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A many-objective optimization algorithm based on adaptive dominance
strategy

GUO Zhao-lu">', ZHAO Qing-yu', YANG Huo-gen'

(1. College of Science, Jiangxi University of Science and Technology, Ganzhou 341000, China; 2. Institute of
Automation, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In the many-objective optimization algorithms, maintaining a balance between convergence and diversity is
critical to overall performance. However, a single dominance relation often proves insufficient in preserving this
balance. To address this challenge, a many-objective evolutionary algorithm based on adaptive dominance strategy
(ADSMOEA) is proposed. The adaptive dominance strategy integrates two complementary dominance relations. One
dominance relation focuses on convergence, while the other focuses on diversity. The strategy selects the most
appropriate relation based on the current state of the population, which ensures the balance between convergence and
diversity. Furthermore, to accurately assess the convergence state of the population, an angle convergence indicator is
designed to enhances the precision of convergence evaluation by incorporating information regarding the angles
between objective vectors. This improvement provides reliable guidance for the selection of the dominance relation. In
addition, an adaptive diversity operator is designed to maintain population diversity. To validate the effectiveness of the
ADSMOEA, we conduct comparative simulations experiments between the proposed algorithm and seven state-of-the-
art algorithms. The results show that the proposed ADSMOEA exhibits strong competitiveness in solving many-
objective optimization problems.

Keywords: many-objective optimization; evolutionary algorithms; adaptive dominance strategy; convergence;
diversity
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xR E41%

