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KTH Electrical Engineering

Exam in EG2080 Monte Carlo Methods in Engineering,
4 February 2008, 14:00—19:00, the conference room

Instructions

The answer to each problem must begin on a new sheet, but answers to different parts of the same
problem (a, b, c, etc.) can be written on the same sheet. The fields Nawn (Name), Blad nr (Sheet
number) and Uppgift nr (Problem number) must be filled out on every sheet.

Solutions should include sufficient detail that the argument and calculations can be easily followed.

The exam can yield 40 points in total. The examinee is guaranteed to pass if the score is at least
33 points. There will be a possibility to complement for passing the exam with the grade E if the
result is at least 31 points.

Allowed aids

The following aids are allowed in this exam:
¢ Calculator without information relevant to the course.
¢ Formulae sheet.



Problem 1 (8 p)

a) (5 p) The random variable Y, has the frequency function

0.5 X =1,

0.25 X =2
fo.(X) = ’
vl 0.25 X =3,

0 otherwise.

Which value of Y, is obtained if the random number 0.55 from a U(0, 1)-distribution is trans-
formed according to the inverse transform method? What is the complementary random number
of this value?

b) (3 p) The random variable Y, has the frequency function

0.7 X =1,
fy,(x) = 10.3 X =2,
0 otherwise.

Apply dagger sampling to generate a sequence of values of Y, based on the random number 0.55
from a U(0, 1)-distribution.

Problem 2 (8 p)

The following samples have been obtained in a Monte Carlo simulation using simple sampling:

300, 26, 93, 67, 222, 144,61, 2, 172, 59.
a) (2 p) Calculate the estimated expectation value of X.
b) (2 p) Calculate the estimated variance of X.

c) (4 p) Calculate a 99% confidence interval for the expectation value of X. It can be assumed
that my is normally distributed.



Problem 3 (8 p)

Y3

Consider the system above, where each component has a reliability of 90%. The inputs Y4, Y, and
Y5 are equal to 1 if a component is operational, and 0 otherwise. The output X is equal to 1 if the
system is working, and 0 if it is not, i.e.,
X {1 ifY; =landY,+Y;2>1
0 otherwise.

The system is to be simulated using importance sampling. Is it more efficient to use the impor-
tance sampling function

0.5 y =0,
f1(y) =405 y =1
0 all other Yy,

for each component, or to use the importance sampling function

0.2 y =0,
=408  y=1,
0 all other y,

for each component? The computation time is the same for both importance sampling functions.



Problem 4 (8 p)

AFD(X)
1- ________________________________
084----"""""“"""--ea-o /
0.6 1
0.4 1
024-----""""-""""-"-"-"------+ /
X
20 40 60 80 100 120 140 160 180 200 units/h

The figure above shows the distribution function of the hourly demand, D, for The Company. The
Company uses two machines to produce enough units to cover the demand. Normally, the availa-
bility of the machines is 90%, but whenever one machine is down, the heavier loading of the other
machine decreases the availability; hence, there is a correlation between outages in the two
machines. The probability of both machines being available is 81%, the probability that only one
machine is available is 16% and the probability that none machine is available is 3%. When availa-
ble, each machine can produce 100 units per hour.

a) (4 p) Suggest strata which differentiates scenarios where the available production capacity is
larger than the demand from scenarios where the available production capacity is insufficient.
Hint: A strata tree might be useful.

b) (4 p) Calculate the stratum weights for the stratification you suggested in part a.

Problem 5 (8 p)

Monte Carlo simulation has been used to compare the two systems X; = g;(Y) and X, = g,(Y).
Some results of the simulation are shown in table 1. Calculate the estimated difference between
E[X;] and E[X,]. If the table does not contain all the information you need to solve the problem,
then you may assume an arbitrary value for the missing information.

Table 1 Results from the Monte Carlo simulation in problem 5.

Results from Results from
system 1 system 21,
s | S e
’ ’ > gl(yh,i) > gz(yh,i)
i=1 i=1
0.5 200 1600 1500
0.3 400 4 800 3800
0.2 400 8000 6 000
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