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Overview

■ Numerical maximum likelihood
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Numerical optimization
■ Find the maximum of a function f(x)

xmax = arg max
x∈X

f(x)

involves solving for x in f′(x) = 0.
■ Gradient ascent: find xmax by iterating until convergence:

xk+1 = xk + γ︸︷︷︸
learning rate

· f′(xk)︸ ︷︷ ︸
gradient

■ Newton-Raphson: find xmax by iterating until convergence:

xk+1 = xk −
f′(xk)

f′′(xk)

■ Multi-dimensional MLE solves ℓ′(θ) = 0. Newton-Raphson:
θk+1 = θk + J −1(θk)︸ ︷︷ ︸

inverse hessian

· f′(θk)︸ ︷︷ ︸
gradient

■ Inverse Hessian cheaply computed from gradients (BFGS).
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Finding the maximum
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Gradient ascent - good learning rate
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Gradient ascent - too small learning rate
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Gradient ascent - too large learning rate
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Gradient ascent convergence
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Newton-Raphson
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Newton-Raphson convergence

10 / 11



Optim in R
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