Coarse-to-Fine Syntactic MT
using Language Projections

University of
California

@Q: (U
N O @
Berkeley

Slav Petrov  Aria Haghighi  Dan Klein




University of

California

Why is MT so slow?

efkeiey

D (Z){o

Saturday, September 26, 2009



Why is MT so slow?

Berkeley

quiero salir

Saturday, September 26, 2009



11 Why is MT so slow?
Berkeley
quiero salir

= | want = |eave

= | like = {0 leave

= i love = go

= | want to = to go

= | like to = exit

= | love to = {0 exit

Saturday, September 26, 2009



cr{(Ar(L)
e ) §
N) (L) (p)

Berkeley

quiero

= | want

= | like

= | love

= | want to
= | like to
= | love to

salir

= |eave

= t0 leave
g go

= to go

= axit

= to exit

Why is MT so slow?

Translations:

Saturday, September 26, 2009



cr(Ar(L)
WL
N) (L) (P)

Berkeiltey

quiero

= | like

= | love

= | want to
= | like to
= | love to

Why is MT so slow?

salir

= |eave

= t0 leave
g go

= to go

= axit

= to exit

Translations:

Saturday, September 26, 2009



cr(Ar(L)
WL
N) (L) (P)

Berkeiltey

quiero

= | like

= | love

= | want to
= | like to
= | love to

Why is MT so slow?

salir

(© leave

= t0 leave
g go

= to go

= axit

= to exit

Translations:

Saturday, September 26, 2009



cr(Ar(L)
WL
N) (L) (P)

Berkeiltey

quiero

= | like

= | love

= | want to
= | like to
= | love to

Why is MT so slow?

salir

(© leave

= t0 leave
g go

= to go

= axit

= to exit

Translations:
» | want leave x

Saturday, September 26, 2009



cr(Ar(L)
WL
N) (L) (P)

Berkeiltey

quiero

ol t

= | love

= | want to
= | like to

= i love to

Why is MT so slow?

salir

(© leave

= t0 leave
g go

= to go

= axit

= to exit

Translations:

» | want leave x
» | like leave X

Saturday, September 26, 2009



1% Why is MT so slow?
Berkeley
quiero salir Translations:
o | » i want leave X
R : ;/ivkaent » i like leave X
- g0 » i love leave X
= | want to = {0 go
= | like to = exit
= | love to = {0 exit

Saturday, September 26, 2009



Why is MT so slow?
Berkeley
quiero salir Translations:
- i want - leave » | want leave x
= | |like = to leave > | like leave x
- i love - a0 » i love leave x
- i want to - ’(E:Jo 90 » | want to leave v
= | like to = exit
= | love to = {0 exit

Saturday, September 26, 2009



Why is MT so slow?
Berkeley
quiero salir Translations:
- i want - leave » | want leave x
= | |like = to leave ’ ! like leave X
- i love - a0 » i love leave x
- i want to - ’(E:Jo 5 » i want to leave v
- i like to R exi% » i like to leave X
- i love to - to exit » | love to leave X
» | want to leave x
» i like to leave X
3

Saturday, September 26, 2009



keley

WE-® LS
o
@

quiero

= | want

= | like

= | love

= | want to
= | like to
= | love to

salir

= |eave

= t0 leave
g go

= to go

= axit

= to exit

There are too

Why is MT so slow?

many words!

Translations:

4
4
4
4
4
4
4
4
4

| want leave X

| like leave x

| love leave x

| want to leave v
| like to leave X

| love to leave x

| want to leave x
| like to leave X

Saturday, September 26, 2009



I‘ S 3

@ OFK:
(o) >

O @) 9S
D
-
=
D
®
<

quiero

= | want to
= | like to
= | love to

Why is MT so slow?

salir

= to leave

= t0 go

= t0 exit

4
4
4
4
4
4
4
4
4

There are too

many words!

Translations:

| want leave X

| like leave x

| love leave x

| want to leave v
| like to leave X

| love to leave x

| want to leave x
| like to leave X

Saturday, September 26, 2009



2o

o i 5
Q‘Q‘
(o)) :

0
e
1
P 3
<

Why is MT so slow?

