
Bilingual	  Embeddings	  for	  Phrase-‐
Based	  Machine	  Transla8on	  

Will	  Y.	  Zou	  
Richard	  Socher	  
Daniel	  Cer	  

Christopher	  D.	  Manning	  
Stanford	  University	  



Mo8va8on	  
MT	  is	  one	  of	  the	  most	  
classical	  and	  useful	  AI	  

problems	  

Phrase-‐Based	  systems	  are	  
very	  compe>>ve	  	  

Classical	  sta>s>cal	  methods	  suffer	  from	  
sparsity	  problems	  for	  phrase	  seman>c	  

equivalence	  

Learn	  Distributed	  Seman>c	  
Representa>ons,	  with	  neural	  

language	  models	  



Model	  Descrip8on	  

Combining	  a	  Neural	  Language	  Model	  with	  Bilingual	  Constraints	  

+ 

Alignment	  matrix	  

•  Max-‐margin	  contras8ve	  objec8ve	  for	  learning	  word	  embeddings	  	  
•  Obtain	  word	  alignments	  using	  the	  Berkeley	  Aligner	  on	  parallel	  text	  
•  Combine	  both	  objec8ves	  to	  constrain	  word	  embeddings	  for	  transla8onal	  

equivalence	  



Learning	  of	  Embeddings	  
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Curriculum	  Training	  with	  minibatch	  L-‐BFGS	  of	  varying	  band	  sizes:	  	  
{5k,	  10k,	  25k,	  50k,	  100k}	  
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Bilingual	  Seman8c	  Space	  
English	   Chinese	  

Transla8on	  

A	  first	  set	  of	  Mandarin	  Chinese	  word	  embeddings	  with	  100k	  vocabulary	  
(downloadable	  from	  h\p://ai.stanford.edu/~wzou/mt/)	  



Applica8on	  to	  Stanford	  Phrasal	  System	  

•  Phrase-‐table	  scoring	  in	  an	  end-‐to-‐end	  MT	  system	  	  
•  Compe88ve	  BLUE	  baseline	  on	  NIST08	  (30.01),	  with	  addi8on	  data	  for	  

phrase-‐table	  extrac8on	  	  
•  Simply	  average	  word	  embeddings	  to	  obtain	  phrase	  representa8ons	  
•  Cosine	  similarity	  is	  used	  to	  form	  an	  MT	  feature	  	  
•  MERT	  for	  decoder	  op8miza8on	  	  

Phrase	  in	  Lan	  A:	  	  
依然故我 	  

Phrase	  in	  Lan	  B:	  	  
persist	  stubbornly	  

Average 

Average 

Phrase  
representation 

Phrase 
representation 

Cosine Similarity 
Phrase-‐pair	  	  
Feature	  

MT	  decoder	  



Main	  Results	  

Word	  seman8c	  similarity	  on	  SemEval	  2012	  
NIST08	  Chinese-‐English	  machine	  transla8on	  


