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Answer all of the following questions.

(1) Let S = {x: Ax=b,x > 0} #0, where A is an m x n matrix of rank m,
and b is an m vector. Show that a vector d is an extreme direction of § if
and only if A can be decomposed into [B, N] such that B~'a; < 0 for some

_B-la,
7], where e;

column a; of N, and d is a positive multiple of d = ( o
7

is an n — m vector of zeros except for a 1 in position j.
(2) Let P: minimize {c'x : Ax > b,x > 0} and D: maximize {bty : Aly <

¢,y = 0}. Show that if both P and D are feasible, then they both have
optimal solutions with the same objective value.

(3) Let S be a nonempty open convex set in E”, and let f : § — E' be
differentiable on S. Show that f is quasiconvex if and only if either one of
the following equivalent statements holds:

L If x4,%2 € § and f(x:1) < f(x2), then V f(x2)!(x1 — x3) <0,
2. If x3,%3 € § and V f(x3)"(%1 — x3) > 0, then f(x;) > f(x2).

(4) Consider the function f: E® — E! given by f(x) = x*Ax, where

} |

What is the Hessian of f? For what value of 8 is f strictly convex?
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(5) Let X be a nonempty open set in E™, and let f : E* — E', g; : E™ — E,
i=1,2,...,m,and h;: E» —» E', i =1,2,...,{. Consider a problem P to

Minimize f(x)

Subject to gi(x) £ 0 fort=1,2,...,m

Ri(x)=0 fori=1,2,...,1
. x € X.

Let X be a FJ solution and denote I = {1 : g;(X) = 0}. Define § = {x:
gi(x) < 0fors €I, hi(x) = 0 for 7 = 1,2,...,1}. Show that if A; for
1=1,2,...,1 are affine and Vh;(X), ¢ = 1,2,...,] are linearly independent,
and if there exists an e-neighborhood N((X) of %, ¢ > 0, such that f is
pseudoconvex on S N N,(X), and g; for ¢ € I are strictly pseudoconvex over
S N N(X), then X is a local minimum for problem P.



[image: image2.png](6) Let ¢ be an n vector, b be an m vector, A be an m x n matrix, and H
be a symmetric n X n positive definite matrix. Consider the following two
problems:
- Minimize c'x + }x*Hx
Subject to Ax < b
- Minimize h*v + {viGv
Subject to v >0
where G = AH'A* and h = AH 'c +b. Investigate the relationship
between KKT conditions of these two problems.

End of paper




