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Report Summary  
This document describes validation of the FX American Option using under FXOMarket Pricer. 
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Section 1. Sample Trades 

The American Option Trade: 

 

We perform a validation to tie out the PV/Delta/Gamma/Vega/Volga/Vanna/Rho/Rho2/Theta values. 
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Section 2. Analysis 
 

2.1 The Trinomial Tree Construction 

The method described here is similarly to Chapter 4 of [1].   
 
The trinomial option pricing model, proposed by Phelim Boyle in 1986, is considered to be more 
accurate than the binomial model, and will compute the same results, but in fewer steps. The trinomial 
option pricing model differs from the binomial option pricing model in one key aspect by incorporating 
another possible value in one time period. Under the binomial option pricing model, it is assumed that 
the value of the underlying asset will either be greater than or less than, its current value. 
 
The trinomial model, on the other hand, incorporates a third possible value, which incorporates a zero 
change in value over a time period. This assumption makes the trinomial model more relevant to real 
life situations, as it is possible that the value of an underlying asset may not change over a time period, 
such as a month or a year. 
 
In our example, we first interpolate smile volatility from volatility surface on the expiry date time 12-
April-2019 10:00:00 AM (Expiry Cut) 
 

( , , , , , )Smile valDateTime volSurfaceDateTime tradeCutTime spotFX K timeZone =         (A) 

 
Using the above volatility, we determine the size of time grid from valuation date time 3/1/2018 
10:00:00 AM to the expiry date time:  
 

2max(100,5000 )n T=                 (B) 

  
Note the convergence rate and stability are normally good at about 50 time-steps. In our example 

93n = . And then the time-weighted variance together the size of time grid further determines the 
underlying variable exchange rate up/down move size: 
  

2 21.5 / 1.5 /,   T n T nu e d e  − = =                (C) 

 
Note that that constant value of 1.5 is suggested by (Kamrad and Ritchken 1991 quoted in [1]) which 
have shown that the value produces the best convergence rate. 
 
Due to the feature of FX market where trading time is in second. For good accuracy, Calypso uses milli 
second as the unit – we divide the time to expiry from 1-Mar-2018 10:00:00 AM (Valuation Time) to 12-

April-2019 10:00:00 AM (Expiry Cut) equally in n partitions in the unit of milli seconds:  : 0, ,it i n=   

where  

0 1  2018 10 : 00 : 00t March AM=  in milli seconds 

12  2019 10 : 00 : 00nt April AM=  in milli seconds 

0 0( ),  0i n

i
t t t t i n

n
= + −    
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For each datetime point, 
it , where 1, ,i n=  we interpolate the smile volatility from volatility surface: 

 

( , , , , , )i Smile ivalDateTime volSurfaceDateTime t spotFX K timeZone =           (D) 

 
We then determine the step time-weighted variance: 
 

2

1 1 1

2 2

1 1,   2, ,i i i i i

v t

v t t i n



  − −

 =

 = − =
 

 

At the valuation datetime 
0 "1  2018 10 : 00 : 00 "t March AM= , the FX rate 

0S  (on valuation date) is 

calculated by 
 

0

( )

( )

Q

P

Df spotDate
S spotFX

Df spotDate
=                 (E) 

 

For any datetime 
it , its FX rate is calculated by: 

 

0

( ) ( )( )

( ) ( ) ( )

P PQ

i i
i P Q Q

i i

Df t Df tDf spotDate
S spotFX S

Df spotDate Df t Df t
=   =              (F) 

 

We now build the trinomial tree start at 
0 "1  2018 10 : 00 : 00 "t March AM= with five FX rate nodes: 

   2 2

0,0 0,1 0,2 0,3 0,4 0 0 0 0 0, , , , , , , ,S S S S S S d S d S S u S u=   

 

At datetime 
it , it has [2 ( 2) 1]i + +  FX rate nodes: 

 2

, ,   0, ,2 ( 2)j i

i j iS S u d j i+= =  +  

 



Calypso FX American Options 

 Proprietary and Confidential     8 

 
 

The FX rate move is assumed a martingale process:   
 
   dS SdW=  
 
Or in a discretized expression   

   
2 2

1 1

1
i i i it t

i iS S e
  + + −

+ =  

 
Note the first two moment functions: 
 

( )
2 2

1 1

1

2

1

[ ]

