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Implement the Trust-Region method according to Algorithmus 5.8 (Trust-Region-
Framework) and Algorithmus 5.7 in the lecture notes and test it using the Rosenbrock
function. Write therefore a function

function X = trustregion(fhandle,x0,r0,epsilon,N)

with the function handle fhandle, an initial point x0, an initial trust region radius r0, a
termination tolerance epsilon and a maximum number of iteration steps N. The function
should return a matrix X = [x0; x1; x2; ...] containing the whole iterations.

To ease the implementation modify the Algorithmus 5.8 in the following way:

• change the termination condition to ‖∇f(x)‖ > ε instead of ‖∇f(x)‖ > τrτ0 + τa,

• use the exact Hessian matrix of the Rosenbrock function, which you should provide
using fhandle, together with the function and gradient values,

• instead of solving the minimization problem to obtain dk
V you should compute the

Cauchy point xCP
a to get a candidate for the next iteration xk

V = xCP
a .

To compute the Cauchy point xCP
a solve the subproblem described on pages 24 and 25 in

the lecture notes. Write therefore a function

function t = trsubproblem(fhandle,x,r)

with the function handle fhandle, a current point x and the current trust region radius
r that returns a step size t=ta and compute xCP

a = xa − ta∇f(xa) =: xk
V .

To compute (xk+1,∆k+1) implement Algorithmus 5.7 according to the lecture notes by
writing a function

function [x,delta]= trupdate(fhandle,x,xv,r)

with the function handle fhandle, a current point x, a current candidate xv and the
current trust region radius r. The parameters used in this function should be C=1.0,
mu_upper=0.9, mu_lower=0.1, mu_zero=0.01, omega_upper=2 and omega_lower=1/2.

Test your program by using the Rosenbrock function in the following cases:



1. x0=[-5;-5], r0=1.0

2. x0=[-5;-5], r0=0.1

3. x0=[-5;-5], r0=0.01

using epsilon=1.0e-3 and N=10000. Describe your observations in the written report
and generate also a contour plot of the Rosenbrock function in which you display the
computed iteration points.

Please, refer to the following Algorithms for developing the your Program.



Algorithm 5.7
Input: xa ∈ Rn, xV ∈ Rn, ∆ ∈ R+

Begin

z0 := xa; z0
V := xV ; ∆̂(0) := ∆; l := 0

While zl = xa

ared(l) := f(xa)− f(zl
V ); dl

V := zl
V − xa;

pred(l) := −∇f(xa)Tdl
V − 1

2
(dl

V )THad
l
V

If ared(l)

pred(l) < µ0

zl+1 := xa, ∆̂(l+1) := ω∆̂(l)

If l ≥ 1 & ∆̂(l) > ∆̂(l−1)

zl+1 := zl−1
V , ∆̂(l+1) := ∆̂(l−1)

Else

compute the solution dl+1
V of the T-R subproblem with radius ∆̂(l+1)

zl+1
V := xa + dl+1

V

End(If)

Elseif µ0 ≤ ared(l)

pred(l) ≤ µ

zl+1 := zl
V ; ∆̂(l+1) := ω∆̂(l)

Elseif µ ≤ ared(l)

pred(l) ≤ µ

zl+1 := zl
V , ∆̂(l+1) := ∆̂(l)

Elseif µ ≤ ared(l)

pred(l)

If ‖dl
V ‖ = ∆̂(l) ≤ C‖∇f(xa)‖
zl+1 := xa; ∆̂(l+1) := ω∆̂(l)

compute the solution dl+1
V of the T-R subproblem with radius ∆̂(l+1)

zl+1
V := xa + dl+1

V

Else

zl+1 := zl
V , ∆̂(l+1) := ∆̂(l)

End(If)

End(If)

l := l + 1

End(While)

x+ := zl; ∆+ := ∆̂(l)

End



Algorithm 5.8 (Trust-Region Framework)
Input: x0 ∈ Rn; ∆0 ∈ R+

Begin

k := 0; τ0 := ‖∇f(x0)‖
While ‖∇f(xk)‖ > τrτ0 + τa

compute an approximation Hk of the Hessian ∇2f(xk)
compute dk

V as solution of

min f(xk) +∇f(xk)d+
1

2
dTHkd u.d.N. ‖d‖ ≤ ∆k

compute (xk+1,∆k+1) with Algorithm 5.7 with Input xk; xk
V := xk + dk

V ; ∆k

k := k + 1

End(While)
End


