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Exercise 1

(i) Read the information how to import data from files into Matlab (click the link):
de.mathworks.com/help/matlab/import_export/ways-to-import-spreadsheets.html.
Then import the daily end prices of the DAX from this website:
de.finance.yahoo.com/q/hp?s=^GDAXI&b=26&a=10&c=1990&e=27&d=04&f=2016&g=d
and create a vector that contains dates and price.

(ii) If Si is the value of a stock on the i-th day in the observation period of n days,
define

yi := lnSi+1 − lnSi, 1 ≤ i ≤ n− 1, ȳ := 1
n− 1

n−1∑
i=1

yi.

The historical volatility (per year) is defined by

σhist :=
√
N

(
1

n− 2

n−1∑
i=1

(yi − ȳ)2
)1/2

,

where
√
N is the mean number of trading days on the stock market per year.

Compute the historical volatility, using data from the last 2 (5, 10) years, and
compare it to the historical volatility, computed from data for the 2 (5, 10) years
starting with 1990.

(iii) Write a function call which evaluates the Black-Scholes formula for a European
Call resp. Put. Its signature should resemble

function [price] = call(S,K,r,sigma,tau),

(iv) Find the value of the DAX from 2011/12/30. Estimate the historical volatili-
ty using the data from 2011. As for the interest rate (be careful about taking
exponentials or logarithms), take the LIBOR one year rate from 2011/12/30:
www.theice.com/marketdata/reports/170
Calculate the risk-free price of a European Call on the DAX starting on 2011/12/30,
with maturity 2012/12/30 and strike price 6000.

Turn please
http://www.mathematik.uni-dortmund.de/lsiv/2016Sommer/WiMaPrakt

http://de.mathworks.com/help/matlab/import_export/ways-to-import-spreadsheets.html
https://de.finance.yahoo.com/q/hp?s=^GDAXI&b=26&a=10&c=1990&e=27&d=04&f=2016&g=d
https://www.theice.com/marketdata/reports/170


Exercise 2
The Black-Scholes price of a European Call can be considered as a function of the
volatility σ:

Vt(σ) = S2
t Φ(d1(σ))−Ke−r(T−t)Φ(d2(σ)).

If the price V̄t of a Call at time t < T is known, then this formula can be used to
calculate the so-called implicit volatility σimpl, by solving the equation

f(σ) := Vt(σ)− V̄t = 0

for σ.

(i) Show that f ′(σ) = S2
t

√
T − tΦ′(d1(σ)) > 0 for all σ ∈ (0,∞).

(ii) Assume that (S2
t −Ke−r(T−t)) ≤ V̄t ≤ S2

t . Show that this implies that

lim
σ→0

f(σ) ≤ 0 and lim
σ→∞

f(σ) ≥ 0.

Show that there is a unique positive solution σimpl to f(σ) = 0.

(iii) Write a function that calculates σimpl using Newton’s method. The signature of
your function should resemble

function [implvol] = implicitvolatility(S,K,r,V0,sigma,sigma0,error,tau),

where V0 is the observed Call price, sigma and sigma0 are initial values for New-
ton’s method and the algorithm terminates as soon as the absolute error is smaller
than error.

(iv) Test your algorithm with the prices calculated in the first exercise and see whether
it correctly recovers the volatility.

(v) Historical data for DAX options (at least for one month into the past) can be
found at
www.eurexchange.com/exchange-de/produkte/idx/dax/DAX--Optionen/17256
The exact maturity date is the 3rd Friday of the month that is given there as the
maturity date. Use this data together with the LIBOR data to calculate the impli-
cit volatility for a time interval of your choice. Repeat the same calculation with
different strike prices.

(vi) Compute the historical volatility for the same time interval, and compare the
results.

http://www.eurexchange.com/exchange-de/produkte/idx/dax/DAX--Optionen/17256


Exercise 3
In this exercise, use your simulation algorithm for geometric Brownian motion from
Exercise 1b of Sheet 3.

(i) Simulate n = 10000 paths of geometric Brownian motion

dSt = rStdt+ σStdBt

on the time interval [0, 1] with step size h = 1/100 and parameters r = 0.01 and
σ = 0.25 and initial value S0 = 1.

(ii) Use this simulation to estimate the Black-Scholes price V0 at time t = 0 of a
European call with maturity T = 1 and strike price K = 1.2.

(iii) Compare with the price obtained by using the function call from Exercise 1.


