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MaOEA/A2R: A Many-Obijective Evolutionary Algorithm Based on
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2. College of Computer and Information Engineering, Nanning Normal University, Nanning, Guangxi 530100, China)

Abstract: There exist some inherent defects in the traditional Pareto dominance relation in many-objective optimiza-
tion space, while some modified dominance relations have much room for improvement in balancing the convergence and
diversity of many-objective evolutionary population. Based on this, a new dominance relation (dominance relation based on
the Automatically reduced region Associated with the Reference vector, A2R) automatically shrinks the region (niche) asso-
ciated with the reference vector. Specially, it reduces the size of the niche from generation to generation along the whole
evolutionary process in order to achieve a balance of convergence and diversity adaptively. Furthermore, the A2R does not
introduce any additional parameter. In addition, the crowding distance measure based on L,-normal form (p equals 1/M, and
M denotes the number of objectives) is used to improve the diversity of the solution set in many-objective space. Finally, the
above two strategies are embedded into the framework of NSGA-II (Nondominated Sorting Genetic Algorithm II), and then
a many-objective evolutionary algorithm based on A2R (MaOEA/A2R) is designed. The MaOEA/A2R is compared with
other five representative many-objective evolutionary algorithms (MaOEAs) on the DTLZ and WFG benchmark functions
with 5-, 10-, 15-, and 20-objective in terms of IGD (Inverted Generational Distance) and HV (HyperVolume) indicators.
The empirical results overally show that MaOEA/AZ2R can obtain better convergence and diversity. Therefore, the proposed

