
Hierarchical Search for 
Word Alignment

Jason Riesa and Daniel Marcu

ACL 2010

12 July 2010

1



th
e

fi
ve

pr
ev
io
us

te
st
s

ha
ve

be
en

li
mi
te
d

to th
e

ta
rg
et

mi
ss
il
e

an
d

on
e

ot
he
r

bo
dy

.

!"#$%!&!' ()
"* +,-* !&. (
/01234(
!5 !67* ,8.(
9:;
<)+,=.(

1>?@ !A8BC (
DEFG* )
# 1G(
?H()
*

2



th
e

fi
ve

pr
ev
io
us

te
st
s

ha
ve

be
en

li
mi
te
d

to th
e

ta
rg
et

mi
ss
il
e

an
d

on
e

ot
he
r

bo
dy

.

!"#$%!&!' ()
"* +,-* !&. (
/01234(
!5 !67* ,8.(
9:;
<)+,=.(

1>?@ !A8BC (
DEFG* )
# 1G(
?H()
*

3



th
e

fi
ve

pr
ev
io
us

te
st
s

ha
ve

be
en

li
mi
te
d

to th
e

ta
rg
et

mi
ss
il
e

an
d

on
e

ot
he
r

bo
dy

.

!"#$%!&!' ()
"* +,-* !&. (
/01234(
!5 !67* ,8.(
9:;
<)+,=.(

1>?@ !A8BC (
DEFG* )
# 1G(
?H()
*

4



Visualization generated by riesa: Feb 12, 2010 20:06:24
683.g (a1)

683.union.a (a2)
683.e (e)
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Learning from bad alignments

• This is a typical 
Model4 alignment.

• Extracted translation 
rules too big

• Not always in-sync 
with translation 
model

5

(Brown et al., 93; Och and Ney, 02)
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• This is a typical 
Model4 alignment.

• Extracted translation 
rules too big

• Not always in-sync 
with translation 
model

(Brown et al., 93; Och and Ney, 02)
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• We are doing syntax-based 
translation.

1. What 
knowledge 
sources can we 
exploit?
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• We are doing syntax-based 
translation.

• Why not use the tree?

1. What 
knowledge 
sources can we 
exploit?
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2. What makes a 
good alignment?
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• Lexical, syntactic + structural features

2. What makes a 
good alignment?

S2

NP-C1

NPB2

DT

NPB-BAR2

CD

NPB-BAR2

JJ NNS

S-BAR1

VP1

VBP

VP-C1

VBN

VP-C1

VBN

PP1

IN

NP-C1

NP-C-BAR1

NP1

NPB2

DT

NPB-BAR2

NN NN CC

NP1

NPB2

CD

NPB-BAR2

JJ NN .

th
e

fi
ve

pr
ev
io
us

te
st
s

ha
ve

be
en

li
mi
te
d

to th
e

ta
rg
et

mi
ss
il
e

an
d

on
e

ot
he
r

bo
dy

.

!"#$%!&!' ()
"* +,-* !&. (
/01234(
!5 !67* ,8.(
9:;
<)+,=.(

1>?@ !A8BC (
DEFG* )
# 1G(
?H()
*

9



• Lexical, syntactic + structural features

• Difficult to capture in generative
alignment models
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• Lexical, syntactic + structural features

• Difficult to capture in generative
alignment models

• Local and nonlocal
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• Lexical, syntactic + structural features

• Difficult to capture in generative
alignment models

• Local and nonlocal

• Linear combination of model features
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• Lexical, syntactic + structural features

• Difficult to capture in generative
alignment models

• Local and nonlocal

• Linear combination of model features

➡ Learn parameters with perceptron
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• syntactic nonlocal features

• tree distance feature
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• syntactic nonlocal features

• tree distance feature

• distortion features
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• syntactic nonlocal features

• tree distance feature

• distortion features

• lexical-zero features
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• syntactic nonlocal features

• tree distance feature

• distortion features

• lexical-zero features

• lexical probability features



S2

NP-C1

NPB2

DT

NPB-BAR2

CD

NPB-BAR2

JJ NNS

S-BAR1

VP1

VBP

VP-C1

VBN

VP-C1

VBN

PP1

IN

NP-C1

NP-C-BAR1

NP1

NPB2

DT

NPB-BAR2

NN NN CC

NP1

NPB2

CD

NPB-BAR2

JJ NN .

th
e

fi
ve

pr
ev
io
us

te
st
s

ha
ve

be
en

li
mi
te
d

to th
e

ta
rg
et

mi
ss
il
e

an
d

on
e

ot
he
r

bo
dy

.

!"#$%!&!' ()
"* +,-* !&. (
/01234(
!5 !67* ,8.(
9:;
<)+,=.(

1>?@ !A8BC (
DEFG* )
# 1G(
?H()
* 10

• syntactic nonlocal features

• tree distance feature

• distortion features

• lexical-zero features

• lexical probability features

• fertility features
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• syntactic nonlocal features

• tree distance feature

• distortion features

• lexical-zero features

• lexical probability features

• fertility features

• subword morphology
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• How to "nd the best alignment under our model?

➡ Use tree for features and to guide search

➡ Hierarchical decoding

4. How?
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5. Expressive Enough?

• If we do all this, are we expressive enough?

• Yes. We can model 98.8% of all alignments.

• Last 1% due to lower recall from 
approximation during initialization
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• Evaluation:   

‣ Balanced F-measure
‣ Held-out test set of 100 sentence pairs 
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44.0
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Forest Alignments - m1Hierarchical Alignments +1.1
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Hierarchical Alignment
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Hierarchical Alignment

➡Accurate alignments (+6.3 F-measure)

➡Better translations (+1.1 BLEU)
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