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Improved atom search optimization by combining amplitude random
compensation and step size evolution mechanism
LIU Wei'*’, GUO Zhiqing"**, LIU Guangwei‘, JIN Bao'*’, WANG Dong"

(1. College of Science, Liaoning Technical University, Fuxin 123000, China; 2. Institute of Intelligent Engineering and Mathematics,
Liao ning Technical University, Fuxin 123000, China; 3. Institute of Intelligent Engineering and Methematics, Liaoning Technical
University, Fuxin 123000, China; 4. College of Mines, Liaoning Technical University, Fuxin 123000, China)

Abstract: The weak optimization accuracy of the atom search optimization algorithm can easily fall into a local extrem-
um owing to population diversity, parameter adaptability, and position dynamics. To overcome this challenge, we pro-
pose an improved ASO algorithm (IASO) by integrating chaos optimization, amplitude random compensation, and step
size evolution mechanism and successfully apply it to classification tasks. First, tent chaos is introduced to enhance the
distribution uniformity of atomic population in the search space. Then, an amplitude function is constructed to randomly
perturb the algorithm parameters, and the step evolution factor is added to update the atomic position to enhance the
globality and convergence of the algorithm. Finally, the improved algorithm is applied to the parameter optimization of
the error feedback BP neural network. Compared with the numerical calculations of six metaheuristic algorithms under
20 benchmark functions, the experimental results indicate that IASO not only shows a good optimization performance in
solving multidimensional benchmark functions but also a higher classification accuracy than two comparison al-
gorithms in optimizing the BP neural network parameters.

Keywords: meta-heuristics algorithms; atom search optimization; tent chaos optimization; amplitude random compensa-

tion; step size evolution mechanism; parameter optimization of BP neural network; classification; machine learning
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i=1
D
Quartic Sf5(x) = Z ix; +rand[0, 1) [-1.28,1.28] g 0
i=1
D
. _ 2 2 5
Rastrigin fol) = ) | = 10c0s(2m x) + 10] [5.025.02]  Zik 0
i=1
Ackle fr(x) = =20exp| 0.2 1 ZD: —exp lZD: cos(2m x;)|+20+e [-32,32] A 0
y 7 . n L n . i )
Griewank fs(x) = Z (x;— 100)” + ]_[ cos[2120) 11 [-600,600]  ZUE 0
4000 \/; ’
fo(x) = sin’(z w;) + Z (@; = 1)’ [1+ 10sin’(x w; + D] +
Levy =1 X [~10,10] L 0
(wp— 1P [14sin’Crwy|. w;=1+ x";
Weierstrass  fio(X) = Z [0.5 cos (2 3' (x, +0.5))| - DZ 0.5'cos (2n3'x05)  [-0.5,0.5] Lt 0
i=1

i=1

32 ARIERTE 30 4570 100 4 TR XTEE SLI8

D=30 4EFI1 D=100 4T 19 10 > FLAEI R pa K1 7005

HIIF IASO B L PERE, UL BOA, MFO.,  EXTHLLE: , XF LB RS EORE E SO 8RR L 3.1
MVO. SSA FIf&4: ASO VM scub vt FLEE, /ppixt 1o, 15 3 BARSI I g b 25 3 W3k 2 ik 3,

F2 6MEEX 10 N EERHHSIHERXTLLER (D=30)

Table 2 Comparison of the statistical indexes of ten benchmark functions via six algorithms (D=30)

LM rREL bR BOA MFO MVO SSA ASO IASO
Mean 1.70x10 1.60x10° 1.76x10 "' 9.46x10 2.05%10 > 0.00x10°
fi . _ § .
' Std 8.04x10 3.69x10° 4.90x10°° 1.90x10" 2.27x10 > 0.00x10°




