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Exercise 7

(Programming) In this exercise, you will write a Java program that generates a sequence of i.i.d.N (0, 1)
distributed random variables.

(a) Research the formula for approximating the inverse normal c.d.f. by Abramowitz and Stegun. Write
a Java program that performs this approximation.

(b) Let N = 1000. Write a Java program that first generates a sequence ui, i =
1, . . . , N , of i.i.d. U([0, 1]) distributed random variables, stored in a double[]-array, using
PseudoRandomNumberSequence.java; then generate an i.i.d. sequence xi, i = 1, . . . , N , of N (0, 1)-
distributed random variables stored in another double[]-array, by putting the ui’s as input to the
inverse normal c.d.f.

(c) Plot the histogram of the generated samples xi using a spreadsheet.

(d) How would you modify the program to generate a sequence of i.i.d N (µ, σ2)-distributed random
variables, for a user-specified choice of µ, σ? Perform the modification and generate a sequence zi of
i.i.d N (µ, σ2) - r.v.’s for a given choice of µ, σ, and then plot a histogram of the generated samples
using a spreadsheet. What is the empirical mean and empirical variance?

Exercise 8

Let X ∼ N (µx, σ
2
x) and Y ∼ N (µy, σ

2
y) be independent r.v.’s.

(a) (Theory) Prove that Z = X + Y ∼ N (µx + µy, σ
2
x + σ2y).

(b) (Programming) For given distinct values of µx, σ2x, µy and σ2y , use the Java program you wrote
in the previous exercise and generate two sequences of samples xi and yi of the random variables
X and Y , respectively. Store the samples zi = xi + yi in a double[]-array

(c) (Programming) Use the Java program you wrote in the previous exercise to generate an i.i.d.
sequence z̄i of N (µx + µy, σ

2
x + σ2y)-distributed random variables, stored in a double[]-array.

(d) (Programming) Compute the empirical mean and empirical variance of the samples zi − z̄i. Plot
a histogram of zi − z̄i using a spreadsheet.

Exercise 9

(Programming) In this exercise you must now abstract what you performed in the previous exercise,
by designing a class of objects that serve as containers for Normally-distributed samples. Let us call this
class NormalRandomVariable.

(a) Each new object W of the type NormalRandomVariable must represent a normally distributed
sample with a given mean µw, variance σ2w and sample-size n specified by the user.

(b) Each object must store its n samples in a double[]-array of length n.

(c) Implement the arithmetic operations +, −, ×, / as methods add(), sub(), mult(), and div(),
respectively, for this class. What return types should these methods have? What other methods
should be defined for this class?

(d) Write a test program that performs the previous exercise using your new class
NormalRandomVariable.



Exercise 10

(Theory)
Let W (t) be a 1-dimensional Brownian motion defined on some probability space (Ω,F , P ).

(a) For t > s prove (analytically) the result

E (W (t)W (s)) = s.

(b) Prove analytically that

∫ t

0
W (s)dW (s) =

W (t)2 − t
2

(1)

Please hand in solutions to (Theory) exercises until Wednesday 07.5.2014 in Office 230. You may request
for a code review of your solutions to (Programming) exercises.


