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Biological Decision is Fast and Robust
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Majority Decision 
vs Boolean Decision

Statistical Neurodynamics 
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Statistical Neurodynamics

micro-dynamics
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Kauffman network: gene regulation

Boolean logic units vs majority decision units
sparsely connected vs densely connected

dilemma:  fast (sparse) vs
robust (majority decision)

densely connected majority units
(neural networks)
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dilemma: 
fast (sparse; dense‐‐chaos) 
robust (majority decision)

densely connected 
majority units

 

majority decision logic : Boolean logic

densely connected : sparsely connected
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Statistical neurodynamics

 

Ensemble of neural networks

The laws
that hold for almost all networks in the ensemble
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Statistical Neurodynamics

micro-dynamics
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Strong proposition of macrodynamics
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Fundamental Problems of
Statistical Neurodynamics ‐‐‐ unsolved
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State transition diagram
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Associative memory
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Micro‐Neuro‐dynamics (Boolean)
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State‐transition graph

 

state transition graph

Garden of Eden

Garden of Eden
(2nd generation)

transient states

Attractor states

 
 

Statistical neurodynamics
1-layer state transition
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stability of micro-state transition
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stability of micro-state transition
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Generalized Macrostate
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Distance Laws
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state transition graph
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Gardens of Eden
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number of attractor states：　

number of attractor cycles ： 

transient length  ：　

 

microscopic dynamics
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state transition diagram
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Concentration of wealth (monopoly!)
‐‐‐ speed of convergence

:Expected number of coins after t state transitions 

1s
:Expected number of in‐coming branches
when x is not in the garden of Eden

 

Concentration index
1

lim log  

 2

0  for densely connected Boolean net

k

k k
n

n
k

k

S
n

S 












 
 

 
1

0 0

0

( , )

Pr | {1 ( )}

{1 ( )}

   exp{ [ ( ) log{1 ( )}]}

    exp[ [ ( ) log{1 ( )}]

arg max{ ( ) log{1 ( )}

n

n
n nd

x

T

D d

T T d

S C d

n H x x dx

n H x x

x H x x

  

 

      












   

 

  

  
  




x x

x x

x x x x

Calculation of  1s
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The distribution of in‐coming branches: 
Power law 
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Friend gathering theorem

 

how to calculate 
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The Power law
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Random Boolean graph

 

State transition of generalized majority
decision: fast and robust

very small number of attracting states

small‐world network
short transient states
chaotic dynamics

general statements concerning 
majority decision logic

 
 

Neural Oscillation Wiener ・・・ entrainment
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Amari (1971; 1972)

Wilson‐Cowan (1972)

multi‐stability

oscillation
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Neural Fields : Wilson‐Cowan (1972)
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:  convolution

Ermentrout‐Cowan (1979): hallucination
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Neural Fields ・・・mathematical theory

Amari (1977) :

dynamics of boundary
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• bump solution

• traveling bump

• maximum detector

• working memory
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Pinto‐Ermentrout model (2001)
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