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Elite Opposition-based Golden-Sine Tunicate Swarm Algorithm
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[ Abstract] In order to solve the problems of low convergence accuracy and insufficient optimization performance of the Tunicate
Swarm Algorithm, Elite opposition—based Golden—Sine Tunicate Swarm Algorithm is proposed. By improving the diversity and
quality of the population, the algorithm improves the convergence speed and optimization accuracy of the algorithm. Through the
optimization experiments of 10 basic test functions, and compared with the single strategy improved algorithm, the results show that
the Elite opposition—based Golden—Sine Tunicate Swarm Algorithm has better optimization ability, which verifies the effectiveness
of the optimization method. The improved algorithm is further applied to solve high-dimensional problems, and the experimental
results also show that it has good optimization performance, and the improvement effect of the algorithm is obvious.
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*1 NMEHBEEKEE Tab. 2 Experimental results of test function
Tab. 1 Test functions and information PR ok FSRIEE SEP{HE bR
B HCA R MR WE R /i TSA 3.42E-24  1.82E-21  4.29E-21
7 Sphere Model 30 [-100.100] 0 Golden-STSA ~ 9.16E-256  3.39E-182 0
f Schwefel sproblem 222 30 [-10.10] 0 ETSA 8.87E-223  1.27E-107  6.97E-107
/s Schwefel ” sproblem 1.2 30 [-100,100] 0 EGolden=STSA 0 3.32E-272 0
fa Schwefel” sproblem 2.21 30 [-100,100] 0 f TSA LISE-14 1.36E-13  2.30E-13
/s Generalized Rosenbrock’ function 30 [-30,30] 0 Golden-STSA  9.79E-126  5.85E-97  3.14E-96
P Step function 30 [-100,100] 0 ETSA 1.9E-108  3.28E-34  1.80E-33
/ Quartic fanction 30 [-128.128] 0 EGolden-STSA  2.61E-192  1.5IE-119  8.31E-119
i Powell function 30 [-45] 0 i TSA 494E-09  1.46E-3  5.20E-3
5 Sum Squares function 30 [-10,10] 0 Golden-STSA  2.16E-155  2.41E-101  1.32E-100
fio Generalized Penalized function 30  [-50,50] 0 ETSA 1.97E-44  7.35E-06  3.93E-05
EGolden-STSA  5.55E-287  2.21E-166 0
33 LREESH fi TSA 1.59E-2  3.86E-1  4.95E-1
T IRTERT ETSA B Mok 1A kv 5 4 Fpk: Golden-STSA ~ 5.03E-124  3.46E-88  1.89E-87
TEAEANIIRR PR 1B 32T 30 Y, 2 G T2 Ji ETSA 6.41E-104  2.55E-67  1.38E-66
30 Y Mt 37 3E 47 J5, TSA . Golden — STSA . ETSA #l1 EGolden-STSA  3.12E-186  7.02E-122  3.84E-121
EGolden—STSA 1 52 3 28 5 (e AUAE V- X8 b 1 f5 TSA 260841 2.84E+1  9.29F-1
%), Golden-STSA  2.58E+1  2.71E+1  9.96E-1
2 2 B 40, 78 Bt 3% 032 pR 23X, EGolden — ETSA 1.21E-07 2.46E-4 4.38E-4
STSA B FIEEE 1B BAL TR A B B 5 iR ng EGolden-STSA  3.43E-09 1.29E-4 1.88E-4
Bk PRELS s s PT LA B R SR ERAUE 0, H L Jo TSA 5.99E-09 1.21 1.88
MR RE X TFHE MK KL, EGolden—STSA 5k Golden—STSA  5.99E-09 5.96 1.20
TERCR EO R IR AOCH a0, X T eR A £ X4~ ETSA 218E-09  1.41E-4  2.98E-4
BOMERR B B 0 (E 0 PR el B, X HE e A R EGolden-STSA  1.06E-11  1.41E-4  2.98E-4
HAPAEEESET T 10 D=, BURBS ok f5 1Y f TSA 425E-3  938E-3  3.56E-3
LS RCR i — 4T, 38 R )z, Golden-STSA  1.32E-05  3.26E-4  3.74E-4
YT eRE £, — 2B R, Bk M ETSA 3.14E-05  5.07E-4  5.15E-4
IR R AE ST, EGolden—STSA 5.3 5 ETSA Bk - EGolden-STSA  6.11E-06  1.81E-4  2.20E-4
R R B R AT, 75 TR B AR AE 77 1T, EGolden — fi TSA 4.49E-06  5.24E-4  7.35E-4
STSA F:ms L, H EGolden—STSA 53k bR ifE 22 Golden-STSA ~ 6.47E-251  2.64E-65  1.44E—64
PLFHE 3 FhEE | Ui A o 10 1 AR Y ETSA LI9E-74  2.19E-05  9.09E-05
FEVE, BRI, DL BRI EGolden—STSA EGolden-STSA 0 4.55E-192 0
(AR T L BEIL T TSA (ETSA il Golden—STSA o TSA 3.41E-25  2.32E-22  3.87E-22
S 7 T N a5 7 S AW ES G LA NS BN 7N Golden-STSA ~ 8.21E-248  2.35E-167 0
PRSI SAL 2 FT A, ﬂlﬁ%ﬁ?ﬁfﬂ&(ﬁﬁggﬁ?iﬁﬁﬁﬁ ETSA 2.88E-203 4.87E-114  2.67E-113
AT, SEe T TSA B0k FU0RE BEA i A Bk EGolden—STSA 0 | 665265 0
BRACS, o oo, WIEDULEE 7R 1 BB ) Y EGOlde“_ S0 TSA 3.9E-1 8.84 470
STSA FEMCSIHRE 1 () 5 T, S Dl Ay e sl ) e LA Golden-STSA  8.24E-3  LO2E-1  7.68E-2
ik THEEHEERE, S8 KE, &L ETSA L7711 A8E-07  9.65E-07
HERY EGolden—STSASIIAAE 45y ] LA AT T 42k ) EGolden-STSA  5.34E-12  2.01E-07  2.86E-07
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Tab. 3 Experimental results of solving high—dimensional functions

EGolden—STSA

#efE d = 500 YEfE d = 1000

e RE PHIRE R brifE 2 A E YNGR bR
N 0 7.08E-265 0 0 3.33E-249 0
/s 5.40E-191 5.43E-106 2.97E-105 3.88E-176 8.73E-100 4.786-99
f 1.84E-221 6.92E-76 3.02E-75 1.58E-184 1.70E-42 9.34E-42
fa 2.21E-191 6.95E-120 3.29E-119 2.48E-178 7.86E-129 4.30E-128
fs 1.99E-06 16.47 90.18 1.94E-07 98.90 301.74
fe 1.27E-08 3.21E-05 7.12E-05 7.10E-07 7.53E-05 1.21E-4
fy 3.53E-06 2.08E-4 2.79E-4 5.54E-06 1.56E-4 1.69E-4
fs 0 2.38E-221 0 0 1.31E-264 0
fo 0 9.03E-241 0 0 7.37E-208 0
o 1.20E-11 6.61E-08 1.70E-07 3.05E-11 1.57E-07 4.31E-07
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