Binomial Probability Distribution

P (r) = n! r!(n − r)! p^r(1 − p)^n�^r P (r) = prob of r heads in n coin flips, if p = Pr(heads) • Expected, or mean value of X, E[X], is E[X] ≡^{n∑}_{i=0} iP (i) = np • Standard deviation of X, σ_X, is σ_X ≡^√E[(X − E[X])^2] =^√np(1 − p)

Summary

error_S(h) follows a Binomial distribution, with • mean μ_{errorS(h)} = errorD(h) • standard deviation σ_{errorS(h)} σ_{errorS(h)} = errorD(h)(1 − errorD(h)) n

Approximate this by a Normal distribution with • mean μ_{errorS(h)} = errorD(h) • standard deviation σ_{errorS(h)} σ_{errorS(h)} ≈ error_S(h)(1 − error_S(h)) n

Normal Probability Distribution

p(x) = 1 √ 2πσ^2 e�^{12 (x}

�μ_{σ )}2

The probability that X will fall into the interval (a, b) is given by_{∫ b} a p(x)dx • Expected, or mean value of X, E[X], is E[X] = μ • Standard deviation of X, σ_X, is σ_X = σ

Normal Probability Distribution

80% of area (probability) lies in μ ± 1.28σ N% of area (probability) lies in μ ± z_N σ

N%: 50% 68% 80% 90% 95% 98% 99% z_N : 0.67 1.00 1.28 1.64 1.96 2.33 2.58

Central Limit Theorem

Consider a set of independent, identically distributed random variables Y_1 . . . Y_n, all governed by an arbitrary probability distribution with mean μ and finite variance σ^2. Define the sample mean, Ȳ ≡ 1 n n_∑ i=1 Y_i

Central Limit Theorem. As n → ∞, the distribution governing Ȳ approaches a Normal distribution, with mean μ and variance^{σ2}_n .

Calculating Confidence Intervals

1. Pick parameter p to estimate (errorD(h)) 2. Choose an estimator (error_S(h)) 3. Determine probability distribution that governs estimator 4. Find interval (L, U) such that N% of probability mass falls in the interval

Difference Between Hypotheses

Test h_1 on sample S_1, test h_2 on S_2 1. Pick parameter to estimate d ≡ errorD(h_1) − errorD(h_2) 2. Choose an estimator d̂ ≡ error_{S1}(h_1) − error_{S2}(h_2) 3. Determine probability distribution that governs estimator

œ_{d̂} ß √ error_{S1}(h_1)(1 � error_{S1}(h_1)) n_1 + error_{S2}(h_2)(1 � error_{S2}(h_2)) n_2

4. Find interval (L, U) such that N% of probability mass falls in the interval d̂±z_N error_{S1}(h_1)(1 − error_{S1}(h_1)) n_1 + error_{S2}(h_2)(1 − error_{S2}(h_2)) n_2

Paired t test to compare hA,hB

1. Partition data into k disjoint test sets T_1, T_2, . . . , T_k of equal size, where this size is at least 30.

2. For i from 1 to k, do δ_i ← error_{Ti}(h_A) − error_{Ti}(h_B)

3. Return the value δ̄, where δ̄ ≡ 1 k k_∑ i=1 δ_i N% confidence interval estimate for d: δ̄ ± t_{N,k}�_1 s_{δ̄} s¯_δ ≡ 1 k(k − 1) k_∑ i=1 (δ_i − δ̄)^2 Note δ_i approximately Normally distributed

Comparing learning algorithms LA and LB

1. Partition data D_0 into k disjoint test sets T_1, T_2, . . . , T_k of equal size, where this size is at least 30.

2. For i from 1 to k, do

use T_i for the test set, and the remaining data for training set S_i • S_i ← {D_0 − T_i} • h_A ← L_A(S_i) • h_B ← L_B(S_i) • δ_i ← error_{Ti}(h_A) − error_{Ti}(h_B) 3. Return the value δ̄, where δ̄ ≡ 1 k k_∑ i=1 δ_i