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A multi-scale sine cosine algorithm for optimization problems

SHEN Yuan-xia', ZHANG Xue-feng, FANG Xin, WANG Xiao-yan
(School of Computer Science and Technology, Anhui University of Technology, Ma’anshan 243000, China)

Abstract: In order to address the stagnation problem in the late stage of evolution of the standard sine cosine algorithm
(SCA), this paper makes the analysis of population diversity. The analysis results show that the control factor affects
directly population diversity and is decreased exponentially with increase of iterations in the expression of population
diversity. In order to improve the ability of exploration and exploitation in the late stage of evolution of the SCA, a
multi-scale sine cosine algorithm (MSCA) is presented. In the MSCA, an adaptive multi-scale control factor is designed
to regulate population diversity for achieving the search with different layers. Meanwhile, an assisted swarm is
developed to coordinate the local search for accelerating the convergence speed and improving calculation accuracy.
The assisted swarm evolves independently and each individual can learn from the best experience of the mast swarm or
the assisted swarm. The MSCA is evaluated on 23 benchmark functions and compared with the improved versions of
the SCA and new swarm intelligence algorithms. The numerical results show that the MSCA can better coordinate the
exploitation and exploration capabilities and improve the global optimization ability.

Keywords: SCA; stagnation problem; population diversity; exploration and exploitation; control factor; global
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; 536e+00  8.54e-35 6.55¢-1 5.6le28  695e-01  4.18¢-08  4.40e+01  121e-25  3.25e-37 o
Y (638e+00)  (1.75e35)  (146e-1)  (1.25¢-28)  (2.34e-01)  (4.43e-08)  (2.34e+00) (1.75¢-25)  (2.02e-37)
; 381et01  2.13e+01  2.84e+01  2.81et01  532e+01  2.71e+01  9.46e+01  2.68¢+01  1.63e-01 o
P (1.82e+01)  (2.67¢+00)  (4.26e-01)  (5.20e-01)  (3.15¢-01)  (5.20e-01)  (3.61e+01)  (5.80e-01)  (2.50e-02)
; 4.02¢+00  2.98¢+00  6.03e-01  1.82e+00  1.88e-02  6.28¢-01 1.52e-03 22802  4.11e-03 o
® (242e-01)  (1.12e-3)  (121e-01)  (3.02e-01)  (3.52e-02)  (4.02¢-01)  (5.21e-05)  (3.09e-02)  (1.21e-03)
; 3.65¢-01 322e-04  555¢-03  259-03  642e-02  3.30e-01 3.68¢-01 1.82¢-03  2.49¢-04 o
T (3.61e-03)  (1.62e-04) (232¢-03) (141e03) (5.23¢-03)  (2.73e-01)  (3.54e-02)  (4.26e-04)  (1.62e-04)
P 5.62e+03  5.98e+01  321e+03  5.14e+03  224e+01  5.14e+03  1.88e+02  9.24e+02  7.16e-02 o
® (849e+02)  (7.53e+00) (7.15¢+02) (1.00e+03) (1.23e+01)  (1.00e+03)  (9.49e+01) (5.90e+02)  (2.63¢-02)
P 8.11e-01 0.00e+00  8.71e+00  0.00e+00  33le+01  0.00e+00  6.76e+00  1.46e+01  0.00e+00 o