MaOEA/AZ2R is a promising many-objective evolutionary algorithm.
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MaOEA/A2R e
5 1.151 3x10° NSGA-II/S
x10 2.043 8x10" SDR | MaOEA/IGD
(6.70x107" (4.84x10" 7.598 5x10° | 5.416 MOEA/D-UR on
. X B 1
10 5.281 9x10° 10)- (2.91><100 B 4x10 9.639 5%10° eEA
D 10 12 ) (2.18x10' 10 1.65
TLZ1 298 8x10' = .18x10") — 4 656 2x10"
(3.16x10°% (4.26x10° 173 6x10° 2,639 25x10%— | (5.55%10'
. X . 1 . X
15 5.258 0x10™ 10— | (2.62x10°) - 0x10 7.956 4x10° | 2 10)-
23 1.370 5%10° 692 (1.37x10") — (3.72x10° 585 2x10"
- 2X10_1) (7.01)(10*1) 920 7x10" 1.021 0x10" 7210 )_ (1.28)(101)_
20 5.238 0x10™! - | (3.02x107") - 1.988 6x10°
55 5.749 9x10~" o1 (4.51x10°% — (14 , 6.641 0x107"
59x107) (5.28x107") = 4499310 1.811 4x10° 45x10) - (4.51x107") =
5 1635 3x10- )= | (3.09x10™) = 5.708 6x10”! )=
a 1.662 1x10™" 520 (1.32x10% — (4.82%10" 2.376 6x10"
.99><10—3) (141 D 205 5%107" 234 .82x107") = 9.6 )
AIX107) - 344 2x10™ 67x10°%) —
10 4.165 7x10™ (9.75%1072) — 1.709 8x10™"
DTLZ2 43034x107 | 4 (3.56x102) - | (1 . 1.760 9x10™
(4.79x107) 424 6x10°" 38x107) —
(1.66x107) 6.344 4x107! (3.14x107%) —
15 6.3815x10" | 6 - | 78310 - | (1 43519x10" | 4
(2.73x10™ 348 6x107" | 8.005 4x10™" 83x107) - | (2.71x107 200 2x10™
) (2.48x107) = 0 9.650 5x107" )= | (3.67x107) -
20 6.835 8x107" 7 9.02x100)— | (9 7.582 2x10™" p
(1.9 " 656 4x107" 6.82 98x107%) — (4.98x10° 482 8x10™
90x107) (3.59x1072 829 0x107 8.336 6x107" 98x107) — | (6.06x107) =
5 2.843 5)(100 )_ (312X]0—2) - 8.709 ()><10*1 -
. 8.225 4x10' 8 (5.60x1072) — (3.6 ) 7.342 1x10™"
(1.75%10% 2.27%10" 811 6%10' 1.742 7x10° 69x107) — | (6.83x10°
10 2.771 6x10° : 0)- (9.18x10% — ) x10 1.952 1x10' . )-
DTLZ3 5.988 6x10" (5.22x10") — 7 3.282 1x10"
(2.09x10) (1.66x10' 1.478 0x10' 1.008 (7.26x10°) - (1.10x10"
66X K 2 10X
15 1.106 5x10° 10)- (4.34x10°%) — 210 1.250 3x10' 10)-
@7 | 1.149 9x10' Lo (3.78x10") — (6.06%10° 3.301 8x10'
T7X107) (5.59x10%) 829 210" 2.967 3x10" 06x107) - (2.17x10") —
2 2.431 0 - | (1.22x10° 2.986 0x10°
0 ox10" | 34 0~ | (9.84x10° 10° | 72
(2.90%10° 4919x10° | 9.00 84x100) - | (3.83x10° 22774107
.90x10°) (2.02%10°) 004 2x10™ 1918 5X10° .83x10°) - (5.48x10°)
5 1.695 4x10™" | - 248x107+ | (2 1.199 6x10° | —
(1.0 B .661 9x10™ 6001 11x10°%) — (3.10x10" 453 7x10?
09x107) (2.32)(10—4 617 2x10™ 3.993 7x107" 19x107) + (6.46x10"
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(9.90x1072) ® 893 4x107" P 27x107) + @
53%107%) + i 659 1x107! 53%107) +
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.13x10 )+ - .876 8x10™" .16x10 )+
5 7.743 9x107" 3 (1.88x1072) + © 1.566 3x1072 )
25 A679x10° | 1.95 93x107) + | (4.35x107 SR
. 5><]O*l) (1 78 B . 09)(1071 307 . ><10~)+ (1 46 :
78x107") + ] 276 9x10° 46x107) +
10 1.584 9x10° (5.45%107%) + 1.143 0x1072
DTLZ6 65 6.639 0x10™ | 3.0 (1.18x10°) — 2.82x10° 1.262 3x10™
57x107") (4.00x10" 015 1x10™" 5 385 X107 8210 3)+ (1.01x10™
15 7.870 9%10"! . . o+ | (1.37x107") + : x10 1.1319x102% | 3 )+
(3.7 376 9x10™" s (1.03x10° — (3.53x10° 509 6x107"
79x107") (6.89x10° 159 9x107! 236 53%107) + (3.18x10"
.89x10 )+ 368 7x10° 18%10 )+
20 6.723 3x10"! (2.17x10° 2.770 1x10™
X107 | 2.42 )+ | (1.20x10° 10 175
(s A4207x107 | 113 20x10°) - | (9-44x107 757 710"
53x107") (6.72x10° 138 0x10™! 40 44x107) + 5.1 )
72%10 “)+ 014 SXIO’I 12x10 2)+
(2.19x1072) + 1.293 2x1072
(3.25%1072) + 2.005 3x10°
(2.81X10‘3) +
(1.18x10%) —
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0§ ) A HirgH MaOEA/A2R RVEA NSGA-II/SDR | MaOEA/IGD | MOEA/D-UR PeEA
