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Elements:	
  Basic	
  Units	
  in	
  Chemistry	
  



Phonemes:	
  Basic	
  Units	
  in	
  Speech	
  

http://www.englishclub.com/pronunciation/phonemic-chart-ia.htm 



Phonemes	
  

q English:	
  40	
  –	
  60	
  phonemes	
  
q A	
  spoken	
  word	
  is	
  a	
  sequence	
  of	
  phonemes:	
  

§ cat	
  	
  =	
  	
  /k/	
  	
  /ae/	
  	
  /t/	
  
q ASR:	
  to	
  recognize	
  an	
  uJerance	
  which	
  is	
  a	
  
sequence	
  of	
  words	
  
§  =>	
  recognize	
  a	
  sequence	
  of	
  phonemes	
  

§  “a	
  preJy	
  cat”	
  	
  =	
  	
  /ah/	
  /p/	
  /r/	
  /ih/	
  /t/	
  /iy/	
  /k/	
  /ae/	
  /t/	
  



Acous'c	
  Modeling:	
  Hidden	
  Markov	
  Model	
  



Visible	
  Speech 

spectrogram 



Gaussian	
  Mixture	
  Model	
  (GMM)	
  



Deep	
  Neural	
  Network	
  (DNN)	
  



DNN	
  ..	
  

q #input	
  units:	
  500	
  –	
  1000	
  
q #hidden	
  layers:	
  5	
  –	
  7	
  
q #hidden	
  units	
  /	
  layer	
  :	
  1K	
  –	
  2K	
  
q #output	
  units:	
  5K	
  –	
  10K	
  

§  recently	
  we	
  shows	
  how	
  to	
  train	
  60K	
  output	
  units	
  
and	
  get	
  beJer	
  performance—a	
  big	
  net!	
  

q Total	
  #weights:	
  30M	
  –	
  40M	
  (150M)	
  



ASR	
  Progress	
  

q  Switchboard:	
  309-­‐hr	
  spontaneous	
  conversa'ons	
  

YEAR LAB-SCHOOL / TECHNIQUE Word Error Rate 

1992 >70.0% 

1997 (CMU) GMM + extra 2000-hr data 35.1%   

< 2005 GMM + “careful engineering” + extra data < 20% 

2011 Microsoft / DNN 16.1% 

2014 IBM / DNN+CNN 10.4% 

2015 IBM / maxout+CNN+DNN+NNLM+extra data 8% 

HUMAN ~4% 



Epilogue	
  