There are too
many words!
quiero salir Translations:

| want leave X

| like leave x

| love leave x

| want to leave v

| love to leave X
| want to leave x
| like to leave x

3
3
3
4
» i like to leave X
3
3
3
3

Saturday, September 26, 2009



Coarse-to-Fine Decoding

Berkeley

Spanish:  reanudacion del periodo de sesiones

Saturday, September 26, 2009



Coarse-to-Fine Decoding

Berkeley

Spanish:  reanudacion del periodo de sesiones

English:

Saturday, September 26, 2009



Coarse-to-Fine Decoding

Berkeley

Spanish:  reanudacion del periodo de sesiones

English:

Saturday, September 26, 2009



Coarse-to-Fine Decoding

Berkeley

Spanish:  reanudacion del periodo de sesiones

English:

Saturday, September 26, 2009



Coarse-to-Fine Decoding

Berkeley

Spanish:  reanudacion del periodo de sesiones

English:

Saturday, September 26, 2009



Coarse-to-Fine Decoding

Berk e'i'ey

Spanish:  reanudacion del periodo de sesiones

English: resumption of the session

Saturday, September 26, 2009



1 Coarse-to-Fine Decoding

Berkeﬁlley

Spanish:  reanudacion del periodo de sesiones

English: ' - ; session

Saturday, September 26, 2009



Coarse-to-Fine Decoding

Sparfsh:|| r&anudacion del periodo de sesiones

Syntactic
MT
Decoder

session

Saturday, September 26, 2009



First Pass

N) L) (P
eeeeeeee

Coarse Pass




Coarse-to-Fine Syntactic MT
using Language Projections

University of |
California |

Berkeley

Slav Petrov  Aria Haghighi  Dan Klein




Second Pass

N) (L) (P)
eeeeeeee

Fine Pass




Hierarchical Clustering
Berkeley
report a we that
states of for also they the

Saturday, September 26, 2009



1 Hierarchical Clustering

Berkefley

01 11

110

report a we that

states of for also they  the

Saturday, September 26, 2009



Random Clustering

the

report
we
states
for
to
that
they
of
also
been

Saturday, September 26, 2009



Random Clustering

.

a
report

states
for
of

also
been

the
we

to
that
they

Saturday, September 26, 2009




00

report

01

states
for
of
also
been

Random Clustering

10

we
that

11

the

to
they

Saturday, September 26, 2009




1 Random Clustering

Berkefley

01 11

110

report a we that

states of for also they  the

Saturday, September 26, 2009



Frequency Clustering

Berkeley




Frequency Clustering

Berkeley

the

that

for

of
to
also

Saturday, September 26, 2009



Frequency Clustering

Berkeley

the

that

for
of

to
also

Saturday, September 26, 2009



Frequency Clustering

Berkeley

the of

to
also

a bee
we

that

rrrrr

Saturday, September 26, 2009



cr(Ar(L)
T T W
L) (P)

Berkeley

0 1
00 OIIO.AH

00

01

Frequency Clustering

10

11

the

that

for

of
to

also

Saturday, September 26, 2009




HMM Clustering

Saturday, September 26, 2009



HMM Clustering

Berkeley

the report for these states

Saturday, September 26, 2009



1 HMM Clustering

ée rwkeley

he report for these states

Saturday, September 26, 2009



HMM Clustering

Berkeley

the report for these states

Saturday, September 26, 2009



HMM Clustering

Berkeley

YaN
OaO02080x0

the report for these states

Saturday, September 26, 2009



1 HMM Clustering

ée rwkeley

he report for these states

Saturday, September 26, 2009



HMM Clustering

N L C)
Berkeley

YaN
(00~(10)~(o)~(00)~(1y

the report for these states

Saturday, September 26, 2009



HMM Clustering

N L C)
Berkeley

he report for these states

Saturday, September 26, 2009



,,,,,

JCluster

[Goodman 01}

Saturday, September 26, 2009



JCluster

Berke_l’ey

the —>©—> report —>©—> these —>©—’

[Goodman 01]

Saturday, September 26, 2009



JCluster

N) (L) (P)
Berkeley

the —>@—> report —>@—> these —>@—’

[Goodman 01}

Saturday, September 26, 2009



JCluster

Berke_l'ey

0 1
00 OIIO.AH

the —> report —> these —>

[Goodman 01]

Saturday, September 26, 2009



Cluster Quality (Perplexity)

90K

80K

70K

Random

60K

50K

40K

30K

20K

10K

OK

1 2

3 4 5 6 /
Number of bits in coarse language model

8

10

Saturday, September 26, 2009



Cluster Quality (Perplexity)

