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Gravity salp swarm algorithm based on adaptive normal cloud model

ZHANG Zhu', ZHANG Shi-jie, RAO Sheng-hua, WANG jing-yuan

(College of Information and Electrical Engineering, Hunan University of Science and Technology, Xiangtan 411201,
China)

Abstract: Aiming at the disadvantages of the salp swarm algorithm (SSA), such as slow convergence speed and easy to
fall into local optima when solving complex problems, an improved SSA equipped with gravitational search technique
and normal cloud generators (CGSSA) is proposed. The acceleration coefficient of the gravitational search algorithm
(GSA) is introduced in the stage of updating the position of the leader of salps, which avoids the invalid search of the
salp swarm and accelerates the search speed. The normal cloud model is used to update the position of the followers of
the salp, which enriches the diversity of the population. At the same time, the entropy value of the normal cloud model
can be adaptively adjusted with the increase of iteration times, which effectively improves the convergence accuracy in
the later iteration period. A comprehensive comparison between the CGSSA and other 10 optimization algorithms is
made on 23 benchmark functions. The statistical result, convergence curve and box - whisker plot of simulation
experiment show that the improved algorithm has better performance in search efficiency, convergence accuracy and
avoiding local optimum.
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10 o AR ADU R A ) B B AT O, TR (419 H T
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algorithm, SSA). % H Lk B G =61 8> RIS
S R, RIS T 1 & 2 2% B AR AR 1) 3, SSA /2 —
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PG T v, HLAE SRR v 4 i) RIS EL A AR 27 1) 2R,
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AR e BIL B RE L DA T SSA [ &R e A
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et IR SSA RS Sl BE A SOk B EAR B T ks
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G(t) = Goe " Tawx . (7)

X HL: Go N5 1 ZBHIME, w NFEI R, Trax SI R
RIEARKEL. AF LS i MR LRGSR 0T

N

Fid(t) = Z

JEKbest, J#1

rand,; Fj5(t). (®)



346 # % 5

xR ¥37%

Horr:rand; J9[0, 119 B —ANFEHLEL, Kypesy 79 5T E B
KETHT K ANRF48.

B4 /WL B0 T A A 2R e A 3 R’

d
ai(t) = w ©)

1.2.2 GSSA

7E H TH AT IR SSA Hh, 38 i 25 5K (2) 75 & MR B 3
BB T AR S AR, MK Q) T E R
BH AT 3 AR R T 10 S 8 g Y BB 2 — Bl
HLAL, A g #5400 5 8 DL 5E A Bl ML I 5 o ok 2 4 &%
J7 1A), 5 3 2 N EURE UK. O T HE R SSA T
9 R VERE, B2 tH— Fh 5] 77K B AT 5% (gravitational
SSA, GSSA). K28 c5 1 GSA FF [y s J5 A X 8, ik
Je TR 400 3 3 o B R A S

xj = Fj + c1 x a((ub; —1bj)cy 4 1bj). (10)
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1.3 ETEENESEHEREAGSSA
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B LRI R . N T T AR AL B AN M AN A2, SCHR
(18142 HH T = B A S s i s 413 5 e 1 A A 2 [
(AN B o T . = BB AR E AE T 3 N B2 S 4L
HAEE (Ex). %% (En) A1 )% (He)!"®). En 7% Ex 1764, H
T EE AN A R B AL, 1T He JU) F K 2 5 En
(I BEATLE.
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XA,

WO RTEERBU LS, AV e Uk
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SEM A P BEA L KR, B3 8 R bR 0 2

p = exp[—(z — Ex)?/(2(En)?)]. (11)

Ho: B EU PRI AN ES SR IES
BRSOy AARS Bn F

DHfori=1: N

2) A IEA AT BENLE En; = normrnd(En,
He);

3) ERRIES AL 2; = normrnd(En;,
|En.|), z; /& z=;

4) Wy, = exp[—(2; — Ex)?/(2(En;)?)];

