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Backpropagation for the convolution operator
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Convolution as Matrix Multiplication
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𝐙𝐙 = 𝐟𝐟 𝐗𝐗;𝐖𝐖 = 𝐗𝐗 ∗𝐖𝐖
For each filter, 
𝐙𝐙 is image with same size
as 𝐗𝐗 (assuming padding)

Gradient 𝜕𝜕𝐙𝐙
𝜕𝜕𝐗𝐗

=?



Visualization of the filters (1st layer)

• 11x11 filters
filter





Visualization of second-level filters



Visualization of third-level filters



Visualization of layer 5



Another visualization: Maximizing class score

• Start with zero image
• Keep weights fixed, perform backpropagation for a class!







Convolution/ReLU/Pooling



Graham. Fractional Max-pooling. arXiv:1412.6071v4 



arXiv!

• Because how fast the field evolves, most deep learning papers are on 
arXiv first

• http://arxiv.org/list/cs.CV/recent
• http://arxiv.org/list/cs.CL/recent

• Check that for newest papers/ideas!

http://arxiv.org/list/cs.CV/recent
http://arxiv.org/list/cs.CL/recent












Deconvolutional Network
• Instead of mapping 

pixels to features, 
map the other way 
around

• Can be used to 
learned unsupervised 
features

• Here, attached to 
trained convnet



Visualization of second-level filters



Visualization of third-level filters



Visualization of layer 5
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