% (9.03¢-01)  (0.00e+00) (5.13¢+00)  (0.00¢+00) (1.21e+01)  (0.00¢+00)  (2.15¢+00)  (9.15¢+00)  (0.00¢+00)
; 2.77e-01 0.00e+00  122e-04  9.43¢-05  2.12e+00  1.06e-13 1.13e-01  425e-15  0.00e+00 0
Y0 (339%-01)  (0.00e+00)  (3.18¢-05) (3.18¢-05) (5.78¢-02)  (3.18¢-14)  (8.62e-02) (1.58-15)  (0.00¢+00)
; 4.25¢-01 0.00e+00  2.45¢-03  7.56e-08  9.96e-02  3.56e-03  4.21e-02  0.00e+00  0.00e+00 o
Y (1.04e01)  (0.00e+00)  (3.09¢-04)  (1.49e-08) (3.45¢-03)  (6.49e-03) (3.38¢-02)  (0.00e+00)  (0.00¢+00)
; 8.17¢-01 3.45¢-01 6.43¢-02  5.01e-02  1.84e+01  8.0le-02  8.98e-05  3.24e+00  6.32¢-04 .
2 (534e01)  (579¢-02)  (8.14e-03)  (2.08¢-02) (1.17e+01)  (2.08¢2)  (1.43e-04)  (6.54e-1)  (1.38e-4)
; 2.58¢+00  2.32e+00  1.40e+00  2.73e+00  832e+01  8.38¢-01 1.22e-04  1.14e-01 6.78¢-03 o
13 (243e01)  (3.13e-01)  (824e01) (3.55e-01) (4.74e+01) (3.08¢-01)  (5.01e-05) (5.84e-02)  (8.25e-04)
; 1.511 3.552 0.998 0.998 0.998 1.11e+01 0.998 0.998 0.998 |
M (3.84e01)  (2.18e-02)  (1.82e-01)  (1.02¢-03)  (7.0le-14)  (3.04¢+00)  (6.15¢-09)  (0.00e+00)  5.68¢-10
; 1.12e-03  7.879¢-04  5.01e-04  5.67e-04  5.06e-04  485e-04  599e-04  7.15e-04  4.04e-04 2008
o
5 (254603)  (6.34e-04)  (1.00e-04) (1.52e-04) (3.51e-04)  (4.50e-04)  (1.58¢-04) (5.26e-04) (4.617¢-05)
; —1.0301  —10311 —1.0316 —1.0311 —1.0316 —1.0316 —1.0316 —10316 —1.0316 L0316
Y0 (446e-05)  (1.17e-05)  (0.00e+00) (3.58¢-06) (0.00e+00)  (3.58¢-06)  (0.00e+00)  (0.00e+00)  (6.027e-09) '
; 0.399 0.398 0.397 0.398 0.397 0.397 0.397 0.397 0.398 0308
T (143e02)  (0.00e+00)  (0.00e+00)  (1.14e-03)  (0.00e+00)  (2.95¢-00)  (9.4le-11)  (0.00e+00)  (1.99-02) ’
; 3.000 3.000 3.000 3.000 2.999 3.000 2.999 2.999 3.000 3
Y (156e-04)  (7.94-09)  (1.00e-04) (3.51e-05) (6.58-15)  (7.05e-06)  (1.69-15)  (0.00e+00)  (4.757e-09)
; —38550  —3.8589  —3.8627  —3.8599  —3.8627  —3.8581  —3.8427 —3.8620  —3.8458 —3.86
Y (226003)  (1.32e-04)  (2.01e-04) (1.04e-03) (2.26e-16)  (2.81e-03)  (426e-16) (2.26e-16)  (3.10e-02)
f —2.8734 —3.162 —33180  —3.169 —3.270 —3.320 —3.320 —3.320 —3.181 13
20 (116e01)  (3.416e-02) (5.01e-03)  (6.26e-02)  (5.92e2)  (7.03e-6)  (6.25e-16)  (4.25e-11)  (0.1407) '
; —2.236 —9.5834  —10.0124 —9.9234 —10.1512 —10.1520 —10.1531 —10.1531 —10.1531 01532
2 (1.71) (9.216e-04)  (1.99e-01)  (2.25¢-01)  (2.34e-05)  (2.351e-04)  (2.96e-05)  (3.55e-05)  (1.96e-05) '
; —33982  —103208 —102706 —10.3391 —102706 —10.4020 —10.4024 —10.4026 —10.4026 104028
22 (2.09e+00)  (3.12e-06)  (2.12e-01)  (621e-02) (2.51e-06)  (7.29¢-04)  (1.36e-05)  (1.25¢-05)  (9.50e-05) ‘
; —33445 105360 —103660 —105021 —105360 —104821 —10.5360 —9.1962  —105362
3 (1.320) (242¢-05)  (1.13e-01)  (3.52e-02)  (8.28¢-07)  (3.12¢-04)  (1.57e-10)  (2.99e+00)  (1.50e-05) '
