli

Q: can you figure out a sentence using these words!?
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Distance-based Reordering Model

wft) (5w (#F T 2%

(Bush | [held a  talk| [with Sharon]

(Koehn et al., 2003; Och and Ney, 2004) 6



Distance-based Reordering Model

wft) (5w (#F T 2%

(Bush | [held a  talk| [with Sharon]
d=0

(Koehn et al., 2003; Och and Ney, 2004) .



Distance-based Reordering Model
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(Koehn et al., 2003; Och and Ney, 2004) .
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Distance-based Reordering Model
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Distance-based Reordering Model

(Bush | [held a  talk| [with Sharon]
d=0 d=2

(Koehn et al., 2003; Och and Ney, 2004) .



Distance-based Reordering Model

(Bush | [held a  talk| [with Sharon]
d=0 d=2 =5

(Koehn et al., 2003; Och and Ney, 2004) .



Lexicalized Reordering Model

wft] (5 pr)(#F 7T 2%

(Bush | [held a  talk| [with Sharon]

(Koehn et al., 2007)



Lexicalized Reordering Model

wft] (5 pr)(#F 7T 2%

(Bush | [held a  talk| [with Sharon]

mohnotone

(Koehn et al., 2007)



Lexicalized Reordering Model

Wit (5 wr] (%7 T sk

(Bush | [held a  talk| [with Sharon]

mohotone discontinuous

(Koehn et al., 2007)



Lexicalized Reordering Model

Wit (5 wr] (%7 T sk

(Bush | [held a  talk| [with Sharon]

mohotone discontinuous

(Koehn et al., 2007)



Lexicalized Reordering Model

it Bush 0.4 0.3 0.3

5 with 0.6 0.1 0.3
5l |with Sharon| 0.3 0.5 0.2
)4 Sharon 0.4 0.3 0.3
21T T held 0.8 0.1 0.1
2T 7 21K heldatalk | 04 0.4 0.2
SR talk 0.3 0.3 0.4
IR a talk 0.3 0.4 0.3

(Koehn et al., 2007)




Rierarchical Reordering Model

KK AL (RS (1
M/ M
eu environment |ministers ||hold meetings ([in luxemburg

D ,_./"'/

M alErw

the development

and progress

of the region ||.

~
D ~_D

(Galley and Manning, 2008) s
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Hierarchical Reordering Model
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Hierarchical Reordering Model

of the region ||.

(Galley and Manning, 2008) ‘s



Hierarchical Reordering Model

of the region ||.

(Galley and Manning, 2008) ‘s



Lexicalized Reordering Model

>

- the

M- - - - - - . . . . . .russian
: - - -slde

M- - - - - - - - - - -hopes
- M™M- - - - - - - - - o

- ID] - |- hold
-1 h, [M]- consultations
, | D - with
S R R - - |-iran
' ' - - - - - |-on
| i D i ) ) . - |- this
i cih, - M- - - - | issue
a S | §
e . the
1Dl . .. lnear
| hs | future
' 0. D
W7 A e (E ] B XA mE 5O 23T 6E

(Galley and Manning, 2008) "



Rierarchical Reordering Model

>

- the
M(- - - - - - - - . . . .russian
: - - -slde
M- - - - - - - - - - -hopes
N R (o
. L. _D . |- hold
~4- -1+ - - - -1 n |M] consultations
T ) with
S R R - - | iran
' ' - - - - - |-on
o O 1. | this
i ihy o M o | issue
T T
.. .. . . the
§ - |- near
| hs - future
y 0. M
I e SR (W] B XA W 5 OfRR 28T BE

(Galley and Manning, 2008) .7



Word, Phrase and Hierarchical

u v R u uv R

¥ y B ( mmm - - E

m - ) B il .- E

= .. s|-[m . S - |

b n : 0, s s

, L
word-based phrase-based hierarchical
ORIENTATION MODEL | 0; =M o0;=S o0,=D
word-based (Moses) 0.1750  0.0159 0.8092
phrase-based 0.3192  0.0704 0.6104
hierarchical 0.4878 0.1004 0.4116

(Galley and Manning, 2008) "



Pre-Reordering Model

w5 B 2T T o

(Li et al., 2007)



Pre-Reordering Model

T

SR ORT T %

dIT

(Li et al., 2007)



T

T

Bush

Pre-Reordering Model

_._5‘

547

held

)4

d

47

N

2:15?

N

talk

it

with

Sharon
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Generative Model Revisited

P(e) x P(fle)

Plelf) = — 55




Generative Model Revisited

P(e) x P(fle)

Plelf) = =5

Is it possible to directly model P(elf) ?
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Generative Vs. Discriminative

(Och and Ney, 2002; Och, 2003) ,



Generative Vs. Discriminative

P(e) x P(fle)

Plelf) = =5

(Och and Ney, 2002; Och, 2003) ,



Generative Vs. Discriminative

i P(e) x P(f|e)
generative _
model Plelf) P(f)

(Och and Ney, 2002; Och, 2003) ,



Generative Vs. Discriminative

i P(e) x P(f|e)
generative _
model Plelf) P(f)

exp ( K fphi(f, e))
D e exp( 25:1 Orhi (£, e’))

P(elf) =

(Och and Ney, 2002; Och, 2003) ,



Generative Vs. Discriminative

i P(e) x P(f|e)
generative _
model Plelf) P(f)

exp ( K fphi(f, e))
D e exp( 25:1 Orhi (£, e’))

discriminative
model

P(elf) =

(Och and Ney, 2002; Och, 2003) ,



Generative Vs. Discriminative

i P(e) x P(f|e)
generative _
model Plelf) P(f)

K
discriminative oxp ( Zk:l Ol (£, e))
model L (elf) = K
Ze’ exp( Zkzl Orhi (fv e/)>

score(e, f) Zekhk (f, e)

(Och and Ney, 2002; Och, 2003) ,



Generative Vs. Discriminative

i P(e) x P(f|e)
generative _
model Plelf) P(f)

