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Function

Sphere: f(z) = Ex,z
i=1
Schwefel 2. 22: f,(x) = E |2, |+ 1 |z, |
i=1 i=1

Schwefel 1.2: f,(x) = 2 ( El‘j)z

i=1 j=1

4z i [l ELUREE]
Dim Range Optimal value
30 [ -100,100] 0
10 [ -10.10] 0
10 [ -100,100] 0
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gx1
Continued table 1
PRI E 1954 it Fl R AE
Function Dim Range Optimal value
Schwefel 2.21: f, (&) =max{| z, |1 <i<n) 10 [ -100,100] 0
n—1
Rosenbrock: f5(z) = > [100(x ., — 2% +(x; — D?] 10 [ -30.30] 0
i=1
Step: f;(2) = >, (x; +0.5)° 10 [ -100,100] 0
i=1
Quartic: f,(z) = > iz} +rand (0,1) 10 [-1.28,1.28] 0
i=1
Schwefel: fi(x) = >, [22sinC /T x, [)] 10 [ -500,500] ~418.983X n
i=1
Rastrigin: f,(z) = >, [2? — 10cos(2xz,) + 10] 10 [-5.12,5.12] 0
i=1
T . | o
Ackley: f,(x) = —20exp(—0. 2 /721‘; ) — exp(TECOSZmr,-) +20+e 10 [ -32.32] 0
Griewank: £, () = 1+ —— 3127 — [eos() 10 [-600,600] 0
riewank: f,(x) = 4000;:111- [ cos i s
. T . S p . 2
Penalized: f,(x) = 7{1051n(n’y1) + E (y; = D [1+10sin" (xy, D] +(y, — D"} +
. ! 10 [ -50.50] 0
Dlua;410,100.4)
i=1
n—1
Penalized2: f,,(x) = 0. 1sin*Brz ) + > (2, — D?[1+sin* Gz, + D]+ (2, — D? X
., =t 10 [ -50,50] 0
[1+sin®2re, )]+ D ula,.5,100,4)
i=1
1 25 2 1
Foxholes: f,, () = (500+ DICVESD HETEPILY 2 [ -65,65] 1
i=1 i=1
U 2,(b5 + b,
Kowalik: f;(x) = B 4 -5.5 0. 000 3
wa Sis( Z)] [al b,z +b,x, +I4:| L ]
Six-Hump Camel: f(z) = 4z’ — 2. 12} +%I§ +x,x, —dal + 4z} 2 [-5.5] -1.031 6
Branin: f;(z) = [1+(z, +x, + D (19— l4a, + 32} — 1z, + 62,2, +323)] X 9 f-2.2] 3
[30 +(2x, — 3x,)% X (18 — 32z, + 122} + 48z, — 36z, x, + 27x35)] ’
4 3
HartmanS:fls(z):*Zc,exp(Zau(rj*p”)z) 3 [0,1] -3.86
i=1 j=1
4 6
Hartman 6: f,(x) = — > c,exp( D a; (x; — p ) 4 [0.10] -10.153 2
i=1 ji=1
F2 HAERBHNIRER
Table 2 Experimental results of reference function
f #5§Fi Index  SCABOA BOA SCA SSA GWO cs SIBOA
f1(x)  Mean 0 1.3156e - 11 12.606 0 1.8770e—07  1.0907e— 27 10.802 3 1.28e - 166
Std 0 7.5462¢ 13 29.551 1 2.5680e- 07  1.3910e— 27 5.400 1 0
f2(x)  Mean 0 4.7102¢-09  9.9743e—10 0.045 4 6.5593¢ — 33 0.004 7 8. 80e— 77
Std 0 6.2189e- 10  2.1436e- 09 0.127 1 1.4601e - 32 0.001 8 3.68e— 76
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Continued table 2