DA ] R b e 4 1. MR il LA Y, MR T3 B
¥, ADSMOEA 7F DTLZ Fl WFG Ml i £ v % 31
HEA AR A 3X 2 PR 9 ADSMOEA % FH 38 S 14 57

Pic K s RE 0 AR 4 A REIR S T BE ST R &, ARt
5 ZPEE 2 T AT 4, DR e B A R SR 1
A, H1 WS F b L 51NN H AR AR A S

=1 473t E RS ADSMOEA 7 DTLZ it & Fry B, ARG T WS iR 2, Nk E T 1rh
HV {ELLREE TERA P, R A IE N SR R RS PR T R S
- ADSMOEA %, BRI T RIARTERE.
% s N
+ (R T) -1 ~ (EEHT) 322 ERMEEREE
ADSMOEA-1 0 27 ! N AE ADSMOEA H A 2 M, AW 50 ik #
ADSMOEA-2 12 13 3 27 28 . 29
SEA””, MOEA/D-DQN"", MultiGPO™”', MOEA/D-
DYTS™., hpaBA"™", MaOEAIGD"*. NSGA-II-SDR!
ADSMOEA-4 0 16 12 . . o . N N
857 T EREH 2 B RS EE AT X P SR
e - 3EH T %S5 ADSMOEA 7£ DTLZ
T2 4FhxLEE R 5 ADSMOEA £ WFG it & i w3 LT MR (&
N N > - /) — VA N
HY B G R A ) B 3RS B HY 2ME bR E 2. R a] DL
DSMOEA B, A BRI g A R T UYL, G
S ‘Z ~ N Ay N .
. TP -G~ HAEAEIB Ak 7@ DTLZS A1 DTLZ6 . Ny 1 #t—2b
ADSMOEA-1 0 33 3 Wi 52 %y 76 IR AL Pareto BV 191 A E R H, K] 3
ADSMOEA-2 10 17 9 JER T 8 FhAVAAE 10 Hbx DTLZS i) I i 5256 45
ADSMOEA-3 4 16 16 N O
HMEF A LLE H, ADSMOEA ¥ i 52 £E IS Stk A
ADSMOEA-4 2 16 18 N USRS \ N
ZFEVE L3R E A T LBk XA T ADSMOEA
#=3 7Rk ERS ADSMOEA 7£ DTLZ iR 51585 3589 HV HEMfREE
Problem M SEA MOEA/D-DQN MultiGPO hpaEA MOEA/D-DYTS MaOEAIGD NSGA-II-SDR ADSMOEA
5 9.7189¢-1(1.04e-3)+ 9.7361e-1 (1.01e-3)+ 9.7076e-1(6.30e-4)+ 9.7677e-1(1.93e-d)+  6.8770e-1(3.35¢-1)~  2.2745¢-1(2.15¢-1)~  8.9761e-1(2.27e-2)~ 9.3898¢-1(4.44e-3)
—_— 10 2.1976¢-1(3.4%-1)— 9.9322¢-1 (9.39%¢-3) + 9.9728e-1(7.40e-d)+ 8.800de-1(2.54e-1)-  9.0543e-1(7.03e-2~  2.9690e-1(3.25¢-1)~ 7.8511e-1(6.47e-2— 9.5438e-1(1.17¢-2)
15 7.8754e-2(9.11e-2)— 8.8097¢-1(8.82e-2) — 8.8146e-1(2.46¢-1)— 8.4400e-1(3.01e-1)-  4.1026e-1(4.10e-1)—  1.4189¢-1(2.40e-1)~ 8.1078e-1(1.04e-1)- 9.3543e-1(1.07¢-2)
20 23089e-2(1.23¢-1)- 9.2564e-1 (1.25¢-1)~ 8.4854e-1(3.02e-1)~ 5.4870e-1(3.78¢-1)-  4.4158¢-1(3.68¢-1)~  8.0219¢-1(3.50¢-1)~ 8.6771e-1(8.79¢-2)~ 9.3038e-1(1.51e-2)
5 7.6995¢-1(3.52e-3)+ 7.9017e-1(2.52e-3)+ 7.9133¢-1(1.32e-3)+ 8.0071e-1(7.93e-4)+  7.0337e-1(2.23e-3)+  7.9359¢-1(8.61e-4)y+ 7.7384e-1(4.19¢-3)+ 6.1619¢-1(2.33¢-2)
L2 10 8.5299¢-1(1.34e-2)+ 9.3642¢-1 (1.48e2) + 9.2734e-1(3.12e-3)+  8.3050e-1(3.38e-2)+  3.6975e-1(1.54e-2)~  7.9627¢-1(2.20e-1)+ 9.3595¢-1(8.77e-3)+ 7.7699-1(1.20e-2)
15 8.9748¢-1(1.77¢-2)+ 9.2672¢-1 (4.40e-2) + 9.5633¢-1(2.54e-3)+ 8.3932¢-1(1.95¢-2)+  3.1319-1(2.86e-2)~  6.0079-1(1.99¢-1)~ 9.6100e-1(8.44e-3)+ 8.2608¢-1(2.13¢-2)
20 8.0794e-1(5.05¢-2)~ 9.1567e-1 (5.44e-2)+ 9.7011e-1(2.90e-3)+ 8.4842¢-1(248¢2)=  3.0272¢-1(349¢-2)~  8.1063¢-1(1.70¢-1)=  9.9212e-1(3.53e-3)+ 8.4131e-1(1.17e-2)
5 7.1007e-1(1.52¢-2)= 7.6695¢-1 (2.32¢-2) + 7.8570e-1(4.08¢-3)+ 7.4184¢-1(1.58¢-1)+  1.3704e-1(2.01e-1)~  0.0000¢+0(0.00¢+0)~ 7.7262¢-1(5.07¢-3)+ 7.1161e-1(1.10e-2)
ILz3 10 0.0000e+0(0.00¢+0)~ 8.4822¢-1 (1.55¢-1)+ 6.7324e-1(3.38¢-1)~ 0.0000¢+0(0.00e+0)~  2.7069-1(1.56e-1)~ 0.0000e+0(0.00¢+0)- 9.2833¢-1(1.30e2)+ 6.9057¢-1(4.40e-2)
15 0.0000¢+0(0.00e+0)— 4.5666¢-1 (2.98¢-1)— 1.7419¢-1(3.25¢-1)~ 0.0000e+0(0.00e+0)— 1.1732e-1(1.38e-1)~  7.2603¢-4(3.98¢-3)—  9.4902¢-1(1.28e-2)+ 6.4468¢-1(6.02¢-2)
20 0.0000e+0(0.00e+0)— 4.2784e-1 (3.24e-1) — 5.9439e-2(1.95¢-1)— 0.0000e+0(0.00e+0)— 1.0880e-1(1.33e-1)—  1.4992e-2(3.00e-2)— 9.8577e-1(3.58e-3)+ 6.5236¢-1(5.57¢-2)
5 7.5785¢-1(3.05e-2)+ 7.9096¢-1 (2.31e-3)+ 7.9217e-1(1.4de-3)+ 6.5626e-1(1.31e-1)-  6.6095¢-1(2.61e-2~  7.7738e-1(5.25¢-2)+ 3.5945e-1(8.15e-2)— 7.1101e-1(1.34e-2)
DTLZ4 10 8.3356e-1(1.87¢-2)+ 9.4040e-1 (4.01e-3) + 9.3494e-1(1.69¢-3)+ 8.7257e-1(5.65e-2)+  4.7155e-1(2.28¢-2)—  9.1099e-1(3.61e-2)+ 4.9118e-1(1.06e-1)- 8.0601e-1(7.91e-3)
15 9.0790¢-1(1.51e-2)+ 9.8833¢-1 (2.61e3)+ 9.6750¢-1(1.35¢-3)+ 9.6352¢-1(1.54e-2)+  4.3668¢-1(2.5%-2)~  9.8118¢-1(7.88¢-3)+ 7.4807¢-1(3.52¢-2)~ 8.1844¢-1(4.75¢-2)
20 9.3268¢-1(1.78¢-2)+ 9.9814¢-1 (4.80¢-4) + 9.8910¢-1(7.95¢-4)y+ 9.8318¢-1(6.07¢-3)+  4.4087¢-1(1.83¢-2)~  9.9819¢-1(4.66e-d)+ 8.9682¢-1(6.38¢-2)— 9.088%¢-1(1.14e-2)
5 8.5779¢-2(1.97e2)- 9.2665¢-2 (2.97e-4)~ 1.0918e-1(3.58¢-3)=  6.8443e-2(2.78¢-2)-  1.1540e-1(3.80e-4)=  8.5966¢-2(3.43¢-2)~  1.0996e-1(3.16¢-3)= 1.1061e-1(1.68¢-2)
TLZS 10 7.6111e-22.67e-2)~ 9.6529¢-2 (1.86¢-4)— 8.8206e-2(2.04¢-3)- 2.9555¢-3(8.47¢-3)~  9.7980e-2(3.43¢-4)-  8.5606¢-2(2.33¢-2)- 9.0823¢-2(2.31e-4)~ 9.8148e-2(3.07¢-3)
15 7.3108e-2(2.77e-2)— 9.0935¢-2 (1.95¢-4) - 8.3564e-2(6.52¢-3)~ 4.2283e-9(2.32e-8)~  9.0927e-2(2.90e-4)—  9.0949e-2(1.68e-4)— 9.0772¢-2(3.62e-4)— 9.4099e-2(1.03e-3)
20 2.7200e-2(2.89%-2)— 9.0900¢-2 (1.99¢-4) — 4.8282¢-2(2.30¢-2)— 0.0000e+0(0.00e+0)— 9.0897e-2(3.15¢-4)~  9.0980¢-2(2.20e-4)~ 8.4522e-2(3.86e-3)— 9.2784e-2(3.67e-4)
5 82416e-2(1.30e-2)~ 9.2764e-2 (2.52e-4)— 1.0273e-1(3.76e-3)- 3.8258e-2(3.83¢-2)~  1.1537e-1(2.32e-4)+  7.5830e-2(3.87¢-2)~ 1.0979-1(4.54e-3)— 1.1517e-1(1.58¢-2)
DTLZ6 10 3.0871e-2(422e-2)~ 9.6463¢-2 (1.87c-4)— 8.6181e-2(1.72¢-2)~ 9.9064¢-4(3.87¢-3)-  9.8040e-2(3.03¢-4)-  5.9950e-2(4.27e-2)- 9.1144e-2(5.18¢-4)~ 9.8638e-2(2.06¢-3)
15 5.1922¢-2(4.30e-2)— 9.0898e-2 (1.68e-4) — 3.1159¢-2(4.08e-2)— 0.0000e+0(0.00e+0)— 9.0866e-2(2.62e-4)~  6.9759¢-2(3.91e-2)~ 9.0893e-2(2.70e-4)— 9.4490e-2(4.38e-4)
20 0.0000e+0(0.00e+0)- 9.0955¢-2 (2.29¢-4) — 0.0000¢+0(0.00e+0)~ 0.0000¢+0(0.00e+0)~ 9.0908¢-2(2.86e-4)~  9.0916¢-2(1.13¢-4)~ 9.0938¢-2(3.03¢-4)~ 9.2891¢-2(3.38¢-4)
5 23723e-1(5.41e-3)+ 1.4749%-1 (5.19¢-4) - 2.5832e-1(3.79¢-3)+ 2.4826¢-1(1.15¢-2)+  3.0855¢-2(4.00e-2)—  1.5617e-1(3.35¢-2)~ 2.4731e-1(4.03e-3)+ 1.8695¢-1(9.68¢-3)
_— 10 6.8359-2(1.77e-2)~ 1.0580e-1 (1.26e-2)~ 9.0343e-2(2.73e-2)~ 1.6601e-1(132e-2)=  5.0024e-6(7.82¢-6)~  3.1182e-2(2.00e-2)~ 9.9858¢-4(2.55¢-3)~ 1.6751e-1(1.25¢-2)
15 44699¢-22.73¢-2)~ 1.0575¢-1(2.93¢-3)~ 7.0135¢-2(1.48¢-2)~  1.4519¢-1(7.97e-3)+ 8.3106e-10(439¢-9)~ 2.3065¢-3(3.02¢-3)~ 1.2228¢-8(5.71e-8)~ 1.1510e-1(2.28¢-2)
20 13043¢-2(1.50e-2)~ 3.9917¢-2 (3.89¢-2) — 5.0653¢-2(1.41e-2)~ 1.3508e-1(2.55¢-3)+ 2.0431e-11(1.12-10)~ 1.1399¢-5(1.91e-5)~ 0.0000e+0(0.00e+0) 7.6367¢-2(1.90e-2)
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6 8

