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The calibration of models to market smiles is a crucial issue for risk
management in finance. This used to be done by running time-
consuming optimization routines. In this short course we will show
how particle methods very efficiently solve a wide variety of smile
calibration problems, without resorting to any optimization:
– Calibration of the local volatility model with stochastic interest
rates
– Calibration of stochastic local volatility models, possibly with
stochastic interest rates and stochastic dividend yield
– Calibration to the smile of a basket of multi-asset local volatility-
local correlation models, possibly with stochastic volatility, stochas-
tic interest rates, and stochastic dividend yields
– Calibration of path-dependent volatility models and path-dependent
correlation models
– Calibration of cross-dependent volatility models
The particle method is a Monte Carlo method where the simulated
asset paths interact with each other so as to ensure that a given mar-
ket smile (or several of them) is fitted. PDE methods typically do
not work for these high-dimensional models. The particle method is
not only the first available exact simulation-based method for smile
calibration. It is also robust, easy to implement, and fast (as fast
as a standard Monte Carlo algorithm), as many numerical examples
will show. As of today, it is the most powerful tool for solving smile
calibration problems. Icing on the cake: there are nice mathematics
behind the scenes, namely the theory of McKean stochastic differ-
ential equations, propagation of chaos, and a new Malliavin disin-
tegration by parts formula. Some crucial mathematical questions,
such as the existence and uniqueness of the McKean SDEs that arise
in these smile calibration problems, are still open problems.
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