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Multi-strategy life choice algorithm based on psychological theory
LIU Yong, HU Xuemin, CHEN Zhuo

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Life Choice —Based Optimizer (LCBQO) is an intelligent optimization algorithm designed according to the different
decisions people make in daily life. However, LCBO is easy to fall into local optimum when solving high—dimensional function
optimization problems, and the convergence speed is slow. Therefore, this paper proposes a Multi—Strategy Life Choice—Based
Optimizer (MSLCBO) based on psychological theory. Firstly, based on the " Beber’s law" , the paper proposes to strategically learn
from the best group to improve the local search ability of the algorithm; secondly, inspired by the " relationship field" theory at the
late stage of the algorithm iteration, the paper proposes an elite exchange mechanism to search for better quality solutions to further
enhance the local development ability of the algorithm and improve the algorithm’s local development ability. After that, in the later
iteration of the algorithm, inspired by the theory of " relationship field" , an elite exchange mechanism is proposed to search for
better quality solutions, which further enhances the local development ability of the algorithm and improves the optimization speed of

the algorithm. Finally, in order to avoid the influence of the psychological effect of the " projection effect" , a refraction—based
reverse learning strategy is introduced, which improves the global search ability of the algorithm. Two comparison experiments are
conducted for the improved algorithm: MSLCBO is compared with other seven intelligent optimisation algorithms on 16 benchmark
functions, and the results show that MSLCBO has a significant performance advantage; and a three—bar truss design problem in
engineering application is used for testing, which also verifies the effectiveness of MSLCBO.
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Fig. 1 Flow chart of dynamic threshold elite exchange mechanism
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Table 2 Results of multiple algorithm tests
500 4k 1 000 4k 500 4k 1 000 4
HERERS He s H:
M STD M STD STD M STD
F1 PSO 2.75E+06 4.75E+05 1.04E+07 1.45E+06 || F9 PSO 1.27E+06 2.73E+05 2.43E+06 5.37E+05
RSO 4.02E+06 9.67E+06 3.37E+07 5.91E+07 RSO 1.30E+08 2.86E+08 9.92E+11 4.83E+12
TLBO 1.65E-01 4.08E-01 8.08E-01 2.17E+00 TLBO 1.05E+06 3.02E+05 2.41E+06 6.99E+05
JAYA 1.44E+07 2.47E+06 6.38E+07 1.04E+07 JAYA 7.51E+06 1.90E+07 6.42E+10 3.43E+11
SCA 7.45E+06 1.66E+06 2.68E+07 6.04E+06 SCA 1.96E+06 6.53E+05 1.84E+07 2.67E+07
GSK 9.10E+05 1.97E+05 3.54E+06 4.82E+05 GSK 1.42E+06 3.88E+05 3.43E+06 1.53E+06
LCBO  3.99E-192 0.00E+00  3.86E-190 0.00E+00 LCBO 1.96E+01 8.40E+01 1.24E+03 3.49E+03
MSLCBO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 MSLCBO  0.00E+00 0.00E+00 0.00E+00 0.00E+00
F2 PSO 7.49E+01 3.41E+00 8.36E+01 5.93E+00 || F10 PSO 2.63E+00 1.97E+00 5.34E+00 5.20E+00
RSO 7.26E+01 4.45E+01 7.31E+01 4.48E+01 RSO 1.73E+01 3.94E+01 5.25E+01 8.88E+01
TLBO 3.31E-31 2.35E-31 1.27E-30 8.10E-31 TLBO 1.24E+01 5.62E+00 1.20E+01  6.57E+00
JAYA 9.92E+01 2.95E-01 9.96E+01 9.68E-02 JAYA 4.38E+01 2.71E+01 6.17E+01 3.61E+01
SCA 9.91E+01 2.03E-01 9.96E+01 1.22E-01 SCA 347E+01 1.62E+01 3.05E+01 1.57E+01
GSK 5.73E+01 3.17E+00 6.44E+01 2.80E+00 GSK 1.64E+01 7.49E+00 1.73E+01 9.56E+00
LCBO 3.04E-147 9.11E-147  3.44E-145 1.26E-144 LCBO 4.34E+00 2.44E+00 5.06E+00 2.68E+00
MSLCBO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 MSLCBO 1.00E+00 0.00E+00 1.00E+00 0.00E+00
F3 PSO Inf NaN Inf NaN F11 PSO 6.23E+09 1.83E+09 2.48E+10 4.85E+09
