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Multi-chaotic sparrow search algorithm based on learning mechanism
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Abstract: To solve the shortcomings of sparrow search algorithm (SSA),such as falling into local extremum easily influ-
enced by initial solution and slow convergence in late iteration, a multi-chaotic Sparrow search algorithm (MMCSSA)
based on learning mechanism was proposed. Firstly, the centroid opposition-based learning strategy(COBL) is introduced
to generate elite population to enhance the exploration of multi-source high-quality search areas, and then the local ex-
treme escape ability and convergence performance of the algorithm are improved. Secondly, a scaled golden sine algo-
rithm is proposed and embedded in SSA to improve the guidance search mode and enhance the global search ability of the
algorithm. Thirdly, a multi-chaos mapping strategy based on learning mechanism is proposed, which utilizes the charac-
teristics of multi-chaos and multi-disturbance, and enforces the algorithm with different disturbance features by dynami-
cally calling different chaotic maps. When chaotic perturbation fails, gaussian mutation strategy is introduced to deeply
develop the current solution. The two strategies cooperate and promote each other, greatly enhancing the ability of the
algorithm to escape the local optimal. Finally, the proposed algorithm is applied to 12 benchmark functions with different
characteristics, and the results show that compared with other algorithms, MMCSSA has better performance in conver-
gence accuracy, optimization speed and robustness.

Key words: Sparrow search algorithm; Golden sine algorithm; Gauss mutation; Multiple chaotic learning mechanisms;
Center of gravity reverse learning strategy
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Fig.5 Initial probability roulette
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Table 1 Benchmark function
F1 HAENNREL
The serial Function name Domain Optimal
number value
fl Bent Cigar [-10,10] 0
2 Sum of Different Power [-100,100] 0
3 Zakharov [-5,10] 0
f4 Rosenbrock’s [-10,10] 0
5 Rastrigin’s [-5.12,5.12] 0
6 Levy [-10,10] 0
7 Ackley’s [-32,32] 0
8 Griewank’s [-600,600] 0
f9 Katsuura [-32,32] 0
f10 Schaffer's F7 [-10,10] 0
f11 Schwefel 2.26 [-500,500] -418.9d
f12 HappyCat [-600,600] 0
32 ffELHSHRE

RRAESZE AN, BT A AR YR AR R S5k
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MCSSA 1, ZAE&E ZREE, ZIRMEMGIRIE%>  HSCI7E Windows10 #2/E &R S, MATLAB R2019B
JFR A E R S0 REA RAEMIRAIRCR . Al (i Fa NikT, BFEEMLLETT 30 1K,
Table 2 Function test results
=2 BREONIALS