K
discriminative oxp ( Zk:l Ol (£, e))
model L (elf) = K
Yo exp( Lil, Ouhu(f,e))

discriminant  gcoref(e, ) Zekhk (f, e)
function

(Och and Ney, 2002; Och, 2003)



Generative Vs. Discriminative

® the advantages of discriminative models include

® accessible to arbitrary overlapping knowledge
sources

® distinguish the contributions between different
knowledge sources

® generative models are a special case of
discriminative models
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Features

® The following features are widely used in phrase-
based discriminative translation models:

® phrase translation probabilities
® phrase lexical weights

® phrase penalty

® reordering models

® language models

® word penalty



Optimizing Feature Weights

01 05 03
1.0 1.0 1.0
cand | hq ho hs |score| eval
€1 -85 4 10
€2 -89 3 |2
€3 -93 6 | |

(Och,2003)



Optimizing Feature Weights

61 65 03
1.0 1.0 1.0
cand | hq ho hs |score| eval
€1 -85 4 |10 -7
€2 -89 3 |2 -74
€3 -93 6 | | -76

(Och,2003)



Optimizing Feature Weights

61 65 03
1.0 1.0 1.0
cand | hq ho hs |score| eval
€1 -85 4 |10 -7 0.7
€2 -89 3 |2 -74 | 0.9
€3 -93 6 | | -76 | 0.6

(Och,2003)



Optimizing Feature Weights

61 65 03

1.0 1.0 1.0
cand | hq ho hs |score| eval
€1 -85 4 |10 -71 0.7
€2 -89 3 |2 -74 | 0.9
€3 -93 6 | |

(Och, 2003)
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Optimizing Feature Weights

61 65 03

1.0 1.0 1.0
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Optimizing Feature Weights

61 65 03

1.0 1.0 1.0
cand | hq ho hs |score| eval
€1 -85 4 |10 -73 | 0.7
€2 -89 3 |2 -7 0.9
€3 -93 6 | |

(Och, 2003)
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Optimizing Feature Weights

line 1: — 81+ 10x
04 05 05
|.0 |.0 |.0
cand | hq ho hs |score| eval
€1 -85 4 |0 -73 0.7
€2 -89 3 |2 -7 0.9
es -93 6 | |

(Och, 2003)
80



Optimizing Feature Weights

line 1: — &1 4 10z

line 2: — 86 + 12«

04 05 05

|.0 |.0 |.0
cand | hq ho hs |score| eval
€1 -85 4 |0 -73 0.7
€2 -89 3 |2 -7 0.9

€3 -93 6 | |

(Och, 2003)
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Optimizing Feature Weights

line 1: — &1 4 10z

line 2: — 86 + 12z

line 3: — &7+ 11lx

01 05 03

1.0 1.0 1.0
cand | hq ho hs |score| eval
€1 -85 4 |10 -73 | 0.7
€2 -89 3 |2 -7 0.9

€3 -93 6 | |

(Och, 2003)
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€1 -85 4 |10 -73 | 0.7
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Optimizing Feature Weights

line 1: — &1 4 10z

line 2: — 86 + 12z

line 3: — &7+ 11lx

01 05 03

1.0 1.0 1.0
cand | hq ho hs |score| eval
€1 -85 4 |10 -73 | 0.7
€2 -89 3 |2 -7 0.9

€3 -93 6 | |

(Och, 2003)
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Minimum Error Rate Training

0

(Och,2003)



Minimum Error Rate Training

0

(Och,2003)



Minimum Error Rate Training

SCOT €

8l

(Och, 2003)
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Decoding

iy 5 W OFIT T W

Bush with Sharon hold have talk

and held a talk

(Koehn et al.,, 2007) "



Decoding

iy 5 W OFIT T W

Bush with Sharon hold have talk

and held a talk
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Decoding
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Bush with Sharon hold have talk

and held a talk
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Decoding

iy 5 W OFIT T W

Bush with Sharon hold have talk

and held a talk

—{az)

(Koehn et al., 2007) "



Decoding

w5 Wk T T e

Bush with Sharon hold have talk

and held a talk

—{am)—{m)

(Koehn et al., 2007) "



Decoding
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Decoding

w5 Wk BT T &K

Bush with Sharon hold have talk
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Decoding

w5 Wk BT T &K

Bush with Sharon hold have talk

and held a talk

—{am ()
{=)

(Koehn et al., 2007) "



Decoding

w5 Wk BT T &K

Bush with Sharon hold have talk

and held a talk

—{am ()
{2

(Koehn et al., 2007) "



Decoding

w5 Wk T T A%

Bush with Sharon hold have talk

and held a talk

— a8
{ame (=)

I 2 3 4

(Koehn et al., 2007) "



Hypothesis

® 2 hypothesis (partial translation) consists of the following
information

® phrase pair ID

® pointer to the previous hypothesis

® coverage

® Jast n-1 target words

® the end of the last translated source phrase
® feature value vector

® current score

® the estimate of future score

® overall score

® recombined hypotheses (Koehn et al., 2007)



Hypothesis Recombination

s=311.5

X--XXX]

held a talk

s =265.9

had a talk X"XXX]

(Koehn et al., 2007) -



Hypothesis Recombination

s=311.5

X--XXX]

held a talk

s =265.9

had a talk X"XXX]

can be safely
pruned!

