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Q. 1) An investor holds a portfolio of  Rs. 50 million. This portfolio consists of A-rated bonds 

(Rs. 20 million) and BBB-rated bonds (Rs. 30 million). Assume that the one-year 

probabilities of default for A-rated and BBB-rated bonds are 0.02 and 0.04, respectively, 

and that they are independent. If the recovery value for A-rated bonds in the event of default 

is 60 percent and the recovery value for BBB-rated bonds is 40 percent, what is the one-

year expected credit loss from this portfolio?  [3] 

   

Q. 2)   

 i) Explain the use and significance of Ito’s lemma for the valuation of derivatives based 

on stochastic processes. (1) 

   

 ii) Explain what it means for a stochastic process Xt to be a martingale under a probability 

measure P. (2) 

   

 iii) Let  

𝑌𝑡 = 𝑊𝑡
2 − 𝑡, 

 

Where Yt is a standard P-Brownian motion Wt. Obtain the differential equation for the 

stochastic process that is sufficiently bounded and state with reasons whether it is a 

martingale.  (3) 

   

 iv) What value(s) of the constant ‘a’, if any, would a sufficiently bounded stochastic process 

Zt defined by  

𝑍𝑡 = 𝑊𝑡
4 − 6𝑊𝑡

2𝑡 + 𝑎𝑡2 
be a martingale.  (3) 

  [9] 

   

Q. 3) A stock is currently priced at $320 and pays no dividends. The price at time “i+1” is given 

by Si+1 and can be written as Si+1 = Si + 0.5 Si for the up move or Si+1 = Si – 0.5 Si for the 

down move. The risk-free interest rate of 7.5% per period and the strike price is $150. For 

a European Call option on this asset with a strike price of $300 with three periods to 

expiration:  

   

 i) Draw a three-period binomial tree. (3) 

   

 ii) Calculate the value of the down probability. (2) 

   

 iii) Using the tree drawn in part (i), price a European Call Option using the information 

given in the question (rounded to the nearest integer). (4) 

   

 iv) Repeat part (ii) but now price the corresponding American Call Option. (4) 

   

 v) Finally, using the tree drawn in part (i) and the information given, what will be the price 

of the American Put Option? (4) 

  [17] 

Q. 4) Explain the following terms:  

   

 i) A Credit Default Swap (CDS) (2) 

   

 ii) A Third – to – Default Basket Swap (2) 
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 Let “CDS-bond basis” for a particular corporate bond be the difference between the 

corporate bond is defined as the CDS spread and the excess of the bond yield over the risk-

free rate.   

   

 iii) In a theoretical environment, what arbitrage opportunity should exist when the CDS 

bond basis is positive, and the bond is trading at par.  (4) 

   

 iv) However, such arbitrage as highlighted in (iii) may not exist in practice. Explain. (4) 

   

 You are managing a fund comprising of ten different corporate bonds in similar proportions 

and a small amount of cash. The fund has no other assets. You wish to partially reduce the 

credit risk in the portfolio for a limited cost and to that end, you want to introduce credit 

derivatives into the portfolio. The alternates before you are:  

   

  Purchasing credit default swaps for five of the corporate bonds. 
 

  Purchasing a third-to-default basket swap, where the basket comprises the ten 

holdings.  

   

 v) Compare the likely effectiveness of each of these alternatives towards meeting your 

objective as stated above. (6) 

   

 vi) Which of the strategies would you recommend and why?  (3) 

  [21] 

   

Q. 5)   

 i) What are options on futures? Describe the payoff to a holder when a call option on a 

future expires. (3) 

   

 ii) Explain the difference between the payoff of a call option on future of stock and a call 

option on a stock. Calculate payoff for a call option with the strike price of 100, expiry 

of 3 months that allows the holder to go long on a 1-month stock future upon expiry.   

Compare this with payoff from 3 months call option on a stock with same strike price. 

