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(1) An mxm matrix A is called positive semi definite if zAz > 0 for all z € R™. Show
that if A is positive semi definite then the inequality Az > 0 has a nonzero solution z > 0.

(20%)

(2) The pointwise supremum of an arbitrary collection of convex functions is convex.

(20%)

(3) Let P = {z € R* | Az > b} # ¢, where A € R™" and b € R™ Let a € R* and
ap € R. Show that a - ¢ > ag holds for every z € P if and only if there exists a y > 0 such
that yA = a and yb > ay. (20%)

(4) Let
(Po) inf f(z) subjectto g(z)<0,h(z)=0,
and
(Do) sup f(u,v),
where 6 (u,v) = inf, L(z,u,v) and L (z,u,v) = f(z) +uTg(z) + vTh(z) if u > 0, and
L (z,u,v) = —o0, otherwise. Assume f: R® - R, g: R* — R™ and h: R® - R® are not
continuously differentiable.

(a) Suppose for some % > 0 and ¥, ¥ minimizes L (-, %,%). Prove that ( ]gz(? ) is a

supergradient of the concave function 8 at ( g ) . (15%)

(b) Suppose T minimizes L (-,%,) for some T > 0, 7, and that g (%) < 0, wlg(z) = 0
and k (Z) = 0. Show that T is a global minimizer for (%), and (%,7) a global maximizer for

(Do) - (15%)

(c) Prove that z = (1,0)” is a global minimizer for the (nonconvex) problem:

1 1
min——ixf - 52}% —z; subject to z7 + 222 < 1. (10%)