(g) NSGA-II-SDR
E3 7 #EiHE RS ADSMOEA 7£ 10 B4REY DTLZS [o)fpYsEi s R

(h) ADSMOEA

Value

(¢) MultiGPO

4 6

8 10

(f) MaOEAIGD

4 6
(i) Ture pf

R3S P L) i 0 R0 o DR A o 7 1 e 10 ¢ a2k ¢
JE 77, AL S AE IS SIoME 5 220 R 1 1)~ 4.

F a7 7Rt B 5 ADSMOEA fE
WFG IR 7] #_1-$RA5 10 BV BB bR e 22, R
A LLE H, AR ST R g A AR T LB
5. XA ADSMOEA K FH 21 A B IS8 bR i
T R ST S AN E AT DL R VA VA b R PR S S
AR, T EL AT DUAR R i (0 WA SSCHR 100 552 i 1) A 4
f) S BE 76 B, 3R 1 AE WERG R4 2 R

. N T D MR & HEAE WFG MR Bk
W, B 4 R T 8 MRIETE 20 H bR WFGS 7] #8111
SIG AR, WA LA HH, ADSMOEA [fiRSE U 8L
A Z NI T X H B,
323 %L B

T S5 L B ADSMOEA 1 B8 (1) 521,
¥ HL 10 H 4% ) DTLZ3. DTLZ4. DTLZ6I 3 ji 5t
A5 HEs WFGT7-9 Ut [l @ AT 9. fESL e, &
K LHRUAE G B B2 N[5, 100], BL 5 A5 K 48 B .

