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Exercise set 9

1 Assume that A ∈ Rm×n with m < n is a matrix of full rank and that b ∈ Rm \ {0}.
Consider the optimization problem

1

2
‖x‖2 → min subject to Ax = b. (1)

(See also problem 2 in exercise set 8.)

a) Derive an explicit formula for the dual problem to (1).

b) Show that λ∗ ∈ Rm solves the dual problem, if and only if

AATλ∗ = b.

c) Verify directly that in this situation

min
x∈Rn

max
λ∈Rm

L(x, λ) = max
λ∈Rm

min
x∈Rn

L(x, λ).

2 Find (and simplify, if possible) the dual of the linear programme

min cTx subject to Ax ≥ b, x ≥ 0.

3 Find the dual of the linear optimisation problem

5x1 + 3x2 + 4x3 → min subject to

{
x1 + x2 + x3 = 1,

xi ≥ 0, i = 1, 2, 3,

and compute its (i.e., the dual’s) solution.

4 (See exercise 16.1 in Nocedal & Wright.) Consider the quadratic programme

f(x, y) := 2x+ 3y + 4x2 + 2xy + y2 → min

subject to
x− y ≥ 0, x+ y ≤ 4, x ≤ 3.

a) Solve the quadratic programme and sketch its geometry (that is, the domain of
the problem and the level lines of the function f).

b) What happens if one replaces the function f by −f? Does the problem still
have solutions or local solutions?
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