#1716 Bk R & ¥ i * 608 *
&R 2
LR P st BOA MFO MVO SSA ASO IASO
Best 1.52x10 2.32x10"° 8.34x10 4.94x10"° 7.91x10 > 0.00x10°
Mean 9.72x10 3.21x10' 2.87x10 " 4.89x10 " 5.30x10 "' 1.54x10 ™
I3 Std 2.13x10 " 1.94x10' 8.36x10 6.06x10 " 6.86x10 "' 0.00x10°
Best 3.20x10 " 5.98x10° 1.67x10 " 6.71x10"° 7.91x10 > 4.88x10 "
Mean 1.71x10 " 1.48x10" 2.15x10' 4.23x10' 2.02x10° 0.00x10°
£ Std 9.37x10 '° 1.22x10" 1.01x10" 3.10x10' 1.29x10° 0.00x10°
Best 1.39x10 " 3.14x10° 6.47x10° 3.93x10° 1.96x10" 0.00x10°
Mean 0.00x10° 1.20x10° 6.30x10° 9.35x10’ 0.00x10° 0.00x10°
fi Std 0.00x10° 3.27x10° 3.26x10° 5.48x10° 0.00x10° 0.00x10°
Best 0.00x10° 0.00x10° 1.00x10° 1.00x10° 0.00x10° 0.00x10°
Mean 6.12x10 * 2.54x10" 1.45%10°° 5.44x10 ° 2.57x10°° 2.34x10°
£ Std 2.55x10 " 5.93x10° 7.14x10° 2.26x10 " 9.47x10 2.17x10°
Best 1.38x10" 2.18x10°° 5.98x10 1.41x10° 8.23x10 2.23x10°
Mean 3.92x10° 1.45%10° 1.12x10° 4.95x10' 2.86x10' 0.00x10°
£ Std 2.76x10" 3.54x10" 2.82x10" 1.50x10" 7.60x10° 0.00x10°
Best 0.00x10° 7.16x10" 5.48x10" 1.99x10" 1.19x10" 0.00x10°
Mean 1.13x10' 1.30x10' 6.05x10 ' 1.69x10° 3.21x10 7 2.24x10 °
£ Std 4.51x10' 8.53x10" 5.73x10 " 9.65x10 " 3.27x10 " 1.73x10 "
Best 0.00x10° 5.70x10 " 8.47x10 2.06x10° 9.21x10 "° 8.88x10 ¢
Mean 1.27x10 " 1.27x10' 4.47x10 " 1.10x10 ° 1.05x10°° 0.00x10°
fi Std 1.39x10 3.40x10" 9.99x10 ° 1.10x10 "~ 1.52x10°° 0.00x10°
Best 0.00x10° 8.06x10 ° 1.84x10 " 1.91x10°° 0.00x10° 0.00x10°
Mean 2.01x10° 2.65x10" 1.60x10' 5.23x10° 2.73x10°° 2.54x10
I Std 2.42x10 ' 9.74x10" 9.61x10’ 3.28x10’ 1.08x10 ' 2.11x10 '
Best 1.54x10° 3.27x10° 5.52x10 " 8.95x10 6.43x10 > 2.04x10°
Mean 1.42x10 ' 4.98x10" 9.53x10’ 1.12x10' 3.48x10 ° 0.00x10°
fo Std 1.42x10 7 3.00x10° 2.83x10° 3.28x10° 1.49x10°° 0.00x10°
Best 0.00x10° 1.25%10°° 4.88x10° 5.54x10° 1.09x10" 0.00x10°
F3 6 BRI 10 NEARBASITIEIRIT L4 R (D=100)
Table 3 Comparison of statistical indexes of 10 benchmark functions by six algorithms(D=100)
INEWEER ' ZAHEELD BOA MFO MVO SSA ASO IASO
Mean 1.77x10 " 2.72x10" 2.37x10" 8.12x10 1.63x10 " 0.00x10°
1 Std 9.07x10 ' 1.56x10" 3.59x10’ 8.85x10 7.41x10 " 0.00x10°
Best 1.55x10 " 1.93x10° 1.69x10" 4.68x10" 4.26x10"7 0.00x10°
Mean 6.02x10"™ 1.70x10° 9.21x10"% 1.31x10" 2.79x10° 0.00x10°
5 Std 2.87x10™ 4.52x10" 9.00x10"> 3.52x10° 2.22x10° 0.00x10°
Best 4.90x10"7 7.18x10" 2.42x10° 6.60x10° 4.52x10°° 0.00x10°