5) end for
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step 1: MU FVESEIN . D ub. b Thax~ Gon

W~ Kpest~ 0~ 5

step 2: HRAE = (1) FIUG AL Fh A

step 3: T S IREEE A 4A 1A) i . B 4B I 2R AT HE P
16 HH 3 R S AR A B DR Fs

step4: 115 worst. best [{H, 1B X (7)) IHH G,

step 5: AR#E = (9) THEIEE R ¥ a;

step 6: HRAE 3) HHT % ¢y

step 7: *ETE?&(IO)%%%ﬁﬁ"‘ﬁQ%E‘Jﬁﬁ;

step 8: JE T 2 (14) 1 (15) i+ IES ALK 2
#(En f1He;

step 9: HiR4fE =X (13) BB 416 bl 5 1 A7 &

step 10: & 1F 6 H 48 2% 2% (] ) 12 4,

step 12: F W IEAR IR EZ 1378 B Tax, R E <
Tonaxe, Wt =t + 1,1 [ step 4, 75 W By 45

2 PiESEW SR

AL (417 S5 % 7E Matlab R2018a 34T 1,
FLAEF 7 3 Rl 27 31 23 AN 0K b Hi0adt 47 366 o 10
R T EMER B ECE AR JEHE 48R
e, 7EIX L EE R H: By ~ Fr Dy B0 R of pR A,
HA B — B AR AR, WX R T R RE 21 AT IR By ~
Fis N2 WSR2, B 2 A R st i — A
G SR B A A, T DA R A 56 BV 1 4 SR - B
Fry ~ Fos AT 2 45 20 VL o o B, 1% R s SO g
I S B f T RR AR A Il R, 55 ZEAR A R R R 5T
R, LB B N R iR A, DR, i R
Ak 77T AR 2 78 43 (R 56

1 EERH
Fy(z) = fo 30 [—100, 100] 0
Fy(z) = Z || + H |2 10 [~10,10] 0
Fy(z) =3 (Zazf> 10 [~100, 100] 0
i=1 j=1
Fu(z) = max{|z;|,1 < i< n} 10 [—100, 100] 0
n—1
Fs(z) = > [100(zi11 — 27)” + (z — 1)7] 10 [—100, 100] 0
=1
Fe(z) =Y (z; +0.5) 10 [—100, 100] 0
i=1
Fr(z) = iz} + random[0, 1) 10 [—1.28,1.28] 0
i=1
Fs(z) =Y —zsin(y/]zi]) 10 [—500, 500] 0
i=1
Fo(z) = [} — 10cos(2mz;) + 10] 10 [—5.12,5.12] 0
i=1
L
Fio(z) = —20 exp ( —02 |~ Z; ) —exp [ Zcos(Qﬂx ] 120+ 10 [—32, 32] 0
X;
Fir(®) = 7505 ) Z H cos (\ﬁ) 10 [—600, 600] 0
n—1
7T
Fia(z) = 7{10 sin(rrys) + > (ys — 1)*[1 + 10sin® (7ry,11) +
n =1
Y — 1)2]} + 3" u(x;, 10,100, 4) 10 (=50, 50] 0
i=1
41 k(z; —a)™, x; > a
yi:1+$1+ , u(xy, a, k,m) O,(—a<)a:i<a;
k(—z; —a)™, z; < —a
Fi3(x) = 0. 1{sm2(37r:cl) + Z(w — 1)*[1 4 sin®(37z; + 1) +
i 10 [—50, 50] 0

