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Exercise 4

(Programming)

(a) Download Obba from http://obba.info and install on your computer (the procedure will be shown
in class).

(b) Launch an Obba server on the local machine, by doing the following steps:

(i) Open a command prompt / shell terminal

(ii) Change the working directory to the folder \Obba\Obba Server

(iii) Run the command java -jar Obba.jar

(c) In Eclipse, open (double-click) the obba-enabled spreadsheets Halton Sequence.ods and
RandomNumbers.ods located under the spreadsheets folder of net.finmath.experiments.

(d) Experiment with these sheets. Try changing the values of the inputs on the sheets, and observe the
effect on the chart.

(e) Explain how does each sheet function? What Java classes are called by these sheets?

Exercise 5

(Programming) The example in Listing 15.1 of the lecture script approximates π by Monte-Carlo
(see MonteCarloIntegrationExperiment.java under net.finmath.experiments.montecarlo). In this
exercise, you must show that the Monte-Carlo error is a random-variable (i.e. it has a non-zero variance).

(a) Write a program based on Listing 15.1. For N = numberOfSimulations = 100, 1000, 10000 repeat
the approximation of π a total of M = 1000 times. For each choice of N create a histogram,
i.e., count how often the approximation falls inside the intervals [π − ∆i, π − ∆i+1], for ∆i =
−∞,−0.5,−0.48,−46, . . . , 0.46, 0.48, 0.5,∞.

(b) Make a chart of the histogram on a spreadsheet (preferrably, use the Obba-plugin). What is the
mean and the variance of the approximations?

(c) Make MonteCarloIntegrationExperiment.java reproducible by using a fixed seed (the current
implementation does not initialize a seed, hence each run produces a different approximation). To do
this, you must replace Math.random() and instead use sequence.getRandomNumber(index). where
sequence is an object of type PseudoRandomNumberSequence, that is initialized by providing the
seed and sequence length. You can find the PseudoRandomNumberSequence.java under
net.finmath.experiments.montecarlo.randomnumbers.

(d) Copy the MonteCarloIntegrationExperiment.java to a new class/program
MonteCarloIntegrationExperiment2.java and modify the code, such that it uses quasi
random numbers instead of pseudo random numbers - here: using a Halton sequence.

(e) Create a plot for the convergence. Create 10 different experiments with a pseudo ran-
dom number generator (using 10 different “seed” for the generator) and 1 experiment
with the quasi pseudo random number generator and plot the approximation error for
numberOfSimulations= 10, 100, 1000, 10000, 100000, 1000000.



Exercise 6

(Theory)

(a) Prove the following:

Theorem: Let X1, X2, X3, ... be i.i.d. real valued random variables on the same probability space
(Ω, P ) with

µ = EP (Xi), σ2 = EP
(
(Xi − µ)2

)
,

for i = 1, 2, 3, . . ..Let Sn := 1
n

∑n
i=1Xi. Then for every k1, k2 ∈ R, k1 < k2

lim
n→∞

P

[
σ√
n
k1 ≤ µ− Sn ≤

σ√
n
k2

]
=

∫ k2

k1

e−
x2

2
dx√
2π

(b) How would you chose n to guarantee a 99% probability for an error εn := |µ− Sn| to be less than
1%, given that σ = 0.1 and µ = 0?

Please hand in solutions to (Theory) exercises until Wednesday 30.4.2014 in Office 230. You may request
for a code review of your solutions to (Programming) exercises.


