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Announcement

• Homework 3 is available



Overview

• A bit of history / inspiration / Dataset / Status quo

• CNN

• Training on CNN

• Case Study – AlexNet / VGG / ResNet / MobileNet



First NN hardware

• Mark I Perception

• The machine was connected to a 
camera that used 20×20 cadmium 
sulfide photocells to produce a 400-
pixel image.

• recognized letters of the alphabet

• Activation : ReLU



Biomedical Understanding on Cortex

• Hubel & Wiesel

• 1959
RECEPTIVE FIELDS OF SINGLE 
NEURONES IN THE CAT'S STRIATE 
CORTEX

• 1962
RECEPTIVE FIELDS, BINOCULAR 
INTERACTION AND FUNCTIONAL 
ARCHITECTURE IN THE CAT'S 
VISUAL CORTEX 



Human’s Cortex

• Topographical mapping in the cortex: nearby 
cells in cortex represent nearby regions in the 
visual field



The first CNN

• Gradient-based learning applied to document recognition 
[Lecun 1998], Dataset is MNIST
• simple cells: modifiable parameters 

• complex cells: perform pooling



Modern Image Classification Data Set

• Object Classification 

• 256x256 pixels (color) 

• 1000 Classes 

• 1.3M Training 

• 100,000 Testing 

• 50,000 Validation

• image-net.org/



Image Classification Status Quo

• Up to 2017



Localization and Detection

• Object Detection

• Pascal VOC: 
• 11k images, 20 classes

• MS COCO:
• 300k images, even segmentation



What’s
Convolutional Neural Network
-- Ref F. Li @ CS231 Standford











Stride = 1 case
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Tips for Training on CNNs (and 
other DNNs)



Weight Initialization

• First idea: 
Small random numbers (gaussian with zero mean and 1e-2 d)
Works ~okay for small networks, but problems with deeper networks.

Random for 
deep layer

Xaiver
Initialization
For tanh

Xaiver
Initialization
For relu



Learning Rate

• loss not going down: 
learning rate too 
low loss exploding: 
learning rate too high

• Cross Validation for 
initial Learning Rate 
Search



Adagrad & RMSprop

• Learning rate should not be the constant.



SGD / mini Batch



More than SGD

• What if the loss function has a local 
minima or saddle point?

• Using SGD + Momentum



Adam (Adaptive Moment Estimation)

• AdaGrad/RMSprop + Momentum



Dropout

• Sometimes the training sample is not enough.

• In each forward pass, randomly set some neurons to zero Probability 
of dropping is a hyper parameter; 0.5 is common



CNN Case Study



















MobileNet

• Separable
Convolution



MobileNet

• Very 
compact
for mobile 
devices







Conclusion


