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Chameleon Swarm Algorithm for Segmental Variation Learning of Population and
S-type Weight

Abstract

Abstract: It is the best choice for intelligent algorithms to be applied to specific fields to explore strong
searching ability, good reliability and stability.In this paper, aiming at the defects of chameleon swarm
algorithm, such as unstable solution, low convergence accuracy and unbalanced search and
development, a chameleon swarm algorithm (RMSCSA) based on population diversity segmental
mutation learning and S-type weight is proposed. The refraction mirror learning strategy (RML) is
introduced to make the chameleon more consistent with the observation in nature and enhance its
diversity. The introduction of segmental variation of population diversity can keep the individuals with
poor fitness and guide them to the optimal position. The introduction of S-type decreasing weight makes
it further balance the global search and explore ability of the algorithm, and obtains the advantage of S-
type decreasing weight factor through convergence analysis. The classical test function and CEC 2017
competition function are used for performance verification, and the results show that the three strategies
have better optimization accuracy and efficiency for CSA. In order to compare the performance of
different algorithms, the results of 30 independent runs are statistically analyzed by Wilcoxon rank-sum
test, Friedman's test and Holm follow-up test. The analysis shows that the three strategies introduced
have better optimization ability compared with CSA.
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for performance verification, and the results show that the three strategies have better optimization

accuracy and efficiency for CSA. In order to compare the performance of different algorithms, the results

of 30 independent runs are statistically analyzed by Wilcoxon rank-sum test, Friedman's test and Holm

follow-up test. The analysis shows that the three strategies introduced have better optimization ability

compared with CSA.
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Fig. 3 Flow chart of RMSCSA algorithm
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MCSA n=50, NAFHEER/N
SCSA gen=51, w_ . =095 w_ . =055
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#3  14ANEIIM RS R
Table 3 Information of 14 classical test functions

R AR BRE A REAIE {8 7 1] A HUE
Sphere Fi(X)= fo Us [~100, 100] 0
Schwefel 2.22 Fy(X)= chiu 1‘[1 x| Us [-100, 100] 0
Schwefel 1.2 Fy(X)= i(ix]— )’ UN [-100, 100] 0

==
Schwefel 2.21 Fy(X) = max {x} Us [-100, 100] 0
Rosenbrock Fy(X)= 2[100(xi+1—xi2)2+(1 -x,2)*] UN [-30, 30] 0
Quartic Fo(X)= 2ix?+random[0, 1) US [-1.28,1.28] 0
Rastrigin Fi(X)= ix,.z— 10cos(2mx, + 10) MS [-5.12,5.12] 0
Ackley Fgo(X)==20exp 0.2 \/Zx? —exp(icos( 27:%') +20+e MN [-32, 32] 0
- i=1
n

Griewank Fy(X) = ﬁzxf— 1:[1 cos( x"i +1 MN  [-600, 600] 0

n—1
Fio(X) =0.1{sin*3mx, + > (x;— D* [1 +sin*3mx, | J(x,— 1)+
Penalized 2 = MN [-50, 50] 0

n

>u(x,. 5.100, 4)}

i=1

1 & 1
Fu(X)=[ge+>—F5—1"
Foxholes " 500 ; 2 6 MN  [-65.53, 65.53] ~1
Jj+ z(xi—a[j
j=1
it x,(b.>+b.x,)
1 — _ M\ T2 42 _ —4
Kowalik F(X)= ;[ai b2 b, MN [-5, 5] 3.075x10
5.1 5 1 x,e[-5, 10
Branin F,3(X)=(x2——2x%+—x1—6)2+10(1——)cosx1+10 MN i<l ] 0.398
4m n 8n x,e[0, 15]
4 6
Hartman Fy(X) :—;ciexp[—;a;, (=p;)°] MS [0.1] -3.32

