PAC Learning

Consider a class C of possible target concepts defined over a set of instances X of length n, and a learner L using hypothesis space H.

Definition: C is PAC-learnable by L using H if for all c ∈ C, distributions D over X, ϵ such that 0 < ϵ < 1/2, and δ such that 0 < δ < 1/2, learner L will with probability at least (1 − δ) output a hypothesis h ∈ H such that errorD(h) ≤ ϵ, in time that is polynomial in 1/ϵ, 1/δ, n and size(c).

Shattering a Set of Instances

Definition: a dichotomy of a set S is a partition of S into two disjoint subsets.

Definition: a set of instances S is shattered by hypothesis space H if and only if for every dichotomy of S there exists some hypothesis in H consistent with this dichotomy.

Three Instances Shattered

The Vapnik-Chervonenkis Dimension

Definition: The Vapnik-Chervonenkis dimension, V C(H), of hypothesis space H defined over instance space X is the size of the largest finite subset of X shattered by H. If arbitrarily large finite sets of X can be shattered by H, then V C(H) ≡ ∞.

VC Dim. of Linear Decision Surfaces

Sample Complexity from VC Dimension

How many randomly drawn examples suffice to ϵ-exhaust V S_{H;D} with probability at least (1 − δ)? m ≥ 1 ϵ (4 log_2(2/δ) + 8V C(H) log_2(13/ϵ))