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Abstract: In view of the difficulty that some multi—objective algorithms have in obtaining non-—dominated solutions with good
convergence and diversity, this paper proposes a multi—objective sine—cosine algorithm based on a hybrid competition mechanism
(HCMOSCA). HCMOSCA adopts a distance —based competition mechanism in the early stage of evolution, focusing on the
convergence of the population; and adopts an angle—based competition mechanism in the second half of the evolution, focusing on
the diversity of the population. The performance of HCMOSCA is verified on the DTLZ and ZDT test sets. The experimental results
show that HCMOSCA has better performance than the four compared algorithms and can obtain non—dominated solutions with good
convergence and diversity.
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Fig. 1 The framework of HCMOSCA algorithm
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Table 1 Average and standard deviation of IGD obtained by different comparative algorithms on test functions DTLZ and ZDT

Problem M D EMOSO CMOPSO NSGA-II MOEA/D-DE HCMOSCA
DTLZI1 2 6 1.882 de+1 (3.89e+0) = 3.728 9e-1 (5.90e—1) +  2.3659e-3 (2.21e-4) +  2.762 5e-3 (2.45¢-3) + 1.775 Oe+1 (5. 73e+0)
3 7 1.650 le+1 (3.33e+0) —  7.573 de+0 (4.28e+0) +  2.757 Oe-2 (1.59e-3) +  8.062 7e~2 (1. 13e-1) + 1.259 de+1 (3.77e+0)
DTLZ2 2 11 4.392 2e-3 (7.88e-5) —  4.400 le=3 (7.93e-5) —  5.090 de-3 (1.77e-4) —  3.977 8e-3 (3.09e—6) + 4.105 4e-3 (3. 17e-5)
3 12 5.8243e-2 (1. 11e=3) =  5.7882¢-2 (1.05e=3) —  6.894 Oe=2 (3.02e-3) —  7.582 2e~2 (8. 12e-4) — 5.635 2e-2 (6. 56e-4)
DTLZ3 2 11 1.827 8e+2 (1.35e+1) —  3.489 Se+1 (2.66e+1) +  1.682 6e-2 (9.68e-3) +  8.402 7e+0 (1.3le+1) + 1.637 0e+2 (1.93e+1)
3 12 1.784 3e+2 (1. 74e+1) -  1.023 6e+2 (3.78e+1) +  3.879 2e~1 (6.86e-1) +  5.086 3e+0 (9.27e+0) + 1.662 1e+2 (1.72e+1)
DTLZ4 2 11 1.765 de=1 (3.17e=1) = 2.749 Oe-1 (3.62e=1) —  1.279 8e=1 (2.79%—-1) —  4.125 8e~3 (9.39%-5) = 4.111 3e-3 (3.52e-5)
3 12 1.029 le—1 (1.16e-2) -  2.080 7e—1 (3.36e-1) =  6.823 2e-2 (2.31e=3) —  1.534 de—1 (8.32e-2) — 6.149 le-2 (2.29¢-3)
DTLZ5 2 11 4.400 7e-3 (5.39e-5) —  4.3950e-3 (6.77e-5) —  5.082 0e-3 (1.26e-4) —  3.980 Oe-3 (9.96e—6) + 4.094 6e-3 (2.87e-5)
3 12 7.666 0c—3 (8.86e-4) —  6.365 3c-3 (7.02e—4) —  5.879 8e-3 (3.06e-4) —  1.436 0c—2 (9. 83e-5) — 5.358 3e-3 (4.52e-4)
DTLZ6 2 11 4.131 8e-3 (3.00e-5) —  4.126 1e=3 (3.8le=5) —  5.691 3e=3 (2.77c-4) —  3.966 4e-3 (6.82e-8) + 4.073 8e=3 (2.76¢-5)
3 12 4.219 2e-3 (5.35e=5) +  4.199 2e-3 (4.14e-5) +  5.822 6e-3 (2.97e-4) —  1.452 92 (3.89e-5) — 4.542 6e-3 (5.80e-5)
DTLZT 2 21 4.455 2¢-3 (6.78e-5) =  4.8322e-2 (1.34e—1) —  5.294 5e=3 (1.72e-4) —  1.962 8e—1 (2.20e~1) — 4.466 8e-3 (5.28e-5)
3 2 6.401 3e-2 (1.49e-3) =  1.023 8e-1 (9.48e-2) —  8.673 9e~2 (5.00e-2) —  2.165 le=1 (7.34e-2) — 6.266 de-2 (1.42¢-3)
ZDT1 2 30 4.073 8e-3 (8.53e-5) —  4.187 3e=3 (8.30e-5) —  4.780 4e-3 (1.63e-4) —  1.363 3e-2 (4.32e-3) - 3.858 6e-3 (3.47e-5)