* 609 XU, 45 il AR B BEATL AN 5 2 A A AL A9 2k 7 1 R A 5k 55 3 4]

&gk3
HPENEE Al sty BOA MFO MVO SSA ASO IASO
Mean 1.77x10™ 1.75%10° 3.14x10" 2.01x10" 3.16x10" 0.00x10°
fi Std 1.17x10 7 5.90x10" 4.30x10° 1.03x10" 6.11x10° 0.00x10°
Best 1.42x10 " 8.40x10" 2.07x10" 6.97x10° 2.08x10" 0.00x10°
Mean 0.00x10’ 2.76x10" 1.46x10° 2.37x10° 3.76x10' 0.00x10°
fi Std 0.00x10° 1.28x10" 3.94x10" 7.99x10" 3.44x10" 0.00x10°
Best 0.00x10° 3.73x10° 6.30x10" 1.11x10° 4.00x10° 0.00x10°
Mean 5.84x10 * 1.30x10° 2.37x10 " 7.55x10 ' 3.53x10 ' 2.39x10°
£ Std 2.27x10°" 1.01x10° 5.17x10 " 1.75%10 " 9.39x10 ° 2.17x10°
Best 1.23x10°" 6.41x10° 1.30x10 " 4.86x10 " 1.80x10"" 5.07x10
Mean 0.00x10’ 7.14x10° 6.08x10° 1.35%10° 1.24x10° 0.00x10°
£ Std 0.00x10° 7.22x10' 7.21x10" 3.87x10" 1.73x10' 0.00x10°
Best 0.00x10° 5.86x10° 3.99x10° 5.47x10" 8.86x10' 0.00x10°
Mean 8.21x10 1.99x10' 5.57x10° 5.21x10° 1.33x10 3.77x10 °
£ Std 8.13x10 " 2.28x10" 5.55x10° 1.02x10° 5.28x10 " 1.40x10"
Best 0.00x10° 1.89x10" 2.47x10° 3.20x10° 5.08x10 8.88x10
Mean 1.10x10 " 2.68x10° 1.21x10° 1.13x10 " 4.09x10°° 0.00x10°
I Std 527x10 ° 1.34x10° 3.03x10 ° 3.44x10 ° 6.21x10 ° 0.00x10°
Best 8.88x10 ¢ 3.97x10' 1.15%10° 5.27x10 " 4.88x10 " 0.00x10°
Mean 9.10x10’ 1.81x10° 1.18x10° 1.70x10' 6.03x10° 9.12x10°
I Std 2.04x10" 4.71x10" 2.26x10" 6.15x10° 2.93x10° 1.53x10 "
Best 8.44x10° 1.10x10° 7.10x10" 3.52x10° 9.02x10 " 8.79x10°
Mean 1.14x10 " 5.93x10' 8.22x10' 6.22x10' 1.28x10' 0.00x10°
fio Std 5.60x10 ° 6.96x10° 7.64x10° 5.48x10° 2.91x10° 0.00x10°
Best 0.00x10° 4.38x10' 6.54x10" 4.50x10" 6.10x10° 0.00x10°
ME2MEITUER: SHMTHE ERE AEFN2REELE
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FHeERE

1) 7 [) 25 P e BB | 326 AR Uk BRI AH [ 4 B2
T, 6 0 f BRBCAD, TASO 7FHL 4 B v it ok B 1
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Bom R 2B T RAME, Bl S a R AT
IASO HA W 4F i+ B RCR M S fe J1 s Bk 7E
fPR %R I TASO 1) Best 81 Lt BOA 5k 2, {Hil
i X e Mean A1 Std P~ 4845 1T LA & B, TASO &
FRCEMEE T BOA, #t—5E T 1ASO Bk
R T S AR e M 5 W] A TASO TGI8 & 7 P& R
B ) & 20 bR (fs il fo) AR5
T 3N EMITTENEE, PR T IASO AU
ELAG R 1 SR 3R I A RE S RN SIORS B, T LS

2) TEAH [A) F e BRASE | 2R AR AR, (HAS [6] 119 4
BER, B 2 Fig 3 X L a] Al TASO 7E 30 4k Fll
100 47T X 10 /W0 R B S0 45 SR 0T b 35 22
SEBYOREAE (L), MHAR S5 XA RTE
100 4 5 isf 1) F-OE 68 1 BH 2. 55 F 30 4kt 9 S BE
77, 3% 3% B e i B vk A R A R B e I R A I AR
SEVEFNE A, UL TASO 75 itk w2 4 BE pR it
PP ZR M BE .

