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Recall: Generalization error decomposition

 

generalization gaptrue risk 
(test error)

empirical risk 
(training error)



PAC Learning: Setup

 



PAC Learning: Data

 

 

 



PAC Learning: Goal

 

 

 

 



PAC Learning: Definition
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PAC Learning: Definition

 



Consistent case guarantee

 



Consistent case: Example
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Inconsistent case

 



PAC learning so far…
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Infinite hypothesis classes

 



Getting started: Shattering

 



Shattering example: Lines in 2D

 

(1,0)(0,0)

(0,1)



VC dimension

 



VC dimension example: Lines in 2D

 

Case 1: collinear points Case 2: one point 
inside convex hull

Case 3: quadrilateral



What does the VC-dimension get us?

 



VC dimensions of other classes

 



Implications of VC-dimension

 



Other measures of hypothesis class capacity

 



Achievements of learning theory

PAC theory provides a way of thinking about the relationship 
between learning performance, sample size, and model capacity 

•works for any data distribution

•capacity measures can be computed for most classes of interest

•many extensions to noisy labels, hypothesis classes that do not 
contain the target concept, etc.

•bounds generalization error in interpretable ways



Caveats

Drawbacks of most PAC guarantees:

•do not adapt to easy data (worst-case)

•does not consider the effect of optimization

•capacity measures might be misleading for modern deep nets



Thanks Everyone!

Some of the slides in these lectures have been adapted/borrowed from materials developed by Misha Khodak, 
Mark Craven, David Page, Jude Shavlik, Tom Mitchell, Nina Balcan, Elad Hazan, Tom Dietterich, Pedro Domingos, 
Jerry Zhu, Yingyu Liang, Volodymyr Kuleshov, Fred Sala, Josiah Hanna


