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Today
• Neural Networks 

– Review: Image Features (5min)
– Neural Networks, Activation Functions (10min)
– Space Warping (10min)
– Universal Approximation (10min)
– Convex Function (10min)

• Summary and Takeaways (5min)



Neural Networks

 



Recap: 
Problem: Linear Classifiers aren’t that powerful

Solution 1: Image Features 
● Feature transformation; histogram
● HoG
● BoW

Solution 2: Non-linear classifiers 
(e.g., Neural Network)



Neural Networks (Overview)



Recap: Neural Networks
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Recall:
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Deep Neural Networks



Neural Networks: Activation Functions

Q: What happens if we build a 
neural network with no 
activation function?

Linear



Activation Functions



Activation Functions

https://pytorch.org/docs/stable/gene
rated/torch.nn.Softplus.html 
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Activation Functions

https://proceedings.mlr.press/v28/g
oodfellow13.pdf 
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Maxout example

Given input vector

???



Activation Functions

ReLU is a good default choice for 
most problems



Neural Network in 20 Lines 



Space Warping

 



Space Warping

Green line - h1=0
Red line    - h2=0
Dash line: where h1 and h2 
are increasing fastest
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Space Warping

Why?



Space Warping
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Q1: Where would quadrant C map into?
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Space Warping

Q1: Where would 
quadrant C map into?
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Q2, Q3: complexity
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Setting the number of layers and their sizes



Don’t regularize with size; instead use stronger L2



Universal Approximation
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Universal Approximation

http://neuralnetworksandde
eplearning.com/chap4.html 
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Universal Approximation



Universal Approximation

“In principle”

“In practice”
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Q4: sigmoid activation and universal approximator

https://ahaslides.com/FSKOC 

https://ahaslides.com/FSKOC


Convex Functions
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Summary
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Problem: How to compute gradients?

Next up: Backpropagation


