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Abstract:

Monte Carlo simulation plays an essential role to model the complexity of modern

finance. We introduce basic Monte Carlo methods to price vanilla European

options as trivial examples, and discuss a nontrivial example to price an American

put option. Our main interest is to increase the efficiency of Monte Carlo

simulation by variance reduction. We develop an alternative but very general

control variate technique. This technique based on (partial) hedge is very intuitive

and has a simple financial interpretation.

Several numerical results are demonstrated to show the significance of variance

reduction ratios under the conventional Black-Scholes economics. Moreover, from

the real traded data we motivate an important class of incomplete markets, the

stochastic volatility models. We find that the multiscale perturbation analysis for

the option pricing PDE is very helpful to construct a control variate. We prove an

error bound for reduced variance. In the end, we comment on possible

generalizations of our technique.
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