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Motivation: Why Gradients 
Matter

• Training = optimization. 


• Optimization = gradients. 


• Gradients tell us how to change parameters to reduce 
loss. 


• Equation:  
θt+1 = θt − η∇θℒ(θt)



Model Training Overview

• `
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Symbolic Differentiation



Backpropagation



Backpropagation



Backpropagation simple 
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Forward Pass



Backward Pass







Any problem? Can we 
do better?



Problems of 
backpropagation

• You always need to keep intermediate data in the memory 
during the forward pass in case it will be used in the 
backpropagation. 


• Lack of flexibility, e.g., compute the gradient of gradient.



Automatic Differentiation 
(autodiff)

• Create computation graph for gradient computation



Automatic Differentiation 
(autodiff)
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Backpropagation vs 
AutoDiff





Recap
• Numerical differentiation


• Tool to check the correctness of implementation 


• Backpropagation


• Easy to understand and implement 


• Bad for memory use and schedule optimization


• Automatic differentiation


• Generate gradient computation to entire computation graph


• Better for system optimization



References

• Automatic differentiation in machine learning: a survey 
https://arxiv.org/abs/1502.05767


• CS231n backpropagation: http://cs231n.github.io/
optimization-2/

https://arxiv.org/abs/1502.05767
http://cs231n.github.io/optimization-2/
http://cs231n.github.io/optimization-2/

