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Levels of Transfer 



Goals of Translating with Syntax 

§  Reordering driven by syntactic  
§  E.g., move German verb to final position 

§  Better explanation for function words 
§  E.g., prepositions and determiners 

§  Allow long distance dependencies 
§  Translation of verb may depend on subject or object, which 

can have high string distance 

§  Will allow for the use of syntactic language 
models 



Syntactic Language Models 

§  Allows for long distance dependencies 

§  Left translation would be preferred! 
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Advantages of Syntax-Based Translation

• Reordering for syntactic reasons

– e.g., move German object to end of sentence

• Better explanation for function words

– e.g., prepositions, determiners

• Conditioning to syntactically related words

– translation of verb may depend on subject or object

• Use of syntactic language models

– ensuring grammatical output
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Syntactic Language Model

• Good syntax tree ⇥ good English

• Allows for long distance constraints

the manhousethe of is small

NP

NP

S

VP

PP

the manhousethe is is small

S

NP

?

VP

VP

• Left translation preferred by syntactic LM
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String to Tree Translation 

§  Create English syntax trees during translation [Yamada 
and Knight, 2001] 
§  very early attempt to learn syntactic translation models 
§  use state-of-the-art parsers for training  
§  allows us to model translation as a parsing problem, reusing 

algorithms, etc. 
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String to Tree Translation

foreign
words

foreign
syntax

foreign
semantics

interlingua

english
semantics

english
syntax

english
words

• Use of English syntax trees [Yamada and Knight, 2001]

– exploit rich resources on the English side
– obtained with statistical parser [Collins, 1997]
– flattened tree to allow more reorderings
– works well with syntactic language model
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Yamada and Knight [2001]
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Yamada and Knight [2001] 

§  p(f|e) is a generative process from an English tree to 
a foreign string 
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Learned Model 

§  Reordering Table 
130

Reordering Table

Original Order Reordering p(reorder|original)
PRP VB1 VB2 PRP VB1 VB2 0.074
PRP VB1 VB2 PRP VB2 VB1 0.723
PRP VB1 VB2 VB1 PRP VB2 0.061
PRP VB1 VB2 VB1 VB2 PRP 0.037
PRP VB1 VB2 VB2 PRP VB1 0.083
PRP VB1 VB2 VB2 VB1 PRP 0.021

VB TO VB TO 0.107
VB TO TO VB 0.893
TO NN TO NN 0.251
TO NN NN TO 0.749
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Decoding as Parsing

• Chart Parsing

kare ha ongaku wo kiku no ga daisuki desu

PRP

he

• Pick Japanese words

• Translate into tree stumps
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Yamada and Knight: Decoding  
§  A Parsing Problem 

§  Can use CKY Algorithm, with rules that encode reordering, inserted works 

136

Decoding as Parsing

kare ha ongaku wo kiku no ga daisuki desu
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Yamada and Knight: Training 

§  Want P(f|e), where e is a English parse 
tree 
§  Parse the English side of bi-text 
§  Use parser output as gold standard 

§  Many different derivations from e to f (for a 
fixed pair) 
§  Use EM training approach 
§  Same idea as IBM Models (but a bit more 

complex) 
 



Is The Model Realistic? 

§  Do English trees align well onto foreign string? 
§  Crossings between French-English [Fox, 2002] 

§  ~1-5 per sentence (depending on how you count) 

§  Can be reduced by 
§  Flattening tree, as done by Yamada and Knight 
§  Mixing in phrase level translations 
§  Special casing many constructions 



What about tree-to-tree? 

§  Consider the following trees: 

§  We might merge them as follows: 
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Inversion Transduction Grammars

• Generation of both English and foreign trees [Wu, 1997]

• Rules (binary and unary)

– A ⇤ A1A2⇧A1A2

– A ⇤ A1A2⇧A2A1

– A ⇤ e⇧f
– A ⇤ e⇧�
– A ⇤ �⇧f

⌅ Common binary tree required

– limits the complexity of reorderings
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Syntax Trees

Mary did not slap the green witch

• English binary tree
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Syntax Trees (2)

Maria no daba una bofetada a la bruja verde

• Spanish binary tree
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Syntax Trees (3)

Mary
Maria

did
*

not
no

slap
daba

*
una

*
bofetada

*
a

the
la

green
verde

witch
bruja

• Combined tree with reordering of Spanish
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Inversion Transduction Grammars (ITGs) 

§  Simultaneously generates two trees (English and 
Foreign) [Wu, 1997] 

§  Rules, binary and unary 
§  X à X1X2 || X1X2 

§  X à X1X2 || X2X1 

§  X à e||f 
§  Xà e||* 
§  Xà *||f 

§  Builds a common binary tree 
§  Limits the possible reorderings 
§  Challenging to model complete phrases 
§  But, can do decoding as parsing, just like before! 
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Syntax Trees (2)