! $84% Index  SCABOA BOA SCA SSA GWO CS SIBOA
fa(a) Mean 0 1.0717e—-11 0.005 7 3.7527e—-07 1.1882e—25 0.050 9 5.51le—162
Std 0 1.3529e—12 0.0155 1. 3493e - 06 3.3894e—-25 0.040 6 0
[ Mean 0 5.2398e - 09 0.001 2 2.3093e— 05 2.9657¢— 18 0.117 4 7.96e—179
Std 0 5.1966¢ - 10 0.002 5 9.6970e - 06 4.1874e-18 0.033 5 5.25e—178
[ Mean 1.3943e-16 8.9356 12.789 9 131.882 2 6.746 3 6.072 5 —
Std 2.9236e - 16 0.022 7 29.204 1 364. 401 3 0.672 6 2.136 5 —
fCa) Mean 4.2398e - 19 1.206 7 0.454 8 9.5161e - 10 0.008 1 1. 0815e — 05 —
Std 1.0047¢- 18 0.3319 0.180 6 3.6020e—10 0.044 4 5.5343e - 06 —
[ Mean 1.1994e - 04 0.001 6 0.002 8 0.013 1 6.7062¢ — 04 0.012 0 2.93e-5
Std 1.1309e - 04 6.1730e — 04 0.003 0 0.008 0 4.4036e - 04 0.005 2 3.52e-5
fs(a) Mean  —4.1898e+ 03 —2.1109e¢+03 —2.1777¢+03 —2.7982¢+03 —2.6908¢+03 —3.4475e¢+03 —
Std 3.7002e¢ - 12 192.375 7 147.098 6 305.023 1 390. 166 8 141.142 2 —
fola) Mean 0 32.432 5 0.032 8 15.786 7 0.170 0 12.632 1 0
Std 0 16.051 6 0.134 4 6.137 4 0.542 7 2.703 2 0
fro() Mean 8.8818e - 16 2.4744¢- 09 2.4526e - 06 0.652 7 7.0462e¢ - 15 0.602 5 8.8818¢ - 16
Std 2.0059% - 31 1. 0478e - 09 5.6780e — 06 0.946 5 1.5979e—-15 0.521 0 2.0059e - 31
S Mean 0 1.5542e—-13 0.069 4 0.2153 0.020 4 0.080 6 0
Std 0 8.7604e— 14 0.125 2 0.112 7 0.016 8 0.018 7 0
S () Mean 4.2735e-19 0.109 7 0.1158 1.418 1 0.004 6 0.009 5 —
Std 7.9882¢ - 19 0.068 0 0.049 7 1.296 1 0.008 5 0.0111 —
[ () Mean 1.1956e - 18 0.453 1 0.348 4 0.003 6 0.027 6 2.0490e - 04 —
Std 1.6505¢- 18 0.170 2 0.080 3 0.005 9 0.044 1 1. 7105e - 04 —
[ () Mean 0.998 0 1.343 6 1.861 3 1.163 4 4.815 4 0.998 0 —
Std 6.7752¢ - 16 0.588 3 0.997 0 0.526 6 4.343 6 6.7752¢ - 16 —
S5 () Mean 4.0633e - 04 3.8517e - 04 9.4201e - 04 0.002 2 0.004 4 4.2505e - 04 —
Std 1.0742e - 04 5.5869e- 05 3.6319e — 04 0.005 0 0.008 1 8.9601e - 05 —
fre () Mean -1.031 4 -1.0315 -1.0316 -1.0316 -1.0316 -1.0316 —
Std 3.7443e - 04 1.4595e — 04 4.1014e - 05 0 3.4575¢—-08 0 —
S () Mean 3.260 3 3.113 4 3.000 0 3 3.000 0 3 —
Std 2.224 9 0.178 3 2.9964e - 05 0 3.8635e - 05 0 —
S Mean -3.769 3 -3.8380 —3.856 0 -3.8628 —-3.861 4 -3.862 8 —
Std 0.081 6 0.027 7 0.003 4 1.3550e-15 0.002 0 1.3550e-15 —
[ () Mean -10.153 2 -5.354 4 —2.411 4 -6.7319 =9.4779 -10.153 2 —
Std 1.8067e¢ - 15 0.914 5 1.948 9 3.564 3 1.746 8 7.6489¢ - 07 —

H 2 2 %5 3 — 8 F [ A1, SCABOA R (1) 19 4~
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Butterfly Optimization Algorithm Based on Sine Cosine Algo-

rithm

ZHENG Hongqing' , FENG Wenjian®,ZHOU Yongquan®

(1. College of Information Engineering, Guangxi University of Foreign Languages, Nanning, Guangxi, 530222, China; 2. Liuzhou

Railway Vocational Technical College, Liuzhou, Guangxi,545616,China;3. College of Artificial Intelligence,Guangxi University for

Nationnalities, Nanning , Guangxi, 530006 , China)

Abstract: Aiming at the defects of the butterfly optimization algorithm,such as slow convergence speed, poor

searching precision and easy to fall into local optimum,a butterfly optimization algorithm based on sine cosine
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algorithm is proposed. Firstly,a nonlinear adaptive factor is introduced into the self-cognition part of butter-
fly. Secondly, the calculation formula of fragrance concentration is redefined. Finally, the improved sine and
cosine algorithm is introduced in the local search stage. By testing 19 benchmark functions,the experimental
results show that the proposed algorithm is superior to Butterfly Optimization Algorithm (BOA), Sine Co-
sine Algorithm (SCA),Salp Swarm Algorithm (SSA),Grey Wolf Optimizer (GWO) and Cuckoo Search Al-
gorithm (CS) in terms of convergence speed,optimization accuracy and robustness. Compared with other im-
proved butterfly optimization algorithms,it also has some advantages in optimization accuracy.

Key words: sine cosine algorithm,function optimization, butterfly optimization algorithm,convergence factor,

self-adaption

ST Bl

M MEAXSRBEEE
T Bt %% 07712503923
o HBFE : gxkx@gxas. cn
L BB RS ML hitp://gxkx. ijournal. en/gxkx/ch




