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1. (10 points) Please answer true or false. No explanation is needed. A correct answer

is worth 2 points, no answer 0 points, a wrong answer −1.

(a) The feasible set of a linear program (LP) in standard form is always bounded.

(b) Consider an LP. If the dual problem is infeasible, then so is the primal problem.

(c) The problem max
∑n

j=1 cj|xj| subject to
∑n

j=1 aj|xj| ≤ b, with cj, aj ≥ 0, can

be modeled as a linear optimization problem.

(d) Given a local optimum x̄ for a nonlinear optimization problem, it always sat-

isfies the KKT conditions when the gradients of the active constraints and the

gradients of the equality constraints at the point x̄ are linearly independent.

(e) For a quadratic function f(x) = xTAx + bTx + c with A � 0, the convergence

rate of Newton’s method depends on the condition number of the matrix A.

2. (10 points) A function f is called log-convex if f(x) > 0, for all x ∈ dom(f) and

log(f(x)) is convex.

(a) (5 points) If f is log-convex, then f is also convex.

(b) (5 points) f is log-convex if and only if ∀λ ∈ [0, 1], ∀x, y ∈ dom(f), we have

f(λx+ (1− λ)y) ≤ f(x)λf(y)1−λ.

3. (10 points) Write down the conjugate function of f(z) = log(1 + e−z). (Recall that

the conjugate function f ∗(y) := supz yz − f(z).)

4. (30 points) Let a ∈ Rn
+ with a 6= 0 and b > 0 be given. Consider the following

problem:

(P) min
1

2
‖x‖22

s.t. aTx = b,

x ≥ 0.

(a) (5 points) Show that the above problem is feasible, i.e., there exists at least one

feasible solution.

(b) (10 points) Show that an optimal solution always exists, and that it is unique.

(c) (5 points) Write down the KKT conditions associated with problem (P).

(d) (10 points) Suppose that you know that the above KKT conditions are necessary

and sufficient for optimality. Use the KKT conditions, or otherwise, express the

optimal solution to problem (P) in terms of a and b.

5. (20 points) Consider the Quadratically Constrained Quadratic Program (QCQP):

minx∈Rn xTQ0x+ 2bT0 x

s.t. xTQix+ 2bTi x+ ci ≤ 0, i = 1, . . . ,m

Ax = b,

where Qi ∈ Sn (i.e., n × n symmetric matrix), bi ∈ Rn and ci ∈ R, i = 0, . . . ,m,

A ∈ Rp×n and b ∈ Rp are given.

(a) (5 points) What constraints must each Qi satisfy for the problem to be convex?

(b) (10 points) Derive the dual of the problem.

(c) (5 points) Derive the SDP relaxation of the problem.

6. (20 points) Let L : Rl → R be a convex function, A ∈ Rn×l and v ∈ Rl. Denote

L∗ : Rl → R the conjugate function of L. Show that the dual problem of

min
w∈Rn,b∈R

L(ATw − bv) +
1

2
‖w‖22,

can be written as

min
α∈Rl

L∗(−α) +
1

2
‖Aα‖22

s.t. vTα = 0.
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