Maria no daba una bofetada a la bruja verde

• Spanish binary tree
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Hierarchical Phrase Model [Chiang, 2005] 

§  Hybrid of ITGs and phrase based translation 
§  Word rules 

§  X à maison || house 

§  Phrasal Rules 
§  X à daba una bofetada || slap 

§  Mixed Terminal / Non-terminal Rules 
§  X à X bleue || blue X 
§  X à ne X pas || not X 
§  X à X1 X2 || X2 of X1 

§  Technical Rules 
§  S à S X || S X 
§  S à X || X 



Hierarchical Rule Extraction 

§  Include all word and phrase 
alignments 
§  Xà verde || green 
§  Xà bruja verde || green witch 
§  … 

§  Consider every possible 
rule, with variable for 
subphrases 
§  X à X verde || green X 
§  X à bruja X || X witch 
§  X à a la X || the X 
§  X à daba una botefada || slap 

X 
§  … 

8

Learning a Phrase Translation Table

• Task: learn the model from a parallel corpus

• Three stages:

– word alignment: using IBM models or other method
– extraction of phrase pairs
– scoring phrase pairs

Miles Osborne Machine Translation 13 February 2012
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Word Alignment

Mary

did
not
slap

the
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M
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ıa
no da

ba
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a

b
of

et
ad

a
a la br

uj
a

ve
rd

e

Miles Osborne Machine Translation 13 February 2012



The Rest of The Details 
§  See paper [Chiang, 2005] 

§  Model is done much like phrase-based systems 
§  Too many rules à Need to prune 

§  Efficient parsing algorithms for decoding 
 
§  How well does it work? 

§  Chinese-English: 26.8 à 28.8 BLEU 
§  Competitive with phrase-based systems on most other 

language pairs, but lags behind when the language pair has 
modest reordering 

§  There has been significant work on better ways of extracting 
translation rules, and estimating parameters 



Tree to Tree Translation [Chiang, 2010] 
 
§  Very brief 

sketch, 
see paper 
for details! 
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DQG�SDUVHG�GDWD�DQG�DXWRPDWLFDOO\�ZRUG�DOLJQHG
DQG�SDUVHG�GDWD�� 7KH�ÀUVW�OLQH�VKRZV�WKH�QXP�
EHU�RI�SKUDVH�SDLU�RFFXUUHQFHV�WKDW�DUH�H[WUDFWHG
LQ�WKH�DEVHQFH�RI�V\QWDFWLF�FRQVWUDLQWV�� DQG�WKH
VHFRQG�OLQH�VKRZV�WKH�PD[LPXP�QXPEHU�RI QHVWHG
SKUDVH�SDLU�RFFXUUHQFHV� ZKLFK�LV�WKH�PRVW�WKDW�H[�
DFW�V\QWD[�EDVHG�H[WUDFWLRQ�FDQ�DFKLHYH� :KHUHDV
WUHH�WR�VWULQJ�H[WUDFWLRQ�DQG�VWULQJ�WR�WUHH�H[WUDF�
WLRQ � SHUPLW � ��²��� �RI � WKH �PD[LPXP �SRVVLEOH
QXPEHU�RI�SKUDVH�SDLUV� WUHH�WR�WUHH�H[WUDFWLRQ�RQO\
SHUPLWV���²����

:K\�GRHV�WKLV�KDSSHQ" :H�FDQ�VHH�WKDW�PRYLQJ
IURP�KXPDQ�DQQRWDWLRQV�WR�DXWRPDWLF�DQQRWDWLRQV
GHFUHDVHV�QRW�RQO\�WKH�DEVROXWH�QXPEHU�RI�SKUDVH
SDLUV� EXW�WKH�SHUFHQWDJH�RI�SKUDVHV�WKDW�SDVV�WKH
V\QWDFWLF�ÀOWHUV� :HOOLQJWRQ�HW�DO� ������� LQ�D�PRUH
V\VWHPDWLF�VWXG\� ÀQG�WKDW� RI�VHQWHQFHV�ZKHUH�WKH
WUHH�WR�WUHH�FRQVWUDLQW�EORFNV�UXOH�H[WUDFWLRQ� WKH
PDMRULW\�DUH�GXH�WR�SDUVHU�HUURUV� 7R�DGGUHVV�WKLV
SUREOHP� /LX�HW�DO� �������H[WUDFW�UXOHV�IURP�SDLUV

�7KH � ÀUVW � ���� � VHQWHQFHV � IURP � WKH � *$/( 3KDVH � �
&KLQHVH � 3DUDOOHO � :RUG � $OLJQPHQW � DQG � 7DJJLQJ � 3DUW �
�/'&����(����DQG�WKH�&KLQHVH�1HZV�7UDQVODWLRQ�7H[W�3DUW �
�/'&����7���� UHVSHFWLYHO\�

�2QO\�FRXQWLQJ�SKUDVHV�WKDW�KDYH�QR�XQDOLJQHG�ZRUGV�DW
WKHLU�HQGSRLQWV�



Tree to Tree Translation 
 
§  Key idea: Learn synchronous tree substitution grammar 
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� ��33

� � �� � ��13

� � �� � ��33

� � �� � ��13

� � �� � ��116

� �� ��VKRUHV

� � �� � ��&'

� �� ��WZR

� �� ��'7

� �� ��WKH

� �� ��,1

� �� ��EHWZHHQ

� �� ��13

� �� ��11

� �� ��WUDGH

� �� ��,1

� �� ��LQ

(γ�,α�) (γ�,α�) (γ�,α�)

)LJXUH �� 6\QFKURQRXV�WUHH�VXEVWLWXWLRQ� 5XOH (γ�,α�) LV�VXEVWLWXWHG�LQWR�UXOH (γ�,α�) WR�\LHOG (γ�,α�)�

WDUJHW�ODQJXDJH � LQVWHDG � RI � VRXUFH�ODQJXDJH
V\PEROV�

• 7KH�VXEVWLWXWLRQ�QRGHV�RI γ DUH�DOLJQHG�ELMHF�
WLYHO\�ZLWK�WKRVH�RI α�

• 7KH�WHUPLQDO�ODEHOHG�IURQWLHU�QRGHV�RI γ DUH
DOLJQHG��PDQ\�WR�PDQ\��ZLWK�WKRVH�RI α�

,Q�WKH VXEVWLWXWLRQ RSHUDWLRQ� DQ�DOLJQHG�SDLU �RI
VXEVWLWXWLRQ�QRGHV�LV�UHZULWWHQ�ZLWK�DQ�HOHPHQWDU\
WUHH�SDLU� 7KH�ODEHOV�RI�WKH�VXEVWLWXWLRQ�QRGHV�PXVW
PDWFK�WKH�URRW�ODEHOV�RI�WKH�HOHPHQWDU\�WUHHV�ZLWK
ZKLFK�WKH\�DUH�UHZULWWHQ��EXW�ZH�ZLOO�UHOD[�WKLV
FRQVWUDLQW�EHORZ�� 6HH�)LJXUH � IRU�H[DPSOHV�RI�HO�
HPHQWDU\�WUHH�SDLUV�DQG�VXEVWLWXWLRQ�

��� ([DFW�WUHH�WR�WUHH�H[WUDFWLRQ

7KH�XVH�RI�676*V�IRU�WUDQVODWLRQ�ZDV�SURSRVHG
LQ�WKH�'DWD�2ULHQWHG�3DUVLQJ�OLWHUDWXUH �3RXWVPD�
����� +HDUQH � DQG � :D\� ����� � DQG � E\ � (LV�
QHU ������� %RWK�RI�WKHVH�SURSRVDOV�DUH�PRUH�DP�
ELWLRXV �DERXW �KDQGOLQJ � VSXULRXV �DPELJXLW\ � WKDQ
DSSURDFKHV�GHULYHG�IURP�SKUDVH�EDVHG�WUDQVODWLRQ
XVXDOO\�KDYH�EHHQ��WKH�IRUPHU�XVHV�UDQGRP�VDP�
SOLQJ�WR�VXP�RYHU�HTXLYDOHQW�GHULYDWLRQV�GXULQJ�GH�
FRGLQJ� DQG�WKH�ODWWHU�XVHV�G\QDPLF�SURJUDPPLQJ

KXPDQ DXWRPDWLF
VWULQJ�WR�VWULQJ ������� �������
PD[�QHVWHG ������ ������

WUHH�WR�VWULQJ ������ ����� ������ �����
VWULQJ�WR�WUHH ������ ����� ������ �����
WUHH�WR�WUHH ������ ����� ������ �����

7DEOH �� $QDO\VLV � RI � SKUDVHV � H[WUDFWHG � IURP
&KLQHVH�(QJOLVK�QHZVZLUH�GDWD�ZLWK�KXPDQ�DQG
DXWRPDWLF �ZRUG �DOLJQPHQWV �DQG �SDUVHV� $V � WUHH
FRQVWUDLQWV�DUH�DGGHG� WKH�QXPEHU�RI�SKUDVH�SDLUV
GURSV� (UURUV � LQ �DXWRPDWLF �DQQRWDWLRQV �DOVR �GH�
FUHDVH�WKH�QXPEHU�RI�SKUDVH�SDLUV� 3HUFHQWDJHV�DUH
UHODWLYH�WR�WKH�PD[LPXP�QXPEHU�RI�QHVWHG�SKUDVH
SDLUV�

WR�VXP�RYHU�HTXLYDOHQW�GHULYDWLRQV�GXULQJ�WUDLQ�
LQJ�� ,I�ZH�WDNH�D�PRUH�W\SLFDO�DSSURDFK� ZKLFK
JHQHUDOL]HV�WKDW�RI�*DOOH\�HW�DO� ������ ������DQG
LV�VLPLODU�WR�6WDW�;)(5 �/DYLH�HW�DO�� ������ ZH
REWDLQ�WKH�IROORZLQJ�JUDPPDU�H[WUDFWLRQ�PHWKRG�
ZKLFK�ZH�FDOO H[DFW WUHH�WR�WUHH�H[WUDFWLRQ�
*LYHQ � D � SDLU � RI � VRXUFH� � DQG � WDUJHW�ODQJXDJH

SDUVH�WUHHV�ZLWK�D�ZRUG�DOLJQPHQW�EHWZHHQ�WKHLU
OHDYHV� LGHQWLI\ �DOO � WKH SKUDVH�SDLUV ( Ī , H̄)� L�H��
WKRVH�VXEVWULQJ�SDLUV�WKDW�UHVSHFW�WKH�ZRUG�DOLJQ�



Tree to Tree Translation 
 
§  To make it work: Allow many different tree structures 

(when syntax doesn’t align directly) 
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)LJXUH �� )X]]\�WUHH�WR�WUHH�H[WUDFWLRQ�HIIHFWLYHO\�UHVWUXFWXUHV�WKH�&KLQHVH�WUHH�IURP�)LJXUH � LQ�WZR�ZD\V
EXW�GRHV�QRW�FRPPLW�WR�HLWKHU�RQH�

• PDWFK I FRXQWV � WKH �QXPEHU �RI � VXEVWLWXWLRQV
ZKHUH�WKH�ODEHO�RI�WKH�VRXUFH�VLGH�RI�WKH�VXE�
VWLWXWLRQ �VLWH �PDWFKHV � WKH � URRW � ODEHO �RI � WKH
VRXUFH�VLGH�RI�WKH�UXOH� DQG ¬PDWFK I FRXQWV
WKRVH�ZKHUH�WKH�ODEHOV�GR�QRW�PDWFK�

• VXEVW I;→< FRXQWV�WKH�QXPEHU�RI�VXEVWLWXWLRQV
ZKHUH�WKH�ODEHO�RI�WKH�VRXUFH�VLGH�RI�WKH�VXE�
VWLWXWLRQ�VLWH�LV ; DQG�WKH�URRW�ODEHO�RI�WKH
VRXUFH�VLGH�RI�WKH�UXOH�LV <�

• PDWFKH� ¬PDWFKH� DQG VXEVWH;→< GR�WKH�VDPH
IRU�WKH�WDUJHW�VLGH�

• URRW;,;′ FRXQWV � WKH �QXPEHU �RI � UXOHV �ZKRVH
URRW�ODEHO�RQ�WKH�VRXUFH�VLGH�LV ; DQG�ZKRVH
URRW�ODEHO�RQ�WKH�WDUJHW�VLGH�LV ;′��

)RU�H[DPSOH� LQ�WKH�GHULYDWLRQ�RI�)LJXUH �� WKH�IRO�
ORZLQJ�IHDWXUHV�ZRXOG�ÀUH�

PDWFK I = �

VXEVW I13→13 = �
PDWFK H = �

VXEVW H13→13 = �
URRW13,13 = �

7KH�GHFRGLQJ�DOJRULWKP�WKHQ�RSHUDWHV�DV�LQ�KLHU�
DUFKLFDO�SKUDVH�EDVHG�WUDQVODWLRQ� 7KH�GHFRGHU�KDV
WR�VWRUH�LQ�HDFK�K\SRWKHVLV�WKH�VRXUFH�DQG�WDUJHW
URRW�ODEHOV�RI�WKH�SDUWLDO�GHULYDWLRQ� EXW�WKHVH�OD�
EHOV�DUH�XVHG�IRU�FDOFXODWLQJ�IHDWXUH�YHFWRUV�RQO\
DQG�QRW�IRU�FKHFNLQJ�ZHOO�IRUPHGQHVV�RI�GHULYD�
WLRQV� 7KLV�DGGLWLRQDO�VWDWH�GRHV�LQFUHDVH�WKH�VHDUFK
VSDFH�RI�WKH�GHFRGHU� EXW�ZH�GLG�QRW�FKDQJH�DQ\
SUXQLQJ�VHWWLQJV�

�7KDQNV�WR�$GDP�3DXOV�IRU�VXJJHVWLQJ�WKLV�IHDWXUH�FODVV�

� ([SHULPHQWV

7R�FRPSDUH�WKH�PHWKRGV�GHVFULEHG�DERYH�ZLWK�KL�
HUDUFKLFDO�VWULQJ�WR�VWULQJ�WUDQVODWLRQ� ZH�UDQ�H[�
SHULPHQWV �RQ�ERWK�&KLQHVH�(QJOLVK�DQG�$UDELF�
(QJOLVK�WUDQVODWLRQ�

��� 6HWXS

7KH�VL]HV�RI�WKH�SDUDOOHO�WH[WV�XVHG�DUH�VKRZQ�LQ�7D�
EOH �� :H�ZRUG�DOLJQHG�WKH�&KLQHVH�(QJOLVK�SDU�
DOOHO � WH[W�XVLQJ�*,=$���IROORZHG�E\�OLQN�GHOH�
WLRQ��)RVVXP�HW�DO�� ������ DQG�WKH�$UDELF�(QJOLVK
SDUDOOHO�WH[W�XVLQJ�D�FRPELQDWLRQ�RI�*,=$���DQG
/($) �)UDVHU�DQG�0DUFX� ������ :H�SDUVHG�WKH
VRXUFH�VLGHV�RI�ERWK�SDUDOOHO�WH[WV�XVLQJ�WKH�%HUNH�
OH\�SDUVHU��3HWURY�HW�DO�� ������ WUDLQHG�RQ�WKH�&KL�
QHVH�7UHHEDQN���DQG�$UDELF�7UHHEDQN�SDUWV��²��
DQG�WKH�(QJOLVK�VLGHV�XVLQJ�D�UHLPSOHPHQWDWLRQ�RI
WKH�&ROOLQV�SDUVHU��&ROOLQV� ������

)RU�VWULQJ�WR�VWULQJ�H[WUDFWLRQ� ZH�XVHG�WKH�VDPH
FRQVWUDLQWV�DV�LQ�SUHYLRXV�ZRUN��&KLDQJ� ������
ZLWK�GLIIHUHQFHV�VKRZQ�LQ�7DEOH �� 5XOHV�ZLWK�QRQ�
WHUPLQDOV�ZHUH�H[WUDFWHG�IURP�D�VXEVHW�RI�WKH�GDWD
�ODEHOHG�´&RUHµ�LQ�7DEOH ��� DQG�UXOHV�ZLWKRXW�QRQ�
WHUPLQDOV�ZHUH�H[WUDFWHG�IURP�WKH�IXOO�SDUDOOHO�WH[W�
)X]]\�WUHH�WR�WUHH�H[WUDFWLRQ�ZDV�SHUIRUPHG�XVLQJ
DQDORJRXV�FRQVWUDLQWV� )RU�H[DFW� WUHH�WR�WUHH�H[�
WUDFWLRQ� ZH�XVHG�VLPSOHU�VHWWLQJV� QR�OLPLW�RQ�LQL�
WLDO�SKUDVH�VL]H�RU�XQDOLJQHG�ZRUGV� DQG�D�PD[L�
PXP�RI���IURQWLHU�QRGHV�RQ�WKH�VRXUFH�VLGH�

$OO�V\VWHPV�XVHG�WKH�JOXH�UXOH��&KLDQJ� ������
ZKLFK�DOORZV�WKH�GHFRGHU� ZRUNLQJ�ERWWRP�XS� WR
VWRS �EXLOGLQJ �KLHUDUFKLFDO � VWUXFWXUH � DQG � LQVWHDG
FRQFDWHQDWH � SDUWLDO � WUDQVODWLRQV �ZLWKRXW � DQ\ � UH�
RUGHULQJ� 7KH�PRGHO�DWWDFKHV�D�ZHLJKW�WR�WKH�JOXH
UXOH�VR�WKDW�LW�FDQ�OHDUQ�IURP�GDWD�ZKHWKHU�WR�EXLOG
VKDOORZ�RU�ULFK�VWUXFWXUHV� EXW�IRU�HIÀFLHQF\·V�VDNH
WKH�GHFRGHU�KDV�D�KDUG�OLPLW� FDOOHG�WKH GLVWRUWLRQ



Tree to Tree Translation 
 
§  And, the paper has tons of other details… 
§  But, lets see the results! 

