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clustering problem 
EM with posterior regularization 
results and future experiments 

 
 

Outline 
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i 'll bring you some now . 
 
 

我  就   拿 一些 。 

Phrase clustering 

Example from btec 

Phrases are defined as contiguous spans 
aligned with each other 
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i 'll bring you some now . 
 
 

我 这 就 给 您 拿 一些 。 

Phrase clustering 
Phrases are defined as contiguous spans 
aligned with each other 
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Contexts are words before or after the phrase: 

i 'll bring you some now . 
 
 

我 这 就 给 您 拿 一些 。 

target side context 

source side context 

Phrase clustering 



Objective 

Put all phrase-context pairs into categories 
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Where do phrases come from? 
EM with posterior regularization 
results and future experiment  

 
 

Outline 

Phrase z context 
Phrase z context 

Phrase z context 

constraint 
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Expectation-Maximization 
 
naïve Bayes model for phrase labeling 

Phrase z context 
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EM clustering 
 
naïve Bayes model for phrase labeling 

Phrase z context 

Unobserved 
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EM clustering 
 
naïve Bayes model for phrase labeling 

Phrase z context 

M-step E-step 
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EM clustering 
 
naïve Bayes model for phrase labeling 

Phrase z context 

M-step E-step 

 

 



Problem with EM 

Problem: EM uses as many categories as 
it wants for each phrase. 
We want to limit the number of categories 

associated with each phrase. 
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Sparsity:Each phrase/context should be labeled 

with fewer kinds of labels. 

Phrase z context 

Sparsity constraints 
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Sparsity:Each phrase/context should be labeled 

with fewer kinds of labels. 

Phrase z context 

constraint 

Sparsity constraints 
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Sparsity constraints 
Minimize  
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Sparsity constraints 

Phrase: there are 

Contexts: 
 i understand there are some sightseeing bus tours here , is 
that right ? 

there are only a few seats left in the dress circle . 

well , of course there are fine restaurants . 

your hotel brochure shows there are some tennis counts at 
your hotel . 

Minimize  
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Sparsity constraints 

Phrase: there are 
Minimize  

Contexts: 
i understand _ some 
sightseeing 

<s> <s> _ only a 

of course _ fine 
restaurants 
brochure shows _  
some tennis 



23 

Sparsity constraints 

Phrase: there are 

0 

1 P(Z=1) P(Z=2) P(Z=3) P(Z=4) 

Minimize  

Contexts: 
i understand _ some 
sightseeing 

<s> <s> _ only a 

of course _ fine 
restaurants 
brochure shows _  
some tennis 
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Sparsity constraints 

Phrase: there are 

P(Z=1) P(Z=2) P(Z=3) P(Z=4) 

max P(tag|phrase) 
0 

1 

Minimize  

Contexts: 
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some tennis 



25 

Sparsity constraints 

Phrase: there are 

P(Z=1) P(Z=2) P(Z=3) P(Z=4) 

max P(tag|phrase) 
0 

1 

Minimize  

Contexts: 
i understand _ some 
sightseeing 

<s> <s> _ only a 

of course _ fine 
restaurants 
brochure shows _  
some tennis 



26 

Sparsity constraints 

Phrase: there are 

P(Z=1) P(Z=2) P(Z=3) P(Z=4) 

max P(tag|phrase) 
0 

1 

Minimize  

Contexts: 
i understand _ some 
sightseeing 

<s> <s> _ only a 

of course _ fine 
restaurants 
brochure shows _  
some tennis 



27 

Sparsity constraints 

Phrase: there are 

P(Z=1) P(Z=2) P(Z=3) P(Z=4) 

max P(tag|phrase) 
0 

1 

Minimize  

Contexts: 
i understand _ some 
sightseeing 

<s> <s> _ only a 

of course _ fine 
restaurants 
brochure shows _  
some tennis 



28 

Sparsity constraints 

Phrase: there are 

P(Z=1) P(Z=2) P(Z=3) P(Z=4) 

max P(tag|phrase) 
0 

1 

sum 

Minimize  

Contexts: 
i understand _ some 
sightseeing 

<s> <s> _ only a 

of course _ fine 
restaurants 
brochure shows _  
some tennis 
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Sparsity constraints 

