
Homework 3 (4th Week)-2023”

Peng Li ∗

March 31, 2024

Requirement: Please write the answers in English.
Reference Textbook: [1]“Stephen Boyd and Lieven Vandenberghe, /Convex optimiza-

tion”, 2th Edition, 2013.
[2] 4Ó�, rò, o]¹, ©2©, �`z: ï�, �{�nØ, p���Ñ��,2020.

1. (30 points) (Exercise 4.24 of the textbook [1]) Complex `1−, `2− and `∞-norm
approximation. Consider the problem

minimize ‖Ax− b‖p,

where A ∈ Cm×n,b ∈ Cm, and the variable is x ∈ Cn. The complex `p-norm is defined
by

‖y‖p =

(
m∑
i=1

|yi|p
)1/p

for p ≥ 1, and ‖y‖∞ = maxi=1,...,m |yi|. For p = 1, 2, and ∞, express the complex `p-norm
approximation problem as a QCQP or SOCP with real variables and data.

2.(30 points) (Exercise 5.30 of the textbook [1]) Derive the KKT conditions for the
problem

minimize tr(X)− log detX
subject to Xs = y,

with variable X ∈ Sn and domain Sn
++. Here y ∈ Rn and s ∈ Rn are given, with sTy = 1.

Verify that the optimal solution is given by

X? = I + yyT − 1

sT s
ssT .

3. (40 points)Given A ∈ Rm×n with m < n and b ∈ Rm. Please give the dual problems
of the following convex optimizations.

(i) minx∈Rn ‖x‖1, s. t. ‖A>(Ax− b)‖∞ ≤ ε

(ii) minx∈Rn λ‖x‖1 + ‖A>(Ax− b)‖∞

(iii) minx∈Rn λ‖x‖1 + 1
2‖A

>(Ax− b)‖2∞
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