
Numerical Methods for Financial Mathematics. Exercise Handout 11

Lecture: Prof. Dr. Christian Fries, Exercises: Dr. Lorenzo Torricelli, Tutorium: Panagiotis Christodoulou

Sommersemester 2017

Exercise 1

Consider one implementation of the Heston model with your favourite parameters. For a range of strikes
Kmin ≤ K ≤ Kmax and maturities Tmin ≤ T ≤ Tmax and some given strike and step size, ∆K and
∆T produce a matrix of option prices and tabulate them for Office pasting. Then use the method
blackScholesOptionImpliedVolatility in the finmath library to extract from this a matrix of implied
volatilities. Plot the resulting chart in Excel and try to interpret the results.

Exercise 2

In this exercise we try to recover the local volatility function from a set of given market inputs. Given
a set of market option data data C(K,T ) with a prevailing interest rate r, there is a unique function
σL(St, t) such that under the assumption of St following in the risk neutral measure a GBM dynamic of
the form:

dSt = µStdt+ σL(St, t)StdWt (1)

consistent with the data C(K,T ), meaning that the option prices produces by St with maturity T and
stirke K using this specification reproduce exactly C(K,T ). Here, µ is the risk neutral drift (interest rate
minus dividend). The diffusion coefficient σL(St, t) is called the local volatility function.

It can be shown that:
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Where the derivatives are calculated on the grid C(K,T ) numerically, e.g. by central differences.

From the prices generated using the Heston model in the previous exercise, write some Java code that
calculates the values σL(St, t) of the local volatility where the initial asset values ranges over all the
stirkes Ki and t varies over all the maturities Tj You can also set µ = r to simplify the formula.

Exercise 3

In this exercise you will have to try to do your own implementation to perform a Delta hedge of an option
of maturity T = 1 struck at K = S0 = 100 of a stock St following the Heston model. The risk free rate
is assumed to be r = 0.02. Proceed as follows

(a) Simulate one path price evolution for the Heston model, having parameters µ = 0.05, κ = 0.5,
θ = v0 = 0.2, η = 0.3, ρ = −0.8.

(b) For each time ti in the time discretization compute the option value V (Sti , ti) and store them in an
array;

(c) For each time ti in the time discretization compute the option delta ∆V (Sti , ti) and store them in
an array using:

(i) The path-wise method;

(ii) Central differences;

(iii) The Black-Scholes analytical delta (”hedging using the wrong model”)

and compare your results. Observe that for (i) and (ii) you will have, at each time ti perform a
new Monte Carlo Simulation. Do you get an acceptable runtime? (break the code if you do not!).

(d) Build the delta hedging portfolio (Bt, φt) where Bt is the bank account position and φt the stock
position given by the delta of the option process; i.e.



(i) Define two arrays bankAccount, and portfolioValue having same length as the time discreti-
zation. At time t0 set bankAccount[0]=portfolioValue[0] = V0 and stockPosition[0]=0.

(ii) at time ti, i > 0, calculate the stock and cash portfolio gains in (ti−1, ti] by (Sti −Sti−1)∆Vi−1

and Bti−1r(ti − ti−1). Add the two to calculate the new portfolio value Πti before rebalancing;

(iii) calculate the hedging error Vti − Πti before rebalancing;

(iv) Rebalance the portfolio position according to the new stock position φti = ∆V (Sti , ti) by
setting Bti = Πti − φtiSti .

(e) For all ti also calculate the error of the hedging portfolio Πi with respect to the payoff (Sti −K)+.


