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Review: Fully Connect Feedforward Network
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Full implementation of training a 2-layer Neural Network ~ 20 lines
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Full implementation of training a 2-layer Neural Network ~ 20 lines

Define the network
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Full implementation of training a 2-layer Neural Network ~ 20 lines

Move forward
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Full implementation of training a 2-layer Neural Network ~ 20 lines

Calculate gradients
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Full implementation of training a 2-layer Neural Network ~ 20 lines

Gradient descent
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How to calculate gradient? 
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Millions of parameters ……

To compute the gradients efficiently, 
we use backpropagation.

Network parameters
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Convolutional network
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Better Solution: Computational Graph + Backpropagation
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Review Chain Rule
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Backpropagation
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Backpropagation
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𝑤2

Forward pass:

Compute Τ𝜕𝑧 𝜕𝑤 for all parameters

Backward pass:

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

𝑥1

𝑥2

𝑦1

𝑦2

𝑧 = 𝑥1𝑤1 + 𝑥2𝑤2 + 𝑏



14

Backpropagation

Upstream 
gradient

Local 
gradient
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Backpropagation-Forward Pass
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The value of the input 
connected by the weight
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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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Backpropagation-Backward Pass
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Compute Τ𝜕𝑙 𝜕𝑧 for all activation function inputs z
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Backpropagation-Backward Pass
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𝜎′ 𝑧 is a constant because z is 
already determined in the forward pass.
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Backpropagation-Backward Pass
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Another Simple Illustration
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Another Simple Illustration
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Another Simple Illustration
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Another Simple Illustration
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Another Simple Illustration
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Another Simple Illustration-Chain Rule



28

Backpropagation-Backward Pass
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Backpropagation-Backward Pass
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Backpropagation-Backward Pass
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Until we reach the 
output layer ……

Compute Τ𝜕𝑙 𝜕𝑧
recursively
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recursively

Python program to display the Fibonacci sequence

def recur_fibo(n): 

 if n <= 1: 

  return n 

 else: 

  return(recur_fibo(n-1) + recur_fibo(n-2)) nterms = 10
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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

𝑥1

𝑥2

𝑦1

𝑦2

𝑧1

𝑧2

𝑧3

𝑧4

𝑧5

𝑧6
𝜕𝑙

𝜕𝑧6

𝜕𝑙

𝜕𝑧5

𝜕𝑙

𝜕𝑧4

𝜕𝑙

𝜕𝑧3

𝜕𝑙

𝜕𝑧2

𝜕𝑙

𝜕𝑧1



33

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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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex



45

Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Another Example- A little bit more complex
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Backpropagation-Summary

……

Forward Pass Backward Pass

𝑎

𝜕𝑧

𝜕𝑤

𝜕𝑙

𝜕𝑧

… …

X =
𝜕𝑙

𝜕𝑤
= 𝑎

for all w
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Any Questions? 

bidong@syr.edu
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