CSCE 636 Neural Networks
(Deep Learning)

Lecture 3: Gradient Descent and Backpropagation Algorithm

Anxiao (Andrew) Jiang

Based on interesting lecture by Prof. Hung-yi Lee, https://www.youtube.com/watch?v=ibJpTrp5SmcE
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Gradient Descent
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Gradient Descent
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Gradient Descent

Network parameters @ = {wl, Wy,oee, bl,bz, - }
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Chain Rule

Case 1 y= g(x) 7 = h(y)
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Backpropagation
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Backpropagation
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Forward pass:
I 9z 9C Compute dz/0dw for all parameters
ow aw 9z Backward pass:
(Chain rule) Compute dC/0dz for all activation

function inputs z



Backpropagation — Forward pass

Compute 0z/0dw for all parameters
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Backpropagation — Forward pass

Compute dz /0w for all parameters
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Backpropagation — Forward pass

Compute dz /0w for all parameters
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Backpropagation — Forward pass

Compute dz/0dw for all parameters




Backpropagation — Forward pass

Compute dz /0w for all parameters
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Backpropagation — Forward pass

Compute 0z /0w for all parameters




Backpropagation — Forward pass

Compute dz /0w for all parameters
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute 9C /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC/0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute 9dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass
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Backpropagation — Backward pass
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z

Case 2. Not Output Layer




Backpropagation — Backward pass

Compute 9C /0z for all activation function inputs z

Case 2. Not Output Layer
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Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z

Case 2. Not Output Layer




Backpropagation — Backward pass

Compute dC /0z for all activation function inputs z

Case 2. Not Output Layer




Backpropagation — Backward Pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Backward Pass

Compute dC /0z for all activation function inputs z
Compute dC/0z from the output layer

x1 Zl: f Z§ f Zs;f— y]_

X2 _f_ f >f—YZ



Backpropagation — Backward Pass

Compute dC /0z for all activation function inputs z

Compute dC/0z from the output layer
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Backpropagation — Backward Pass

Compute dC /0z for all activation function inputs z
Compute dC/0z from the output layer
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Backpropagation — Backward Pass

Compute dC /0z for all activation function inputs z
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Backpropagation — Summary

Forward Pass Backward Pass




Backpropagation — Summary

Forward Pass Backward Pass
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Backpropagation — Summary

Forward Pass

Backward Pass
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Backpropagation — Summary

Forward Pass Backward Pass
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