s 4.497 6x10™" 4.990 4x10™' 3.391 1x107" 7.382 0x107"! 4273 3x10™" 2.473 7x10™
(6.20x107%) (9.46x107) — | (3.16x107)+ | (6.27x107%)— | (1.99x107)= | (7.50x107) +
0 2.305 0x10° 1.763 7x10° 1.391 6x10° 1.511 0x10° 1.414 1x10° 9.907 5x10™
(9.74x10™) (3.92x107") = | (2.97x107") + | (7.82x107)+ | (1.89x107)+ | (1.03x107") +
DTLZ7
s 8.132 8x10° 2.447 8x10° 4.396 2x10° 2.636 2x10° 2.305 2x10° 1.764 3x10°
(1.31x10% (277107 + | (6.93x107)+ | (1.28x107")+ | (5.13x107")+ | (4.35x107") +
- 1.100 4x10' 2.876 1x10° 7.220 6x10° 3.491 2x10° 3.133 7x10° 1.903 0x10°
(1.28x10% (4.53x107) + | (7.94x107)+ | (1.57x107")+ | (6.58x107)+ | (9.36x107%) +
+—/= 11/14/3 13/13/2 6/21/1 12/14/2 11/13/4
T 7 TR ST RN RS T AT B S T LG EJE 225 T MaOEA/A2R B3k BTk A5 A 45 1
RI BEREIAMEREENWIC R EE EFRBHICDHESFE
3 7] A5 Hiz%H MaOEA/A2R RVEA NSGA-II/SDR | MaOEA/IGD | MOEA/D-UR PeEA
s 1.208 4x10° 1.057 4x10° 7.753 0107 1.425 5%10° 7.638 2x10™' 7.136 5x10™
(1.31x10™") (8.99x107) + | (5.24x107)+ | (6.47x107")— | (5.82x107)+ | (6.19x107%) +
0 2.009 9x10° 1.699 6x10° 1.741 3%10° 2.224 0x10° 1.677 8x10° 1.775 8x10°
(8.96x107) (1.60x107") + | (6.23x107) + | (2.00x107")— | (9.35x107%) + | (3.82x107") +
WFG1
s 2.215 0x10° 1.921 6x10° 2.495 5%10° 7.563 1x10° 2.280 4x10° 2.042 0x10°
(1.06x10™") (8.54x107%) + | (3.98x107)— | (6.60x10°) — (9.10x10%) - | (3.56x107") +
- 4.156 5x10° 4.120 1x10° 5.144 3%x10° 5.456 9x10° 4.774 9x10° 4.833 6x10°
(1.32x107") (1.39x107) = | (5.74x107%)— | (1.12x10°) — (1.89x107") - | (4.88x107") —
s 5.0142x107" | 3.998 2x10™" | 5.278 6x10™' 1.090 3x10° 4.3307x107" | 5.290 3x107!
(2.80x107%) (1.32x107%) + | (4.33x107%)— | (3.95x107")— | (1.02x107%)+ | (4.34x107) -
0 1.235 0x10° 1.147 1x10° 1.618 0x10° 2.054 8x10° 1.213 6x10° 1.347 5x10°
(4.86x107%) (5.06x107%) + | (1.32x10")— | (1.46x10")— | (6.11x107%) = | (9.68x107%) —
WEFG2
s 1.914 9x10° 1.730 5x10° 2.399 6x10° 4.172 9x10° 1.973 3x10° 1.955 4x10°
(1.38x10™") (8.56x107%) + | (6.32x107%) — | (4.82x10°) — (1.53x107") = | (1.11x107") =
- 3.628 1x10° 3.368 5x10° 5.224 5x10° 4.600 7x10° 3.792 5x10° 4.477 7x10°
(2.50x10™") (1.64x107") + | (6.66x107) — | (1.90x10%) — (1.33x10) = | (3.65x107") -
s 1.235 3x10° 5.153 7x10™" 2.607 6x107 5.092 0x10° 2.044 1x10™ 4.115 1x10™"
(2.31x10™) (3.58x10%) + | (2.73x107%)+ | (1.28x10%) — (3.71x10%) + | (7.06x107%) +
0 4.750 7x10° 3.194 6x10° 1.718 9x10° 2.068 4x10° 8.398 7x10™" 1.057 6x10°
(7.90x10™") (5.79x107) + | (5.86x107)+ | (1.33x107")+ | (1.10x107")+ | (2.02x107") +
WFG3
s 7.874 2x10° 8.721 2x10° 4.592 0x10° 5.861 6x10° 1.519 9x10° 2.133 3%x10°
(7.32x107™") (2.34x10") = (1.46x10") + (2.12x10% + (1.57x107") + | (4.43x107") +
- 9.656 0x10" 9.405 6x10° 8.140 1x10° 7.375 2x10° 1.857 9x10° 9.339 7x10"
(5.48x10™) (2.84x10°) + (2.29x10°) + (441107 + | (227x107")+ | (1.90x10°) +
s 9.539 9x10™ 9.604 7x10™" 1.005 8x10° 6.115 8x10° 9.895 0x10™" 1.189 8x10°
(5.41x107) (3.21x107%) = | (1.43x107%) - | (1.79x10° — (8.69x107) — | (2.60x107%) —
0 4.182 3x10° 4.372 1x10° 4.425 8x10° 5.709 7x10° 4.637 5%10° 4.806 9x10°
(4.41x107) (5.23x107%) = | (5.69x107%) — | (2.40x107")— | (7.04x107%)— | (2.16x107") -
WFG4
9.035 6x10° 9.479 9x10° 9.851 8x10° 2.089 3x10' 9.965 6x10° 1.110 4x10'
15
(1.92x10™) (2.18x107") - | (1.25%x10%) — (3.62x10%) — (5.55x107") - | (8.02x107") —
” 1.142 6x10' 1.194 3x10" 1.443 4x10" 1.251 5x10' 1.520 4x10' 1.272 2x10"
