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Classical neurodynamics 

•  f is firing rate as a function of current 
•  x is normalized synaptic current 
•  W is charge per presynaptic spike 
•  τ is synaptic time constant 
•  b is intrinsic tendency to spike, or input from 

outside the network 
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These equations look so 
simple. Are they really a good 

model for the brain? 



What can neural networks 
compute? 

•  Essentially any function 
•  Simple elements 
•  Complexity emerges from the synaptic 

interactions 



“MATLAB model” of the brain 

•  The brain as a vast parallel computer 
for matrix-vector multiplication 

•  Nonlinear activation function € 
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Connectivity is sparse 

•  Most elements are zero. 
•  Estimates 

– # of neurons N = 1011-1012 
– # of synapses 1015 << N2 



Sparse connectivity is efficient 

•  Synapses occupy volume. 
•  Synapses consume power. 
•  The number of synapses is a crude 

measure of consumption of biological 
resources. 



Sparse connectivity is 
computationally efficient. 

•  The number of synapses determines 
the simulation time on a digital 
computer. 

•  Area of a neuromorphic integrated 
circuit 

•  Volume of a biological neural network. 



Connectivity is mostly local 

•  Between neighboring neurons the 
probability of connection is higher. 

•  Interpretation: the layout of the brain 
has been optimized by evolution to 
minimize “wiring length.” 



Excitation vs. inhibition 

•  Dale’s Law 
– A single neuron makes either excitatory or 

inhibitory synapses but not both. 
•  Excitatory neurons generally outnumber 

inhibitory neurons. 







Weighted directed graph 

•  Neuron = node/vertex 
•  Synaptic connection = link/edge 

– Draw as arrow to show direction 
•  Synaptic strength = weight 
•  Path 

– sequence of neurons that traverses 
connections 

– always respecting directionality 



Cycle or loop 



•  Directed acyclic graph 
– No cycles or loops 

•  There exists a numbering of neurons 
such that the weight matrix satisfies 
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Feedforward networks 



Differential equations 
unnecessary 

•  Evaluate the steady state equations 
sequentially 
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Multilayer perceptron 

•  Feedforward 
network 

•  Neurons grouped 
in layers 

•  No connections 
within layers 



The knee-jerk reflex 

•  Reflex behavior: 
– Rapid, involuntary, 

stereotyped 
response to a 
specific stimulus. 



The reflex arc 

•  Chain of cause and effect 

•  Don’t take this literally because a single 
neuron by itself can’t typically activate 
another neuron. 



Convergence and divergence 

 

•  convergence 
– Multiple neurons required to activate 

another neuron 
•  divergence 



Lateral connections 



Connectionology 

•  Feedforward 
•  Lateral 
•  Feedback 



“The 
mind of 

a 
worm” 


