Supplementary Materials

Table S1. MIGD results (Mean and Standard Deviation) for FDA and dMOP functions.

Reference: [16] CSA DB-CSA (without DB-CSA-I11 (with
DMOPs (Te, 1) MMTL-MOEA/D KF-MOEA/D PPS-MOEA/D SVR-MOEA/D Tr-MOEA/D RI-MOEA/D Dynamic Process) Dynamic Process)
(5, 10) 0.12141.076-1) - 0.4670(338-1) - 0.2485(1.40g-1) - 0.3745(3 126.1) - 0.3381(2.145-1) - 0.3166(358-1) - 2.76€e-052 ge-06)- 1.39e-07(2.8¢.08) + 6.37e-07 2.2607)
FDAL (10, 10) 0.11997036.2)- 0.2659012361).  0.21414 5061 0.23321666.1) - 0.3592G4ey).  0.2733usaey).  2.56€-05(7c.06) 1.466-072.30.08)+ 6.35€-07 2.0007)
(20, 10) 0.06583 64¢-2) - 0.1635(9.126-2) - 0.10181.25e-1) - 0.21682.03-1) - 0.1778.47e-1) - 0.1959 2 36¢-1) - 2.09€e-052.ge-06)- 8.07e-08 g 5¢-09) + 3.39e-07(0.8e-08)
(5, 10) 0.0740353e-2) - 0.1695( 51-2) - 0.10231.09e-1) - 0.2062(1 66£-1) - 0.1241(4726-2)- 0.2127 (1 49E-1)- 3.79e-05(2.1¢-06)- 4.73e-06 s 0c-07)- 3.33e-06 s 8e-07)
FDA2 (10, 10) 0.08423.345-2) - 0.19067.00-2) - 0.12002.00-1) - 0.1965(1 316.1) - 0.12434276-2) - 0.25281.345-1) - 3.92e-05(1 g-06)- 5.08e-06 s ge-07)- 4.19e-06 1 ge-06)
(20, 10) 0.0662363-2) - 0.1335(4.02-2) - 0.07199 86e-2) - 0.1810(1.88¢-1) - 0.0785(3376-2) - 0.16781.445-1) - 2.97e-051.5¢-06)- 3.56€-064.66-07)- 3.06€e-06s 5¢-07)
(5, 10) 0.14281.116.1) - 0.2685266E-1) - 0.3142.145.1) - 0.22501 81£-1) - 0.2925(3 44-1) - 0.3493(427E.1) - 2.73e-032.16-04)- 3.96€-04 2 gc-05)- 2.63e-04 73005
FDA3 (10, 10) 0.0914(9776-2) - 0.14297.49-2) - 0.20721.38e-1) - 0.1994(1.636-1) - 0.2522.756-1) - 0.2530(3.0£-1) - 3.61e-033.6¢-04)- 6.75e-04 s 0e-05)- 4.69e-04 1 6e-04)
(20, 10) 0.0749s 08e.2) - 0.1349105e1).  0.2286(176e.1)- 0.1409 94£.1) - 014426262  0.1361gsse).  2.61e-0303c.0) 4.15e-04 4 30.05). 2.30e-04 6e-05)
(5, 10) 0.1523967e-2) - 0.1578(7.216-2) - 0.21141.48e-1) - 0.18667.53-2) - 0.2335(1.21£-1) - 0.1702(4.11£-2) - 1.43e-05(1.1¢-06)- 6.94e-07 g.2¢-08) + 1.60e-062.1¢-07)
FDA4 (10, 10) 0.1594(5776-2) - 0.1311(403e-2) - 0.18481.75e-1) - 0.17095.156-2) - 0.2180(1.05£-1) - 0.1787533e-2) - 1.43e-05(1 5¢-06)- 8.14e-07 1.6e-07) + 1.43e-06(1.7¢-07)
(20, 10) 0.1336(3.89E-2) - 0.125(4.06e-2) - 0.1765(2026-1) - 0.1234(2365-2) - 0.19989.90E-2) - 0.12532.66E2) - 1.18e-05(1 2¢-06)- 5.95e-07s.0e-08) + 9.48e-071.2607)
(5, 10) 0.20815.47e-2) - 0.26835.65-2) - 0.2036(7.28-2) - 0.2120(1.05¢-1) - 0.1737(4.10E-2) - 0.2184(1.01£-1) - 7.37e-053 6e-06)- 4.51e-05(1 4¢-06)- 3.78e-06.7¢-07)
FDAS5 (10, 10) 0.18925 108 2)- 0.2369(770e2).  0.2305(10e1)- 0.1862(9.436.2) - 0.1752usoe2 -  0.214000e1).  7.52€-05¢s 56.05)- 4.726-051 ge-0)- 3.90e-06 0e.07)
(20, 10) 0.16425.06¢-2) - 0.18185.76e-2) - 0.1895( 11£-2) - 0.1729(9.00e-2) - 0.1879456¢-2) - 0.19687.64-2) - 5.67e-053.16-06)- 3.50e-051.3¢-06)- 2.20e-063.26-07)
(5, 10) 0.05893g2£.2) - 0.1857¢9132).  0.126937e1)- 0.2237g156.2) - 0.2345652).  0.2421a3y).  2.07e-04gge0s) 1.10e-05(s 4¢.09)- 7.286-07(1.3007)
dMOP1 (10, 10) 0.0543552e-2) - 0.1565(7.39E-2) - 0.0965(2.18¢-1) - 0.3266(1.99E-1) - 0.25075.155-2) - 0.27341.465-1) - 1.90e-044.06-05)- 1.09e-056 5¢-09)- 5.95e-07 (¢.06-08)
(20, 10) 0.0252(9.00€-3) - 0.11455 03-2) - 0.0690(1.95¢-1) - 0.19381.25-1) - 0.1204(9.136-2) - 0.16061.63¢-1) - 1.26€-04 (2 6¢-05)- 8.27e-06s.16-09)- 3.66€-075.06-08)
(5, 10) 0.0494 (1 50.2) - 0.22581.316-1) - 0.1265(1.345-1) - 0.1302(5.99E-2) - 0.13116.026-2) - 0.15051 58£.1) - 1.87€-04(4 4¢-05)- 3.35€-06s.2¢-08)- 1.99e-06(7.5¢-07)
dMOP2 (10, 10) 0.0717 (4 20e-2) - 0.1646(5.01-2) - 0.11021.00e-1) - 0.11425 055-2) - 0.1157(6.03e-2) - 0.1586(1.336-1) - 1.78e-044 ge-05)- 3.14e-063.3¢-08)- 2.38e-0650c-07)
(20, 10) 0.0261553e-3) - 0.120¢s.70e-2) - 0.0771(1.126-1) - 0.0541(4626-2) - 0.0795(4.80E-2) - 0.06094.64-2) - 1.28e-04 3 0e-05)- 2.62e-062.06-08)- 9.89e-072.7¢-07)
(5, 10) 0.05933.10e-2) - 0.1132(5 7262 - 0.1136(5.84£-2) - 0.09877.165-2) - 0.1203(429-2) - 0.0729357-2) - 7.68e-033.16-01)- 8.42e-033.36-01)- 2.55e-03 5 ge-04)
dMOP3 (10, 10) 0.06834.26e-2) - 0.1431(558-2) - 0.07366.38e-2) - 0.0897 (4.56e-2) - 0.10575.185-2) - 0.0850(s,68£-2) - 2.39e-034.9¢-06)- 2.38e-035.7¢-09)- 7.66€e-051 5¢-05)
(20, 10) 0.0260(5 56¢-3) - 0.0730(.016-2) - 0.0563.57-2) - 0.0510(352-2) - 0.0575(3.226-2) - 0.0401(2576-2) - 2.61e-025.9¢-04)- 2.78e-023.30-01)- 5.84e-04 3 1¢-04)
+-/= 0/24/0 0/24/0 0/24/0 0/24/0 0/24/0 0/24/0 6/18/0

The symbols “+”, “~” and “~” denote that the performance of the compared algorithm is statistically better than, equivalent to, and worse than DB-CSA with dynamic process.



Table S2. IGD results (Mean and Standard Deviation) for FDA and dMOP functions.