Ra  ANFIYESE T B A0 K ok O B
Table 4 Comparison of test functions of different policies in different dimensions
d=10 d=30 d=50
P E1E Wiz KRS CPIME ez FERs CPIME brdEZE KBS
CSA 571107 1.44x10™"°  1.66  3.37x107  1.31x107 6.60  3.28x10°  5.32x10” 10.67

ik G AP

RCSA 2.97x10%  1.57x10%  1.82  3.71x107% 1.45x10%  6.89  6.03x10™% 3.28x10*  12.46

F, MCSA 2.2x107'¢ 6.4x10"*  1.65  4.3x10™"7  9.9x107"" 6.71 1.2x10™%  6.6x107"¢ 13.55
SCSA 4.48<107%  237x1077 171  1.31x10*  4.56x107*  7.01 3.97x107"  3.38x107°  11.62
RMSCSA 0 0 1.88 0 0 7.51 0 0 11.65
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) d=10 d=30 d=50

R Hik . N N
FIE FrdEZE  FEIs CPEME FrdEZE s CFE bRUEZE  FEWI/s
CSA 1.51x10°° 6.84x10° 1.67 2.47 3.13 6.58 1.31x10% 8.40%x10 10.54

RCSA 478x10™*  2.57x107%  1.81  2.75x107* 1.49x10*  6.61  5.84x107* 3.18x10*  11.28

F, MCSA 5.13x10%  2.32x107% 2,10 23710 6.22x107" 7.56  2.23x10%  1.09x10%  11.25
SCSA 2.35x107%°  6.32x107°  1.71  6.19x107"  4.48x107"7  6.84  2.36x107° 1.84x107*  11.22
RMSCSA  1.3x10™  3.2x10™ 215  1.Ix107  1.1x107¥ 6.77  2.12x10”  7.9x107” 11.32

CSA 3.92x107 9.31x107  1.77 7.88 9.53 7.00 4.39x10° 1.09x10° 11.02

RCSA 8.64x10°  3.11x10™  2.03 2.23x10% 1.22x10"% 695  2.95x10% 1.16x10*  10.99

Fy MCSA 5.7%107'" 45107 1.88  1.14x107° 539x107°  7.51  4.55x1077 2.49x107° 1143
SCSA 2.03x107°  3.72x107°  1.81  9.42x107"  1.69x10» 722 3.38x1077 2.94x107%  11.33
RMSCSA 0 0 2.02 0 0 735 3.0x107*  9.1x107 11.19

CSA 1.14x107° 7.20x10°  1.67  3.50x107°  6.50x107 6.69 2.25x107  2.14x107 10.50

RCSA 4.75<107%  2.54x10*  1.83  5.65x10* 3.09x10*  6.89  5.78x107" 2.28x10*  10.79

F, MCSA 241x107%  8.67x107* 2,16  2.33x1077  1.27x107° 812  5.08x10”" 5.77x10>  10.20
SCSA 3.79x107%  1.39x10*  1.72 2.61x1077  2.63x107""  6.88  7.59x10™° 3.36x107'° 9.95
RMSCSA  4.5x107"*  3.6x10"® 211  6.3x10™™  3.3x10™™ 6.91 5.7x107  2.9x1077*  10.07

CSA 1.95 4.68 1.71 2.46 2.59 6.69 2.51x10*>  3.81x10” 10.59

RCSA 4.06x107 7.73x10°  2.01 1.81x107°  4.04x107° 7.03 5.29x10°  1.03x10™* 11.83

Fs MCSA 8.2x10™ 7.54x107°  2.06  2.89x107  1.70x107 7.24 4.0x107  3.31x10°° 11.56

SCSA 1.11 7.51x107" 1.72 2.86 2.14x107" 7.89 4.87 4.89 11.21
RMSCSA  1.40x10”° 1.62x10° 239  1.92x10°  3.21x107 7.21 2.63x107  8.61x107 11.31
CSA 3.55 3.02 1.68 1.26x10 2.21x10 6.62 5.45%10° 5.36x10 10.52

