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Exercise Sheet 10. Due: Monday, 01.12.2025, 12:00.

Exercise 1 (Levenberg-Marquardt algorithm II). For the Rosenbrock function
flrrx2) =100 Gz = x7)” + (31 = 1%,

determine the new search direction d, of the Levenberg-Marquardt method for the trust
region radii Ay € {1, 0.5, 0.25} with starting value xy = [0, —0.001]". Use the value y = 0 for
the data vector.

Exercise 2 (Convex functions). Let F : R" — R be convex, that is for all pairs of points
X,y € R" and for all A € [0, 1] one has

F(Ax+ (1= Dy) < AF(x) + (1 — DF(y).
(a) Show that the following functions are convex
Fx) = x|, F(x)=4x*+x? F(x)= %XTAX—bTX with b € R", A € R™ spd.
(b) By studying the convexity of the function f(x) = (1+x)" defined on [—1, co] forn > 2,
show that the inequality (1 + x)" > 1 + nx holds for all x > —1.

(c) Prove that if a convex function F : R” — R has a local minimum, then it also has a
global minimum.

Exercise 3 (Holder-inequality). Let p, g > 1, such that % + é =1

(a) Leta and b be two positive real numbers. Use the concavity of the logarithm function
to show that

a? b
ab< — + —.
p q

(b) Conclude that for every x = [x1,...,x,] € R" andy = [y1,...,yn] € R", Holder’s
inequality

n n % n é
> Iyl < <Z |xk|p) <Z |J/k|q)
k=1 k=1 k=1

holds.
(c) Using Holder’s inequality, show the that the Minkowsky inequality

n 1/P n 1/p n l/P
(Z | + yk|p> < <Z |xk|p> + (Z |Yk|p)
k=1 k=1 k=1

holds.

(d) For x = [x,..., x,] € R", we define

n 1/p
Ixl, = (Z |xk|f’) .
k=1

Show that | - |, is a norm on R".



