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Exercise 13

(Programming) Acceptance-Rejection Method for Normally-Distributed Samples

(a) Design a class AcceptanceRejectionStdNormalRandomVariable. It must behave exactly like
NormalRandomVariable from Exercise 10, but you may not use the inversion of the normal C.D.F.
technique. Instead, use the Acceptance Rejection technique from

(b) To check your code, write a test program that generates N = 100, N = 1000, and N = 10000
standard normally distributed samples using both the NormalRandomVariable class and the
AcceptanceRejectionStdNormalRandomVariable class. Plot a histogram for each sample using
a spreadsheet and compare the plots.

Exercise 14

Read and study carefully the class net.finmath.montecarlo.RandomVariable.java which implements
net.finmath.stochastic.RandomVariableInterface.java.

(a) (to be discussed in class) What member data/parameters does each RandomVariable object
have and what is the function of each?

(b) (to be discussed in class) Users may instantiate objects of type RandomVariable that are either
stochastic or non-stochastic. When can you say that a RandomVariable object is stochastic? When
is it non-stochastic? (Hint: what kind of values are stored in the member data for each case?)

Exercise 15

(Programming) Create a BrownianMotion class, representing samples of a standard brownian motion,
sampled over a time-discretization 0 = t0, t1, . . . tn = T with a user defined final time T , time-step size ∆,
and n = T/∆. The object stores the Brownian Increments ∆Wk ∼ N (0,∆tk), k = 0, . . . n in a member
RandomVariable[] array whose k-th element represents the k-th increment.

(a) Define the members

private double[] times;

and the getters

public double getTime(int index);

public double getTimeLessOrEqual(double time);

(b) Define the members private int numberOfPaths and RandomVariable[] brownianIncrements.

(Theory)

(a) How should you generate the brownianIncrements to ensure that they are independent?

(b) How should you declare two BrownianMotion objects so that they are independent?

(Programming)

(a) Let T = 2.0, ∆ = 0.01. Using either your own BrownianMotion class or that which is supplied in
net.finmath.montecarlo.BrownianMotion.java create two objects brownianX and brownianY

of independent standard Brownian Motions.



(b) To check independence, check independence at a fixed time. For tk > 0 let X := W1(tk) and
Y := W2(tk) and check the numerical value of E(XY ) (what does independence of X and Y imply
about the theoretical value of E(XY )?).

Exercise 16

(Programming)

(a) Let T = 2.0, ∆ = 0.01. Using your own BrownianMotion class, create the object brownianW that
is a standard Brownian Motion. Check numerically that

Ê (W (t)W (s)) ≈ s.

Here Ê denote the Monte-Carlo approximation of E, as returned by the method getMean applied
to an object of class RandomVariable.

(b) Using the same object in the previous item, verify numerically that

n−1∑
i=0

W (ti)∆W (ti) ≈
W (tn)2 − tn

2
. (1)

Please hand in solutions to (Theory) exercises until Wednesday 21.5.2014 in Office 230. You may request
for a code review of your solutions to (Programming) exercises.


