
Solution to Math4230 Tutorial 11

1. Consider the convex programming problem

min f(x)

st. x ∈ X, g(x) ≤ 0,

assume that the set X is described by equality and inequality constraints
as

X = {x|hi(x) = 0, i = 1, · · · , m̄, gj(x) ≤ 0, j = r + 1, · · · , r̄}.

Then the problem can alternatively be described without an abstract set
constraint in terms of all of the constraint functions

hi(x) = 0, i = 1, · · · , m̄, gj(x) ≤ 0, j = 1, · · · , r̄.

We call this the extended representation of primal problem. Show if
there is no duality gap and there exists a dual optimal solution for
the extended representation, the same is true for the original problem
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2. A simple example: consider the optimization problem

min x2 + 1

st. (x− 2)(x− 4) ≤ 0,

with variable x ∈ R.
(a) Analysis of primal problem. Give the feasible set, the optimal value,

and the optimal solution.
(b) Lagrangian and dual function. Plot the objective x2 + 1 versus x.

On the same plot, show the feasible set, optimal point and value,
and plot the Lagrangian L(x, λ) versus x for a few positive values of
λ. Verify the lower bound property (p∗ ≥ infx L(x, λ)) for λ ≥ 0).
Derive and sketch the Lagrange dual function g.

(c) Lagrange dual problem. State the dual problem, and verify that it is
a concave maximization problem. Find the dual optimal value and
dual optimal solution λ∗. Does strong duality hold?

Solution:
(a) The feasible set is the interval [2, 4]. The (unique) optimal point is

x∗ = 2 and the optimal value is p∗ = 5. The plot shows f0 and f1.
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3. Consider the convex programming problem

min f(x)

st. x ∈ X, g(x) ≤ uj , j = 1, · · · , r,

where u = (u1, · · · , ur) is a vector parameterizing the right-hand side of

the constraints. Given two distinct values ū and ũ of u, let f̄ and f̃ be
the corresponding optimal values, and assume that f̄ and f̃ are finite.
Assume further that µ̄ and µ̃ are corresponding dual optimal solutions
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and that there is no duality gap. Show that

µ̃′(ũ− ū) ≤ f̄ − f̃ ≤ µ̄′(ũ− ū).

Solution:
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