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Exercise 1

Consider a LIBOR market model scenario for dates T0 = 0 < T1 < . . . < Tn, and let the log-normal
dynamics of the LIBOR rate Li

t := L(Ti−1, Ti; t) for i = 1, . . . , n be given by

dLi
t = σTi−1,TiL

i
tdW

i
t , t ≥ 0, (1)

for some correlated Brownian motions W i, i = 1, . . . , n−1, with d〈W i
t ,W

j
t 〉 = ρi,j and constant volatilities

σTi−1,Ti . Determine the dynamics of the processes P (t, Ti)/P (t, Tj), 0 ≤ i, j ≤ m− 1.

Exercise 2

Look at the test class in SwaptionTest in

cf-2019-exercises/src/test/java/com/andreamazzon/exercise8.

Here you can find a method testSwaptionLogNormal() where we construct a simulation of a
LIBOR Market Model with log-normal dynamics and with tenor structure 0 = T0 < T1 <
· · · < Tn, and compute the Monte Carlo price of a Swaption for different exercise dates
T1, T2, . . . , Tn−1, employing the net.finmath.montecarlo.interestrate.products.Swaption

product class. For every exercise date, we compare this price with the one obtained
by the method getValue(LIBORModelMonteCarloSimulationModel model) of the class
com.andreamazzon.exercise8.MySwaptionAnalyticApproximation: this class is copied by an
implementation of the Finmath library (as you will have to modify it) and computes the analytical
approximation of the price of a Swaption using the formulas that you can find at Section 23.4.5.2 of the
script.

Complete the method where asked in the code in order to:

• print the equivalent Black volatilities provided by the analytical approximation;

• compute the percentage of times when the relative difference between the Monte-Carlo price of the
Swaption and the analytical approximation is smaller than the tolerance, and check if it is bigger
than 80%.

Exercise 3

Suppose now we are given a normal LIBOR Market Model, i.e. that the equations for the LIBOR forward
rates are given by

dL
Ti−1,Ti

t = σTi−1,TidW
i
t , 0 ≤ t ≤ Ti−1, (2)

for Brownian motions W i, i = 1, . . . ,m − 1 such that d〈W i
t ,W

j
t 〉 = ρi,j and constant normal volatilities

σTi−1,Ti .

• Find the weights for the analytical formula for the Swaption pricing approximation analogous to
that of the standard (lognormal) LMM model, obtained by freezing at 0 the diffusion coefficients
of Sa,b (see the script for details).

• Repeat, by using the normal LIBOR Market Model model property specification, the comparison
of Exercise 1. In particular, do the following:

(a) complete where requested the implementation of createLIBORMarketModel in
com.andreamazzon.exercise6.LIBORMarketModelConstruction in order to allow the
construction of a normal LMM: you can do it by simply using the properties HashMap which
is defined right above the piece of code you have to complete, look at the implementation of
the Finmath library to get what you have to write;



(b) complete the implementation of the method getSwaprateDerivative in
MySwaptionAnalyticApproximation in order to compute the weights in the normal
case, with the formulas you have found above.

(c) implement the method testSwaptionNormal() in SwaptionTest: this has to perform exactly
the same comparison of testSwaptionLogNormal(), for a normal model. In this case you can
avoid to compute the implied Black volatilities.


