
4F3 2014: Numerical answers

Question 1.

(a)(i) F =

[
A 0
CA I

]
, G =

[
B
CB

]
(ii) P ≥ 0, Q1 ≥ 0, Q2 ≥ 0, R ≥ 0. (R > 0 for uniqueness)

(iii) Local = global optimum. Efficient algorithms.

(b)(i)

[
(A− I) B
C 0

] [
x∞
u∞

]
=

[
0
r

]
or

[
I −A −B
C 0

] [
x∞
u∞

]
=

[
0
r

]
Existence: Full row rank

Uniqueness: Invertible

(ii) ∆x∞ = 0, ∆u∞ = 0, z∞ = r.

(iii) zi ← zi − r, zN ← zN − r.

(iv) –

Question 2.

(a)(i) –

(ii) –

(b)(i) Φ =


I
A
A2

A3

, Γ =


0
B
AB B
A2B AB B

 (ii) F =


C

C
C

T

, G =


D
0 D
0 0 D
0 0 0

, g =


e
e
e
t


(iii) (FΓ +G)u ≤ g − FΦx(k)

(c)(i)
T =

{
x : (C +DK)(A+BK)ix ≤ e, ∀i = 0, . . . ,∞

}
.

(ii) Recursive feasibility of RHC in closed loop

Question 3.

(a) –

(b)(i) –

(ii) −ṗ(t) = 1− p(t)2 + 4p(t), P (T ) = 10.

Question 4.

(a) ‖y‖∞ ≤ 1
2π‖G(s)‖2‖u‖2., where ‖y‖∞ = supt

√
y(t)T y(t)

(b)(i) –

(ii) –

(iii) g(t) = CeAtB

(iv) ‖G(s)‖2 =
√

2π
√

trace(BTQB)
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