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Usually, an executive option package includes a number of options that will vest according to 
some relative measure of company performance, such as the Total Shareholders’ Return (TSR).  
The performance measure is usually relative to a peer group of competitors.  The domestic 
(home) market is the market where that company is traded.  Let us assume that the group of 
competitors includes companies traded both in the domestic market and a number of foreign 
markets.  Additionally, let us assume that the relative performance of these companies is 
expressed in domestic currency terms, i.e. foreign stock prices are adjusted to allow for exchange 
rate movements. 
 
In order to value such a contract, the returns are simulated using Gaussian (i.e., normally 
distributed) correlated random numbers.  For the stock (S) of a single company traded in the 
domestic market, the stochastic model may be viewed as an extension of the usual deterministic 
model for which the rate of return (µ) is viewed as a constant value subjected to noise 
perturbations.  Denoting by the σ stock volatility and by y the dividend yield, the return of S 
between now (time t) and a future time T is normally distributed with (Chriss 1997 page 99; Hull 
1993 page 212): 
 

• The mean equal to (µ – y – σ2/2)(T-t); and  
• The standard deviation equal to σ (T-t)1/2. 

 
For a single stock traded in the domestic market, the simulated stock value is: 

S(T) = S(t)*exp[(µ – y – σ2/2)(T-t) + ε σ (T-t)1/2] 

In the above equation ε is an uncorrelated random number normally distributed with mean equal 
to zero and standard deviation equal to one.   

For correlated stock traded in the domestic market we must take into account the correlation 
matrix of the rates of return of those stocks.  Using the Cholesky factorization (Jorion 1997 page 
242) the correlation matrix R is factored as: 

R = T * T’  

In the above equation T is a lower triangular matrix with zeros on the upper right side, and T’  is 
the transpose of T.  As in the case of uncorrelated stocks, first we generate uncorrelated random 
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numbers normally distributed with mean equal to zero and standard deviation equal to 1.0.  
These numbers are stored in an array ε.  The correlated random numbers normally distributed 
with mean equal to zero and standard deviation equal to 1.0 are computed as: 

η = T * ε 

We simulate the stock paths using the risk-neutral approach (i.e., all stocks grow at the risk-free 
interest rate).   
 
For multiple stocks traded in both the domestic and foreign markets, all assets and exchange 
rates are modeled under the domestic martingale measure (Carrett and Wong 2002; Musiela and 
Rutkowski 2007).   
 
Suppose that there are Nd domestic-currency-denominated assets, Nc exchange rates for the 
foreign currencies, Nf,1 assets denominated in the foreign currency 1, Nf,2 assets denominated in 
the foreign currency 2, and so on.  We denote by Sd the assets denominated in the domestic 
currency, by Sfk the assets denominated in the foreign currency k, and by Qk the exchange rates 
for the foreign currencies. 
 
The Nd domestic-currency-denominated assets are modeled as follows (i=1, 2, …, Nd): 

Sd,i(T) = Sd,i(t)*exp[(r d – yi – σi
2/2)(T-t) + ηi σi (T-t)1/2] 

In the above equation rd is the domestic risk-free interest rate, yi is the dividend yield and σi is 
the stock volatility for asset i. 
 
The Nc exchange rates for the foreign currencies, expressed as the price (in the domestic 
currency) of one unit of foreign currency, are modeled as follows (k=1, 2, …, Nc): 

Qk(T) = Qk(t)*exp[(r d – fk – σQ,k
2/2)(T-t) + ηNd+k σQ,k (T-t)1/2] 

In the above equation fk is the domestic risk-free interest rate for the foreign currency k, and σQ,k 
is the volatility for the exchange rate k. 
 
The Nf,k foreign-currency-denominated assets, denominated in the foreign currency k, are 
modeled as follows (j=1, 2, …, Nf,k): 

Sfk,j (T) = Sfk,j (t)*exp[(f k – yfk,j  – σfk,j
2/2 - ρkfj σfk,j σQ,k)(T-t) + 

+ ηNd+Nc+ΣNf*+j  σfk,j (T-t) 1/2] 

In the above formula, ΣNf*  stands for (Nf,1+ Nf,2+…+ Nf,k-1) if k>1 and zero otherwise, yfk,j  and 
σfk,j  are respectively the dividend yield and the stock volatility for asset j  denominated in the 
foreign currency k, and is the correlation coefficient for the return rates of the exchange rate k 
and asset j  denominated in the foreign currency k. 
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Details regarding the mathematical aspects are provided by Ravindran (1998 pages 327-328 and 
335-337), Carrett and Wong (2002), and Musiela and Rutkowski (2007 pages 149-172). 
 
In order to address the lack of synchronicity of the different markets it is recommended to use 
weekly data (rather than daily data) for both the historical volatilities and the correlation matrix. 
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