
Convolutional Neural Network

3. Error backpropagation and
 learning procedures



4-D tensor

● i   ouput channel
● l   input channel
● j    row index
● k   column index
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Downsampled convolution
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Tiled convolution
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Bias term
● In locally connected layers, one bias per output 

unit,
● In tiled convoultion layers, shared bias same the 

tilling pattern,
● In convolutional layres, one bias per channel of 

output, shared across all locations,
● Fot fixed sized input, however, learn a separate 

bias for each location.
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Data formats
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Data formats
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Data formats
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Forward – Backward computations





Fully connected MLP; revisited





General error backpropagation



General error backpropagation
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General error backpropagation





ConvNet bprop requirements