T4 7 FEHRE RS ADSMOEA 7£ WFG iR 5] 81 _F 351580 HY HEMiREE

Problem M SEA MOEA/D-DQN MultiGPO hpaEA MOEA/D-DYTS MaOEAIGD NSGA-II-SDR ADSMOEA
5 9.9591e-1(5.39-d)+ 9.9435e-19.48e-4)+  9.9466e-1(147e3)+  9.0440e-1(7.86e-2)~ 9.1870e-1(1.67e-2)~ 2.9630e-1(8.06e-2)~ 9.7098e-1(1.01e-2)~ 9.8135e-1(8.18¢-3)
iy [0 SISt 8ted) = O6T06-1(1 552 99426er(1. 5362 9SG I(393e2) TT0A(1ITeD) 481205 96658 2.5e2) IMSIeI647e)
15 9.9779-1(6.87e-4)= 9.6554e-12.31e-2)~ 9.9828e-1(6.12e-4)= 9.8740e-1(2.00e-2)~ 9.9817¢-1(3.09e-3)= 5.1849%-1(2.6%-1)~ 9.8567e-1(7.56e-3)~ 9.9647e-1(4.93¢-3)
20 9.9843¢-1(5.86¢-4) — 9.8368¢-1(1.68¢-2)~  9.9908¢-1(3.94c-4)~  9.9036¢-13.42¢-2)= 9.9962-1(5.9Te-dy+ 9.2535¢-1(1.66e-1)~ 9.8977e-1(7.29¢-3)~  9.9927e-1(5.79e-4)
S 9.8574e-1220e-3)— 9.8007e-1(1.70e2)= 9.7570¢-1(3.63e-3)- 9.9292e-1(1.26e-3)+ 9.1742e-13.77e-2)~ 8.886le-1(4.04e2)~ 9.5772e-1(1.72e3)-  9.8946e-1(2.27e-3)
iy ¢ YOS £ 96643¢1(101e2) 9FTSherl (336 07205 189e3) 9SM-I(6Te) 93021086 OT04Re-I(STSe ) 98584e-1(487e-)
15 9.9473e-1(127e-3)~ 9.2590e-13.61e-2)~ 9.9138e-1(1.85e3)~  9.8142e-1(645¢-3)~ 9.9404e-1(7.22e-3)= 7.907de-1(2.03e-1)~  9.7824e-1(5.09¢-3)~  9.9584e-1(1.91e-3)
20 9.9323¢-1(3.08¢3)~ 9.0659-1(5.72e-2)~ 9.8961e-1(1.92e3)— 9.8415e-1(5.26e-3) — 9.9616e-1(4.98e3)~ 8.1165e-1(2.25¢-1)~  9.8701e-1(2.46e-3)~  9.9621e-1(1.05¢-3)
5 12032e-1(2.566-2)~ 9.0306e-2(6.39-4)~ 43418e-2(3.15e-2) ~ 1.6485e-1(2.10e-2) ~ 9.0497e-2(6.16e-4)~ 8.0197e-2(5.97e-3)~ 1.9354e-1(L.13e-2)= 1.8532e-1(1.92¢-2)
gy 0 3954352 Te4) — 0000060(0.00¢40) 0.0000e+0(0.00¢+0)~ 0.00006+0(0.006¢0)~ 63962¢-2(1-He-2)+ 0.0000e+0(000e+0)~ 54193¢:3(1.03¢2) — 48158¢-2(140¢2)
15 0.0000e+0(0.00e+0)=" 0.0000e+0(0.00e+0)= 0.0000e+0(0.00e+0)=_0.0000e+0(0.00e+0)=" 5.3009¢-2(3.55¢-2)+ 0.0000e+0(0.00e+0)=" 0.0000e+0(0.00e+0)= 0.0000e+0(0.00e+0)
20 0.0000e+0(0.00e+0)= 0.0000e+0(0.00¢+0)= 0.0000+0(0.00¢+0)= 0.0000e+0(0.00¢+0)= 1.5841e-2(1.65e-2y+ 0.0000¢+0(0.00e+0)= 0.0000¢+0(0.00e+0)= 0.0000e+0(0.00¢+0)
5 7.0745-1(6.55¢-3)— 6.7898¢-1(6.82e2)— 7.6870e-1(6.32e-3) + 7.4098e-12.80e-2)+ 5.1905e-1(5.10e-2)~ 9.8950e-2(2.48¢-2) — 7.5490¢-1(4.87e-3)+ 7.2194e-1(7.62¢-3)
wigs 0 TSI~ 814112752 = 02865 148263) SO l(0.5062) — SBA-I(6.I602) 10688-1(3.2502) ~ 93M2e(Ued + 80548e-1(1.39¢)
15 7.7711e-1(8.29¢-3) — 7.3847¢-1(5.026-2) ~ 8.8381e-1(3.07e-2) = 6.0790e-1(4.51e-2)~ 5.0736-1(1.00e-1)~ 1.2552e-1(4.97e-2) ~ 8.0124e-1(130¢-1)— 8.7083e-1(133¢-2)
20 7.7217e-1(168¢2)~ 8.2110e-1(4.966-2)~ 8.7272e-1(2.55¢-2) ~ 6.6403e-1(4.62¢-2) ~ 5.1739-1(6.98e-2)~ 13233e-1(5.95e-2)~ 6.5857e-1(1.76e-1)~ 8.9923¢-1(2.29-2)




