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Distributed Hybrid Genetic Algorithms for Structural Optimization
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Abstract

Even though several GA-based optimization algorithms have been successfully applied to complex optimization problems
in various engineering fields, GA-based optimization methods are computationally too expensive for practical use in the field
of structural optimization, particularly for large-scale problems. Furthermore, a successful implementation of GA-based
optimization algorithm requires a cumbersome and trial-and-error routine related to setting of parameters dependent on a
optimization problem. Therefore, to overcome these disadvantages, a high-performance GA is developed in the form of
distributed hyhrid genetic algorithm for structural optimization on a cluster of personal computers. The distributed hybrid
genetic algorithm proposed in this paper consist of a simple GA running on a master computer and multiple 1-GAs running
on slave computers. The algorithm is implemented on a PC cluster and applied to the minimum weight design of steel
structures. The results show that the computational time required for structural optimization process can be drastically
reduced and the dependency on the parameters can be avoided.

Keywords - structural optimization, genetic algorithms, high-performance computing, distributed computing, steel
Structures
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Optimum Solution, in’
Variable (Member) DHGAs
Zhu(1986)"" Rajeev(1992)"" NDM(1998)'?
Lowest Highest
1 (D 0.65 (0.1) 0.65 (0.1) 3.87 (0.6) 0.65 (0.1) 0.65 (0.1)
2 (2,3.4,5) 12.26 (1.9) 11.61 (1.8) 9.03 (1.4) 9.68 (1.5) 1.20 (0.2)
3(6,7.8.9) 16.77 (2.6) 14.84 (2.3) 18.06 (2.8) 20.00 (3.1) 21.94 (3.4)
4 (10,11) 0.65 (0.1) 1.20 (0.2) 3.23 (0.5) 0.65 (0.1) 0.65 (0.1)
5 (12,13) 0.65 (0.1) 0.65 (0.1) 3.87 (0.6) 5.16 (0.8) 16.77 (2.6)
6 (14,15,16,17) 5.16 (0.8) 5.16 (0.8) 3.23 (0.5) 6.45 (1.0) 6.45 (1.0)
7 (18,19,20,21) 13.55 (2.1) 11.61 (1.8) 9.68 (1.5) 1.94 (0.3) 3.23 (0.5)
8 (22,23,24,25) 16.77 (2.6) 19.35 (3.0) 19.35 (3.0) 21.94 (3.4) 21.94 (3.4)
Weight, kN(1b) 2.504 (562.9) 2.429 (546.9) 2.420 (543.9) 2.127 (487.13) 2.246 (504.96)
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No - e A ‘&‘_22}4 A 23}
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1 | H-400x400x45x70 | 770.10 | 298000.00 11.10

16 | H-150x150x7x10 | 40.14 1640.0 3.75

17 | H-600x200x12x20 | 152.50 | 90400.00 5.11

32 | H-250x125x5x8 32.68 3540.0 2.79

33 | H-400x400x45x70 | 770.10 | 298000.00 11.10

48 | H-150x150=7x10 | 40.14 1640.0 3.75
(1~16:71%, 17~32: 2, 33~48:7}4))
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1 slave 2 slave 4 slave 8 slave
a3 9. YWRIE FYARIS 24
E 4 A= U TS YAzt
Sefo] 2 5 1 2 4 8
% (t) 48.33 47.22 47 .88 48.12
Az A 38.74 20.88 15.19 8.69
(sec) | 2 0.27 0.38 0.72 1.26
(0.67%) | (1.83%) | (4.74%) |(14.50%)
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