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How neural networks work
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A four pixel image
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Categorize images solid
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Categorize images solid
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Input neurons
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Pixel brightness
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Receptive fields
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A neuron
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Sum all the inputs
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Squash the result
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Sigmoid squashing function
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Sigmoid squashing function
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Weighted sum goes in here

21



Sigmoid squashing function
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Sigmoid squashing function
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Sigmoid squashing function
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Sigmoid squashing function
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No matter what you start with, the answer stays between -1 and 1.
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Squash the result
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Weighted sum-and-squash neuron
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Make lots of neurons, identical except for weights

To keep our picture 
clear, weights will either 
be 
1.0 (white) 
-1.0 (black) or 
0.0 (missing)
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Receptive fields get more complex
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Repeat for additional layers
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Receptive fields get still more complex
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Repeat with a variation

33



Rectified linear units (ReLUs)
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Otherwise you get a zero.
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Add an output layer
solid

vertical

diagonal

horizontal
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Learn all the weights: Gradient descent
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48



Learn all the weights: Gradient descent
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Learn all the weights: Gradient descent
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Numerically calculating the gradient is expensive
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Numerically calculating the gradient is very expensive
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Calculate the gradient (slope) directly
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Slope
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=  ∂e
∂w
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Slope
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= -2 = -2
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∂err = ∂a * ∂b * ∂c * ∂d * … * ∂y * ∂z * ∂err
∂weight ∂weight ∂a ∂b ∂c ∂x ∂y ∂z

Chaining

+
erra

weight

b c x y z

...
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Backpropagation
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Backpropagation
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Backpropagation
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Backpropagation
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Backpropagation
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Backpropagation challenge: weights

++
a b

w
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Backpropagation challenge: weights
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a b

w

∂err = ∂b * ∂err
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Backpropagation challenge: weights

++
a b
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Backpropagation challenge: weights

++
a b

w b = wa
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Backpropagation challenge: sums
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Backpropagation challenge: sums
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Backpropagation challenge: sums

++a z z = a + b + c + d + ...
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Backpropagation challenge: sums
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Backpropagation challenge: sigmoid
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Backpropagation challenge: sigmoid
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b = 1
1 + e

=    !(a)

Backpropagation challenge: sigmoid
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Backpropagation challenge: sigmoid

++
a b

∂b = !(a) * (1 - !(a))
∂a
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Backpropagation challenge: ReLU
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a b
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∂a ∂a ∂b
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Backpropagation challenge: ReLU

++
a b

b = a ,  a > 0
=   0 ,  otherwise

∂err = ∂b * ∂err
∂a ∂a ∂b
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Backpropagation challenge: ReLU

++
a b

b = a ,  a > 0
=   0 ,  otherwise

∂b = 1 ,  a > 0
∂a 0 ,  otherwise∂err = ∂b * ∂err

∂a ∂a ∂b
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Input layer

Output layer

Hidden layers
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X or OCNN

A two-dimensional
array of pixels
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