DMOPs Reference: [12] CSA DB-CSA (without DB-CSA-I11 (with
(teny) DNSGA-I1I dCOEA PPS MOEA/D SGEA Dynamic Process) Dynamic Process)
(5, 10) 6.40E-10ge.2)- 6.36E-211£.2)- 2.08E-1g4e2)- 3.56E-1(40e.2)- 3.41E-2p0e3)- 2.48e-02(25003)- 1.25-04 se.05) + 5.73e-04 2.0c.04)
FDA1 (10, 10) 5.82E-2(35.3) - 4.13E-2(.56-3) - 4.27E-2.0e-2)- 1.21E-1(11e-9)- 1.48E-2(.0e-3)- 2.30e-02(3.4¢-03) - 1.31e-04(2.1¢.05) + 5.71e-04 1 ge-01)
(20, 10) 4.14E-225)- 2.39E-226.3)- 1.62E-27.0e.3)- 4.04E-226.5). 7.55E-31.45.3)- 1.882-023.36.03)- 7.266-0576e-06) + 3.05e-04 5 0c.05)
(5, 10) 2.85E-2(2.4-3) - 7.28E-2(38e-2) - 8.13E-2(3.0e-2) - 8.40E-2(1.36-2) - 1.50E-2(1 6e-3)- 3.41e-021.9¢-03) - 4.25e-037.26-04) - 2.99e-037.9¢-04)
FDA2 (10, 10) 1.68E-3(0.0.4)- 4.73E-2338.2)- 6.35E-2(1.0£.2)- 3.38E-2pe.3)- 9.11E-36.36.4)- 3.53e-02(1 6003 - 4.57e-03(g ge-01)- 3.77e-03(91¢.04)
(20, 10) 6.51E-3536.4) - 3.24E-26e.2)- 6.27E-201£.3 - 1.64E-2(40e.3)- 6.32E-3(316.4)- 2.686-02(1.4¢.03)- 3.208-03 4 26.04) - 2.75e-03 7 6e-04)
(5, 10) 2.63E-1(s0e-2)- 2.63E-1(35e-2)- 4.43E-1116)- 24TE-1p3e2)- 6.25E-2(38e-2) - 2.45e+00(1 ge-01) - 3.56e-01(2.5¢-02) - 2.36e-01 s 6e-02)
FDA3 (10, 10) 1.08E-1i33e.2)- 1.95E-1326.2)- 2.19E-146e2)- 1.30E-1(25.2)- 4.03E-2206.2)- 3.25e+00(3 26.01) - 6.07e-01(7 207 - 4.22e-011 50.01)
(20, 10) 9.03E-2(24e3) - 1.26E-1(3.1e-2)- 1.92E-1 (462 5.45E-2(3.3c3) - 3.52E-2(206-2)- 2.35e+00(.1¢-01) - 3.74e-01(3.9e02) - 2.07e-01(7.7¢-02)
(5, 10) 1.49E+0 5e.1)- 1.62E-1(51e3)- 3.07E-1uoe)- 1.36E+06£.1) - 4.60E-16e.2)- 1.29e-02(9 9¢.00) - 6.25-04(7.36-05) + 1.44e-03(1 5c.00)
FDA4 (10, 10) 7.63E-1ia4e2)- 1.24E-1(s5e3)- 2.11E-1p0e). 5.77E-1s4e2)- 1.83E-1(s6e3) - 1.29€-021 6¢.03) - 7.33e-04 1 4e-04) + 1.29e-0315¢.00)
(20, 10) 2.62E-1(16e-2)- 1.03E-1(1.7e-3)- 1.79E-1(3.0e-3)- 2.22E-11362)- 1.26E-1(15e-3)- 1.06€-02(1.1¢-03) - 5.36€-047.2¢-05) + 8.54e-041 1601
(5, 10) 1.76E+010e.1)- 4.33E-Lueer)- 6.55E-1(316.2)- 1.57E+0(13e.1)- 5.23E-133e.2)- 6.646-02(3.2:.03)- 4.06€-02(1 2¢.03)- 3.40e-03 4 3¢.04)
FDA5 (10, 10) 1.02E+05.46-2) - 3.62E-1(s.0e2)- 4.80E-1;356-2)- 8.19E-1(5.0e-2) - 3.62E-1(s.5e.3)- 6.77e-025.06-03) - 4.25e-02 1. 6¢-03) - 3.51e-035.26-04)
(20, 10) 4.88E-11262)- 3.10E-1p7es)- 3.71E-1u 2 4.07E-Lases). 3.09E-1p2e3)- 5.108-02(;5c.03)- 3.15e-02(1 5e.03) - 1.98e-032.0e-01)
(5, 10) 1.31E-141e9). 6.95E-2(1.45.2)- 4.15E-174e). 1.36E-2(00e.3)- 1.12E-21e3) - 1.87e-01s.40.00)- 9.89e-03450.06) - 6.55€-04 1 2¢.04)
dMOP1 (10, 10) 8.83E-3(5.0e-3) - 3.93E-2(6.263) - 5.09E-2(936-2) - 9.39E-3(4.36.3) - 8.24E-3(53.3) - 1.71e-0136e-02) - 9.78e-035.8e-06) - 5.35e-04 s 1¢-05)
(20, 10) 7.39E-3(3.26-3)- 1.88E-2(23-3)- 4.39E-25.45-2) - 7.17E-327e3) - 6.54E-33.0e-3) - 1.13e-01(23¢.02) - 7.44e-035.5¢-05) - 3.30e-04 s 4605
(5, 10) 6.87E-175£2)- 1.20E-120e2)- 1.56E-1(16e.2)- 4.91E-1a1e2). 3.02E-2345.3) - 1.69e-01(30.00) - 3.01e-030.05) - 1.79e-035 7c.00)
dMOP2 (10, 10) 1.18E-Lgse3)- 7.32E-2g.069)- 4.28E-1a7e)- 1.88E-110e2)- 121E-2764)- 1.61e-01(436.02)- 2.82€-03(3.06.05)- 2.15€-03(7.2¢.04)
(20, 10) 1.57E-1670e-4) - 3.46E-2(13e3) - 2.02E-2(25¢6-3) - 5.63E-2(3.9e-3) - 6.32E-31.5e-4) - 1.15e-01(27e-02) - 2.36€-031.8e-05) - 8.91e-042.46-01)
(5, 10) 5.62E-130e.2)- 4.95E-2455.3)- 1.76E-Lg0e.2)- 3.42E-10e9)- 1.81E-Lgee) - 6.91e+002 ge-01) - 7.58e+003 0e.01) - 2.30e+00s 2e.01)
dMOP3 (10, 10) 2.00E-1(15e-2)- 2.95E-2(2.453) - 1.13E-1(12e-9)- 1.68E-L(1.0e-2)- 1.32E-1(13e9)- 2.15e+004.4¢-03) - 2.14e+00s.ge-06) - 6.89e-021.30-02)
(20, 10) 1.07E-1gse3)- 1.63E-20 763 - 8.99E-257.3)- 6.27E-2(44e.3)- 8.15E-2(136.2) - 2.35e+01(5 3001 - 2.50e+01 (5 0c.01)- 5.26e-01 5 6e.01)
+H-/ = 0/24/0 0/24/0 0/24/0 0/24/0 0/24/0 0/24/0 6/18/0

The symbols “+”, “~” and “—” denote that the performance of the compared algorithm is statistically better than, equivalent to, and worse than DB-CSA.



Table S3. HVD results (Mean and Standard Deviation) for FDA and dMOP functions

Reference: [12] CSA DB-CSA (without DB-CSA-I11 (with
Prob. (te,ne) DNSGA-II dCOEA PPS MOEA/D SGEA Dynamic Process) Dynamic Process)
(5, 10) 8.70E-1¢s£.2)- 1.25E-1 45 - 3.87E-Luoey)- 7.70E-Lose.0)- 8.14E-220e.2) - 1.73e+003 2c.01)- 7.23e-03 16003 + 2.22€-02(1.5002)
FDA1 (10, 10) 1.36E-1(1.7e2) - 8.52E-2(20e-2) - 2.97E-1(16e2) - 2.88E-1(0-2)- 3.81E-2(14e2) - 1.65e+00(3 1¢-01)- 7.65e-03(1.4¢-03) + 1.96€-02(1.3¢-02)
(20,10) | 3.55E-24e- 5.46E-2(165.) - 2.84E-1yce.)- 1.34E-1g23)- 2.02E-21262)- 1.59e+002 ge.01)- 4.82€-03 5 10.04) + 1.40e-02(s 80.03)
(5, 10) 4.71E-2(1482)+ 1.85E-1(.4e-2) + 3.21E-167En+ 1.30E-1(25e2) + 2.54E-2(1362)+ 1.34e+02(2 1+01)- 1.09e+01 s 1e+00) - 7.96€-01 (1 1¢+00)
FDA2 (10,10) | 2.05E-244e2+ 1.24E-Lyeen) + 2.66E-114g0)+ 6.29E-21052)+ 1.67E-2046.2)+ 1.37€+02(2 4¢+01)- 1.21e+01(g se00) - 4.33e+00(1 20+01)
(20,10) | 1.33E-244en+ 8.64E-2(706.0) + 2.55E-1g4e3)+ 3.24E-204e0)+ 1.23E-2046.2)+ 1.27e+02¢1 ge+01)- 1.38e+01( 1e+01)- 1.60e+00(3 ge+00)
(5, 10) 1.54E+06e.1) - 1.45E+0g5e.2) - 1.75E+016e.1) - 1.66E+07s£.2) - 9.80E-1(1.0e.1)- 2.04e+00 ges00) - 3.85€-01(9 1¢.02) + 4.89e-013.3001)
FDA3 (10, 10) 1.09E+0(9.0e-2) - 1.32E+0(7.7e-2 - 1.16E+0( 6e-2) - 1.12E+0g3e-2) - 9.24E-1(5.26.2)- 3.32e+00( ge+00) - 4.30e-01 (1 4¢-01) + 6.24e-012.9c-01)
(20,10) | 1.04E+0(se2- 1.15E+0£.2) - 1.03E+0(7.4£.2) - 9.47E-1p2e0)- 9.11E-1g1e2). 2.57e+00(1 7e+00)- 3.21e-01(g 0e-02) + 4.19e-01(3.3001)
(5, 10) 2.05E+0;0e.1) - 3.80E-1¢26e.2)- 7.77E-Lee2) - 3.97E+0 se+0) - 1.03E+0 3.1)- 3.508+00(s,1e.01) - 1.75e-01(3.06.02) - 7.926-023.6e-02)
FDA4 (10,10) | 1.58E+0gse2) - 2.70E-13se2) - 4.34E-1¢726 ) - 1.24E+0 1 3.1) - 2.74E-1p42)- 3.64€+00(7 ge-01) - 1.89e-01(5 402 - 3.67e-02(20¢.02)
(20,10) | 5.48E-1skes- 1.80E-14e2) + 3.34E-1ae. - 4.34E-150e2)- 1.44E-1(0e.2)- 3.06e+00 5c.01)- 1.50e-0140c.02)- 6.82€-024.50.02)
(5, 10) 6.75E+0(1 0e.1) - 2.76E+026e.1) - 3.88E+0(31£.1)- 7.08E+01 0g+0) - 2.70E+0(.0e.)- 1.11e+00( ge+00) - 4.42e-01 (1 50.08)- 2.56-01 1 4e-01)
FDAS (10, 10) 5.41E+0 6e-1) - 2.37TE+0@.7e-1) - 2.19E+0(3.9g-1) - 4.80E+0 2 6¢-1) - 1.88E+09.3e-2) - 1.72e+00(3.3¢+00) - 3.74e-011.26-05) - 1.87e-011.4e-01)
(20,10) | 2.64E+0(11e1)- 2.02E+0 1 ge.1) - 1.04E+01 16.1)- 2.15E+010.1) - 1.78E+0(7 1£.2)- 1.71e+00( se+00) - 4.24e-01(1 6o 05) - 2.48e-011 3e.01)
(5, 10) 3.93E-23.8162) - 1.73E-133e2) - 2.86E-1(36e-1) - 4.64E-2(3.66-2) - 3.75E-22562) - 2.84e+00( 6e+00) - 3.25e-01 5 4¢-04) - 4.14e-03 3 16-03)
dMOP1 | (10, 10) 2.28E-220e.2) - 1.12E-1¢20e2) - 9.27E-236.1) - 2.57E-256.2)- 1.90E-21 4¢.2)+ 2.96e+00(1.4e+00) - 3.21e-01(1 503 - 1.99e-02( 1¢.02)
(20, 10) 1.71E-2(1.452) - 5.65E-2(s.1c-3) - 6.02E-2(.1e-2) - 1.59E-2(7.9e3)+ 1.80E-2(136-2)- 2.44e+00(1 7e+00) - 3.28e-017.7¢-08) - 1.92e-02(1.1¢-02)
(5, 10) 8.06E-1(14¢-1)- 3.03E-1is9e2) - 3.95E-1 (3062 - 9.04E-1(73e-2) - 8.71E-2(1.9e2) - 2.58e+00(1 6e+00) - 1.03e-01(1.9e-03) - 6.22e-024.26-02)
dMOP2 | (10, 10) 2.90E-1¢2se.2) - 2.07E-1@4e2) - 1.17E-Luaeo) - 4.46E-142¢ o) - 3.59E-2(11£.2)+ 2.66€+00(1 ges00) - 9.926-02(1 ge.03) - 5.108-024.4e.02)
(20, 10) 4.50E-2(1262) - 1.09E-1 (1562 - 5.65E-2(5.2e:3) - 1.98E-1(1.4e-2)- 1.85E-2(1.169)+ 2.04e+00( 6e+00) - 1.00e-01(9.7¢-04) - 1.90e-02(1.5¢-02)
(5, 10) 951E-134e) + 1.05E-116e2) + 4.22E-1( 560+ 7.61E-1iae2)+ 4.07E-Lpaeo+ 1.59e+01(s 6c.01) + 1.62e+013 1001+ 1.84e+01(3 4e+00)
dMOP3 | (10, 10) 4.74E-1oge0)- 6.57E-213e9) + 2.79E-1p 762 - 4.54E-1ge0)- 3.18E-1p9e2)- 2.98e+004.7¢-01) - 2.36e+004.ge-01) - 1.68e-01(9.96-02)
(20, 10) 2.76E-1pse2) - 3.63E-23e2) * 2.21E-1569)- 2.87E-1p0e.2)- 2.15E-130e.2)- 3.07e+00s ge-01 - 2.38e+003 gc.01) - 1.31e-01(0.¢.02)
+-/ = 4/20/0 711711 4/20/0 5/19/0 6/18/0 1/23/0 7/17/0

