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Dynamic multi-objective gravitational searching algorithm based on
multi-population decomposition prediction
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Abstract: In order to improve the non-dominant solution set with better convergence and distributivity of dynamic
multi-objective problems, a multi-population decomposition prediction algorithm is proposed in this paper. Firstly, an
evolutionary vector adaptive generation strategy is proposed, which generates a set of uniform evolutionary vectors
based on the solutions of preference sub-problems to ensure the convergence and distribution of the Pareto set. The new
non-dominant solution is obtained based on the location of the solution of the subproblem in the target space. Thirdly, a
predictive model is adopted to initialize the subpopulation to improve the optimum speed and performance of the
algorithm. The experimental results show that compared with five existing algorithms, the proposed algorithm has
obvious advantages in convergence and distribution over ten standard dynamic multi-objective problems.
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prediction; gravitational search algorithm
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i MDP-DMGSA PPS FPS DMS EGS MDMOA/D
FDA1  0.0049(0.0005) 0.0154 (0.0094) 0.0199 (0.0241) 0.0109 (0.0079)  0.0219 (0.0185) 0.0371(0.0145)
FDA2  0.0081(0.0006) 0.0103 (0.0066) 0.0090 (0.0020)  0.0087 (0.0020) 0.0113 (0.0095) 0.0101(0.0047)
FDA3  0.0326(0.0005) 0.0137(0.0091) 0.0159(0.0114) 0.0116 (0.0082)  0.0202 (0.0185)  0.0245(0.0105)
FDA4  0.0894(0.0014) 0.1780(0.0697) 0.2776 (0.0731)  0.1123 (0.0463)  0.2184 (0.1777)  0.1231(0.0977)

DMOP1  0.0041(0.0006) 0.0134 (0.0107)  0.0230 (0.0427)  0.0094 (0.0048) 0.0242 (0.0188)  0.0042(0.0004)
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I MDP-DMGSA PPS FPS DMS EGS MDMOA/D
DMOP2  0.0042(0.0005) 0.0125(0.0099) 0.0121 (0.0097) 0.0053 (0.0118)  0.0291 (0.0272)  0.0045(0.0005)
DMOP3  0.0060(0.0004) 0.0160 (0.0080) 0.0180 (0.0148) 0.0133 (0.0137)  0.0141 (0.0092)  0.0071(0.0010)
F5 0.0098(0.0009) 0.0212 (0.0105) 0.0347 (0.0109) 0.0139 (0.0091)  0.0232 (0.0134)  0.0124(0.0097)
Fo6 0.0026(0.0003) 0.0325(0.0214)  0.0665 (0.0205)  0.0054 (0.1047)  0.0463 (0.0221)  0.0339(0.0127)
F7 0.0035(0.0007) 0.0653 (0.0144) 0.1015 (0.0857) 0.0171 (0.0086)  0.0724 (0.0189)  0.0154(0.0089)
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i) it MDP-DMGSA PPS FPS DMS EGS MDMOA/D
FDAI total 0.0041(0.0005) 0.0649(0.0289) 0.0254(0.0060) 0.0072(0.0006) 0.0141(0.0018) 0.0705(0.0125)
1t stage 0.0043(0.0006) 0.1864 (0.0879) 0.0653 (0.0107) 0.0089(0.0010) 0.0239(0.0048) 0.0770(0.0129)
2nd stage 0.0040(0.0004) 0.0042(0.0004) 0.0100 (0.0005) 0.0070(0.0005) 0.0090(0.0008) 0.0694(0.0101)
3rd stage 0.0040(0.0004) 0.0041(0.0004) 0.0009 (0.0006) 0.0056(0.0004) 0.0091(0.0007) 0.0653(0.0097)
FDA2 total 0.0062(0.0006) 0.0135 (0.0007) 0.0131 (0.0006) 0.0161(0.0006) 0.0130(0.0005) 0.0110(0.0011)
It stage 0.0054(0.0004) 0.0169 (0.0015) 0.0170 (0.0014) 0.0179(0.0007) 0.0160(0.0011) 0.0127(0.0012)
2nd stage 0.0063(0.0007) 0.0119(0.0002) 0.0112 (0.0003) 0.0150(0.0005) 0.0114(0.0002) 0.0104(0.0009)
3rd stage 0.0069(0.0006) 0.0118 (0.0002) 0.0111(0.0003) 0.0149(0.0008) 0.0113(0.0002) 0.0101(0.0011)