(3.01x10™) (6.00x107") — | (2.56x10°) — (3.19x10%) — (1.27x10% — (8.47x107") —
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pIR= P Hbr¥H MaOEA/A2R RVEA NSGA-1I/SDR | MaOEA/IGD | MOEA/D-UR PeEA
s 9.549 5x107" | 9.545 6x10™ 1.002 1x10° 5.423 3x10° 9.784 9x10™"! 1.155 7x10°
(8.84x107) (1.40x107%) = | (1.72x107%) - | (2.57x10°) - (9.01x107) — | (2.03x107) —
0 4.193 8x10° 4.390 9x10° 4.489 6x10° 5.541 3x10° 4.519 2x10° 4.939 1x10°
— (5.72x107%) (6.47x107%) — | (8.38x107)— | (2.29x107)— | (3.07x107)— | (9.83x107) —
s 8.875 9x10° 9.340 7x10° 9.470 0x10° 2.672 9x10' 9.576 2x10° 9.611 5%10°
(1.56x10™) (9.31x10%) — | (3.32x107")— | (5.82x10") — (3.77x107") = | (4.65x107") —
- 1.146 1x10' 1.318 9x10' 1.212 1x10' 1.490 5x10' 1.352 8x10' 1.210 8x10'
(1.71x10™) (2.27x10) - | (3.87x10")— | (1.10x10") = (4.16x107") — | (6.17x107") —
s 9.600 2x10™ 9.638 1x10™ 1.019 3x10° 5.728 3x10° 9.974 9x10™" 1.204 9x10°
(8.06x107) (1.43x107) — | (2.35x107)— | (1.14x10°) - (1.05x107%) — | (6.26x107) —
0 4398 9x10° | 4.3947x10° | 4.5626x10° | 6.1065x10° | 4.6168x10" | 5.1305x10°
(5.83x107%) | (9.19x107)= | (9.07x107)— | (5.49x107)— | (5.72x107)— | (1.61x107")—
WFG6 )
s 9.043 1x10° 1.054 1x10' 1.053 8x10' 2.327 2x10' 9.537 7x10° 9.861 2x10°
(1.31x10™") (6.98x107") — | (1.46x10°) — (5.89x10°) — (4.52x107") - 4.56x107") —
)
- 1.124 8x10' 1.384 2x10' 1.688 3x10' 2.222 0x10' 1.451 6x10' 1.216 8x10'
(1.70x10™) (6.98x107™") — | (1.13x10°) — (1.21x10") - (9.45x107") - 8.43x107") —
)
s 9.579 6x10™" | 9.639 6x10°' 1.016 1x10° 5.4627x10° | 9.8912x10™" 1.241 0x10°
(8.77x107%) (2.87x107) — | (2.31x107)— | (8.18x107")— | (8.97x107)— | (4.81x107)—
0 4.4377x10° | 4.4058x10° | 45339x10° | 6.0620x10° | 4.6828x10" | 5.1643x10°
WG (6.75x107) | (7.87x10%) = | (1.00x107")— | (6.03x107)— | (5.96x107)— | (1.97x107")—
s 9.122 9x10° 9.188 5x10° 1.115 7x10' 2.650 1x10' 9.661 6x10° 9.680 1x10°
(1.28x10™) (2.94x107") = | (1.45x10°) - (3.27%x10°) — (4.49x107") — | (6.10x107") —
- 1.177 5%10' 1.172 0x10' 1.314 9x10' 1.393 4x10' 1.433 1x10' 1.266 5%10'
(1.92x107™) | (L61x107) = | (6.18x107")— | (6.85x10%)= | (6.93x107")— | (1.08x10%)—
)
s 9.778 4x10™" | 9.672 1x10™ 1.017 1x10° 4.580 6x10° 1.009 1x10° 1.156 5x10°
(7.03x107) (2.80x107%) + | (1.83x107%)— | (2.00x107")— | (2.01x107%)— | (4.77x107)—
0 4.4813x10° | 4.3000x10° | 4.4509x10° | 6.2070x10° | 4.3617x10" | 4.5328x10°
s (1.77x10™) 8.13x10%) + | (8.96x107)= | (1.63x10") - (4.99x107%) + | (1.20x107") =
WF
s 9.485 4x10° 9.830 5x10° 1.048 6x10' 2.395 3%10' 1.045 6x10' 1.044 8x10'
(5.05%x107™") (4.67x107") = | (4.70x107")— | (3.08x10°) — (4.73x10") - | (5.50x107") -
- 1.249 1x10' 1.264 6x10' 1.438 7x10' 3.178 0x10 1.636 2x10' 1.311 710"
(7.25%107") (9.72x107") = | (8.44x107)— | (6.46x10°) — (8.52x107") = | (1.22x10%) —
s 9.648 6x10™" | 9.671 0x10™" | 9.912 8x10™' 3.230 5x10° 1.026 9x10° 1.126 8x10°
(8.85x107) (1.01x107%) = | (1.35x1072)— | (1.13%10°) - (2.01x107%) - | (2.85x107) -
0 4.239 5x10° 4.286 0x10° 4.353 8x10° 5.292 7x10° 4.725 5x10° 4.633 8x10°
Wrco (5.43x107%) (5.45%x107) — | (5.44x107)— | (3.53x107")— | (6.83x107%)— | (8.56x107%)~
s 8.744 0x10° 9.160 7x10° 9.501 0x10° 1.589 9x10' 9.286 6x10° 9.050 0x10°
(1.18x10™) (1.50x107™") — | (1.34x10°) — (8.57%x10°) — (3.29x10")— | (5.51x107") =
- 1.176 4x10' 1.146 1x10' 1.306 1x10' 1.185 3x10' 1.535 1x10' 1.223 8x10'
(1.21x10™) (290107 + | (9.17x107")— | (7.68x107")= | (1.06x10°)— | (6.93x107")~
+—/= 13/14/9 6/29/1 3/30/3 8/26/2 7/26/3

