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Structural Optimization of Planar Truss using Quantum-inspired Evolution Algorithm
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Abstract

With the development of quantum computer, the development of the quantum-inspired search method applying the features of
quantum mechanics and its application to engineering problems have emerged as one of the most interesting research topics. This
algorithm stores information by using quantum-bit superposed basically by zero and one and approaches optional values through
the quantum-gate operation. In this process, it can easily keep the balance between the two features of exploration and exploitation,
and continually accumulates evolutionary information. This makes it differentiated from the existing search methods and estimated
as a new algorithm as well. Thus, this study is to suggest a new minimum weight design technique by applying quantum-inspired
search method into structural optimization of planar truss. In its mathematical model for optimum design, cost function is minimum
weight and constraint function consists of the displacement and stress. To trace the accumulative process and gathering process of
evolutionary information, the examples of 10-bar planar truss and 17-bar planar truss are chosen as the numerical examples, and
their results are analyzed. The result of the structural optimized design in the numerical examples shows it has better result in
minimum weight design, compared to those of the other existing search methods. It is also observed that more accurate optional
values can be acquired as the result by accumulating evolutionary information. Besides, terminal condition is easily caught by
representing Quantum-bit in probability.

Keywords : Quantum-inspired evolutionary algorithm, Quantum-bit, Quantum gate, Evolutionary information, Planar truss,
Minimum weight design

. 2 dowz 7|49 W3} Axg Zoltk 03 19 X3 -
Hof o8t AR AR 2}=0] Z7lo] W BALI} 225
Fplolet etefelAle] 57991 =28, 3 (Superposition) FHOE AAE Aol sl A= AiEs Az
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FARLTESE (GA), FAAZEIHY (GP), WshHek
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programming) ‘5= 7 W 7 Qli= E&A gojoln,
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o] AA7FsAdel gk AR A7 AlRE 9o, 1990
) Skl Q27 IRE A4 (Quantum-inspired computing)
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Fig. 1 Binary—bits vs. Quantum—bits
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Table 1 Look—up table for Quantum rotation gate

flx) sign(a,;)
z; b | < A0
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BERERR 1 -1 ] 0
1 o | F | o 0 0 0 0
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1 1 F g 0 0 0 0

cf) 0= sign(a,8;,)A0; 8={00PON000}"; P(=—N)=10.0017 ~ 0.057
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Fig. 2 10—bar Planar Truss Example
Table 2 Optimal design comparison for the 10—bar planar truss (Case A)
Optimal cross—sectional area (mm?)
Variables Schmit and Schmit and Miura, 1976 Venkayya, | Gellatly and | Dobbs and . Khan et al., Lee and .
. Rizzi, 1976 . . This paper
Farshi, 1974 | NEW-SUMT | CON-MIN 1971 Berke, 1971 |Nelson, 1976 1979 Geem, 2004
Al 21567.699 19787.057 19722.541 19625.767 20225.766 19677.380 19825.767 19987.057 19451.574 19766.670
A2 64.516 64.516 238.064 82.580 64.516 64.516 64.516 64.516 65.806 64.516
A3 15651.582 15329.002 15464.485 15103.196 12922.555 15025.776 15438.679 15593.517 14651.584 14334.681
A4 9199.982 9412.884 9503.207 9619.336 10064.496 9954.819 9503.207 9554.820 9851.593 8507.596
A5 64.516 64.516 64.516 65.161 90.322 64.516 64.516 64.516 65.806 64.516
A6 64.516 64.516 234.838 65.161 154.838 135.484 64.516 261.935 350.967 258.981
A7 5411.602 5534.182 5514.183 5610.311 5387.086 4934.829 5510.957 4869.023 4865.152 4990.061
A8 13380.618 13593.521 13619.328 13599.973 14329.004 13535.457 13516.102 13580.618 13909.650 13609.070
A9 12703.200 13522.554 13399.973 13599.973 14232.230 14077.391 14090.294 13509.650 13838.682 14841.132
A10 64.516 64.516 206.451 120.000 64.516 64.516 64.516 64.516 64.516 64.516
Weigh (kg) 2308.330 2302.819 2316.630 2306.470 2318.762 2304.247 2302.732 2298.342 2294.214 2287.558
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Table 3 Optimal design comparison for the 10—bar planar truss (Case B)

Ok

Optimal cross—sectional area (mm?)

Variables Schmit and | Schmit and Miura, 1976 Venkayya, | Dobbs and o Khan et al., | John et al, Lee and .
Farshi, 1974 | NEW-SUMT | CON-MIN 1971 Nelson, 1976 Rizzi, 1976 1979 1987 Geem, 2004 This paper
Al 15670.936 | 15193518 | 15193518 | 16251.580 | 16651.580 | 15180.615 | 15948.355 | 15219.324 | 14999.970 | 14136.811
A2 64.516 64.516 113.548 234.193 64.516 64.516 64.516 64.516 65.806 64.516
A3 15064.486 | 16316.096 | 16258.032 | 16399.967 | 17567.707 | 16316.096 | 17122.546 | 16290.290 | 16599.967 | 15748.194
A4 8812.886 9264.498 9283.852 9245.143 | 10741.914 9270.949 8529.015 9270.949 9361.272 8860.129
A5 64.516 64.516 64.516 269.032 64.516 64.516 69.677 64.516 64.516 64.516
A6 1270.320 1270.965 1269.030 2028.383 1305.804 1270.965 3119.349 1270.965 1275.481 1471.814
A7 8174.177 7993.532 7999.984 7793.533 8245.145 7993.532 8167.726 7993.532 7877.404 8057.530
A8 8090.306 8264.500 8296.758 9425.788 9174.175 8277.403 8890.305 8258.048 8135.468 8513.115
A9 14174.165 | 13122554 | 13167.716 | 13070.942 | 14283.842 | 13116.103 | 11896.750 | 13141.909 | 13135.458 | 12025.863
A10 64.516 64.516 64.516 330.967 64.516 64.516 64.516 64.516 64.516 64.516
Weigh (kg) 2128.181 2121.432 2124.675 2220.605 2295.039 2121.413 2173.849 2121.418 2117.735 2047.081
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& 25000 Table 4 Optimal design comparison for the 17—bar truss

[o\]
E ®  Schmit and Farshi ‘
= 20000 } ©  Schmitetal. (NEWSUMT) Optimal cross—sectional area (mm?)
g v Schmit et al. (CONMIN) A
B i § A Venkayya Variables Khot and Adeli and Lee and This paper
E 15000 3 ] " gf’bbs and Nelson Berke, 1984 | Kumar, 1995 | Geem, 2004 bap
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