A Central Limit Theorem for a Hybrid-Monte Carlo Method

Bruno Tuffin IRISA-INRIA, Campus universitaire de Beaulieu, 35042 Rennes Cedex, France E-mail: Bruno.Tuffin@irisa.fr

Giray Ökten Department of Mathematical Sciences, Ball State University, Muncie, IN 47306, USA E-mail: gokten@bsu.edu

Keywords : Low discrepancy sequences, Mixed Quasi-Monte Carlo-Monte Carlo methods, Output analysis

Quasi-Monte Carlo (QMC) methods outperform Monte Carlo (MC) methods when the dimension of the problem is not too large. In the opposite situation, the so-called mixed method [2,4], where a small number of coordinates are sampled using QMC points and the rest sampled using random points, has been shown to significantly reduce the error, especially in problems with small effective dimension [1]. We present a central limit theorem for the mixed method, and obtain its asymptotic variance. As a corollary, we compute the variance reduction obtained by the mixed method relative to the MC method. We then compare the efficiency (which combines the variance, bias, and computation time) of the mixed method with the efficiency of MC and another hybrid method which combines randomized QMC points with random points [3], when these methods are applied to problems from numerical integration and finance.

REFERENCES

[1] R.E. Caflisch, M. Morokoff, and A. Owen. Valuation of Mortgage Backed Securities Using Brownian Bridges to Reduce Effective Dimension. Journal of Computational Finance, 1(1):27–46, 1997.

[4] G. Ökten. A probabilistic result on the discrepancy of a hybrid-Monte Carlo sequence and applications. Monte Carlo Methods and Applications, 2(4) :255–270, 1996.

[3] A.B. Owen. Monte Carlo, quasi-Monte Carlo, and randomized quasi-Monte Carlo.

In H. Niederreiter and J. Spanier, editors, Monte Carlo and Quasi-Monte Carlo Methods 1998, Lecture Notes in Statistics, pages 86–97. Springer, 2000.

[4] J. Spanier. Quasi-Monte Carlo Methods for Particle Transport Problems. In Harald Niederreiter and Peter Jau-Shyong Shiue, editors, Monte Carlo and Quasi-Monte Carlo Methods in Scientific Computing, volume 106 of Lecture Notes in Statistics, pages 121–146. Springer, 1995.