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1 Supplementary to "A double adaptive random spare reinforced sine cosine algorithm"

Table S1: CEC 2017 benchmark functions
No. Types Name Opt

F1 Unimodal Shifted & Rotated (SR) Bent Cigar Func 100
F2 SR Sum of Different Power Func 200
F3 SR Zakharov Func 300
F4 Multimodal SR Rosenbrock’s Func 400
F5 SR Rastrigin’s Func 500
F6 SR Expanded Scaffer’s F6 Func 600
F7 SR Lunacek Bi-Rastrigin Func 700
F8 SR Non-Continuous Rastrigin’s Func 800
F9 SR Lévy Func 900
F10 SR Schwefel’s Func 1000
F11 Hybrid Hybrid-function (HF) 1 ( N = 3) 1100
F12 HF 2 ( N = 3) 1200
F13 HF 3 ( N = 3) 1300
F14 HF 4 ( N = 4) 1400
F15 HF 5 ( N = 4) 1500
F16 HF 6 ( N = 4) 1600
F17 HF 6 ( N = 5) 1700
F18 HF 6 ( N = 5) 1800
F19 HF 6 ( N = 5) 1900
F20 HF 6 ( N = 6) 2000
F21 Composite Composite-function (CF) 1 ( N = 3) 2100
F22 CF 2 ( N = 3) 2200
F23 CF 3 ( N = 4) 2300
F24 CF 4 ( N = 4) 2400
F25 CF 5 ( N = 5) 2500
F26 CF 6 ( N = 5) 2600
F27 CF 7 ( N = 6) 2700
F28 CF 8 ( N = 6) 2800
F29 CF 9 ( N = 3) 2900
F30 CF 10 ( N = 3) 3000
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Figure S1: Balance analysis of RDSCA and SCA
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Table S2: The calculated p-values from the Wilcoxon signed-rank test
Function

No.
SCADE OBSCA CGSCA ASCA_PSO CESCA

F1 1.734398E-06 1.734398E-06 1.734398E-06 2.894771E-01 1.734398E-06
F2 1.734398E-06 1.734398E-06 1.734398E-06 6.435166E-01 1.734398E-06
F3 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06
F4 1.734398E-06 1.734398E-06 1.734398E-06 1.479542E-02 1.734398E-06
F5 1.734398E-06 1.734398E-06 1.734398E-06 3.724265E-05 1.734398E-06
F6 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06
F7 1.734398E-06 1.734398E-06 1.734398E-06 1.035681E-03 1.734398E-06
F8 1.734398E-06 1.734398E-06 1.734398E-06 6.639213E-04 1.734398E-06
F9 1.734398E-06 1.920921E-06 1.920921E-06 8.307070E-04 1.734398E-06
F10 1.734398E-06 1.734398E-06 1.734398E-06 1.174811E-02 1.734398E-06
F11 1.734398E-06 1.734398E-06 1.734398E-06 7.864666E-02 1.734398E-06
F12 1.734398E-06 1.734398E-06 1.734398E-06 6.339136E-06 1.734398E-06
F13 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06
F14 1.493564E-05 1.890972E-01 2.303814E-02 1.493564E-05 1.734398E-06
F15 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06
F16 1.734398E-06 1.734398E-06 1.734398E-06 5.319684E-03 1.734398E-06
F17 2.603328E-06 4.285686E-06 2.126636E-06 6.156406E-04 1.734398E-06
F18 4.449337E-05 5.306992E-05 1.126540E-05 7.521331E-02 1.734398E-06
F19 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06
F20 1.734398E-06 6.339136E-06 1.056950E-04 3.388562E-01 1.734398E-06
F21 1.734398E-06 7.498712E-01 1.734398E-06 5.287248E-04 1.734398E-06
F22 1.238080E-05 3.515237E-06 3.181679E-06 2.067111E-02 1.734398E-06
F23 1.734398E-06 1.734398E-06 1.734398E-06 3.181679E-06 1.734398E-06
F24 1.734398E-06 1.734398E-06 1.920921E-06 1.656553E-02 1.734398E-06
F25 1.734398E-06 1.734398E-06 1.734398E-06 3.285711E-01 1.734398E-06
F26 1.734398E-06 1.734398E-06 1.920921E-06 2.613431E-04 1.734398E-06
F27 1.734398E-06 1.734398E-06 1.734398E-06 1.920921E-06 1.734398E-06
F28 1.734398E-06 1.734398E-06 1.734398E-06 5.193067E-02 1.734398E-06
F29 1.734398E-06 1.734398E-06 1.734398E-06 2.353421E-06 1.734398E-06
F30 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06 1.734398E-06
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Table S3: Results of TCSD problem

Algorithm
Optimization results

Cost
d D N

RDSCA 0.052563568 0.377740556 10.17003654 0.012701505
MVO 0.05251 0.37602 10.33513 0.012790
GSA 0.050276 0.323680 13.525410 0.0127022
GA 0.051480 0.351661 11.632201 0.01270478

WOA 0.051207 0.345215 12.004032 0.0126763
RO 0.051370 0.349096 11.76279 0.0126788

Table S4: Results of WBD problem

Algorithm
Optimization results

Cost
h l t b

RDSCA 0.198634978 3.414950565 8.990154505 0.208083757 1.716187389
GSA 0.182129 3.856979 10 0.202376 1.87995
GA 0.2489 6.173 8.1789 0.2533 2.43

WOA 0.205396 3.484293 9.037426 0.206276 1.730499
MVO 0.205463 3.473193 9.044502 0.205695 1.72645

SIMPLEX 0.2792 5.6256 7.7512 0.2796 2.5307
HS 0.2442 6.2231 8.2915 0.24 2.3807

Table S5: Results of PVD problem

Algorithm
Optimization results

Cost
Ts Th R L

RDSCA 0.8002 0.3955 41.4705 184.5767 5923.5
WOA 0.812500 0.4375 42.0982 176.638 6059.7410

PSO-DE 0.8125 0.4375 42.098446 176.6366 6059.71433
HPSO 0.8125 0.4375 42.0984 176.6366 6059.7143
ACO 0.8125 0.4375 42.098353 176.637751 6059.7258
ES 0.8125 0.4375 42.098087 176.640518 6059.7456
GA 0.8125 0.4375 42.097398 176.65405 6059.94634

GSA 1.125 0.625 55.9886598 84.4542025 8538.8359

Table S6: Results of IBD problem

Algorithm
Optimization results

Cost
b h tw t f

RDSCA 50 80 1.764704676 5 0.006625958
MFO 50 80 1.7647 5 0.0066259
BA 43.91803 76.98691 2.613636 0.9 0.006625959

IARSM 0.2442 6.2231 8.2915 0.2433 0.131
CS 50 80 0.9 2.321675 0.0130747

ARSM 48.42 79.99 0.90 2.40 0.0157
SOS 50 80 0.9 2.32179 0.0130741


