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Abstract: Aiming at the problems of empirical parameter setting, insufficient population diversity, and
weak searchability of the multi-objective whale optimization algorithm for solving the weapon target alloca-
tion problem, an adaptive tabu search multi-objective whale optimization algorithm was proposed. Firstly,
adaptive grid partitioning and external archiving adjustment strategies were adopted to allow the grid and
archive sizes to be automatically adjusted based on population distribution and diversity changes. Second-
ly, a dynamic roulette wheel selection method was designed to control the generation of global optimal in-
dividuals, thereby enhancing diversity and uniformity of population distribution. Additionally, the tabu
list and neighborhood search strategies from the tabu search algorithm were introduced to expand the pop-
ulation’s exploration capability in new areas. Simulation experiment results demonstrated that the pro-
posed algorithm exhibited superior population distribution and solution set diversity along with faster-sol-
ving efficiency, effectively improved quality of the solution set, and could better solve the multi-objective
weapon allocation optimization problems.
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Table 1 Experimental data with different WTA scenarios
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Figure 1 Comparison of true front coverage rate of different meshing numbers

K1 s, AR R4 B 92 0k 22 A A a0 Ak
LROR AR WTA [n) 81 M B8 A7 78 5% W, SR kG &
R S W B s R A 11 o G A = W 4 < ]
P A 4] 43 K50 fig T B0 23 (B AR B O 2 (A5 5k
i LLAE JRy 38 2 18] o R A8 2R AT 5% i 4 ) e fL i
4R, ML, 358 R B A Sl o 0T BE 2 16 i &R
23 (B B 4 B AR I RIS F iz i
O RECR T M, B2 G AR B

2) AN TRVAEAY IR 45 S 43 A

Sk B8 UE B A fit P b 55 A R e 2 B AR LAk )
S B RS R AR X SR AR WTA [R) 55 4 52 | & 6 A [
A E AR BUAR T (8 A1 358 77 A4 BB /N 2E 47 il 57 52
¥, BB RN 100, AN AE RS BLAR A 50,100,
150,200, £ 5 56 H XF AN [5] S0 350 47 R4 BLAR BT oK f# 3]
AR T K MOWOA , 7, Hoh T /8 S A7
RIFLAE K /N (T=50,100,150,200) o A [6) 77 A4 0 A5
) S 56 238 SR X FE L3R 2,

2 BN fERY A R R/NRE R i 45 R A A B

ERCM AT RO WTA (0] &8, S A7 44 25
] 45870, D) 25 phy A7 A% 25 i) BR 4 JC v R A7 5 2 00 i
fiff, B ME DL AR IO 35 SRV R AR L AR X
ANEIRR Y WTA () 0, G 535 B A A7 A 2 ) 48 K (A
150 1 200) B, 58035 (9 2R A 68 1 90K W 4 7, B i
23[R A AR Sl C B30 9% A 8 R g nst Al PRt
NGB & N YR R Rl IO NI OF 78R R A= RN O
fiff Jo B HLAT AR R

3) T il S B K 5 b A A SRR X E A B

Ry B AIE 45 3B 43 O s 1 A R R T R e it
FEWE R %L B gy AT X e . AF AN A 5K
W& 2H 5 75 22 R i ] MOWOA 26 715 Jit A figi fn {1 1k 3
B, MOWOA , KRk B i N A% K] 73 5 i
A IE AP AERY T R R W R 22 J A e A 0E kil
FH MOWOA ., 37K 1A 3 B P9 A% Rl 43 SR m | Pl 3k
JOE A7 ] R R s N B A e R I R R R N Y £ H
o f58 £ B

