Hoeffding/Chernoff bound

• p = true bias of a coin

• p̂ = observed bias of a coin

• m = number of examples

P r(p − p̂ > ϵ) ≤ e−2ϵ^2m

Sanov bound

• D(q||p) = q ln qp + (1 − q) ln 1−q1−p

P r(p − p̂ > ϵ) ≤ e−mD(p−ϵ||p)

Binomial Equality

• Bin(p, m, p̂) = ∑p̂ i=0 ( m i ) pi(1 − p)m−i

P r(p − p̂ > ϵ) = Bin(p, m, p̂) p̂ = 0 p̂ = 0.5

Basic PAC bound

• e(h) = true error

• ê(h) = empirical error

P r(∃h ∈ H : e(h) − ê(h) > ϵ) ≤ |H|e−mϵ^2

Improvable to: P r(∃h ∈ H : e(h) − ê(h) > ϵ) ≤ |H|Bin(e(h), m, ê(h))

Holdout Bound

• êhold(h) = empirical error on holdout set

• mhold = the number of examples in the holdout set

P r(∃h ∈ H : e(h) − êhold(h) > ϵ) ≤ Bin(e(h), mhold, êhold(h))

Microchoice Bound

• d = number of choice spaces

• Ci = ith choice space

P r(∃h ∈ H : e(h) − ê(h) > ϵ) ≤ Bin(e(h), m, ê(h)) d∏ i=1 |Ci|

Distribution Dependent Bound

P r(∃h ∈ H, r ∈ [0...m] : e(h)− r m > ϵ) ≤ m ∑ e(h)≥ rm+ϵ Bin(e(h), m, r m ) But don’t know e(h) so:

P r(∃h ∈ H, r ∈ [0...m] : e(h)− r m > ϵ) ≤ 8m ∑ ê(h) Bin(max(ê(h), r m + ϵ), m, r m ) But don’t know ê(h) so need to sample ... and bound sampling error.

Combined Bound δ = probability of failure Min over previous bounds except holdout with δ → δ3

Decision tree techniques:

• Pruning

• Super sampling (and drawbacks) m êut êpt ku kp eP AC emcs edd ecomb eholdout shuttle 12 .33 .33 4 1 1 .82 .63 .69 0.95 yellow1 13 .67 .67 4 3 .76 .79 .75 .78 1 adult1 16 0 0 2 2 .58 .56 .44 .50 0.54 lung 26 0.5 0.5 7 1 1 .92 .75 .78 0.94 postop 72 0.5 0.5 28 0 1 .57 .27 .37 0.75 scale 500 0.2 .23 94 11 .88 .52 .37 .40 0.33 vote 348 .08 .02 20 1 1 .17 .07 .09 0.14 soy 246 .42 .52 27 11 1 .94 .87 .87 0.66 audio 160 .43 .68 87 3 1 .98 .89 .90 0.84 car 1383 .08 .10 85 37 .87 .32 .28 .29 0.16 krkp 2557 .005 .008 44 20 1 .10 .09 .10 0.05 shroom 6500 0 0 11 9 1 .017 .016 .017 .027 krk 22445 .84 .84 347 37 1 1 1 1 .85 nursery 10368 .006 .007 212 159 1 .12 .11 .11 .03