FDA3 total 0.0279(0.0040) 0.1721 (0.0650) 0.1241 (0.0077) 0.0280 (0.0090) 0.0780 (0.0062) 0.0309(0.0073)
st stage 0.0278(0.0038) 0.3614 (0.1966) 0.1451 (0.0091) 0.0295 (0.0012) 0.0840 (0.0080) 0.0324(0.0069)
2nd stage 0.0275(0.0012) 0.0810 (0.0158) 0.1150 (0.0070) 0.0276 (0.0013) 0.0729 (0.0049) 0.0305(0.0074)
3rd stage 0.0258(0.0014) 0.0740 (0.0149) 0.1122 (0.0070) 0.0271 (0.0007) 0.0772 (0.0063) 0.0297(0.0071)
FDA4 total 0.0697(0.0057) 0.1466 (0.0064) 0.2094 (0.0135) 0.1149 (0.0059) 0.1601 (0.0157) 0.0127(0.0085)
1t stage 0.0699(0.0061) 0.1839 (0.0127) 0.2270 (0.0157) 0.1312 (0.0088) 0.1947 (0.0194) 0.0138(0.0089)
2nd stage 0.0696(0.0053) 0.1286 (0.0060) 0.2032 (0.0129) 0.1067 (0.0069) 0.1428 (0.0150) 0.0124(0.0081)
3rd stage 0.0696(0.0052) 0.1274 (0.0049) 0.1980 (0.0129) 0.1067 (0.0051) 0.1427 (0.0146) 0.0119(0.0080)
DMOPI total 0.0062(0.0004) 0.0247(0.0680) 0.0090 (0.0037) 0.0090 (0.0031) 0.0179(0.0072) 0.0236(0.0096)
1t stage 0.0064(0.0006) 0.0661 (0.2029) 0.0230 (0.0089) 0.0209 (0.0089) 0.0488 (0.0209) 0.0262(0.0100)
2nd stage 0.0058(0.0004) 0.0040 (0.0005) 0.0020 (0.0003) 0.0031(0.0006) 0.0025 (0.0006) 0.0227(0.0090)
3rd stage 0.0063(0.0003) 0.0039 (0.0005) 0.0020 (0.0004) 0.0030(0.0006) 0.0025 (0.0007) 0.0220(0.0092)
DMOP2 total 0.0046(0.0008) 0.1146 (0.0621) 0.0113 (0.0103) 0.0081 (0.0008) 0.0187 (0.0019) 0.0129(0.0077)
It stage 0.0047(0.0009) 0.3359 (0.1875) 0.0157 (0.0028) 0.0121 (0.0015) 0.0312 (0.0047) 0.0135(0.0085)
2nd stage 0.0046(0.0008) 0.0039 (0.0008) 0.0097 (0.0014) 0.0063 (0.0006) 0.0124 (0.0008) 0.0127(0.0074)
3rd stage 0.0045(0.0007) 0.0039 (0.0007) 0.0096 (0.0013) 0.0060 (0.0005) 0.0123 (0.009) 0.0125(0.0070)
DMOP3 total 0.0043(0.0003) 0.0403 (0.0190) 0.0266 (0.0047) 0.0074 (0.0005) 0.0134 (0.0014) 0.0184(0.0025)
1t stage 0.0044(0.0004) 0.1100 (0.0569) 0.0579 (0.0151) 0.0088 (0.0008) 0.0209 (0.0029) 0.0191(0.0036)
2nd stage 0.0043(0.0003) 0.0055 (0.0008) 0.0109 (0.0005) 0.0067 (0.0003) 0.0096 (0.0006) 0.0182(0.0021)
3rd stage 0.0043(0.0003) 0.0054 (0.0007) 0.0108 (0.0006) 0.0066 (0.0003) 0.0097 (0.0009) 0.0180(0.0020)
F5 total 0.0153(0.0012) 0.1062 (0.0769) 0.0950 (0.0512) 0.0152 (0.0014) 0.0513 (0.0078) 0.0754(0.0102)
1t stage 0.0120(0.0009) 0.2940 (0.2279) 0.1979 (0.1581) 0.0179 (0.0024) 0.0591 (0.0114) 0.0763(0.0121)
2nd stage 0.0177(0.0016) 0.0131 (0.0013) 0.0411 (0.0109) 0.0141 (0.0022) 0.0476 (0.0179) 0.0751(0.0091)
3rd stage 0.0163(0.0015) 0.0114 (0.0012) 0.0460 (0.0127) 0.0137 (0.0014) 0.0473 (0.0090) 0.0749(0.0093)
F6 total 0.0048(0.0007) 0.1202 (0.0280) 0.1259 (0.0279) 0.0234 (0.0049) 0.0484 (0.0141) 0.1654(0.0157)
It stage 0.0051(0.0009) 0.3379 (0.0839) 0.3258 (0.0841) 0.0512 (0.0151) 0.0839 (0.0395) 0.1714(0.0147)
2nd stage 0.0047(0.0007) 0.0115 (0.0007) 0.0263 (0.0042) 0.0096 (0.0006) 0.0311 (0.0047) 0.1649(0.0121)
3rd stage 0.0046(0.0006) 0.0111 (0.0005) 0.0257 (0.0062) 0.0096 (0.0006) 0.0301 (0.0042) 0.1601(0.0106)
F7 total 0.0099(0.0058) 0.0522 (0.0240) 0.0557 (0.0125) 0.0165 (0.0024) 0.0346 (0.0057) 0.0194(0.0084)
1t stage 0.0118(0.0006) 0.1348 (0.0720) 0.0991 (0.0310) 0.0340 (0.0054) 0.0480 (0.0139) 0.0201(0.0097
2nd stage 0.0104(0.0010) 0.0111 (0.0005) 0.0319 (0.0107) 0.0078 (0.0006) 0.0279 (0.0059) 0.0195(0.0086)
3rd stage 0.0076(0.0004) 0.0108 (0.0006) 0.0361 (0.0239) 0.0079 (0.0006) 0.0279 (0.0047) 0.0187(0.0082)
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