The symbols “+”, “~” and “—” denote that the performance of the compared algorithm is statistically better than, equivalent to, and worse than DB-CSA.



Table S4. IGD results (Mean and Standard Deviation) for UDF and F(ZJZ) functions with ( t; = n,=10).

Reference: [12]

CSA

DB-CSA (without

DB-CSA-I11 (with

Prob. DNSGA-II dCOEA PPS MOEA/D SGEA Dynamic Process) Dynamic Process)
UDF1 1.07E-1@.4e2) - 2.91E-12.3e-2) - 2.67E-1(2.2E-2) - 1.70E-15.162) - 1.24E-1333€-2) - 2.22e-02(1.1¢-07) - 2.22e-02(2.1¢-07) - 6.57e-05(5.1¢-06)
UDF2 1.12E-11.0e-2) - 1.83E-1(2.0e-2) - 2.54E-2(5.0E-3) - 1.16E-1(9:5e-3) - 8.95E-2(1.3e-2) - 2.23e-02(8.8¢-08) - 2.23e-02(9.9¢-08) - 6.74e-05(3.9¢-06)
UDF3 6.06E-1(3.3e-6) - 6.51E-1¢7.7-2) - 4.55E+0(1.1E+0) - 6.06E-1(6.3e5) - 6.06E-1(7.45-6) - 3.62e-05(2.2¢-06) + 3.73e-05(2.3¢-06) - 3.68e-05(2.1¢-06)
UDF4 1.70E-147e-2) - 2.87E-1(2.8e-2) - 1.85E-1(8.26-3) - 3.19E-1(1.3e1) - 1.68E-1(4.4e-2) - 9.60e-05(1.2¢-06) - 9.70e-05(1.2¢-06) - 3.07e-05(2.0e-06)
UDF5 1.18E-11.2e2) - 2.05E-1(35€-2) - 2.89E-2(1.3e-2) - 1.61E-1(1.4e2) - 1.00E-1(1.1E-2) - 9.82e-05(1.1¢-06) - 9.94e-05(1.6¢-06) - 3.20e-05(2.2¢-06)
UDF6 4.57E-1@8.7€2) - 8.04E-1(1.0e-1) - 1.34E+0(7.1E-2) - 5.31E-1(1.6e-1) - 6.68E-1(2.0e-1) - 4.83e+00(5.4¢-05) - 4.83e+00(3.4¢-04) - 1.48e-03(9.1¢-04)
UDF7 5.24E-1(2.2E-2) - 8.40E-1(6.4E-2) - 6.68E-1(4.4e-2) - 5.08E-1(1.4e1) - 5.08E-1(4.2E-2) - 4.93e-01(2.5¢-03) - 4.85e-01(2.1¢-08) - 1.80e-03(1.1¢-04)
F5 7.82E-1(3.9E-2) - 8.01E-12.2E-1) - 2.69E-1(4.3e-2) - 6.88E-1(4.1E-2) - 4 41E-1(a5E-2) - 9.11e-02(1.5¢-02) - 1.12e-01(1.3¢-02) - 4.16e-02(9.5¢-03)
F6 3.02E-1(2.1-2) - 6.57E-1(1.3E-1) - 2.60E-1(6.5E-2) - 3.44E-1(56E-2) - 2.90E-1(1.3e2) - 6.03e+00(1.6e+00) - 4.41e+00(.5¢+00) - 2.36e-01(1.9¢-01)
F7 4.19E-1(6.9E-3) - 1.56E+06.0e-1) - 2.63E-1(7.1-2) - 4.18E-1(6.0-2) - 4.47E-1(1.0e-2) - 5.60e-02(2.7¢-03) - 5.64e-02(1.7¢-03) - 1.94e-02.6¢-03)
F8 4.86E-1(1.3e-2) - 4.00E-1(6.7e-2) - 4.56E-13.1€-2) - 5.49E-1(2.3e-2) - 2.51E-1(1.4e1) - 6.55€e-03(8.8¢-04) - 4.48e-03(4.1¢-04) - 1.05e-033.9¢-05)
F9 4.74E-1(2.1E-2) - 8.87E-1(3.3e-1) - 3.59E-1(4.4e-2) - 4.29E-12.48-2) - 3.65E-1(3.4e-2) - 6.12e-02(7.4e-03) - 7.02e-02(7.6¢-03) - 2.85e-02(1.1e-02)
F10 1.05E+0(15e-1) - 5.76E-1(8.1e2) + 3.79E-1.7e-2) + 6.39E-1(8.6E-2) - 3.80E-113e2) + 1.29e+00(2.4¢-01) - 1.03e+00(1.7¢-01) - 5.82e-01(9.9e-02)
+-/= 0/13/0 1/12/0 1/12/0 0/13/0 1/12/0 1/12/0 0/13/0

The symbols “+”, “~” and “~” denote that the performance of the compared algorithm is statistically better than, equivalent to, and worse than DB-CSA



Table S5. HVD results (Mean and Standard Deviation) for UDF and F

Z2J7) functions with ( 7, = n,=10).

Reference: [12] CSA DB-CSA (without DB-CSA-II (with
Prob. DNSGA-II dCOEA PPS MOEA/D SGEA Dynamic Process) Dynamic Process)
UDF1 5.14E-1(3.2E-2) - 7.47E-138E-2)- 7.97E-1(5.2E-2)- 6.12E-1(9.4E2) - 5.18E-1(5.0e-2) - 2.98e+00(6.2¢-03) - 2.98e+00(4.4¢-03) - 4.57e-03(3.2¢-04)
UDF2 5.51E-1(2.4e2) - 6.13E-1(2.8e-2) - 4.32E-1(1.98-2) - 5.42E-11.7e2) - 5.10E-1(2.5e-2) - 2.98e+00(5.3¢-03) - 2.98e+00(3.6¢-03) - 4.67e-03(2.3¢-04)
UDF3 1.22E+0(1.9€-3) - 1.23E+07.0-2) - 1.73E+0(3.1E-4) - 1.22E+02.4€-3) - 1.22E+02.4€-3) - 4.69e-03(2.5¢-04) + 4.81e-03(2.5¢-04) - 4.76e-03(2.4¢-04)
UDF4 3.47E-1(83€E2) - 5.06E-133.7E-2) - 3.77E-12.1E2) - 6.41E-1(1.9e1) - 3.32E-1(7.1E2) - 2.49e-02(4.7¢-04) - 2.45e-02(3.4¢-04) - 4.67e-04(3.1¢-04)
UDF5 2.78E-1(25e-2) - 3.98E-1(33e-2) - 2.70E-1(15E-2) - 3.65E-1(2.7€-2) - 2.72E-118E-2) - 2.47e-02(3.8¢-04) - 2.42e-02(5.7¢-04) - 4.60e-042.9¢-04)
UDF6 9.34E-1(1.5e-1) - 1.26E+0(7.2-2) - 1.83E+0(1.0E-2) - 1.21E+0.4E1) - 9.77E-1(2.0-1) - 3.92e+023.6e+00) - 3.95e+022.1e+00) - 8.73e-03(2.5¢-03)
UDF7 2.40E+0(7.4e-2) - 1.91E+0@.7e-1) + 2.06E+0(5.4€-2) - 2.32E+0¢.48-1) - 2.06E+0(1.2e-1) - 5.39e+00(7.9e-01) - 4.55e+00(1.2e-01) - 2.31e+00(1.4e+00)
F5 1.25E+0(25e-2) + 1.10E+0(1.6e-1) + 4.01E-19.9e-2) + 1.19E+0.9e-2) + 7.16E-1(82e-2) + 3.52e+01(2.3e+01) - 6.17e+01(1.2e+01) - 3.00e+01(2.0e+01)
F6 4.76E-137E2) + 9.22E-1(1.0e-1) + 4.92E-1(15e1) + 5.75E-1(7.5e-2) + 3.60E-125E2) + 3.80e+02(1.7e+02) - 1.74e+02(1.4e+02) - 5.01e+01(3.2¢+01)
F7 6.49E-1(1.0e-2) + 1.22E+0(1.5e-1) + 4.49E-131.41)+ 6.50E-1(2.8e-2) + 6.05E-1(1.56-2) + 7.65e+01(1.7e+01) + 7.41e+01(1.8e+00) + 1.12e+02(4.9e+01)
F8 1.06E+04.6E-2) - 8.85E-1(1.2E-1) - 1.34E+0(1.0e-1) - 1.06E+0.6E-2) - 4.57E-1(32E-2) - 4.89e-01(8.7e-02) - 2.53e-011.5e-01) - 5.70e-02(1.0e-02)
F9 8.87E-1(3.4e2) + 1.07E+0(1.9e-1) + 6.88E-1(7.7e-2) + 8.58E-1(s.6e-2) + 5.76E-1(7.0e-2) + 5.97e+01(2.2¢+01) - 8.57e+01(2.1e+01) - 2.70e+01(1.8e+01)
F10 1.22E+0s.0e-2) + 8.58E-1(8.8e-2) + 5.38E-1@.2e-1) + 1.05E+0(s.9e-2) + 5.77E-123e-2) + 6.15e+01(4.1e+01) + 1.39e+01(1.8e+01) + 9.95e+01(2.9e+01)

