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iv)  

A portfolio for which the overall delta (i.e. weighted sum of the deltas of the individual assets) is equal to zero is 

described as delta-hedged or delta-neutral. Such a portfolio is immune to small changes in the price of the 

underlying asset.  
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A portfolio for which the overall vega (i.e. weighted sum of the vegas of the individual assets) is equal to zero is 

described as vega-hedged or vega-neutral. Such a portfolio is immune to small changes in the assumed level of 

volatility. [2] 
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(v) If the stock is dividend-paying, the payment of the dividends would cause the 
value of the underlying asset to fall – which follows from the no arbitrage principle [1]  

Alternatively: in valuing the option we must take account of the fact that dividends are 
payable on the underlying asset which do not feed through to the holder of the option. 
[1]  

Therefore the price of the European call would decrease… [½]  

… since by buying the option instead of the underlying share the investor forgoes the 
income [½]  

Similarly, the price of the European put would increase [½]  

The American call would now be more expensive than the European call due to 
potential early exercise opportunity [1]  

[Max 3] 
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(ii) Under the risk-neutral probability measure, the discounted value of asset prices are 
martingales. [1] 
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12.  

i) The assumptions underlying the Black-Scholes model are as follows:  

1. The price of the underlying share follows a geometric Brownian motion. [1/2]  

2. There are no risk-free arbitrage opportunities. [1/2]  

3. The risk-free rate of interest is constant, the same for all maturities and the same for 
borrowing or lending. [1/2]  

4. Unlimited short selling (that is, negative holdings) is allowed. [1/2]  

5. There are no taxes or transaction costs. [1/2]  

6. The underlying asset can be traded continuously and in infinitesimally small 
numbers of units. [1/2] 

 

ii) 

 

iii)  As interest rates increase in the market, the expected return required by investors 
in stock tends to increase [0.5]However, the present value of any future cash flow 
generated by option contracts decreases [0.5] The combined impact of these two 
effects is to decrease the value of the put option [1] Rho is negative for a put option 
[0.5] put options become less valuable in times of increasing interest rates because 
they effectively defer the selling of a share and so delay access to the cash required to 
obtain the risk-free rate [0.5]  
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16. Both models are:  

• Continuous-time Markov models 

• Ito processes  

• One-factor models  

• Usually defined in terms of a standard Brownian motion under risk-neutral probability measure 

 

 

Additionally, both models:  

• imply the short-rate is mean-reverting  

• imply the future short rate has a normal distribution  

• allow negative values for the short rate  

• are mathematically tractable, although Hull-White model is algebraically a bit more complicated  

Key differences:  

Vasicek model is time homogenous (μ constant), but Hull-White model is not (μ time-dependent).  

Hull-White model has to be calibrated to match the current pattern of bond prices.  

Hull-White model can provide a better fit to historical data. 
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