TE 47 RS I BRI AR R LT RS T ARG EIE2E T MaOEA/A2R FEER BT AR RO 25 2R .
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2024 4F

T4 STIMIEMN MaOEA BHETES-F1 10-B4RE9 DTLZ R 5K W8 E3RBM ICDHES HFE

W ) Hir%H A2R 3Z it grid it 0-% it SDR 3 fit AD-3 it
s 3.139 1x10' 1.758 4x10 8.088 3x10" 4.685 6x10' 9.716 9x10'
(1.04x10") (3.16x10") - (1.11x10") — (6.51x10°) — (9.61x10°) —
it 8.056 0x10" 2.465 8x107 1.481 6x10' 3.551 0x10° 1.232 4x10'
10 (5.08x10°) (3.83x10") — (4.18x10%) — (1.20x10°%) + (3.23x10°) —
s 1.730 4x10™ 2.550 2x10™ 1.970 8x10™" 1.900 2x10™" 2.774 3x10™"
DT (1.95x107%) (7.70x107%) — (5.28x107) — (6.33x107%) — (1.27x107%) —
0 4.073 0x10™ 1.641 4x10° 4.371 1x10™ 4.349 8x10™" 7.012 0x10™"
(3.20x107%) (5.93x107") — (2.28%107%) — (7.64%107) — (6.61x107) —
5 6.905 7x10' 2.127 5x10° 2.823 4x10’ 1.869 0x10 6.096 5x10
DTLZ3 (1.95x10") (3.24x10") — (3.86x10") — (2.49x10") - (1.32x10%) —
0 4.031 6x10° 1.722 5x10° 6.315 4x10' 1.681 0x10' 1.017 5x10°
(3.08x10%) (3.56x10") — (1.56x10") — (6.27x10°) — (9.54x10") —
5 1.756 1x10™ 2.529 2x10™" 2.120 9x10™" 6.764 0x10™" 3.489 5x107"
DTLza (1.95%107%) (1.22x107) - | (821x107)— | (8.63x107%)— | (1.06x10™") -
0 4.196 2x10™ 6.557 2x10™" 4.489 1x10°" 8.156 6x10™ 1.074 8x10°
(3.21x107%) (6.34x107%) — (2.47x107%) - (8.06x107%) — (8.75%107) —
s 2.737 4x10™ 3.594 7x10™" 2.123 1x10™" 9.177 0x10™ 1.043 8x10°
—— (1.09x107") (6.83x107%) — (2.11x1072) + (1.05x107%) + (1.90x10™") —
0 4.905 5x107" 4.632 6x10™" 1.888 7x107" 1.839 8x10™ 8.505 4x10™
(1.20x10™) (6.64x107%) = (1.83x1072) + (2.70x107%) + (1.73x107") —
s 4.075 2x10° 4.652 1x10° 9.168 1x10° 1.049 7x10° 1.892 7x10'
P (8.44x10™") (5.24x107") — (8.86x107") — (5.08x107") + (9.73x107") —
0 1.498 7x10° 1.644 3x10' 1.121 5%x10° 2.953 9x10™ 1.618 8x10'
(5.12x107") (1.04x10% — (4.40x107") + (1.44x107") + (7.29x107") —
s 5.185 0x10™ 3.403 0x10™ 1.522 4x10' 7.592 7x10™ 2.570 3x10™
—— (1.11x10™) (2.61x107%) + (5.72x10") — (1.31x107") — (4.05%107%) +
0 2.644 0x10° 8.560 0x10™ 2.861 5x10' 1.148 1x10° 1.070 8x10°
(1.12x10°% (3.55x107) + (9.38%10") — (2.63x107") + (5.00x1072) +
TNE 211111 3/11/0 6/8/0 2/12/0

