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1 Lagrangian

a) Go back to the very first exercise 0, 3 a), where we asked for the matrix that describes the orthogonal projection

onto the plane c>x = 0, for x ∈ Rn. Formulate a constrained optimization problem that describes the projected

x. Solve this analytically, writing down the Lagrangian, and extract the projection matrix.

b) (Taken roughly from ‘Convex Optimization’, Ex. 5.1)

Consider the optimization problem

minx2 + 1 s.t. (x− 2)(x− 4) ≤ 0 (1)

with x ∈ R. Derive the optimal solution x∗ and the optimal value p∗ = f(x∗) by hand. Write down the

Lagrangian L(x, λ).

c) For the same problem (1), plot L(x, λ) over x for various values of λ ≥ 0. The plots should verify the lower

bound property minx L(x, λ) ≤ p∗, where p∗ is the optimum value of the primal problem.

2 Augmented Lagrangian Programming

Take last week’s programming exercise was on solving the optimization problem

min
x

n∑
i=1

xi s.t. g(x) ≤ 0 (2)

g(x) =

x
>x− 1
−x1

. (3)

a) Write down the KKT conditions of this problem and solve it by hand analytically (so not by picture)

b) “Augment” your squared penalty method so that it becomes the Augmented Lagrangian method. Compare the

optimization trace as well as the function/gradient evaluations between the simple Squared Penalty method and

the Augmented method as well as the barrier method.

c) Plot the evolution of f(x), g(x), λ over the number of iterations.

d) Try different initial conditions, also ones which are outside the feasible region.

Bonus: Repeat the above but this time for

min
x

n∑
i=1

xi s.t. g(x) ≤ 0 h(x) = 0 (4)

g(x) = x>x− 1 (5)

h(x) = x1 − 0.5 (6)
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