The En trop y Ev aluation Metho d for the Thermo dynamical Selection Rule Naoki MORI College of Engineering Osak a Prefecture Univ ersit y Sak ai 599-8531, Japan; mori@cs.osak afu-u.ac.jp Ha jime KIT A In terdisciplinary Graduate Sc ho ol of Science and Engineering T oky o Institute of T ec hnology Y ok ohama 226-8502, Japan; kita@dis.titec h.ac.jp Abstract The authors ha v e prop osed the thermo dy- namical genetic algorithm (TDGA), whic h can main tain the div ersit y b y ev aluating the en trop y of the p opulation. In this pap er, the authors discuss tec hniques to appro xi- mate the v alue of en trop y . 1 In tro duction The authors ha v e prop osed a selection rule for the ge- netic algorithm (GA) called the thermo dynamical ge- netic algorithm (TDGA)[1] whic h con trols div ersit y b y ev aluating the en trop y of the p opulation and b y select- ing p opulation so as to minimize the free energy . In this pap er, the authors prop ose t w o no v el appro xi- mation tec hniques of en trop y . The e�ectiv eness of the prop osed metho ds is con�rmed b y computer sim ula- tion taking an N k -landscap e mo del as an example. 1.1 Calculation of the En trop y In the TDGA, the selection op eration is designed to minimize the free energy of the p opulation. The free energy F is de�ned b y: F = h E i � H T ; (1) where h E i is the mean energy of the p opulation, H is the en trop y and T is a parameter called the temp era- ture. The TDGA utilizes an appro ximation of the en trop y H 1 whic h is ev aluated in a lo cus-wise manner to cop e with the problem that the p opulation size is m uc h smaller than the n um b er of the p ossible sp ecies[1]. Ho w ev er, in some situation, only a few individuals are selected b ecause of the ab o v e appro ximation. T o a v oid this problem, w e prop ose the follo wing t w o appro xi- mate v alue of en trop y . 1. En trop y H sub ;n whic h is ev aluated based on the substrings of a length n instead of lo cus-wise e- v aluation. 2. En trop y H n whic h is ev aluated based on all com- binations of n lo ci. 2 Computer Sim ulation W e use an N k -landscap e mo del[2, 3] as an example. In this pap er, w e set N = 20 and k = 1 ; 2 ; 4 ; 8 ; 16. The N k -landscap e mo del is solv ed b y TDGA. F our en trop y , H ALL , H 1 , H sub ; 2 and H 2 are used in the TDGA. H ALL is general en trop y whic h is ev aluated based on sp ecies. The result of the computer sim ulation sho ws that the b est p erformance is obtained b y TDGA with H 2 , and the p erformance of TDGA with H sub ; 2 is sup erior to that of TDGA with H 1 in all k . Computation time of H ALL , H 1 and H sub ; 2 is almost the same, while that of H 2 is bigger than other three. Ac kno wledgemen ts The authors w ould lik e to ac kno wledge helpful dis- cussions b y Prof. Keinosuk e Matsumoto of Osak a Prefecture Univ ersit y . This researc h w as supp ort- ed b y ‘Biologically Inspired Adaptiv e Systems (JSPS- RFTF96I00105)’ of The Japan So ciet y for the Promo- tion of Science. References [1] N. Mori, J. Y oshida, H. T amaki, H. Kita and Y. Nishik a w a: A Thermo dynamical Selection Rule for the Genetic Algorithm, Pr o c. of 2nd IEEE Confer enc e on Evolutionary Computation , pp. 188-192 (1995). [2] S. Kau�man: The origins of order, self-organization and selection in ev olution, Oxford Univ ersit y Press (1993). [3] J. T erry: Evolutionary A lgorithms, Fitness L and- sc ap es and Se ar ch , Do ctoral dissertation, Univ ersit y of New Mexico, Albuquerque, NM (1995)