VLRI A RN A R BT | B TG 20 TR A2R SRR3R AR
MIE 4 T 6 R AR IS CECEN B3R,

EAVITIRAFA 1GD PR 2B AR /Mg (3
XS, MaOEA/A2R Fl PeEA 3RA309 1GD Y{H T [ fx
P, Hk 2 RVEA, BiJ5 4 NSGA-II/SDR FIMOEA/D-UR,
1M MaOEA/IGD FYRINAH X #52% . MaOEA/A2R \RVEA Fll
PeEA TEL DI WINGZY 1} 10* AR 5 , AT 1GD ¥{E AR
BT B 2 — AR N, T AE S AR e AT
IGD ¥y {5 L Hh 22 18 A8 /N 19 25 . NSGA-II/SDR
MaOEA/IGD 3 IFEZ T K 24 1x10* 3x10* YR 424 I PEAS
Z G ENTIGD BIE#E T FFa  (H I 4R — A AR = 1
. AT IGD 845 e 0% FEAE T B 42 A WA S5 1k Fn 2 4
P, HLIGD (B /)N 3¢ BH B3 AR A5 14 30T 0L A 2 1) Jo 2 ik
L RIE B 4 59 TGD il £k A A8 fR B3 EL b e W T
MaOEA/A2R 536 A0 b H A LA HAE DTLZ4(15)
WS- BB HIE b R A5 i S P A (L A 5

1 A MaOEA/A2R
——RVEA
NSGAII/SDR
141Y —3— MaOEA/IGD
fond —— MOEA/D-UR
K12
=)
©
1.0+
0.8
0.6

Number of evaluations x10*
K4 6 R EETE 15- HARK DTLZ4 3K R R - 4R 45 (19 1GD H{H 1478
fhth 2k
MBS BT LUE Y, 6 FF 83k Bir 3145 /9 16D Y4
PR 1 Y IE PEAS UBCEN R 38 R T S B AR N ) i
{EAIXS M 5, MaOEA/A2R 58 ¥ 4045 19 16D 416 T [ fx
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e . HIKIE NSGA-II/SDR Fil MOEA/D-UR. RVEA Fil PeEA
BTG TR, S B R BT
MaOEA/IGD Hh 4% sl K, R4 01 K2 53101 R4 5
T IS PR — A O fE . Bk, MaOEA/A2R
FINSGA-II/SDR B3 78 28 DI #1465 1) 1x10° R PEAl 5, B
T 1GD BB RE BT B 2 — D AHXT BRAR 7K,
M7E 5 A, B AT 1GD 2 52 1 HH 2218 A8 /N
R, W 53K F , MaOEA/A2R 7E WFGO(15) 5
1) b AR 1 R AR PR A A S

A, Jy %55 MaOEA/A2R 345 4E WG 2 51134 n)
B HV PERE ¥ MaOEA/A2R 5 RVEA \NSGA-II/SDR .
MaOEA/IGD .MOEA/D-UR # PeEA —[R] 7E 5- . 10- . 15-F/l
20-HFRI WFG1~WFGO M SL ] #7305, 8 5 45
T 6 FhEVELE 5- .10 15-F120- HARHY WEG1~WFG9 ]

17
«—MaOEA/A2R
16 ——RVEA
15} NSGAII/SDR
—— MaOEA/IGD
= 14 + ——MOEA/D-UR
13 —@—PeEA
a
]
=12k
11
10
9 [ 4 s
2 4 6 8 10
Number of evaluations x10%
5 6 FpRATE 15- H AR WFGO M ] 11 3K 15 /) IGD ¥ {f i A%
T2

WA ERARHVES F 2. TR, xR
VA S % 5 r 8 R (1xZ2™) %X i

R5 BEHEGEAMBEREENWICRIEE ERGHHVHESH =

W31 Hir%H MaOEA/A2R RVEA NSGA-II/SDR | MaOEA/IGD | MOEA/D-UR PeEA

s 5.6619x107" | 5.7919x10™" | 7.3554x107" | 5.2316x10" | 8.4599x10™" | 7.6502x10™

(4.65%107%) (3.62x10%) = | (3.00x107%)+ | (8.02x10%)— | (3.04x107%)+ | (3.90x107%) +

0 4.8343x107" | 5.0298x107" | 6.5178x107" | 4.7542x107" | 8.5032x10™" | 5.6103x10"

(3.26x107) (5.38x107%) = | (2.74x107)+ | (521x107%) = | (5.17x107%)+ | (1.11x107")+

