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Exercise 1. (norm reformulation) Linear optimization problems are convex optimization
problems for which the objective function and all constraint functions are affine. Let
A ∈ Rm×n and b ∈ Rm be given. Recall that for x ∈ Rn,

||x||∞ = max
i=1,...,n

|xi| and ||x||1 =
n∑

i=1

|xi|

holds. Find an equivalent linear formulation for the following optimization problems.

a) minimize ||Ax− b||∞

b) minimize ||Ax− b||1

c) minimize ||Ax− b||1 subject to ||x||∞ ≤ 1

d) minimize ||x||1 subject to ||Ax− b||∞ ≤ 1

e) minimize ||Ax− b||1 + ||x||∞

Exercise 2. (Lagrangian and dual function) Consider the optimization problem

minimize x2 + 1

subject to (x− 2)(x− 4) ≤ 0

with optimization variable x ∈ R.

a) Plot the objective function. Describe the feasible set and find the optimizer x∗ and
the optimal value p∗.

b) Compute the Lagrangian L(x, λ) and plot it (as a function of x) for λ ∈ {1, 2, 3}.

c) Plot the Lagrange dual function g(λ) = infx L(x, λ). Verify that the lower bound
property p∗ ≥ g(λ) holds.