hJ ~ K< N
1318 # # 5 x K %41%
T4
Problem M SEA MOEA/D-DQN MultiGPO hpaEA MOEA/D-DYTS MaOEAIGD NSGA-II-SDR ADSMOEA
7.0000e-1(541e-3) + 5.8945-1(4.51e-2)— 7.2391e-1(5.61e-3)+ 7431de-1(5.66e-3)+ 4.8109e-1(3.27e2~ 1.2335e-1(1.24e-1)— 7.2474e-1(2.63e-3)+ 6.800e-1(5.73¢-3)
wigs 73434e-1(1.11e-2) — 7.1163e-1(1.65¢-2) - 8.1632¢-1(7.24e-3) + 6.9486¢-13.11e2)— 5.3399¢-1(4.82¢-2)— 8.6780e-2(2.45¢-2) — 8.773de-1(3.38e-3) + 7.5991e-1(1.06¢-2)
15 7.8203e-1(1.09¢-2) - 6.0616e-1(5.22e-2) — 7.0354e-1(1.72e-2) = 7.2095¢-1(2.76¢-2) = 5.1579%-1(2.80e-2)— 9.0727e-2(3.09¢-2) — 9.0527e-1(3.15e-3) + 7.9697¢-1(3.34¢e-2)
20 7.5671e-1(1.406-2)— 5.5338e-1(4.80e2)— 7.3967e-1(1.73e2)— 7.1640e-1(1.61e-2)— 5.269%-1(2.88¢-2)~ 1.1464e-1(1.35e-1)~ 8.2856e-1(1.27e-1)~ 8.3727e-1(2.20¢-2)
6.7689%¢-1(1.92¢-2) + 6.6353¢-1(6.56e-2) = 7.0144e-1(1.60e-2) + 7.1217e-1(1.48e-2) + 4.7842e-1(6.36e-2)— 2.1166e-1(1.17e-1)— 7.0367e-1(1.18e-2) + 6.6093e-1(2.16e-2)
wige [0 M08~ 630201507~ 8191013226 + 66684e-128602) - 324861 $4e D 28I 120%-D) - BEMSIRSIeD + TAWe-I214e)
15 7.5751e-1(147e2)~ 5.8691e-1(6.89e2) ~ 7.6084e-1(2.16e2) ~ 6.9238e-1(3.4de-2) — 2.9561e-1(1.02e-1)~ 2.4684e-1(1.85¢-1)~ 7.0445¢-1(2.10e-1)= 7.7284¢-1(2.42¢-2)
20 73647e-103.17e-2) 5.9968e-1(1.14e-1)— 7.5445-1(2.19¢2)— 7.0170e-1(3.27e-2)~ 2.7384e-1(1.00e-1)~ 4.1018e-1(2.87e-1)~ 3.9482e-1(6.31e-2)~ 8.2451e-1(2.01¢-2)
7.3918e-1(4.73e-3) + 7.6154e-1(6.83¢-3)+ 7.6742e-1(6.71e3)+ 7.87T3e-1(5.77e3)+ 5.5689¢-1(6.57e2)- 1.8937e-1(5.96e-2)— 7.7112e-1(3.53-3)+ 7.2386e-1(7.54e-3)
iy [0 TSI - SI6CI065) = 90T IG 0 + TUIRI(4Te2) - SIMI6 M D LITH0CI592) - 93SITe 1424 + 8 140Me-1(1 e )
15 8.2946e-1(1.58e2) ~ 7.2742e-1(1.33e-1)~ 8.7049e-1(4.126-2) ~ 7.2127e-13.95¢-2) ~ 4.9817e-1(2.75e-2)~ 1.7275¢-1(5.97e-2)~ 7.9519¢-1(1.17e-1)~ 9.0585e-1(2.14¢-2)
20 8.8055e-1(1.58e-2)— 6.9371e-1(1.21e-1)— 9.3708e-1(1.07e-2) + 7.4104e-1(2.93e-2) - 5.0007e-1(3.31e-2)— 2.0629¢-1(1.14e-1)— 8.5131e-1(4.46e-2) — 9.0889e-1(2.30e-2)
6.1959%¢-1(1.53¢-2) + 2.9527e-1(5.12e-2) — 6.3637¢-1(5.09¢-3) + 6.7348e-1(2.73e-3) + 2.7561e-1(3.12¢-2)~ 7.6707e-2(5.99%¢-2) — 6.5103¢-1(5.28¢-3) + 5.6538e-1(1.55¢-2)
WEGS 10 7.5508e-1(1.27e-2) + 6.5494e-1(5.28e-2) + 5.5745e-1(1.01e-1) = 7.1029¢-1(2.33¢-2) + 3.6032e-1(4.68e-2)— 1.5234e-1(6.17e-2) — 8.4068e-1(4.92e-2) + 6.1470e-1(1.3%-2)
15 8.5441e-1(1.18e-2) + 5.035%-1(6.58¢-2) — 8.0873¢-1(8.24e-2) + 7.4380e-1(2.81e-2)+ 3.1911e-1(5.51e-2)— 1.9767e-1(5.14e-2) = 5.9104e-1(1.48¢-1)— 6.6364e-1(3.26¢-2)
20 6.8778¢-1(1.17e-1)= 5.0560e-1(5.70e-2) — 8.9332¢-1(7.85e-3) + 7.9627e-1(2.28e-2) + 3.6638e-1(5.07e-2)— 2.1212¢-1(4.68¢-2) — 5.7949¢-1(1.53e-1) — 7.2926e-1(7.44e-2)
6.8808e-1(3.18¢-2) = 3.9327e-1(8.22¢-2) — 7.3634e-1(9.59%¢-3) + 7.4154e-1(3.50e-3) + 4.4522¢-1(9.20e-2)- 2.1646¢-1(6.71e-2) — 7.3832¢-1(3.92e-3) + 6.9965¢-1(1.32e-2)
— 10 6.7888e-1(8.06e-2) = 5.5725e-1(5.81e-2) — 8.1230e-1(6.22e-2) + 6.5390¢-1(3.02¢-2) — 4.6190e-1(9.62e-2)— 1.8600e-1(1.24e-1) - 8.7524e-1(3.19e-2) + 7.2092e-1(3.42¢-2)
15 7.9904e-1(6.68¢-2) + 3.7548e-1(6.43¢-2) — 7.1840e-1(4.44e-2) — 6.8989¢-1(2.90e-2) — 3.5520e-1(4.47¢-2)— 2.7880e-1(2.09¢-1) — 8.4878e-1(8.63e-2) + 7.5453e-1(2.45¢-2)
20 7.9719e-1(4.44e-2) + 3.4179%-1(7.74e-2) — 7.2407e-1(9.15¢-2) — 7.0305¢-1(2.81¢-2) — 3.8009¢-1(8.14e-2)— 7.6812e-1(5.98¢-2) = 8.4996e-1(7.91e-2) + 7.6599¢-1(4.62¢-2)
+-/= 10/19/7 3/26/7 15/16/5 10/23/3 4/29/3 0/33/3 15/17/4
40 40
30} 30
2 3 3
= = 20} = 20
B p S
10} 10
0 o il : ‘
5 10 15 20 5 10 15 20
(b) MOEA/D-DQN (¢) MultiGPO
40 40
30 | 30}
> i - :
= 20 I o = = 207
B & S S
10}
o * & = = O M " "
5 10 15 20 5 10 15 20 5 10 15 20
(d) hpaEA (¢) MOEA/D-DYTS (f) MaOEAIGD
8
6
o (o] o
= ‘ E E
< i < <
S NA | S S
| i N i |
| AR AR
. SVURIVVVLY AV
5 10 15 20 5 10 15 20

