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Abstract
Contents of the lecture:

☞ Example: a down-and-out put option.
☞ Example: a program that uses Monte Carlo method.
☞ Problems.

Example: a down-and-out put option

Example 1. A down-and-out put option is a put option that becomes void if the asset price
falls below the barrier Sb. Consider the European put option with S0 = $50, X = $50, r = 10%,
σ = 40%. This option has two months to maturity, each month consists of 30 days, and the
barrier Sb = $40 is checked every day. What is the price of this option?

Solution. Consider a multi-period binomial model with one-day period. We have n = 60
periods. Let Sk denotes the price of the asset at the end of the kth period. Then

Sk+1 =

Skeσ
√

T/n with probability p,

Ske−σ
√

T/n with probability 1− p,

where p =
1+ rT/n− d

u− d
.

We will set up 100 experiments. In each experiment we generate 2000 trajectories of
the pricing process. We estimate price as an average of the option’s payoff with respect to
trajectories.

MATLAB program, part 1
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% File: MonteCarlo.m

% Estimating price of a down-and-out

% put option

% Author: Anatoliy Malyarenko

% E-mail: anatoliy.malyarenko@mdh.se

S0=50;

X=50;

r=0.1;

T=2/12;

sigma=0.4;

Sb=40;

NSteps=60;

NRepl=2000;

NExperiments=100;

u=exp(sigma*sqrt(T/NSteps));

d=1/u;

p=(1+r*T/NSteps-d)/(u-d);

Price=1:NExperiments;

MATLAB program, part 2

for j=1:NExperiments

Payoff=1:NRepl;

for k=1:NRepl

flag=0;

Path=1:NSteps+1;

Path(1)=S0;

random=rand(size(Path));

for l=2:NSteps+1

if (random(l)<=p)

Path(l)=Path(l-1)*u;

else

Path(l)=Path(l-1)*d;

end;

if (Path(l)<=Sb)

flag=1;
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break;

end

end

if (flag==0)

Payoff(k)=max(0,X-Path(NSteps+1));

else

Payoff(k)=0;

end;

end;

Price(j)=sum(Payoff)/NRepl;

end;

price=sum(Price)/NExperiments;

plot(1:NExperiments,Price);

xlabel(’Number of experiment’);

ylabel(’Option price’);
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A real program

Next pictures show the program that works using Monte Carlo methods. The authors
are Dmitrii Silvestrov, Myroslav Drozdenko, and Anatoliy Malyarenko.
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Problems

1. The down-and-in put option is activated only if the barrier level Sb is crossed. Consider
the three-month European down-and-in put option with the asset price $50, strike price
$49, and barrier level $39. The risk-free interest rate is 8%, the volatility is 30% per year.
Assume that the price of the asset is checking each day at the close of the trading, and
that each month consists of 30 days.

Perform 100 experiments. In each experiment generate 1000 realisations of the pricing
process. Draw the graph that shows the estimated price of the option in every experiment.
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