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Hints at the end of the paper. Workings must he shown. Good Luck! 

p/^ 1. Consider the problem rnin,,.{.r^ ; x > 1} . For a parameter p > 0, this problem can 

he approximated by the uirconstrainecl opt imisat ion problem 

m i n x'^ — p hi{x — 1) 
.r 

S.t. X > 1. 

Find the op t imal solutions to (A) as a func t ion of p > 0, and f i nd the l im i t of these 

opt imal solutions as p 

(A) 

[3 points] 

^7 2. Consider a closed nonempty set C C M " and a func t ion ƒ : 

' the distance to the set for some giA-en norm. i.e. 

, f ( x ) m m i 
y 

X y | | : y G C } . 

Prove that i f C is a convex set then ƒ is a convex funct ion . 

[You may assume that the m i n i m u m defining ƒ is attained.] 

defiired to he [3 points 

3. For a f ixed parairreter a. G M, consider the func t ion / Q ( X ) = exp(x'i + :T;2) +ax'l + x'^ 

J>ŝ (a) For what values of the parameter' a G M is f a a Comdex function? 

Fronr now on consider IraAdng a = 1. 

(b) B y coirsidering the func t ion at x = 0 show that / ' i (y ) > 1 + Vi + 4/2 

for al l y G M^, 

, ^ ( c ) Give the clirectioir of steepest descent of f i at x = 0. 

,(d) Give the Newton direction of f i at x = 0. 

[These directions do not need to be normaUsed.] 

[3 poiirts] 

[2 points] 

[1 point] 

[2 points] 

4. Consider the problem 

m i n 4;ri + x^ 
X 

s.t. X2> xl 

X G 

(B) 

^ a ) Show that problem (B) is a convex problem, 

^ ^ ( b ) Does Slater's condit ion hold for problem (B)? (You must j u s t i f y your answer.) 

^ ( c ) F ind the K K T point(s) for problem (B) . 

^V(cl) Wha t is the global minimiser for problem ( B ) , aircl prove that this minimiser 

is a local irrinimiser of order 2. 

-V (e) Formulate and solve the Langrangian Dual pro]3lem to problem (B) . 

[2 points] 

[1 point] 

[3 points] 

[3 points] ^ 

[4 poiirts] 
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5. For vectors a i , . . . , a „ G M " \ { 0 } , consider t l ie set IC = c o n i c j a i , a „ } . Show 

that IC is a proper cone i f and only i f a i , . . . , a,, are hnearly independent vectors. 

[4 points] 

•y'6. Consider the fol lowing two opt imisat ion problems, where IC C R" is a proper cone, 

IC* C M " is its dual cone, c, a j , . . . , a,„ G M " and b G W": 

m i n (c, x ) 

s^. (a,, x ) > b, for all i = 1,. . . , rn (C) 

X G /C 

[2 points] 

max b' ' 'y 
y 111 

s.i. c - ^ y,a, G IC' 

y e M -

Show that weak dual i ty holds between these problems. 

(D) 

^ 7 . We w i l l consider IDOIUICIS to the opt imal value of the fol lowing problem: 

m i n 4;ri,r2 + S.Tg — X2 

s.t. 

( 

X G 

1 - 2.Ti:r2 - 3xi + 5x1 + 12.r2 = 0 

2 
(E) 

a) Give a finite upper bound on the op t imal value of problem (E). [1 point] 

Formulate a positive semidefinite opt imisat ion problem whose solution would [2 points] 

give a lower bound on the opt imal value of problem (E) . 

_ ^ 8 . (Automat ic addit ional points) 

Question: 1 2 3 4 5 6 7 8 Tota l 

Points: 3 3 8 13 4 2 3 4 40 

A c o p y o f t h e l ec tu re - shee t s m a y be used d u r i n g t h e e x a m i n a t i o n . Y o u 

m a y use a n y r e s u l t s f r o m t h e l e c t u r e s l ides i n y o u r answers ( L e m m a s , T h e ­

o r e m s , C o r o l l a r i e s , Exe rc i se s , e t c . ) , h o w e v e r y o u s h o u l d r e f e r e n c e t h e r e s u l t . 

[4 points] 

Hints: 

1. 
a b 

b c 

I c -b 

ac - \~b a 

2. A norm. \\ • \\ on M" h.as the following properties: 

(a) \\Xx\\ = \X\ ]|x|| for all A G M. x G M " ; 

(b) | |x + y | l < | |x |] + | |y l i / o r a / / x , y G M " , • 

(c) | | x | l > 0 for allx G W \ { 0 } . 
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