(g) NSGA-II-SDR

54t TANFE LEUE T, Hk{E DTLZ #1 WFG il
W) BB 0 — 4 HV T 2R . R AT L
FH, X T DTLZ Jv) &, [6] k& 250 L E v 100 1
RE R fE; 0T WFG [0, (Bl bi S50 L BN 25 i
Refe . BRIk, T DTLZ F1 WEG Wl 4, A 0

(h) ADSMOEA
E4 7 FhEiHEES ADSMOEA 7£ 20 B4R WFG4 [a]5ascif 458

(i) Ture pf

a5 L EUEBCE DY 100 A1 25.
33 LTS

NIGAE ADSMOEA fi# th SEBx ] 78 ) A 21k, B
YK ZE Vit 8] B (car cab design, CCD)"™! 17K % V5 I
J (water resource planning, WRP)™ g5, B 51



%58 FRERE F AT E M X RAEY S %S BRI & 1319
RS T MEHEZXS ADSMOEA LRI IZE) LIR1SHY) IGD 1 HV HEREIFEE
Problem Metric SEA MOEA/D-DQN MultiGPO hpaEA MOEA/D-DYTS MaOEAIGD NSGA-II-SDR ADSMOEA
WRp IGD  7.0903¢+5(2.51e+5)- 7.9909¢+5(3.14e+3)~ 4.4202¢+5(8.26¢+4)— 4.2189e+5(8.82¢+4)— 6.5419¢+5(1.61e+4)~ 6.7124e+5(8.86¢+3)— 6.1747e+5(9.07e+4)- 3.7051e+5(8.50¢+4)
HV  14466e-1(8.79¢3)— 1.6360e-1(5.69e3)— 1.8173¢-1(6.56e-4)+ 1.8076e-19.91e-4)+ 1.6877e-13.59-3)— 1.5379-1(444e-3)— 1.753e-1(2.55-3)~ 1.7829e-1(1.13¢-3)
D IGD  6.6375¢+1(5.14e-3)+ 6.7716e+1(2.11e-2)— 6.6430e+1(1.71e-2)- 6.6601e+1(3.24e-2)~ 6.6523¢+1(5.4%-3)- 6.6972¢+1(5.28¢-2)— 7.0250¢+1(3.66¢-1)- 6.6384¢+1(5.54¢-3)
HV  17731e3(2.57e-5)— 1.0233e-3(1.19e-5)— 1.7394e-3(6.13¢-5)~ 1.7812e-3(3.14e-5) — 1.6179-3(1.22e-5)— 8.8585¢-4(5.07e-5)— 1.7820e4(2.58e-5)~ 1.797de-3(1.73¢-5)
-1 1300 0/4/0 1300 1300 0/4/0 0/4/0 0/4/0
1‘0 N Ryal N Ay N N )
osl Y. R AL R O WSCSICIRES, Bert 17— B
2 ol SKAR bR, 3L 51NN 1) 2 £ 45 B 42 m S SV
% &4 IR, BEAh, Bt 1 —FhidE B 2 R T
= i UL 5 B B 22 B L X H S 2 WD, R
' ~ DTz ADSMOEA 5% R HLth &3 (3. RofeAsitt— 5 9t
0 * N S N A =/ s
10 40 70 100 38 W SCHC g, DA SE A RO R S AR s 4E 2
(a) DTLZ H bR Ab v .
1.0 2E T #Ek (References)
0.8F
; [1] Adhikari M, Amgoth T, Srirama S N. Multi-objective
S 0.6 scheduling strategy for scientific workflows in cloud
Jrr 0.4} environment: A firefly-based approach[J]. Applied Soft
- |-~ WFG7 Computing, 2020, 93: 106411.
0.211 5 wrGs v s . " . .
= WFGY || | 2] ZRE, 2205 MO T e 2 B bRt B R
0% 20 20 100 AL I A Pl 25 10 90 e L], b B2
) 2022, 39(1): 31-40.
o WEG I, 2022, 39(1)

E5 FE£# LEET ADSMOEA 7£ DTLZ f1 WFG
SEYA—1k HV {EIFZE

Ab PR S R TR ) AL PR R AR YRR RN
A 1 ARIFARER 9 H bs i) 8, 7K SE 5 ) AL 5
3R S A EARLL R T AR, A0
7 ALY S A 1 BR B P 4B A S /K R 5 ) ) 5
6 M HF5.