(Koehn et al., 2007) -



Hypothesis Recombination

® [wo hypotheses can be recombined iff the
following items are identical

® coverage (translation model, phrase/word penalty)
® |ast n-| target words (language model)

® the end of the last translated source phrase
(reordering model)

(Koehn et al.,, 2007) -



Pruning

® Hypothesis recombination is risk-free pruning

® [wo aggressive pruning methods are widely used
to maintain a reasonable stack size:

® retain at most a hypotheses in a stack

® discard hypotheses b times worse than the
best hypothesis in a stack

(Koehn et al.,, 2007) 5



Discontinuous Phrase-Based Model

Bt 5 WR BT T S

e

Bush held a talk  with Sharon
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Discontinuous Phrase-Based Model
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Bush held a talk  with Sharon

(5 fT 5, Bush ... with)
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Discontinuous Phrase-Based Model

Bt 5 WR BT T S

e

Bush held a talk  with Sharon

(*7 11T 5, Bush ... with)
(511 ... 2517 7, Bush held)
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Discontinuous Phrase-Based Model

T

Bush

—

5

SR BT T R

e

held

a talk  with Sharon

(*7 11T 5, Bush ... with)
(511 ... 2517 7, Bush held)

(= ...

2447 7, held ... with)
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Google

Translate

Chinese English Spanish
T EWRETT 2%

Allow phonetic typing

Google Translate

From: Chinese ~

To: English ~
S TELIRSIESER RN Drag with shift key to reorder.

Bush held talks with Sharon

X

M) A

New! Hold down the shift key

Dismiss

Sharon

and Sharon

Sharon and

and Ariel Sharon )

with Sharon
CIICK; " ana arag e woras apove to reorder
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Google Translate

Google

Translate From: Chinese ~ - To: English ~
Chinese English Spanish English Chinese (Simplified) Spanish
EEESTEAEGES L s 2B it g X Yesterday, U.S. President George W. Bush at the White
24T T — BT =3 . House with Israeli Prime Minister Ariel Sharon on the

situation in the Middle East held a one-hour talks.

Allow phonetic typing ) A v

New! Hold down the shift key, click, and drag the words above to reorder
Dismiss
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Part 4: Syntax-based MT



Regularities in Natural Languages

® The way people say things has regularities

Every boy likes a car
The girl saw a dog
Prof.Wang gave a talk

91



Regularities in Natural Languages

® The way people say things has regularities

likes
saw
gave
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Regularities in Natural Languages

® The way people say things has regularities

likes
saw
gave

How are the sentences generated!?

92



Context-Free Grammar

® Context-free grammar describes how
natural language sentences are generated
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Context-Free Grammar

® Context-free grammar describes how
natural language sentences are generated

lexical rules

93



Context-Free Grammar
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lexical rules
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VBD — held
DT — a
NN — talk

IN — with
NNP — Sharon
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natural language sentences are generated

lexical rules syntactic rules

NNP — Bush
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NN — talk

IN — with
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Context-Free Grammar

® Context-free grammar describes how
natural language sentences are generated

lexical rules

NNP — |

Bush

VBD — |

held

DT — a
NN — talk

IN — with
NNP — Sharon

syntactic rules

NP — NNP

NP — DT NN
PP — IN NP
VP — VBD NP PP

S— NP VP

93



Derivation

® A derivation explains how a sentence can
be generated by applying CFG rules
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Derivation

® A derivation explains how a sentence can
be generated by applying CFG rules

S — NP VP S= NP VP
NP — NNP = NNP VP
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VP — VBD NP PP = Bush VBD NP PP
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Derivation

® A derivation explains how a sentence can
be generated by applying CFG rules

S — NP VP S= NP VP
NP — NNP = NNP VP
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VP — VBD NP PP = Bush VBD NP PP
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Derivation

® A derivation explains how a sentence can
be generated by applying CFG rules

S — NP VP S= NP VP
NP — NNP = NNP VP
NNP — Bush — Bush VP
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® A derivation explains how a sentence can
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Derivation

® A derivation explains how a sentence can
be generated by applying CFG rules

S — NP VP S = NP VP

NP — NNP = NNP VP
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Synchronous Context-Free Grammar

® Synchronous Context-free grammar describes
how two natural language sentences are
generated simultaneously

lexical rules NN — (bushi, Bush)

syntactic rules § — (NP; VP,,NP; VPy)

Unfortunately, SCFG suffers from the non-isomorphism problem

(Chiang, 2005)
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Syntax-based MT

SCFGs without linguistic syntax

hierarchical phrase-based model

STSGs with linguistic syntax
string-to-tree
tree-to-string
tree-to-tree
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Q: can you find a counter example?

/
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Counter Example

L) (B bk ey (25 (B

[hold][furtherj[talkj[on the Mideast crisisj

(Huang et al., 2009)



Expressiveness of ITG

“inside-out”
2 3 4 1 2 3 4
2 3 4 ] 2 3 4

(Wu, 1997) o
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Inverted Transduction Grammar

® |nverted Transduction Grammar explains how two
natural language sentences are generated
synchronously using two block-merging operators

lexical rules syntactic rules

X — f/e X — [X!,X?]  straight
X — (X', X?) inverted

(Wu, 1997; Xiong et al., 2006) 06
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Chart

Bush ... Sharon|
held ... Sharon
held ... talk
with Sharon held
Bush with Sharon a talk

RS A G

(Wu, 1997; Xiong et al., 2006) 10
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Hierarchical Phrase-based Translation

® Hierarchical phrase-based model is based on SCFG
without linguistic syntax

lexical rules

X — (=X, talk)
syntactic rules

X — (5 X1 217 7T Xz, held a X2 with Xi)
X — (faft X1, Bush Xi)

ITG is a special case of SCFG

(Chiang, 2005)



CKY Parsing

w5 Bk %5 T a%

(Chiang, 2005)



CKY Parsing

X — (bJ%, Sharon)

w5 Bk %5 T a%

(Chiang, 2005)



CKY Parsing

X — (bJ%, Sharon)

T

B BT T %

dIT

Sharon

(Chiang, 2005)



CKY Parsing

X — (bJ%, Sharon)

w5 B %5 T a%

Sharon

(Chiang, 2005)



CKY Parsing

X — (bJ%, Sharon)

X — (21X, talk)

w5 B RF T S

Sharon

(Chiang, 2005)



CKY Parsing

X — (bJ%, Sharon)

X — (21X, talk)

w5 B %5 T a%

Sharon a talk

(Chiang, 2005)



