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• composed rules alleviate independence b/w rules

• but we can explicitly model this dependence by 
conditioning on the history (grammar annotation)

• Learn the ancestral dependencies between 
minimal rules with rule Markov models (RMM)

• Use rule Markov models with top down 
incremental decoder (Huang and Mi, 2010)
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• rule Markov models using only vertical 
context are a natural fit for Incremental 
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action: scan

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 .  VP@2] [. VP@2.2  PP@2.1] [held talks .]                                          

<s> Bush held talks                                            

r1 r3 r5

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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action: pop

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 .  VP@2] [. VP@2.2  PP@2.1]                                        

<s> Bush held talks                                            

r1 r3

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [. P@2.1.1 NP@2.1.2]                           

<s> Bush held talks                                              

action: predict

stack

hypothesis

r1 r3 r4

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [. P@2.1.1 NP@2.1.2] [. with/and]                           

<s> Bush held talks                                               

action: predict

stack

hypothesis

r1 r3 r4 r6/r’6

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [. P@2.1.1 NP@2.1.2] [and .]                              

<s> Bush held talks and                                             

action: scan

stack

hypothesis

r1 r3 r4 r’6

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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action: pop

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [P@2.1.1 . NP@2.1.2]                               

<s> Bush held talks and                                            
r1 r3 r4

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [P@2.1.1 . NP@2.1.2] [. Sharon]                              

<s> Bush held talks and                                               

action: predict

stack

hypothesis

r1 r3 r4 r7

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [P@2.1.1 . NP@2.1.2] [Sharon .]                              

<s> Bush held talks and Sharon                                                                                             

action: scan

stack

hypothesis

r1 r3 r4 r7

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [P@2.1.1 NP@2.1.2 .]                               

<s> Bush held talks and Sharon                                                                                             

action: pop

stack

hypothesis

.

r1 r3 r4

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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action: pop

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 PP@2.1 .]                               

<s> Bush held talks and Sharon                                                                                             
r1 r3

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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[<s> . IP@ε </s>] [NP@1 VP@2 .] 

<s> Bush held talks and Sharon                                               

action: pop

stack

hypothesis

r1

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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action: pop

stack

hypothesis

[<s> IP@ε .</s>] 

<s> Bush held talks and Sharon                                               

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

(Huang and Mi, 2010)
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[<s> . IP@ε </s>]                                                                 

<s>                                               

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

stack

hypothesis

this work: adding rule LM

mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.1
mailto:PP@2.1
mailto:PP@2.2
mailto:PP@2.2


Example Incremental Decoding

54

[<s> . IP@ε </s>] [. NP@1  VP@2]                                             

<s>                                               

stack

hypothesis

action: predict (push)

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

r1

rule probability

P(r1|ε)

this work: adding rule LM
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IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

[<s> . IP@ε </s>] [. NP@1  VP@2] [. Bush]                                           

<s>                                              

action: predict

stack

hypothesis

r1 r2

rule probability

P(r2|r1)

this work: adding rule LM
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IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

[<s> . IP@ε </s>] [. NP@1  VP@2] [Bush .]                                           

<s> Bush                                             

action: scan

stack

hypothesis

r1 r2

this work: adding rule LM
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IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

action: pop

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 .  VP@2]                                           

<s> Bush                                             

r1

this work: adding rule LM
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action: predict

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 .  VP@2] [. VP@2.2  PP@2.1]                                          

<s> Bush                                             

r1 r3

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

rule probability

P(r3|r1)

this work: adding rule LM
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action: predict

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 .  VP@2] [. VP@2.2  PP@2.1] [. held talks]                                          

<s> Bush                                             

r1 r3 r5

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

rule probability

P(r5|r1,r3)

this work: adding rule LM
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action: scan

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 .  VP@2] [. VP@2.2  PP@2.1] [held talks .]                                          

<s> Bush held talks                                            

r1 r3 r5

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

this work: adding rule LM
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action: pop

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 .  VP@2] [. VP@2.2  PP@2.1]                                        

<s> Bush held talks                                            

r1 r3

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

this work: adding rule LM
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [. P@2.1.1 NP@2.1.2]                           

<s> Bush held talks                                              

action: predict

stack

hypothesis

r1 r3 r4

rule probability

P(r4|r1,r3)

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

this work: adding rule LM
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [. P@2.1.1 NP@2.1.2] [. with/and]                           

<s> Bush held talks                                               

action: predict

stack

hypothesis

r1 r3 r4 r6/r’6

rule probability

P(r6/r’6 |r3,r4)

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

this work: adding rule LM
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[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [. P@2.1.1 NP@2.1.2] [with .]                              

<s> Bush held talks with                                             

action: scan

stack

hypothesis

r1 r3 r4 r6

IP@ε

NP@1 VP@2

Bushi PP@2.1 VP@2.2

P@2.1.1 NP@2.1.2 VV AS NP

yu Shalong juxing le huitan

this work: adding rule LM

mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.2
mailto:PP@2.1
mailto:PP@2.1
mailto:PP@2.2
mailto:PP@2.2


Example Incremental Decoding

65

action: pop

stack

hypothesis

[<s> . IP@ε </s>] [NP@1 . VP@2] [VP@2.2 . PP@2.1] [P@2.1.1 . NP@2.1.2]                               
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Experiments

• 1.5 million sentence pairs with 38/32 million words of 
Chinese/English

• Dev set : 616 sentences of the Newswire portion of 
2006 NIST MT evaluation test set

• Test set: 619 sentences of the Newswire portion of 
2006 NIST MT evaluation test set
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RMMs with composed Rules
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Conclusion

• Using rule Markov models, we are able to get 
significant improvements in BLEU score. 

• The grammar size and decoding time is less than the 
composed rule grammar

• Using rule Markov models with composed rule 
grammars further improves the BLEU score. 
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