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The	
  part	
  of	
  the	
  brain	
  that	
  governs	
  
What	
  we	
  think	
  of	
  as	
  complex,	
  
	
  goal-­‐directed	
  behavior	
  is	
  the	
  
FOREBRAIN	
  (F)	
  
That	
  sits	
  on	
  top	
  of	
  phylogene(cally	
  
earlier	
  structures	
  that	
  have	
  more	
  basic	
  
func(ons.	
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Memory
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A	
  convenient	
  way	
  to	
  think	
  about	
  the	
  	
  
different	
  parts	
  of	
  the	
  FOREBRAIN	
  is	
  to	
  
	
  compare	
  them	
  to	
  standard	
  programming	
  
func(ons	
  in	
  conven(onal	
  compu(ng	
  

Programming	
  in	
  the	
  brain	
  can	
  be	
  broken	
  
	
  down	
  into:	
  
	
  
The	
  Amygdala:	
  rate	
  importance	
  of	
  external	
  	
  
Demands	
  
	
  
The	
  Hippocampus:	
  modify	
  an	
  exis(ng	
  program.	
  
	
  
The	
  Hypothalmus:	
  score	
  the	
  program	
  in	
  terms	
  of	
  
its	
  value	
  to	
  its	
  host.	
  



A	
  pa(ent	
  with	
  amygdala	
  damage	
  draws	
  figures	
  to	
  depict	
  different	
  emo(ons	
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Thalamus	
  
(LGN)	
  

Visual	
  Cortex	
  
(V1)	
  

Summary	
  data:	
  LGN	
  Cells	
  
Overlaid	
  on	
  one	
  V1	
  cell	
  	
  
Recep(ve	
  field	
  (RF)	
  







thalamus	
  

Brain	
  programs:	
  the	
  outer	
  loop	
  

The	
  basic	
  outer	
  loop	
  
governing	
  behavior	
  takes	
  	
  
200-­‐300	
  milliseconds.	
  
	
  
During	
  that	
  (me	
  the	
  Cortex	
  
is	
  put	
  into	
  a	
  state	
  that	
  interconnects	
  
all	
  the	
  features	
  needed	
  for	
  
That	
  instant	
  and	
  triggers	
  an	
  ac(on	
  
	
  carried	
  out	
  by	
  the	
  Thalamus.	
  	
  
Next,	
  the	
  Basal	
  Ganglia	
  
puts	
  the	
  Cortex	
  into	
  a	
  subsequent	
  	
  
state	
  and	
  the	
  process	
  con(nues	
  	
  
un(l	
  done	
  or	
  interrupted.	
  
	
  
Eye	
  fixa2ons	
  are	
  in	
  lock	
  step	
  with	
  	
  
this	
  ac(vity	
  and	
  can	
  be	
  used	
  to	
  	
  
diagnose	
  exactly	
  what	
  behavior	
  	
  
is	
  being	
  focused	
  on.	
  
	
  
(Remember	
  the	
  	
  
peanut	
  buYer	
  and	
  jelly	
  video)	
  
	
  



Thinking	
   Ac(ng	
  







Timescales 

10 -2	



10 -1  

10 1 

10 2 

10 0  

Round-trip through Cortical Memory 

Shortest Recognition time 

Modal fixation time 

Attention Switching Time 

Sentence generation 

Speed Chess minimum search  

Activity time 

10 3 

Memory encoding 

sec 

Continuous 

Discrete 

A	
  challenge	
  for	
  understanding	
  
the	
  brain	
  is	
  to	
  explain	
  how	
  it	
  
can	
  compute	
  fast	
  enough	
  to	
  
direct	
  behavior	
  (see	
  next	
  slide	
  
for	
  basic	
  neural	
  data).	
  	
  
	
  
Most	
  of	
  the	
  basic	
  
‘table	
  lookup’	
  opera(ons	
  
are	
  carried	
  out	
  below	
  
the	
  (me	
  needed	
  for	
  	
  
conscious	
  awareness	
  



Computa(on	
  with	
  slow	
  circuitry	
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Coding	
  with	
  delays	
   Phase	
  coding	
  in	
  frequencies	
  

How	
  do	
  spikes	
  dis(nguish	
  between	
  abstrac(on	
  levels?	
  One	
  answer:	
  Frequencies	
  



Besides	
  neural	
  ‘programs,’	
  the	
  forebrain	
  
uses	
  chemical	
  molecules	
  called	
  	
  
NEUROTRANSMITTERS	
  that	
  can	
  modulate	
  	
  
neural	
  responses	
  to	
  shape	
  behavior.	
  
The	
  most	
  important	
  four	
  are:	
  
	
  
Dopamine:	
  rate	
  programs	
  in	
  terms	
  of	
  u(lity	
  
	
  
Serotonin:	
  rate	
  programs	
  in	
  terms	
  of	
  risk	
  
	
  
Norepinephrine:	
  Prepare	
  the	
  body’s	
  response	
  
level	
  based	
  on	
  external	
  factors	
  
	
  
Histamine:	
  Prepare	
  the	
  body’s	
  response	
  
level	
  based	
  on	
  internal	
  	
  factors	
  
	
  

NeurotransmiYers	
  





In	
  describing	
  moving	
  tokens,	
  a	
  subject	
  animates	
  abstract	
  tokens	
  
	
  and	
  interpolates	
  human	
  rela(onships	
  



Abstract	
  reasoning	
  can	
  be	
  difficult	
  


