
CDS 270 (Fall 09) - Assignment 3 (Due Friday, Oct. 16)

1. Express the following problems as semidefinite programs (SDPs).

(a) Linear Program (LP)
minimize cTx+ d
subject to Gx ≤ h

Ax = b.

(b) Quadratic Program (QP)

minimize (1/2)xTPx+ qTx+ r
subject to Gx ≤ h

Ax = b,

where P � 0.

(c) Quadratically constrained quadratic program (QCQP)

minimize (1/2)xTP0x+ qT
0 x+ r0

subject to (1/2)xTPix+ qT
i x+ ri ≤ 0, i = 1, . . . ,m

Ax = b,

where Pi � 0 for i = 0, . . . ,m.

(d) Second order cone program (SOCP)

minimize fTx
subject to ‖Aix+ bi‖2 ≤ cTi x+ di, i = 1, . . . ,m

Fx = g.

Hint (Schur Complement). If A ∈ Sn
++, C ∈ Sm, and B ∈ Rn×m, then(

A B
BT C

)
� 0 ⇐⇒ C −BTA−1B � 0.

2. Let A ∈ Rm×n and let b ∈ Rm.

(a) Formulate the l∞ approximation problem

minimize ‖Ax− b‖∞ = max{|aT
1 x− b1|, . . . , |aT

mx− bm|}

as a linear program.

(b) Formulate the l4 approximation problem

minimize ‖Ax− b‖4 =

(
m∑

i=1

(aT
i x− bi)4

)1/4

as a QCQP.
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(c) Convert the QCQP from part 2b to an SDP.

(d) Define A and b by

A =

1 0
0 1
1 1

 , b =

10
10
0


and solve the convex programs from parts 2a and 2c using Yalmip.

3. (S-Procedure) Let F0, F1, . . . , Fm ∈ Sn be symmetric matrices, and consider the
following statements.

(i) For all x ∈ Rn, if

(ii) xTFix ≥ 0 for all i ∈ {1, . . . ,m} then xTF0x ≥ 0. {x ∈ Rn : xTF0x <
0, xTF1x ≥ 0, . . . , xTFmx ≥ 0} = ∅.

(iii) There exist numbers τi ≥ 0 such that F0 �
∑m

i=1 τiFi.

(a) Prove that (i) ⇔ (ii) ⇐ (iii).

(b) Let

F0 =

(
−2 −1
−1 0

)
and F1 =

(
−4 −3
−3 −2

)
and solve the LMI from (iii) using Yalmip.
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