Phrase: there are 

P(Z=1) P(Z=2) P(Z=3) P(Z=4) 

max P(tag|phrase) 
0 

1 

 

Minimize  

Contexts: 
i understand _ some 
sightseeing 

<s> <s> _ only a 

of course _ fine 
restaurants 
brochure shows _  
some tennis 
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Posterior Regularization 

Follows Posterior Regularization for Structured 
Latent Variable Models, Ganchev et al., 2009 
During E-step, impose constraints on the 

posterior q to guide the search 
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Posterior Regularization 
 
impose constraints on the posterior q 

Phrase z context 

M-step E-step 
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Posterior Regularization 
 
impose constraints on the posterior q 

p 
q 

Q 

Phrase z context 

M-step E-step 

 
 

 



Sparsity constraints 

Phrase: like this 

Define feature functions: 
 

Contexts: 
i understand _ some 
sightseeing 

<s> <s> _ only a 

of course _ fine 
restaurants 
brochure shows _  
some tennis 

Minimize  
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Sparsity constraints 

Soft constraint. Softness 
controlled by . 
During E-step, find q distribution: 

 

s.t.   

 are maximums of 
expectation for each word tag pair 
by definition. 

Minimize  
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Primitive results 

sparse 
Clustering for a few phrases with 25 tags on 

BTEC ZH-EN 
 Phrase/Word Count of the 

most used tag 
Number of tags 
used 

the 1194 1571 11 4 

there is 53 50 5 4 

 723 873 5 2 
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More experiments 

should agree on posterior distribution 
what model to agree with: another naïve Bayes 

model in the reverse direction or in the other 
language. 
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Agreement model 

implementation: 
multiply posteriors 

of two models 
together. 

Phrase z context 
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Agreement model 

implementation: 
multiply posteriors 

of two models 
together. 

Phrase z context 
Only look at the 
first and last word 
of a phrase. 
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Agreement model 

×!

Phrase z context 

Phrase z context 

implementation: 
multiply posteriors 

of two models 
together. 

Only look at the 
first and last word 
of a phrase. 
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Agreement model 

×!
Phrase z context 

Phrase z context 

×!
Phrase z context 

Phrase z context 
English side 

Chinese/Urdu side 

implementation: 
multiply posteriors 

of two models 
together. 
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Where do phrases come from? 
EM with posterior regularization 
results and future experiments 

 
 

Outline 
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Evaluation through the translation pipeline on 
Urdu-English data 

BLEU score, higher is better 

 Developed 
During WS10 

19

20

21

22

23

24

25

1 tag
1 tag+POS
Supervised
EM
PR100
Agree-language
Agree-direction
non-parametric

PR !"## 
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Evaluation against supervised grammar  
(Conditional Entropy, lower is better) 

0

1

2

3

4

5

6

7

1 tag
1tag+POS
Supervised
EM
PR  
Agree-language
Agree-direction

 



Confusion matrix against supervised 
labeling 

EM 

Agreement 
model 
between 
languages 
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working 

Semi-supervised training with POS tags. 
Label single-word phrases with their POS tags.  
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working 

variational Bayes inference  
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working 

variational Bayes inference  
 

  t c 
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Where do phrases come from? 
EM with posterior regularization 
results and future experiments 
 
 

Thanks! 
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The Story So Far

•Induce a grammar.

•Decode the training data.

•Tune some model parameters.

•Decode a tuning set.

•Decode a test set.

•Get a BLEU score.
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•Why is it so slow?

•How can we speed it up?

•What’s the big idea?
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Not so fast...

•Speed and memory footprint matter for 

both evaluation and tuning.

•What if G is really big?