+-/ = 5/8/0 6/7/0 5/8/0 5/8/0 5/8/0 3/10/0 2/11/0

The symbols “+”, “~” and “—” denote that the performance of the compared algorithm is statistically better than, equivalent to, and worse than DB-CSA



jectives WFG problems.
Table S6. IGD results (Mean and Standard Deviation) of the 13 MOEAs [56] compared to DB-CSA on the 2, 3 and 7 objectiv p

MOEAs

M

WFG1

WFG2

WFG3

WFG4

WFG5

WFG6

WFG7

WFG8

WFG9

+-1=

MSOPS-II

2.11E-1910e-2) -
3.86E-1(7.13e2) -
1.17E+0(9.67e-2) -

2.68E-2(3.186-3)
2.73E-1(3.406-2)
3.14E+0(7.g6€-1)-

1.68E-2(957e-3) -
9.79E-224452) -
1.85E-1(401e-2) -

1.80E-2(1 16e-3
2.60E-19626-3)-
2.78E+03.1462)-

6.61E-2458e-4)
2.80E-1(9.316-3
2.92E+0(3‘1E.z)'

7.66E-22.148-2)
3.20E-1¢1716-2
2.92E+0(5‘GE.2)'

1.91E-2(1 4263~
2.71E-1135e-2) -
2.92E+06.226-2) -

1.13E-1264e-3
3.91E-1(1.256-2)
2.99E+0(4.0e-2)-

4.76E-2(7.28e-2)
2.56E-1(3016-2)
2 .75E+0(3,95.z)'

0/27/0

MOEA/D

5.28E-15.95e-2) -
6.52E-1(9506-2) -
2.12E+0¢506.1) -

1.09E-1(686e-2) -
1.02E+0@3318-2)
1.06E+11.186-1)

2.68E-24.80E-3)-
2.05E-1(5.78e-2) -
3.05E+0(1,7E.1) -

3.60E-2(4.78£-3)-
2.63E-1(5.04e-3) -
6.00E+0 1. 65E-1)

7.23E-2(1.456-3
2.51E-1(369e-3¢
5.73E+0(1‘3E.1)'

9.55E-2 23062
2.99E-1(g 25¢-3)-
6.18E+0¢1.4£.1)-

3.35E-2(3.34-3)
3.73E-1ias4e2) -
6.10E+0(1.34e-1) -

1.27E-1 (s 63e-3
3.25E-1(1.10e-2)"
5.37E+0(1,5E.1)'

T.ALE-2(5.482)
3.03E-1376e-2)-
5.57E+0(4.45-1)-

0/27/0

HypE

7.27E-L(153e-1) -
1.33E+0¢1.226-1) -
2.53E+0(1.316-1) -

1.08E-2(28c.4) +
2.71E-1(430e-2) -
3.89E+0(6.24-1)-

1.12E-23.48E-4) -
3.72E-2353-3)
9.29E-2(9.16€-3) -

1.78E-2(1. 2463
3.33E-1(1.48e2) -
4.43E+05.976-1)-

6.69E-2(1.482-3
3.62E-1(1.10e-2)-
2.91E+0¢7.70e-2)

8.11E-2(2.00e-2)-
3.72E-1 32862
2.95E+0¢1 3e.)-

1.79E-2 (g 1454y
3.83E-1(1.44e2) -
3.21E+0¢ 5380 -

1.11E-1(379e-3
3.72E-1(.4162)
3.39E+0(1.0£-1)-

2.07E-2(1.00e-3
3.62E-1(131e-2)-
2.89E+0(2.0£-1)-

1/26/0

PICEA-g

2.04E-1363e-2) -
9.78E-1(1.07e-1) -
2.46E+0(5_1E72) -

2.59E-2(4.83-2) -
1.54E-1(967e-3) -
2.04E+0(3.88E-1)-

1.81E-2(167e-3
1.25E-1(1.04e-2) -
8.76E-1(g.43e-2) -

1.85E-2(197e-3
2.23E-1(305e-3) -
2.52E+0(1516-2)-

6.59E-2(2.22¢-3
2.28E-1(329e-3)-
2.46E+0(1_952)'

9.55E-2(1.99e-2)-
2.63E-1(2.1452
2.50E+0¢ 76

1.60E-2(9.18£-4)
2.18E-1358e-3) -
2.4TE+0(1 602 -

1.20E-14.016-3
3.09E-1452e-3)
2.70E+0(.3e-1)-

4.25E-2(5.00e-2)-
2.21E-1(1.10e-2)-
2 .54E+0(4_752)'

0/2710

SPEA2/SDE

1.93E-14816-2) -
2.94E-1517e-2) -
1.13E+0¢9.70E-2) -

1.25E-27.45-0 +
2.47E-1(553e-2) -
6.15E+0(1.36+0)

1.37E-23.66E-2)
6.64E-2(531E-3) -
1.25E+0¢ 56 -

3.18E-2(5.116-3
3.28E-1137e-) -
2.76E+0(353e-2)

7.82E-24.69e-3)
3.34E-1(1.60e-2)
2.75E+00 262

9.44E-2(1 8552
3.55E-1(1.97e-2)
2.87E+0(.0e2)-

3.54E-2(5 5653
3.27TE-11.41e2) -
2.79E+0(.18E-) -

1.18E-1(3.46e-3
3.61E-1(1.11e-2-
2.83E+0(6£-2)-

3.55E-2(5.906-3)-
3.12E-11.30e-2)
2.67TE+0(.1£2)-

1/26/0

GrEA

1.92E-1(901e-2) -
3.04E-1 (44162 -
1.31E+0¢1.00e-) -

3.14E-2006e-3) -
2.61E-1264e-2)
3.00E+0(s.88e-1)-

2.38E-2(3.336-4) -
9.10E-25.78e-3) -
8.82E-L137e-) -

2.60E-2(1.426-3)
2.41E-1(2.90e-3) -
2.47TE+0 w6662

7.41E-2(21363)
2.61E-1(4448-3
2.47E+0(z‘15-2)‘

8.08E-2(256e-2)-
2.72E-1 (95163
2.52E+0(2‘3E.2)‘

2.98E-2(1.90e-3)
2.55E-1913e-3) -
2.51E+0¢1.22e-2) -

1.12E-1(973g-4)
3.02E-1(5.80E-3)-
2 .59E+0(2,55>z)'

3.03E-2265¢-3)-
2.39E-1(530e-3)-
2.43E+0(156-2)-

0/27/0

NSGA-III

2.70E-15.03e-2) -
5.55E-1(7.70e2) -
1.58E+0¢.436-1) -

1.52E-263e-0+
1.82E-1(5 36E-3
3.35E+0(2 2e+0)

1.35E-2 g 46e-4-
1.19E-1(ggs-3) -
1.21E+0(2,gE.1) -

1.39E-2(1.13e-3-
2.22E-1(9.79E-4) -
2.66E+0(57E-2)

6.44E-2(101e-3
2.13E-1(4.30E -4
2.60E+0(7‘95.3)‘

8.64E-25.40e-2)
2.51E-1127e-2
2.66E+0(1‘95.2)‘

1.27E-20.4e-0
2.22E-1(4.108-4) -
2.66E+0(9.73e-3) -

1.13E-1(1.70e-3-
2.95E-15076-3)-
2.68E+0(1.67e.1)

2.30E-2(1.976-3)
2.35E-1(3.10e-2
2 .54E+0(1,9E>z)'

2/25/0

KnEA

2.88E-1(1.30e-1) -
3.79E-1538e-2) -
1.29E+0¢ 32e-1) -

9.19E-10270e1) -
2.36E-1(4.36E-2)
2.16E+03 84£-1)-

1.79E-28 3364
1.36E-1(576e-2) -
1.56E+0s8e.) -

2.52E-2(450e-3
2.54E-11.04e0) -
2.83E+0(3 8162

7.86E-2(9.41€-3)-
2.68E-1(1 542
2.85E+03 762

3.09E-1(6.94e-2)
3.02E-1(1 4562
3.04E+0g 762

1.41E-154162
2.52E-11.366-2) -
2.90E+05.22e-) -

5.02E-1(7.25e-2) -
3.38E-1(1.206-2)
2.87E+0(7.35e-2)-

3.74E-2(410e2) -
2.29E-1563e-3)
2.66E+0(1.7£-2)-

0/27/0

RVEA

5.81E-1(475e2) -
6.54E-1g5E-2) -
1.37E+0q 0761 -

7.72E-2(1.07e-2) -
2.17E-1.05e-2
5.39E+0(11£+0)-

5.79E-2(1.048-2)
2.30E-11.06E-2) -
1.93E+03e) -

9.44E-2 1 50e-2)-
2.43E-1(5856-3 -
2.63E+01.00e-2)

