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I S  T H I S  O U R  P L A N ?

Tuning Curves 
PCA, NMF 

receptive fields

Spaun 
DNNs 

Blue Brain



S T O P   
R E D U C I N G  
D I M E N S I O N S

• What would it tell us about 
a processor?  

• Where do we go from 
there?  

• A plea for model-driven 
data analysis

Here is a stock photo



P E T E R  G A L I S O N .  I M A G E  A N D  L O G I C :  A  
M AT E R I A L  C U LT U R E  O F  M I C R O P H Y S I C S .  1 9 9 7 .  





O U R  M O D E L  O R G A N I S M  -  M O S 6 5 0 2

•3510 transistors,  
•designed by hand,  
1975 

•Atari, Apple 1 &2



C O N N E C T O M I C  R E C O N S T R U C T I O N
W E L L ,  S O M E  O T H E R  P E O P L E  D I D  C O N N E C T O M I C S …

H T T P : / / V I S U A L 6 5 0 2 . O R G

V I S U A L I Z I N G  A  C L A S S I C  C P U  I N  
A C T I O N ,  S I G G R A P H  2 0 1 0  
H T T P : / / V I S U A L 6 5 0 2 . O R G / D O C S /
6 5 0 2 _ I N _ A C T I O N _ 1 4 _ W E B . P D F

http://visual6502.org
http://visual6502.org/docs/6502_in_action_14_web.pdf


T H E  R E S U LT

“Simulation,  
not emulation”

Every wire, every 
transistor

“Big Data” 
500 MB/sec

H T T P : / / V I S U A L 6 5 0 2 . O R G

http://visual6502.org


A N D  I T  W O R K S !  



A N D  T H E  W H O L E  T I M E  S E R I E S



W H AT  A R E  O U R  T O O L S

• Behavior 

• Connectomics 

• Genetics (knock-out, knock-in, Cre-LOXP), etc.  

• Ephys — single unit, multiunit,  

• microscopy & imaging 

• fMRI



B E H AV I O R A L  A S S AY S

Donkey Kong Space Invaders Pitfall
1 9 8 1 1 9 7 8 1 9 8 1



S P I K E  W O R D  A N A LY S I S

Schneidman, E., Berry, M. J., Segev, R., & Bialek, W. (2006). Weak pairwise correlations imply strongly 
correlated network states in a neural population. Nature, 440(April), 1007–1012. doi:10.1038/nature04701

Very weak pairwise correlation but…



L O C A L  F I E L D  P O T E N T I A L S  

P R O B E  R E G I O N S L O C A L  C U R R E N T  D E N S I T Y P S D





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



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







W H AT  A R E  D I M E N S I O N S ?

RW

FETCH



`



This has said 
nothing about 

software or algorithms



W H AT  I S  A  S T R U C T U R E D  
P R O B A B I L I S T I C  M O D E L

• Explicitly state your assumptions in the model 
(Bayesian) 

• Write down a speculative model about how your data 
may have arisen 

• Test the model





C O N N E C T O M I C S

J O N A S ,  K O R D I N G .  A U T O M AT I C  D I S C O V E R Y  O F  C E L L  T Y P E S  F R O M  
N E U R A L  C O N N E C T O M I C S .  E L I F E  2 0 1 5 ,  A P R I L  3 0 ,  2 0 1 5



S T R U C T U R E D  T I M E  S E R I E S

W U L S I N ,  F O X ,  L I T T.  M O D E L I N G  T H E  C O M P L E X  D Y N A M I C S  A N D  C H A N G I N G  
C O R R E L AT I O N S  O F  E P I L E P T I C  E V E N T S .  H T T P : / / A R X I V. O R G / A B S / 1 4 0 2 . 6 9 5 1

http://arxiv.org/abs/1402.6951


S T R U C T U R E D  T I M E  S E R I E S

L I N D E R M A N ,  J O H N S O N ,  W I L S O N ,  C H E N .  A  N O N PA R A M E T R I C  B AY E S I A N  
A P P R O A C H  T O  U N C O V E R I N G  R AT  H I P P O C A M PA L  P O P U L AT I O N  C O D E S  D U R I N G  

S PAT I A L  N AV I G AT I O N .  H T T P : / / A R X I V. O R G / A B S / 1 4 1 1 . 7 7 0 6

http://arxiv.org/abs/1411.7706


T H E  D O W N S I D E

• These models are currently hard to write 

• Hard to implement 

• Inference does not scale well 

• Come on, computer scientists, get with the program!


