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) BLEU 2.62

BLEU
0.37  

 
 

 
 

 

phrase structure 
grammar Xavier and Collins, 2009; DeNeefe 
and Knight, 2009; Galley etal., 2004; Liu, 2006; 
Mi 2008; Yamada and Knight, 2001
(dependency grammar) (Ding and Palmer, 
2004; Lin, 2004; Quirk, 2005; Shen et al., 2008; 

Xiong et al., 2007)
(constituency grammar)

(constituents)
 

TSG Tree Substitution Grammar
TAG(Tree Adjoining Grammar) Joshi 

et al., 1975

1 (Galley et al., 2006; 
Galley et al., 2004; Yamada and Knight, 
2001)

2 Liu et al., 2006; Huang et 
al., 2006; Mi et al., 2008

3 Mi et 
al., 2010; Zhang et al., 2008

 

1
Shen and Weischedel, 2010; Shen et al., 

2008
2 Xiong et al., 2007; 

Xie et al., 2011  
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 1   
 

 3 (Ding 
and Palmer, 2004; Ding and Palmer, 2005; Lin, 
2004; Quirk et al., 2005)

 

Xie et al., 2011 1  

2

3

 

VS
 

 
 2002 (Och et al., 2002)

<f,e,A> f e
A f e  

( j m
jf � , i n

ie � ) : �  (i’, j’) �  A:  

j �  j’ �  j+m�  i�  i’ �  i+n 
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Och 2002

2002 Fox 
2002

 
 
2.1  
 
 2011 Xie et al. 
2011

 
1 n align(n)

n
 

1 2010
align(2010 ) = 1,5  

2 n align(n)
closure(align(n)) align(n)

 
closure(align(n)) closure(n)  

1 2010
align(2010 ) closure(2010 ) 
=closure({1,5})={1,2,3,4,5}

{i,…,j} {i-j} {1,2,3,4,5}
{1-5} 

3 n wsp(n)  
closure(n)  

1 2010
wsp(2010 )=closure(2010 )= 1-5  

4 n wsp(n)
n : 

  'n n�
� wsp( 'n )�wsp(n) = 	   

1 2010
wsp(2010 ) 

�wsp( )={5}
 

5 n 'T n

psp(n)  

  psp(n) = closure(
' 'n T

� wsp( '

n )) 

n psp(n) '
T

 
6 n psp(n)

n
 

' 'n T n n
 �
� psp( '

n ) � psp(n) = 	  

1 PP psp(PP) 
= closure(psp(P) � psp(NP-B)) = 	  

P
PP  

7 n '
T n

dsp(n) : 

dsp(n)= closure(
' ' 'n T n


� wsp(n’)) 

n dsp(n) '
T

 
1 PP

dsp(PP) = closure(dsp(P) �  dsp(NP-B)) = 
{9-10}  
 

 
 
2.2  
  
 <T S A>

T

n A wsp(n)
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2006 (Liu et al., 2006)

2011 Xie et al., 2011

 
 

 
 

2006 (Liu et al., 2006)

(linguistically syntax-based)

 
2006 (Liu et al., 2006)

  
  

T( 1
Jf )

1
Ie A     

[1] T( 1
Jf )       

 

[2]for id :=1 to nodeCount(T( 1
Jf )) 

[3] id

 (T,S,A)=identify(id,T( 1
Jf ), 1

Ie ,A) 

[4]
(continue) 
[5]  
[6]  
[7]end for 
 

2  
 

 

 
  

T( 1
Jf )

1
Ie A     

[1] T( 1
Jf )       

 

[2]for id :=1 to nodeCount(T( 1
Jf )) 

[3] id

 (T,S,A)=identify(id,T( 1
Jf ), 1

Ie ,A) 

[4] n  
        

 
    

 n  
[5]  
[6]end for 
 

3  
 

 

1
 

 
<” ( AD  )”,”successfully”,{(1,1)}> 
<” ( ADVP ( AD 

 ) )”,”successfully”,{(1,1)}> 
<” ( NP-B ( NR  ) )”,” South Afri-

ca”,{(1,1),(1,2)}> 
<” ( NP-B ( NR  ) )”,”FIFA World 

Cup”,{(1,1),(1,2),(1,3)}> 
<” ( NR  )”,”South Afri-

ca”,{(1,1),(1,2)}> 
<” ( NR  )”,”FIFA World 

Cup”,{(1,1),(1,2),(1,3)}> 
<” ( VP-B ( VV  ) )”,”held”,{(1,1)}> 
<” ( VV  )”,”held”,{(1,1)}> 
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<” ( AD  )”,”successfully”,{(1,1)}> 
<” ( ADVP ( AD 