1.01E-1(1.40E-2)
2.37TE-178e-3
2.62E+0gse-3)-

1.69E-1.42e-2
2.72E-11.726-2
2.64E+0z.4e2)

6.65E-2(1.266-2) -
2.39E-1528e-3) -
2.65E+0¢1 g5E-) -

2.06E-1(151e-2) -
3.28E-1(1.62e-2)
2.68E+0(1.01-2)-

6.04E-2(5.716-3
2.36E-1(6.776-3
2.57E+0.162)

0/27/0

Two-Arch2

2.57E-L9.01e-2) -
4.58E-1(1.148) -
1.62E+0¢57e-1) -

1.29E-2(16e3)+
1.53E-134e3)
2.02E+0(4.16E-1)

1.ATE-2 1 a65-3
8.74E-2(6.22e-3) -
9.56E-1(1.156-0) -

1.62E-2gg2e-4y-
2.27TE-1(5.40e-3) -
2.59E+0(216E-2)

6.59E-2236E-3)
2.37TE-1(3.98e-3)
2.54E+0(2.4e2)-

7.38E-2(2.00E-2)
2.53E-1(1.38e-2)
2.61E+0(32e2)-

1.62E-2(260E4) -
2.25E-1(4 513 -
2.56E+0(2176-2)-

1.18E-1(g79e-3) -
3.11E-15 613
2.87E+0(3.88E-2)

2.02E-22 3483
2.22E-1(3.75e-3
2.58E+0(3.762)

1/26/0

6-DEA

2.70E-1g.20E-2) -
4.75E-157E-2) -
1.29E+0 93e-1)-

3.02E-2(4.77e-2) -
2.10E-1(2.248-2)
3.60E+01.7e+0)-

1.29E-25 230~
1.34E-11.8452) -
1.22E+0¢0e-0) -

1.40E-2(1 213
2.22E-1(5.448-4) -
2.65E+0(1.08E-2)

6.52E-2(5.14e-3)
2.30E-1(g.145-4
2.61E+0(7.0e3)-

8.09E-2(1.42e-2)
2.46E-1(1.136.2)
2.65E+0(1.6e2)-

1.27E-2(.0e-0t
2.22E-1(477E0) -
2.66E+0(1.14£-2) -

1.15E-1(3.406-3) -
2.93E-1(4506-3)-
2.61E+0(1.2162)

2.18E-2(2.34.3
2.32E-1(3.048-2)
2.54E+0(7.8£-3)

1/26/0

MOEA/DD

3.11E-1360e-2) -
1.02E+0(1.49-1)-
1.86E+0¢.17e-1) -

2.48E-2(1.688-3) -
4.85E-1(111g-1)-
8.91E+0( 73e-1)-

1.58E-21216-3
2.61E-11 010 -
1.78E+0¢ 4 -

1.43E-24.79E-4)
2.41E-L(934E4) -
2.93E+07.84e-2)-

6.71E-2575e-3-
2.46E-1(168E-3)
3.05E+01.1e-1)-

8.35E-2(1.87e-2)
2.61E-11 2962
2.98E+0(9.4£-2)-

1.39E-2(35e4)+
2.44E-1 g56-3) -
2.93E+0q.13e0) -

1.10E-1(1.08e-3) -
3.05E-1366E-3)
2.83E+0(2.01e-2)-

2.21E-2(223e.3
2.39E-1(1.926-3)-
3.11E+0¢ 261

1/26/0

AnD

2.84E-1(260E-2) -
4.79E-1 (4,042 -
1.26E+0¢1,07e-1)-

3.03E-23.966-3) -
2.49E-1(2.26E-2)
3.29E+0(1.0e+0)-

1.90E-2(1 6453~
1.54E-11g7E2) -
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Table S7. IGD results (Mean and Standard Deviation) of the 13 MOEAs [56] compared to DB-CSA on the 2, 3 and 7 objectives MaF problems.

Prob. M MaF1 MaF 2 MaF 3 MaF 4 MaF5 MaF6 MaF7 +-/=

2 5.68E-32.26-4) - 3.03E-3(156 - 1.83E+0 4520 - 2.92E-11355e.0) - 5.49E-1ig1164)- 7.55E-255805.2) - 7.76E-20150.0) -

MSOPS-II 3 5.40E-2(5.31€-3) - 3.72E-2(1.186-3) - 5.48E+07.03e+0) 2.14E+0¢.5e+0) - 7.77E-1(.976-1) - 2.710E-2(5.006-2) - 1.40E-142162) - 0/21/0
7 2.39E-1(369) - 1.70E-1(s50e-3) - 2.39E+1(s1e0) - 1.56E+2(13e42) - 2.08E+1 (571640 1.45E-2(90£3) - 9.27E-12506-1) -
2 3.57E-30216) - 2.58E-31505.4) - 6.66E-L3240) - 7 41E-1520e.0) - 1.46E-Lis15e.0) - 4.14E-311576.4) - 7.03E-21155.0) -

MOEA/D 3 7.05E-2(1.70E5) - 4.14E-2(1.50e-3) - 9.03E-1(118e40) - 2.27E+0w1e+0) - 1.58E+0(1.20e+0) - 9.94E-2(1.486-1) - 1.54E-10.746.3)- 0/21/0
7 4.77TELgrae - 2.09E-Lp056.5) - 4.64E-1 1505 7 24E+1 (53600 - 4.4TE+1 (5 r0e40) - 4.14E-Lp0e0) - 1.36E+0756.1) -
2 3.68E-3(1.26e-5) - 2.06E-3(1.076-5) - 1.66E+0(276+0) - 2.12E-1z60e-1) - 6.28E-1g80e-1) - 9.56E-3(3.88-3) - 3.26E-1p01e) -

HypE 3 8.51E'2(5'825.3) - 4.56E'2(1,715.3} - 3-71E+0(5.4E+0) - 2.68E+0(2.5E+O) - 1.64E+0(1‘09E+O) - 1.96E'1(2,54E.2) - 8.22E'1(5,03E.3) - 0/21/0
7 2.99E-1663e-3) - 4.29E-1(250e.2) - 1.09E+51.6e+5) - 7.59E+1(5.0e+1) - 1.97E+1370e+0) - 2.01E-13o6e-2) - 3.28E+0(2.326.1) -
2 3.82E-3(3.90€-5) - 2.21E-33.00e-5) - 2.18E+2(14542) - 9.79E-1(1.05E+0) - 1.46E-15.15e.1) - 4.57E-3(3.10e-4) - 3ATE+2(1148.1)

PICEA-g 3 4.16E-2(4'7ZE.4) - 3.04E'2(7.07E.4] - 2.63E+1(1,35+1) - 6.26E+0(5,5E+O) - 7.78E‘1(6‘90E.1) - 4.58E-3(3,025.4) - 3.77E-1(2,555.1) - 0/21/0
7 2.16E-1(3_34E.3) - 2.16E-1(4_085.z) - 1.31E+9(1_3E+9) - 2.95E+2(3_4E+2) - 1.07E+1(3_5()E+0) - 4.38E+3(1_77E.4) - 3.03E+0(8_23E.1) -
2 3.99E-3(s.27E5) - 2.38E-3(6.38£-5 - 7.44E-1(1.00E+0) - 3.4TE-L434e0) - 1.63E-1(5.00e-0) - 1.08E-2(1.306-3) - 5.22E-3 20064 -

SPEA2/SDE 3 4.20E-25 2050, - 3.09E-276654) - 5.51E-Lo.405-) - 1.89E+0g o540) - 6.60E-15266.) - 9.57E-3110) 5.86E-2025650) - 0/21/0
7 2.05E'1(2,51E.3) - 1.60E-1(7.035.3] - 2-09E+0(5.6E+O) - 2.44E+1(1.4E+1) - 1.09E+1(2‘47E+0) - 1.03E'2(1,33E.3) - 5.40E'1(9,295.3) -

GreA 2 7.83E-3(5.055.5) - 3.99E-3(3.735.5) - 1-07E+0(2.1E+O) - 7.02E-1(e.755.1)- 3-20E‘2(1‘1BE-3) - 9.85E-3(6,53E,4)- 2.98E'2(7‘39E.3)‘
3 4.03E-2(9_015_4) - 3.13E-2(6_195.4) - 2.37E+0(3_1E+0) - 3.02E+0(3_2E+o) - 5.39E-l(5_1()5.1) - 2.09E-2(5_315.4) - 8.29E-2(4_07E_3) - 0/21/0
7 2.21E'1(4,555.3) - 1.66E‘1(3_06E.3] - 2.79E+5(6.6E+5) - 6.41E+1(e.7E+1) - 8.60E+0(2_44E.1) - 8.24E'2(1,54E.1) - 7.13E'1(7,155.2) -
2 3.57E-3(2_335_6) - 2.05E-3(7_13E.5) - 3.12E+0(7_7E+0) - 7.50E-1(g_425.1)- 1.45E-l(5_155.1) - 4.02E-3(3_97E.5)- 6.85E-3(1_745.4)-

NSGA-' “ 3 6.16E-2(1_915.3) - 3.67E-2(3_54E.4] - 4-09E+0(3.5E+0) - 4.64E+0(3.3E+o) - 4.95E-1(5‘225.1) - 1.49E'2(1,565.3) - 7.67E'2(2,965.3) - 0/21/0
7 2.56E-1(1_7OE.2) - 1.96E-1(1.5UE.2] - 4.46E+2(5.9E+2) - 1.30E+2(1.4E+2) - 1.21E+1(9_47E.1) - 2.08E'1(2,57E.1) - 7.25E'1(3,74E.z) -
2 5.06E-3(2_14E_4) - 2-15E'2(7.89E-3] - 9-27E'1(1.18E+0) - 4-63E'1(3_83E-1) - 5.71E'l(g_975.1) - 1.48E-1(1_8(]E.2) - 3.40E-2(1_435.2) -