CKY Parsing

X — (5 X1 21T 7 Xz, held a X2 with Xi)

w5 B %5 T a%

Sharon a talk

(Chiang, 2005)



CKY Parsing

X — (5 X1 21T 7 Xz, held a X2 with Xi)

Xl

5 BEO¥F T

held a talk with

N

—

zzlﬁ

Sharon

XI

(Chiang, 2005)

121



CKY Parsing

X — (5 X1 21T 7 Xz, held a X2 with Xi)
X — (f5f+ X1, Bush X))

—

mir 5 Dk FT T K

held a talk with Sharon

NS |

XI

(Chiang, 2005)



CKY Parsing

X4 X — (5 X1 Z1T T Xz, held a X2 with X))
X — (f5f+ X1, Bush X))

SN

it - SRS

Bush held a talk with Sharon

N

X4 (Chiang, 2005)




Chart

X — (b 7z, Sharon)

X — (2%, talk)

Bush ... Sharon| X — (—'—5 X1 2517 T X2, held a X2 with X1)

X — ({1 X1, Bush X))
held ... Sharon

Sharon talk

Bt 5 SR BT T 2%

(Chiang, 2005)




Syntax-based MT

SCFGs without linguistic syntax
inverted transduction grammar

hierarchical phrase-based model

STSGs with linguistic syntax

string-to-tree

tree-to-tree

124
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Forest-based Decoding

source  string tree/forest

d parse gl translate >

target string
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Forest-based Decoding

source  string tree/forest
target string
string string tree/forest

> parse + translate >

target string
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Joint Parsing and Translation

(Liu and Liu, 2010)

|1 44



Joint Parsing and Translation

NPB

T

—> Bush

5wk #7007 S

(Liu and Liu, 2010)

|1 44



Joint Parsing and Translation

NPB

T

—> Bush

5wk #7007 S

(Liu and Liu, 2010)

|1 44



Joint Parsing and Translation

NPB

T

—> Bush

w5 wh BT T oK

(Liu and Liu, 2010)

|1 44



Joint Parsing and Translation

(Liu and Liu, 2010)

|45



Joint Parsing and Translation

NPB

)2

—> Sharon

w5 wh BT T oK

(Liu and Liu, 2010)

|45



Joint Parsing and Translation

NPB

)2

—> Sharon

NPB NPB

w5 wh BT T 2%

Bush

(Liu and Liu, 2010)

|45



Joint Parsing and Translation

NPB

)2

—> Sharon

NPB NPB

w5 wh BT T 2%

Bush Sharon

(Liu and Liu, 2010)

|45



Joint Parsing and Translation

NPB NPB

w5 wh BT T 2%

Bush Sharon

(Liu and Liu, 2010)

146



Joint Parsing and Translation

NPB

=R

—> talk

NPB NPB

w5 wh BT T 2%

Bush Sharon

(Liu and Liu, 2010)

146



Joint Parsing and Translation

NPB

=R

—> talk

NPB NPB NPB

w5 wh BT T oK

Bush Sharon

(Liu and Liu, 2010)

146



Joint Parsing and Translation

NPB

=R

—> talk

NPB NPB NPB

w5 wh BT T oK

Bush Sharon talk

(Liu and Liu, 2010)

146




Joint Parsing and Translation

NPB NPB NPB

w5 wh BT T oK

Bush Sharon talk

(Liu and Liu, 2010)

|47




Joint Parsing and Translation

PP

]
5
—> with Xl

NPB NPB NPB

w5 wh BT T oK

Bush Sharon talk

(Liu and Liu, 2010)

|47




Joint Parsing and Translation

PP
/\
IID XI1:NPB
5
—> with XI
PP
NPB P NPB NPB

w5 wh BT T oK

Bush Sharon talk

(Liu and Liu, 2010)

|47



Joint Parsing and Translation

PP

N

NPB P NPB

|
Bt 5 BE %

Bush  with Sharon

PP

]
5
—> with Xl

NPB

2:\'1&)?

talk

(Liu and Liu, 2010)

|47



Joint Parsing and Translation

PP

N

NPB P NPB

|
Bt 5 PR %

Bush with Sharon

PP

i
5
—> with Xl

NPB

0
PN

talk

148



Joint Parsing and Translation

PP

N

NPB P NPB

|
Bt 5 BE %

Bush with Sharon

NPB

2:\'1&)?

talk

(Liu and Liu, 2010)

149



Joint Parsing and Translation

PP

N

NPB P NPB

|
Bt 5 PR %

Bush with Sharon

VPB

7

VS AS  XI:NPB
I I

=7 7

—> held a Xi

NPB

ZKUJQ

talk

149



Joint Parsing and Translation

VPB

7

VS AS  XI:NPB
I I

=7 7

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush with Sharon talk

149



Joint Parsing and Translation

VPB

7

VS AS  XI:NPB
I I

=7 7

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush with Sharon held 1 talk

149



Joint Parsing and Translation

VPB

7

VS AS  XI:NPB
I I

=7 7

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush with Sharon held a talk

150



Joint Parsing and Translation

PP VPB

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush with Sharon held a talk

151



Joint Parsing and Translation

VP

/\

XI:PP X2:VPB

—> X2 Xl

PP VPB

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush with Sharon held a talk

151



Joint Parsing and Translation

VP
/\
X1:PP X2:VPB
VP
/\ —> X2 XI
PP VPB

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush with Sharon held a talk

151



Joint Parsing and Translation

VP
/\
X1:PP X2:VPB
VP
/\ —> X2 XI
PP VPB

N e

NPB P NPB VS AS NPB

w5 wh BT T oK

Bush

(Liu and Liu, 2010)