•What happens when we add an n-gram 

language model?

argmaxEnglishp(Urdu|English)p(English)
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Cube Pruning Summary

•Parse Source 

•Result: -LM Hypergraph

•Incorporate n-grams bottom up, 

pruning +LM items along the way

•Result: +LM Hypergraph



Experimental Sandbox 

•Urdu 25 category grammar

•cdec decoder (Dyer et al., ACL 2010)

•http://www.cdec-decoder.org

•http://code.google.com/p/ws10smt

•http://github.com/alopez/cdec

http://www.cdec-decoder.org
http://www.cdec-decoder.org
http://code.google.com/p/ws10smt/
http://code.google.com/p/ws10smt/
http://github.com/alopez/cdec
http://github.com/alopez/cdec


cdec

•Why it’s awesome:

•Supports multiple models: linear 

chain CRF, SCFG, phrase-based

•Generic hypergraph algorithms

•Implements baseline: cube pruning



The Size of Source Forests

•1 Category (baseline)

•Edges per sentence: 188,954

•Decode time per sentence: 3.0 seconds

•25 Categories

•Edges per sentence: 1,242,410

•Decode time per sentence: 52 seconds



Oracle: Does -LM Pruning Help?

•Generate unpruned -LM graph

•Prune using inside-outside

•Cube pruning to obtain +LM graph



Oracle: Source Forest Pruning



Oracle: Tuned Source Forest Pruning
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X1 → dianzi shang/the mat

X2 → dianzi shang/mat

X3 → mao/the cat
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S → X4/X4
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X → dianzi shang/mat
X → mao/the cat
X → X de X/X on X
X → X de X/X of X

X → X de X/X �s X
S → X/X

Good news: Grammar constant shrinks
Bad news: Can sometimes prune away all parses
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Grammar Pruning
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Grammar Pruning

X1 → dianzi shang/the mat

X2 → dianzi shang/mat

X3 → mao/the cat
X4 → X1 de X3/X3 on X1

X4 → X2 de X3/X3 of X2

X5 → X1 de X3/X1 �s X3

S → X5/X5
S → X4/X4

X1 → dianzi shang/the mat
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S → X4/X4



Grammar pruning
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Current Results Summary

•Source parse forest pruning works.

•Can reduce overall decoding time by 

40% with unpruned grammars.

•Can reduce decoding time by an order 

of magnitude with pruned grammars 

(maybe at some cost in BLEU).

•Ongoing work on more interesting 

algorithms...
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Translation is Intersection

•Translation by parsing is intersection

•Intersect source with grammar

•Yields a parse forest ! target grammar

•Generate with target grammar

•Intersect with target language model 

(regular language)
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Input: <dianzi shiang de mao , a cat on the mat>
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X3,4,�s�,cat → a cat

X0,2,on,mat → the mat

X0,4,�s�,mat → X3,4 on X0,2



Theoretical Outcomes

•Works for arbitrary grammars, not just 

binary grammars

•Asymptotically faster than cube pruning 

(“hook trick”, Liang et al. 2006).

•Produces lots of admissible heuristics (A*)

•No cube pruning: everything is 

monotonic.



Conclusions

•Faster algorithms are needed to make 

induced grammars practical.

•Workshop made significant progress 

towards this goal.

•More improvements are underway.





→

In this attack a large number of local residents has should vacate areas.

!" #$%& '( )*+ ),- .*+!/ 012 03405 )467+89 :( ;<=>9 '> ?4@5 'A/B4 C( . 



→

!" #$%& '( )*+ ),- .*+!/ 012 03405 )467+89 :( ;<=>9 '> ?4@5 'A/B4 C( . 

After this attack, a large number of local residents have to vacate the areas.



→

!" #$%& '( )*+ ),- .*+!/ 012 03405 )467+89 :( ;<=>9 '> ?4@5 'A/B4 C( . 

After this attack, a large number of local residents have to vacate the areas.





!

!

!

!



!

!

!

!