WEGE s 6.681 4x107" | 8.5385x107" | 9.7329x10™" | 4.7820x107" | 9.8246x10™" | 9.067 5x10”'
(5.63x107) (7.30x107%) + | (3.32x107) + | (1.50x107")— | (3.90x107%) + | (1.82x107")+

6.900 8x10™" | 9.3325x107" | 9.9058x10™" | 9.297 6x10™" | 9.994 8x10™" | 4.473 6x10™"

20 (9.78x107%) (7.84%10) + | (5.65x107°)+ | (1.22x107")+ | (3.16x10™+ | (1.15x107") -

9.6124x107" | 9.4845x10™" | 9.4619x10™" | 9.187 110" | 9.6817x10™" | 9.529 4x10™
> (7.51x107) (9.04x107) — | (7.68x107)— | (3.25%1072)— | (7.44x107)+ | (9.92x107) -

0 9.3255x107" | 9.3485x10" | 9.6321x10™" | 9.1335x10" | 9.669 1x10™ | 9.750 0x10™

(9.63x107%) (1.30x107%) = | (4.68x107)+ | (2.43x107%)— | (1.08x107%)+ | (4.73x107) +

Wre2 s 9.6734x107" | 9.3326x107" | 9.706 6x10™" 8.6012x10™" | 9.3092x10™" | 9.855 8x10™
(1.37x107) (2.96x107%) — | (5.10x107%) = | (1.53x107")— | (4.71x107%)— | (5.76x107) +

- 9.698 9x10™" | 9.4394x107" | 9.8125x10™" | 9.2932x10™" | 9.3220x10™" | 6.209 3x10”"
(1.35x107) (3.35x107%) — | (3.46x107) + | (2.34x107%) - | (3.66x107%)— | (1.49x107")—

6.799 0x1072 | 7.8793x1072 | 1.7100x10™" | 5.0234x107 | 2.012 6x10™" 1.466 3x107!

> (5.27x107) (1.51x107) + | (1.20x107)+ | (1.40x107%)— | (2.31x107)+ | (1.77x107) +

0 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10°

WEC3 (0.00x10° (0.00x10°) = (0.00x10°) = (0.00x10°) = (0.00x10°) = (0.00x10°) =
s 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10°

(0.00x10° (0.00x10°) = (0.00x10°) = (0.00x10°) = (0.00x10°) = (0.00x10°) =

- 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10° 0.000 0x10°

(0.00x10% (0.00x10% = (0.00x10% = (0.00x10°% = (0.00x10% = (0.00x10% =

7.8322x107" | 7.4679x107" | 7.593 0x107' 1.651 0x10™" | 7.503 1x107" | 7.364 2x107'
> (3.97x107%) (1.20x107%) — | (3.82x107%) — | (1.45x107)— | (5.14x107)— | (6.46x107)—

9.062 6x107" | 8297 6x10”" | 9.0863x10™" | 6.0310x10" | 8.899 4x10™" | 8.8310x10"
10 (8.85%107) (1.10x107%) — | (4.99x107%) = | (4.44x107%)— | (6.86x107°)— | (8.76x107) -

Wie s 9.3515x10™" | 8.9195x10™" | 9.169 9x10™ 1.7855x10™" | 8.8649x10" | 8.9822x10™
(8.95x107) (220102 = | (9.59x107)— | (1.26x107")— | (2.03x107)— | (1.48x107)—

- 9.494 8x10™ | 8.9775x10™" | 8.5799x107" | 8.4245x10" | 9.000 0x10™" | 8.7316x10"
(1.21x107) (2.38x10%) — | (1.21x107)— | (1.33x107") = | (1.34x107%)— | (1.68x107")=




2770 BT R 2024 4F
I3 ]t Hr% H MaOEA/A2R RVEA NSGA-TI/SDR | MaOEA/IGD | MOEA/D-UR PelA

s 7.3394x107" | 7.3851x107" | 7.398 1x10™" | 2.4915x107" | 7.1919x107" | 7.159 2x10™'

(3.79x10™) (247x107%) + | (3.14x107%) + | (2.26x107")— | (4.18x107%)— | (3.73x107) —

0 8.4799x10™" | 8.2480x10" | 8.8365x10™ | 5.9377x10" | 8.4251x10" | 8.4922x10™

WECS (5.70x107%) (8.96x107%) — | (2.98x107) + | (3.56x107%)— | (5.07x107°)— | (4.76x107%) =
s 8.7927x107" | 8.9813x107" | 9.047 6x10™ 1.4170x10™" | 8.2333x10™" | 8.557 7x10™"

(5.46x107) (430107 + | (3.68x107) + | (1.72x107")— | (1.75x107%)— | (1.14x107) -

2 8.7612x107" | 8.5243x107" | 9.0869x10™" | 6.4562x107" | 8.277 110" | 8.914 1x10™