PR AR (0] 3 PR R B RUASE 38 B 210, S R PFART
YR E By 400007”. ADSMOEA (9 7] §% 2 %1 L4535
BE N 100 A1 5.

L SHIH T 7 Mot HEA ADSMOEA fE 5K
bR T A2 5] B E 1) IGD A HV 8 A Rz HobraE 2. i
5 7] WL, ADSMOEA 7£ A~ 72 in] I i 2R B
TR SR, DU R AE B AR ECE S £ 1) CCD i)
1, ADSMOEA It % 8E y W] &2, & ] ADSMOEA
TEACHE 4k 22 B AR S bR TR i) 8 W R
#.
4 &

B o L — SCTC IR B AE AR USSR R 22 B 1 - 1l
T3 HAFAE R R PR, AR SCEEH T — Rl I 38 B 3¢
L ¢ R I s 4 % H ARGV ADSMOEA. #2 H—
Foli3dE oL S FC SRS ADS, HR A 24 11 R B (1 W SCIR 10
N 13 4 5 36 1Y) S C O R AP iU SR AN 22 4

(Li R, Gong W Y. An improved multi-objective
evolutionary algorithm based on decomposition for bi-
objective fuzzy flexible job-shop scheduling problem[J].
Control Theory & Applications, 2022, 39(1): 31-40.)

31 HAMW, 25t BRIk, B 2 H AR IUALAT FeE e e
JEBE[T]. ] 5 k5, 2023, 38(7): 1761-1788.

(Xiao R B, Li G, Chen Z Z. Research progress and
prospect of evolutionary many-objective optimization[J].
Control and Decision, 2023, 38(7): 1761-1788.)

[4] RIEF, Bigee, TE, 55 — M3 T Hbras it

BUE SR AN 2 H bR Bt A ). B 34k, 2022,
48(4): 1060-1078.
(Liang Z P, Luo T T, Wang Z Q, et al. A many-objective
evolutionary algorithm based on weighted sum of
objective space transformation[J]. Acta Automatica
Sinica, 2022, 48(4): 1060-1078.)

[5] Yang S X, Li M Q, Liu X H, et al. A grid-based
evolutionary algorithm for many-objective
optimization[J]. IEEE Transactions on Evolutionary
Computation, 2013, 17(5): 721-736.

[6] LiuY, Zhu N B, Li K L, et al. An angle dominance
criterion for evolutionary many-objective
optimization[J]. Information Sciences, 2020, 509: 376-
399.

(71 Fhaf, LB, B S 42 H AR BT FEE F ). 42
% 58, 2018, 35(7): 928-938.

(Sun J, Gong D W. Recent advances in evolutionary
many-objective optimization[J]. Control Theory &
Applications, 2018, 35(7): 928-938.)

[8] YangF,XuL, Chu XK, etal. A new dominance relation

based on convergence indicators and niching for many-


https://doi.org/10.1016/j.asoc.2020.106411
https://doi.org/10.1016/j.asoc.2020.106411
https://doi.org/10.1109/TEVC.2012.2227145
https://doi.org/10.1109/TEVC.2012.2227145
https://doi.org/10.1016/j.ins.2018.12.078

1320 # % 5 xR F41%
objective optimization[J]. Applied Intelligence, 2021, two-archive algorithm for many-objective

(9]

(10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

51(8): 5525-5542.

Tian Y, Cheng R, Zhang X Y, et al. A strengthened
dominance relation considering convergence and
diversity for evolutionary many-objective
optimization[J]. IEEE Transactions on Evolutionary
Computation, 2019, 23(2): 331-345.

Liu Y P, Gong D W, Sun J, et al. A many-objective
evolutionary algorithm using a one-by-one selection
strategy[J]. IEEE Transactions on Cybernetics, 2017,
47(9): 2689-2702.

Zitzler E, Thiele L, Laumanns M, et al. Performance
assessment of multiobjective optimizers: An analysis
and review[J]. IEEE Transactions on Evolutionary
Computation, 2003, 7(2): 117-132.

Zitzler E, Kiinzli S. Indicator-based selection in
multiobjective search[C]. Parallel Problem Solving from
Nature — PPSN VIII. Berlin, Heidelberg: Springer, 2004:
832-842.

Sato H, Aguirre H E, Tanaka K. Self-controlling
dominance area of solutions in evolutionary many-
objective optimization[C]. Simulated Evolution and
Learning. Berlin, Heidelberg: Springer, 2010: 455-465.
Zhang Q F, Liu W D, Li H. The performance of a new
version of MOEA/D on CEC09 unconstrained MOP test
instances[C]. 2009 IEEE Congress on Evolutionary
Computation. Trondheim, 2009: 203-208.

Sun L, Li K. Adaptive operator selection based on
dynamic Thompson sampling for MOEA/D[C]. Parallel
Problem Solving from Nature — PPSN XVI. Cham:
Springer International Publishing, 2020: 271-284.

Bader J, Zitzler E. HypE: An algorithm for fast
hypervolume-based many-objective  optimization[J].
Evolutionary Computation, 2011, 19(1): 45-76.

Zitzler E, Thiele L. Multiobjective evolutionary
algorithms: A comparative case study and the strength
Pareto approach[J]. IEEE Transactions on Evolutionary
Computation, 1999, 3(4): 257-271.

Sun Y N, Yen G G, Yi Z. IGD indicator-based
evolutionary algorithm for many-objective optimization
problems[J]. IEEE Transactions on Evolutionary
Computation, 2019, 23(2): 173-187.