KnEA 3 4.84E-2(7.055.3) - 3-42E‘2(1.66E-3l - 2-33E+0(5.1E+0) - 1.54E+0(1_6E+0) - 3.11E-1(g‘915.3) - 4.74E-2(3,94E,2)- 6.81E-2(6,14E,3)- 0/21/0
7 2.05E-15,00E-3) - 1.63E-17.03e3) - 6.37E+6(17e47) - 3.03E+227E42) - 1.29E+150160) - 4.50E-1(166+0) - 5.07E-1(138e2) -
2 3.60E-3(3_295.5) - 2.76E-3(1_515.4) - 1.98E+2(2.8E+2) - 2.33E+0(1.BE+0) - 1.37E-2(1‘255.3) - 7.55E-3(3,555.4) - 2.91E-2(4,54E.3) -

RVEA 3 8.23E-2(2_5GE_4) - 4.22E-2(1_365.3] - 8.04E+2(1_3E+3) - 7.71E+0(5_8E+0) - 2-60E'1(9_96E-4) - 5.11E-2(2_43E.2) - 1.08E-1(2_83E.3) - 0/21/0
7 4.99E-1(7.00e-2) - 4.58E-1(1.476.1) - 5.75E+1(s5.0e+1) - 4.09E+11.0E+1)- 1.51E+1326e+0) - 1.31E-105362) - 1.24E+00.416-1) -
2 4-00E‘3(3.10E-6) - 2.24E‘3(2_06E-5) - 2.09E+1(2.4E+1) - 2.10E+0(2.6E+0) - 1.61E+0%E.1) - 5.18E-3(1,565.4) - 6.33E-2(1,54E.1) -

TWO'ArChz 3 4.15E-2(4_285_4) - 2.91E-2(4_585.4) - 1-25E+1(1_3E+1) - 5.49E+0(3.6E+O) - 2.54E-1(5_4()E_3) - 5.84E-3(2_33E.4) - 9.69E-2(1_03E.1) - 0/21/0
7 2.07E-1(4,225.3) - 1.62E-1(3.545.3) - 2.09E+5(7.0E+5) - 1.50E+2(1.3E+2) - 8.95E+0(2_395.1) - 7.65E-3(7,455.4) - 5.56E-1(3,595.2) -
2 3.57E-3usee7) - 2.01E-3751E.0)- 1.09E+130e0)- 2.12E-1i510e) - 4.11E-Lg p65) - 4.01E-3 (54565 - 5.11E-3725.5) -

6-DEA 3 8.04E-2(9_G4E.4) - 3.65E-2(4_265.4) - 3.81E+0(4.8E+O) - 1.79E+0(2.7E+0) - 6.66E-1(7‘115.1) - 3.34E-2(2,235.3) - 1.10E-1@965.2) - 0/21/0
7 2.63E-1(5,71E.3) - 2-03E'1(1.32E-2) - 2.09E+1(1.8E+1) - 4.99E+1(4.0E+1) - 1.18E+1(5_ng.1) - 1.46E-1(5,93E.2) - 7.14E-1(7,91E.2) -
2 3.57E-310.04e.5) - 4.44E-3 1 3o - 4.14E+1 (3701 2.18E+0(1 ge40) - 1.31E-2(1 206 4.06E-3(736.5) - 2.01E-2(1156.3) -

MOEA/DD 3 7.82E‘2(1_Q7E.3) - 5.58E-2(2_035.3) - 2.66E+1(2.7E+1) - 2.01E+0(2_4E+0) - 2.97E‘1(1‘89E.4) - 3.05E-2(1,455.3) - 5.06E-1(2,54E.1) - 0/21/0
7 3.34E-1;301E-2) - 2.28E-1p3a9) - 2.04E+201 6642 - 4.56E+1(10e41) - 3.94E+1 (230640 - 1.29E-1(110e-9) - 2.09E+0(s.77e-1) -
2 4.18E-32.0564) - 2.52E-3(9.476:5) - 1.24E+4(1.9g+4) - 2.95E+0.56+0) - 1.59E-2(1.236.3) - 2.23E-3(7.016-4) - 9.38E-3g54E-4) -

AnD 3 4.38E'2(6_16E-4) - 3.03E-2(4_945_4) - 7.97E+3(9.7E+3) - 8-69E+0(5_1E+0) - 2.63E'1(5‘32E_3) - 6.26E-2(1_53E.2) - 8.54E-2(3_085.3) - 0/21/0
7 2.17E-1(1_24E.3) - 1.57E-1(5_035.3) - 7-43E+3(1_4E+4) - 9.23E+1(8_0E+1) - 9.57E+0(4_03E_1) - 3.12E-1w5.2) - 5.66E-1(2_53E.2) -

CSA 213/7 NaN NaN NaN NaN NaN NaN NaN 0/21/0
2 4.86E-4.0e5) 6.16E-505e2) 2.88E-dseor.q) 2.16E-4(5 206.7) 3.89E-4pars 3.17E-50 e 7.13E-4s 0.0

DB-CSA 3 1.72E-21.60-3) 6.16E-50.60e-7) 2.96E-4(3.40e-6) 2.12E-4.30e7) 3.72E-43.30E-5) 3.16E-501.10e7) 7.14E-4(s5 70e-6)
7 2.10E-2(.50e-3 6.17E-530e.1) 2.77E-dz00e.0) 2.15E-400E.7) 3.84E-4i10e5) 3.26E-50.30E.1) 7.13E-4s00e.0)

The symbols “+”, “~” and “—” denote that the performance of the compared algorithm is statistically better than, equivalent to, and worse than DB-CSA.



Table S8. IGD results (Mean and Standard Deviation) of the 8 MOEAs on the WFG test suite.

Reference : [55]

