Outline

• MAP learners • Maximum likelihood and sum of squared errors • Maximum likelihood prediction of probabilities • Minimum description length principle

Learning A Real Valued Function

Consider any real-valued target function f Training examples ⟨x_i, d_i⟩, where d_i is noisy training value • d_i = f(x_i) + e_i

• e_i is random variable (noise) drawn

independently for each x_i according to some Gaussian distribution with mean=0 Then the maximum likelihood hypothesis h_{ML} is the one that minimizes the sum of squared errors:

h_{ML} = arg min_{h∈H}^mX_{i=1} (d_i − h(x_i))^2

Why isn’t h_{ML} = f?

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 Z_b a p(x)dx • Expected, or mean value of X, E[X], is E[X] = μ • Variance of X is V ar(X) = σ^2 • Standard deviation of X, σ_X, is σ_X = σ

Probability Densities

Want to consider probabilities for x even if x continuous But want probabilities for values for x to sum to 1 In this case, define probability density function p(x) p(x_0) = lim_{ϵ→0} 1 ϵ P (x_0 ≤ x < x_0 + ϵ)

Learning to Predict Probabilities

Consider predicting survival probability from patient data Training examples ⟨x_i, d_i⟩, where d_i is 1 or 0 Want to train neural network to predict probability (not a 0 or 1)

Minimize h_{ML} = argmax_{h∈H}^mX_{i=1} d_i ln h(x_i) + (1 − d_i) ln(1 − h(x_i)) Weight update rule for a sigmoid unit: w_{jk} ← w_{jk} + Δw_{jk} where Δw_{jk} = η^mX_{i=1}(d_i − h(x_i)) x_{ijk}

Minimum Description Length Principle

Occam’s razor: prefer the shortest hypothesis MDL: prefer the hypothesis h that minimizes h_{MDL} = argmin_{h∈H} L_{C1}(h) + L_{C2}(D|h) where L_C(x) is the description length of x under encoding C

Bayesian perspective on MDL

h_{MAP} = argmax_{h∈H} P (D|h)P (h) take the log_2:

h_{MAP} = argmax_{h∈H} log_2 P (D|h) + log_2 P (h) h_{MAP} = argmin_{h∈H} − log_2 P (D|h) − log_2 P (h)

From information theory:

• Wish to transmit messages drawn from X independently according to probability distribution P (X) • Want the shortest expected code length • Optimum code assigns − log_2 P (x_i) bits to encode x_i