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• Convolutional Operation

• Convolutional Neural Networks
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Convolutional Neural Networks

AlexNet (Krizhevsky et al. 2012)



Convolutional Neural Networks

1 basketball: 0.99
2 streetball:  0.01



Structural Prior in Images

• Disadvantage of MLP: 
• Large number of parameters
• First layer: (32 x 32 x 3) x 128 = 393,216

• Why is large number of parameters bad?
• Overfitting



Structural Prior in Images

• ConvNets use the structural prior in images:
• There are repetitive patterns in images
• We should re-use and share the filter across the whole image
• Reduce parameters, avoid overfitting
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Convolution

Given a 3 ×3 filter

Compute the response at location (𝑘, 𝑙)

𝑧(𝑘, 𝑙) = *
!,#$%&

&

𝑊 𝑖, 𝑗 𝑥(𝑘 + 𝑖, 𝑙 + 𝑗)



Convolution
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feature map

learned 
weights

Convolution

What is the feature map resolution?

Depends on padding and stride:

No padding, stride 1

Input

Output

https://github.com/vdumoulin/conv_arithmetic

https://github.com/vdumoulin/conv_arithmetic
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learned 
weights

Convolution

What is the feature map resolution?

Depends on padding and stride:

With padding, stride 2

Input

Output

https://github.com/vdumoulin/conv_arithmetic

https://github.com/vdumoulin/conv_arithmetic
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𝐾 feature maps

𝐾 filters 

Convolution

convolutional layerimage
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𝐿 feature maps in the 
next layer

convolutional layer
+ ReLU

Convolution

𝑑×𝑑×𝐾
filter

𝐿 filters

𝐾 feature maps



More examples on stride, padding, filter 
size

7

7

Input: 7 × 7 feature map

Filter: 3 × 3, stride=1
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More examples on stride, padding, filter 
size

7

7

Input: 7 × 7 feature map

Filter: 3 × 3, stride=1

Output:  5 × 5 feature map



More examples on stride, padding, filter 
size

𝑛

𝑛

Input: 𝑛 × 𝑛 feature map

Filter: 𝑑 × 𝑑, stride=1

Output size:

𝑛 − 𝑑
𝑠𝑡𝑟𝑖𝑑𝑒

+ 1

𝑑



More examples on stride, padding, filter 
size

7

7

Input: 7 × 7 feature map

Filter: 3 × 3, stride=2
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More examples on stride, padding, filter 
size

7

7

Input: 7 × 7 feature map

Filter: 3 × 3, stride=2

Output:  3 × 3 feature map

𝑛 − 𝑑
𝑠𝑡𝑟𝑖𝑑𝑒

+ 1 =
7 − 3
2

+ 1 = 3



More examples on stride, padding, filter 
size

Input: 7 × 7 feature map

Filter: 3 × 3, stride=2

Padding: 1

Output:  4 × 4 feature map

𝑛 + 2 × 𝑝𝑎𝑑 − 𝑑
𝑠𝑡𝑟𝑖𝑑𝑒

+ 1 =
7 + 2 − 3

2
+ 1 = 4



http://cs231n.github.io/convolutional-networks/#conv

Stride = 2

Animation:

http://cs231n.github.io/convolutional-networks/


http://cs231n.github.io/convolutional-networks/#conv

?

Stride = 2

Animation:

http://cs231n.github.io/convolutional-networks/


Max Pooling



Max Pooling



Max Pooling



Max Pooling



Why Max Pooling
• Save computation and memory
• Increase receptive field



This Class

• Convolutional Operation 

• Back-propagation for Convolutional Neural Networks

• Max Pooling



Next Class

More elements in training Convolutional Neural Networks