Dim=30 Dim=50 Dim=100
Modal ~ Function  Algorithm Average Standard Average  Standard  Average Standard
value deviation value deviation value deviation
GWO 1.37E+10 1.37E+10 1.33E+10 1.33E+10 4.43E+10 1.45E+10
SSA 1.37E-26 1.37E-26 6.22E-31 6.22E-31 1.64E-27 4.91E-27
fl CSSA 4.09E-233 0.00E+00 1.51E-230 0.00E+00 2.54E-229 0.00E+00
ISSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
MMCSSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
GWO 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
SSA 8.53E-259 0.00E+00 1.48E-259 0.00E+00  3.40E-262 0.00E+00
f2 CSSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
ISSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00
Unimodal MMCSSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00
GWO 4.41E+02 3.56E+02 5.51E+02 3.99E+02  6.52E+01 3.30E+01
SSA 3.95E-18 2.71E-30 1.30E-57 2.61E-57 6.74E-53 1.35E-52
f3 CSSA 6.94E-35 0.00E+00 3.37E-76 0.00E+00 8.34E-93 0.00E+00
ISSA 1.50E-285 0.00E+00 5.40E-319 0.00E+00  0.00E+00 0.00E+00
MMCSSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
GWO 1.04E+08 3.96E+07 4.74E+08 6.61E+07 7.81E+07 3.25E+07
SSA 3.07E-05 6.02E-05 5.23E-05 1.02E-04 2.80E-03 5.29E-03
f4 CSSA 3.38E-06 3.32E-06 5.66E-05 4.82E-05 1.95E-04 2.55E-04
ISSA 6.41E-06 4.21E-06 3.55E-05 3.75E-05 1.34E-04 1.85E-04
MMCSSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00
GWO 1.74E+00 2.63E+00 471E+00 9.43E+00 9.80E+00 1.96E+00
SSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
5 CSSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
ISSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
MMCSSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00
GWO 9.71E-01 2.43E-01 2.39E+00 2.38E-01 5.02E+00 3.25E-01
SSA 4.85E-08 5.41E-08 1.74E-07 2.28E-07 9.22E-07 1.69E-06
6 CSSA 1.32E-07 1.17E-07 1.28E-07 2.45E-07 8.84E-08 9.29E-08
ISSA 1.87E-08 3.82E-08 3.15E-08 4.67E-08 1.57E-07 2.49E-07
MMCSSA 1.29E-12 1.29E-12 1.51E-12 2.76E-12 4.30E-12 6.88E-12
GWO 5.86E-15 1.74E-15 3.14E-15 7.34E-15 4.35E-15 0.00E+00
SSA 8.88E-16 0.00E+00 8.88E-16 0.00E+00 8.88E-16 0.00E+00
7 CSSA 8.88E-16 0.00E+00 -8.88E-16  0.00E+00 -8.88E-16 0.00E+00
ISSA 8.88E-16 0.00E+00 -8.88E-16  0.00E+00  -8.88E-16 0.00E+00
MMCSSA 8.88E-16 0.00E+00 8.88E-16 0.00E+00 -8.88E-16 0.00E+00
GWO 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
SSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
Multi- 8 CSSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
modal ISSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
MMCSSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00
GWO 3.78E-11 2.93E-12 2.75E-11 1.02E-12 1.88E-11 5.28E-13
SSA 2.87E-12 4.81E-12 2.17E-13 4.33E-13 2.91E-13 5.82E-13
f9 CSSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
ISSA 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
MMCSSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00
GWO 5.03E-01 6.15E-01 8.64E-01 3.23E-01 5.70E-01 2.22E-01
SSA 3.38E-14 1.01E-13 4.33E-14 8.66E-14 6.13E-14 1.23E-14
f10 CSSA 2.45E-16 7.31E-16 2.56E-16 1.34E-16 1.15E-16 5.27E-16
ISSA 9.19E-17 1.32E-16 5.22E-17 3.44E-17 1.34E-17 1.09E-17
MMCSSA 2.17E-18 5.07E-18 1.11E-18 2.36E-18 8.04E-18 1.65E-18
GWO -8.85E+03 1.70E+02 9.12E+03  2.63E+02 -1.16E+04 3.02E+03
SSA -8.87E+03 5.01E+02 1.41E+04 5.55E+03  -9.85E+03 5.58E+03
fl1 CSSA -7.98E+03 6.19E+02 1.16E+04  3.94E+02 -9.18E+03 8.57E+02
ISSA -9.35E+03 2.20E+03 1.33E+04  3.11E+03 -1.00E+04 6.21E+03
MMCSSA -1.26E+04 1.46E+03 1.26E+04 3.17E+03 -1.26E+04 1.55E+03
GWO 4.16E-01 8.01E-02 7.79E-01 6.49E-01 4.12E-01 8.24E-01
SSA 1.17E-01 6.74E-02 7.93E-01 1.59E-01 2.10E-01 4.19E-01
f12 CSSA 2.91E-02 3.98E-02 5.05E-02 6.12E-02 7.19E-02 8.27E-02
ISSA 2.56E-02 1.46E-02 3.64E-02 3.91E-02 1.83E-02 2.93E-02

MMCSSA 1.38E-02 8.44E-03 3.11E-03  2.21E-03  7.54E-03 1.29E-02
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Fig.7 Algorithm convergence curve comparison diagram
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Table.3 Sequence value table

#3 P&

The serial number GWO SSA CSSA ISSA  MMCSSA
fl 5.0 4.0 3.0 2.0 1.0
2 2.0 5.0 35 35 1.0
3 5.0 4.0 3.0 2.0 1.0
f4 5.0 4.0 25 25 1.0
5 5.0 4.0 15 3.0 15
6 5.0 25 4.0 25 1.0
7 5.0 25 25 25 2.5
8 5.0 4.0 25 25 1.0
9 5.0 4.0 2.0 2.0 2.0
10 5.0 4.0 3.0 2.0 1.0
f11 3.0 4.0 2.0 5.0 1.0
f12 5.0 4.0 3.0 2.0 1.0

