Continuous Optimization
Date: 29 September 2026

Exercise 1. Consider the optimization problem

mingcr 22+ 2z +4
st. 2 —4x< -3
(a) Solve this problem, i.e., find the optimal solution.
(b) Derive the Lagrangian dual problem.

(¢) Compute maximum of the dual problem. Is Slater’s condition satisfied? Does strong duality hold?

Exercise 2. For each problem, derive its Lagrangian dual. Determine whether the assumptions stated are
sufficient to conclude strong duality. If not, state an additional assumption under which strong duality follows
from Slater’s condition.

(a) Let A € R™*™ have full row rank and b € R™, and assume that Az = b is feasible. Consider

mingcgn xTx

st. Ax =b.

Derive the dual problem. Express the corresponding optimal dual solution.

(b) Let A € R™*™ ¢ € R™ and b € R™. Consider the linear program

min T
zER™
s.t. Ax <b.

Write the dual in its simplest form.
(c) Let A € R™*™ and b € R™, and assume that Az = b is feasible. Consider the ¢;-minimization problem
min  |lzf
s.t. Az =b.

Derive its Lagrangian dual and express the dual constraints using the /..-norm.

Hint: First determine for which s € R the quantity
E
is finite.
Exercise 3. Let f(x) = ay/x — blogx, where a > 0 and b > 0.
(a) Show that f is not convex on (0, 00).
(b) Find a C*° bijection ¢ : R — (0, 00) such that f o ¢ is convex.

Exercise 4. Consider the optimization problem

1
min VI + T+ ——
T1X2

x1,r9>0
s.t. 1T Z 1.
(a) Is the original problem a convex program?

(b) Use the logarithmic change of variables x; = e¥* to obtain an equivalent convex program. Prove convexity
of the transformed problem.

(c¢) Find the optimal solution.



