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synchronous tree substitution grammar 

Phrase based rule: {“green houses”,  

         “maisons vertes”} 

 

STSG rule1: {np(adj(green) n(house)),  

     np(n(maisons) adj(vertes))} 

 

STSG rule2: {np(adj0 n1), np(n1 adj0 )} 

     

STSG rule3: {np(adj0 n1), “{1} {0}”} 
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optimal forest-to-string translation 

f  := source sentence 

F(f)  := forest of parse trees of a source sentence 

D(T) := synchronous derivations of a parse tree 

e  := best translation  

Y  := yield of a derivation 
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parse-forest construction 

 

rule extraction 

 

rule binarization 
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parse-forest construction 

• Traditional forests 

– Construction 

– Drawbacks 

 

• Proposed forests 

– Construction 

– Merits 
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(0)det (2)np (5)s 

(1)n 

(3)v 

(4)n 

parse-forest construction 

best parse 
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(0)det2 (2)np5 (5)s 

(1)n2 

(3)v5 

(4)n5 

parse-forest construction 

CYK-1  

binarization: 

 

ancestor  
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parse-forest construction 
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processing  

order 
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(0)det2 (2)np5 (5)s 

(1)n2 

(3)v5 

(4)n5 

parse-forest construction 

CYK-1  

binarization: 

 

processing  

at each node: 

 

left & right have  

shared ancestor? 

Yes! 
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processing  
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left & right have  

shared ancestor? 

Yes! 
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processing  
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Yes! 
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parse-forest construction 

CYK-1  
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processing  
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left & right have  
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Yes! 
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(1)n 
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parse-forest construction 

best parse 
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(0)det2,5 (2)np5 (5)s 

(1)n2,5 

(3)v5 

(4)n5 

parse-forest construction 

CYK-2  

binarization: 

 

ancestor  

annotation 
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(0)det2,5 (2)np5 (5)s 

(1)n2,5 (8)n_v5 
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parse-forest construction 

CYK-2  

binarization: 

 

processing  

at each node: 

 

left & right have  

shared ancestor? 

Yes! 
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final 
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parse-forest construction 

26 the frogs ate soup 

best parse CYK-1 forest CYK-2 forest 
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parse-forest construction 
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parse-forest construction 
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parse-forest construction 

 

rule extraction 

 

rule binarization 
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rule extraction 
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    English: The frogs ate soup 

 

 Hindi: मेंढ़कों नें सूप खा लिया 
 

(0)det2 (2)np5 (7)np_v5 (5)s 

(1)n2 

(3)v5 (6)v_n5 

(4)n5 

Source Target 

i.e. Which tree 
fragments to use? 



synchronous tree substitution grammar 

Phrase based rule: {“green houses”,  

         “maisons vertes”} 

 

STSG rule1: {np(adj(green) n(house)),  

     np(n(maisons) adj(vertes))} 

 

STSG rule2: {np(adj0 n1), np(n1 adj0 )} 

     

STSG rule3: {np(adj0 n1), “{1} {0}”} 
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rule extraction 
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    English: The frogs ate soup 

 

 Hindi: मेंढ़कों नें सूप खा लिया  
 

(0)det2 (2)np5 (7)np_v5 (5)s 

(1)n2 

(3)v5 (6)v_n5 

(4)n5 

Source Target 

1. Mark admissible nodes 
ID Fragment 

0 det(the) 
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    English: The frogs ate soup 

 

 Hindi: मेंढ़कों नें सूप खा लिया 
 

(0)det2 (2)np5 (7)np_v5 (5)s 

(1)n2 

(3)v5 (6)v_n5 

(4)n5 

Source Target 

2. Build tree fragments 

Seed fragment Src span 

the 0-0 

0 1 2 3 
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    English: The frogs ate soup 

 

 Hindi: मेंढ़कों नें सूप खा लिया 
 

(0)det2 (2)np5 (7)np_v5 (5)s 

(1)n2 

(3)v5 (6)v_n5 

(4)n5 

Source Target 

2. Build tree fragments 

Seed fragment Src span 

The 0-0 

det 0-0 

frogs 1-1 

n 1-1 

… … 

v_n 2-3 

s 0-3 

0 1 2 3 
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    English: The frogs ate soup 

 

 Hindi: मेंढ़कों नें सूप खा लिया 
 

(0)det2 (2)np5 (7)np_v5 (5)s 

(1)n2 

(3)v5 (6)v_n5 

(4)n5 

Source Target 

2. Build tree fragments 

0 1 2 

Composed fragment Src span 

det(the) 0-0 

n(frogs) 1-1 

np(det n) 0-1 

np(det(the) n) 0-1 

np(det n(frogs)) 0-1 

np(det(the) n(frogs)) 0-1 

… … 

1 



3 

rule extraction 

37 

 

 

 

 

 

 

    English: The frogs ate soup 

 

 Hindi: मेंढ़कों नें सूप खा लिया 
 

(0)det2 (2)np5 (7)np_v5 (5)s 

(1)n2 

(3)v5 (6)v_n5 

(4)n5 

Source Target 

2. Build tree fragments 

0 1 2 

Composed fragment Src span 

det(the) 0-0 

n(frogs) 1-1 

np(det n) 0-1 

np(det(the) n) 0-1 

np(det n(frogs)) 0-1 

np(det(the) n(frogs)) 0-1 

… … 

1 1 1 1 
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    English: The frogs ate soup 

 

 Hindi: मेंढ़कों नें सूप खा लिया 
 

Source Target 

2. Build tree fragments 

0 1 2 

Composed fragment Src span 

det(the) 0-0 

n(frogs) 1-1 

np(det n) 0-1 

np(det(the) n) 0-1 

np(det n(frogs)) 0-1 

np(det(the) n(frogs)) 0-1 

… … 

1 1 1 1 

2 

2 

2 

2 

5 

5 

2x5+5x2=20 ~110 

5 2x5+5x2=21 



(1)n2,5 (8)n_v5 (9)n_v_n5 

(3)v5 (6)v_n5 

(4)n5 

rule extraction 
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• Each node maintains a K-best list 

• Score(rule) = (height,frontiers,terminals) 

• Score(r1+r2) = (max{h1+h2}+1, f1+f2, t1+t2) 

• Importance: Height  Frontiers  Terminals 

 

Source Target 

2. Build tree fragments 
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rule extraction 
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Source Target 2. Build tree fragments 
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    English: The frogs ate soup 

 

    Hindi: मेंढ़क सूप खा लिया 
 

(0)det2 (2)np5 (7)np_v5 (5)s 

(1)n2 

(3)v5 (6)v_n5 

(4)n5 

Source Target 

3. Enumerate and match 
rules for the tree fragments 

at admissible nodes 

0 1 2 

Composed fragment Src span 

det(the) 0-0 

n(frogs) 1-1 

np(det n) 0-1 

np(det(the) n) 0-1 

np(det n(frogs)) 0-1 

np(det(the) n(frogs)) 0-1 

… … 
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parse-forest construction 

 

rule extraction 

 

rule binarization 
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rule binarization 
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• Rules are not necessarily 

    binary 

 

• More sharing 

• Cube pruning 

 

• Runtime vs. offline 

    binarization 



experiments 
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• Compare to phrase-based and hiero 

• 16 rules per node 

• Shift-reduce dep. parser (87.8% labeled, 88.8% u) 

• Map dependency trees to constituent trees 

 



experiments 
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experiments 
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• Optimal degree for CYK-n 



experiments 
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• Binarized forests vs. parse-generated forests 



experiments 
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• Effect of rule binarization 



discussion 
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