ZDT2 2 30 3.999 7e-3 (4.72e-5) -  4.124 0e-3 (8.26e-5) —  4.828 Oe—3 (1.80e-4) —  7.695 4e=3 (1.24e-3) — 3.859 de-3 (3.06e-5)
ZD13 2 30 4.634 9e-3 (7.96e-5) =  4.653 6e=3 (8.15e=5) =  7.3550e-3 (7.43e-3) —  1.760 8e—2 (5.28¢-3) — 4.666 5e-3 (7.07e-5)
ZDT4 2 10 1.851 8e+1 (2.91e+0) +  2.187 7e—1 (1.99e—1) +  5.716 7e-3 (1.43e-3) +  1.968 9e—1 (2.0le-1) + 1.901 Oe+1 (1.82e+1)
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Table 2 Average and standard deviation of HV obtained by different comparative algorithms on test functions DTLZ and ZDT
Problem M D EMOSO CMOPSO NSGA-II MOEA/D-DE HCMOSCA
DTLZ1 2 6 0. 000 0e+0 (0. 00e+0) = 3.088 4e-1 (2.71e=1) +  5.8029e-1 (1.10e-3) +  5.788 le—1 (8.08e-3) + 0. 000 0e+0 (0. 00e+0)
3 7 0.000 Oe+0 (0.00e+0) = 0.000 0e+0 (0.00e+0) = 8.199 9e-1 (4.59¢-3) +  6.799 2e—1 (2.48e-1) + 0. 000 0e+0 (0. 00e+0)
DTLZ2 2 11 3.465 Oe-1 (1.56e-4) =  3.464 de=1 (1.47e=4) =  3.4659—1 (2.09e-4) =  3.470 le-1 (3.19¢-5) - 3.472 9e-1 (8. 02¢-5)
3 12 5.429 Oe-1 (2.90e-3) =  5.417 6e=1 (3.04e=3) =  5.321 Te—1 (4.74e-3) =  5.2558e-1 (1.64e-3) — 5.480 2e-1 (2.33e-3)
DTLZ3 2 11 0.000 Oe+0 (0.00e+0) = 0.000 0e+0 (0.00e+0) =  3.274 de-1 (1.36e-2) +  1.407 6e—1 (1.58e~1) + 0. 000 Oe+0 (0. 00e+0)
3 12 0.000 Oe+0 (0.00e+0) = 0.000 0e+0 (0.00e+0) = 3.607 de—1 (2.05e=1) +  1.755 3e—1 (2. 12e~1) + 0. 000 Oe+0 (0. 00e+0)
DTLZ4 2 1 2.868 6e-1 (1.10e-=1) =  2.526 9e—1 (1.25e=1) =  3.039 Se—1 (9.69e-2) —  3.468 2e~1 (5.73e-5) — 3.471 7e-1 (9. 12¢-5)
3 12 5.3223e~1 (4.56e-3) = 4.604 Te=1 (1.68e-1) =  5.338 Te=1 (3.65e=3) =  5.098 le=1 (2.73e=2) - 5.395 le-1 (3.89e-3)
DTIZ5 2 11 3.464 Te-1 (1.58e-4) —  3.464 2e—1 (1.62e-4) —  3.465de—1 (1.54e=4) =  3.470 3e=1 (3.51e=5) — 3.472 8e~1 (9.38e-5)
3 12 1.962 le=1 (9. 06e-4) — 1.978 Oe=1 (5.20e-4) = 1.990 8e—1 (1.74e-4) = 1.943 7e=1 (6. 80e=5) - 1.989 Se-1 (2. 80e—4)
DTLZ6 2 1 3.4755e-1 (3.75e=5) = 3.475 Se-1 (4.26¢-5) = 3.463 8e-1 (2.06e-4) =  3.472 le=1 (7.80e-8) - 3.475 4e-1 (5.23¢-5)
3 12 2.001 8e-1 (4.18e=5) +  2.001 8e-1 (4.03e=5) +  1.994 3e—1 (1.6le-4) - 1.947 6e-1 (2.28¢-5) — 1.999 2¢-1 (4.92¢-5)
DTLZ7 2 21 2.428 8e-1 (3.02e-5) = 2.361 6e—1 (2.04e=2) -  2.427 le—1 (3.82e-5) =  2.130 8e~1 (3.32e-2) — 2.429 Se-1 (1. 01e-5)
3 22 2.715 8e~1 (1.54e-3) =  2.649 Oe—1 (1.05e=2) -  2.663 Te—=1 (5.22e-3) =  2.162 le-1 (1.54e-2) — 2.774 Te-1 (7. 98e—4)
ZDT1 2 30 7.196 8e~1 (1.79-4) = 7.193 2e=1 (2.05e=4) -  7.1913e~1 (2.34e-4) =  7.047 le-1 (5.65¢-3) — 7.205 de-1 (4. 0de-5)
ZDT2 2 30 4.444 Te-1 (1.42e-4) —  4.439 9e-1 (2.33e-4) —  4.439 3e-1 (2.37e-4) —  4.347 6e~1 (2.65e-3) - 4.450 9e-1 (4. 69¢-5)
7DT3 2 30 5.9957e-1 (1.18e=4) =  5.996 6e—1 (7.53¢=5) =  6.052 7e-1 (2.25e-2) +  5.943 8e~1 (5.70e-3) — 5.998 Oe-1 (2. 55¢-5)
7DT4 2 10 0.000 0e+0 (0.00e+0) =  4.7154e-1 (1.97e=1) +  7.165 6e—1 (2.47e=3) +  4.927 2e—1 (1.99e-1) + 0. 000 0e+0 (0. 00e+0)
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Fig. 2 Non-dominated solutions obtained by 5 multi—objective algorithms on the 2—objective DTLZ6 problem
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