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Finding the minimal energy configuration of Lennard-Jones atomic clusters with modified heuristic algorithms/Lennard-Jones atomklaszterek energiaminimumának meghatározása módosított heurisztikus keresőalgoritmusokkal

Optimization problems can be found in a lot of scientific fields and some of the problems can be very difficult or impossible to solve with analytical methods. The Lennard-Jones atomic cluster problem is one of these problems where the number of local minimas grows exponentionally in the number of atoms. During the years several algorithms were developed to find the approximate solution for these problems. The heuristic optimization methods are popular because of their easy implemetation and efficiency. The PSO(Particle Swarm Optimization) and Minima Hopping are two of these algorithms.
In this article two new methods are introduced to increase the efficiency of the PSO algorithm. The first new method uses finite difference based gradient estimation, the second new method reduces the speed of some particles in order to find a more accurate solution. The methods can be easly implemented and can find solutions for some optimization problems from the literature which are orders of magnitude more accurate than the solutions given by the standard algorithm. The improved algorithm was tested on the Lennard-Jones atomic cluster problem where it gave better results than the standard algorithm, but both of the algorithms lost from their efficiency during the tests on increased number of atoms.
The Minima Hopping algorithm found the reference soultions for high atom number Lennard-Jones problems. Based on statistical results we concluded that the initial parameters of the algorithm depends on the number of atoms because the energy density of different configurations near the reference solution grows in the number of atoms. Using initial parameters which are different from the parameters that are published in the literature, we have increased the efficiency of the algorithm for finding the reference solution for the 38 atom system with approximately 50% and for finding the reference solution for a 100 atom system with approximately 20%.