RCSA 3.26x107° 4.31x107 1.96  2.49x10°  2.28x107 6.71 2.65x107°  3.95x107 12.51

F, MCSA 4.17x107 227x10° 221 2.53x107°  2.14x10°° 6.55 1.38x107  1.03x10™° 11.85
SCSA 1.21x107 4.10x10™" 1.95  2.98x10”  5.58x107" 6.55 5.36x107  1.17x107 11.29
RMSCSA  3.61x1077 1.25x107 244  2.62x10°  1.77x107 6.52 1.37x107  1.00x10° 11.18

CSA 9.44x10™" 1.15 1.67 1.39x10 2.75%10 6.05 3.11x10° 1.94x10 10.63

RCSA 0 0 1.96 0 0 6.56 0 0 11.02

F, MCSA 0 0 2.12 0 0 6.71 0 0 11.43
SCSA 3.85x10  2.95x1077  1.81  2.55x1077 1.78x10™°  6.96 0 0 11.41
RMSCSA 0 0 2.09 0 0 6.31 0 0 12.69

CSA 2.92x107° 2.32x10°  1.71 1.02 1.54 6.03 1.91 1.02x107" 10.64

RCSA 8.88x107"*  8.88x107'° 2.00 8.88x107'° 8.88x10 621  8.88x107'° 8.88x107'¢  12.08

Fy MCSA 8.88x107"*  8.88x107"° 2.05 8.88x107° 8.88x10*  6.05 8.88x107'° 8.88x107°  10.66
SCSA 8.88x10"*  8.88x107'° 1.77  2.04x107% 2.47x10"* 622  7.26x107° 547x107*  11.03
RMSCSA  8.88x107'¢  8.88x107'° 2.07 8.88x107'° 8.88x10"* 6.55 8.88x107'° 8.88x107'°  10.68

CSA 5.65x107" 437x10"  1.72  1.33x10*  3.12x107* 6.15 279107 6.19x107° 10.63

RCSA 0 0 1.89 0 0 6.04 0 0 11.00

Fy MCSA 0 1.6x107°"  2.00 4.05x<107" 3.87x107”  6.29 1.4x1072%  9.5x1072* 11.52
SCSA 0 0 1.91 0 0 6.22 0 0 10.99
RMSCSA 0 0 2.00 0 0 6.49 0 0 10.71

CSA 1.90x10"  8.75x10™"  1.97  9.53x10°  3.60x10°* 6.56 3.70x10*  2.01x107° 11.26

RCSA 1.51x10° 1.44x107 2,10  1.12x107"°  1.74x10°° 7.06 6.95x10°  1.17x10°® 12.28

F MCSA 421x107%  220x107 230  2.99x10°  5.83x107* 6.89  4.99x10°  1.66x10” 12.09
SCSA 3.85x107"°  7.06x10°  2.03  2.56x10°  1.31x10°* 6.66  4.27x<10°  4.98x10* 11.76
RMSCSA  3.51x107¢  1.18x10™* 251  1.57x107"° 1.18x10°* 7.05  7.55x10"° 1.43x10"*  11.81
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Table 5 Optimization comparison in fixed dimensions

