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Exercise 1

A random variable has Gamma distribution Γ(α, λ) if its density functions equals, for x > 0:

f(x) =
λαxα−1e−λx

Γ(α)

where Γ(z) is the Euler Gamma function:

Γ(z) =

∫ ∞
0

xz−1e−xdx.

Write a class GammaRandomVariable again implementing the interface RandomVariable, where the me-
thod generate() is implemented by acceptance-rejection using using acceptance rejection using as a
proposal distribution an exponential random variable of parameter β.

Proceed as follows:

(a) find the set to which α has to belong in order for rejection sampling to be possible at all.

(b) determine some values of M and β as functions of α, λ for which we have

f(x) < Mg(x)

for all x > 0, with f and g being respectively the probability density functions of the Gamma and
Exponential random variables.

(c) write the acceptance-rejection algorithm using such values and test it.

Exercise 2

Write a class histogram that holds a static polymorphic method buildPdfHistogram on the type
RandomVariable providing data for an evenly spaced histogram for the probability density function
of a random variable. The method should accept as a parameter the number of variable simulations,
the number of bins, the maximum and minimum values of the range, and a reference to an object of
RandomVariable type. The return type must be a data structure (array or ArrayList) holding the
histogram frequencies.

Test the method with the three types of random variables you have defined in Exercise sheets 4 and 5
and then plot the results in excel (copying and pasting as unformatted text should work fine!).

Exercise 3

A refinement of the Box-Müller algorithm from Exercise sheet 4 is the following acceptance/rejection
algorithm: let U and V be uniformly distributed random variables in [−1, 1]

• Generate W = U2 + V 2;

• If W > 1 discard W ; otherwise set S =
√
−2 log(W )/W ;

• the bivariate normal random sample is then Z1 = SU,Z2 = SV .

Perform the same comparison with the cdf inversion method and with the standard Box Müller form
from Exercise 1 of the last sheet. Compare the two implementations in terms of efficiency by using the
method System.currentTimeMillis().