A, N IR E F I O A% ) SR R 3 I A



552 4 FRE FATOALERRERZ S ORBELZNXERAIFS AR 61
R2 FAEFEHMENIEERITL
Table 2 Comparison of experimental results for different archive sizes
- 5 C-metric IGD Spacing ETT
1 b 2 ¥ b 1 pee MRS
MOWOA,, 2. 663E-01 1.260E-02  9.852E-02  7.150E-04  9.069E+00  7.337E-02 5.07
MOWOA,,, 3.210E-01 1.854E-02  8.917E-02  6.629E-04  8.602E+00 1. 029E-01 7.91
W4T MOWOA , 2. 852E-01 1.170E-02  8.691E-02  4.520E-04  8.716E+00 1. 190E-01 10.76
MOWOA,,, 2.978E-01 1.573E-02  9.492E-02  8.040E-04 8.710E+00 7.512E-02 13.58
MOWOA,, 3.956E-01 9.477E-03  9.170E-02  6.260E-04  9.763E+00 1.315E-01 5.11
AW.ST MOWOA ,, 4. 334E-01 1.203E-02  8.316E-02  4.280E-04  9.641E+00 9. 088E-02 7.96
MOWOA 4.258E-01 1.308E-02  9.784E-02 1.772E-03 9. 648E+00 1. 060E-01 10. 74
MOWOA,,,  4.169E-01 1.601E-02  8.981E-02 1.093E-03  9.741E+00 1.431E-01 13.65
MOWOA,, 1. 039E-01 1. 966E-03 1. 856E-01 6. 802E-03 1. 255E+01 8.334E-02 5.41
MOWOA , 1. 549E-01 4.325E-03 1.537E-01 7.447E-03 1. 180E+01 1. 823E-01 8.28
oW-5T MOWOA , 1.488E-01 1.091E-03 1.978E-01 3.659E-03 1.165E+01 2. 025E-01 11. 10
MOWOA,,, 1. 632E-01  2.289E-03 1. 476E-01 2.916E-03 1. 168E+01 2.996E-01 13.77
MOWOA,, 7.450E-02 1.230E-04  2.545E-01 2.063E-03 1.266E+01 1. 072E-01 5.53
CW-6T MOWOA 9.947E-02  7.280E-04  2.253E-01 2.243E-03 1.206E+01 1.531E-01 8.40
MOWOA , 9.633E-02  4.842E-04  2.284E-01 1.878E-03 1. 198E+01 2.227E-01 11.21
MOWOA,,, 1. 050E-01 4.719E-04  2.148E-01 4. 180E-03 1. 194E+01 1. 747E-01 13. 89
MOWOA,, 4.738E-02  3.960E-04  5.441E-01 8.778E-03 1.972E+01 1. 627E+00 5.81
MOWOA 8.060E-02  4.845E-04  4.297E-01 8.246E-03 1.979E+01 1. 059E+00 8. 60
TW-TT MOWOA,,, 7.655E-02  6.172E-04  3.919E-01 7.643E-03 1.976E+01 8. 804E-01 11.26
MOWOA,,, 8.444E-02 3.701E-04  3.645E-01  6.824E-03 1. 938E+01 8. 603E-01 13. 68
MOWOA,, 4.832E-02  2.150E-04  6.191E-01 5.143E-03  2.299E+01 9.233E-01 6.08
—— MOWOA 6.573E-02 1.441E-04  4.542E-01 1.473E-02  2.362E+01 4.877E-01 8. 87
MOWOA , 7.067E-02  7.344E-05  4.385E-01 6.767E-03  2.338E+01 4.304E-01 11. 46
MOWOA,,, 7.594E-02 9.110E-05  4.255E-01 1.001E-02  2.244E+01  6.841E-01 13.85
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Table 3 Comparison of experimental results of ablation experiments and other optimization algorithms
- . C-metric IGD Spacing @ﬁ?
i bR e i b 22 i bz P
MOWOA 2.978E-01 1.573E-02 9.492E-02 8.040E-04 8.710E+00 7.512E-02 13.58
MOWOA , 3.057E-01 1.853E-02 9.018E-02 3.905E-04 8.784E+00 9.769E-02 5.02
AW AT MOWOA ,,, 4.608E-01 2.687E-02 6.629E-02 4.191E-04 8.540E+00 2.095E-01 5.12
