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Adaptive multipopulation strategy based hybrid multiobjective

optimization algorithm
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Automation for Process Industries, Northeastern University, Shenyang 110819, China)

Abstract: In order to obtain a nondominated solution set with higher quality and better distribution quickly
and accurately, an adaptive multipopulation strategy based hybrid multiobjective optimization algorithm is
proposed. The proposed algorithm decomposes the multiobjective optimization problem into multiple single
objective subproblems, and multiple subpopulations are constructed for each subproblem according to the
distribution of population in the objective and solution space at each iteration. The particle swarm optimization
is used to search the optimal solutions of subproblems, and the external archive is evolved by the differential
evolution algorithm. The simulation of several benchmark test functions shows that, compared with the state-of-
art and similar multiobjective optimization algorithms, the proposed algorithm can obtain better nondominated

solutions with less fitness evaluation times.
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Fig. 1 Optimization tool and search strategy for population and external archive evolution
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Fig. 4 Information interaction mechanism between population and external archive
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Table 1 Comparison of six algorithms via quantity-metric
Instance =~ AMHMOA NSGAI MOEA/D SMSEMOA TVMOPSO DMSPSO
FON 10040.0 98+£1.6(+) 79+13.8(+) 100£0.0(~) 100£0.0(~) 10040.0(~)
KUR 100£0.0 98+2.3(+) 84+7.1(+) 100£0.0(~) 23+19.4(+)  41%133.8(+)
ZDTI 100+£0.0 58+96.2(+) 28+£69.1(+)  63+108.5(+) 100£0.0(~) 15+£13.9 (+)
ZDT2 98 +6.5 16+£95.4(+) 9+60.8(+) 13£199.5(+) 100£0.0(~) 9 +16.0(+)
ZDT3 10040.0 74499.5(+) 254+19.5(+)  80£104.4(+) 98+109.3(~) 15+6.3(+)
ZDT4 100+0.0 23+132.2(4+)  74£207.4(+)  82+680.2(4+) 91£466.8(+) 8+15.7(+)
ZDT6 100+0.0 17+£6.4(+) 474£91.5(+) 14£15.4(+) 100£0.0(~)  424850.9(+)
DTLZ2 100+0.0 100+£0.0(~) 98+5.4(~) 100£0.0(~) 100£0.0(~) 100+£0.0(~)
DTLZ4 10040.0 100+0.0(~) 1004+0.0(~)  974326.7(+)  23+17.8(+) 14+25.7(+)
DTLZ5 100+0.0 100+0.0(~) 100+0.0(~) 100+0.0(~) 10010.0(~) 100£0.0(~)
DTLZ6 100£0.0 100£0.0(~) 100£0.0(~) 100£0.0(~) 100£0.0(~) 100£0.0(~)
DTLZ7 100+£0.0 100£0.0(~) 100+£0.0(~) 100£0.0(~) 100£0.0(+)  674926.9(~)

MR AT A H, A SR B (0 SA R IRA 2 I AR SCRC AR, FLAE+— NI ales B B RESIR1G9R € 4L
AR SZHC AR (MRS SR B i KA ), 3R B T 2 Hh PR SRE925 REA P A i B OB bR M R A5 P s R AR
SCHCAR, HAR SRR R LI 1 o B TVE AR E MU AR SCRC . 5 22 &, i th K SE i sl 1k
B, BB IR EE.

