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Grey relation-based evolutionary algorithm with self-adaptive reference
vectors for many-objective optimization

ZENG Jun-chi, ZHANG Xin', QIAN Peng-jiang, FANG Wei
(School of Artificial Intelligence and Computer Science, Jiangnan University, Wuxi 214122, China)

Abstract: To address the challenges of maintaining solution diversity, insufficient convergence, and inadequate
adaptability to complex Pareto fronts in many-objective optimization problems, this paper proposes a grey relation-
based evolutionary algorithm with self-adaptive reference vectors. First, to balance the diversity and convergence, a
novel environmental selection strategy based on grey relational degree is proposed. This strategy employs grey
similitude relational degree to measure distribution differences of solutions in the objective space, and adopts grey
closeness relational degree to quantify the spatial distance between solutions and the ideal point. The former maintains
diversity, whereas the latter ensures convergence. Then, a reference vector adaptation strategy is developed to track the
topological evolution of complex Pareto fronts through dynamic insertion of new vectors and periodic deletion of
redundant vectors. Experimental results on 9 DTLZ benchmark problems and two real-world cases demonstrate that the
proposed algorithm significantly outperforms four other state-of-the-art algorithms in both convergence and diversity
metrics.

Keywords: many-objective optimization; grey similitude relational degree; grey closeness relational degree; self-
adaptive reference vector; diversity; convergence
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20: if mod (¢, (f, « tua) == 0) then

21: forj =1to|V,,,|do

22: if v, ; VGRS ] = O then

23: Vi = Vi \{v,; 15
24: end if
25: end for

26: if |V,,,| < N then
27 Vi < A RSO BRI B X R 2= 1A

i

28: endif
29: end if
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xR E41%

1910 B 45 R DL K (i e e v 775 “+7 20K

GREA-ARV T ZM T XL, 55 " KR

ZT RS, 755 =7 MR 5 0 SR S5 R A

<2 SHEEE 9 NEENRK LA LESHEEM IGD HESHREE

HEAEEE M GREA-ARV C-TAEA hpaEA CARV-MOEA SPARVEA
5 5.199¢-2 (1.45¢-3) 3.781e-1 (4.26e-2) + 2.430e-1 (1.31e-2) + 4.623¢-2 (1.82¢-3) — 2.011e-1(1.43e-2) +
DTLZI 10 1.292¢-1 (2.31e-3) 3.034e-1 (7.85¢-2) + 1.926¢-1 (2.21e-2) + 2.679%-1 (1.32e-2) + 1.014e-1 (3.54¢-3) =
15 2.318e-1 (4.64¢-2) 2.277¢-1 (3.49¢-2) = 2.896e-1 (2.24¢-2) + 2.012¢-1 (5.32e-2) = 2.895¢-1 (2.66¢-2) +
5 2.972¢-1 (5.40¢-3) 3.05le-1(7.50e-3) = 4.676¢-1 (2.98¢-2) + 2.185e-1 (3.55¢-3) — 4.070e-1 (1.15¢-1) +
DTLZ2 10 3.662e-1 (3.68¢-3) 4.942¢-1 (4.34¢-2) + 4.496e-1(9.02¢-3) + 5.462e-1 (4.05¢-3) + 4243e-1(7.91e-3) +
15 6.122¢-1 (4.11e-2) 7.015e-1 (2.83¢-1) + 6.955¢-1 (1.59¢-2) + 5.391e-1 (1.63¢-2) - 5.272¢-1 (2.73e-2) -
5 4.702¢-1 (3.53¢-2) 5.292e-1 (1.91e-1) + 5.065¢-1 (6.34¢-2) = 3.673¢-1 (3.75¢-2) - 4.328¢-1 (1.92e-2) =
DTLZ3 10 4.879¢-1 (4.34¢-3) 6.396e-1 (1.52¢-1) + 6.417¢-1 (1.56¢-1) + 6.968¢-1 (2.95¢-1) + 5.588¢-1 (6.93¢-2) +
15 6.237e-1 (3.99¢-2) 7.753¢-1 (5.39%-1) = 8.894e-1 (1.79-1) + 8.575e-1 (6.85¢-2) + 7.14le-1 (2.98¢-2) +
5 2.744¢-1 (5.45¢-3) 4.558e-1(1.03e-2) + 6.633¢-1 (3.19¢-2) + 4314e-1 (2.3%-1) + 6.292¢-1 (7.36¢-3) +
DTLZ4 10 3.177e-1 (2.28¢-3) 5.161e-1 (3.64e-2) + 7.019¢-1 (6.86¢-2) + 4811e-1(535e-2) + 6.884e-1 (2.33¢-2) +
15 4.993¢-1 (2.41e-2) 5.933¢-1 (2.16e-2) + 7.774e-1 (5.58¢-2) + 5.637e-1 (4.90e-2) + 8.055¢-1 (4.36e-2) +
5 2.046e-1 (4.18¢-2) 2.409¢-1 (4.21e-2) + 1.042¢-1 (8.91e-2) — 1.821e-1 (3.64¢-2) = 1.640e-1 (2.03¢-2) —
DTLZ5 10 1.873¢-1 (2.76¢-2) 2.753e-1 (4.34e-2) + 1.463¢-1 (5.52¢-2) — 4.745¢-1 (3.41e-2) + 1.861c-1 (3.56¢-2) ~
15 1.865¢-1 (4.21¢-2) 3.676e-1 (5.86e-2) + 1.920e-1 (5.21e-2) = 4.929e-1 (4.74e-2) + 2.196e-1 (5.20e-2) =
5 1.829¢-1 (3.97¢-2) 5.323e-1 (1.96e-2) + 2333e-1 (5.41e-2) + 2.427¢-1 (9.03¢-2) + 2.016e-1 (6.19¢-2) =
DTLZ6 10 3.009-1 (3.91e-2) 5.923¢-1 (2.10e-2) + 3.473¢-1 (5.81e-2) + 2.662e-1 (5.39¢-2) — 2.604e-1 (7.24¢-2) —
15 2.603¢-1 (6.61¢-2) 6.476e-1 (2.598e-2) +  3.516¢-1(1.815e-1)+  2.334e-1(8.08e-2) = 2.101e-1 (8.98¢-2) —
5 6.556e-1 (1.23¢-2) 7.212e-1 (2.07¢-2) + 1.235e+0 (1.97¢-1) + 9.320e-1 (5.16¢-2) + 9.122¢-1 (1.30e-1) +
DTLZ7 10 8.538e-1 (2.72¢-2) 9.928¢-1 (1.86¢-2) + 1.119e+0 (1.41e-1) + 1.565¢+0 (1.63e-1)+  1.180e+0 (2.99¢-1) +
15 3.867¢+0 (3.07¢-1) 3.548¢+0 (2.79¢-1) — 4.139¢+0 (8.61¢-1) = 5.959¢+0 (8.35¢-2)+  4.056e+0 (3.12¢-1) ~
5 5.832¢-2 (5.51¢-3) 4.448¢-1 (4.73¢-2) + 3.454¢-1 (1.51e-2) + 6.681e-2 (4.04¢-3) — 3.429¢-1 (2.75¢-2) +
SDTLZ1 10 3.084e-1 (6.56¢-3) 6.049¢-1 (4.97¢-2) + 5.659-1 (7.89¢-2) + 3.533¢-1 (2.78¢-2) = 3.828e-1 (2.24e-2) +
15 4.497¢-1 (3.50e-2) 6.869e-1 (5.02¢-2) + 6.163¢-1 (4.63¢-2) + 3.689¢-1 (6.72¢-2) — 3.882¢-1 (4.54¢-2) —
5 4.782¢-1 (2.35¢-2) 6.196e-1 (3.38¢-2) + 4.569¢-1 (5.56¢-2) = 3.815¢-1 (6.01¢-2) — 4.997¢-1 (1.92¢-1) =
IDTLZ2 10 3.887¢-1 (8.44¢-3) 6.506¢-1 (6.05¢-2) + 5.185¢-1 (8.24¢-3) + 5.977e-1 (4.45¢-2) + 7.110e-1 (1.34e-2) +
15 5.231e-1 (4.22¢-2) 8.137e-1 (1.09¢-1) + 6.875¢-1 (4.97¢-2) + 9.195¢-1 (4.78¢-2) + 8.878e-1 (5.08¢-2) +
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R3S MEBECEERNLIRLAROIE LTSHREN HY HESEE
S o 1] R GREA-ARV C-TAEA hpaEA CARV-MOEA SPARVEA
WRP 1.525¢+0 (4.435¢-3) 1.453¢+0 (6.267¢-3) 1.493¢+0 (8.260e-3) 1.504e+0 (4.953¢-3) 1.483e+0 (7.135e-3)
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KAV EUAS P45, Ak, 24 f 85T 0.1 J5, IGD $8t5#a T
PR, U B BB 22 ) 1) IS N R R A
$& PF IS AGARAE, 32— 390 f, A PR R B A