rank  7.91(9) 3.96(3) 4.83(6) 4.26(4) 5.52(8) 4.39(5) 4.83(6) 3.70(2) 1.78(1)
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# 3 MSCA St EANKRIE P FRILER D
i SCA COSCA HSCA MESCA TVACPSO GWO ABC DBLO
P D P D P D P D P D P D P D P D
f1 1.41e-9 + 1.72e-4 — 1.41e-9 + 1.72e-4 + 1.41e-9 =+ 1.41e-9 + 1.41e-9 + 0.309 =
fa 5.46e-6 + 1.72e-4 — 1.41e-9 + 0.622 = 1.41e-9 + 1.41e-9 + 1.41e-9 + 2.41e-6 +
f3 1.41e-9 + 1.41e-9 + 1.41e-9 + 1.72e-4 + 1.41e-9 + 1.41e-9 + 1.41e-9 + 1.41e-9 +
fa 1.41e-9 + 1.41e9 + 1.41e-9 + 1.72e-4  + 1.41e-9 + 1.41e-9 + 1.41e9 + 41e-9 +
fs 1.41e-9 + 1.41e-9 + 1.41e-9 + 1.41e-9 + 1.41e-9 + 1.41e-9 + 1.41e-9 + 1.41e-9 +
fs 5.46e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 + 1.82e-4 + 5.46e-6 + 1.72e-4 — 5.46e-6 —+
f7 5.46e-6 + 1.82e-4 + 5.46e-6 +  3.99-5 + 5.46¢e-6 + 546e-6 +  5.46e-6 + 1.27¢-5 +
fs 5.46e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 +
fo 2.19¢-4 + NAN = 4.23¢-6 + NAN = 4.23e-6 + NAN = 4.23e-6 + 4.23e-6 +
fio 4.23e-6 + NAN = 423¢6 + 423e6 + 4.23¢-6 + 238e-6 + 423e-6 + 423e-6 +
fi11 4.23e-6 + NAN = 4.23e-6 + 4.23e-6 + 4.23e-6 + 4.23e-6 + 4.23e-6 + NAN =
fi2 4.23e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 + 5.46e-6 + 1.72e-4 — 5.46e-6 +
fis 5.46e-6 4+  5.46e-6 + 5.46e-6 +  5.46e-6 + 5.46e-6 + 5.46e-6 + 1.72e-4 — 5.46e-6 +
f1a 2.49¢-4 + 2.49¢-4 + 5.21e-6 + 1.08e-5 + 0.568 = 5.35e-5 + 1.56e-8 + 3.35¢-8 —
fis 2.49¢-6 + 2.49¢-6 + 2.49¢-4 + 2.49¢-4 + 2.49¢-4 + 2.49¢-4 + 2.49¢-4 + 2.49¢-6 +
fie 2.49e-6 + 2496 +  6.15¢e-5 — 2496 + 6.15¢-5 —  6.15¢-5 — 6.15¢-5 — 6.15¢-5 —
fi7 5.46e-6 + 5.15¢-4 — 2.89¢-9 + 6.15¢-5 — 9.7e-11 + 1.41e-9 + 9.7e-11 + 9.7e-11 +
fis 1.33¢-2 + 0.521 = 1.33¢-2 + 2.99¢-3 + 9.9¢-10 —+ 0.521 = 1.22¢-9 + 3.9¢-10 —+
f1o 1.59¢-4 — 1.59¢-4 — 3.99¢-4 — 1.59¢-4 — 1.59¢-4 — 1.59¢-4 — 1.31e-2 + 1.59¢-4 —
f20 1.95e-4 + 2.19¢-9 + 3.32¢-4 — 2.19¢-9 + 2.10e-8 — 1.14e-9 — 1.14e-9 — 1.14e-9 —
f21 1.95¢-4 + 1.41e-9 + 3999 + 1.41e9 + 3.5e-10 + 0.521 = 0.521 = 0.521 =
fa2 1.95¢-4 + 1.59¢-9 + 8.6le-9 4+  2.56e-8 + 8.61e-9 + 9.7e-10 +  3.le-10 + 0.245 =
fas 1.7e-10 + 1.7e-10 + 1.59¢-9 + 7.7e-10 + 1.71e-10  + 8.51e-9 + 1.7e-10 + 3.99¢-4 +
-/ =/+ 1/0/22 3/4/16 2/1/20 1/2/20 2/2/19 2/3/18 4/2/17 2/5/16
Ol
— . = OF b —— SCA
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-2 ' : : : O(N), M SCATHHEE RN
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AR YK O(SCA) = O(NM + Nf, + N). (18)
B4 folsehsk EFRHER) SCA A7 HE, MESCA 7E I8 1T 1 A2 A 3 7 A
IR BRI LS L, HE R E N O(N), MU B 2R B
“on g —— SCA N
2 b —— COSCA A
= —— HSCA
z —— MESCA
= M O(MESCA) = O(NM + Nf,+2N). (19
e A N U GWO ‘ \ ’
% —+ QABC HSCA #1 COSCA By & A PR HE 7 8 4E, 00 T NV
= —— DTLBO . S N N
4 - MSCA AR PREHE T B TH A 2 428 O(NlogN), 5% % [1)
AR H O(HSCA) FTO(COSCA)®1 53 5l Ny