MR SEAR CFIME bRUEZE KBS YERE
CSA 9.979x10™"  2.23x107*  1.28 2
RCSA  9.980x107" 5.90x10™" 145 2
F, MCSA  9.981x10" 6.20x107  1.38 2
SCSA 9.980x10™"  2.55x107°* 145 2
RMSCSA 9.982x10" 4.38x10"°  1.55 2
CSA 5.110x10*  4.99x10°  1.27 4
RCSA  3.117x10* 5.53x107°  1.36 4
F, MCSA  3.083x10™* 6.58x107° 1.92 4
SCSA 3.100x10*  2.87x10*  1.37 4
RMSCSA 3.079x10* 2.38x10°  1.81 4
CSA 3.974x107"  1.55x107>  0.22 2
RCSA  3.978x10°" 1.20 0.21 2
F MCSA  3.986x10" 8.21x107 0.29 2
SCSA 3.978x10" 3.62x10°  0.24 2
RMSCSA 3.978x10" 2.98x10°  0.36 2
CSA -3.322 3.01x107% 137 6
RCSA -3.324 5.80x10”° 1.54 6
F, MCSA -3.320 1.99x10"  1.79 6
SCSA -3.322 6.75x107  1.97 6
RMSCSA -3.320 7.25x10°  1.94 6
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Fig.4 Average convergence curves of test functions in different dimensions
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HE(WOA) HEAT X b, TE2E RN BAR 5 B LK 6.
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TFECE bR R BRI SR AR R AE, XX SR ok
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F6 CEC 2017 MRS B
Table 6 CEC 2017 test set function information

A e YE % HYAE 2 (7] FHE Akt
CEC04 30 [-100,100]  MS 400
CEC05 30 [-100,100] MN 500
CEC08 30 [-100,100] MN 800
CEC16 30 [-100,100]  HF 1 600
CEC17 30 [-100,100]  HF 1700
CEC20 30 [-100,100]  HF 2000
CEC21 30 [-100,100]  CF 2100
CEC23 30 [-100,100]  CF 2300
CEC27 30 [-100,100]  CF 2700
CEC29 30 [-100,100]  CF 2900
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7 CEC 2017 M0~ &R LM REXT LE
Table 7 Performance comparison of various algorithms under CEC 2017 test

R PHEFR RMSCSA CSA RCSA MCSA SCSA SSA WOA
FHIME 4.7052x10° 2,120 8x10°  7.353 7x10°  4.724 4x10*  7.489 6x10°  6.425 5x10*  6.890 7x10?
CEC04  fp#fEZE  7.298x10™ 1.628x10 1.587x10° 1.698x10 1.093x10? 2.055%10 6.773x10
FE/s 4.08 6.32 2.69 3.13 2.01 1.25 0.83
THIE 5.2097x10°  1.006 510 6.885 6x10*  7.511 1x10*>  5.3856x10>  6.970 5x10*>  8.454 6x10?
CEC05  #3dEZE  1.625x10°  2.013x10 1.526x10 2.296%10 2.160x10 3.852x10 5.344x10
FEIN /s 3.88 6.44 2.67 3.14 2.01 1.61 0.75
PHIME 9.2355%x10°  1.2370x10°  1.2370x10°  1.0059x10°  1.0379x10°  9.958 0x10>  1.129 4x10°
CEC08  #rffEZE  2.684x10° 6200107  1.954x10°  2.192x10 1.573x10  4.9102x10  6.337x10
FEIS/s 3.91 291 2.71 4.19 2.26 1.53 0.88
P 3.258 6x10°  6.706 5x10°  3.749 8x10°  4.503 9x10°  3.450 6x10°  1.8559x10*  4.921 2x10?
CECI6  #rifEZE  3.105x10° 2.176x10° 2.112x10° 3.051x10°  3.220x10°  3.771 5x10°  4.472x10°
FEI /s 3.96 3.73 2.66 4.26 2.84 1.32 0.77
THIE 2.3569x10°  2.499 6x10°  4.446 5x10°  3.004 0x10°  2.2823x10°  2.966 2x10°  2.986 8x10°
CEC17 ##iZ  3.144x10 3.334x10°  2.781x10° 8.944x10 1.395x10°  2.836x10°  2.991x10’
FEHS /s 4.11 3.96 2.78 437 2.93 1.55 0.56
PHIME 2.630 2x10°  3.646 7x10°  3.410 6x10°  3.0120x10°  2.758 8x10°  2.7955x10°  3.127 9x10?
CEC20 fr#EZ  1.361x10 1.592x10? 9.995x10 7.638%10 2.135x10°  5.541x10° 1.823x10?
FEI /s 4.14 3.85 2.81 4.40 2.90 1.97 0.57
EHIME 2,610 0x10° 2,926 4x10°  2.849 0x10°  2.604 0x10°  2.526 2x10°  2.9172x10°  2.831 9x10?
CEC21 iy 6.886 5.267x10 3.944x10 2.114x10 1.941x10  5.541 0x10>°  3.544x10
FEI /s 4.26 3.82 3.23 438 3.07 1.97 0.42
THE 3.2117x10°  4.0128x10°  3.781 0x10°  3.257 7x10°  3.893 0x10°  3.698 8x10°  3.987 5x10°
CEC23  f5#EZ  4.617x10 2.371x10? 1.298x10? 4.601x10 2.389x10°  4.629x10° 1.256%10?
FEIS/s 2.95 3.76 3.16 3.45 3.36 1.45 0.95
P 3.060 0x10°  5.167 4x10°  3.508 0x10°  5.611 0x10°  3.3028x10°  4.305 7x10°  4.558 1x10?
CEC27 fr#EZ  2.015x10 3.219x10° 1.143%10? 5.111x10? 3.083x10? 2.609x10 8.075x10
FEI/s 4.06 4.13 4.46 3.17 435 1.30 0.56
EHIME 3.6529x10°  2.614 1x10*  8.485 1x10°  8.4858x10°  4.4198x10°  4.2028x10°  5.034 0x10?
CEC29  fpifEE 3.505 2.067x10* 5.081x10 5.081x10°  2.094x10>  2.024x10>  5.363x10?
FEIN /s 5.70 4.09 3.07 3.07 4.12 1.28 0.42
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SCSA. RCSA, Kfif1% fe & 22 4 CSA FI SSA. {H
AT SME 2 R AN T840 1, 1 7 B A v 22 A

