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KTH Electrical Engineering

Exam in EG2080 Monte Carlo Methods in Engineering,
7 June 2013, 12:30—-16:30, the seminar 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 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)

Y is a two-state random variable with the probability density function

0.1 x =0,
fy(x) = 10.9 X =1,
0 all other X.

Table 1 Random numbers from a U(0, 1) distribution

0.44 0.77 0.19 0.45 0.71
0.38 0.80 0.49 0.65 0.75

a) (2 p) Apply the inverse transform method to generate 10 values of Y. This problem should be
solved using all the random numbers in table 1.

b) (2 p) Apply complementary random numbers to generate 10 values of Y. This problem
should be solved using the first row of the random numbers in table 1.

c) (2 p) Apply dagger sampling to generate 10 values of Y. This problem should be solved using
as many of the random numbers in table 1 as needed.

d) (2 p) Compare the results of part a—c. Which sequence of random numbers is closest to the
actual probability distribution? Is this a coincidence or is there an explanation to the result?

Problem 2 (8 p)

The following results have been obtained from a Monte Carlo simulation using simple sampling:

1000 1000
S % =1970, 3 x2 =4872.
i=1 i=1

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)

Table 2 lists the possible states of a simplified model of a system with two outputs. Suggest an
importance sampling function for this system.

Table 2 Scenarios for the system in table 3.

Outputs from the
Input, Probability simplified model
y fy(y)
4 )
1 0.1 150
2 0.2 275
3 0.4 475
4 0.2 700 05
5 0.1 1000 1

Problem 4 (8 p)

The area of the shape in the figure below is to be estimated using stratified sampling,

a) (5 p) Use a strata tree to define appropriate strata.

b) (3 p) Calculate the stratum weights for the strata that were defined in part a.



Problem 5 (8 p)

Monte Catlo simulation has been used to compare the two systems X; = g4(Y) and X, = g,(Y).
Some results of the simulation are shown in table 3. 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 3 Results from the Monte Carlo simulation in problem 5.

Results from Results from
Stratum Samples per system | system 2
Stratum, h weight, @), | stratum, Ny i i
> gl(yh,i) > gz(yh,i)

i=1 i=1
0.5 300 900 000 750 000
0.3 300 1470 000 1260 000
0.2 400 2 250 000 1850 000
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