[ ] 1i i i i

i i

t t

i i

E S S

VAR S S e
 + +

+

−

+

=

= −
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When FX rates move by the time from 
it  to 

1it +
, the probabilities of FX rates move up, down, or keep 

the same on the trinomial tree should satisfy the following: 
 

 

( ) ( )
2 2

1 12 2 2 2 2 2

1

( ) ( ) ( ) ( ) 1 1i i i i i

u c d

u i c i d i i

t t v

u i c i d i i i i

p p p

p S u p S p S d S

p S u p S p S d S S e S e
 + + − 

+ + =

+ + =

+ + − = − = −

 

 
The above equations have the following solutions: 
 

1

( )( 1)

1
1

1

1

iv

u

c u

d u

e
p

u d u

u d
p p

d

u
p p

d


−

=
− −

−
= −

−

−
=

−

                  (G) 

 
 

2.2 The Trinomial Tree Valuation 

We start the valuation from the final time slice of the trinomial tree with present value of 
[2 ( 2) 1]n + +  final payoffs:  

 

( ), ,( ) max ( ),0Q

n j n n jf Df T S K= −                 (H) 

 

where 
nT  is the payment date of 

nt  which is 16-April-2016 in our example. 

 

Going backwards, assume we have the option values  1, : 0, ,2( 1 2)i jf j i+ = + +  on the datetime 

slice 
1it +

, then the option values  , : 0, ,2( 2)i jf j i= +  are calculated by 

 

( ), , 1, 1, 1 1, 2max ( )max ( ),0 ,   Q

i j i i j d i j c i j u i jf Df T S K p f p f p f + + + + +
 = − + + 

           (I) 

 

where 
iT  is the payment date of 

it  which is the spot settlement date of 
it  . 

 
Finally, the PV of the American Option is given by the 3 points quadratic curve interpolation of  

 0,1 0,2 0,3, ,f f f  on  0 0 0, ,S d S S u  at 
0S : 

 

       0 0 0 0 0,1 0,2 0,3  ; , , , , ,American Option PV QuadraticCurvature S S d S S u f f f =  
                        (J) 
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Note that with any spot shift,  
0S  is in the given points for interpolation so that the above equation can 

be simplified as  
 

0 0,2  ( )American Option PV S f=             (J’) 

                                        

 
However, for Greeks valuation where the spot has been shifted so that equation (J) has to be used. 
 
The slope b  and curvature c  are calculated as a curvature curve below: 
 

2

1 1 1( ) ( )y y b x x c x x= + − + − , through the three points 
0 0 1 1 2 2( , ), ( , ), ( , )x y x y x y        

 
The coefficients slope b  and curvature c  can be derived as below: 
 

2

0 1 0 1 0 1( ) ( )y y b x x c x x= + − + −                         2

2 1 2 1 2 1( ) ( )y y b x x c x x= + − + −  

 

For b :     0 1

2 2

0 1 0 1 0 1( ) ( ) ( )

y y b
c

x x x x x x
= + +

− − −
               2 1

2 2

2 1 2 1 2 1( ) ( ) ( )

y y b
c

x x x x x x
= + +

− − −
 

 

02 1 1

2 2 2 2

2 1 0 1 2 1 0 1 2 1 0 1( ) ( ) ( ) ( ) ( ) ( )

yy y y b b

x x x x x x x x x x x x
− = − + −

− − − − − −
 

 

( )2 2

1 0 1 2 12 0 0 2

2 2 2 2

2 1 0 1 0 1 2 1 0 1 2 1

( ) ( )( )

( )( ) ( ) ( ) ( ) ( )

y x x x xb x x y y

x x x x x x x x x x x x

− − −−
= + −

− − − − − −
 

 

( )2 2

1 0 1 2 10 2 1 2 0 1

0 1 2 0 2 1 0 1 2 0 2 1 2 0

0 2 1 1 0 2 1 2 0 1

0 1 0 2 1 2 1 0 2 1 2 0

( ) ( )( ) ( )

( )( ) ( )( )( ) ( )( )

( ) ( 2 ) ( )

( )( ) ( )( ) ( )( )

y x x x xy x x y x x
b

x x x x x x x x x x x x x x

y x x y x x x y x x

x x x x x x x x x x x x

− − −− −
= + −

− − − − − − −

− + − −
= − − −

− − − − − −

 