The following information is given at the time of expiry of the option - Stock price of 

110 and 1-month future price of 112. (3) 

   

 The spot and forward exchange rates in US$ per INR are quoted below:   

   

 
 

Days USD/INR 

30 0.012987013 

60 0.012658228 

90 0.012345679  

   

 Company has to sell $1 million in 60 days and buys back $1 million in 90 days and is 

contemplating either to do that in spot market or forward market.   

   

 iii) Calculate how much the company would pay and receive in 60 and 90 days’ if company 

uses forwards.   (2) 
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 iv) Estimate loss by the company if the company decides to do transaction in Spot Market. 

Spot rates on 60 days and 90 days are 74 and 83 respectively. Explain why company 

might consider forward transaction in future irrespective of the loss.   (3) 

   

 As an alternative to the above contract Investment bank offers forward contract at 90 days 

period to sell $1 million at below rate  

   

 a. FX rate X1 = 74 for any spot rate below 74 and   

   

 b. FX rate of X2 = 83 for any spot rate of greater than 83  

   

 v) Construct the pay-off function and estimate profit or loss for spot rate of INR/USD – 

70,78 and 85. Why do many companies prefer this style of contract compared with 

vanilla forwards? (4) 

   

 vi) Show that interest rate parity holds for call and put options on Currency where interest 

rates are rind and rusd for India and US respectively. (3) 

   

 Option implied volatilities have been at historic lows but exchange rate has become more 

volatile.   

   

 The following table of one-year option implied volatilities has just been supplied by a 

currency options broker  

   

 
 

Relative Strike Strike volatility 

ATM 75 8.00% 

5 80 8.50% 

10 85 9.00% 

-5 70 8.30% 

-10 65 8.80%  

   

 vii) Explain why the implied volatilities of the options shown in the table above are not all 

the same.     (3) 

  [21] 

   

Q. 6) The price X of a non-dividend paying asset follows geometric Brownian motion process:  

   

 

  

   

 where 𝜇 𝑎𝑛𝑑 𝜎, are positive constants and Wt is a standard Brownian motion.  

   

 i) Using Ito’s Lemma, find the processes followed by:   

   

  Z1=loge x  

 Z2=x2 (5) 

   

   

   

   

𝑑𝑥 = 𝜇𝑥𝑑𝑡 + 𝜎𝑥𝑑𝑊𝑡  
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 With reference to the Black Scholes formula,   

   

 ii) Derive an expression for N′(x) and what is it significance as part of representing 

standardised normal variable distribution.  (2) 

   

 iii) Show that 
𝜕𝑑1

𝜕𝑆
=  

𝜕𝑑2

𝜕𝑆
   and that 

𝜕𝑐

𝜕𝑆
= 𝑁(𝑑1).  (3) 

   

 iv) Show that 
𝜕𝑐

𝜕𝑡
= −𝑟𝑋𝑒−𝑟(𝑇−𝑡)𝑁(𝑑2) − 𝑆𝑁′(𝑑1)

𝜎

2√𝑇−𝑡
 where c is price of a European call 

option. You may assume that 𝑆𝑁′(𝑑1) = 𝑋 𝑒−𝑟(𝑇−𝑡)𝑁′(𝑑2). 
(4) 

  [14] 

   

Q. 7)   

 i) Define the following terms in relation to bonds and options on bonds:   

   

  Duration (D),  

 Forward price volatility ( 𝜎𝑝),  

 Forward yield volatility ( 𝜎𝑦)  and  

Prove approximately  

𝜎𝑝 = 𝐷𝑦𝜎𝑦 

Where y is the forward yield on the bond. (5) 

    

 ii) Describe callable bond and state the relationship between price of callable bond with 

similar bond without call feature. (2) 

   

 iii) Continuous GRY of non-callable bond is 8% (continuous compounding), forward yield 

volatility is 15% and duration of 3.6 years now and 2.8 in 1 year. Risk free interest rate 

6% continuously compounded. Calculate the price of 4-year callable bond with 7% 

coupon, callable in 1 year. (8) 

  [15] 

   

 ***************  

   

   

   

   

   
 
 


