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T96/SAS063/EE/20160713

Time : 3 Hours Marks : 80

Instructions :
1. All Questions are Compulsory.

2. Each Sub-question carry 5 marks.

3. Each Sub-question should be answered between 75 to 100 words. Write every questions
answer on separate page.

4. Question paper of 80 Marks, it will be converted in to your programme structure marks.

1. Solve any four sub-questions.

a) Define the lower and upper bounds on European put option for a non-dividend paying
share. 5

b) The existence of fund managers who sell their services based on their alleged ability
to select over-performing sectors and stocks and so add value to portfolios
demonstrates that capital markets are not efficient. Discuss the above statement. 5

c) i) State the principle of non-satiation in the context of an investor. 1

ii) Consider the following utility function:

1
( )U w

w
= −

where

U : Utility

w : wealth

a) Derive the expression for the absolute risk aversion and relative risk
aversion measures. 2

b) Assuming that the wealth of the investor increases, interpret the values of
the coefficients of absolute risk version and relative risk aversion (as
computed in part (a)) in terms of investment in risky assets. 2

d) An individual who prefers more to less has a quadratic utility function and initial
wealth of 100. She faces a random loss that is normally distributed with mean 5 and
standard deviation 10. She is indifferent between facing this loss and paying 5.5 to
fully protect herself from the loss.

i) Find the form of her utility function. 2
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ii) The individual is considering entering a lottery in which the first prize is 1000.
Explain whether the utility function from (i) can be used to calculate how much
should be paid for the ticket. 3

e) Describe the following relationships between investment portfolios.

i) Absolute dominance

ii) First-order stochastic dominance

iii) Second-order stochastic dominance. 5

2. Solve any four sub-questions.

a) Define Shortfall Probability. Explain with the aid of a simple numerical example its
two main limitations as a basis for making investment decisions. 5

b) i) Define Expected Shortfall below a certain level ‘L’ as a measure of risk. 1

ii) The return generated by an investment portfolio is modeled as follows:

R = 1% X–0.5% (12–X), where X ~ Binomial (12, 0.5)

The benchmark level L is set at 0%.

The shortfall variance is defined as

min

2( ) ( )
L
R

L r P R r− =∑

Calculate the shortfall variance for the investment portfolio. 4

c) Consider an asset the annual return, X, on which has probability density
function f (x).

i) Define the 5% Value at Risk for this asset. 1

ii) Define the expected shortfall of the return on this asset below 2%. 2

Assume X has a Normal distribution with mean μ = 5% and variance σ2 = 100%.

iii) Calculate the 5% Value at Risk. 2

d) An institutional fund divides its assets between an equity index fund and a bond index
fund. The mean and standard deviation of the annual return from each fund and the
correlation between returns is given below:

Mean (μ) Std Dev (σ) ρ Equity ρ Bond

Equity fund 0.10 0.20 1 0.6

Bond fund 0.07 0.10 1

The fund can borrow or lend at the risk-free annual rate of 0.05.

What is the optimal split between the equity index and bond index funds? 5
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e) Assets A and B have the following distribution of returns in various states:

State Asset A Asset B Probability

1 10% –2% 0.2

2 8% 15% 0.2

3 25% 0% 0.3

4 –14% 6% 0.3

Calculate the proportion of assets that should be invested in asset A to obtain the
minimum risk portfolio. 5

3. Solve any four sub-questions.

a) i) Write an expression for a single period multifactor model of security returns.
1

ii) Derive and expression for the covariance between the returns of two securities
in terms of the statistical properties of the factors using the model above. 4

b) The return of securities in a market is given by a single-index model as follows:

i i i M iR Rα β ε= + +

Derive an expression for the covariance of 2 securities i and j in terms of βi, βj and
VM, which is the variance of market returns. 5

c) List the principal assumptions required for the Capital Asset Pricing Model to hold.
5

d) What is the market price of risk under CAPM? A market comprises 2 risky assets A
and B; with the following returns in different states of the world.

State Probability Asset A Asset B

1 0.2 –1% –2%

2 0.4 3% 5%

3 0.4 6% 8%

Market

Capitalisation 25,000 75,000

The risk free rate is 3%. Calculate the market price of risk. 5

e) Defining all the symbols you use, write down for the Arbitrage Pricing Theory:

i) The assumed relationship between the return on a risky asset and the value of N
economic factors denoted by Fi (where i = 1, 2, ...N)
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ii) The formula for the expected risk premium on the asset, stating the statistical
requirements for this formula to hold. 5

4. Solve any four sub-questions.

a) Let Bt [t ≥ 0] be a Standard Brownian Motion process starting with B0 = 0.

i) What is the probability that B2 takes a positive value? 1

ii) What is the probability that B2 takes a value in the interval [–1, 1]? 2

iii) Show that if B50 is 3.04, the probability that B100 is negative is
approximately 1/3. 2

b) Let Bt, t ≥ 0 be standard Brownian motion with B0 = 0.

i) Show that ( )21

2 tB t−  is a martingale with respect to Ft the filtration associated

with Bt. 2

ii) State the scaling property and the time inversion property of Brownian motion.
3

c) St, the price of a share at time t, is modelled as geometric Brownian motion. If
μ = 20% pa and σ = 10% pa, calculate the probability that the share price will exceed
110 in six months time given that its current price is 100. 5

d) A(t) follows the stochastic equation

A(t) = S(t) e(R–r) (T–t)

and you are also given that 
( )

( )
( )

dS t
adt bdZ t

S t
= +

where Z(t) is standard Brownian motion under the real world measure P.

Apply Ito’s formula to derive an SDE satisfied by A(t). 5

e) Describe briefly what is meant by a short-rate model of interest rates and how such
models are used to price bonds and interest rate derivatives. 5
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