3) id A B 4 AR L T 0. oI SR TE 30 4
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Fig. 4 Logarithmic comparison curve of optimal fitness between IASO and five algorithms
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Table 4 Comparison of statistical indexes of ten mixed multi-dimensional benchmark functions by six algorithms

FEE R BRAEETD BOA MFO MVO SSA ASO IASO
Mean 1.00x10° 1.33x10° 9.98x10 ' 9.98x10 ' 1.03x10° 1.37x10°
£ Std 8.01x10° 1.05%10° 5.79x10 1.82x10 ' 1.81x10 " 5.11x10 '
Best 9.98x10 " 9.98x10 " 9.98x10 " 9.98x10 " 9.98x10 " 9.98x10 "
Mean 3.36x10 " 1.09x10 4.64x10° 9.11x10 " 8.42x10 " 4.54x10 "
£ Std 2.78x10° 4.29x10" 8.00x10 2.99x10 " 2.37x10 " 5.83x10
Best 3.09x10 5.78x10 3.08x10 " 3.58x10 " 6.33x10 " 3.07x10
Mean -1.37x10" ~1.03x10" ~1.03x10 ~1.03x10° ~1.03x10 ~1.03x10"
fis Std 1.35x10" 6.78x10 '° 4.47x10"° 9.67x10 6.65x10 ' 1.86x10 "
Best ~1.28x10’ ~1.03x10° ~1.03x10’ ~1.03x10’ ~1.03x10’ ~1.03x10°
Mean 3.99x10 ' 3.98x10 3.98x10 ' 3.98x10 ' 3.98x10 ' 4.01x10 '
fis Std 1.17x10"° 0.00x10’ 1.19x10" 1.63x10 0.00x10’ 3.59x10
Best 3.98x10 " 3.98x10 ' 3.98x10 " 3.98x10 " 3.98x10 " 3.98x10 '
Mean 3.02x10" 3.00x10" 3.00x10" 3.00x10" 3.00x10" 3.02x10"
fis Std 2.99x10 ° 8.77x10 ¢ 4.72x10" 433x10 " 7.69x10 ' 1.92x10°
Best 3.00x10° 3.00x10° 3.00x10° 3.00x10° 3.00x10° 3.00x10°
Mean -6.89x10" -3.86x10" -3.86x10 -3.86x10 -3.86x10 -3.86x10"
fie Std 6.65x10°  271x10 " 133x107 143x10 1 271x10 7 417x10°
Best ~4.00x10" -3.86x10° -3.86x10’ -3.86x10’ -3.86x10’ -3.86x10°
Mean —-2.76x10 -3.22x10" -3.26x10 —3.24x10 -3.32x10 -3.32x10"
£ Std 3.26x10 ° 4.99x10 ° 6.06x10 ° 5.73x10 1.34x10 " 8.60x10
Best -2.56x10" -3.32x10° -3.32x10’ -3.32x10’ -3.86x10’ -3.32x10°
Mean ~4.96x10 —6.73x10" —8.46x10 -8.81x10 -8.89x10” —4.77x10"
fis Std 5.88x10 ' 3.38x10° 2.43x10° 2.77x10° 2.36x10° 1.09x10°
Best ~6.96x10" ~1.02x10' ~1.02x10' ~1.02x10' ~1.02x10' -9.92x10’
Mean -5.16x10 —7.82x10" -8.58x10" -9.62x10" -9.07x10° —4.62x10"
fio Std 1.01x10° 3.50x10° 2.90x10° 2.07x10° 2.48x10° 3.79x10 '
Best -8.97x10’ ~1.04x10' ~1.04x10' ~1.04x10' ~1.04x10' -5.92x10°
Mean -5.18x10" -9.61x10" -9.46x10" —-9.21x10° -9.39x10” —4.74x10"
fo Std 9.63x10 " 2.44x10° 2.19x10° 2.75x10° 2.37x10° 4.53x10"
Best ~7.96x10" ~1.05x10' ~1.05x10' ~1.05x10" ~1.05x10' —6.23x10°
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Fig. 5 Logarithmic comparison curve of optimal fitness between IASO and five algorithms