Prob. M D PMEA-MA PMEA*-MA SPEA2/SDE NSGA-II+SDR MaOEA/IGD VaEA SPEAR CSA DB-CSA
3 12 6.38E-1(661£-2) 3.42E-1(4.02e2) - 2.37E-1(2.90e-2) - 2.79E-1(4.022) - 2.04E+0(3.0e-1) - 2.34E-1 (2912 - 2.63E-1(4.78e-2) - 2.41e-032.8e-04)- 4.24E-3(16E-3)
5 14 9.24E-1(1 3381y 6.07E-1(5.13e-2) - 4.31E-1(250e-2) - 6.49E-1(568e-2) - 3.52E+0(1.56E+0)~ 7.12E-1(750e-2) - 4.56E-17.98e-2) - NaN 1.98E-3(7.3e-4)
WFGL 8 17  155E+0pss-  L31E+0pers-  LOAE+0pmes-  152E+0mmes-  5.57E+0psmo-  LB55E+0(aes -  LASE+0qis- NaN 1.82E-36.56.4
10 19 1.65E+0(1_OE,1)- 1.48E+0(7_64E,2)- 1.09E+0(2_5QE,2)- 1.71E+0(1_2051)' 9.49E+0(3_40E+0)- 1.93E+0(2_135,1) - 1.49E+0(g_24E,2) - NaN 1-53E'3(3_6E—4)
15 24 2.07E+0(g_gE,2)- 2-44E+0(1.56E—1)' 1.97E+0(g_295,2)- 2.48E+0(4_0152)' 4.35E+0(2_52E+0)- 2.73E+0(2_19E,1) - 2.47E+0(1_57E,1)- NaN 1.47E-3(2_3E,4)
3 12 1.70E-1 (46053 1.68E-1(382e-3) - 2.18E-1(1.10e2) - 2.03E-1 (14562 - 1.32E+03.25E-1) 1.72E-1(4 7563 - 1.71E-1 20563 - 1.39e-0220e03  7.22E-3(7.3e-0)
5 14 8.66E-1(1.28e.1) 4.01E-1(7.17e-3) - 4.98E-1(2.14e-) - 4.95E-1528e-2) - 1.16E+0¢2 65e-1) 3.91E-14.48e-3) - 3.94E-1238e-3) - NaN 3.82E-32.0e-4)
WFG2 8 17 1.85E+01.0e-1)- 1.07E+03556-2)- 1.08E+03 656-2)- 1.A7E+01.676-1)- 2.12E+0(.016-) 9.35E-1(1.2762) - 9.65E-1(184e-2) - NaN 4.27E-36.8E-4)
10 19 1.94E+0(3_1E,2) - 1.18E+0(3_625,2)- 1.14E+0(3_815,2)- 1.62E+0(1_3351)- 2.28E+0(5_57E,1)- 1.01E+0(1_17E,2) - 1.08E+0(1_035,2)- NaN 2.75E-3(5_5E,4)
15 24 2-52E+0(4.0E—2)' 1.89E+0(4_7ZE,2)- 1.88E+0(5_935,2)- 2.42E+0(4_Q4E,2)' 3.15E+0(1_38E+0)- 1.76E+0(4_3gE,2) - 1.87E+0(7_335,2)- NaN 5.06E-3(1_1E,3)
3 12 1.16E-1(1.20e-2)- 1.12E-1(g4se-3) - 7.16E-2(6.16e-3) - 1.15E-1(6.2462) - 3.19E+03.23e-2)- 1.36E-1.22e-2 - 1.46E-1127e2) - 5.17e-034.0¢-04- 1.28E-3.6e-5)
5 14  502E-luses  509E-lpwes-  486E-luseyn-  359E-lomen-  473E+0ummo-  538E-lusien-  4.65E-leies - NaN 7.90E-4g.1e5
WFG3 8 17 1.49E+0¢ 6e-1)- 1.45E+01.74g-1)- 1.44E+0s 516-1)- 1.13E+0g 43e-1)- 6.08E+0(3 76+0)- 1.50E+0 53e-1) - 1.78E+02.00e-1)- NaN 6.10E-4s 55
10 19 1.97E+0(1_3E.1)- 2.00E+0(2_34E.1)- 1.66E+0(7_335.1)- 1.63E+0(6_21E.1)' 4.76E+0(4_495+0)' 1.79E+0(2_115.1) - 1-94E+0(1.63E-1)' NaN 4.81E-4(5_7E.5)
15 24 3.77E+0(4,3E.1)' 3.51E+0(5‘24E.1)- 7.13E+0(2_035+0]' 4.53E+0(1‘35E+O)' 7.55E+0(4_55E+0)- 3.82E+0(4‘415.1) - 4.39E+0(5,34E.1)' NaN 9.57E-4(1,0E.4)
3 12 2.24E-1 (40563 2.29E-1(417e3) - 3.36E-11.07e2) - 2.55E-1(g 553 - 3.82E+0s.076-1) 2.31E-1(40163 - 2.27TE-1(3.06e-3) - 4.96e-03(38:00-  5.28E-3(3.9e-0)
5 14 9.35E-1(6.44-3)- 9.54E-1505e-3) - 1.39E+0(1.42e-2) 9.89E-1(7.86-3) - 6.39E+0(1.17e+0)- 9.47E-1563e-3) - 9.75E-1362e-3) - NaN 2.23E-3.9e-5)
WFG4 8 17 2.92E+00 262 3.06E+02.38e-2)- 3.24E+0 3 89e-2)- 3.21E+03.16-2)- 9.55E+0(1 25e+0)- 3.00E+0@17e-2) - 2.98E+0(1.05e-2) NaN 2.19E-37.4e-5)
10 19 3-97E+0(2.5E-2)' 4.19E+0(3_035.2)- 4.44E+0(5_25E.2)- 4.38E+0(3_7ZE.2)' 1.13E+1(2_11E+0)' 4.03E+0(2_45E.2) - 4.56E+0(1_085_2)- NaN 1.45E-3(3_95.5)
15 24 8.27E+0(9.1£-2)- 8.81E+0(9.68e-2)- 9.98E+0(7.35e-1)- 9.39E+0(5 2861~ 1.69E+19.10E+0) 8.26E+0(7.86E-2) - 9.41E+03.17e-- NaN 2.01E-346e5
3 12 233E-lpumes  240E-lpses-  344E-lusws-  2.60E-lgees-  216E+0uamo-  2.39E-lpsses-  2.37E-lamesn-  2.666-0duseos.  7.94E-daors
5 14 9.29E-1 (6 58e-3)- 9.57E-1675e-3) - 1.15E+0¢1.60e-2)- 9.87E-1(1.35e-2) - 2.11E+0(1.38e40)- 9.42E-16.17e-3) - 9.66E-1(379£-3) - NaN 1.06E-3(2.6e-5
WFG5> 8 17 2.94E+002e- 3.13E+0¢s 1262 3.24E+0u 3762 3.25E+0(3.30e-2 7.09E+0(s.07e+0)- 3.04E+0(3.93e-2) - 2.95E+0s 3653 NaN 1.64E-3.2-5)
10 19 3-91E+0(2.6E-2)' 4.23E+0(4_615.2)- 4.43E+0(3_625.2)- 4.42E+0(5_995.z)' 9.18E+0(6_57E+0)' 4-00E+0(2.SOE-2) - 4-54E+0(8.28E-3)' NaN 1.57E-3(1_3E.5)
15 24 8.04E+0(s.0E-2) 8.87E+0(s.42e-2) 1.13E+1(5.60e-1)- 9.39E+0(2.86E-1)- 1.85E+1 11641y 7.98E+0(s.166-2) - 9.27E+0(2.42e-2) NaN 1.99E-33.1€5
3 12 247E-lumes  254E-Llusen-  B353E-lpsen-  269E-Lluowes-  2.33Et0usmeny-  2.56E-lnoss - 246E-lgses-  L1.926-03wzmon  L.21E-3paa
5 14 9.44E-1 (7 53-3) 9.77E-15.156-3) - 1.19E+01 816-2)- 9.99E-1113e-2) - 1.05E+0¢1.49e-2) 5.5E+0(1.216+0) - 9.69E-1367e-3) - NaN 1.92E-32.0e-4y
WFG6 8 17 3.02E+03.4£-2) 3.22E+03 3762 3.34E+0s 37€-2) 3.34E+0(3.90E-2) 9.22E+04.16e+0)" 3.12E+0(.26e-2) - 2.99E+0(1 80E-2)- NaN 3.33E-32.6E-4)
10 19 3.98E+0(3.1£-2)- 4.35E+0 4.86-2)- 4.56E+04.35e-2)- 4 53E+0(7.34e-2) 9.16E+0(5 306+0)- 4.09E+0(3.27€-2) - 4.58E+0(1.07e-2)- NaN 2.82E-3(1.1-4)
15 24 7.96E+0(.1e-2)- 8.97E+0s 2062 1.05E+1(7.98e-1)- 1.03E+1(107e40) 2.07E+1@,74E+0)- 7.92E+0(7556-2) - 9.44E+0(9.96E-2) NaN 3.83E-305e-4)
3 12 224E-lpiea 229 -Lluoes-  343E-lpaen-  250E-Llusses-  2.57E+0wise-  2.33E-lmes - 2.28E-lpees - 6416-03umon  6.40E-3psa)
5 14 9.37E-1(757-3) 9.66E-1.15-3) - 1.17E+02 05e-2)- 9.93E-1(1.13e-2) - 3.89E+0(1.66£+0)" 9.51E-1(733e-3) - 9.71E-1 2 05e-3) - NaN 3.42E-31 264
WFG7 8 17 2.94E+0(2_45.2)- 3.14E+0(3_66E-2)' 3.18E+0(3_7GE.2)' 3.29E+0(4_g35.2)- 8.39E+0(3_755+0)- 3.07E+0(4_855.2) - 2.98E+0(1_01E_2)- NaN 3.82E-3(1_1E.4)
10 19  393E+0pis-  423E+0uxes-  A40E+Oussen-  443E+0pumez-  T.61E+0pmes  401E+3pmen-  4.55E+0pseay- NaN 2.72E-3080
15 24 8.14E+0(1.161) 8.68E+0s.56E-2) 9.23E+0(.176-1)- 1.11E+1 10440 1.85E+1@,56E+0)- 8.08E+0(7.356-2) - 9.36E+0(4.336-2) NaN 4.08E-3(1.7e-4)
3 12 2.76E-1(3_4gE_3)- 2.95E-l(4_125.3) - 3.76E-l(1_035.2) - 3.31E-1(7_75E.3] - 3.65E+0(4_00E.1)' 3-06E'1(5.90E-3) - 2-74E'1(2.41E-3) - 2-42e'03(1.6e-04)- 6-92E'3(3.1E-4)
5 14 9.68E-1(4.84e-3)- 1.02E+0(s57e-3)- 1.16E+0(1.616-2)- 1.05E+0(1.316-2)- 4.57E+09.65e-1) 1.07E+0¢1 28e-2) - 9.89E-1(303e-3 - NaN 2.89E-39.3e-5)
WFG8 8 17 3.06E+0(4_9E.2)' 3.23E+0(4_12E.2)' 3-39E+0(3_62E-2)' 3.32E+0(4_095.2)' 9.09E+0(2_555+0)' 3-28E+0(3,03E-2) - 3.09E+0(3,27E-Z)' NaN 3.71E-3(9,15.5)
10 19 3-99E+0(6_9E.2)' 4.39E+0(5_12E_2)' 4-55E+0(3.82E-2)' 4-52E+0(5_555.2)' 1.31E+1(2_37E+0)- 4.32E+0(5‘2()E_2) - 4.65E+0(1>97E_2)' NaN 2.70E-3(7,3E.5)
15 24 8.52E+0(1_4E.1)- 8.71E+0(7_5QE.2)- 9.04E+0(1_255.1)- 9.83E+0@_41E.1)- 2.46E+1(2_95E+0)- 8.59E+0(1_57E.1) - 9-39E+0(5,40E-2)' NaN 3.92E-3(1,7E.4)
3 12 218E-lpiesr  225E-lpses-  327E-lusws-  251E-looes-  2.07E+0paey-  233E-lpsses-  2.24E-luses-  1.236-037m0s.  2.11E-3pses
5 14 9.14E-15.30e-3)- 9.27E-1(568e-3) - 1.09E+0(1.826-2)- 9.77E-L12e-9) - 3.71E+01.60e+0)- 9.30E-16.40e-3) - 9.44E-1g6e-3) - NaN 2.55E-3.6e5)
WFG9 8 17 2.95E+0¢1.7e-2)- 3.03E+0(3.18e-2)- 3.22E+0(3.34e-2)- 3.18E+0(.37e-2)- 4. 7TE+02.08E+0)~ 3.02E+0265E-2) - 2.94E+0(5.74g-3)- NaN 3.56E-31.1£-4)
10 19 3-94E+0(3.2E-2]' 4.09E+0(3_355.z)- 4.64E+0(2_54E.1)- 4.43E+O(1_055.1)- 4.38E+0(4_74E.2)- 3.98E+0(2_7552) - 4-52E+0(1v56E-2)' NaN 2.96E-3(5,7E.5)
15 24 7.92E+0(1_4E.1)- 8.47E+0(1_07E.1)- 8.88E+0(3_6[;E.1)- 8.89E+O(4_255.1)- 9.02E+0(7_3551)- 7.79E+0(7_3952) - 9.12E+0(2,73E.2)- NaN 4.24E-3(3,1E.5)
+- = 0/45/0 0/45/0 0/45/0 0/45/0 0/45/0 0/45/0 0/45/0 0/45/0

The symbols “+”, “~” and “—” denote that the performance of the compared algorithm is statistically better than, equivalent to, and worse than DB-CSA.



Table S9. IGD results (Mean and Standard Deviation) of the 8 MOEAs on the DTLZ test sulite.

