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Problem 1. Consider the constrained optimization problem
min f(x) subject to x €,
where the feasible set is given by
Q= {z=(21,22) eR?*|c1(z) =21 — 23 = 0 and c»(x) = 21 + 25 > 0} .
1. (5%) Justify whether LICQ holds at (0,0) or not.

2. (5%) Justify whether MFCQ holds at (0,0) or not.

Problem 2. (25%) Find all the KKT points of the problem

T+ a3 <2,

min —x1x subject to
12 ) { T1,T9 = 0.

Verify whether these KKT points are local solutions using the second-order sufficient condition if

possible.

Problem 3. Consider the functions

flz) = %ITQZ‘ —clx

and
1

fulz) = §ITQ$ — 'z + pg(x),

where p > 0, Q € R™™ is positive semi-definite, ¢ € R"”, and ¢ : R — R u {0} is given by

— > Ing; ifx; >0, 2= (21, - ,2,),
P(x) = i=1
40 otherwise.

1. (15%) Show that ¢, f and f, are convex functions.

2. (15%) Suppose that you are given the fact that for each g > 0 the solution to the problem
min f,(x) always exists and is unique. Let {y} be a decreasing sequence of positive real scalars
with g \, 0, and let z* be the solution to the problem min f,, (z). Show that if the sequence

{2*} has a cluster point Z, then Z must be a solution to the problem min f(z) subject to x > 0.

Hint: First show that z is a KKT point for the QP min f(x) subject to x > 0, and then explain

why such an 7 is a local solution (thus a global solution).
Problem 4. Consider the following linear programming
minrTz subject to Az >,

where r € R", b € R™ and A € R™*™ are given vectors and matrix. Suppose that the optimal value

is attained at some point =, € R".



1. (15%) Find the dual problem of the linear programming above.
2. (10%) Show that the optimal value of the dual problem is attained at some A, € R™.

3. (10%) Show that the dual problem of the dual problem (minimizing the negative of the objective
of the dual problem subject to constraints) is equivalent to the primal problem (that is, the

linear programming above).



