Introduction to Stochastic Programming 2020 Resit Exam - 13 July 2020

Problem 1: Convex analysis (10 points)

Consider the function f: R —» R
f(z) := max{3r - 6, —x + 2}.

Calculate the subdifferential (set of subgradients) of f at the point & = 2, that is, df (2). Justify
your answer or give the full derivation. Hint!

*To elaborate more on the max of two functions. at a particular x the value that the function f(z) = max{3r —
6. —r + 2} takes Is the maximum of the two values: fi(x) and fa(x). where fi(x) = 3r — 6 and fa(x) = —r+ 2. As
an example, the absolute value function g(x) = |2| is the max of two functions ¢y (x) = x and ga2(x) = —r. It might
be helpful to plot the function f and understand how it behaves.



Introduetion to Stochastic Programming 2020 Resit Exam - 13 July 2020

Important instructions regarding variables in your exam: Throughout the exam you will
see some variables for which values have not been assigned. These are sd; and sds. These variables
depend on your student ID. The variable sd; is the second last digit in your student ID. The
variable sd; is the last digit in your student ID. For example. if vour student ID is: s1234567, then
ed; =6 and sda = 7.

Problem 2: Linear programming (10 points)
Find the solution to the following linear program [8 points|

min = (sdy + 1)1 — (sd2 + 2)x2
subject to  |xq| + |xa| < 3.

where || is the absolute value of x; and |25 is the absolute value of 2o, Again recall that you need
to substitute sd; and sd; with the digits in vour student ID (see the above instructions). Solve
the problem using the graphical method, that is, plotting the feasibility set and then inferring the
optimizer (do not use any software). Hint!

Does the solution change when vou add another constraint to the above problem: =) + x5 £ 1
(justify your answer)? [2 points]

"The constraint |xi |+ |ra| < 3 takes different forms based on if x5 and r; are positive or negative. Hence, for each
aof the four guadrants of the =y, r plane, write down this constraint without the absolute values and then proceesd
to aolve the lnear program.



Introduction to Stochastic Programming 2020 Resit Exam - 13 July 2020

Problem 3: Properties of two-stage problems (20 points)

Consider the second-stage problem

min 2y + 3ya
subject to y; + 2 < 21y — £xg,

W= ry,
Y2 = Fa,
=0, =0
Do the following:
1. For any £ (that is a scalar), compute K2(€) (see the footnote!). [T points|

2. Let £ take the following values with equal probability
{1,2.4}.
Then, compute K3 (see the footnote®). [T points|

3. Assume that £ follows an exponential distribution with mean value equal to one. Then,
compute Kz (see the footnote®). [6 points|

'Recall that this set is the set of fArst-stage decisions that ensure feasibility in the second stage for the particular
uncertainty £.

*Recall that this iz the set of first-stage decisions that ensure feasibility in the second stage for all realizations of
the uneertainty £.

“The probability density function of an exponential distribution with mean equal to one &:

[ ifxr=0,
ﬂd_{& ifx <.



Introduction to Stochastic Programming 2020 Resit Exam - 13 July 2020

Problem 4: Computing EVPI and VSS (20 points)

Consider the following two-stage problem

min x + 5E¢[|z — £|]
subject to 0 < x < 10.

Assume that the random variable £ takes two values & = 0 and £ = 1. Let the probability
distribution be given as

p1=PlE =£] =05, and p, = P[¢ = &] =0.5.

Do the following
1. Determine the value of the wait-and-see solution (WS). [6 points]
2. Determine the value of the recourse problem (RP). [6 points]
3. Determine the expected result of using the expected value solution (EEV). [6 points]

4. Using the above values, determine the expected value of perfect information (EVPI) and the
value of stochastic solution (VSS). [2 points]

[Note: Do all caleulations without the help of any electronic aid. Refer to the way we solved similar
problems in the tutorial/lecture.]



Introduction to Stochastic Programming 2020 Final Exam - 15 June 2020

Important instructions regarding variables in your exam: Throughout the exam you will
see some variables for which values have not been assigned. These are sd; and sds. These variables
depend on your student ID. The variable sd; is the second last digit in your student ID. The
variable sd; is the last digit in your student ID. For example. if vour student 1D is: s1234567, then
ed; =6 and sd; = 7.

Problem 1: Convex analysis (10 points)

Consider the function f: R =+ R
flx) == |(sdy + 1)z = (sda + 2)|

where you need to substitute sd; and sda with the digits in your student ID (see the above in-
structions).  Caleulate the subdifferential (set of subgradients) of f at the point :—gf—}’_—%, that is,

af (ﬁf—ﬁ). Justify your answer or give the full derivation.



Introduction to Stochastic Programming 2020 Final Exam - 15 June 2020

Problem 3: Properties of two-stage problems (20 points)
Consider the seeond-stage problem
min g+ 2
subject to gy < ) — £,
ot = x — Lo

=,
2 = ra,
t = 0.2 = 0.
Do the following:
1. For any £ = (£1,£2). compute Ka(£) (see the footnote!). [T points]

2. Let £ = (£, £3) take the following values with equal probability

{(1.1),(2,2), (4.2)}.
Then, compute Ky (see the footnote®). [T points]

3. Let £ = (£, £3) take values (u, 2) where u follows an exponential distribution with mean value
equal to one. Then, compute Ks (see the footnote?). [6 points]

'Recall that this set is the set of first-stage decisions that ensure feasibility in the second stage for the particular
uncertainty £.

*Recall that this is the set of first-stage decisions that ensure feasibility in the second stage for all realizations of
the uncertainty £.

The probability density function of an exponential distribution with mean equal to one ia:

SR [ ifx =0,
H:j_{n. i<



