
CNN for MNIST



MNIST Database
• https://github.com/amaas/stanford_dl_ex/tree/master/common
• 70,000 images of handwritten numbers
• In general, 60,0000 images for training and 10,000 for validation
• Use loadMNISTImage.m & loadMNISTLabels.m



CNN Architecture



CNN Structure

• MNISTConv.m
• Learning or training

• Minibatches
• Conv-Pooling-ReLU-Softmax
• Backpropagation

• Backward pooling
• Backward convolution 

• Update weights with moments
• Test or inferencing by TestMNISTConv.m
• PlotFeatrues.m



Mini-batch



Forward Propagation



One-hot Encoding

Note 



Backpropagation



Backprogation of Errors



Pooling and Convolution Layers in 
Backpropagation

Note 

Note 



Forward and Backward Max Pooling

upsampling



Upsampling in Pooling



Convolution Operation (Forward Pass)

https://becominghuman.ai/back-propagation-in-convolutional-neural-networks-intuition-and-code-714ef1c38199



Input Size : 3x3, Filter Size : 2x2, Output Size : 2x2

Output Equations

Convolution Operation (Forward Pass)

https://becominghuman.ai/back-propagation-in-convolutional-neural-networks-intuition-and-code-714ef1c38199



Derivative Computation (Backward Pass)

Final derivatives of weights after performing backpropagation

Note: no deconvolution, we are trying to compute updates of weights 

Original Image Derivatives of 
Convolved Image

https://becominghuman.ai/back-propagation-in-convolutional-neural-networks-intuition-and-code-714ef1c38199

https://pavisj.medium.com/convolutions-and-backpropagations-46026a8f5d2c



Full Derivation, Here

• Only Numpy: Understanding Back Propagation for 
Transpose Convolution in Multi Layer CNN with Example 
and Interactive Code.

• https://towardsdatascience.com/only-numpy-understanding-
back-propagation-for-transpose-convolution-in-multi-layer-
cnn-with-c0a07d191981



Finally Weight Updates



Function Conv.m

More details: 
http://deeplearning.stanford.edu/tutorial/supervised/ExerciseConvolutionAndPooling/



Function Pool.m



PlotFeatures.m