Random

/0K

- Frequency

60K

50K

40K

30K

20K

10K

OK

1 2

3 4 5 6 7/ 8 9
Number of bits in coarse language model

10

Saturday, September 26, 2009



Cluster Quality (Perplexity)

Random

/0K

- Frequency

—a— JCluster

60K

50K

40K

30K

20K

10K

OK

1 2

3 4 5 6 7/ 8 9
Number of bits in coarse language model

10

Saturday, September 26, 2009



Cluster Quality (Perplexity)

Random

- - Frequency
—o— HMM

—a— JCluster

50K

40K

30K

20K

10K

OK

1 2

3 4 5 6 7/ 8 9
Number of bits in coarse language model

10

Saturday, September 26, 2009



Hierarchical Clustering

Berkeley




Hierarchical Clustering

N) (L) (P)
Berkeley

‘ fine I
the

a
they

we
states
report
also
N

Saturday, September 26, 2009



Hierarchical Clustering

N L )
Berkeley

| fine I 1-bit
the 0
a
they
we
states
report

also

IR, |, IR,]|O]|O|O0O

N

Saturday, September 26, 2009



Hierarchical Clustering

N L )
Berkeley

| fine ] 1kt | 2-bit ]

the 0 00

a 0 00

they 0 01

we 0 01
states 1 10
report 1 10

also 1 11

in 1 11

Saturday, September 26, 2009



o Hierarchical Clustering

Berkeley

| fine | 1bit ] 2-bit | 3-bit
the 0 00 000

a 0 00 001

they 0 01 010

we 0 01 011
states 1 10 100
report 1 10 101
also 1 11 110

in 1 11 111

Saturday, September 26, 2009



Inversion Transduction Grammars

Berkeley

[Wu 97/]




i1 Inversion Transduction Grammars

Berkeley

Generation

-------------------------------------------
* *

- .
-------------------------------------------

[Wu 97/]




Inversion Transduction Grammars

Berkeley

. Monotonic
Generation
Combmatlon

--------------------------------------------------------------------------------------
* 3 o .

= &

o Q@ ) ><
X— <<
Xf O X1c >

03 . . o4
--------------------------------------------------------------------------------------

[Wu 97/]

urday, September 26, 2009



~++1 Inversion Transduction Grammars

Berkeley

Generation Monotonic Inverted
Combmatlon Comblnat|on

---------------------------------------------------------------------------------------------------------------------------------
oooooo

000000
---------------------------------------------------------------------------------------------------------------------------------

Saturday, September 26, 2009



Translating with ITG (w/o LM)

Berkeley

reanudacion del periodo de sesiones

urday, September 26, 2009



Translating with ITG (w/o LM)

Berkeley

Xr

N

reanudacion del periodo de sesiones

urday, September 26, 2009



.+11 Translating with ITG (w/o LM)

é/e "r—k é_lley

resumption

Xr

N

reanudacion del periodo de sesiones

urday, September 26, 2009



-y

BefkeTey

-++| Translating with ITG (w/o LM)

AN

reanudacion del periodo de sesiones

resumption of the session

Saturday, September 26, 2009



,,,,,

.| Translating with ITG (w/o LM)

Be}keiey

resumption of the session

A5
AN

reanudacion del periodo de sesiones

Saturday, September 26, 2009



......

-+ Translating with ITG (w/o LM)