151



Joint Parsing and Translation

VP
/\
X1:PP X2:VPB
VP
/\ —> X2 XI
PP VPB

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush held a talk with Sharon

152



Joint Parsing and Translation

PP VPB

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush held a talk with Sharon

153



Joint Parsing and Translation

IP

/\
XI:NPB  X2:VP
VP
/\ —> XI X2
PP VPB

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush held a talk with Sharon

153



Joint Parsing and Translation

P P
/\
XI:NPB  X2:VP
VP
/\ —> XI X2
PP VPB

N e

NPB P NPB VS AS NPB

w5 R BT T S

Bush held a talk with Sharon

153



Joint Parsing and Translation

IP P
/\
XI1:NPB X2:VP
VP
/\ —> XI X2
PP VPB

N e

NPB P NPB VS AS NPB

w5 wh BT T oK

(Liu and Liu, 2010)

153



Joint Parsing and Translation
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Stacks in Tree-to-String Translation

[P
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/\
PP VPB
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N‘PB P/EJB \‘/S A‘S N‘PB
mftr 5 Ak =T 7 =218
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Exhaustive Search
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Calculating N-best List

1.0 1.3
2.9 1.5
3.4 4.2
5.6 5.1
6.0 6.3
a b

What’s the N-best list of a; + b;’s 7
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Monotonicity
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Non-Monotonicity
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Cube Pruning
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Cube Pruning with Rule Group

VPB VIPB VPB
\|/S AS Xi:NPB \|/S AS Xi:NPB \|/S AS Xi:NPB
2477 #f7T #f7 T
—» held a Xi —» held Xi —» hold a Xi

5.0 3.7
3.2 4.0 5.0
3.1 6.0 4.7

( held a Xu
Group rules
that have the { held Xi
LHS
Same . hold a Xu

(Chiang 2007; Huang and Chiang, 2007) 73



Cube Pruning within Node

(Chiang 2007; Huang and Chiang, 2007) |74



Syntax-based MT

SCFGs without linguistic syntax
inverted transduction grammar

hierarchical phrase-based model

STSGs with linguistic syntax

string-to-tree
tree-to-string
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Tree-to-Tree Translation

1P

VP

/\

PP VPB

N N

NPB PP NPB VS AS NPB

I I
Wit 5. R %7 T 2%

— — -
— - -
— — -
b B - -
-— -
e — — -
— - — -

Blllsh helld Ia tallk Wilth Shalron
NNP VBD DT NN IN NNP
| ~_ |
NP NP NP
PP
VP
S

NPB

T

Blllsh
NNP

NP

(Zhang et al. 2008; Liu et al., 2009)
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Tree-to-Tree Translation

IP
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| | | | | |
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NP NP NP
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=S

held a l

VBD DT X2:NN

N
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(Zhang et al. 2008; Liu et al., 2009)

|77



Tree-to-Tree Translation

1P

VP

/\

PP VPB

N N

NPB PP NPB VS AS NPB

I I
Wit 5. R %7 T 2%

— — -
— - -
— — -
b B - -
-— -
e — — -
— - — -

Blllsh helld Ia tallk Wilth Shalron
NNP VBD DT NN IN NNP
| ~_ |
NP NP NP
PP
VP
S

1P

T~

X1:NPB X2:VP

’

X1:NP X2:VP

(Zhang et al. 2008; Liu et al., 2009)
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Rule Coverage

IP

VP

/\

PP VPB

N N

NPB P NPB VS AS NPB

N L

‘—_ - o - =
- - - -
-~ - - -
- - - -
- ==
-
-

-
-
-
-
-
-
-

- - -
— -z -

=
-
=
-
~
S

Bush held a talk

- -
- -~
-~ -~

| W1Ith Shallron
NNP VBD DT NN IN NNP
| ~_ |
NP NP NP
PP
VP
S

phrase pair s2s t2s s2t t2t
(fitt, Bush) \ v \ \
(5, with) A A
(752, Sharon) v NNy
(21K, talk) \ v v \V
(55 ¥, with Sharon) v NN A
GE1F T, held) v x4 x
(BAT... 2%, held ... talk) v N ox o x
(55 ... 2, held ... Sharon) v NNy
(fift ... 2%, Bush ... Sharon) v N Ny

100% 89%

89% 78%
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Rule Coverage

string-to-string 100% 100%
tree-to-string 78% 75%
string-to-tree 76% 72%

tree-to-tree 68% 60%

Chiang, 2010
(Chiang ) 80



Summary of Syntax-based Models

source  target examples

N/A N/A string-to-string Cwun%(gzg%S)
N/A syntax string-to-tree %Etiyeettjl ‘ ((220%086;)
syntax NIA tree-to-string Htlatjnzteiloafz(%%éo)é)

syntax syntax trea to-tree Eisner (2003)
Zhang et al. (2008)
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Part 5: Future Directions



The SMT Pyramid

SOurce target
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The SMT Pyramid

semantics

syntax

phrase

Source word

target
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Semantics-based Translation

® word sense disambiguation
® WSD does not help (Carpuat and VWu, 2005)

® WSD does help (Carpuat and Wu, 2007; Chan et al,,
2007)

® semantic role labeling

® semantic role features (Liu and Gildea, 2010)

® predicate-argument structure (Xiong et al., 2012)
® grammars

® hyperedge replacement grammars (Jones et al., 2012)
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Deep Learning for MT

® deep neural network for word alignment
(Yang et al,, 201 3)

® additive neural networks for translation
(Liu et al., 201 3)

® recurive autoencoders for I TG-based translation
(Li et al., 201 3)

® recurrent continuous translation models
(Kalchbrenner and Blunsom, 201 3)
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Neural Networks for MT

TP

N

AR AD B 25 E%W&M% WEERF RAFEIRINE

My CPU is a neural net processor,a learning computer.




