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D A N I E L L E  R A G E R

S A N J E E V  K H A N N A  M A T T H E W  S M I T H ,  B R E N T  D O I R O N
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We’re trying to 
understand the  
computations 
that underlie 
sensorimotor 
behaviors

B o u c h a r d  e t  a l .
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F I R I N G  R E S P O N S E B E H A V I O R  /   
S E N S O R I M O T O R  C O M P U T A T I O N
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P O P U L A T I O N  D Y N A M I C S B E H A V I O R  /   
S E N S O R I M O T O R  C O M P U T A T I O N
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C E L L U L A R  C I R C U I T P O P U L A T I O N  D Y N A M I C S B E H A V I O R  /  
S E N S O R I M O T O R  C O M P U T A T I O N

C A J A L ,  1 8 5 2 - 1 9 3 4
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N E T W O R K  M O D E L P O P U L A T I O N  D Y N A M I C S B E H A V I O R  /  
S E N S O R I M O T O R  C O M P U T A T I O N



PFC

C U E D E L A YF I X A T I O N S A C C A D E

++

5 0 0  m s

+

1 0 0 0  m s0  m s
S i n g l e  n e u r o n

D E L A Y

P o p u l a t i o n  a c t i v i t y

Spatial working memory task

B E H A V I O R  /  
S E N S O R I M O T O R  C O M P U T A T I O N

N e u r o n a l  D y n a m i c s ,  P a n i n s k i  e t  a l .



PFC

C U E D E L A YF I X A T I O N S A C C A D E

++

5 0 0  m s

+

1 0 0 0  m s0  m s
S i n g l e  n e u r o n

D E L A Y

P o p u l a t i o n  a c t i v i t y

Spatial working memory task: 
2D space, V4 + PFC recordings

+

Spatial working memory task: 
2D space, V4 + PFC recordings

B E H A V I O R  /  
S E N S O R I M O T O R  C O M P U T A T I O N



P O P U L A T I O N  D Y N A M I C S
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P O P U L A T I O N  D Y N A M I C S
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P O P U L A T I O N  D Y N A M I C S

PFCV4

Low dimensional structure? 
Check with Factor Analysis. 

Low rank, ~1 latent dim High rank, 10+ latent dims
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S C A L A B L E  F A C T O R  
A N A L Y S I S  I N  S P A R Ks FA

“
Need to analyze the rank of the 
coordinated activity from a big 
neural population?”
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• On largest matrix computations, use Apache 
Mahout for efficient, row-outer-product formulation 

• Leverage matrix sparsity
• Performs nearly as well as sPCA

S C A L A B L E  F A C T O R  
A N A L Y S I S  I N  S P A R Ks FA
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HOW DOES NETWORK CO-VARIABILITY:

1.Increase in dimensional i ty between V4 and PFC?

2. Drop to near 0 for PFC neurons with cue preferences 
across visual hemif ields?

rPFC

rV4

lPFC

lV4L O W  D  S T R U C T U R E

S t r o n g  s e l f  c o u p l i n g  
w i t h i n  P F C  h e m i s p h e r e s  
a n d  w e a k  o r  i n h i b i t o r y  
n e g a t i v e  c o u p l i n g  
b e t w e e n  h e m i s p h e r e s

N E T W O R K  M O D E L

H I G H  D  S T R U C T U R E

I n p u t  l a y e r :  r a n d o m  
s p i k i n g  i n p u t  w i t h  
~ r a n k  1  c o v a r i a n c e  
s t r u c t u r e  m a t c h e s  t h a t  
o f  t h e  d a t a  

H o w  d o e s  t h i s  a r i s e  
f r o m  P F C  r e c u r r e n t  
a r c h i t e c t u r e ?
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C O N N E C T  S P I K I N G  U N I T S  W I T H  
S I M P L E ,  G E N E R A L I Z A B L E  
N E T W O R K  W I R I N G  R U L E S  

Connectivity based on properties like cell type, 
tuning, or membership to an assembly

D E V E L O P  M E A N  F I E L D  I N T U I T I O N S  
A B O U T  P O P U L AT I O N  D Y N A M I C S

N E T W O R K  M O D E L
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D E V E L O P  M E A N  F I E L D  I N T U I T I O N S  A B O U T  P O P U L AT I O N  D Y N A M I C S :

G L O B A L  B A L A N C E ,  L O C A L  A S S E M B LY  S T R U C T U R E   

rPFC lPFC
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D E V E L O P  M E A N  F I E L D  I N T U I T I O N S  A B O U T  P O P U L AT I O N  D Y N A M I C S :

G L O B A L  B A L A N C E ,  L O C A L  A S S E M B LY  S T R U C T U R E   

How does recurrent architecture 
in PFC filter network variability?

rPFC lPFC
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D E V E L O P  M E A N  F I E L D  I N T U I T I O N S  A B O U T  P O P U L AT I O N  D Y N A M I C S :

G L O B A L  B A L A N C E ,  L O C A L  A S S E M B LY  S T R U C T U R E   

rPFC lPFC



�19

N E T W O R K  M O D E L P O P U L A T I O N  D Y N A M I C S B E H A V I O R  /  
S E N S O R I M O T O R  C O M P U T A T I O N

How does network architecture produce 
coordinated working memory computations?
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