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Probably Approximately Correct Learning

Instance space: X
Concept class: C (functions over X) 
Hypothesis class H (functions over X) 

Proper learning H = C
Algorithm A PAC-learns C (distribution free) if:
 c  C and  distribution D over X, 
A gets as input (x1,c(x1)), …, (xm,c(xm)), where xi distributed according to 
D and outputs h  H Such that 

PrA[  PrxD[h(x)c(x)]> ]<



Occam's Razor 

Many formulations (before and after Ockham 1287–1347):

“We consider it a good principle to explain the phenomena by the 

simplest hypothesis possible” Ptolemy (c. AD 90 – c. AD 168) 

One of several technical interpretation (loosely put):

Any algorithm A that outputs a “small” hypothesis h that explains its 
input (x1,c(x1)), …, (xm,c(xm)), then A satisfies the definition of PAC 

learning (it generalizes)

Why? 



PAC-Learning DFA

Given a regular language L, and given examples w1 … wm

(positive and negative), learn a small DFA that is consistent 

with L on these inputs.

One approach: enumerate all DFAs (from smallest) till you 

find one that is consistent with input.

Exponential in size of DFA. Can we do better? 



PAC-Learning DFA

Given a regular language L, and given examples w1 … wm (positive 

and negative), learn a DFA that is consistent with L on these inputs.

Define L? to be the corresponding “partially defined language” such 

that either wL? or wL? or we don’t know. 

L? distinguishes x and y if there exist z such that 
either xz 2 L? and yz  L? or vise versa.

Claim: if x ≡L y then x and y cannot be distinguished by L?

Use similar approach to the proof of Myhill-Nerode ??



PAC-Learning DFA

Given a regular language L, and given examples w1 … wm (positive 

and negative), learn a small DFA that is consistent with L on these 

inputs.

Enumerating all DFAs - exponential in size of DFA. Can we do 

much better? 

Hardness results – probably not! 

Can learn automata actively! 

Related to Myhill-Nerode but set of examples has to be carefully 
designed: PAC-learning with membership queries (+ other variants)



Parting thought:

Learning is a computational task.

Beautiful theory (algorithms and impossibility results).


