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KTH Matematik

EXAMINATION IN SF2701 FINANCIAL MATHEMATICS, 2013-08-19, 08:00—
13:00.

Examiner: Henrik Hult, tel. 790 6911, e-mail: hult@kth.se
Allowed technical aids: calculator.

Any notation introduced must be explained and defined. Assumptions must be
clearly stated. Arguments and computations must be detailed so that they are easy
to follow.

Interest rates are compounded continuously.

GooD Luck!

General information:
We use the notation (a); = max(a, 0).

Black’s formula for European call and put options:

¢ = Z,(GV0(d)) — KO(dy)),
p=Zi(K®(—dy) — Gé“cb(—dl)),
In(GY/K)

By + oV,
(ig = (il — CT\V/—

dl—

A table of the standard Normal distribution is given at the end of the exam.
Problem 1

The spot price of one share of the ABB stock is 145.40 SEK. A dividend of unknown
size is paid in roughly 8 months. The price of a European call option with strike
150 and maturity in 10 months is 7.75 SEK. The price of a European put option
with strike 150 and maturity in 10 months is 14.00 SEK. The interest rate is 1.0%
per year. The dividend payment is assumed to be dS; where ¢ is the time of the
dividend payment and S; is the spot price at that time. Determine d.
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Problem 2

The current spot price for a share of the Finnish stock Sampo A is 30.15 EUR. In 10
days, a dividend of 1.35 EUR per share will be paid. The current exchange rate is
8.684 SEK/EUR and the Swedish and Finnish interest rates are 0.90% and 0.21%,
respectively. The volatility of the share can be assumed to be 40% per year.

(a) Use Black’s model to compute the value, in SEK, of a European call option on
one share of Sampo A with strike price 29 EUR and maturity in two months from
today. (5 p)

(b) Use a binomial tree to compute the value, in SEK, of an American call option on
one share of Sampo A with strike price 29 EUR and maturity in two months from

today. Use a time step of one month. (5 p)
Hint: u = 1 + tanh(0.4/12) = 1.066568 and d = 1 — tanh(0.4/12) = 0.933432.
Problem 3

The current market interest rates are as follows:

e the European one year interest rate is 0.58% per year, the two-year rate is
0.62% per year and the three year rate is 0.66% per year,

e the US one year interest rate is 1.10% per year, the two year rate is 1.20% per
year and the three year rate is 1.40% per year.

A European firm is about to enter into a three year fixed-for-floating currency
swap with a US financial institution. The currency swap is constructed so that
the European firm receives the amount x EUR at the end of years one and two
and 16 million + r EUR at the end of the third year. In addition the European
firm must pay the principal amount 20 million USD at the end of the third year as
well as floating interest payments in USD at the end of years 1,2 and 3. The float-
ing interest payments are computed as the annual interest earned on the principal
and are computed using the continuously compounded floating one-year rates r{*,
k =1,2,3. Here 7Y% denotes the floating US one-year rate between year k — 1 and
k. The current exchange rate is 0.75 EUR/USD. Determine = such that the initial
value of the currency swap is zero. (10 p)

Problem 4

In Ho-Lee’s model the short interest rate r; between time k£ — 1 and & is modeled as
rk:9k+a(z1+-~-+zk,1), kZl,

where 01,65, ... are parameters, ¢ is the volatility and zq, 29, ... are independent
standard normal random variables under the futures distribution. Let Z; denote
the price at time 0 of a zero-coupon bond, with face value 1, maturing at time k.
Suppose 21, Zs, ... can be observed on the market and that there is no arbitrage.
Show that, in order for the Ho-Lee model to be consistent with the market, the
following relation must hold:

0 = In <Z§k1> + U_Q(k —1)%
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(10 p)

Problem 5

Consider a market that is free of arbitrage where all relevant contracts are traded.
Let X be the price of one barrel of crude oil at a future time 7" > 0 and let N be
the value of one kg of gold at time 7. The gold distribution, P&, is such that

P [14N]

Pgold A) =
W Py [N]

Y

for all events A observed at T'. In particular

T
Egold [Y] — PO( ;[YN]’
3" [N]
i PX] .
for all random variables Y observed at 7. Show that X; = Pt(T[N}’ t>0,is a

P& martingale. (10 p)
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TABLE A; STANDARD NORMAL PROBABILITIES (CONTINUED)

Figure 1: Standard Normal distribution
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