%/(8
WDVN H[WUDFWLRQ GLVW� OLP� UXOHV IHDWXUHV GHY WHVW
&KL�(QJ VWULQJ�WR�VWULQJ �� ���0 �N ���� ����

VWULQJ�WR�VWULQJ �� ���0 �N ���� ���� ]
WUHH�WR�WUHH�H[DFW �� ��0 �N ���� ����
WUHH�WR�WUHH�IX]]\ �� ���0 ���N ���� ] ���� ]
��QHVWLQJ �� ���0 ��N ���� ����

$UD�(QJ VWULQJ�WR�VWULQJ �� ���0 �N ���� ����
WUHH�WR�WUHH�H[DFW �� ��0 �N ���� ����
WUHH�WR�WUHH�IX]]\ �� ���0 ���N ���� ���� ]
��QHVWLQJ �� ���0 ��N ���� ����

7DEOH �� 2Q�ERWK�WKH�&KLQHVH�(QJOLVK�DQG�$UDELF�(QJOLVK�WUDQVODWLRQ�WDVNV� IX]]\�WUHH�WR�WUHH�H[WUDFWLRQ
RXWSHUIRUPV�H[DFW�WUHH�WR�WUHH�H[WUDFWLRQ�DQG�VWULQJ�WR�VWULQJ�H[WUDFWLRQ� %UDFNHWV�LQGLFDWH�VWDWLVWLFDOO\
LQVLJQLÀFDQW�GLIIHUHQFHV (S ≥ �.��)�

UXOH�FKRLFH� RQH�LQWHUHVWLQJ�FKDQJH�ZDV�WKDW�WKH�IUH�
TXHQF\�RI�UXOHV�ZLWK�&KLQHVH�URRW�93 / ,3 DQG�(Q�
JOLVK�URRW�93 / 6�& LQFUHDVHG�IURP������WR������
DSSDUHQWO\�WKH�PRGHO�OHDUQHG�WKDW�LW�LV�JRRG�WR�XVH
UXOHV�WKDW�SDLU�&KLQHVH�DQG�(QJOLVK�YHUEV�WKDW�VXE�
FDWHJRUL]H�IRU�VHQWHQWLDO�FRPSOHPHQWV�

� &RQFOXVLRQ

7KRXJK�H[DFW�WUHH�WR�WUHH�WUDQVODWLRQ�WHQGV�WR�KDP�
SHU�WUDQVODWLRQ�TXDOLW\�E\�LPSRVLQJ�WRR�PDQ\�FRQ�
VWUDLQWV�GXULQJ�ERWK�JUDPPDU�H[WUDFWLRQ�DQG�GH�
FRGLQJ� ZH�KDYH�VKRZQ�WKDW�XVLQJ�ERWK�VRXUFH�DQG
WDUJHW�V\QWD[�LPSURYHV�WUDQVODWLRQ�DFFXUDF\�ZKHQ
WKH�PRGHO�LV�JLYHQ�WKH�RSSRUWXQLW\�WR�OHDUQ�IURP
GDWD�KRZ�VWURQJO\�WR�DSSO\�V\QWDFWLF�FRQVWUDLQWV�
,QGHHG� ZH�KDYH�IRXQG�WKDW�WKH�PRGHO�OHDUQV�RQ�LWV
RZQ�WR�FKRRVH�V\QWDFWLFDOO\�ULFKHU�DQG�PRUH�ZHOO�
IRUPHG�VWUXFWXUHV� GHPRQVWUDWLQJ�WKDW�VRXUFH��DQG
WDUJHW�VLGH�V\QWD[�FDQ�EH�XVHG�WRJHWKHU�SURÀWDEO\
DV�ORQJ�DV�WKH\�DUH�QRW�DOORZHG�WR�RYHUFRQVWUDLQ�WKH
WUDQVODWLRQ�PRGHO�

$FNQRZOHGJHPHQWV

7KDQNV�WR�6WHYH�'H1HHIH� $GDP�/RSH]� -RQDWKDQ
0D\� 0LOHV � 2VERUQH� $GDP � 3DXOV� 5LFKDUG
6FKZDUW]� DQG�WKH�DQRQ\PRXV�UHYLHZHUV�IRU�WKHLU
YDOXDEOH�KHOS� 7KLV�UHVHDUFK�ZDV�VXSSRUWHG�LQ�SDUW
E\ �'$53$ FRQWUDFW �+5��������&����� � XQGHU
VXEFRQWUDFW � WR �%%1 7HFKQRORJLHV � DQG �'$53$
FRQWUDFW�+5��������������� 6� '� *�

IUHTXHQF\����
WDVN VLGH NLQG V�WR�V W�WR�W
&KL�(QJ VRXUFH JOXH �� ��

PDWFK �� ��
PLVPDWFK �� ��

WDUJHW JOXH �� ��
PDWFK � ��
PLVPDWFK �� ��

$UD�(QJ VRXUFH JOXH �� ��
PDWFK �� ��
PLVPDWFK �� ��

WDUJHW JOXH �� ��
PDWFK �� ��
PLVPDWFK �� ��

7DEOH �� 0RYLQJ�IURP�VWULQJ�WR�VWULQJ��V�WR�V��H[�
WUDFWLRQ�WR�IX]]\�WUHH�WR�WUHH��W�WR�W��H[WUDFWLRQ�GH�
FUHDVHV�JOXH�UXOH�XVDJH�DQG�LQFUHDVHV�WKH�IUHTXHQF\
RI�PDWFKLQJ�VXEVWLWXWLRQV�



Clause Level Restructing 

§  Approach:  
§  Still use phrase-based system 
§  First, parse the input sentence and reorder it 
§  Then, pass it to the phrase-based translator 

§  Why? 
§  Most long distance re-ordering is at the clause level 
§  E.g., English: SVO, Arabic: VSO, German: relatively 

free order 
§  Most other phenomena can be captured by the 

large phrase tables! 



