Back propagation for CNN
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In this lecture we will

* Briefly revisit MLP

* Look at single block of CNN architecture
* Understand weight sharing concept
 Compute local gradients

* Derive update rule

e Summarize



Multi-layer perceptron
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CNN architecture
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Feature Extraction Classification

* The block is repeated many times
* Depending on the application
* Depending the computational resources available



CNN cont.

X11 | X¥12 | X13
X21 X22 | X33
X31 | X32 | X33
x‘iVlzz x%m X15
xV2V112 x‘;"zn X
X31 | X32 | X33

Wi1 Wi2
W21 sz
Woa | Wyq
X11 X12 X13
Wiz | W11
X21 | X22 | X3
X31 | X32 | X33

W32 W21
W12 W11
Rot(180)

X11 X12 | X13

Waol W»yq

X21 X22 | X3
w

ngz X371 X33

X11 X12 X13
Woo | Wy

X21 | X22 | X3
Wi2 | W11

X31 | X32 | X33




CNN cont.
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Activation function and pooling
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Weight sharing
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Not a fully connected
network
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Compute the output
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Backward pass
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Local gradients

In the MLP, the local gradients of neuron j in the It" layer is given by ‘E.EH —

)y _.r (=179 (1
Where : E ! jnl.': ,g I J £ EJJ‘

This can be written in a dot product form

In CNN, the dot product is replaced by a convolution operator and we define the local gradient as
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Local gradients cont.
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Gradient computation
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Ssummary

 Compute the error E at the output
* For every input compute o, = > > wiio(nT) + b
* During back propagation, we compute the local gradient 5,93), as
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