NSGA-1I 6.312E-01 5.190E-05 6.027E-01 9.250E-04 7.337E+00 3.872E-01 8.95
MOPSO 6.462E-01 8.488E-03 7.522E-02 1.187 E-03 7.701E+00 1.975E-01 9.33
A-TSMOWOA 6.066E-01 3.271E-02 5.364E-02 5.060E-04 8.470E+00 2.028E-01 4. 86
MOWOA 4.169E-01 1.601E-02 8.981E-02 1.093E-03 9.741E+00 1.431E-01 13.65
MOWOA 4.707E-01 1.109E-02 8.774E-02 8.494E-04 9.675E+00 1.347E-01 5.62
AWST MOWOA, ; 5.307E-01 1.109E-02 5.724E-02 3.674E-04 9.528E+00 1.731E-01 5.75
NSGA-1I 6. 154E-01 5.423E-05 6.924E-01 4.290E-04 8.111E+00 1.474E-01 9. 60
MOPSO 6.378E-01 1.537E-02 9.311E-02 3.922E-03 9.013E+00 4.205E-01 10. 34
A-TSMOWOA 6.218E-01 1.899E-02 5.316E-02 3.750E-04 9.591E+00 1.466E-01 4.70
MOWOA 1.632E-01  2.289E-03 1.476E-01 2.916E-03 1.168E+01 2.996E-01 13.77
MOWOA , 1.541E-01 2.587E-03 1.471E-01 5.926E-03 1.181E+01 3.437E-01 7.11
p— MOWOA , ., 1.581E-01 2.587E-03 1.100E-01 2.468K-03 1.161E+01 2.202E-01 7.26
NSGA-TI 2.053E-01 2.857E-04 1.283E+00 5.760E-03 8.232E+00 6.349E-01 10. 02
MOPSO 1.346E-01 3.456E-03 1.681E-01 1.410E-03 1.058E+01 3.655E-01 11.59
A-TSMOWOA 2.426E-01 1.395E-02 1.069E-01 2.330E-03 1.159E+01 3.347E-01 6. 27
MOWOA 1.050E-01 4.719E-04 2.148E-01 4.180E-03 1.194E+01 1.747E-01 13. 89
MOWOA , 1.192E-01  7.232E-04 2.313E-01 1.844E-03 1.236E+01 1.524E-01 7.39
p—_— MOWOA ,,, 1.247E-01 1.781E-03 1.242E-01 1.949E-03 1. 160E+01 1.474E-01 7.63
NSGA-1I 1.535E-01 3.315E-04 7.072E-01 6.322E-03 9.441E+00 1.088E+00 10. 57
MOPSO 8.205E-02 2.964E-03 1.846E-01 3.414E-03 1.085E+01 5.832E-01 11.22
A-TSMOWOA 1.592E-01 7.230E-04 1.358E-01 1.772E-03 1.154E+01 5.423E-02 6.50
MOWOA 8.444E-02 3.701E-04 3.645E-01 6.824E-03 1.938E+01 8.603E-01 13. 68
MOWOA , 7.554E-02 2.862E-04 3.891E-01 6.137E-03 1.902E+01 4.138E-01 7.06
W T MOWOA ., 9.048E-02 4.522E-03 2.431E-01 4.881E-03 1.867E+01 7.355E-01 7.32
NSGA-TI 1.613E-02 2.340E-05 1.396E+00 5.532E-03 1.315E+01 1. 156E+00 11.67
MOPSO 3.853E-02 1.368E-03 3.723E-01 8.977E-03 1.705E+01 2.065E+00 12. 40
A-TSMOWOA 1. 113E-01  4.522E-03 2.231E-01 4.881E-03 1.864E+01 7.355E-01 6.79
MOWOA 7.594E-02 9.110E-05 4.255E-01 1.001E-02 2.244E+01 6.841E-01 13.85
MOWOA , 6.984E-02 6.450E-05 4.237E-01 5.140E-03 2.281E+01 9.956E-01 7.68
—_— MOWOA ,,, 7.110E-02  4.230E-04 3.001E-01 2.079E-03 2.190E+01 7.217E-01 8. 19
NSGA-TI 0. 000E+00  0.000E+00 2.785E+00 3.091E-02 2.342E+01 4.302E+00 14.15
MOPSO 2.474E-02 3.038E-03 6.128E-01 2.886E-02 2.487E+01 2.854E+00 15.26
A-TSMOWOA 8.937E-02 8. 140E-04 2.890E-01 2.276E-03 2.188E+01 9.956E-01 7. 46
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