(6.63x107) (9.94x107) = | (5.31x107% + | (2.26x107")— | (1.35x107%) - | (1.02x107) +

S 7.436 5107 | 7.2525x107" | 7.3839x107" | 1.6027x107" | 7.2512x107" | 7.079 1x10"

(6.07x107) | (6.40x107)— | (6.37x107)— | (9.61x107)— | (7.19x107)— | (1.19x107%)—

0 8.486 9x10™ | 7.7493x10”" | 8.8561x10”" | 5.0639x10™ | 8.509 3x10™" | 8.326 6x10™

— (9.71x107) (2.57x10%) = | (6.42x107%) + | (6.00x107%)— | (1.01x107%) = | (1.20x107%) —
s 8.8232x107 | 5.9337x107 | 8.4674x10" | 2.0182x107" | 8.404 0x10™" | 8.4220x10”'

(1.33x107) (1.23x107) = | (1.17x107") = | (1.39x107") = | (1.92x107%)— | (1.90x107%) —

- 8.5524x10™" | 6.8740x107" | 7.6163x10™" | 4.7898x107" | 8.1764x10" | 8.599 3x10™

(1.57x107) (6.16x107) = | (5.98x107%) — | (2.61x107")— | (3.43x107%)— | (6.81x107) +

s 7.903 6x10™" | 7.6567x10" | 7.8810x107" | 2.2338x10"" | 7.6350x10™" | 7.5159x10"

(3.58x107%) (6.04x107) — | (2.92x107) — | (7.54x107%) — | (4.57x107)— | (6.73x107) -

0 9.256 0107 | 8.5192x107" | 9.499 1x10™" | 6.0262x10"" | 9.0747x10"" | 8.984 6x10'

— (4.44x107) (1.35x10%) — | (4.13x107%) + | (5.17x107) = | (5.66x107%)— | (1.28x107%) —
s 9.528 1x10™ | 7.6814x10™ | 7.9740x10" | 1.387 1x10™" | 8.906 3x10™" | 9.211 7x10"'

(6.63x107) | (1.92x107) = | (1.15x107)— | (5.93x107%)— | (3.01x107)— | (1.98x1072)—

- 9.6705x10™ | 8.1773x10™" | 9.5448x10" | 8.138 1x10™" | 9.071 8x10™" | 9.156 0x10"'

(8.86x107) (1.30x107") = | (1.17x107%)— | (1.88x107")— | (2.58x107%)— | (1.49x107")=

s 7.076 8x107" | 6.941 110" | 7.0942x10™ | 8.2549x107> | 6.946 1x10™" | 6.7358x10""

(3.62x107%) (7.23x107) = | (4.55x107%) = | (4.06x107%) — | (8.83x107)— | (9.04x107) -

0 7.8224x107" | 5.8639x107" | 8.3912x107" | 6.0169x10" | 7.9926x10™" | 8.5069x10™

WECS (2.24x107) (4.91x107%) = | (7.84x107)+ | (9.27x107%)— | (1.24x107%)+ | (1.87x107) +
s 8.4920x10™" | 4.7619x10™" | 7.7960x10™" | 1.808 7x10™" | 8.529 6x10™" | 8.911 8x10™

(2.24x107) | (1.74x107) = | (4.50x107)— | (5.30x10%)— | (1.00x107)= | (6.93x107) +

- 8.770 4x10™ | 6.6192x107" | 8.764 0x10™" | 2.950 6x10™ | 8.968 1x10™" | 9.2109x10™

(5.69x107) | (1.56x107)— | (1.83x107)= | (2.09x107")— | (1.37x107%)= | (5.85x107) +

S 7367 8x107" | 6.6129x107" | 7.4684x107”" | 3.8950x10”" | 6.8393x10" | 7.102 6x10”'

(1.14x107) (1.91x10%) = | (3.75x107%) + | (1.57x107") = | (1.61x107%)— | (1.13x107%) —

0 8.1827x10™" | 7.2370x107" | 8.750 1x10™" | 6.299 1x10™" | 7.2779x10" | 8.299 2x10™"

WFCO (1.85x107) (2.94x107%) = | (7.71x107% + | (2.85x107) — | (2.94x107%) — | (1.40x107) +
s 8.538 1x10™" | 7.0174x107" | 8.3415x10™" | 4.3596x107" | 6.528 010" | 8.609 3x10™

(3.18x107) (6.72x107%) — | (8.14x107%) = | (2.51x107")— | (2.93x107%) - | (5.27x107) +
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