Berkeley

resumption of the session

PN

reanudacion del periodo de sesiones

Saturday, September 26, 2009



Syntactic MT w/ Language Model

Berkeley

reanudacion del periodo de sesiones

urday, September 26, 2009



.+ Syntactic MT w/ Language Model

é/e "r—k é_lléy

resumption

resumption-Xf-resumption

reanudacion del periodo de sesiones

Saturday, September 26, 2009



-++1 Syntactic MT w/ Language Model

é/e r_ K é_l’éy

resumption-Xf-resumption of-Xf-session

/\

reanudacion del periodo de sesiones

resumption of the session

Saturday, September 26, 2009



| Syntactic MT w/ Language Model

Berkeley

Score with
Language Model

resumption-X Xf-session

reanudacion del periodo de sesiones

resumption of the session

Saturday, September 26, 2009



-++1 Syntactic MT w/ Language Model

é/e r_ K é_l’éy

resumption-Xf-resumption of-Xf-session

/\

reanudacion del periodo de sesiones

resumption of the session

Saturday, September 26, 2009



| Syntactic MT w/ Language Model

Berkeley
resumption-Xf-session
/\

resumption of the session

reanudacion del periodo de sesiones

Saturday, September 26, 2009



-++1 Syntactic MT w/ Language Model

é/e r_ K é_l’éy

Lexical Explosion

resumption,of-Xf-the,session
/\

resumption of the session

reanudacion del periodo de sesiones

Saturday, September 26, 2009



State Space Projections

resumption-X-session

Saturday, September 26, 2009



~){>)3 2

State Space Projections

kéi'ey

D@20 LS
D [ =:
—

00 01

010 011 110
the a we that to

session of for resumption they you

resumption-X-session

Saturday, September 26, 2009



~ Wtk

State Space Projections

kewl'ey

O @-©2S
o [ F:
D

00 01

010 011 110
the a we that to

session of for resumption they you

resumption-X-session

Saturday, September 26, 2009



State Space Projections
0
00 01
010 011 110
the we that to

session of for resumption they you

resumption-X-session

Saturday, September 26, 2009



E';e’rﬁkeiliey
0
00 01
010 011 110

session of for resumption they you

State Space Projections

resumption-X-session

Saturday, September 26, 2009



,,,,,

State Space Projections

011-X-010 resumption-X-session

Saturday, September 26, 2009



11 State Space Projections

011-X-010 resumption-X-session

Saturday, September 26, 2009



11 State Space Projections

01-X-01 011-X-010 resumption-X-session

Saturday, September 26, 2009



¥ State Space Projections

0-X-0 01-X-01 011-X-010 resumption-X-session

Saturday, September 26, 2009



~){>)3 2

State Space Projections

kéi'ey

D@20 LS
D [ =:
—

0-X-0 01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



State Space Projections
Berkeley
resumption,of-X-the,session
g ° ¢
O
=
2 | @ @ @
0-X-0 01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



State Space Projections

0,1-X-0,0 01,10-X-00,01  011,100-X-000,010 resumption,of-X-the,session
5 3 ® ® ® . @
o
=
2 | @ @ @
0-X-0 01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



Coarse-to-Fine Inference

Berkeley
0,1-X-0,0 01,10-X-00,01  011,100-X-000,010 resumption,of-X-the,session
5 3 ® ® ® . @
O
=
2 | @ @ @
0-X-0 01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



Coarse-to-Fine Inference

Order based [Zhang & Gildea 08]

0,1-X-0,0 01,10-X-00,01  011,100-X-000,010 resumption,of-X-the,session
5 3 ® ® ®
O
=
2 | @ @ @
0-X-0 01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



Coarse-to-Fine Inference

Berkeley
0,1-X-0,0 01,10-X-00,01  011,100-X-000,010 resumption,of-X-the,session
5 3 ® ® ® . @
O
=
2 | @ @ @
0-X-0 01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



Coarse-to-Fine Inference

oo
Berl;eley
Encoding based
0,1-X-0,0 01,10-X-00,01  011,100-X-000,010 resumption,of-X-the,session
o 3
O
=
2 | @ @ @
0-X-0 01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



Coarse-to-Fine Inference

Berkeley
0,1-X-0,0 01,10-X-00,01  011,100-X-000,010 resumption,of-X-the,session
5 3 ® ® ® . @
O
=
2 | @ @ @
0-X-0 01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



Coarse-to-Fine Inference
Berkeley
Combine both?
0,1-X-0,0 01,10-X-00,01  011,100-X-000,010 resumption,of-X-the,session
$ 3 @ @
O
=
= 2 Q/\‘Q ® . e
01-X-01 011-X-010 resumption-X-session

1 2 3 O
Bits in language model

Saturday, September 26, 2009



SO 8 Experimental Setup
Berkeley
e Europarl corpus:
Spanish, German, French — English
About 8M words of parallel text

Average sentence length 30
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® Pre-Processing
e Standard GIZA++ word alignments and phrase extraction
e SRILM trigram language model

e ITG translation model
e Extracted phrases / scores used as ITG terminal productions
e Simplistic distortion model: 1 monotonic and 1 inverted rule
e Less than 1 BLEU point below Moses on same setup
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