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Exercise Solution 1

(a) The Fast Fourier Transform is an algorithm for computing the discrete Fourier Transform. In turn,
the discrete Fourier Transform is a discretization of the Fourier Transform. It is an important
and well-used algorithm with many applications, (including derivatives pricing and sensitivities in
finance), and some of its advantages are computational efficiency. More information found in

http://en.wikipedia.org/wiki/Fast Fourier transform

(b) An existing Java class that implements the Fast Fourier Transform is

org.apache.commons.math3.transform.FastFourierTransformer.

It has its own API documentation in

https://commons.apache.org/proper/commons-math/apidocs/

org/apache/commons/math3/transform/FastFourierTransformer.html.

(c) In the example Java program (see next item) two new classes, CallOptionByFastFourier.java
and CarrMadanIntegrater.java were defined, which were analogous to the classes shown in the
Intro To Java lectures. To design this implementation, one must carefully define the variables for
each of the parameters b, λ, η, α that appear on 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.

(d) An example of a Java program for solving Exercise 1 is in the SVN location

http://quantlabsrv.math.lmu.de/quantlab-svn/lectures/fries-2014-2/finmath

exercises

under the package

net.handout1.fft.

REMARK The parameters in this implementation must be tuned in order to give proper results!
This is a well known problem with FFT-based pricing. For more information about Fourier based
pricing, an elementary discussion is provided in
http://pfadintegral.com/docs/Schmelzle2010%20Fourier%20Pricing.pdf.

Exercise Solution 2

Exercise 2 (a) The boolean statement d1 == d2 evaluates to false because the decimal value 0.3
cannot be represented as an IEEE 754 floating point number. This is because no terminating
linear combination of negative powers of 2 can equal 0.3.
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An example of a Java program for solving Exercise 2 (b) - (d) is in the SVN location

http://quantlabsrv.math.lmu.de/quantlab-svn/lectures/fries-2014-2/finmath exercises

under the package

net.handout1.arithmetic.

Exercise Solution 3

(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
.

Proof: Let FX(ξ) := P [X ≤ ξ] denote the probability distribution function of X and let fX(ξ)
denote the density function of FX . Then

σ2 =V ar[X]

=

∫ ∞
−∞

(ξ − µ)2fX(ξ)dξ

≥
∫ µ−ε

−∞
(ξ − µ)2fX(ξ)dξ +

∫ ∞
µ+ε

(ξ − µ)2fX(ξ)dξ,

because the integrand a positive function over R. Then

≥
∫ µ−ε

−∞
ε2fX(ξ)dξ +

∫ ∞
µ+ε

ε2fX(ξ)dξ,

since ξ ≤ µ − ε ⇒ ε ≤ |ξ − µ| ⇒ ε2 ≤ (ξ − µ)2. Then, taking ε2 out of the integral, factoring out,
and by definition of the density function

=ε2
(∫ µ−ε

−∞
fX(ξ)dξ +

∫ ∞
µ+ε

fX(ξ)dξ

)
,

=ε2P [{X ≤ µ− ε} ∪ {X ≥ µ+ ε}]
=ε2P [|X − µ| ≥ ε].

Therefore
σ2 ≥ ε2P [[|X − µ| ≥ ε].

The result follows by dividing by 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

(∣∣∣∣∣ 1n
n∑
i=1

Xi − µ

∣∣∣∣∣ ≥ ε
)
≤ σ2

ε2n
,
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and

P

(∣∣∣∣∣ 1n
n∑
i=1

Xi − µ

∣∣∣∣∣ ≥ σ

δ1/2n1/2

)
≤ δ.

Proof: The first inequality follows from the Tschebychev inequality with X := 1
n

∑n
i=1Xi and

V ar[X] = σ2

n . The second inequality follows from the first with ε = σ
δ1/2n1/2 .

If you have further questions or need clarifications, please write an e-mail to the address:
montes@math.lmu.de
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