Coello C A C, Cortés N C. Solving multiobjective
optimization problems using an artificial immune
system[J]. Genetic Programming and Evolvable
Machines, 2005, 6(2): 163-190.

Wang H D, Jin Y C, Yao X. Diversity assessment in
many-objective optimization[J]. IEEE Transactions on
Cybernetics, 2017, 47(6): 1510-1522.

Aggarwal C C, Hinneburg A, Keim D A. On the
surprising behavior of distance metrics in high
dimensional space[C]. Database Theory — ICDT 2001.
Berlin, Heidelberg: Springer, 2001: 420-434.

Wang H D, Jiao L C, Yao X. Two_Arch2: An improved

optimization[J]. IEEE Transactions on Evolutionary
Computation, 2015, 19(4): 524-541.

[23] Tian Y, Cheng R, Zhang X Y, et al. PlatEMO: A
MATLAB platform for evolutionary multi-objective
optimization[J]. IEEE Computational Intelligence
Magazine, 2017, 12(4): 73-87.

[24] Deb K, Thiele L, Laumanns M, et al. Scalable multi-
objective optimization test problems[C]. Proceedings of
the 2002 Congress on Evolutionary Computation. CEC’
02. Honolulu, 2002: 825-830.

[25] Huband S, Hingston P, Barone L, et al. A review of
multiobjective test problems and a scalable test problem
toolkit[J]. IEEE Transactions on Evolutionary
Computation, 2006, 10(5): 477-506.

[26] i&NE, £ . MaOEA/A2R: —Fh3ET A2R 256

RAIE YL HARE L BT, T 53], 2024, 52(8):
2758-2772.
Xie C W, Fu S W. MaOEA/A2R: A many-objective
evolutionary algorithm based on A2R dominance
relation[J]. Acta Electronica Sinica, 2024, 52(8): 2758-
2772.)

[27] Zhang Q, Yang N, Wu Y, et al. SEA: Many-objective
evolutionary algorithm with selection evolution
strategy[J]. Expert Systems with Applications, 2024,
252: 124226.

[28] Tian Y, Li X P, Ma H P, et al. Deep reinforcement
learning based adaptive operator selection for
evolutionary multi-objective optimization[J]. IEEE
Transactions on Emerging Topics in Computational
Intelligence, 2023, 7(4): 1051-1064.

[29] Zhu S W, Xu L H, Goodman E D, et al. A new many-
objective evolutionary algorithm based on generalized
Pareto dominance[J]. IEEE Transactions on Cybernetics,
2022, 52(8): 7776-7790.

[30] Wilcoxon F. Individual comparisons by ranking
methods[J]. Biometrics Bulletin, 1945, 1(6): 80.

[31] Chen H K, Tian Y, Pedrycz W, et al. Hyperplane
assisted evolutionary algorithm for many-objective
optimization problems[J]. IEEE Transactions on
Cybernetics, 2020, 50(7): 3367-3380.

[32] Tanabe R, Ishibuchi H. An easy-to-use real-world multi-
objective optimization problem suite[J]. Applied Soft
Computing, 2020, 89: 106078.

fE& BN

FRAERE (1984-), T3, BIFUR, 1+, 0I5 1R 9
T EFIHLES %2 ], E-mail: gzl@jxust.edu.cn;

AR (2000-), 5B, AR, FBERF ST AR AT
AIHLEE 2>, E-mail: 6120231201 @mail.jxust.edu.cn;

B kR (1975-), 59, #oz, Wi, FEF AT AR
BL%H B JUARN 5 31 5 % B8 1 5, E-mail: yanghuogen@126.

com.


https://doi.org/10.1007/s10489-020-01976-x
https://doi.org/10.1109/TEVC.2018.2866854
https://doi.org/10.1109/TEVC.2018.2866854
https://doi.org/10.1109/TCYB.2016.2638902
https://doi.org/10.1109/TEVC.2003.810758
https://doi.org/10.1109/TEVC.2003.810758
https://doi.org/10.1162/EVCO_a_00009
https://doi.org/10.1109/4235.797969
https://doi.org/10.1109/4235.797969
https://doi.org/10.1109/TEVC.2018.2791283
https://doi.org/10.1109/TEVC.2018.2791283
https://doi.org/10.1007/s10710-005-6164-x
https://doi.org/10.1007/s10710-005-6164-x
https://doi.org/10.1109/TCYB.2016.2550502
https://doi.org/10.1109/TCYB.2016.2550502
https://doi.org/10.1109/TEVC.2014.2350987
https://doi.org/10.1109/TEVC.2014.2350987
https://doi.org/10.1109/MCI.2017.2742868
https://doi.org/10.1109/MCI.2017.2742868
https://doi.org/10.1109/TEVC.2005.861417
https://doi.org/10.1109/TEVC.2005.861417
https://doi.org/10.1016/j.eswa.2024.124226
https://doi.org/10.1109/TETCI.2022.3146882
https://doi.org/10.1109/TETCI.2022.3146882
https://doi.org/10.1109/TETCI.2022.3146882
https://doi.org/10.1109/TCYB.2021.3051078
https://doi.org/10.2307/3001968
https://doi.org/10.1109/TCYB.2019.2899225
https://doi.org/10.1109/TCYB.2019.2899225
https://doi.org/10.1016/j.asoc.2020.106078
https://doi.org/10.1016/j.asoc.2020.106078
mailto:gzl@jxust.edu.cn
mailto:6120231201@mail.jxust.edu.cn
mailto:yanghuogen@126.com
mailto:yanghuogen@126.com