3.4 Wilcoxon kA0 1&

100 Y 57 H0 52 52 90 1530 BT A (A0 A o 22
TEREAR b g 1 SO0, (BTN e I 1 530 vk
RRURABATEE R o B4 b PP Ak ik B0 i A vk
FA e M, Derrac % #2501 NIZ HEAT GE 1T 4G
5y, AN SR Wilcoxon Bk AIK B0 7E 5% 1Y i 21
KR HEATIRA 30 4EFN 100 48 F £ fil S
fos fuld SOR A ZYEJE fia « fia fis s fiss fo B9 TASO

A0 HAth 5845 B9 Wilcoxon Bk A1 36 3+ 5B 1 p
B filhn, & EH R TIASO, N 7E TASO vs.
ASO.T1ASO vs. BOA 2 i frlb#., £S5
N/A R AR F7, 2o A0 83 ] DLUFE Bk RIS 96
FRGHEIE S A BT A 5+ <=M
“=>43 9 F s TASO PEREAL T . 45 T FIAH 24 T Xt t
VR UG I p<0.05 BB 2 4 B AR
WA TRAERY, 2 5 AR LR FR p>0.05,

F5 HEREMWRRMERBMKQE pE
Table 5 p-value of the Wilcoxon rank-sum test of benchmark functions
—_— IASO vs. ASO IASO vs. BOA IASO vs. MFO IASO vs. MVO IASO vs. SSA
p-value win p-value win p-value win p-value win p-value win

£(304E) 5.20x10 " + 2.94x10 7+ 3.02x10 ' + 6.61x10 " + 1.22x10 2" +
£(304E) 1.71x10 >+ 9.55x10 ' — 5.70x10 " + N/A = N/A =
£(304) 3.86x10 7' + 7.23x10 "+ 4.09%10 ~ + 3.39x10 > 9.11x10 2 +
£(304E) 9.71x10 " + 7.98x10 ' + 1.51x10 7 + N/A = 1.22x10 % +
Fo(304) 6.59x10 " + 9.06x10 ' + 8.68x10 '* + 5.19x10 % 1.09x10 "' +
£,(1004E) 3.82x10 7 + N/A = 5.62x10 27 + 3.26x10 2.22x10 % +
£(1004) N/A = 8.42x10 * + N/A = N/A = N/A =
£,(1004E) 426x10 " + 5.44x10 ¥+ 3.94x10 " + 2.18x10 " 3.02¢10°" +
£(1004E) 6.84x10 7t + 5.75x10 7+ N/A = N/A = N/A =
£10(1004E) 2.57x10 7 + 4.80x10 "+ 2.61x10 > + 1.04x10 " + 1.36x10 °% +

fis 4.46x10 "+ 2.47x10 ' + 5.80x10 ' + 1.25%10 " + 5.68x10 " +
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gRs
W IASO vs. ASO IASO vs. BOA IASO vs. MFO IASO vs. MVO IASO vs. SSA
p-value win p-value win p-value win p-value win p-value win
fia 9.33x10 " + 1.37x10 %" + N/A = 6.06x10 " + 1.27x10 * +
fie 2.42x10°° + 1.25%10 7 + N/A = 2.61x10 " + 6.91x10 * +
fis 2.22x10 " + 2.17x10 2+ N/A = 8.63x10 "+ 3.39x10 ° +
fio 1.05%10 % + 2.77x10 " + N/A = 2.79%10 """ + N/A =
+/=/— 14/1/0 13/1/1 9/6/0 11/4/0 11/4/0
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Fig. 6 Running time comparison of different intelligent optimization algorithms
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