Neural Network

hidden units

M D
yk(X, W) =0 (Z wy; h (Z w;i'zi + wg'é)) " wl(j))>
j=1 i=1

adapted from PRML by Bishop g



Word Embedding

® a word is represented as a real-valued vector
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Word Embedding

® a word is represented as a real-valued vector
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Word Embedding

® a word is represented as a real-valued vector
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Word Embedding

® a word is represented as a real-valued vector

luxury
jaguar, invention conversation R@fter
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Word Embedding

| (v Lin)
ThisPlusThatme

Amazing language relationships

yao ming - China + USA How it Works

The Matrix - Harry Truman - MIT - smart + Mitt Romney - Darth Vader - Cape

Thoughtful + Dumb American + Russian pretentious Experience +
Celebrity

Your query was disambiguated into +7 yao_ming -1china +1usain 3.8 seconds from ip-10-184-53-69

PERSON EXTRA, FILM ACTOR, PERSON,

Tracy McGrady

Tracy Lamar McGrady, Jr. is an American former professional basketball player who last played for the San Antonio Spurs of
the National Basketball Association. He is a seven-time NBA All-Star, seven-time All-NBA selection, and a two-time NBA
scoring champion.

Basketball Shooting guard Score: 0.28

http://www.thisplusthat.me
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Word Embedding

WOMAN

MAN/ /

UNCLE

AUNT

QUEEN

/

KING

QUEENS

KINGS \
\ QUEEN

KING

(Mikolov et al., 201 3)
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Word Embedding

Category | Relation Example

Adjectives | Base/Comparative | good:better rough:___

Adjectives | Base/Superlative good:best rough:___

Adjectives | Comparative/ better:best rougher:___
Superlative

Nouns Singular/Plural year:years law:___

Nouns Non-possessive/ city:city’s bank:___
Possessive

Verbs Base/Past see:saw return:___

Verbs Base/3rd  Person | see:sees return:___
Singular Present

Verbs Past/3rd Person | saw:sees returned:___
Singular Present

(Mikolov et al., 201 3)
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Word Embedding

Category | Relation Example

Adjectives | Base/Comparative | good:better rough:___

Adjectives | Base/Superlative good:best rough:___

Adjectives | Comparative/ better:best rougher:___
Superlative

Nouns Singular/Plural year:years law:___

Nouns Non-possessive/ city:city’s bank:___
Possessive

Verbs Base/Past see:saw return:___

Verbs Base/3rd  Person | see:sees return:___
Singular Present

Verbs Past/3rd Person | saw:sees returned:___
Singular Present

Q: vectors for variable-sized phrases?  (Mikolovetal, 2013
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Recursive Autoencoders

yl—f(W I)[xl

No

yz_f(W(” |V2:X4]+b) @0

O—OW
oo

—f(W“) yl, 3 +b)

Xl+b) @

+b

Xo

X

Xy
(Socher et al.,2011)
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Reordering as Classification

5k | (%7 7 2%
with Sharon held a talk

(Xiong et al., 2006) 9%
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Reordering as Classification

5k | (%7 7 2%
with Sharon held a talk

W4

500 #47 T 2k

with Sharon held a talk

straight

(Xiong et al., 2006) 9%



Reordering as Classification

\
50

5w 21T T =%
with Sharon held a talk
#4717 2% 5 217 T 21K

with Sharon held a talk

straight

held a talk with Sharon

(Xiong et al., 2006)
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Reordering as Classification

\
50

5w 21T T =%
with Sharon held a talk
#4717 2% 5 217 T 21K

with Sharon held a talk

straight

held a talk with Sharon

(Xiong et al., 2006)
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Neural Classifier for ITG

00
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(Li et al., 201 3)
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Neural ITG-based Translation
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Neural ITG-based Translation

cluster 1 cluster 2 | cluster 3
1.18 fairly stand alone
accessibility | harmful | one-day conference
wheelchair | shown two-way links
candies pretty individual unit
cough adopting | early july

cluster 4 cluster 5

these people who

their feelings about

the system which

the economic sanctions against

1ts attutude toward

of last century
by the year 2010

In next week
within waters

1n the same manner

(Li et al., 201 3)
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Future Directions

state-of-the-art future

“pyramid”
unit
modal

intelligence
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Future Directions

state-of-the-art future
“pyramid” syntax semantics
unit
modal
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Future Directions

state-of-the-art future
“pyramid” syntax semantics
unit sentence

modal

intelligence
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Future Directions

state-of-the-art future
“pyramid” syntax semantics
unit sentence document

modal

intelligence
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Future Directions

state-of-the-art future
“pyramid” syntax semantics
unit sentence document
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intelligence
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unit sentence document
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intelligence
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Future Directions

state-of-the-art future
“pyramid” syntax semantics
unit sentence document
modal text text, vision, speech
intelligence “learning” self-learning
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Open Source Toolkits

o GIZA++
® train IBM Models I-5
® developed by Franz Och

%

- ™
Franz Och

® http://code.google.com/p/giza-pp/ “

@ giza-pp

GIZA++ statistical translation models toolkit

J Project Home | Downloads  Wiki Issues  Source

Summary Updates People

Project Information GIZA++ is a statical machine translation toolkit that is used to train IBM Models 1-5 and an HMM word alignment model. This package also

contains the source for the mkc1s tool which generates the word classes necessary for training some of the alignment models.

Starred by 55 users
Activity 1" Medium For more information on the origins of these tools, refer to http://www.statmt org/moses/qgiza/GIZA++ html and
Project feeds http://www_statmt org/moses/giza/mkcls_html.
Code license If you make use of GIZA++ for research or commercial purposes, please cite:
GNU GPL v2

| ¢ Franz Josef Och, Hermann Ney. "A Systematic Comparison of Various Statistical Alignment Models”, Computational Linguistics, volume 29,
Labels

number 1, pp. 19-51 March 2003.
mt, Al, alignment, nlp,

linguistics, translation, giza
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Open Source Toolkits

® Berkeley Aligner
® train joint HMM model
® developed by Percy Liang

® http://code.google.com/p/berkeleyaligner/

@ berkeleyaligner

A word alignment software package for machine translation

‘ Project Home ‘ Downloads  Wiki  Issues  Source

Summary Updates People

Project Information

The BerkeleyAligner is a word alignment software package that implements recent innovations in unsupervised word alignment.
Starred by 17 users

Activity »'" Low Nows
P el feeds 9/28/09 As of release 2.1, we have split the Berkeley aligner into two downloads. The unsupervised aligner doesn't require a set of hand-labeled
Code license word alignments. The supervised aligner does, and it depends on the unsupervised aligner.
GNU GPL v2
Recent changes and bug fixes
Labels

machinetranslation, wordalignment, mt,
alignment, translation, Al, nlp,
linguistics

9/28 You can now run the unsupervised aligner without a hand-aligned test set; the evaluation phase will be skipped.

