Foreign Exchange with Multi-Barriers

( April 2001 )
Summary

The model for foreign exchange with multi-barriers in Reditus allows users to specify any number of lower or upper barriers with knock-out or rebate values along those barriers. The equation used is the standard Black-Scholes equation, and the model allows for volatility, domestic interest rate, foreign interest payment to be input in term-structure form. The default  payoff are the standard call and put, and users can easily set up any payoff function in the System Page (e.g.  digital call and put). This document also lists a couple of examples as an illustration of how deals can be set up for trading purposes.

Advantages:

As the numerical solution procedure uses the Y-coordinate for the Time axis, and X-coordinate for the currency S, users can look at the two dimensional O-XY price profile and movement in both the currency direction and the time direction. This is particularly  useful when barriers are introduced and the greeks change sharply around those barriers. 

As a standard main feature of Reditus, users can freely change the Black-Scholes equation into any governing equation that represents a model of interest to the users. The equation can be changed in the script file: FxBarriers.prb
Input Data in Reditus

On the front deal data section, users can specify Value Date, Deal date, Maturity Date, Spot, Strike, and Face Value.  The deal date is the date the whole deal is initially set up, and priced. However, after the deal date, the price still needs to be monitored, and users use the value date as the current pricing date subsequent to the deal date. The value date is the current date (today) the users would like the price to be computed. This is generally required by the back-office to monitor the deal until expiry date.

To specify which extra greeks or parameters to be computed and output, users need to tick the relevant boxes (macro commands) on the top right-hand corner of the front-page. Users should always select the first macro command for option price by ticking the Price button. This macro will calculate the option price and related greeks  that can be calculated cheaply (e.g. Delta, Gamma and Theta). However, for some extra risk parameters, such as the Rho and Vega, users need to tick the corresponding buttons, and these calculations generally incur considerable extra computing time. 

Deal data and market data can be input through the Excel front-end. Interest rates and volatility can be input in the form of term structure or as constant values. The term structure form can be invoked by pushing the Term Structure button on the front-end, and users can proceed to the Market Data page of the Excel interface to provide the data. In the Reditus implementation, we have used DomesticRate to represent risk-free rate, while ForeignRate is used to represent the interest rate of the foreign currency. Volatility is the volatility of the currency.

The following two examples will show how sequential barriers can be specified, and how the interest rates and volatility are input in term-structure form.

Test Case 1: Up-and-Out Sequential Barriers  

Domestic interest rate:       DomesticRate  
= 0.06

Foreign interest rate:          ForeignRate
= 0.05

Volatility level:     
       Volatility
   
= 0.2

Tenure of the option:          starts on 23/4/01, ends on 29/12/01.

H1

=2.9 
this first upper barrier starts from deal date 23/4/01, ends on  28/7/01  

H2

=2.7     the second  upper barrier starts from date 16/8/01, ends on 29/12/01

Spot 

=2.1

Strike

=2.3

The above deal for sequential barriers is set up in the front-page of Reditus finite-element engine as shown here: 
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The result from the finite-element engine is compared with Reditus Monte-Carlo engine and they are listed here in the following table:

Call
Finite-Element
Monte-Carlo
Error in Monte-Carlo

Option Price
0.0205898
0.02056176
0.000107

Delta
0.0476582
0.047581302
0.00046

Gamma
-0.122472
-0.12411836
0.00264

Theta
0.011095
0.011181821
0.00024

Rho
0.0780918
0.078169449
0.00048

Vega
-0.0895287
-0.088080654
0.001171

Put
Finite-Element
Monte-Carlo
Error in Monte-Carlo

Option Price
0.245835
0.245885248
2.17E-05

Delta
-0.646144
-0.64602791
0.00016

Gamma
0.991098
0.993753131
0.00104

Theta
-0.0591703
-0.05932879
9.4E-05

Rho
-1.09137
-1.09250661
4E-05

Vega
0.592677
0.591397448
0.000723

For the Monte-Carlo result and its error  estimate, we use a confidence level of 95%, and  500,000 simulations.

The same deal is set up in the front-end interface of Reditus Monte-Carlo engine front-end as the following:
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Test Case 2: Up-and-Out Sequential Barriers with Term-Structure Parameters  

Tenure               starts on 23/4/01, ends on 29/12/01.

H1

=2.9 
this first upper barrier starts from deal date 23/4/01, ends on  28/7/01  

H2

=2.7     the second  upper barrier starts from date 16/8/01, ends on 29/12/01

Spot 

=2.1

Strike

=2.3

Domestic interest rate:       DomesticRate  
=  term structure 

Foreign interest rate:          ForeignRate
=  term structure

Volatility level:     
       Volatility
   
=  term structure

The interest rates and volatility are specified in the MarketData page of Reditus Finite-Element engine as shown here:
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The term-structure page for the Monte-Carlo engine is shown here:
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The Finite-element result is compared with that of the Monte-Carlo engine and they are listed here in the following table:

Call
Finite-Element
Monte-Carlo
Error in Monte-Carlo

Option Price
0.0164207
0.01596203
8.11E-05

Delta
0.0242063
0.022898834
0.00476

Gamma
-0.114908
-0.28561165
0.2952

Theta
0.0106315
0.025577489
0.02603

Rho
0.0425852
0.039900611
0.00025

Vega
-0.0889613
-0.087498913
0.001969

Put
Finite-Element
Monte-Carlo
Error in Monte-Carlo

Option Price
0.27396
0.278636619
4.48E-05

Delta
-0.633524
-0.63354199
0.00205

Gamma
0.830642
0.651037776
0.14574

Theta
-0.0396691
-0.02256831
0.01287

Rho
-1.08319
-1.08407658
6.2E-05

Vega
0.56021
0.555406013
0.001419

The set-up in Reditus Finite-element engine is the following:

Number of mesh points 



= 1500

Type of mesh:





quadratic elements

Concentration along upper barrier level :    

Weighting 0.01, Attenuation:  0.01

Barrier end-point concentration:


Yes for call, No for put
The set-up in Reditus Monte-Carlo engine is the following:

Number of simulations:



500,000

Confidence level of error estimate:


95%  

Other Advanced Features

Users can also experiment with various parameters that control the configurations of each computation process. For example, users can alter the number of nodes needed for accuracy, how far the infinity should extend to, concentration of mesh along barriers or at each end-point of barriers. Users can go to a System page to change these parameters by pushing the System button on the front-page of the Excel interface.

Another advantage of using Reditus is that by looking at the colour graphical display of the price profile, users can easily have a very good understanding of how the price is affected by the barriers, and which barrier is more dominant. As shown here in the following figure is the colour call option price contour for the above sequential barriers. In this figure, the X coordinate is the foreign currency axis, the Y coordinate is the time. The top-end is the expiry date, while the bottom-end is today at value date. 
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The second figure displays the mesh which is used to represent the foreign currency and time. More mesh points are concentrated around the spot at value date, and also around the strike at expiry date and the barrier end-points, as shown here in the mesh figure
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