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Exercise 1

Suppose you have a tenure structure T0 = 0 < T1 < . . . , < Tn−1 < Tn = T of evenly distributed points
(i.e., Ti − Ti−1 = ∆ for every i = 1, . . . , n), and that you are given the first two bonds P (T1), P (T2).
Write a class Bootstrap in order to do the following:

(a) get the value of P (Ti) knowing the value of P (T1), . . . , P (Ti−1) and the par swap rate Si at time
Ti, i > 2;

(b) get the value of P (Ti) and P (Ti−1) knowing the value of P (T1), . . . , P (Ti−2) and the par swap rate
Si at time Ti, i > 2.

Call the methods of this class in order to compute the value of the bonds P (Ti), i > 2 when you have
∆ = 0.5, P (T1) = 0.98, P (T2) = 0.975, and

S3 = 0.0086, S4 = 0.0077, S5 = 0.0073, S6 = 0.0084,

S8 = 0.0075, S10 = 0.0085, S12 = 0.0095, S14 = 0.0092.

Hints:

• Note that, whereas you can address point (a) just looking at the formulas in the script, things are
more difficult for point (b): this is for example the case when you have semi-annual bonds but you
are given only annual par swap rates.

• You can solve this point by using a root finder algorithm, as the one implemented in
net.finmath.rootfinder.BisectionSearch, by which you can find the zero of a function f .

• In particular, here f(x) can be the difference S − S(x), where S is the given par swap rate and
S(x) is the value of the par swap rate if the value of the new bond is x: at every iteration of
the algorithm, f(x) can be computed by a method differenceSwapRateAtMissingBond(double

swapRate, double missingBond, double yearFraction) which returns the value of the diffe-
rence above.

• Here there are two bonds whose value you don’t know, i.e., P (Tn−1) and P (Tn). For this rea-
son, differenceSwapRateAtMissingBond must also call a method interpolate(double bondT0,

double bondT1) where you have to linearly interpolate the logarithm of the zero coupon bond
prices bondT0, bondT1, as indicated in the script. Here you will call interpolate(lastKnownBond,
missingBond), where lastKnownBond is the value of P (Tn−2).

Exercise 2

Let L = (Lt)0≤t≤T with Lt := (L(T1, T2; t))0≤t≤T1 be the stochastic process representing the Libor rate
payed between T1 and T2, with T1 < T2. Take K > 0 and consider a caplet fixed at T1 and expiring at
T2 with strike rate K, i.e. the financial product paying off

(T2 − T1)(L(T1, T2;T1) −K)+

at time T2.

(a) Prove that pricing the caplet is equivalent to pricing a put option on the forward bond process
P (T1, T2) = (P (T1, T2; t))0≤t≤T1 ;

(b) Assume we are in a market where the Libor rate in the physical measure is driven by the dynamics

dLt = µLtdt+ σLtdWt, 0 ≤ t ≤ T1,

for some Brownian motion Wt and σ > 0. Using a short JAVA procedure calculate the value at time
t0 = 0 of the caplet for the parameters defining the model and for a given discount factor P (T2; 0).



(c) Write a test class in order to check that the result you have obtained is equal (up to a given to-
lerance) to the one you get with the method blackModelCapletValue(double forward, double

volatility, double optionMaturity, double optionStrike, double periodLength,

double discountFactor) of the class net.finmath.functions.AnalyticFormulas.