5 folSTShEk

O(HSCA) = O(NM + Nf, + N + O,), (20)
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O(COSCA)=O(1LINM+N f+N+0,+0,), 21)  MHHEREO(N,), AMSCATHH KN

Ho 0, A COSCA KSR MG 11552 44 . MSCA OMSCA) = O(NM + Nf,4+ N + Ny).  (22)
FRAEIBAT I RE U BRI N 7 OB AT A ERIE TR, CPU I s AR AT M — B R B b R

U, HAH R A BN O (). AR MAE 7B (15
BRENO(N, + No)f.). ERAMEE R IHHEE
HRPEN O (N1 M )(Ny N FEFERUAR), B B A A 58 57
THEEIRERN O(No M )(No N EIEEELD), T N =
Ny + No, /MEFHHEEIRE R O(NM). 5FrHER)
SCA HH Et, MSCA H i By B 3G 0 1 AN 44 fe A0 48 BE 8

T BB R 52 2% B, 3R 4 08 9 VR AL AN iR BUE AT
25 RIS FERT. 138 4 7T L: 9 Fh R0y v N T i 5
% (ABC) ) S FET 86.266 s N %H; SCA. MESCA.,
MSCA F S FERT 4331 8 129.165 5.129.363 5.129.227 s;
COSCA K FERT 170.698 s Nk .

