Pricing Continuous and Discrete Asian Options.

(January 2001)

The Problem

Asian options are financial contracts giving the holder the right to buy a certain asset for a pay-off price related directly  to its average price during a certain time period at a later date (expiry date). The averaging can be arithmetic or geometric, the average price can be either discretely sampled, or continuous sampled. 

Continuous Asian Options:
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[image: image4.wmf]The arithmetic average value A(t) from a continuously sampled asset price S(t)  is:  
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The partial-differential equation (PDE) governing the Asian option price V(S,A,t)  is: 
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The following continuous Asian options can be computed in Reditus: 

1. floating strike call, 2. floating strike put, 3. fixed strike call, 4. fixed strike put.

Both fully implicit and Crank-Nicholson schemes are implemented . The numerical results  from Reditus are compared with other methods in the following table:

European Fixed Strike Call Option ( r=0.1, X=100 )

(
T-t
Implicit
C-N
Lower
1-D 
Z&F&V
B & P

0.10
0.25
1.876
1.880
1.851
1.841
1.793
1.869

0.10
1.0
5.267
5.298
5.255
5.254
5.261
5.279

European Floating Strike Put Option ( r=0.1, S=100 )

(
T-t
Implicit
C-N
Lower
1-D 
Z&F&V
B & P

0.10
0.25
0.6219
0.6252
0.628
0.636
0.582
0.632

0.10
1.0
0.5992
0.5979
0.598
0.598
0.589
0.614

Implicit refers to the implicit scheme in Reditus, C-N refers to the Crank-Nicholson scheme of Reditus. Lower and 

1-D refer to Rogers and Shi[1], Z&F&V refers to Zvan, Forsyth and Vetzal [2]. B&P refers to Barraquand and Pudet [3]. X is stike price for fixed strike opions, S is the current asset price.
Benefits of Using Reditus
As Reditus is based on Finite-Element Method (FEM) approach, any time dependent complex barriers on either the average price A or the asset price S can be easily set up by simply changing the computation domain shape. Using time-dependent interest rate r and volatility ( in the current model is another advantage of using Fastflo. 

Discrete Asian Options:
The discretely sampled arithmetic average value A at the N-th sampling time  is:
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For the discretely sampled Asian option, the governing equation is the familiar Black-Scholes equation: 
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Addition jump conditions across the sampling dates have to be satisfied:
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1. The average  value A satisfies the jump condition at the N-th sampling date:

2. The option value V(S,A,t) satisfies the continuous condition: 

Floating and fix strike options for both calls and puts have been coded in Reditus, the following table compares the solution of Reditus with that of Zvan, Forsth and Vetzal [4].

European Fixed Strike Call Option ( r=0.1, (=0.2, T-t=0.25, X=100 )

Timestep
Continuous
0.001
0.002
0.004

Fastflo
2.9409
2.9305
2.9284
2.9243

Z&F&V
   2.928
2.9287
2.9151
2.8961

European Floating Strike Put Option ( r=0.1, (=0.2, T-t=0.25, S=100)

Timestep
Continuous
0.001
0.002
0.004

Fastflo
1.7148
1.7151
1.7129
1.7085

Z&F&V
       1.679
1.7121
1.6853
1.6942
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