Average ranking 4.6 3.8 2.7 2.6 1.3

Ranking 5 4 3 2 1
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Table 4 Lyapunov exponents
% 4 Lyapunov 754X

Map The mapping formula parameter Lyapunov exponent

Logistic z,,=uz,1~-2) z€(0,1) O<u<4 p=4 0.693
, z,1p 0<z,<p
Kent N Q-2)/A-p) f<z, <1 B =04 0.673
% 0<z,<1-2
Bernoulli shif = A=04 0.673
ernoulli shift nl T M =0. .
# 1-i1<z, <1
= 0.688
Sine Z, = %sin(nzn) ze(0,]) O<a<4 a=4
. a a=2 1.651
ICMIC Z,,= sm(z) z€[-1,0)u(0,1] ae(0,)
el _ )
Circle Z,,=12, +Q—Lsin(2nzn)mod1 2=05,/k 0353
277.' = 2
Chebyshev z,., = cos(k cos? z,) ze(-11) k=2 0.6932
0 z,=0
Gauss 7 = u=1 2377
"7 Lmod1 z, %0
ZI'I
(a)Sine map (b)Logistic map (c)Kent map (d)Circle map
(e)Gauss map (f)Chebyshev map (g)ICMIC map (h)Bernoulli shift map

Fig.12 Fixed parameter probability density function diagram
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(a) f1 Rosenbrock

(b) £2 Schwefel 2.26

(d) f4 Griewank’s
Fig.13 Five test functions
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(420.968,420.968, ...420.968), f* = —418.98d,d & [1]
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Table 5 Multi-mode function test results

K5 FEMEREANAGS

Algorithm fl 2 3 4 5 Algorithm  fl 2 3 f4 f5 Average Ranki
ranking ng
SSA 1.70E-02 -1.26E+03  2.37E-04 7.42E-08 -7.43E+01 SSA 11 11 11 11 11 11.0 11
LOC-SSA  259E-03 -2.09E+03 5.36E-05 2.85E-10 -7.58E+01 LOC-SSA 7 3.5 7 35 9 6.0 6
KET-SSA  7.48E-04 -1.89E+03 2.40E-05 3.17E-09 -7.83E+01 KET-SSA 4.5 7 6 65 3 54 3
BEI-SSA  7.26E-04 -1.84E+03 1.37E-05 7.37E-09 -7.83E+01 BEI-SSA 45 8 5 9 3 5.9 5
SIE-SSA  2.30E-03 -2.09E+03 7.26E-05 2.89E-10 -7.58E+01  SIE-SSA 7 3.5 8 35 9 6.2 8
ICC-SSA  2.93E-03 -2.09E+03 8.25E-05 1.07E-08 -7.58E+01 ICC-SSA 7 3.5 9 10 9 7.7 10
CIE-SSA  3.75E-04 -1.69E+03 1.77E-06 5.46E-09 -7.73E+01  CIE-SSA 2 10 3 8 6.5 5.9 4
CHY-SSA 6.74E-03 -2.09E+03 1.85E-04  3.46E-09 -7.73E+01 CHY-SSA 95 35 10 65 6.5 7.2 9
GAS-SSA  6.99E-03 -1.78E+03  6.27E-06  1.52E-09 -7.83E+01 GAS-SSA 95 9 4 5 3 6.1 7
RCSSA 5.06E-04 -2.09E+03 6.82E-07  7.49E-13  -7.83E+01 RCSSA 3 3.5 2 2 3 2.7 2
MMCSSA  1.42E-06 -2.09E+03 0.00E+00 0.00E+00 -7.83E+01 MMCSSA 1 3.5 1 1 3 1.9 1
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Fig.14 High success rate disturbance
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Table 6 Probability wheel of each stage
RO KTBMERRN

Cycle MMCSSA/
times

Select probability
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Select probability
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The probability of each mapping is 14, 28% 5
LOC25%KET8%SIE9%GAS24%CHY 17%CIE10%ICC7%
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LOC22%KET28%GAS9%CHY 15%CIE26%
LOC17%KET19%GAS11%CHY10%CIE43%
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KET20%GAS69%CIE11%

The probability of each mapping is
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