Reference : [55]

Prob. M D PMEA-MA PMEA*-MA SPEA2/SDE NSGA-11+SDR MaOEA/IGD VaEA SPEAR CSA DB-CSA
3 7 258E-2u71E3-  2.20E-2@379e-4) - 2.16E-2345e-4)-  3.43E-2(840e3) - 7.48E-luaose1)-  3.62E-2(2.38e2) -  2.58E-2150E2) -  5.74€-02(.4e04y 1.19E-2(1.4E-3)
5 9 529E-29.0se4) - 5.29E-2477€4)- 5.00E-2(2.76e4) -  7.38E-20.06e-3) - 3.33E-l260e-1) - 1.06E-1324e2) - 8.07E-2(233e2) - NaN 1.47E-2(1.3e-3)
DTLZ1 8 12 1.15E-1¢sesy- 1.04E-l(1a9e3)- 9.61E-2(5.25e-4) - 1.61E-1(r1se-2) - 4.78E-lwa2se1)-  1.99E-1p2sez)-  1.26E-1(14se2)- NaN 1.52e-2(28e-3)
10 14 1.15E-1gs1e3)- 1.08E-lasoes) - 1.01E-1is.01e4)- 1.68E-l2oe2) - 1.40E-loze1)- 1.92E-l1sse2) - 1.52E-les7e2) - NaN 2.20e-2(3.3¢-3)
15 19 1.39E-1p41e3)- 2.62E-1e19e2) - 1.34E-1(117e3)- 2.00E-lp7ee2) - 6.09E-l@soe1) - 2.48E-1(sa1e2) -  3.11E-1asze1y- NaN 2.80e-2(4.6¢-3)
3 12 559E-2(s.74e-4)- 5.72E-2(553e-4) - 1.92E-2(2616-3) - 4.70E-lr9oe-2) - 1.81E-l498e-2) - 5.78E-2(6.49e-4)- 5.77E-2(181e-3) - 1.48e-02(6.4e-05) 9.52E-3(1.8€-3)
5 14 1.63E-l@ooe-3)- 1.66E-l@ose4 - 1.90E-laiese-3)- 1.65E-1oses)- 1.69E-1es3e4)- 1.68E-lo.7se-4)- 1.69E-1(1.1se-3- NaN 4.54E-3(2.0e-4)
DTLZ2 8 17 351E-lpsses) - 3.56E-loses) - 3.60E-lueses)- 4.18E-lssse2)- 3.44E-lporez) - 3.66E-li23se3) - 3.25E-1pore-s - NaN 3.98e-3(1.8¢-4)
10 19 3.98E-li0se3)- 4.15E-1rooe-3) - 4.23E-lp19e3)- 4.35E-1ase3) - 4.33E-1(330e3)- 4.28E-lueee-s) - 4.31E-1peoe3) - NaN 2.32e-3(7.3¢-5)
15 24 O5.77E-l17oe3) - 6.12E-lposes) - 6.03E-1p70e3)- 6.71E-lpi7e2) - 7.83E-l@se2) -  6.29E-1p00E2) -  6.63E-lioe2) - NaN 2.52e-3(4.7¢-5)
3 12 5.73E-2(1.05e-3) - 6.41E-2073€2) - 7.84E-2@3166-3) - 4.42E-1330e-2) - 1.64E+1(7s1E+0)- 5.92E-2(6556-3) -  2.14E-1(74se-2) - 8.14e-028.9e-04y 1.41E-2(1.4€-3)
5 14 1.66E-luoies) - 2.45E-l@asee2)- 1.89E-laese3)- 1.82E-1aoe3)- 1.15E+1@sse+0- 3.35E-lzsoe2)- 5.06E-117se-y-  NaN 4.52E-3(2.0e-4)
DTLZ3 8 17 3.56E-lui4e3) - 4.84E-15o0se2) - 3.69E-l@ase)- 4.55E-11oe1)- 1.03E+1esoe+e)- 2.25E+0(ase+0)- 6.42E+0@3a7e+0-  NaN 1.89e-34.5¢.5)
10 19 4.00E-lp94e-3)- 6.09E-1zs7E-2) - 4.27TE-liseE3) - 4.37E-154se3) - 4.98E+0@1se+0)-  3.99E+0(2.30e+0- 1.31E+1gose+0)- NaN 1.17e-3(2.0e-5)
15 24 5.81E-1(33e3) - 1.42E+0@27e-1) - 6.22E-1(834e3)- 8.01E-1g22e2) - 6.46E+0(.28e+0)- 9.22E+0(5.83e+0)- 4.91E+1(191e+1- NaN 8.90e-4(2.2¢-5)
3 12 5.61E-2(.58e-4)- 5.73E-2(6.68e-4) - 2.45E-1(2.74-1) - 5.17E-losse2) - 3.64E-1(180E-1)- 5.78E-2(7.26e-4)- 5.78E-2(1.33-3) - 5.31e-02(5.8c04y 5.07E-2(1.1E-2)
5 14 164E-11o04e3)- 1.66E-125e4)- 1.98E-l(s0se-2) - 6.45E-l@se2)- 2.61E-l@asery- 1.70E-l24e-3)-  1.69E-l@iee3 - NaN 7.12E-3(8.5E-4)
DTLZ4 8 17 352E-l(4se3)- 3.53E-1(120e-3 - 3.63E-le2e2) - 7.72E-lo0se-2) - 3.79E-1se6e2) -  3.69E-1l(sseez) - 3.46E-1(a7ie3- NaN 7.13e-3(4.8¢-4)
10 19 3.99E-lgose-3)- 4.11E-la2oe3) - 4.17E-1130e3)-  7.65E-1@2oe2) - 4.49E-luse2)- 4.39E-1soee-3) - 4.62E-1@10e3) - NaN 2.57e-3(1.3e-4)
15 24 572E-1po0ie-3- 6.05E-1g2se3) -  6.03E-lose-2) - 8.19E-lpsse2) - 6.57E-lese2) -  6.21E-1123e2) -  6.59E-119e3) - NaN 6.77e-4(2.9¢-5)
3 12 4.89E-3.28e-4y+ 5.03E-30.80e5)+ 1.09E-2(127e-3)- 3.13E-252e3+ 5.12E-1212e1)-  5.44E-3p21e4+ 2.99E-2(346e-3)-  9.46€-02(1.3c05) 8.54E-3(6.66-4)
5 14 9.02E-2(169-2) - 9.72E-2(198e-2) -  6.08E-2(1.00e2) -  6.25E-2130E-2) - 3.77E-lausee-r) -  1.13E-lerezy-  2.02E-luse-2) -  NaN 3.21E-4(16E5)
DTLZS5 8 17 1.75E-lpase2) - 2.71E-laose2) - 1.21E-11se2)- 1.23E-lpose2)- 5.57E-lasee1)- 3.13E-lgore2) - 4.43E-lisase) - NaN 2.49e-4(5.7¢-6)
10 19 2.04E-1(323e2)- 3.36E-1ss1e2)- 1.48E-1(315e2)- 1.63E-1@13e2) - 4.91E-l@ose1)- 3.97E-lo2ee2) - 6.75E-1assery -  NaN 1.79e-42.6-6)
15 24 353E-lgore2) - 4.97E-loose2) - 1.64E-1322e2)- 1.02E-leooe2) - 6.58E-lueoe1) - 5.29E-11iser)-  9.39E-leoee1y -  NaN 2.71e-42.9¢-6)
3 12 4.84E-3(1.00e-4) - 4.92E-3@.04e-4)- 1.07E-2(1.25e-3) - 5.98E-215262) - 6.45E-1(1.18e-1)-  5.08E-3(150e-4) -  3.91E-2(874-3) - 1.80e-03(6.2e-05) 2.82E-4(5.9€-5)
5 14 147E-l@ose2 - 1.49E-lu4e2)- 7.14E-2(118e2) -  9.32E-2(190e-2) - 6.19E-1g32e-2) - 2.65E-1(a63e2) - 2.95E-l(o.sse-2)- NaN 3.08E-4(3.7e-5)
DTLZ6 8 17 277E-1usse)- 4.07E-laarey) - 2.14E-lgsrez) - 2.27E-1i.24e2) - 8.40E-1azer)- 1.16E+0@sie-1) - 8.82E-1poie-1) -  NaN 6.02e-4(6.1¢-5)
10 19 3.07E-1¢zsse2) - 4.69E-laseny -  2.09E-1sese2) - 2.52E-1p.2se2) - 6.65E-1ise1) - 1.43E+0pa2e1) - 1.12E+01s4er)- NaN 5.50e-4(3.0e-5)
15 24 A86E-lusieq)- 5.85E-leooe1y -  3.38E-li2see2) - 1.24E-le7oe2) - 7.07E-l@se2) - 5.71E-13soe-1)-  9.02E+0p3se-1) - NaN 9.69e-4(7.6e-5)
3 22 5.98E-2u48e3) - 6.95E-2(27e2) - 8.24E-2¢7.772) -  9.15E-2(.18e3) -  8.03E-lasge-1) - 7.42E-2(520e2) -  9.53E-2(1.96e-3) -  1.01e-02(1.3e03) 1.40E-3(2.9E-4)
5 24 271E-lgioe2) - 2.51E-1isees)- 2.71E-leese2) -  3.15E-l2eie2) - 6.64E-laose-2) - 2.74E-1(s88e3)- 3.56E-1s.13e3- NaN 1.53E-3(1.26-4)
DTLZ7 8 27 9.87E-luooety- 1.06E+0@w77e-1)- 7.42E-looe2)- 9.76E-la2oe1)- 1.23E+0@sie2)- 7.32E-lose2) - 1.24E+0G22e2) - NaN 2.17e-3(9.9¢-5)
10 29 1.20E+0q3se1)- 1.22E+0(188e-1)- 8.79E-1(s.04e2) - 1.57E+028e1) - 1.47E+0@.0se2) - 1.07E+0ose2)- 2.16E+0p17e2)- NaN 1.97e-3(6.1¢-5)
15 34 351E+0@ooe1)- 6.95E+0(.03e+0)- 1.55E+0@47e2)- 4.66E+0(66E1) - 2.65E+0(143e-1) - 2.74E+0@728:1)- 8.97E+0p60E2) - NaN 2.99e-3(7.2¢-5)
+/-/ = 1/34/0 1/34/0 0/35/0 1/34/0 0/35/0 1/34/0 0/35/0 0/35/0

The symbols “+”, “~” and “—” denote that the performance of the compared algorithm is statistically better than, equivalent to, and worse than DB-CSA



