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Instruction:

1. There are 100 marks.

2. This is a written, closed-book exam. Please turn o↵ all electronic media and store them
under your desk.

3. Be neat. Poor presentation will be penalized.

4. No questions will be answered during the exam. If in doubt, state your assumption(s) and
continue.

5. Do not leave during the examination period.

6. Do not stand up until all exams have been picked up.
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Question 1 (10 points)

Let C ⇢ Rn be the solution set of a quadratic inequality

C =
�
x 2 R | xT

Ax+ b

T

x+ c  0
 

with A 2 Sn, b 2 R, and c 2 R. Show that C is convex if A ⌫ 0. Is the converse of this statement
true?
Hint: A set is convex if and only if its intersection with an arbitrary line is convex.

Question 2 (15 points)

For each of the following functions determine whether it is convex, concave, quasiconvex, or qua-
siconcave.

1. f(x) = e

x � 1 on R.

2. f(x1, x2) = x1x2 on R2
++.

3. f(x1, x2) = 1/(x1x2) on R2
++.

4. f(x1, x2) = x1/x2 on R2
++.

5. f(x1, x2) = x

2
1/x2 on R⇥R++.

Question 3 (10 points)

Prove that if f and g are convex, both nondecreasing (or nonincreasing), and positive functions
on an interval, then f · g is convex.

Question 4 (10 points)

1. Define g(x) = f(x) + c

T

x+ d, where f is convex. Express g⇤ in terms of f ⇤ (and c, d).

2. Express the conjugate of the perspective of a convex function f in terms of f ⇤.

Question 5 (10 points)

Consider an LP in inequality form,

minimize c

T

x

subject to a

T

i

x  b

i

, i = 1, 2, . . . ,m,

in which there is some uncertainty in the parameters a
i

. In particular, a
i

are known to lie in given
ellipsoids a

i

2 E
i

= {ā
i

+ P

i

u | kuk2  1}, where P

i

2 Rn⇥n. Express this robust LP as a SOCP.
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Question 6 (10 points)

Prove that x⇤ = (1, 1/2,�1) is optimal for the optimization problem

minimize (1/2)xT

Px+ q

T

x+ r

subject to � 1  x

i

 1, i = 1, 2, 3,

where

P =

2

4
13 12 �2
12 17 6
�2 6 12

3

5
, q =

2

4
�22.0
�14.5
13.0

3

5
, r = 1.

Question 7 (15 points)

Formulate the following problems as LPs.

1. min kAx� bk1 subject to kxk1  1.

2. min kxk1 subject to kAx� bk1  1.

3. min kAx� bk1 + kxk1.

In each problem, A 2 Rm⇥n and b 2 Rm are given.

Question 8 (10 points)

Derive a Lagrange dual for the problem

minimize
mX

i=1

�(r
i

)

subject to r = Ax� b,

where

�(u) =

(
u

2
, |u|  1

2|u|� 1, |u| > 1.

Question 9 (10 points)

Consider the problem

minimize f(x) =
nX

i=1

 (x
i

� y

i

) + �

n�1X

i=1

(x
i+1 � x

i

)2,

where � > 0 is a smoothing parameter,  is a convex penalty function, and x 2 Rn is the variable.
What is the structure of the Hessian of f?
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QUESTION 1

QUESTION 2



QUESTION 3



QUESTION 4

QUESTION 5

See the textbook. 

QUESTION 6



QUESTION 7

QUESTION 8



QUESTION 9

Tridiagonal.


