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Fig. 1 Byy > Agy > 0 in non-dominated relationship
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Fig. 3 Solution set after non-dominated sort
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Calculation of the individuals’ exclusive hypervolume contributions in three dimension
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Table 1 Mean runtime of each algorithm
Runtime/s
Function
IBEA HypE MO-CMA-ES SMS-EMOA NSGA-II MOEA-HV
ZDT1 5.8059 2.382 7x107 2.505 1x10" 1.037 1x10? 2.294 8 3.5651
ZDT2 5.6775 2.093 2x10? 2.030 5x10" 1.037 1x10? 2.5625 3.794 6
ZDT3 6.307 8 2.180 1x10* 2.114 8x10" 1.037 1x10? 2.476 0 3.664 3
ZDT4 59213 4.812 4x10? 5.670 2x10" 3.082 6x10° 2.1099 3.3635
ZDTS 5.803 1 1.219 2x10? 4.012 4x10" 9.799 1x10 24325 3.764 6
ZDT6 6.341 6 2.758 3x107 2.182 9x10" 1.056 9x10? 2.1322 3.4424
DTLZ1 6.750 3 1.530 4x10° 2.123 8x10! 1.400 5x107 2.2540 3.1930
DTLZ2 6.5574 2.574 3x10° 2.925 010" 1.764 9x10° 2.366 4 33924
DTLZ3 6.5403 7.428 3x10° 2.852 4x10! 7.409 8x107 23158 34189
DTLZ4 6.984 5 1.607 4x10° 2.712 1x10! 1.798 2x10° 3.156 7 3.6475
DTLZ5 8.936 0 1.952 2x10° 3.120 9x10" 9.536 4x10? 3.6346 47830
DTLZ6 7.703 3 3.4252x10° 2.469 5x10" 9.919 2x10? 3.8658 5.082 8
DTLZ7 6.6124 1.945 6x10° 2.041 4x10" 1.591 3x10° 2.6958 3.8150
#*2 #FHMIGD M
Table 2 Mean IGD of each algorithm
IGD,,
Function
IBEA HypE MO-CMA-ES SMS-EMOA NSGA-II MOEA-HV
ZDT1 4.587 6x107° 2.353 4x107" 6.216 7x107° 3.6513x107° 3.8879x10°° 3.8879x10°°
ZDT2 9.304 7x10°° 2.217 0107 6.057 1x107° 4.3203x10°° 3.807 7x10°° 3.807 2x107*
ZDT3 6.669 7x1072 1.988 6x10°! 8.550 1x107° 2.6755x1072 1.192 7x1072 2,914 5x1072
ZDT4 1.923 0x107? 4.601 2x10™! 8.874 1 3.627 3x107° 4,112 8x10°° 4,192 9x10°°
ZDT5S 23300 1.7829 3.3749x10°" 4.727 1x107" 4.873 8x10™" 5.749 2x10™
ZDT6 5.027 5x107° 3.070 2x10°° 4.0252x107° 2.986 3x107° 3.002 4x10°° 3.001 5x10°°
DTLZ1 1.705 1x107" 1.338 3x10°" 8.1733 3.179 1x1072 2.062 4x1072 2.061 9x107°
DTLZ2 8.041 8x107 1.337 4x10™ 1.122 5x107" 7.753 1x1072 5.447 0x1072 5.446 8x107°
DTLZ3 4.726 8x107" 3.652 510 5.184 0x10' 8.768 3x102 5.782 4x107? 5.777 5x1072
DTLZ4 8.088 1x107 4.716 6x107" 1.313 8x107! 7.801 5x1072 2.897 3x107" 5.449 7x107?
DTLZ5 1.707 6x1072 1.513 4x107? 1.125 8x102 1.609 3x107 1.306 4x1072 1.289 6x1072
DTLZ6 2312 1x1072 2.176 0107 5.023 0x107? 1.824 3x1072 1.977 2x1072 1.894 5x1072
DTLZ7 1.487 3x10™ 6.986 2x10™ 1.244 8x10™" 7.642 8x1072 7.594 8x10°* 7.6853x1072
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Table 3 Mean HV of each algorithm

HV,
Function
IBEA HypE MO-CMA-ES SMS-EMOA NSGA-TI MOEA-HV
ZDT1 7.199 3x10™ 5.8323x10™" 7.173 8x10™ 7.207 6x107" 7.202 9x10™" 7.203 0x10™"
ZDT2 4.434 7x107" 2.409 5x107" 4.423 6x107" 4.453 3x10™" 4.450 2x107" 4.450 3x107"
ZDT3 6.872 6x107" 7.219 1x107! 5.819 7x10™" 6.411 1x10™ 6.015 1x10™ 6.398 9x10™
7ZDT4 7.049 8x107" 6.923 3x107" - 7.207 2x107" 7.197 1x107" 7.190 0x107"
ZDT5 8.170 4x10™ 8.027 8x10™ 9.711 4x10™" 8.200 6x10™" 8.3129x107" 8.265 4x10™
ZDT6 3.8712x107" 3.889 2x107" 3.879 8x10" 3.890 0x10™" 3.889 3x107" 3.889 5x107"
DTLZ1 4.637 13107 6.104 9x107" - 8.149 5x107" 8.408 9x10" 8.409 6x107"
DTLZ2 5.580 1x107" 5.363 0x107' 4.208 6x107! 5.484 5x107" 5.595 8x107! 5.596 0x107"
DTLZ3 2.441 0x107" 2.736 3x107" - 5.193 2x10™ 5.403 4x10™ 5.416 5x107"
DTLZ4 5.574 5x107" 3.5320x107" 4.828 1x107! 5.4812x107" 4.469 6x107" 5.594 2x107"
DTLZ5 1.986 6x10" 1.960 3x107" 1.943 1x10™" 1.949 8x107" 1.932 6x107" 1.938 4x107"
DTLZ6 1.970 0x10™" 1.102 8x107" 1.776 4x107" 1.950 7x107" 1.899 6x107" 1.908 9x10°"
DTLZ7 2.6953x107" 2.056 7x107" 2.513 7x107" 2.725 3x10™" 2.694 7x107" 2.705 0x107"
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Hypervolume-Based Multi-Objective Evolutionary Algorithm

WANG Xuewu, WEI Jianbin, ZHOU Xin, GU Xingsheng
(Key Laboratory of Advanced Control and Optimization for Chemical Processes, Ministry of Education,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: Hypervolume-based evolutionary algorithms can effectively solve the multi-objective optimization
problem and obtain promising solution sets with fast convergence and uniform distribution. However, this kind of
algorithms have higher computational complexity and lower programming efficiency. Aiming at the two-
dimensional and three-dimensional multi-objective optimization problems, this paper proposes a hypervolume-
based multi-objective evolutionary algorithm (MOEA-HV) so that the individuals ’ exclusive hypervolume
contributions can be accurately calculated to guide the evolution of the whole population. Before the indicator-
based evolutionary algorithm(IBEA) being utilized, the proposed algorithm employs non-dominated sorting
among all individuals to delete dominated individuals so that the amount of calculation of the individuals’
exclusive hypervolume contributions can be reduced and the operational efficiency can be improved. Meanwhile,
other strategies in NSGA-IIl are utilized to optimize the distribution of the proposed algorithm. It is shown via the
experiment results that the proposed MOEA-HV has higher efficiency while maintaining the trade-off between the fast
convergence and the uniform distribution.

Key words: multi-objective optimization; hypervolume; non-dominated sorting; IBEA



