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Today
• Act I 

• Perceptrons 

• Multilayered Perceptrons 

• Act II 

• Backpropagation 

• Act III 

• Convolutional Neural Networks



Neural Networks
Inspired by the human brain: 

• Neuron switching time ~ .001 second 

• Number of neurons ~ 1011 

• Connections per neuron ~ 104 

• Total synapses ~ 1015 → 1014 

• Scene recognition time ~ .1 second 

• All in parallel 

• Total power ~ 13 Watts
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Dense Carpet of Neurons by Seung Lab, licensed by CC 2.0

Synapse by Seung Lab, licensed by CC 2.0

https://www.flickr.com/photos/123689703@N04/16204421420/in/album-72157646065956112/
https://www.flickr.com/photos/123689703@N04/14792084041/in/album-72157646065956112/


Anatomy of a Neuron with Synapse by 
Amyleesterling, licensed by CC 4.0

https://en.wikipedia.org/wiki/File:Anatomy_of_a_Neuron_with_Synapse.png


Loss functions

• Classification (yi is label) 

• Softmax cross-entropy 

• Multiclass hinge loss 

• Regression (yi is vector) 

• L1/L2 distance 

• Robust norms
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Backpropagation Algorithm
Initialize all weights to small random numbers 
Until convergence: 

For each training example: 

1. Input example to network 
2. For each unit from bottom to top (forward pass): 

Compute output from inputs 

3. For each unit from top to bottom (backward pass): 

Compute gradient of inputs from gradient of outputs 
4. Update each network weight 

wi ← wi − η
∂E

∂wi



Early Stopping
Ac

cu
ra

cy

0

22.5

45

67.5

90

Epoch

0 1 2 3 4 5 6 7 8 9 10 11

Validation Highest

We use these parameters

Max patience = 3 X



Gradient of 1D Conv
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