Numerical global optimization methods

and local information

Ya.D. Sergeyev^�

This paper deals with the following well known [1, 2, 6, 7] global optimization problem of finding the global minimum of a function Φ(z) of N variables over a hyperinterval D: Φ(z^�) = min{Φ(z) : z ∈ D}, (1) D = {z ∈ R^N : a_j ≤ z_j ≤ b_j , 1 ≤ j ≤ N}, (2) where Φ(z) is multiextremal. If Φ(z) is continuous then, for the function ϕ(x) = Φ(z(x)), x ∈ [a, b], (3) where z(x) is the continuous Peano-type mapping of closed interval [a, b] onto the hyperinterval D, we have [6] min{ϕ(x) : x ∈ [a, b]} = min{Φ(z) : z ∈ D}. Therefore, solving the multidimensional problem (1), (2) is reduced to solving the one-dimensional problem ϕ(x^�) = min{ϕ(x) : x ∈ [a, b]}. (4) In addition, if Φ(z) is Lipschitzean with a constant K > 0 then ϕ(x) satisfies the Hölder condition | ϕ(x^0) − ϕ(x^{00}) |≤ H | x^0 − x^{00} |^{1/N} , x^0, x^{00} ∈ [a, b], (5) with a constant H > 0 (Hölder constant). For N = 1 we also consider the problem (4) where the first derivative ϕ^0(x) satisfies the Lipschitz condition | ϕ^0(x^0) − ϕ^0(x^{00}) |≤ L | x^0 − x^{00} |, x^0, x^{00} ∈ [a, b]. (6) New global optimization methods using a local information over the whole search region [a, b] during the global search are proposed. The introduced approach is an alternative to traditional techniques which use local information only in a neighborhood of local minima after stopping some global procedures.

It is shown theoretically and numerically that the new approach gives a strong acceleration of the search and can be applied to a wide class of global optimization algorithms [3, 4, 5].

References

[1] F. Archetti, F. Schoen, A survey on the global optimization problems: general theory and computational approaches, Annals of Operations Research 1, pp. 87–110 (1984).

[2] R. Horst, P.M. Pardalos, Eds., Handbook of Global Optimization, Kluwer Academic Publishers, Dordrecht, 1995.

[3] Ya.D. Sergeyev, An Information Global Optimization Algorithm with Local Tuning, SIAM J. Opt. 5, n. 4, pp. 858–870 (1995).

[4] Ya.D. Sergeyev, Global One-Dimensional Optimization Using Smooth Auxiliary Functions, Mathematical Programming 81, n. 1, pp. 127–146 (1998).

[5] Ya.D. Sergeyev, Multidimensional global optimization using the first derivatives, Comput. Maths. Math.

Phys. 39, n. 5, pp. 743–752 (1999).

[6] R.G. Strongin, Numerical Methods on Multiextremal Problems, Nauka, Moscow, 1978 (in Russian). [7] A.A. Zhigljavsky, Theory of Global Random Search, Kluwer Academic Publishers, Dordrecht, 1991.

�ISI-CNR c/o DEIS, University of Calabria, Cosenza, Italy, and Software Department, University of Nizhni Novgorod, Nizhni Novgorod, Russia, yaro@si.deis.unical.it.