RSO 3.38E-227 0.00E+00  3.83E-211 0.00E+00 RSO 3.61E-251 0.00E+00  4.30E-243 0.00E+00
TLBO Inf NaN Inf NaN TLBO 3.26E-73 5.69E-73 3.34E-72 3.80E-72
JAYA Inf NaN Inf NaN JAYA 5.63E+09 7.07E+08 2.07E+10 2.29E+09
SCA Inf NaN Inf NaN SCA 3.75E+09 1.48E+09 1.56E+10 6.39E+09
GSK Inf NaN Inf NaN GSK 1.46E+09 3.51E+08 7.61E+09 1.17E+09
LCBO Inf NaN Inf NaN LCBO  1.03E-298 0.00E+00 5.72E-297 0.00E+00
MSLCBO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 MSLCBO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F4 PSO 2.87E+05 3.98E+04 9.56E+05 6.55E+04 || F12 PSO 1.83E+01 3.62E-01 1.94E+01 1.16E-01
RSO 2.85E-261 0.00E+00  2.21E-258 0.00E+00 RSO 1.01E-15 6.49E-16 1.36E-15 1.23E-15
TLBO 2.26E-77 2.50E-77 2.09E-76 2.12E-76 TLBO 5.24E-01 1.99E+00 2.80E-01 1.54E+00
JAYA 1.74E+05 1.26E+04 3.56E+05 2.75E+04 JAYA 1.74E+01 6.49E-01 1.78E+01 7.60E-01
SCA 1.92E+05 9.04E+04 5.16E+05 1.95E+05 SCA 1.92E+01 3.57E+00 1.93E+01 3.56E+00
GSK 1.08E+05 9.44E+03 3.32E+05 2.69E+04 GSK 2.16E+01 8.14E-03 2.16E+01 8.91E-03
LCBO  7.07E-303 0.00E+00 1.64E-300 0.00E+00 LCBO 2.78E-15 1.80E-15 2.31E-15 1.77E-15
MSLCBO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 MSLCBO 8.88E-16 0.00E+00 8.88E-16 0.00E+00
F5 PSO 2.83E+07 4.26E+06 9.29E+07 6.58E+06 || F13 PSO 5.08E+02 4.28E+01 1.33E+03  6.94E+01
RSO 4.63E-258 0.00E+00 1.09E-258 0.00E+00 RSO 1.86E-132 8.82E-132  1.91E-132 6.32E-132
TLBO 2.58E-75 2.78E-75 1.74E-74 2.52E-74 TLBO 2.35E-40 1.42E-40 6.24E-40 4.42E-40
JAYA 1.71E+07 1.31E+06 3.61E+07 3.27E+06 JAYA 5.19E+02 2.52E+01 1.05SE+03 2.78E+01
SCA 2.01E+07 8.02E+06 4.85E+07 1.64E+07 SCA 1.61E+02 5.52E+01 291E+02 1.21E+02
GSK 1.07E+11  8.19E+09 3.23E+11 2.15E+10 GSK 3.55E+03 8.05E+02 8.19E+03 8.37E+02
LCBO  1.28E-301 0.00E+00 1.24E-296 0.00E+00 LCBO  2.14E-129 1.17E-128 1.55E-02 8.49E-02
MSLCBO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 MSLCBO  0.00E+00 0.00E+00 0.00E+00 0.00E+00
F6 PSO -3.20E-25 1.67E-24  -2.15E-60 6.61E-60 || F14 PSO -1.80E+02 3.56E+00  -3.53E+02 5.78E+00
RSO -6.54E-21 3.58E-20 -2.50E-31 1.37E-30 RSO -4.35E+02 2.76E+01  -8.59E+02 6.24E+01
TLBO  -7.29E-29 1.99E-28  -1.87E-61 1.02E-60 TLBO  -4.50E+02 5.78E-14  -9.00E+02 3.47E-13
JAYA  -298E-23 1.55E-22  -1.28E-45 5.87E-45 JAYA  -4.43E+02 4.73E+00 -8.88E+02 1.76E+00
SCA -1.74E-67 6.44E-67 -5.48E-1402.96E-139 SCA -3.39E+02 3.05E+00 -6.66E+02 5.63E+00
GSK  -2.69E-30 1.36E-29  -1.73E-62 8.95E-62 GSK -5.00E+06 2.82E-09  -1.00E+07 6.32E-01
LCBO  -3.29E+00 2.31E-01  -3.22E+00 3.39E-01 LCBO  -4.49E+02 7.88E-01  -8.99E+02 1.22E+00
MSLCBO -3.29E-64 1.79E-63 -1.51E-218 0.00E+00 MSLCBO -1.80E+02 3.37E+00 —-3.53E+02 4.84E+00
F1 PSO Inf NaN Inf NaN F15 PSO -2.83E-03 1.93E-04 -1.16E-03 6.32E-05
RSO 8.69E-138 1.32E-137  1.05E-135 1.34E-135 RSO -9.79E-01 3.06E-02  -9.58E-01 5.63E-02
TLBO Inf NaN Inf NaN TLBO -7.86E-01 1.51E-05 -7.52E-01 6.76E-02
JAYA Inf NaN Inf NaN JAYA  -3.49E-03 5.15E-04 -1.61E-03 2.28E-04
SCA Inf NaN Inf NaN SCA -4.67E-03 8.26E-04  -2.32E-03 4.74E-04
GSK Inf NaN Inf NaN GSK -1.47E-05 1.29E-06 -6.50E-06 4.57E-07
LCBO Inf NaN Inf NaN LCBO -9.36E-01 7.22E-09  -9.36E-01 1.27E-08
MSLCBO  0.00E+00 0.00E+00 0.00E+00 0.00E+00 MSLCBO -1.00E+00 0.00E+00 —1.00E+00 0.00E+00
F8 PSO Inf NaN Inf NaN F16 PSO 5.92E+01 2.19E+00 1.07E+02 1.79E+00
RSO 3.02E-23 1.65E-22 4.06E-12 2.22E-11 RSO 4.66E-02 6.28E-02 5.33E-02 6.28E-02
TLBO Inf NaN Inf NaN TLBO 2.23E-01 4.30E-02 2.83E-01 3.79E-02
JAYA Inf NaN Inf NaN JAYA 4.29E+01 1.95E+00 6.10E+01 2.01E+00
SCA Inf NaN Inf NaN SCA 4.56E+01 8.23E+00 6.61E+01 1.24E+01
GSK Inf NaN Inf NaN GSK 3.93E+01 1.76E+00 6.34E+01 2.31E+00
LCBO Inf NaN Inf NaN LCBO 1.09E-01 3.88E-02 9.99E-02 5.51E-09
MSLCBO 5.91E-257 0.00E+00  2.39E-241 0.00E+00 MSLCBO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Fig. 2 Convergence curves on for test functions

