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Nonlinear programming is

1) unstructured computer programming using GO TOs;

2) a variant of extreme programming;

3) how computers were programmed in the 1960s;

4) the study of nonlinear constrained optimization
problems.
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Homotopy Algorithms

Let x = (x1, . . . , xn) ∈ En, F : En → En be C2.

Hard problem: F (x) = 0.

Newton’s method: x(k+1) = x(k) −
(

DF (x(k))
)

−1
F (x(k)).

Homotopy method: let S(x) = 0 be a simple problem with a
unique solution a (e.g., S(x) = x − a = 0).

Construct the homotopy map

ρa(λ, x) = λF (x) + (1 − λ)S(x), 0 ≤ λ ≤ 1.

Track the zero curve γ of ρa(λ, x) = 0 from λ = 0 to λ = 1.
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Under certain assumptions on F and S, this works with
probability one (for almost all a).
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Linear Complementarity Problem (LCP)

w − Mz = q, w >
= 0, z >

= 0, wtz = 0.

Ax = q, x >
= 0, A

·i ∈ {I
·i,−M

·i}, 2n systems.

Ki(z) = (Mz + q)3i + z3
i − |(Mz + q)i − zi|

3 = 0

⇐⇒ wi
>
= 0, zi

>
= 0, wizi = 0.

ρa(λ, z) = λK(z) + (1 − λ)(z − a), 0 <
= λ <

= 1.
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Elastic rod
y

M s
θ
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x

dθ

ds
= Qx − Py + M,

dx

ds
= cos θ,

dy

ds
= sin θ.

x(0) = y(0) = θ(0) = 0,

x(1) = a, y(1) = b, θ(1) = c.

v =





Q

P

M



 , F (v) =





x(1; v) − a

y(1; v) − b

θ(1; v) − c



 = 0.

ρ(λ, v) =





x(1; v) − [λa + (1 − λ)1]
y(1; v) = [λb + (1 − λ)0]
θ(1; v) − [λc + (1 − λ)0]



 = 0, 0 ≤ λ ≤ 1.
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