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Homework 4: Due Monday October 15.
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Show that if f: R" — R is a convex function then its epigraph epi(f) =
{(x,t) : t > f(x)} is a convex subset of R"*1.

Solution: Let (x,s), (y,t) € epi(f) and 0 < A < 1. Then,
FOX+ (1= A)y) < AF() + (1= A)f(y) < As+ (1~ At
This implies that

A(x,8) + (1= A)(y,t) = (Ax+ (1 = Ny, As + (1 — A\)t) € epi(f).

A monomial is a function f of the form

where ¢ > 0.

The sum of monomials is called a posynomial. Transform the Geometric
Programming problem

Minimise fy(x) subject to fi(x) <1,i=1,2,...,m, z; >0,j=1,2,....n

where fo, f1,..., fm are posynomials, into a convex program.

Solution: Let z; = €% for i = 1,2,...,n. Then the problem be comes,
Minimise go(y) subject to ¢;(y) <1,i=1,2,....,m,y; >0,7=1,2,...,n

where

gi(Y) :Zexp{logci,k‘f—zai,j,kyj}, 1=20,1,...,m,
k=1 j=1
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and for some coefficents ¢;, a; ;.

Finally, note that g(x) = exp {logc—l— Z?:l aiyj} = ce*'Y is convex.
Indeed,

g(>\X + (]_ — /\)y) = CeaT()‘x+(1_>‘)Y) — CeAaTX—i-(l—)\)aTy <

Ace® X+ (1= N)ce*'V,

where the last inequality follows from ¢ > 0 and the convexity of the
exponential function.

Use the KKT conditions to solve
Minimise (2, — 5)* + (z2 — 4)? subject to 2, + x5 < 1,211 + 325 < 2.
The KKT conditions for this problem are:

1+ 19 <1

211 + 319 < 2

2(x1 —5)+ M +2X=0

22 —4) + A\ +3X =0
Mz + 29— 1) = X207 + 322 —2) =0
A1, A > 0.

This is a convex problem and so any solution to the above serves as a
global optimum. There are 4 possibilities to check: \; =0,> 0,i =1, 2.
Case 1: A\ =0, Ay = 0: This gives x1 = 5, x5 = 4 which is infeasible.
Case 2: \; =0,y > 0: This gives 221 +3x9 = 2,21 —5 = =g, 00 —4 =
—3X2/2 which implies x; = 45/17, 29 = —8/17, Ay = 40/17 > 0 which is
infeasible.

Case 3: \; >0, =0Thisgives z; +z3 =1,y =5 =23 —4 = =) /2
which implies that 7 = 1,20 = 0,\; = 8 which satisfies the KKT
conditions.

Thus the solution is ;1 = 1,29 = 0. (Note that we did not impose
x1, 2 > 0 and that this is a convex program.)



