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Exercise 1

The aim of this exercise is to refresh your knowledge on stochastic simulation. In particular, we will
review, with some detail, how to simulate the paths of a Brownian motion. Please perform the following
preliminary steps

• Consider the project where you wrote your implementation of TimeDiscretization and
TimeDiscretizationInterface and copy the files colt-1.2.0.jar and commons-math3-3.2.jar

that you received via email into the lib folder of your project.

• Configure the build path of the project so that the two jars are visible to the project.

• Copy the whole packages net.finmath.stochastic and net.finmath.functions into your project
(drag and drop to be done from the eclipse package explorer otherwise the change will not be visible).
The first package contains RandomVariableInterface, which provides the set of methods that a
Random Variable class should implement whereas the second provides an implementation for the
normal distribution.

• create a package net.finmath.montecarlo and copy inside this package the class RandomVariable.

Given the present setup, we have all the necessary tools which allow us to implement the simulation of a
Brownian motion. Consider the definition of a Brownian motion (Definition 29 in the lecture notes) and
setup a BrownianMotionInterface exposing the following methods which

• return the Brownian increment for a given time index (What should the return type be?).

• return the time discretization used for this set of time-discrete Brownian increments.

• return a new object implementing BrownianMotionInterface having the same specifications as this
object but a different seed for the random number generator.

• Return a new object implementing BrownianMotionInterface having the same specifications as this
object but a different time discretization.

After that, your task is to write a BrownianMotion class which implements the methods stated in
BrownianMotionInterface. According to item 4 in Definition 29, the increments of a Brownian mo-
tion are normally distributed. In your implementation you should proceed in two steps

(a) Sample (pseudo)-random draws from a uniform distribution with support on [0, 1]. This can be
achieved by a random number generator like

• Math.random()

• a Mersenne Twister, see cern.jet.random.engine.MersenneTwister64 which is stored in
the jars you imported.

• or any uniform random number generator you like.

(b) Convert the uniform random draws into standard normally distributed draws, use item 4 in Defi-
nition 29 coupled with the scaling property of the normal distribution. For the conversion you may
use

• The Box-Muller method (See Glasserman Par. 2.3.2).

• Interpret the uniformly distributed random draws as probabilities and invert the cumulative
normal distribution function.

Provide finally an implementation allowing one to switch between e.g. Math.random() and
MersenneTwister and also between Box-Muller and the inverse distribution method.


