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Important	
  quan(ty	
  in	
  
• 	
  coding	
  theory	
  
• 	
  sta(s(cal	
  physics	
  
• 	
  machine	
  learning	
  



Entropy	
  

Coding	
  theory:	
  x	
  discrete	
  with	
  8	
  possible	
  states;	
  how	
  many	
  
bits	
  to	
  transmit	
  the	
  state	
  of	
  x?	
  

All	
  states	
  equally	
  likely	
  



Minimum	
  code	
  length	
  



Entropy	
  



Entropy	
  

In	
  how	
  many	
  ways	
  can	
  N	
  iden(cal	
  objects	
  be	
  allocated	
  M	
  
bins?	
  

Entropy	
  maximized	
  when	
  



Differen(al	
  Entropy	
  

Put	
  bins	
  of	
  width	
  ¢ along	
  the	
  real	
  line	
  

Differen(al	
  entropy	
  maximized	
  (for	
  fixed	
  	
  	
  	
  	
  )	
  when	
  

in	
  which	
  case	
  



Condi(onal	
  Entropy	
  



The	
  Kullback-­‐Leibler	
  Divergence	
  



Mutual	
  Informa(on	
  



Minimum	
  Descrip(on	
  Length	
  



Mutual	
  Informa(on	
  



MDL	
  cost	
  func(on	
  



V1	
  

The	
  basic	
  circuit	
  for	
  study	
  

“dots”	
   “edges”	
  

LGN	
  



Approxima(ng	
  an	
  image	
  patch	
  w	
  basis	
  func(ons	
  

V1	
  
striate	
  cortex	
  

LGN	
  
Thalamic	
  
nucleus	
  

The	
  outputs	
  	
  
of	
  64cells	
  	
  
in	
  the	
  LGN	
  …	
  

…	
  can	
  be	
  coded	
  with	
  only	
  twelve	
  V1	
  cells	
  …	
  

…	
  where	
  each	
  cell	
  has	
  64	
  synapses	
  



The	
  neural	
  coding	
  library	
  of	
  learned	
  RFs	
  

Because	
  there	
  are	
  more	
  than	
  we	
  need	
  -­‐	
  Overcomplete	
  (192	
  vs	
  64)	
  -­‐	
  the	
  number	
  of	
  cells	
  that	
  
need	
  to	
  send	
  spikes	
  at	
  any	
  moment	
  is	
  Sparse	
  (12	
  vs	
  64).	
  



Approxima(ng	
  an	
  image	
  patch	
  w	
  basis	
  func(ons	
  

LGN	
   V1	
  
RF	
  

r1	
  



The	
  Current	
  Best	
  Algorithm:	
  Matching	
  
Pursuit	
  

Learning	
  algorithm:	
  move	
  RFs	
  
of	
  winning	
  neurons	
  towards	
  inputs	
  


