Week 2
Basics of Unconstrained Optimization
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= Problem Formulation

e Problem Formulation

Optimality Conditions

min . f(x)
Methods for Solving We are interested in finding local minima.

Unconstrained NLPs
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e Problem Formulation

Optimality Conditions
e Calculus as usual
e Example 1

e Example 2

Methods for Solving
Unconstrained NLPs
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.+ Calculus as usual

e Problem Formulation

We assume that f is twice continuously differentiable.

= Let 2, be alocal minimum.
e Example . L.
S = First-order necessary condition: Vf(z,) =0

Second-order necessary condition: V2 f(z,) is positive
semidefinite.

Methods for Solving
Unconstrained NLPs
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. Example 1

« Problem Formulation Find all local minima for

Optimality Conditions

susual f(x) — (x2 — :C%)(CEQ — 233%)

e Example 2

Methods for Solving
Unconstrained NLPs
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. Example 2

* Problem Formulation Find all local minima for
Optimality Conditions

e Calculus as usual f(x) — 23,;% + ZC% L 2:131:62 + 256? + xéll

e Example 1
e Example 2

Methods for Solving
Unconstrained NLPs
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e Problem Formulation

Optimality Conditions

Methods for Solving
Unconstrained NLPs
e Common Characteristics

e Methods for Solving Unconstrained
o e NLPs
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®
= Common Characteristics

e Problem Formulation 1. Start a‘t :'UO and k — O.
S SR 2. Compute step direction Az, using some method.

Methods for Solving . .
urgonstramiiws 3. Find a steplength «; such that ;.1 = x; + ar Az gives

e Finding the right steplength sufficient descent.
e Newton’s Method
O SBR[ 4. Let Tht1 = Tk + Ozk;AZISk; and k£ =k + 1.

e Quasi-Newton Methods

5. If ||V f(zrr1)]| < e, stop. Otherwise, go to step 2.

OPR 992 - Applied Mathematical Programming - p. 8/12




& Finding the right steplength

e Problem Formulation

: o 2 2
Optimality Conditions mln f(ﬂjl, :E2) o 5:61 + 7372 B 337]_:62
Let 2z, = (2,3) and Az, = (-5, —7). Choose a steplength that
Unconstrained NLPs .
e Common Characteristics WI” guarantee descent.

e Newton’s Method

e Steepest Descent
e Quasi-Newton Methods
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o
= Newton’s Method

* Problem Formuation = Finds the roots of an equation.
B FR = To find a stationary point, we need V f(z) = 0.

Methods for Solving
Unconstrained NLPs [ ] Let

e Common Characteristics

e Finding the right steplengt —_— — 2 —1
Az = —[VEf (@) V@)
R - » If V2£(z;) is positive semidefinite, it is invertible and Az, is

a descent direction.
= Fast convergence near the optimum.
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. Steepest Descent

e Problem Formulation

No second derivative computations
No system of equations to solve

Methods for Solving
Unconstrained NLPs [ ] Let

e Common Characteristics

e Finding the right steplength Axk = — Vf (xk ) .

e Newton’s Method

Optimality Conditions

e Steepest Descent

Py ——— Simple to implement, but not very good convergence
properties.
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o
& Quasi-Newton Methods

e Problem Formulation

Eliminate the burden of computing second derivatives by
Opimalty Conions replacing them with an estimate

A good estimate should be sparse and positive semidefinite.

e Common Characteristics

e Finding the right steplength | Let
e Newton’s Method

e Steepest Descent A:Uk — _B]q_lvf(xk)

BFGS is one scheme for estimating the second derivative.
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