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Optimierung
3. Übungsblatt

� Exercise 8

Let b ∈ Rn and A ∈ Rn×n.

Show that x0 ∈ Rn is a minimal point of ϕ : Rn → R, x 7→ ϕ(x) := ||Ax− b|| if and only if the
Gaussian normal equation A∗Ax0 = A∗b holds.

Here, A∗ ∈ Rn×n denotes the transposed matrix to A, i.e. ∀x, y ∈ Rn : 〈Ax, y〉 = 〈x,A∗y〉.

Let H denote an R-Hilbert space with scalar product 〈·, ·〉H.

� Exercise 9

Let b ∈ H and A ∈ Lb(H,H), the space of all linear, continous maps on H.

Show that x0 ∈ H is a minimal point of ϕ : H → R, x 7→ ϕ(x) := ||Ax− b||H if and only if the
Gaussian normal equation A∗Ax0 = A∗b holds.

Here, A∗ ∈ Lb(H,H) denotes the adjoint operator to A, i.e. ∀x, y ∈ H : 〈Ax, y〉H = 〈x,A∗y〉H.

� Exercise 10

Use the characterization given in Exercise 8 to solve the following linear regression problem:

Find a vector of parameters x = (x1, x2) ∈ R2 such that the corresponding regression line
γx : R→ R, defined by γx(t) := x1 + tx2, approximates the following measuring points

ti 1975 1980 1985 1990 1995
γi 30 35 38 42 44

optimally, i.e. such that x1, x2 solve the optimization problem:

(x1, x2) = argmin
(y1,y2)

5∑
i=1

(γi − γy(ti))2.

� Exercise 11

Let F be a nonempty, closed, convex subset of H and x0 ∈ H. Show that

∀x ∈ F :

{
||x0 − x||H = dist(x0, F ) =⇒ ∀y ∈ F : 〈x0 − x, y − x〉H ≤ 0

}
.