9/28 Loading trained models for evaluation only now works correctly (just give an empty training sequence)
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Open Source Toolkits

® SRI| Language Modeling Toolkit

® train n-gram language models

® developed by Andreas Stolcke

® http://www.speech.sri.com/projects/srilm/

Speech Technology
and Research
Laboratory

Current Research
Activities

Past Research
Activities

Seminars

Technologies for
License

ABOUT US : R&D DIVISIONS i CAREERS : NEWSROOM : CONTACT US | HOME _ m

SRILM - The SRI Language Modeling Toolkit

SRILM is a toolkit for building and applying statistical language models (LMs), primarily for
use in speech recognition, statistical tagging and segmentation, and machine translation. It
has been under development in the SRI Speech Technology and Research Laboratory since
1995. The toolkit has also greatly benefitted from its use and enhancements during the
Johns Hopkins University/CLSP summer workshops in 1995, 1996, 1997, and 2002 (see

history).

These pages and the software itself assume that you know what statistical language
modeling is. To learn about language modeling we recommend the textbooks

e Speech and Language Processing by Dan Jurafsky and Jim Martin (chapter 6 in the 1st
edition, chapter 4 in the 2nd edition)

e Foundations of Statistical Natural Language Processing by Chris Manning and Hinrich
Schutze (chapter 6).

Either book gives an excellent introduction to N-gram language modeling, which is the main
type of LM supported by SRILM.
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Open Source Toolkits

® Moses
® phrase-based and tree-based systems

® the main contributor: Philipp Koehn

® http://www.statmt.org/moses/

Philipp Koehn

Main » HomePage

Welcome to Moses!

Moses Is a statistical machine translation system that allows you to automatically train translation models -
probability translation among the exponential number of choices.

MOSES News
statistical . .
machine translation ¢ Moses now has a cruise control page to see the status of the current builds
system ¢ Moses is now hosted on github
Moses Features
Road Map ¢ Moses offers two types of translation models: phrase-based and tree-based

Online Demos
Get Involved
Mailing Lists
Manual &
FAQ

Moses features factored translation models, which enable the integration linguistic and other informati
Moses allows the decoding of confusion networks and word lattices, enabling easy integration with am
New: the Experiment Management System makes using Moses much easier

Get started
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Open Source Toolkits

® Joshua
® SCFG-based SMT system
® the main contributor: Zhifei Li

® http://joshua.sourceforge.net/Joshua/

AP AR A AR A AT A AN RO AN AP RA IO X‘ T R Y RV AR
A
Joshua ) )}'

PAAN ANSAAAANANNAAANAANNANSAAAANNAASAAAANANA

WELCOME

Open Source
. Hierarchical Phrase-Based

- Download Joshua
View Documentation
+ View Javadoc APT ¢
\ Get Support

Statistical Machine
Translation

Open Software, Open Worlds _ | § ,; gl
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Open Source Toolkits

® Phrasal
® Phrase-based system
® the main contributor: Michel Galley

® http://nlp.stanford.edu/software/phrasal/

Stanford Phrasal: A Phrase-Based Translation System

About | Usage | Download | Contributors | Citation | Mailing lists |
The Beta3 release of the Stanford Phrasal open source machine translation package has just been released!
About

Stanford Phrasal is a state-of-the-art phrase-based machine translation system. It provides an easy to use APl for implementating new decoding model features and supports unique
capabilities such as translating using phrases that include gaps (Galley et al. 2010) and conditional extraction of phrase-tables and lexical reordering models.

Usage

¢ Quick Start Guide.

Download

Phrasal is available for download, licensed under the GNU General Public License (v2 or later). Source is included. The package includes components for command-line invocation,
and a Java API.

Stanford Phrasal Beta3

206


http://nlp.stanford.edu/software/phrasal/
http://nlp.stanford.edu/software/phrasal/

Data Resources

® Linguistic Data Consortium

® Major source of monolingual and bilingual
corpora for SMT research

® http://www.ldc.upenn.edu/
Lm &&}"‘-‘* Obtaining i Using f Providing f Creating Data

About LDC Members Catalog Projects Papers LDC Online Search / Help Contact Us UPenn Home

What’ s New! What’ s Free! Linguistic Data Consortium

LDC Celebrates its 20th The Linguistic Data Consortium supports language-related education,
Anniversary!” 2012 marks our research and technology development by creating and sharing

20th year linguistic resources: data, tools and standards.

2012 LDC Survey ~ be on the

lookout!

