
EXERCISE 2: CONVEXITYNICLAS ANDR�EASSONExer
ise 1 (
onvex fun
tions). Suppose that the fun
tion g : Rn ! R is 
onvex.Show the following:a) The fun
tion f(x) := � ln(�g(x))is 
onvex on the setS := fx 2 Rn j g(x) < 0 g:b) The fun
tion f(x) := 1= ln(�g(x))is 
onvex on the setS := fx 2 Rn j g(x) < �1 g:Exer
ise 2 (
onvex problem). Suppose that g : Rn ! R is 
onvex and d 2 Rn . Isthe problem to maximize � (x21 + � � �+ x2n)subje
t to � 1ln(�g(x)) � 0;dTx = 2;g(x) � �2;x � 0n;
onvex?Exer
ise 3 (
onvex problem). Is the problem tominimize x1 lnx1subje
t to x21 + x22 � 1;2x1 � 1;(x1 � 2)2 + (x2 � 2)2 � 1;x � 02;
onvex?Date: January 25, 2005. 1



2 EXERCISE 2: CONVEXITYExer
ise 4 (
onvexity of polyhedra). Let A be an m � n matrix and b an m � 1ve
tor. Show that the polyhedronP = fx 2 Rn j Ax � b g;is a 
onvex set.Exer
ise 5 (appli
ation of Farkas' Lemma). In a paper submitted for publi
ationin an operations resear
h journal, the author 
onsidered the setP = ��xy� 2 Rn+m ���� Ax+By � 
; x � 0n; y � 0m� ;where A is an m�n matrix, B a positive semi-de�nite m�m matrix and 
 2 Rm .The author expli
itly assumed that the set P is 
ompa
t in Rn+m . A reviewer ofthe paper pointed out that the only 
ompa
t set of the above form is the emptyset. Prove the reviewer's assertion.Exer
ise 6 (extreme points). Consider the polyhedron P de�ned byx1 + x2 � 2;x2 � 1;x3 � 2;x2 + x3 � 2:a) Is x1 = (1; 1; 0)T an extreme point to P ?b) Is x2 = (1; 1; 1)T an extreme point to P ?Exer
ise 7 (existen
e of extreme points in LPs). Let A be an m � n matrix su
hthat rankA = m and b an m� 1 ve
tor. Show that if the polyhedronP = fx 2 Rn j Ax = b; x � 0n ghas a feasible solution, then it has an extreme point.Exer
ise 8 (separation). Show that ea
h 
losed 
onvex set A in Rn is the inter-se
tion of all the 
losed halfspa
es in Rn 
ontaining A, that is, a set of the formB = fx 2 Rn j aTi x � bi; i 2 Kg;where bi 2 R and ai 2 Rn for ea
h i 2 K. Is this a polyhedron, and hen
e, is every
losed 
onvex set a polyhedron?