[Collins, Koehn, and Kucerova, 2005] 

Phrase-based models have an overly simplistic 
way of handling different word orders. 

We can describe the linguistic differences between 
different languages.  

Collins defines a set of 6 simple, linguistically 
motivated rules, and demonstrates that they result 
in significant translation improvements. 



Pre-ordering Model 

Ich  werde  Ihnen   den  Report  aushaendigen ,  damit    
Sie   den  eventuell  uebernehmen  koennen  . 
 

 
(I will pass_on to_you the report, so_that you can adopt it perhaps .) 

Ich  werde  aushaendigen Ihnen   den  Report  ,  damit    
Sie  koennen uebernehmen den  eventuell   . 
 

Step 1: Reorder the source language 

Step 2: Apply the phrase-based machine translation pipeline   
             to the reordered input. 



Example Parse Tree 

S 

PPER-SB 
I 

VFIN-HD 
will 

VP 

PPER-DA 
to_you 

NP-OA VVINF-HD 
pass_on 

ART 
 the 

NN 
Report 



Clause Restructuring 

VP-OC 

PDS-OA 
den 
that 

ADJD-MO 
eventuell 
perhaps 

VVINF-HD 
uebernehmen 
adopt 

S 

VINF-HD 
koennen 
can 

... 

Rule 1:  Verbs are initial in VPs 
              Within a VP, move the head to the initial position 



Clause Restructuring 

VP-OC 

PDS-OA 
den 
that 

ADJD-MO 
eventuell 
perhaps 

VVINF-HD 
uebernehmen 
adopt 

S 

VINF-HD 
koennen 
can 

... 

Rule 1:  Verbs are initial in VPs 
              Within a VP, move the head to the initial position 



Clause Restructuring 

S-MO 

KOUS-CP 
damit 
so-that 

... 

VP-OC 

VVINF-HD 
uebernehmen 
adopt 

PPER-SB 
Sie 
you 

VINF-HD 
koennen 
can 

Rule 2:  Verbs follow complementizers 
              In a subordinated clause move the head of the clause         
              to follow the complementizer 



Clause Restructuring 

Rule 2:  Verbs follow complementizers 
              In a subordinated clause mote the head of the clause         
              to follow the complementizer 

S-MO 

KOUS-CP 
damit 
so-that 

... 

VP-OC 

VVINF-HD 
uebernehmen 
adopt 

PPER-SB 
Sie 
you 

VINF-HD 
koennen 
can 



Clause Restructuring 

S-MO 

KOUS-CP 
damit 
so-that 

... 

VP-OC 

VVINF-HD 
uebernehmen 
adopt 

PPER-SB 
Sie 
you 

VINF-HD 
koennen 
can 

Rule 3:  Move subject 
              The subject is moved to directly precede the head of  
              the clause 



Clause Restructuring 

S-MO 

KOUS-CP 
damit 
so-that 

... 

VP-OC 

VVINF-HD 
uebernehmen 
adopt 

PPER-SB 
Sie 
you 

VINF-HD 
koennen 
can 

Rule 3:  Move subject 
              The subject is moved to directly precede the head of  
              the clause 



Clause Restructuring 

S 

PPER-SB 
Wir 
we 

PTKVZ-SVP 
auf 
*PARTICLE* 

VVINF-HD 
fordem 
accept 

Rule 4:  Particles 
              In verb particle constructions, the particle is moved  
              to precede the finite verb 

NP-OA 

ART 
das 
the 

NN 
Praesidium 
presidency 



Clause Restructuring 

S 

PPER-SB 
Wir 
we 

PTKVZ-SVP 
auf 
*PARTICLE* 

VVINF-HD 
fordem 
accept 

Rule 4:  Particles 
              In verb particle constructions, the particle is moved  
              to precede the finite verb 

NP-OA 

ART 
das 
the 

NN 
Praesidium 
presidency 



Clause Restructuring 

S 

PPER-SB 
Wir 
we 

VVINF-HD 
konnten 
could 

Rule 5:  Infinitives 
              Infinitives are moved to directly follow the finite verb 
              within a clause 

VVINF-HD 
einreichen 
submit 

PTK-NEG 
nicht 
not 

VP-OC 

... 