R4 OMEIEIBIT25 RS FERT BT s
PR3 SCA COSCA HSCA MESCA PSO GWO ABC DTBLO MSCA
f1 5.056 6.879 5.842 5.180 4.771 3.083 2.258 8.449 5.012
fa 5.485 7.521 7.218 5.762 5.274 3.905 3.052 8.160 5.504
fs 8.930 12.873 12.431 8.627 8.762 7.001 5.954 16.984 8.990
fa 4.947 6.629 6.152 4.471 4.785 4.167 3.912 10.661 4.805
Is 6.138 8.998 8.843 6.884 5.675 4.862 4.939 12.674 6.110
fe 5.730 7.855 7.931 5.160 5.323 4.148 3.247 9.936 5.662
fr 6.691 8.738 8.728 6.699 5.884 4.347 3.462 10.437 6.689
fs 5.001 6.839 5.683 5.180 4.155 3.390 3.462 9.990 5.160
fo 5.425 7.131 6.187 5.447 4.734 3.403 3.181 12.156 5.502
f10 6.845 7.367 7.921 6.282 5.652 4.104 3.540 11.070 6.976
f11 5.530 7.148 6.397 5.568 5.457 4.750 3.714 10.906 5.618
f12 6.236 8.192 7.690 6.374 5.959 4.176 3.967 11.291 6.323
fis 6.533 8.241 7.585 6.556 5.294 6.692 5.752 10.729 6.518
f1a 6.556 8.842 7.693 6.561 5.798 5.285 3.842 11.987 6.560
fis 4.003 6.473 6.196 4.019 3.851 3.282 2.168 7.401 4.005
f1e6 5.091 6.843 6.630 5.096 4.899 3.029 2.310 8.980 5.104
fi7 4.077 5.832 5.447 4.081 3.691 2.836 3.148 8.974 4.002
f1s 4.267 6.688 6.196 4.273 3.982 2.960 3.264 7.682 4.226
f19 4.789 5.439 5.375 4.796 4.728 2.192 2.180 8.295 4.740
f20 4.381 5.352 5.864 4.488 4.372 3.085 4.092 8.649 4.346
fo1 5.942 7.349 7.831 6.045 5.262 3.306 4.596 8.522 5.945
Sz 5.889 6.293 6.730 5.990 5.543 3.118 4.960 10.085 5.802
fos 5.623 7.176 6.965 5.824 5.628 4.056 5.266 10.682 5.628
Jsiing 129.165 170.698 163.535 129.363 119.479 91.177 86.266 234.700 129.227
x5 BSRINZENEENSM
s fs (p=7.15¢3)  f5 (p=1.56e-4) fo (p=683e-3) fs(p=72le-4) fi2(p=125e-4) fiz(p=7.15¢-3)
ZHE
mean(std) R  mean(std) R  mean(std) R  mean(std) R  mean(std) R mean(std) R
A1 =25,681=1 7.15e-30 5 6.71e+0 7 6.73e-2 7 1.02e+1 5 9.25e-4 4 8.95e-2 6
A =2 (1.42¢-29) (7.12e+0) (6.54e-2) (1.11e+1) (1.54e-3) (9.63e-2)
A1=2.5,81=05 4.16e-32 3 4.72e-1 2 7.62e-3 3 1.93e-1 4 6.89¢-4 2 9.78e-3 4
A1=2 (1.21e-33) (7.02e-1) (8.54e-3) (1.65¢-1) (7.34e-4) (8.54e-3)
A1=2,81=0.5 7.82e-31 4 8.87e-1 4 9.18e-3 4 8.62¢-2 3 1.50e-3 5 8.63¢-3 2
A =2 (1.42¢-31) (6.11e-1) (7.86e-3) (7.43e-2) (1.01e-3) (8.31e-3)
A1 =25,81=1 1.71e-25 7 6.58e+0 6 S5.11e-2 5 4.17e+1 7 1.21e-3 6 5.56e-1 7
A1=15 (3.32¢-24) (3.23e+0) (5.42¢-2) (2.46e+1) (9.25¢-4) (4.70e-1)
A1=2,B81=1 4.56e-23 8 8.57e+0 8 5.46e-2 6 8.63e+1 8 2.32e-3 7 7.43e-1 8
A1=15 (6.34¢-23) (6.91¢+0) (4.34¢2) (7.86e+1) (1.26¢-3) (6.32¢-1)
A1=2.5,81=0.5 5.66e-35 1 1.63e-1 1 4.11e-3 1 7.16e-2 1 6.32¢-4 1 6.78e-3 1
A=15 (3.12e-35) (2.50e-2) (1.21e-3) (2.63e-2) (1.38e-4) (8.25¢-4)
A1=2,81=0.5 8.92¢-35 2 5.52e-1 3 7.31e-3 2 8.03e-2 2 7.28¢-4 3 9.11e-3 3
A1=15 (9.21e-35) (3.24e-1) (6.28¢-3) (7.32e+1) (5.12¢-4) (8.16e-3)
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BUMER, IR EEAAR ) K. MSCA K P B 2 R
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ECAS [R] B AFL B 505 1 M BB R AT 43 AT, A AR R 2 A
2.5; By HUE M 0.5 F1 1. X\ HUE R 2 AT 1.5, TE R 8 A
[F] /12 8 & MSCA BIETEA R KIS 84 & T 3k
FRRREL f3~ f5+ fo fo~ Jro M fra OLALEE IR, ane 5 i
7, % mean(std) AIE (77 %), R AFEFF (rank), p A
1E o = 0.05 1Y 32 2 PE /K P N Friedman 6 56 7 1% 5 .
FH 22 50 L, I BR E506T 2 (1) Friedman A5 B P 351/
T-0.05, B 5 Fh pr HUE 0T B i Bk 45 R 2 R A7 A i
EEF. T 8MAFMZSHA S, H AN =2.5.61=
0.5\ = 1.5 3K 15 ()P4 HE 4 A .

5 4 #

AL Sh T bRt SCA HEb it FE P BEfA £
FEVEIA SR, JF 48 th P 1 1 i B 2 S BE b s
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SCA(MSCA), #i HyZ 18 3@ B 1) 2 RO $a il R+
R 22 SN SIS ik e e i
0 B P I Tt 848 2 e A R WS S R 4 v A
()0 B K P H R S N I O AR R R A A
TR Be SLVR AT X L, S 3R e it 45 AR W, e i 5T
ERF A 7 O R R IR R AT R P T A
SRR RE .
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