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Complementary test in
EG2080 Monte Carlo Methods in Engineering,
24 January 2013, 10:00—12:00, the seminar room

Instructions

Only the problems indicated in your exam have to be answered (the score of the remaining prob-
lems is kept from the exam).

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 maximal score of the complementary test in is 40 points including the points that are kept
from the exam. You are guaranteed to pass if you get at least 33 points.

Allowed aids

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



Problem 1 (8 p)

Y, and Y, are two correlated random variables. The joint density function is given by

0.008 if0<x;<5,0<x,<10,
0.008 if5<x;<10,0<x,<5,
fy(Xg) X9) =
0.016 if 5<x; <10,5<x, <10,
0 all other (Xq, X,).

Generate random values of Y, and Y, using the random numbers 0.22 and 0.64 from a U(0, 1)-dis-
tribution.

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 vatriance 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)

A system has three inputs. The probability distributions of these inputs are shown in the figures
below (solid lines). This system is simulated using importance sampling, and the importance sam-
pling functions of each input are also shown in the figures below (dashed lines). The output of the
system is given by

0 ifY; <100 0r Y, = Y5 = 0,

10(Y, - 100) if Y, >100 and Y, = 60,
~|15(Y,-100)  if100<Y,<120andY, = Oand Y5 = 20,
300 if120 <Y, and Y, = 0 and Y5 = 20.

Apply importance sampling to estimate E[X]. Generate five scenarios for the simulation using
the U(0, 1)-distributed random numbers in table 1.

Table 1 Random numbers.

0.80 0.92 0.28 0.96 0.96
0.91 0.63 0.55 0.16 0.49
0.13 0.10 0.96 0.97 0.80
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Problem 4 (8 p)

A system X = g(Y) is simulated using stratified sampling. Three strata have been defined and the
properties of these strata are shown in table 2. Moreover, the true mean and variance of the entire
population are sy = 0.019 and o% = 0.0186 respectively.

Assume that during the simulation, n scenarios will be generated, and samples can be distributed
exactly according to the Neyman allocation. Is this stratification then more efficient than using
simple sampling with the same number of samples?

Table 2 Properties of the strata in problem 4.

Stratum, h Weight, a, Mean, gy, Variance, O’>2(h
1 0.9 0 0
2 0.09 0.1 0.09
3 0.01 1 0

Problem 5 (8 p)

Table 3 shows the results from a Monte Carlo simulation. The expectation value of the simplified
model has been calculated to 10. Calculate the estimated expectation value of the detailed model!

Table 3 Results from the Monte Carlo simulation in problem 5.

Results from Results from
detailed model simplified model,
Stratum Samples per
Stratum, h . M My
weight, @, | stratum, n,
2 Xh,i 2 Zni
i=1 i=1
1 0.5 200 1600 1500
2 0.3 400 4800 3800
3 0.2 400 8 000 6 000
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