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Examination in MMA708 Analytical Finance II
Wednesday 9 of June 2010, 14:10 – 18:30


Examiner: Jan Röman, phone 0708-606 306
You may use: Pencil, ruler and rubber gum, calculator.
General direction: The solution should be well motivated and readable. All notations must be explained.
Remark: Write only one solution on per sheet and use page numbers,

Good Luck!!



1. Today is January 6. The cheapest to deliver bond on a June T-Note futures contract is a 6.5% coupon bond and delivery is to be made on June 30. Coupon payments on that bond are on May 4 and November 4 each year. The term structure is flat and the rate of interest is 6.3% (continuous compounding). The conversion factor for the bond is 0.9343, and the current quoted bond price is 99-16. (A quote of 99-16 means a decimal price of USD 99.5 for a USD 100 face value.) Following day calculations are provided:
[image: ]

a.   When is the next coupon payment expected? Calculate the amount cash for 
      a nominal investment of USD 700’000 in the cheapest to deliver bond.

b.   What would be the cash price paid for those bonds if they where traded 
      today? Neglect any transaction cost or tax.

c.  Calculate the theoretical futures price for the June contract. Present your 
     calculations as detailed as you can.

d.  Explain briefly what would need to change in order to have a conversion 
     factor larger than 1?
………………………………………………………….………………….(4p)





2. 
Suppose that someone has suggested that you should use the following model for the forward rates under P

	

Here  denotes a positive constant, which is not equal to one. Show that this is not a very good idea by constructing an arbitrage portfolio for this model (that such a portfolio exists can be seen right away, since the HJM drift condition under P is not fulfilled!).
Hint: The arbitrage portfolio can be chosen to consist of two zero-coupon bonds with different maturities (and the risk-free asset)..………………….(6p)

3. 

Consider an interest rate model described (under a martingale measure Q) by

	

 A model which does have an affine term structure is the Vasicek model

					(1)

where ,  and r are constants and V is a one-dimensional standard Q-Wiener process. Now suppose that you want the short rate to satisfy the same type of stochastic differential equation under the objective measure P, i.e. you want the P-dynamics for r to be given by an equation of the same form as (1), but with different constants and a driving P-Wiener process.
i. What restrictions (if any) does this place on the Girsanov kernel used in the 
   Girsanov transformation between P and Q? 
ii. What restrictions (if any) does this place on the market price of risk?
...……………………………………………………….………………….(10p)

4. 


Consider the model where the short rate solves the following stochastic differential equation (under Q)

	

Derive explicit bond price formulas for this model
Hint: A standard trick to solve a scalar Riccati equation with constant coefficients, i.e. a differential equation on the form

	

where ,  and  are constants, is to make the following ansatz

	

This will give a second order ordinary differential equation for q...............….(10p)

5. You are going to buy a warrant with maturity two years and a month from now. Therefore you need to know the risk-free interest rate at that time. On the market you find the following benchmark securities:

1.) A bill with maturity eight months traded at the price 99.020.

2.) A bond with maturity one year and two months with a coupon rate of 4%  
      traded at the price 101.006.

3.) A government bond with maturity three year and nine months with a coupon
     rate of 5% traded at the price 101.023.

All the above securities are quoted in percentage of the face value with the daycount convention 30/360. The bonds are paying one coupon per year. Your also know the over-night interest rate as 1.24%. Use Bootstrap and linear interpolation and extrapolation to calculate the rate two years and a month from now. Then explain a method to get a better result.
Hint: Bootstrap, interpolation and extrapolation.
…..……………………………………………………………….……………(10p)





[bookmark: _Toc96701851]6.  When we considered the stochastic processes for the short rate, the forward 
      rate and the bond prices we started with the following processes:

	,

	 and

	

Here, µ and  are adapted processes, defined for all times t  0. For each fixed T, m(t, T), .(t, T),  (t, T) and (t, T) are adapted processes for 0  t  T. We also supposed that all the processes above are continuous in t and two times differentiable. Further, we supposed that  (T, T) = 0 for all T. This seems to be OK since p(T, T) = 1 by definition. 

We then have three choices. We can start with 

• the dynamics of the short rate dr, 
• the dynamics of the forward rates dfT or by 
• the dynamics of the bond prices dpT

Derive the relation between the forward rates (dfT) and the short rates (drT).
….…………………………………………………………….……………….(10p)
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