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•Variants
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Project 3: Scene Classification with Deep Nets
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Batch Normalization: Accelerating Deep Network Training by Reducing Internal 

Covariate Shift

Sergey Ioffe, Christian Szegedy. 2015

• Batch norm is what we will 

use for project 3

• Gamma and Beta are learned 

parameters

• The mean and variance are 

from the current mini-batch

• At test time we use the 

average of those values since 

our batch size could be 1

• This is global, per feature 

map, not local

• Each channel in each layer 

learns a Gamma and Beta



Comparison of how BatchNorm, LayerNorm, and InstanceNorm compute statistics across dimensions of a 

4D convolutional tensor 𝑁 𝐶 𝐻 𝑊 :

•BatchNorm (left): normalizes per channel using statistics across Batch, Height, and Width.

•LayerNorm (middle): normalizes per sample using statistics across Channels, Height, and Width.

•InstanceNorm (right): normalizes per channel per sample using statistics across Height and Width only.





































This all seems pretty complicated. Why are we using Neural Networks? James’s rough assessment:

Learning method Ease of 
configuration

Neural Network 1

Nearest 
Neighbor

10

Linear SVM 10

Non-linear SVM 5

Decision Tree or 
Random Forest

4
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This all seems pretty complicated. Why are we using Neural Networks? James’s rough assessment:

Learning method Ease of 
configuration

Ease of 
interpretation

Speed / memory 
when training

Speed / memory 
at test time

Accuracy w/ lots 
of data

Neural Network 1 1 1 6 10

Nearest 
Neighbor

10 10 8 4 7

Linear SVM 10 9 10 10 5

Non-linear SVM 5 4 2 2 8

Decision Tree or 
Random Forest

4 4 4 8 7

Representation design matters 
more for all of these
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