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Millions of parameters ……

To compute the gradients efficiently, 
we use backpropagation.

Network parameters
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Backpropagation
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Backpropagation
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Forward pass:

Compute Τ𝜕𝑧 𝜕𝑤 for all parameters

Backward pass:

Compute Τ𝜕𝑙 𝜕𝑧 for all activation 
function inputs z
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Backpropagation – Forward pass

b


𝑤1 𝑧

……

𝑤2

𝑥1

𝑥2

𝑦1

𝑦2

𝑧 = 𝑥1𝑤1 + 𝑥2𝑤2 + 𝑏

Τ𝜕𝑧 𝜕𝑤1 =? 𝑥1

Compute Τ𝜕𝑧 𝜕𝑤 for all parameters

Τ𝜕𝑧 𝜕𝑤2 =? 𝑥2

The value of the input 
connected by the weight



Backpropagation – Forward pass
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Backpropagation – Backward pass

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z
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Backpropagation – Backward pass

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z
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it’s known
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Backpropagation – Backward pass

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z
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Backpropagation – Backward pass

𝜎′ 𝑧

𝑤4

𝜎′ 𝑧 is a constant because z is 
already determined in the forward pass.
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Backpropagation – Backward pass

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z
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Backpropagation – Backward pass

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z

Case 2. Not Output Layer
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Backpropagation – Backward pass

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z

Case 2. Not Output Layer
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Backpropagation – Backward pass

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z

Case 2. Not Output Layer
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Until we reach the 
output layer ……

Compute Τ𝜕𝑙 𝜕𝑧
recursively



Backpropagation – Backward Pass

Compute Τ𝜕𝑙 𝜕𝑧 from the output layer

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z
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Backpropagation – Backward Pass

Compute Τ𝜕𝑙 𝜕𝑧 from the output layer

Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z
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Backpropagation – Summary
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