F3 BRI
Table 3 Rank sum test table

PR PSO vs MSLCBO RSO vs MSLCBO TLBO vs MSLCBO JAYA vs MSLCBO SCA vs MSLCBO  GSK vs MSLCBO LCBO vs MSLCBO

Fl1 1.21E-12  + 2.93E-05 + 1.21E-12  + 1.21E-12 + 1.21E-12 + 1.21E-12 + 1.21E-12 +
F2 1.21E-12 + 1.70E-08  + 1.21E-12  + 1.21E-12 + 1.21E-12 + 1.21E-12  + 1.21E-12  +
F3 1.69E-14  + 3.13E-04  + 1.69E-14  + 1.69E-14  + 1.69E-14  + 1.69E-14  + 1.69E-14  +
F4 1.21E-12  + 2.16E-02  + 1.21E-12  + 1.21E-12  + 1.21E-12  + 1.21E-12  + 1.21E-12 +
F5 1.21E-12  + 5.58E-03 + 1.21E-12  + 1.21E-12 + 1.21E-12 + 1.21E-12  + 1.21E-12  +
F6 3.02E-11 + 3.02E-11 + 3.02E-11 + 3.02E-11 + 3.02E-11 + 3.02E-11 + 3.02E-11 +
F1 1.69E-14  + 2.21E-06  + 1.69E-14  + 1.69E-14  + 1.69E-14  + 1.69E-14  + 1.69E-14  +
F8 1.21E-12 + 1.84E-01 - 1.21E-12 + 1.21E-12  + 1.21E-12  + 1.21E-12  + 1.21E-12 +
Fo 1.21E-12  + 1.27E-05 + 1.21E-12 + 1.21E-12  + 1.21E-12 + 1.21E-12 + 1.21E-12 +
F10 1.21E-12 + 1.81E-01 - 1.21E-12  + 1.21E-12  + 1.21E-12  + 1.21E-12  + 1.21E-12  +
F11 1.21E-12  + 2.79E-03 + 1.21E-12  + 1.21E-12 + 1.21E-12 + 1.21E-12  + 1.21E-12 +
F12 1.21E-12  + 2.15E-02 + 1.20E-13 + 1.21E-12 + 1.21E-12 + 1.21E-12 + 1.69E-14  +
F13 1.21E-12 + 1.10E-02  + 1.21E-12  + 1.21E-12  + 1.21E-12  + 1.21E-12 + 1.21E-12  +
F14 5.37E-02 - 2.63E-11 + 1.21E-12  + 3.02E-11 + 3.02E-11 + 1.72E-12  + 3.02E-11 +
F15 1.18E-12 + 6.57E-05 + 1.20E-12  + 1.21E-12  + 1.21E-12  + 1.21E-12  + 1.59E-13 +
F16 1.21E-12  + 3.45E-07 + 1.21E-12  + 1.21E-12 + 1.21E-12 + 1.21E-12 +  6.85E-13 +

+/=/ - 15/0/1 14/0/2 16/0/0 16/0/0 16/0/0 16/0/0 16/0/0
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Fig. 3 Schematic diagram of three—bar truss design problem
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Fig. 4 Optimization curve of three—bar truss design problem
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