LR, SR TS I SIRAE IGD $ b5 5 T fIPERE, 3R 2 45t T IGD $RFRHISLEREE R,

2 NTEER IGD $EARRY SRS RELER
Table 2 Comparison of six algorithms via IGD-metric
Instance AMHMOA NSGAII MOEA/D SMSEMOA TVMOPSO DMSPSO
FON  0.004 7£0.000 1  0.005 340.000 0(~)  0.005 0£0.000 0(~)  0.005 340.000 0(~)  0.016 340.000 0(+)  0.010 240.000 O(+)
KUR  0.0239£0.0016 0.042 840.000 0(+) 0.047 9+0.000 0(+) 0.041 4+0.000 0(+) 0.419 7+0.011 2(+)  0.250 140.006 8(+)
ZDT1  0.0129£0.0013  0.164 9+0.002 0(+) 0.386 5+£0.974 4(+) 0.11924+0.002 1(+) 0.014 5+0.000 0(~)  0.169 910.001 9(+)
ZDT2  0.013340.0000 0.605 8+£0.056 9(+) 0.446 8+£0.031 1(+) 0.551 63-0.046 O(+)  0.050 04-0.014 5(~)  0.220 9£0.017 4(+)
ZDT3  0.036 6+0.0024  0.128 8+0.000 5(+)  0.186 9£0.004 2(+)  0.098 8+0.000 3(+)  0.057 3+0.000 1(+)  0.198 0£0.001 2(+)
ZDT4  0.049 0£0.0003  0.878 0+0.114 1(+) 2.031 9£0.665 8(+) 1.213 8+0.3350(+) 0.429 9+0.234 9(+)  1.406 6+0.869 7(+)
ZDT6  0.003 5£0.0000 1.779 140.054 8(+)  0.060 84+0.000 2(+) 0.885340.016 4(+) 0.003 60.000 0(+)  0.057540.001 9(+)
DTLZ2  0.654 7£0.0000 0.670 84+0.000 0(+) 0.661 0+0.000 O(~) 0.661 24+0.000 0(~) 0.785 60.001 1(+) 0.793 60.004 9(+)
DTLZ4 0.0812£0.0087 0.185540.0455(+) 0.700 3+0.063 8(+) 0.317 3+0.057 4(+) 0.41574+0.002 7(+)  0.453 60.007 8(+)
DTLZ5 0.2824£0.0005 0.342940.002 3(+) 0.300 3+0.000 0(+) 0.300 44+0.000 2(+) 0.359 3+0.001 4(+) 0.438 3+0.002 2(+)
DTLZ6 0.3111£0.000 6 4.640 7+0.029 O(+) 3.449240.261 8(+) 3.751 2+0.042 0(+) 1.095 54+0.256 5(+) 3.527 7+0.708 4(+)
DTLZ7  0.0751£0.0000 0.124 7+0.005 4(+) 0.31334+0.034 3(+) 0.116 4+0.011 5(+) 0.076 84+0.000 O(~)  0.220 240.008 O(+)
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Fig. 6 Boxplot of experimental result via IGD-metric by 30
runs for DTLZ6
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Table 3 Comparison of six algorithms via Hypervolume-metric

Instance AMHMOA NSGAII MOEA/D SMSEMOA TVMOPSO DMSPSO
FON 0.3555+0.0002  0.335340.000 1(+) 0.168 60.000 0(+) 0.343 2:£0.001 5(~) 0.333 1£0.000 1(+) 0.289 8+0.045 9(+)
KUR 0.989 6+0.0009  0.974 4+0.000 5(+) 0.978 8£0.013 4(~) 0.976 7£0.015 4(~) 0.298 9£0.000 1(4+) 0.594 3+0.000 1(+)
ZDT1 0.996 7+0.0000  0.536 440.000 2(+) 0.520 0£0.000 0(4+) 0.940 7£0.000 0(4+) 0.991 54+0.001 O(~)  0.4578+0.0317(4)
ZDT2  0.9994 +0.0000 0.261 9£0.037 8(+) 0.462 5+0.026 6(+) 0.348 94+0.024 4(+) 0.937 54+0.000 1(+)  0.7101£0.0156(+)
ZDT3 0.9532+0.0099  0.692 14+0.007 1(+) 0.427 4+0.000 8(+) 0.759 5£0.016 4(4+) 0.950 24+0.000 3(~)  0.4508+0.0358(+)
ZDT4  0.998 5+0.0000 0.431 1£0.031 5(4) 0.058 8+0.094 4(+) 0.296 2+0.073 8(+) 0.718 0£0.000 2(4+)  0.261340.0112(+)
ZDT6  0.999 9£0.0000 0.007 1£0.000 6(4) 0.927 9+£0.000 0(4)  0.309 44+0.000 7(+)  0.999 9£0.000 O(~)  0.9758=+0.0003(+)
DTLZ2  0.987 1+0.0001  0.926 9£0.000 5(4+) 0.922 9+£0.054 1(~) 0.987 4+0.054 4(~) 0.841240.000 0(+) 0.589640.0151(+)
DTLZ4  1.000 0£0.0069  0.996 7£0.030 3(~) 0.494 7£0.000 0(+)  0.959 1£0.000 0(4)  0.999 4£0.000 0(~)  0.9980=£0.0064(~)
DTLZ5 0.997 0£0.0000 0.619 5£0.000 0(4) 0.658 54+0.000 0(4+) 0.691 6+0.000 0(+) 0.948 4£0.000 0(4) 0.673 2+0.253 2(+)
DTLZ6  0.9820£0.0000 0.680 60.009 6(4) 0.693 8+0.001 8(+) 0.702 64+0.064 0O(+) 0.899 1£0.001 2(4+) 0.471 6:0.038 4(+)
DTLZ7  0.998 8+0.0003 0.8924+0.003 3(+) 0.778 6:£0.001 4(4+) 0.905 5+0.025 8(+) 0.989 54+0.001 3(~) 0.709 140.005 7(+)
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Fig. 10 The distribution of nondominant solution sets of ZDT2 obtained by six algorithms
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