 

For c :     0 1
0 1

0 1 0 1

( )
( ) ( )

y y
b c x x

x x x x
= + + −

− −
                  2 1

2 1

2 1 2 1

( )
( ) ( )

y y
b c x x

x x x x
= + + −

− −
 

 

02 1 1
2 0

2 1 2 1 0 1 0 1

( )
( ) ( ) ( ) ( )

yy y y
c x x

x x x x x x x x
− = − + −

− − − −
 

 

02 1

2 1 2 0 1 2 1 0 0 1 0 2( )( ) ( )( ) ( )( )

yy y
c

x x x x x x x x x x x x
= + +

− − − − − −
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2.3 Greeks 
 

The basic FXO Greek framework please refer to Model Validation Notes “FX OPTION GREEKS”. This 
section we only describe 

2.3.1 Delta and Gamma 

For Delta and Gamma, the distribution of FX rate evolution unchanged, so that the payoff and 
discounting on each tree note are the same as in the original PV calculation, so that we get the same 

option values set  0,0 0,1 0,2 0,3 0,4, , , ,f f f f f  on the valuation datetime 
0t . However, the FX rates due to 

the shifting of spotFX are different from the original 
0S  on the valuation datetime 

0t : 

 

0

( )

( )

Q

P

Df spotDate
S spotFX

Df spotDate

+ +=  ,  
0

( )

( )

Q

P

Df spotDate
S spotFX

Df spotDate

− −=   

 

Here we expect the changes of 
0S  are in the range of  0 0 0, ,S d S S u : 

 

0 0 0 0,  S d S S S u− +                  (K) 

 
So that we can apply the quadratic curve interpolation in equation (J) to get shifted PV values: 
 

   0 0 0 0 0,1 0,2 0,3 ;  , , , , ,PV Up QuadraticCurvature S S d S S u f f f+ =  
 

   0 0 0 0 0,1 0,2 0,3 ;  , , , , ,PV Down QuadraticCurvature S S d S S u f f f− =  
 

 
 

2.3.2 Vega, Volga and Vanna 

The volatility shift amount is 10bps and the spot FX shift amount is default value of 1bp 

10bp  =  , 

2
1 1 1

1
2 2 2

bp bp
S S

  
=  +     

 

 
The distribution of FX rates evolution unchanged, but the forward step variances are changed due to 
equation (D): 

10i i bps  =        (C’) 
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2.3.3 Rho and Rho2 

The primary/quoting rate shift amount is default value of 0.1bp. The distribution of FX rates evolution 
changes by the equation (F). 
 
 

 

2.3.4 Theta 

The valuation date is shifted one business date forward, the trinomial tree has to be rebuilt following 
Equation (A) to (J) 
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2.4 Comparison with European Option Measures 
 
The American Option has slightly greater PV than European and Greeks should converge: 
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2.5 Interpolation on Volatility Case 
 
The test case used before have the interpolation on variance from volatility surface. If we change to 
interpolation on volatility from volatility surface as follows: 

 
 
 
 

2.6 Comparison with Analytic Solutions 

Comparing Analytic Solutions such as Barone-Adesi-Whaley approximation method, the trinomial 
method has the following advantages: 

• The trinomial method takes into account term-structure of rates, which may impact the price of 

the American option significantly. 

• The trinomial method takes into account term-structure of volatilities, which may impact the 

price of the American option significantly. 

• Analytic solution is only an approximation. It is fast but does not take into account the above. 

Usually in analytic solution, the flat rates and volatility at expiry time are assumed so that may 

be not so accurate in various “edge” cases.  

Trade-off of speed vs. accuracy. Speed of the trinomial tree method unlikely to be an issue however.  
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Section 3. Appendix A: Market Data Setup 
 

3.1 The Primary Currency Discount Curve 
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3.2 The Quoting Currency Discounting Curve 
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3.3 The FX Curve 
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3.4 Spot FX Quote 
 

 
 

  



Calypso FX American Options 

 Proprietary and Confidential     25 

3.5 FX Option Volatility Surface 
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3.6 FX Option Pricing Parameters Setting 
 

 
 
 
  



Calypso FX American Options 

 Proprietary and Confidential     29 

3.7 Tested Version 

 
-user ird_user -password calypso -env v17 
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