& 77 & H, RMSCSA £ CEC04 fll CEC23
R S A B iR, (R AR HE % 25 T RCSA Al
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N 45 i 57k N RMSCSA,  *F Eb Bk 70 5l A
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Table 8§ Average comparison with other intelligent algorithms
Sk F, F, F, F, Fs Fg F, Fy F, F,
RMSCSA 0 2211077 0 2.77x107"*" 1.92x107 2.39x10°° 0 8.88%107" 0 5.52x107°
MPEA™! 2.70x107" 2.77x107" 1.52x107% 1.04x107* 6.74x107'? 2.35x107" 6.38x107 2.84x107"° 4.3x107 2.27x107°
SSAPY 0 2.12x107 0 5.72x107'77 9.24x107* 1.34x10™* 0 8.88x107' 0 7.17%107"
HCMOIWOP  3.17x107 3.66x107" 5.41x107"° 9.34x107"° 5.28x107" 8.41x107 4.62x10" 1.86x107"" 3.29x107 1.35x10°°
HCUGOA™! 0 0 0 3.23x1077° 1.78x107 4.96x107° 0 8.88%107" 0
GOBL-RNADE™ 1.63x107 1.80x 107" 7.15%107° 6.26x10™""* 5.94x107 7.70x107 0 0 0 2.28x107™"
WOAEP™ 1.59x107 1.27x10™* 3.97x10™° 1.46x10™* 2.89x10 2.67x10™* 0 8.88%107" 0 2.99
FO-FPAPY 1.51x10™% 5.04x10™ 1.23x107"® 9.97x10™ 2.89x10 1.13x10™* 0 8.88%107" 0 9.65%x107
SHDNMRA™  1.80x107 1.80x107 5.70x10" 8.20x107* 8.00x10~ 6.40x10™* 8.20x107"° 8.20x107'° 4.60x107"" 3.02x10”
SCCSAP 9.22x10™ 8.24x10™" 4.31x10™" 2.15x1077 590 1.33x10° 546 8.88x107'"° 1.34x107  3.00
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Table 9 Rank sum test values of classical test functions

