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1. (a) Write a Matlab function to compute∫ 1

0

1√
1 + sin2(t)

dt (1)

using the Monte Carlo method with N samples. Your function should com-

pute both the integral and an estimate of the error. [40%]

(b) Describe a better numerical method to compute the integral given in equa-

tion (1). Justify your answer. [20%]

(c) Name a technique you can use to improve the accuracy of the Monte Carlo

methods and describe briefly how you would apply it to this problem. [20%]

(d) What one dimensional integral do you need to compute the price of a call

option in the Black–Scholes model? [20%]
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2. (a) A stock price St follows the stochastic process given by:

dSt = St(µdt+ σdWt)

where µ and σ are constants and Wt is a Wiener process. Find a func-

tion f(S, t) such that f(St, t) follows a Brownian motion with drift 0 and

volatility σ. [20%]

(b) The Black–Scholes PDE is:

∂V

∂t
+

1

2
σ2S2∂

2V

∂S2
+ rS

∂V

∂S
− rV = 0.

What change of variables would you use to transform this to the heat equa-

tion. Justify your answer. [20%]

(c) Suppose that you wish to price the following options using the explicit finite

difference method, which equation would you solve and what would be the

boundary conditions? Justify your answers.

(i) A European put option. [30%]

(ii) An up and out knockout call option. [20%]

(d) What are the pros and cons of the implicit and explicit methods of solving

partial differential equations by finite differences? [10%]
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3. (a) The stochastic differential equation (SDE) for geometric Brownian motion

is:

dSt = St(µdt+ σdWt)

(i) Write down the difference equation for the Euler scheme for this stochas-

tic differential equation. [10%]

(ii) Describe a better method to simulate St. Explain your answer. [10%]

(iii) Write the MATLAB code to simulate St. [20%]

(b) A trader believes that the Black–Scholes model holds. She writes a Euro-

pean call option at the Black–Scholes price with strike K and maturity T

and delta hedges her position at the times (0, δt, 2δt, 3δt, . . .).

(a) Derive difference equations for the value in her risk free account at

times iδt [30%]

(b) Sketch a graph showing how you would expect her profit and loss to

be distributed if she is correct. How will your graph change as δt is

reduced? [10%]

(c) Suppose that in fact there is a 1% bid-ask spread at all times that she

has forgotten to take into account. How would the graphs change?

Explain your answer. [20%]
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4. (a) Define the term pseudo square root. [10%]

(b) Define the term Cholesky decomposition. [10%]

(c) Explain why Cholesky decomposition is useful for simulating stochastic pro-

cesses. Give a financial example of when you might use it. [30%]

(d) Find the Cholesky decomposition of the following matrix(
1 ρ

ρ 1

)
where (−1 < ρ < 1). [20%]

(e) Find two more pseudo square roots of this matrix. [30%]
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5. (a) Write pseudo code to show how you would compute the price of an up and

out call option with strike K and barrier B by the Monte Carlo method in

the Black–Scholes model. [40%]

(b) Describe how you could compute the delta of the option by the Monte Carlo

method. [20%]

(c) How would the accuracy of your computation of the delta be related to the

size of the Monte Carlo simulation? Give the mathematical reason for your

answer. [10%]

(d) Describe how you would test your computation of the delta. [30%]
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