Multi-Barrier One Asset Model

(The close-form solution provided here for comparison is from the book:

The Complete Guide to Option Pricing Formulas, by Espen Gaarder Haug)

Summary

The Multi-barrier model in Reditus allows users to specify any number of lower or upper barriers with rebate values along those barriers. The equation used is the standard Black-Scholes equation, and the model allows for volatility, interest rate, dividend payment to be input in term-structure form. The payoff are the standard call and put, however, 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.

Advantages:

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

Users can also change the Black-Scholes equation into any equation that represents a model of interest to the users. The equation can be changed in the script file: 1FactorBarriers.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

To specify particular greeks and certain parameters to be computed, 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 (Delta, Gamma and Theta). However, for extra risk parameters, such as the Rho and Vega, users need to tick the corresponding buttons. 

Deal data and market data can be input through the Excel front-end. Interest rate, volatility, and dividend rate can all be 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. 
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Test Case: Up-and-Out partial barrier  

Type A Options:  

Interest rate r  = 0.1

Volatility        = 0.1

Tenure            = 1 year

T1                   = 0.5 year  (the upper barrier starts from deal date, and extended until T1) 

H

=130.0

Spot 

=100

Strike

=100

Call Option:

Analytic
Finite-Element
Monte-Carlo

Option Price
10.2388
10.2428
10.2333107

Delta

0.82086
0.818709453

Gamma

0.00909636
0.008731652

Theta

-7.60821
-7.60277553

Rho

73.4351
73.25202677

Vega

15.7417
15.40274057

Putl Option:


Analytic
Finite-Element
Monte-Carlo

Option Price
0.7919
0.792009
0.791892729

Delta

-0.147247
-0.14685906

Gamma

0.0227517
0.022988209

Theta

0.418061
0.398369454

Rho

-15.4099
-15.4777984

Vega

22.7863
22.98821084

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:



10000

Type B Options:  

Interest rate r  = 0.1

Volatility        = 0.1

Tenure            = 1 year

T1                   = 0.5 year    (start of the upper barrier, and extended until maturity)

H

=130.0

Spot 

=100

Strike

=100

Call Option


Analytic
Finite-Element
Monte-Carlo

Option Price
8.1670
8.1742
8.153744108

Delta

0.409356
0.406901695

Gamma

-0.0441569
-0.04649156

Theta

-1.07685
-0.93409846

Rho

35.3219
35.24328981

Vega

-52.2675
-52.10186767

Putl Option:


Analytic
Finite-Element
Monte-Carlo

Option Price
0.7919
0.792555
0.791892729

Delta

-0.14699
-0.14685906

Gamma

0.0228302
0.022988214

Theta

0.421514
0.398369133

Rho

-15.3972
-15.4777984

Vega

22.7492
22.98821328

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:  


Weighting 0.01, Attenuation: 0.01

Concentration at the end-point of barrier:

Yes for call, No for put

The set-up in Reditus Monte-Carlo engine is the following:

Number of simulations:



10000

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, the 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.
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