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State the rectangle rule for integrating a real valued function f : [a,b] —
R defined on a closed interval. [20%]

Write the MATLAB code to integrate e*" over the interval [0, 1] using
the rectangle rule. [30%)]

Name three other numerical integration techniques that you could use to
evaluate this integral and sketch a log-log plot of their convergence as the
number of steps increases. Your plot should indicate how rounding errors
on a digital computer limit the maximum accuracy. [30%)]

Explain how pricing options by Monte Carlo simulation can be interpreted
in terms of numerical integration. [20%)]

Write a MATLAB function to simulate stock prices price paths that follow
the Black—Scholes model with given parameters. [30%]

Suppose that a trader writes a call option at the Black—Scholes price and
then performs discrete time delta hedging up to the maturity of the option.
They rebalance their portfolio at time points {0, §t, 26t,35t,...T}. Any
money not invested in the stock is invested in a bank account which grows
at the risk free rate r.

(a) Write down difference equations for the number of assets held at each
time point. [40%)

(b) Sketch a histogram of the expected profit and loss of this hedging
strategy [10%)]

Explain briefly what is meant by gamma hedging and explain why a trader
might choose to gamma hedge an exotic option. [20%]

See Next Page
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Draw a table summarizing the numerical methods for risk neutral option
pricing that were taught in this course and indicate which of these methods
can be used to price the following types of option:

a) A European call option

(
(b
(c

(d) An up-and-out option.

An American put option

)
)
) An Asian call option
)

[30%]

When pricing a European put option by the finite difference method, what
boundary conditions would you use? [20%]

Recall that the Black—Scholes PDE is:
1
Vi + 50'232‘/55 +rSVeg —rV =0

where subscripts denote partial differentiation. Use this to derive the
difference equations that must be solved to price a put option by the
explicit finite difference method [30%]

How do the difference equations change when pricing an American put
option? [20%]
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(i) What is meant by a pseudo square root of a positive definite symmetric
matrix A? [10%]

(ii) What is meant by the Cholesky decomposition of a positive definite sym-
metric matrix A? [10%]

(iii) Compute the Cholesky decomposition of the matrix:
L p
p 1

(iv) Explain how you would generate a sample of random variables X; and X,

30%)

from a two dimensional multivariate normal distribution with mean 0 and

(1)

(v) Describe how you can simulate stock prices in discrete time that approxi-

covariance matrix:

20%)

mately follow the Heston model:
dSt = ,LLSt dt + \/gtst thS
dvy = k(0 — 1) dt + E\/ve AW

where W and W} are Wiener processes with correlation p, S; is the stock
price at time ¢, 14 is the volatility process and all other terms are constants.

(i) What is meant by VaR and CVaR? [20%]

(i) What is the sub-additivity property of a coherent risk measure? Show
that VaR is not sub-additive. [20%)]

(iii) Write a difference equation you could use to simulate a stock price that

follows the Black-Scholes model. [20%]

(iv) Describe how you could use the results of such a simulation to estimate
the VaR of a call option on a stock. [20%]

(v) Explain briefly how you could go about testing the results of this calcula-
tion. [20%]
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