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Overview

•FastOpt

•Finite Difference solver for Black Scholes

•Greeks in forward mode of AD

•Greeks in reverse mode of AD

•Performance
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FastOpt

• SME founded in 2000 in Hamburg

• by R. Giering and T. Kaminski

• Michael Vossbeck  joined in 2003

• Simon Blessing in 2007

• ~ 20 years of Experience in AD and data assimilation

• Two lines of business:

– Development and marketing of automatic differentiation  (AD) 
tools

– Application project with/for our customers/project partners with 
focus on AD, inverse modelling, data assimilation...
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Finite Difference Solver

•Determines price of option (f) on one underlying (S) (Deutsch, 2001)

•Integrates Black-Scholes-Merton backwards in time (t) on a 101 x 401 grid in (S x t) space 

•Example (Hull, 2002, chapter 11.8): European Call Option with

– S=42

– Strike K=40

– Time to maturity T = 0.5 a

– Volatility σ = 20% pa

– Interest rate r = 10 % pa

•Payoff not differentiable: Use a sheared grid with centreline Sc(t) moving from S at t=0 to K at 
t=T (details: tomorrow's talk by Alex Prideaux) 
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Value of European Call
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Greeks for Hedging

• Sensitivity of the option price with respect to changes in the individual influence factors, e.g. 

– Delta: change with respect ot change in S, the value of the underlying

– Vega: change with respect to σ, the volatility

• Evaluate these sensitivities via AD of the solver code via TAF

• For only few control variables use forward mode, i.e. the (vector) tangent code of the solver



FastOpt

Greeks for Hedging

• What about higher order sensitivities? 

– Gamma:  df2/dS2  

– Vanna:    df2/dSdσ 

• Just need to apply TAF a second time to the tangent code it had generated for delta and vega 

• Again the forward mode is most efficient

• That works also for three times, e.g. for Speed: df3/dS3  
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Greeks in reverse mode

•Actually σ is not constant (vola surface)

•σ(S,t) is defined by 101 x 401 values on the (S x t) grid

•Sensitivities of price to a change in each of these values: vega(S,t)?

•Also required for calibration of model to market prices

•Clearly a case for the reverse mode:

– 101 x 401 independents

– One dependent: option price 

•No analytical solution

•Can check correctness of AD derivative, as usual 
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Greeks in reverse mode
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Greeks in reverse mode
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Verification 
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Computational Efficiency

•Run time of vector tangent with two independents is about run 
time of 1-3 solver integrations
•Run time of adjoint about 4 solver integrations
•Relative run times depend on compiler and options
•Solver code has about 200 lines w/o comments
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• Lines: total number of C code lines without comments 

• Numbers for TLM and ADM give CPU time for (function + gradient) relative to forward model

• HES format: CPU time for Hessian * n vectors relative to forward model / n

Some derivative codes generated by TAF
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• Lines: total number of C code lines without comments 

• Numbers for TLM and ADM give CPU time for (function + gradient) relative to forward model

• HES format: CPU time for Hessian * n vectors relative to forward model / n

Derivative Codes generated by TAC++

Table is available on http://www.fastopt.com/products/tac/applications.html



FastOpt

Summary/Conclusions

• Used TAF to generate derivative code of a finite difference 
solver 
• Provided Greeks up to third order, accurate sensitivites of the 
solver 
• Useful for both hedging of a portfolio and calibration of the 
model 
• Computation is “smoking” fast
• Fully automated derivative generation simplifies the 
maintenance of a modelling system for hedging/calibration
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