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Changing Landscape
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Feature Normalization 
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In general, feature normalization makes gradient descent 
converge faster. 4
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Also need 
normalization

Different dims have different ranges.

Also difficult to optimize 

Considering Deep Learning
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Considering Deep Learning
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Considering Deep Learning

Consider a batch
Batch Normalization
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Batch normalization
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Batch normalization

Original paper: https://arxiv.org/abs/1502.03167
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Internal Covariate Shift?
How Does Batch Normalization Help Optimization?

https://arxiv.org/abs/1805.11604
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𝒂𝒙 𝐴 𝐵 𝒃 ……

𝒂′𝒙 𝐴′ 𝐵′ 𝒃′ ……

update Good for 𝒂,
But not for 𝒂’ 

Batch normalization make 𝒂 and 𝒂’ have similar statistics.  

Experimental results do not support the above idea.



Internal Covariate Shift?
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How Does Batch Normalization Help Optimization?
https://arxiv.org/abs/1805.11604

serendipitous (偶然的)

Experimental results (and theoretically analysis) support batch 
normalization change the landscape of error surface.

penicillin



To learn more ……

• Batch Renormalization
• https://arxiv.org/abs/1702.03275

• Layer Normalization
• https://arxiv.org/abs/1607.06450

• Instance Normalization
• https://arxiv.org/abs/1607.08022

• Group Normalization
• https://arxiv.org/abs/1803.08494

• Weight Normalization
• https://arxiv.org/abs/1602.07868

• Spectrum Normalization
• https://arxiv.org/abs/1705.10941
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