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Exercise 1

Extend the calibration exercise from Exercise Sheet 11 along the following directions:

(a) Include the possibility of pricing all calibration products either by means of the class
SwaptionAnalyticApproximation, as already carried out, or by means of a full Monte Carlo va-
luation using the class Swaption

(b) Consider both a norm in price and in volatility.

(c) Add the possibility of calibrating a normal LMM, i.e. one in which the forward Libor rates follow
the normal SDE:
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or some functions σit and Brownian motions W i
t . Remember that you have to use the correct

covariance structure, the one scaled up to the interest rate levels. In order to achieve this one
possibility is to use the class BlendedLocalVolatilityModel that interpolates between normal
and lognormal distribution using a displacement parameter 0 ≤ d ≤ 1.

Compare the different calibration experiments that you can perform. You can do the above by maybe
introducing flag boolean variables, or switch/case statements.

Exercise 2

Let St be a financial asset of density function ft(x) and C(S0,K, T ) the set of market-observed prices for
call option of corresponding parameters. Assume no interest rate are paid.

(a) Prove analytically the Breeden and Litzenberger formula:
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(Hint: express the value of the call option as an integral with respect to fT (x).)

(b) Consider a financial asset of initial value S0 = 100 and set the maturity T = 1. Consider the
following Call price structure as a function of the strike K:

Strike Price

80 14.184
90 10.329
100 9.942
110 5.946
120 4.311

Using (a) determine whether this option prices structure is free of arbitrage or not.

(c) Using the data above, explicitly construct a butterfly arbitrage strategy, i.e. a portfolio long one
call on a strike K0, short two calls on the next strike K1 and long one call at the further strike K2

and show it has negative costs at time 0 and yields a positive payoff at time T .


