Options on Two-Assets with Barriers

(May, 2001)

The Model

Options on two assets with barriers are used extensively in the market. The most popular options on two assets are those with one asset be a commodity and the other asset a currency. Another often traded product is options on an index and a stock. In this document, we will describe the implementation in Reditus of  a model for pricing options on two assets with barriers. The barriers can be imposed on one or both assets.

We assume that the two assets 
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 both follow log-normal Brownian processes: 
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here, 
[image: image5.wmf]1

m

and 
[image: image6.wmf]2

m

are the drift rates in time for the two assets respectively, 
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are the respective volatility values. 
[image: image9.wmf]1

Z

and 
[image: image10.wmf]2

Z

are two independent Wiener random processes which have a correlation coefficient of (, 
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are the rate of dividends for the two assets respectively. 

Any contingent claim that is dependent on both values of the assets 
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 has a value that is a function of 
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 and time t.  As there are two independent random processes, we can use both 
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 to hedge away the stochastic components in a constructed portfolio containing the contingent claim, we can thus derive the partial-differential equation (PDE) governing the option price V(
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,t) as: 
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This equation has three independent variables: time t, 
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. We will solve the PDE in two-dimensional space ( 0-XY ) where 
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 corresponds to X coordinate, and 
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 corresponds to the  Y coordinate. By using time-stepping approach, we start from the pay-off function at the expiry date as initial condition, and march towards the value date to obtain the option value profile. While in the process of time-stepping, certain boundary conditions need to be specified. For simple knock-out barriers, the option value should be set to zero, for infinity or zero asset value boundaries, we choose to impose no conditions (from our experience, this approach will generally give a much more accurate option price).

In the current Reditus set-up, only one upper barrier and/or one lower barrier are allowed for either one or both assets 
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. The barrier or barriers can be switched on or off during the tenor of the option. However, the barrier levels are fixed and cannot be changed during the tenor of the option.  

Standard call and put pay-offs are specified as default pay-offs in the script file, however, users can easily change the payoff functions by editing the parameter script file, and Reditus automatically takes the edited new pay-off as default. Users can also set up their own specific options payoff function directly in the System page of the Excel interface (explained later in the document). 

Input Market Data in Reditus
Reditus accepts all the parameters required to run this model as constant or in term structure form. The following parameter names in Reditus correspond to those parameters described at the beginning of this document for the two-assets with multi-barrier model:

RiskFree =

 r(t)
Volatility1 = 
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Correlation = 

 ((t)

Asset1Dividend = 
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Asset2Dividend = 
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If users do not click Term Structure button, all the parameters for this two-asset barrier model will be constant in time, they will automatically appear in the Parameters panel on the Excel front-end. Users can simply specify a value for each of the parameters used as constant as shown here:
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If users push the Term Structure button on the Excel interface, users should go to the MarketData sheet of this Excel front-end to supply all parameters in term-structure form, live data-feed can also be linked dynamically to the MarketData sheet,  as shown here in the following screen shot: 
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Test Case 1: Down-and-Out Partial Barrier  

Type A Options:  

Interest rate r  


= 0.1

Volatility for first asset  
= 0.25

Volatility for second asset   
= 0.3

Tenure            


= 1 year

T1

     
            = 0.5 year   (end of the lower barrier, starting from deal date)

H



=85             (lower barrier level on the second asset)

Spot of first asset 

=100

Spot of second asset 

=100

Strike
(for first asset)

=100

This deal is captured here in the following screenshot of the Main page:
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Call Option:
Correlation
-0.5
0.0
0.5

Close-form solution
6.8660
8.9828
10.9409

Reditus Price
6.85926
8.98223
10.9359

Delta1
0.356974
0.420069
0.483273

Delta2
0.421975
0.420075
0.385262

Gamma1
0.0067136
0.0056259
0.00405361

Gamma2
-0.0121841
-0.0235055
-0.0337679

Gamma12
0.0219584
0.0228294
0.0237979

Theta
2.64323
0.18778
-2.41825

Rho
41.6558
44.5816
46.6042

Vega1
13.2095
20.6851
27.3317

Vega2
-27.5779
-27.1646
-25.0605

Put Option:
Correlation
-0.5
0.0
0.5

Close-form solution
4.1043
3.2747
2.3609

Reditus Price
4.10396
3.27373
2.35581

Delta1
-0.212457
-0.179724
-0.146327

Delta2
0.134988
0.15101
0.149868

Gamma1
0.0091942
0.00882124
0.00827457

Gamma2
-0.0143015
-0.00905751
-0.00254601

Gamma12
-0.00806596
-0.0082741
-0.00875314

Theta
0.979739
1.74386
2.40605

Rho
-22.2383
-17.3908
-12.8303

Vega1
25.2896
20.7785
16.0098

Vega2
-8.9071
-9.96582
-10.1237

The set-up in Reditus finite-element engine is recorded in the following screenshot of the System page (System page can also be used to change parameters controlling the current computation):
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Test Case 2:  Up-and-Out  Barrier  

Spot of first asset 

=0.5

Spot of second asset 

=275

Strike
(for first asset)

=0.5
Interest rate r  


= 0.0471

Volatility for first asset  
= 0.13

Volatility for second asset   
= 0.1425

Dividend for first asset
=0.0483

Dividend for second asset
=0.025

Correlation coefficient      
= 0.3, 0.0, -0.3

Tenure            


= 1 
year

T1

     
            = 0.5 
year   (end of the lower barrier, starting from deal date)

H



=315              (upper barrier level on the second asset)

The screenshot for this deal is the following:
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Call Option:
Correlation
0.3
0.0
-0.3

Close-form solution
0.0120
0.0154
0.0185

Reditus Price
0.0120177
0.0154173
0.0185098

Delta1
0.268783
0.314279
0.35913

Delta2
-0.000338205
-0.000323085
-0.000284446

Gamma1
3.78538
3.83913
3.91896

Gamma2
-1.7774E-06
-5.80839E-06
-9.00275E-06

Gamma12
-0.00699683
-0.00657821
-0.00612222

Theta
0.00143035
-0.000517365
-0.00278352

Rho
0.0586667
0.083552
0.112646

Vega1
0.0916404
0.11947
0.144632

Vega2
-0.0697975
-0.0683006
-0.061662

The set-up for the finite-element engine in this calculation is shown here in the System page
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Benefits of Using Reditus
The two-asset barrier options model can be modified easily to incorporate users-defined specific features. The term structure input for (, r,  
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 can also be extended dynamically to input additional parameters that are needed for computing new exotic options models. For example, when calculating Vega or Rho, we can employ a volatility curve shift that is input from the MarketData page in a term-structure form.  
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