OOER-OA 
es 
it 



Clause Restructuring 

Rule 5:  Infinitives 
              Infinitives are moved to directly follow the finite verb 
              within a clause 

S 

PPER-SB 
Wir 
we 

VVINF-HD 
konnten 
could 

PTK-NEG 
nicht 
not 

VP-OC VVINF-HD 
einreichen 
submit 

OOER-OA 
es 
it 



Clause Restructuring 

S 

PPER-SB 
Wir 
we 

VVINF-HD 
konnten 
could 

Rule 6:  Negation 
              Negative particle is moved to directly follow the  
              finite verb 

PTK-NEG 
nicht 
not 

VP-OC 

... 

VVINF-HD 
einreichen 
submit 

OOER-OA 
es 
it 



Clause Restructuring 

S 

PPER-SB 
Wir 
we 

VVINF-HD 
konnten 
could 

Rule 6:  Negation 
              Negative particle is moved to directly follow the  
              finite verb 

PTK-NEG 
nicht 
not 

VP-OC 

... 

VVINF-HD 
einreichen 
submit 

OOER-OA 
es 
it 



The Awful German Language 
 The Germans have another kind 
of parenthesis, which they make 
by splitting a verb in two and 
putting half of it at the beginning 
of an exciting chapter and the 
OTHER HALF at the end of it. 
Can any one conceive of anything 
more confusing than that? These 
things are called ‘separable 
verbs.’ The wider the two portions 
of one of them are spread apart, 
the better the author of the crime 
is pleased with his performance. 

”

“

Mark Twain 



A Less Awful German Language 

Mark Twain 

Ich werde Ihnen den Report 
aushaendigen, damit Sie den  
eventuell uebernehmen koennen. 

I will to_you the report pass_on, 
so_that you it perhaps adopt can. 

Ich werde aushaendigen Ihnen   
den Report, damit Sie  koennen 
uebernehmen den eventuell. 

I will pass_on to_you the report, 
so_that you can adopt it perhaps . 

Now that seems less 
like the ravings of a 
madman. 



Experiments 
§  Parallel training data: Europarl corpus 

(751k sentence pairs, 15M German words, 16M 
English) 
§  Parsed German training sentences  
§  Reordered the German training sentences with their 6 

clause reordering rules 
§  Trained a phrase-based model 
§  Parsed and reordered the German test sentences 
§  Translated them 

§  Compared against the standard phrase-based 
model without parsing/reordering 



Bleu score increase 

Significant improvement at p<0.01 using the sign test 



Human Translation Judgments 
§  100 sentences (10-20 words in length) 
§  Two annotators 
§  Judged two different versions 
§   Baseline system’s translation 
§   Reordering system’s translation 

§  Judgments: Worse, better or equal 
§  Sentences were chosen at random, 

systems’ translations were presented in 
random order 



Human Translation Judgments 

+	   =	   –	  

Annotator	  1	   40%	   40%	   20%	  

Annotator	  2	   44%	   37%	   19%	  

+ = reordered translation better 
– = baseline better 
= = equal 



Examples 

Reference	   I think it is wrong in principle to have such 
measures in the European Union 

Reordered	   I believe that it is wrong in principle to take such 
measures in the European Union 

Baseline	   I believe that it is wrong in principle, such 
measure in the European Union to take. 



Examples 

Reference	  
The current difficulties should encourage us to 
redouble our efforts to promote coorperation in 
the Euro-Mediterranean framework. 

Baseline	  
The current problems should spur us, our efforts 
to promote coorperation within the framework of 
the e-prozesses to be intensified. 

Reordered	  
The current problems should spur us to intensify 
our efforts to promote cooperation within the 
framework of the e-prozesses. 



Examples 

Reference	   To go on subsidizing tobacco cultivation at the 
same time is a downright contridiction. 

Baseline	   At the same time, continue to subsidize tobacco 
growing, it is quite schizophrenic.  

Reordered	   At the same time, to continue to subsidize 
tobacco growing is schizophrenic.  



Examples 

Reference	   We have voted against the report by Mrs. 
Lalumiere for reasons that include the following:  

Reordered	  
We have voted, amongst other things, for the 
following reasons against the report by Mrs. 
Lalumiere: 

Baseline	  
We have, among other things, for the following 
reasons against the report by Mrs. Lalumiere 
voted: 



Discussion: Clause Restructuring 

§  Are you convinced that German-English 
translation has improved? 

§  Do you think that this is a good fit for 
phrase-based machine translation? 

§  What limitations does this method have? 

§  (Discuss with your neighbor.) 



Limitations 
§  Requires a parser for the source language 
§   We have parsers for only a small number of 

languages  
§   Penalizes “low resource languages” 
§   Fine for translating from English into other 

languages 
§  Involves hand crafted rules 
§  Removes the nice language-independent 

qualities of statistical machine translation 


