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Q.1) Consider an asset generating income at q% per annum with continuous compounding.

[i] Derive the forward price, K, of a contract issued at time 0 maturing at time T to purchase [5]
one unit of the asset.

Wipro Limited enters into a forward contract with SBI to sell one USD for INR 50 after 3
months.

Three months later, the spot exchange rate is USD 1 = INR 53.
Wipro Limited asks SBI to roll over the contract for 6 more months.

The prevailing risk-free interest rates with continuous compounding for all maturities in
India and the US are 8% per annum and 5% per annum respectively.

[ii] Calculate the delivery price of the rolled over contract such that no money is required to [5]
change hands immediately. Describe your calculations.

[10]
Q.2) The current price of Wipro stock is Rs. 300 per share. Over each of the next two 3-month periods
it is expected to go up by 8% or decline by 10%. The risk-free rate of interest is 6% per annum
with continuous compounding.
[i] Construct a binomial tree and calculate the value of a 6-month European call option with a
strike price of Rs. 310 using a two-step binomial model? [4]
[ii] Calculate the price of a 6-month American put option on the stock with the same strike
price. [3]
[7]
Q.3) The Garman-Kohlhagen formula for price ‘c’ at time O of a European call option on a non-
dividend paying stock is given as:
Cc = S()(D(dl) - Ke_rT(D(dz)
[i] Define the terms used in the above formula.
[2]
[ii] Show that Sy¢p(d,) = Ke™ ™" ¢p(d;), where ¢ (x) is the probability distribution function of
a standard normal variable.
[4]
[iii]  Show that the delta of call option is ®(d;).
[4]
[10]
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Q.4) [i] Define the continuous-time lognormal model of security prices. [2]

[ii] Describe briefly any three reasons why continuous-time lognormal model may be [3]
inappropriate for modeling investment returns.

[iii] Describe a credit event in respect of a bond issued by a corporate entity. [2]

[7]

Q.5) [i] Describe the impact on volatility of short-rate, r(t), for an increase in the short-rate itself
under the following models:

@) Vasicek model
(b) Cox, Ingersoll, and Ross model
(©) Hull and White model

[ii] Solve the stochastic differential equation under the one-factor Vasicek model to find the .
formula for the short-rate, r(t). [5]
[9]
Q.6) The probability density function f(x) of the 2 parameter Burr distribution is:
flx;e,k) = ckx* (1 + x¢)~%+D; wherex > 0,c > 0and k > 0
[i] Prove that the cumulative distribution function of the above distribution is given by:
F(x;c,k) = 1- (1 +x°)7k
You have very limited knowledge of an investor’s utility function.
[ii] Describe the following relationships between investment portfolios. El}

@ Absolute dominance
(b) First-order stochastic dominance
(© Second-order stochastic dominance
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Three investment portfolios A, B and C provide returns that follow Burr distribution with
the following parameters.

Portfolio c k

Al 1] 1
Bl 1] 2
cC| 2| 1

[iii]  Ascertain if an investor who prefers more to less would choose A over B?

[4]
[iv] Show that the investor will not be able to choose between A and C based on first order
stochastic dominance.
[5]
[16]
Q.7) [i(] Define Expected Shortfall below a certain level ‘L’ as a measure of risk? [1]
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 is set at 0%.
[ii] Calculate the shortfall probability and expected shortfall below the benchmark level. [7]
The shortfall variance is defined as
L
z (L-)2PR =1)
Rmin
[iii] Calculate the shortfall variance for the investment portfolio
[4]
[iv] The Basel Committee on Banking Supervision is considering replacing Value-at-Risk as a
measure of risk with Expected Shortfall. Comment on this move. [4]
[16]
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A market has 3 risky securities. The return on these securities is modeled using a statistical three-

factor model of the following form:

Ri = q; + bi,lll + bi,ZIZ + bi'glg

You are given the following information on the three securities and the three factors.

[i]

[ii]
[ii]

Calculate the mean, variance and covariance of the three securities. State any assumptions

you make.

Security | E[a;] | Var[a;] | by | b; | Pi3
x| 6%| 9%w| 1| of O
Y| 5%| 4%% | 05| 05| 93
z| aw| 1%%| o] 1|0

Factor | E[I,] | Ok

I, 205 | 170

I, 30 | 270

I 405 | 470

Assume mean-variance portfolio holds.

Your aim is to calculate the proportions to invest in the three securities in a way that
minimizes the risk. The expected return on the portfolio is set at E,.

State the Lagrangian function to solve such minimization problems. Define all terms used.

Derive the set of five simultaneous equations to solve this problem and represent these

equations in matrix form.

You are given the following.

[0.01%

IfAzl

0.2% 0.01%

0%
8%
1

0.185%

0.12% 0.

9.5%
1
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0%
0.12%
18%
9%

1

—8%
—-9.5%
—9%
0
0

-1
-1
-1

[7]

[3]

[7]
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86.21 172.41 —258.62 —-55.17 5.22
172.41 34483 —517.24 89.66 —7.55
then A~' =|-258.62 —517.24 77586 —34.48 3.33
55.17 —89.66 34.48 14.69 —1.28
—5.22 7.55 —3.33 —1.28 0.11
[iv] Find the proportion of portfolio held in each asset in terms of E,,.
[i] Define Semi-strong form efficiency.
There is substantial body of literature towards both, proving the existence of mispricings,
in contravention of Efficient Market Hypothesis and proving the various forms of Efficient
Market Hypothesis.
[ii] Suggest possible explanations to such categorical proof of mutually contradictory

statements.

Fhhkhhkhkkkhkhkkkhkhkhkhhkhkhhkkkihhkkihkhkihhkihikihikiik

Page 6 of 6

[4]
[21]

[1]

[3]
[4]