S 1 AN SESS 2 BRI R, R 120 13

PR P Py Ps3 yn
Fy 3.00x10™  3.01x10"  3.00x10™"  3.00x10™" 73179 Holm Je B 4 0 25
—11 —11 —11 —11
F,  3.02x10" 3.02x10™  3.02x107"  3.02x10 F10 2R R L
Fy o 2.99x10™" 2.99x10™"  2.99x10™"  2.99x10™" Table 10  Average ranking of algorithms under classical
F,  3.02x10™  3.00x10™  3.02x10"  3.00x107" test functions
Fy  2.14x10°  4.04x10™  2.06x10™  1.16x10™ ik R, R, Ry R 4
F, NA NA NA L2110 RCSA 47 22 245 31166667 3
F, NA 3.68x107 NA 121107 SCSA 285 33 335 3.1666667 4
F,  684x107  3.02x10"  1.17x10°  1.21x10™" csa 275 48 49 4.15 3
F 0.4247  3.02x107"  1.17x10° 121107
! B . B . F 11 CEC 2017 -4
Fip  3.02x10 1.49x10 8.15x10 8.48x10 Table 11  Average ranking of CEC 2017 functions
Fy, 0.595 1.23x107°  2.78x107""  1.09x107" vk R 4
F,,  7.70x10%  557x107°  3.02x10™"  3.02x10™" RMSCSA 13 )
+/-/= 9/3/2 12/1/1 11/0/3 14/0/0 CSA 6.75 7
. 7 o o RCSA 4.55 5
HH % 9 " Wilcoxon Bk kT 30 45 3, K 5 MCSA 3.9 4
RMSCSA H ki HE ) p EHH /N T0.05; fEF, SCSA 2.5 2
PR, Fg M Fg R ELR A “NA” F#, B SSA 37 3
. WOA 4.8 6
RMSCSA fIIRCSA. MCSA FI SCSA MEREAHY, i
BJ_F 3 S 6 2 S B EOR R 70 U . RMSCSA #12 %I Holm J5 8RB 45 5
. Table 12 Subsequent verification results of
X LE RCSA, IZIé‘ﬁFé‘ Fy A F13 [\ RMSCSA H 1% classical function Holm
A& 95 T RCSA, Wi B RML 3 B (%) A & 1 bt , RMSCSA S i S
e 1 ) g
RMSCSA i, H A5 RMSCSA 17 78 & 2 1 22 e U
= . N L 4 CSA  3.6770 236x10*  0.0125 5
b BUE, IR Wileoxon £ 8 73 Hr Y 45 R 3 SCSA 28775 4.01x10° 00166667  #
RMSCSA HA Fiit2% LA Rk . 2 RCSA 23887 1.69x10%  0.025 2
R THE N R EOT AT, NEE ST, R I MCSA 08931 03725 0.05 i
. » A IAL29] = A M 2 Ml N
W W, H N N Do
Eﬂa Frledman Sﬁijli TXTXEW%J&TTET%IJ %13 CECZOI71%|§&H01m}§?iT§&E&%S’E
Mr, Bl HEZ S . Z TR EL & Table 13 CEC 2017 Holm subsequent verification results
N, N o M2z, NG N = 7r\‘
SOEER AR LT, a0 Oy G e
VS. Z
FHESAT LR R BRI KT . 55 Holm 5  WOA 3105 1903x10°  0.01 7
Egﬁ;ﬁgﬁ%m%\ﬁgﬂ[ﬁjiﬁgﬁo 4 RCSA 2.847 4.413x107° 0.025 &
. . . 3 MCSA 26174 886x10° 001667 &
FEIEREHEA TR A KON =
N 2 SSA 23594 1.83x10%  0.025 '
1 -
R= ~ ; v (28) 1 SCSA 0725 0.468452 0.05 i
X RNED PG s NI B3 2 10, RMSCSA L& N1, HikH

rIOBREG TR A . LIS L P ~F AR Rtk 3R 12 T & R BOn B BVE E
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