Invitation to join for
Hembership Year (MY) 2012
early renewal discounts still
avallable

LDC data on Blu—ray ~ select
databases now on Blu-ray Disc
LDC and Social Networks ~
find us on Facebook, LinkedIn,

o~

and R55
LDC Providing Guidelines LDC is supported in part by grant IRI-9528587 from the Information and
enhanced guidelines for Intelligent Systems division and grant 9982201 from the Human Computer

Interaction Program of the National Science Foundation. LDC’ s corpus creation
efforts are powered in part by Academic Equipment Grant T826-980 237-US from
Sun Microsvstems.

submitting corpora for
publication by LDC

LDC Data Sheets ~ concise
descriptions of LDC projects,
operations, and technical
capabillities

What’ s New Archive
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Data Resources

® Chinese Linguistic Data Consortium

® Many useful monolingual and bilingual corpora for
SMT research

® http://www.chineseldc.org/

EELEEI3 P — Chinese Llngmstic Data Consortium
EN-CH
HE o ZEFE | AER# 0 02EKBESR 0 ENEE 0 ERSA% | KR&RMN | AFEES
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| mzAst

BRA: ikt
BoR L
AL SRR PR
¥& 952 mbtR: 100190
A 1013%, H
EEE RS

B, H: 861082614519
E-mail: senvice@chineseldc.org

| BxEsREEREN

> AWIBSEEES, mWiESEChinese Linguistic Data
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Data Resources

® Furoparl

® |tis free! |0 European language pairs

® http://www.statmt.org/europarl/

European Parliament Proceedings Parallel Corpus 1996-2009

For a detailed description of this corpus, please read:
Europarl: A Parallel Corpus for Statistical Machine Translation, Philipp Koehn, MT Summit 2005, pdf.
Please cite the paper, if you use this corpus in your work. See also the extended (but earlier) version of the report (ps, pdf).

The Europarl parallel corpus is extracted from the proceedings of the European Parliament. It includes versions in 11 European languages: Romanic (French,
Italian, Spanish, Portuguese), Germanic (English, Dutch, German, Danish, Swedish), Greek and Finnish.

The goal of the extraction and processing was to generate sentence aligned text for statistical machine translation systems. For this purpose we extracted
matching items and labeled them with corresponding document IDs. Using a preprocessor we identified sentence boundaries. We sentence aligned the data
using a tool based on the Church and Gale algorithm.
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Evaluation

o NIST

® the most influential

® Tasks:Arabic-English, Chinese-English

® http://www.itl.nist.gov/iad/mig/tests/mt/

Information Technology Laboratory ler

National Institute of

Information Access Division {IAD) Stamdards and Tochnelogy

¢ Multimodal Information

Group Home

e Benchmark Tests

e Tools

e Test Beds

NIST Open Machine Translation (OpenMT) Evaluation

Whatis NIST OpenMT?

The objective of the NIST Open Machine Translation (OpenMT) evaluation series is to support research in, and help advance the state of the
art of, machine translation (MT) technologies - technologies that translate text between human languages. Input may include all forms of text.
The goal is for the output to be an adequate and fluent translation of the original.
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Evaluation

o |WSLT

® spoken language translation
® Tasks: European languages and English

® http://iwslt201 |.org/

nr.LHx | )

You are here: start

Inﬁern'atiqnal Workshop on Spoken Lang
SIS ' T \Q\ ..... R g

IWSLT 2012
What's new
Call for Participation

Accomodation
Important Dates
Submission

b
~ — = ’
‘ - | "A N . N 4 it
Evaluation Campaign o .
Evaluation Server T
Best Paper Awards -~ o 10
Key Note Speeches _—
Program i
Proceedings o Mo ol | -
1

Presentations
Workshop Registration
Organizers
Acknowledgments
Related Events
Contact

N (e ‘
N RTINS
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Evaluation

o WMT

® workshop on machine translation
® TJasks: European languages and English

® http://www.statmt.org/wmtl |/

EMNLP 2011
SIXTH WORKSHOP ON
STATISTICAL MACHINE TRANSLATION

July 30-31, 2011
Edinburgh, UK

[HOME] | [TRANSLATION TASK] | [FEATURED TRANSLATION TASK] | [SYSTEM COMBINATION TASK] | [EVALUATION TASK]
[BASELINE SYSTEM] | [BASELINE SYSTEM 2]
[SCHEDULE] | [PAPERS] | [AUTHORS]
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Evaluation

o CWMT

® the most influential MT evaluation in China
® Tasks: English and languages in China

® http://nlp.ict.ac.cn/new/CWMT/index.php

¢ 2EHRFEFMTSIEUEN

2005 PR EENCAT. TEMNE T AFHEZRHALD [ E— BTSN EFEAMTS, SIEE[]
FERNEED . BEE, SWBPRPRTER. Bahiter. Eithr. BRET IR TAEAFR By SN . 20064, 2007
F, 87, £=EeEEITHSEETS (sshm) SRFEFRBTTERT. WBREVAFmINGH - 2008F, EUESINTHH
P=BzhLETREINES T, HBtERES 1 EFrEn 2 EiNsSEhFTS (China Workshop on Machine Translation, [&JFFCYNT) o
20094, #ABEENZFFMISTERTEAFMINED . 20109F, BFEATIHERAFEHEMHE AT [ EILEaHAICOLING 2010,
waSENIENIEReENESEhETTS, M T M eEr izt s, cl=, BB, Zh1s8
EARINSMAIE R BlI7SBSWAIRRINESD, e ERSMNEiTAIE=ARSR, {BHPENESZEhESLRAERE, B3 [ RITAHE
sEM-
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Journals and Conferences

® |ournals
® Computational Linguistics
® Machine Translation
o ACMTALIP
® Conferences
o ACL
e EMNLP
e NAACL
o COLING
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Other Useful Resources

® ACL Anthology
® ~20,000 (free) papers in the NLP field

® http://aclweb.org/anthology-new/

e ACL Anthology Network
® Paper network, author network, ranking

® http://clair.si.umich.edu/clair/anthology/index.cgi
o ACL Wiki

® Many useful information for NLP researchers

® http://aclweb.org/aclwiki
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Other Tutorials

® Statistical Machine Translation (Adam Lopez, 2010)

® VWhat’s New in Statistical Machine Translation
(Kevin Knight, 2006)

® Statistical Machine Translation: the Basic, the
Novel, and the Speculative (Philipp Koehn, 2006)

® Statistical Machine Translation: Foundations and
Recent Advances (Franz Och, 2005)
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Conclusions

Statistical machine translation learns translation
knowledge from data

Big data makes more training instances available
to SMT

SMT evolves from word-based to phrase-based
and syntax-based models

We look forward to more intelligent MT systems
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