 ) )”,”successfully”,{(1,1)}> 
<” ( NP-B ( NR  ) )”,”South Afri-

ca”,{(1,1),(1,2)}> 
<” ( NP-B ( NR  ) )”,”FIFA World 

Cup”,{(1,1),(1,2),(1,3)}> 
<” ( NR  )”,”South 

ca ”,{(1,1),(1,2)}> 
<” ( NR  )”,”FIFA World 

Cup”,{(1,1),(1,2),(1,3)}> 
<” ( VP ( PP ) ( ADVP ( AD  ) ) 

( VP-B ( VV  ) ) )”,”held successful-
ly”,{(1,3),(2,2),(3,1)}> 

< “( VP ( PP ) ( ADVP ( AD  ) ) 
( VP-B ) )”,”X successfully 
X”,{(1,3),(2,2),(3,1)}> 

<” ( VP ( PP ) ( ADVP ) ( VP-B ( VV 
 ) ) )”,”held X X”,{(1,3),(2,2),(3,1)}> 

<” ( VP ( PP ) ( ADVP ) ( VP-B ) )”,”X X 
X”,{(1,3),(2,2),(3,1)}> 

<” ( VP-B ( VV  ) )”,”held”,{(1,1)}> 
<” ( VV  )”,”held”,{(1,1)}> 
 

 
 
<” ( VP ( PP ) ( ADVP ( AD  ) ) 

( VP-B ( VV  ) ) )”,”held successful-
ly”,{(1,3),(2,2),(3,1)}> 

< “( VP ( PP ) ( ADVP ( AD  ) ) 
( VP-B ) )”,”X successfully 
X”,{(1,3),(2,2),(3,1)}> 

<” ( VP ( PP ) ( ADVP ) ( VP-B ( VV 
 ) ) )”,”held X X”,{(1,3),(2,2),(3,1)}> 

<” ( VP ( PP ) ( ADVP ) ( VP-B ) )”,”X X 
X”,{(1,3),(2,2),(3,1)}> 

 
 

 
 

2011 Xie et al., 2011

 
 

[1]
 

[2] for n 
[3] if(wsp(n)  
� n’ �  child(n) dsp(n’)�  	   

 
' ( )

( ')
n child n
psp n
�

 �  wsp(n) = 	  

[4] -

lexR

unlexR  

[5] lexR unlexR RT. 

[6] end for 
 

4
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[1]

 
[2] for n 
[3] if( hsp(n) � n’ �  
 
child(n) dsp(n’)�  	   

' ( )
( ')

n child n
dsp n
�

 �  wsp(n) = 	  

[4] -

lexR

unlexR  

[5] lexR unlexR RT. 

[6] end for 
 

5
 

 
 psp(n’)

dsp(n)  
2010         

  6

: 
<”( )”,”successfully”> 
<”( )”,”South Africa”> 
 

 
<”((x1: )(x2: )( ) )”,”x1 was 
held successfully x2”> 
<”((x1: )(x2: )(x3:AD) )”,”x1 was 
held x3 x2”> 
<”((x1:NR)(x2:P)( ) )”,”x1 was held 
successfully x2”>  
<”((x1:NR)(x2:P)(x3:AD) )”,”x1 held x3 
x2”> 
<”((x1: )(x2: )(x3:AD)x4:VV)”,”x1 x2 
x3 x4”> 
<”((x1: )(x2: )( )x4:VV)”,”x1 x4 

successfully x2”> 
<”((x1:NR)(x2:P)( )x4:VV)”,”x1 x4 suc-
cessfully x2”> 
<”(x1:NR)(x2:P)(x3:AD)x4:VV”,”x1 x4 x3 x2”> 
<” ”,”successfully”> 
<” ”,”South Africa”> 
 

 
<”((x1: )(x2: )( ) )”,”x1 was 
held successfully x2”> 
<”((x1: )(x2: )(x3:AD) )”,”x1 was 
held x3 x2”> 
<”((x1:NR)(x2:P)( ) )”,”x1 was held 
successfully x2”>  
<”((x1:NR)(x2:P)(x3:AD) )”,”x1 held x3 
x2”> 
<”((x1: )(x2: )(x3:AD)x4:VV)”,”x1 x2 
x3 x4”> 
<”((x1: )(x2: )( )x4:VV)”,”x1 x4 
successfully x2”> 
<”((x1:NR)(x2:P)( )x4:VV)”,”x1 x4 suc-
cessfully x2”> 
<”(x1:NR)(x2:P)(x3:AD)x4:VV”,”x1 x4 x3 x2”> 
 

 
 
System NIST05(%) 
cons2str(baseline) 22.99 
cons2str(looser) 25.61(+2.62) 
dep2str(baseline) 33.06 
dep2str(looser) 33.43(+0.37) 

     
 

 
 

 

2006 ACL (Lynx)  
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6

 
2011 EMNLP

 
 

 
  
