
Clause Restructuring for 
Statistical Machine Translation
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A Problem in Translation 
from German to English
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A Problem in Translation 
from German to English
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A Sketch of Our Approach
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Motivation
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Overview
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German Sentence Structure
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German Sentence Structure

q�r

s:t
u

v
w�x

y

zN{

|

}

y

r

~ { ~
•

€

•w�x w

zN{

‚
{u

s

w

~

w

x |

}

y

r

~ {

ƒ

w
x y

}:„

t ~

w

z

w

t x

€

…

t x

†

ƒ

w�x w

zN{

‚
{u

s

„ u { | {

v

{ ~

z

‡

{

ƒ

w
x

w

zN{

‚
{u

s

ˆ%‰

yŠ „

}

{

•

v

yŠ

w

z

q

w

{

v

{ x {

‚

{ x

z

r

{

} }

r

{

s

{u x {

‡

Š { x

‹

t { x x { x

~t

Œ

z

‡

y

zŽ•

t

r

z

‡

y

z

„ {u

‡

y„ ~ y

v

t „

z

| yx



Free Word Order
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Overview
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Phrase-based Systems
(E.g., Och et. al, 1999; Marcu & Wong, 2002; Koehn et al., 
2003)
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Greedy Decoding
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Difficulties for Phrase-based Systems
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A Sketch of Our Approach
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Reordering Process
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Example of A Parse Tree
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Clause Restructuring
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Clause Restructuring

c

d
e

fhg

i

j

dlk

m!n

oqp

rs

t

uwv
x

y
z

p r

{
|

yw}

~

r

t

s |€• • v

‚

|

{

ƒ

|

ƒ

| r

y

v

„

{

ƒ

| }

~

r

t

s |

{

v

„

v

~ ~

v

…

{

ƒ

| } v •†

~

| • | p

{

zˆ‡

|x

‰
9Š

‹

Œ

•

Œ
Ž

‰

Š

•
•

‘“’

”

•
–

—̃

™

š“›

™

œ œ•ž

Ÿ

 
¡

¢
£¥¤

¦

§
¨

©ª!«

¬­

© ©®̄ °

«

±²

³

´

µ

¶́· ´

¸“¹

´· º

»“¼
½

¾

¿ ¿ ¿

ÀÁÂ ÃÄ!Å ÆÇ

È“É
Ê Ë ËÊ Ë ÌÍÎ

Þ

Ï9Ð

Ñ

Ò

Ó

Ò
Ô

Ï

Ð

Õ
Ö

×“Ø

Ù

Ú
Û

ÜÝ

Þ

ß“à

Þ

áâã äå!æ çè

é“ê
ë ì ìë ì íîï

ð ðñò

ó

ô
õ

ö
÷¥ø

ù

ú
û

üý!þ

ÿ�

ü ü� ��

þ

��

�

�

�

�	 
 �

�

� � 
 


���

�

�

� � �



Clause Restructuring
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Clause Restructuring
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Experiments
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Human Translation Judgments
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Example: Reordered System Better
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Example: Reordered System Better
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Example: Reordered System Better
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Example: Reordered System Better
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Research on Syntax-based SMT
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Our Approach vs. Xia and McCord, 2004
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