s

.

%4 GREA-ARV #EA[E f, THI IGD 1318

W f, =001 f =005 f =01 f =02 f =05
DTLZ1 1.516e-1 1.208e-1 1.014e-1 1.014e-1 1.011e-1
DTLZ2 4.035e-1 3.674e-1 3.662¢-1 3.660e-1 3.665¢e-1
DTLZ3 5.890e-1 5.713e-1 5.588e-1  5.591e-1 5.589¢-1
DTLZ4 3.327e-1 3.220e-1 3.177e-1 3.177e-1 3.177e-1
DTLZS5 3.279e-1 2.343e-1 1.873e-1 1.870e-1 1.869¢-1
DTLZ6 3.565¢-1 3.186e-1 3.009e-1 3.013e-1 3.010e-1
DTLZ7 1.104e+0 9.228e-1 8.538e-1  8.532e-1  8.537e-1
SDTLZ1 3.421e-1 3.201e-1 3.084e-1  3.088e-1  3.091e-1
IDTLZ2 4.715¢-1 3.899¢-1 3.887¢-1 3.883e-1 3.884e-1
IDTLZ2 4.715e-1 3.899¢-1 3.887e-1 3.883e-1 3.884e-1

4 & ®w

AHEH T —METKEKBKSSE R EHIE
MR HE ) 4 2 H bR A . AEM BRI SR B,
VER R VR A AL DG TR B S I B A B2 2% H b AT )
RN, S5 G K ST B S A A R R SRR
T8 I K 8 G IR B B B R e 3 N — AR A A
1E2 7% [v) & A B B, SR FH — Fh &5 & 3h 245 28 R0
SO ok F) T SRS, BTSRRI PF ) IE
ERAE ). LI A5 AR, BT EIRE SRS FE . 24
FRFE Je 52 2% PF 1& % 77 T 340 T HoAth 4 Ppoxt LL &
5. RRIHEF T 2% GREA-ARV g 2 K HIAH
2 B AR AL U, B SR T R AE = 4R A s A
B2 R R AR 2 P EOR R RE
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