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Qualified Examination for Mathematical Programming
2/12/1998

Consider a nonlinear program
minimize f(z) subject to = >0.

Assume that f is differentiable and convex on R™. Show that the vector u is optimal
if and only if Vf(u) >0, u>0, Vf(uju=0.

Let A ={ai,...,a,} and B = {by,...,b,} denote two sets of points in R". The sets A
and B are said to be linearly separable if their convex hulls are disjoint.

(a) Formulate the problem of minimizing the Euclidean distance between the convex
hulls of A and B as a convex quadratic problem.

(b) Formulate the dual of the problem in (@) and give an interpretation of its objective
function.

Consider a convex quadratic program of the form
. 1 .
minimize Q(z) =z + ixTDz subject to a <z <,

where a and b are arbitrary n-vectors satisfying a < b. Drive a set of necessary and
sufficient conditions for the optimality of a feasible vector u solely in terms of VQ{u)
and the bounds.

Let A be an n x n matrix. Using Farkas’ Theorem, prove that exactly one of the
following two systems has a solution.

System 1 Az >0
System 2 ATy =0, y>0, y#0.
Is every continuous function convex? If no, give an example. Under what condition
every continuous function is convex. Justify your answer.
OR

Let f : R* — R be a convex function, and K be a nonempty convex set in R".
Consider the problem Minimize f(z) subject to « € K. Then prove the zo € K is an
optimal solution to this problem if and only if f has a subgradient £ at z¢ such that
T (z—zg) 2 0forallz e K.




