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EE 653 - Robust Control - Semester 182 Homework 1



Problem 1. Let f (x) : S 7−→ IR be a multi-variable functional defined by: f (x) = x0 Rx + Q x + S,



x ∈ IRn , R = R0 ∈ IRn×n , Q ∈ IRn , S ∈ IR.



(1)



• Show that f (x) is convex if and only if R ≥ 0. • Find explicitly the global minimum f (x0 ) when f (x) is convex. • Using the result of the second item, find the solution of the optimization problem: 5 1 min x21 + 3x22 − x1 x2 + x1 + x2 + 2. 2 4



x1 ,x2



1



(2)



Problem 2.



Formulate the following optimization problem as a solution of a set of linear-matrix inequalities: c > a, d > c,



(3)



c x21 x22 + 2b x21 x2 + a x21 + d x23 + 2x1 x2 x3 > 0,



∀x1 , ∀x2 , ∀x3 .



Find one possible numerical solution to the constants a, b, c and d that verify the above constraints.



Problem 3. Consider the linear system described by the state-space equations:   0 1 x. x˙ = −1 −3



(4)



Find two Lyapunov functions V1 (x) = x0 P1 x and V2 (x) = x0 P2 x verifying V˙ 1 < 0 and V˙ 2 < 0.



Problem 4. Let



 1     −  3  , A2 = −1 −2 , B = 1 . 1 −1 −4 1 5 Find P , X, 1 and 2 that solve the following matrix inequalities. • P > 0,







1  2 A1 =  0



A01 P A1 − P + 1 I < 0.



• trace(X) < 1,



A02 X + XA2 − XBB 0 X + −1 2 I < 0.



(5)
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Problem 5. Let Z = X + i Y be a complex square matrix with X ∈ IRn×n and Y ∈ IRn×n . Show that if Z > 0 then,   X Y > 0. (6) −Y X



Problem 6. Prove that for any full-rank Hermitian square matrix A, the inequality A? XA > 0 holds true if and only if X > 0. A? stands for the complex conjugate transpose of A.



Problem 7. Specify whether the domains represented in the figures 1-2 are convex or not.



Figure 1: The domain D
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Figure 2: The domain D
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