 Lynx

FBIS SRI
Stolcke 2002

KN 4
NIST2002 878
NIST2005 1082

BLEU
mteval-v11b.pl

2005 (Xiong et al., 2005)
Lynx

Liu2006 h=3 c=5

tatTable-limit=20,tatTable-threshold = 

0, stack-limit = 50, stack-threshold = 0.0001. 
Liu baseline

Lynx BLEU 22.99
BLEU 25.61  

2.62  
 

  
  
 

2011 EMNLP
1.5M LDC

Stanford Parser Klein and 
Manning,2003  

POS typed 
Och

GIZA++ Och and Ney,2003
SRI Stolcke,2002 KN

4 NIST02
NIST05
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NIST BLEU-4
baseline

BLEU 33.06
BLEU 33.43

0.37  
 Lynx

 
 

 
 

 
 

 
 
Aravind K Johsi, L Levy, and M Takahashi. 

Tree adjunct grammars. Journal of Computer 
and System Sciences,10(1):136-163,1975 

Michel Galley, Jonathan Graehl, Kevin Knight, 
Daniel Marcu, Steve DeNeefe, Wei Wang, 
and Ignacio Thayer. Scalable inference and 
training of context-rich syntactic translation 
models.  In Proceeding of ACL 2006, pages 
961-968, Sydney, Australia, July 2006. Asso-
ciation for Computational Linguistics 

Michel Galley, Mark Hopkins, Kevin Knight, 
and  Daniel Marcu. 2004. What’s in a trans-
lation rule? In Proceedings of NAACL-HLT 
2004, pages 273-280 

Kenji Yamada and Kevin Knight. A syn-
tax-based statistical translation model. In 

Proceedings of the Conference of the Associ-
ation for Computational Linguistics. 

L.Huang, K.Knight, and A. Joshi. A syn-
tax-directed translator with extended domain 
of locality. In Proceedings of the Workshop 
on Computationally Hard Problems and 
Jonint Inference in Speech and Language 
Processing, pages 1-8. Association for Com-
putational Linguistics.2006. 

Yang Liu, Qun Liu, and Shouxun Lin. 2006. 
Tree-tostring alignment template for statisti-
cal machine translation. In Proceedings of 
ACL 2006, pages 609–616, Sydney, Australia, 
July. 

Haitao Mi and Liang Huang. Forest-based trans-
lation rule extraction. In Proceedings of 
EMNLP2008, pages 206-214, Honolu-
lu,Hawaii, October 2008. 

Min Zhang, Hongfei Jiang, Aiti Aw, Haizhou Li, 
Chew Lim Tan, and Sheng Li. A tree se-
quence alignment-based tree-to-tree transla-
tion model. In Proceeding of 
ACL-08:HLT,pages 559-567, Columbus, 
Ohio, June 2008. Association for Computa-
tional Linguistics. 

Libin Shen and Ralph Weischedel.  
String-to-dependency statistical machine 
translation. Computational Linguistics. 

Libin Shen, Jinxi Xu, and Ralph Weischedel. A 
new string-to-dependency machine translation 
algorithm with a target dependency language 
model.  In Proceedings of ACL 2008: 
HLT,pages 577-585, Columbus, Ohio, June 
2008.  Association for Computational Lin-
guistics. 

Deyi Xiong, Qun Liu, and Shouxun Lin.  A 
dependency treelet string correspondence 
model for statistical machine translation.  In 
Proceedings of the Second Workshop on Sta-
tistical Machine Translation, pages 40–47, 
Prague, Czech Republic, June. 2007. 

289



Jun Xie. Haitao Mi, Qun Liu. A novel depend-
ency-to-string model for statistical machine 
translation.  In Proceedings of the 2011 
Conference on Empirical Methods in Natural 
Language Processing, pages216-226, Edin-
burgh, Scotland, UK., July 2011. Association 
for Computational Linguistics.  

Yuan Ding and Martha Palmer. Synchronous 
dependency insertion grammars: A grammar 
formalism for syntax based statistical mt. In 
COLING 2004 Recent Advances in Depend-
ency Grammar. In Proceedings of ACL 2005. 

Research on Dependency-to-String Statistical 
Translation Models. PhD thesis, Institute of 
Computing Technology, Chinese Academy of 
Sciences, June,2012. 

Franz J. Och. 2002. Statistical machine transla-
tion: From single-word models to alignment 
templates. Ph.D. thesis, Computer Science 
Department, RWTH Aachen, Germany, Oc-
tober. 

Heidi J.Fox. Phrasal cohesion and statistical 
machine translation. In Proceedings of 
EMNLP2002,pages 304-311,2002. 

Deyi Xiong, Qun Liu, and Shouxun Lin. A de-
pendency treelet string correspondence model 
for statistical machine translation.  In Pro-
ceedings of the Second WorkShop on Statis-
tical Machine Translation, pages 40-47, Pra-
gue, Czech Republic, June 2007. 

290




