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The trouble with linear hypothesis classes
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What about nonlinear classification 
boundaries?
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How do we create features?

 

6



Nonlinear features
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Neural networks / deep learning

A neural network refers to a particular type of hypothesis class, consisting of 
multiple, parameterized differentiable functions (a.k.a. “layers”) composed 
together in any manner to form the output

The term stems from biological inspiration, but at this point, literally any hypothesis 
function of the type above is referred to as a neural network

“Deep network” is just a synonym for “neural network,” and “deep learning” just 
means “machine learning using a neural network hypothesis class” (let’s cease 
pretending that there is any requirements on depth beyond “just not linear”)

• But it’s also true that modern neural networks involve composing together a 
lot of functions, so “deep” is typically an appropriate qualifier

9



The “two layer” neural network
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Universal function approximation
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Universal function approximation
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Fully-connected deep networks
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Why deep networks?
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They work like 
the brain!

… no they don’t!

Deep circuits are 
provably more 

efficient!

… at representing 
functions neural networks 
cannot actually learn (e.g. 

parity)!

Empirically it seems like 
they work better for a 
fixed parameter count!

… okay!
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Neural networks in machine learning
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The gradient(s) of a two-layer network
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The gradient(s) of a two-layer network
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Backpropagation “in general”
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Computing the real gradients
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Backpropagation: Forward and backward 
passes
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Forward pass

Backward pass



A closer look at these operations
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