
Convolutional Neural Networks II

CS 4391 Introduction Computer Vision

Professor Yu Xiang

The University of Texas at Dallas

4/1/2024 Yu Xiang 1



Supervised Learning
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Convolutional Neural Networks
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Image Classification

• ImageNet dataset
• Training: 1.2 million images 

• Testing and validation: 150,000 images

• 1000 categories
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https://image-net.org/challenges/LSVRC/2012/index.php

https://image-net.org/challenges/LSVRC/2012/index.php


Image Classification
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Image Classification

• Training data

• One-hot vector
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Image Classification
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Image Classification

• Cross entropy loss function
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Training

• Cross entropy loss function
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Minimize

With respect to weights W



Training

• Gradient descent

• Chain rule
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Learning rate



Training

• Gradient descent 
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How to compute gradient?



Training

• Chain rule
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Jacobian matrix

https://eli.thegreenplace.net/2016/the-
softmax-function-and-its-derivative/

https://eli.thegreenplace.net/2016/the-softmax-function-and-its-derivative/
https://eli.thegreenplace.net/2016/the-softmax-function-and-its-derivative/


Training

• Gradient descent
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Learning rate



Back-propagation
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Back-propagation
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Training: back-propagate errors
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Back-propagation

• For each layer in the network, compute local gradients (partial 
derivative)
• Fully connected layers

• Convolution layers

• Activation functions

• Pooling functions

• Etc.

• Use chain rule to combine local gradients for training
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Further Reading

• Stanford CS231n, lecture 3 and lecture 4, 
http://cs231n.stanford.edu/schedule.html

• Deep learning with PyTorch
https://pytorch.org/tutorials/beginner/deep_learning_60min_blitz.ht
ml

• Dropout: A Simple Way to Prevent Neural Networks from Overfitting
https://jmlr.org/papers/v15/srivastava14a.html

• Matrix Calculus: https://explained.ai/matrix-calculus/
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