
Numerical Methods in Financial Mathematics. Exercise Handout 1

Prof. Dr. Christian Fries, Juan Miguel Montes Summer Semester 2014

Exercise 1

(Programming) In the Intro to Java lectures, you have seen the Fourier Transform approach for pricing
call options.

(a) Read the Section 4 of the paper P. Carr, D. Madan. Option valuation using the fast Fourier
transform. Journal of Computational Finance, Vol 2 No. 4, pp. 61-73, 1999. This section refers to
the Fast Fourier transform. In your own words explain what the Fast Fourier transform computes
(hint: recall the last lecture of the Introduction to Java Programming) and what are some of its
advantages?

(b) One can implement the technique in Section 4 of Carr, Madan. (1999) by searching for and using
a Fast Fourier Transform Java library. Find a class that implements the Fast Fourier Transform
(hint: look at the same libraries used during the Intro to Java lectures).

(c) After finding a class that implements the Fast Fourier Transform, we may either introduce new clas-
ses into the project TransformMethodsWithIntegration or create entirely new classes. For example
you may either define a new pricing class CallOptionByFastFourier.java or a new integrator class
FastFourierTransform.java that, possibly, extends or implements UnivariateIntegrator.java.
Write down a list of design steps.

(d) Implement your new classes and modify FourierPricingTest.java by adding the line

CallOptionByFastFourier call6 = new CallOptionByFastFourier(/*your new

constructor parameters*/ )

and compare the results with the other methods previously implemented.

Exercise 2

(Programming) Read about the IEEE 754 representation (you may look at the link
http://introcs.cs.princeton.edu/java/91float/ for example) and take note of the kinds of er-
rors that arise when performing calculations in floating point.

(a) Write and compile the following code in Java. Give an explanation why d1 is not equal to d2.

public static void main(String[] args) {

double d1 = 0.1 + 0.1 + 0.1;

double d2 = 0.3;

if (d1 == d2) System.out.println("0.1 + 0.1 + 0.1 == 0.3");

else System.out.println("0.1 + 0.1 + 0.1 != 0.3");

double b1 = 0.1 + 0.1 + 0.1 + 0.1 + 0.1;

double b2 = 0.5;

if (b1 == b2) System.out.println("0.1 + 0.1 + 0.1 + 0.1 + 0.1 == 0.5");

else System.out.println("0.1 + 0.1 + 0.1 + 0.1 + 0.1 != 0.5");

}

(b) Write a program that computes the harmonic sum HN = 1/1+1/2+ . . .+1/N for large values of N
(e.g. N = 1000, 10000, 100000, etc.) stored as a single-precision float and as a double precision float.
Implement HN in (at least) the following ways: (1) naive summation in order of increasing terms
(2) naive summation in order of decreasing terms (3) Kahan summation. Observe any differences.



(c) Compute the Euler-Mascheroni constant

γ = lim
n↑∞

(Hn − ln(n)) = 0.5772156649 . . .

and store the value in a double precision float. Use the approximate formula

γ ≈ γN := HN − lnN,

for large values of N . To obtain a precision of 6 decimal places, which algorithm requires the fewest
number of iterations?

(d) Compare with the approximation using the following truncated series expansion due to Euler:

γ ≈ γN − 1/(2N) + 1/(12N2).

Exercise 3

(Theory) Read about Monte Carlo methods. It is based on the Law of Large Numbers and the Tsche-
bychev inequality.

(a) Let X be a real random variable in a probability space (Ω, P ) with E[X] = µ, V ar[X] = σ2 and
ε ∈ R, ε > 0. Prove that (Tschebychev inequality):

P [|X − µ| ≥ ε] ≤ σ2

ε2
.

(b) Prove the following corollary:

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, . . .. Then

P
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≤ δ.

Please hand in solutions to (Theory) exercises until Wednesday 16.2.2014 in Office 230. You may request
for a code review of your solutions to (Programming) exercises.


