CONVEX OPTIMIZATION 2025/26
Practical session # 5

October 30, 2025

Recall the definition of the norms on R":

o [lzllp = (Jz1|P + |22P + ... + [2]?) P, for p > 1

o [[#lloo = max(fa:1], |22],. .., [zn])

1.

Discuss the unit balls B, = {x € R" | ||z||, < 1}, for both p € {1, 00}. Show that, in both cases, they
are convex polytopes. Determine their vertices, and give a description by linear inequalities.

. Let A € R™*™ b € R™. The norm approximation problem for a system of linear equation Ax = b is

the problem of minimizing ||Az — b||, for a given norm || - ||. Show that

(a) minimize ||Az — bl|co

(b) minimize ||Az — bl

are both equivalent to linear programs (that are of polynomial size in n and m).

. Describe explicit solutions of the linear program of minimizing ¢’ for some ¢ € R", subject to

(a) box constraints: [ < x < r, for some [ < r in R".

(b) probability constraints: > ; ; = 1 and = = 0.

c¢) equational constraints: Az = b.
q
(Hint: If feasible, distinguish between the case where c is in the image of AT, or not)

. Show that the norm approximation problem

minimize ||Az — b||4

is equivalent to a QCQP.

page 1 of 1