(2 — 1)2[1 + sin?(27z,,)]] }+Zu(a: 5100, 4)
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1 25 1 1
F = —_— —
() (500 * ; i( )) 2 [—65.54, 65.54] 1
[ + Ty — Qg5
i=1
11 2
xl(bi — bixQ) 2
Fis(x) = Py 4 -5,5 0.003
15(2) ; [a b?+biﬂc3+$4] [ |
1
Eﬁ@):4xf—2lx%+gx?+xﬁa—4zg+4m% 2 [-5,5] —1.032
5.1 5 2 1
Fie(z) = (a:2 — Tt e - 6) + 10(1 - 8?) coszy + 10 2 [—5, 5] 0.396
Fig(z) = [1 + (z1 + x2 + 1)2(19 — 1421 + 327 — 14zs + 327 — 14xs + 62122 + 323)] X 5 (—2,2] 3
[30 + (221 — 3x2)?](18 — 32y + 1222 + 485 — 36z 22 + 27232) ’
4 3
Fio(z) = _Zci eXP<— Zaz‘j(ﬂﬁj _p'i,j)z) 3 [1,3] —3.86
i=1 j=1
4 6
Fo(z) = — Z ¢; exp < - Z aij(z; — pij)z) 6 [0, 1] —3.32
i=1 j=1
5
Po(z) ==Y [(w—ai)(@—a)" +e] " 4 [0, 10] —10.15
=1
7
Fa(z) == [(z—ai)(z—a)" +e]" 4 [0, 10] ~10.15
=1
10
Fag(z) = = [(@ —ai)(@—a;)" +¢] " 4 [0, 10] ~10.15

i=1

2.1 EARMHREXTEE

N T WL%E CGSSA I B vEge, (T 8 M %
HEAT L% SSALESSA. PSO. CS. GSA. FEP. GWO FlI
WOA. 9 T 3R1F AT SE (1l 85 R, BN SRE TR 23 /N 2t
T bR B #REEAT 30 YRS ()38 B, 8 Rk X b P ) E

b A 22 0 BB A A S0 () M . AR A SRR 1 P 3518
FbR e 22 N, P REAREE. 262 N RIS B B (Fy ~
Fy MR Geih 45 . R 2 Hhr ] i, 78 7 4 s L v
bR M T, CGSSA [ 40 i 45 A T HoAth 8 Fh
%, R B CGSSA I SRS FE v BT K e St 5.

F2 BIEEERBNKMGITER
F  Index CGSSA ESSA SSA GWO WOA PSO GSA FEP CS
mean  1.6738e-54  1.1225e-38  4.313e-09  2.452e-14  6.257e-15 2.325e-05 3.125e-14  5.521e-04 6.25e-03
F std 2.7054e-54  1.2542e-37  1.093e-09  4.325e-14  5.214e-15 3.2145e-05 6.254e-14  1.254e-04  3.4258e-03
rank 1 2 6 4 3 7 5 8 9
mean 2.915e-28 2.0123e-25  3.226e-05 3.256e-14  1.212e-15 5.612e-03 5.41e-02 7.26e-03 3.256e-01
F, std 2.2612e-28  7.7412e-25 1.393e-04  2.156e-14  2.021e-15 2.13e-02 2.012e-01 5.23e-04 2.156e-02
rank 1 2 5 4 3 6 8 7 9
mean 1.853e-45 3.3612e-35 2.067e-09 3.452e-05  4.356e-07 5.15e+02 7.24e+02 1.523e-02 2.053e-01
Fy std 3.0443e-45 1.8425e-34  1.126e-09  7.154e-05  3.278e-06 562.14 318.154 1.231e-02 2.945e-02
rank 1 2 3 5 4 8 9 6 7
mean  1.3627e-27 4.2356e-18 1.639e-05  6.782e-07 0.042 1 18.254 0.952 0.214 1.754e-04
F, std 1.4811e-27 2.1241e-17  3.790e-06  5.121e-07 0.541 5.214 1.415 0.457 3.428e-05
rank 1 2 4 3 6 9 8 7 5
mean  1.4359e-24 25.8803 186.3977 30.528 27.178 120.256 72.156 5.006 6.125¢-03
Fy std 2.984 1e-24 0.029 8 409.936 1.325 1.253 98.526 68.521 5.64 5.21e-02
rank 1 4 9 6 5 8 7 3 2
mean 0 3.1256 6.800e-10 0.8526 2.351 5.46e-05 2.42e-16 0 6.17e-04
Fs std 0 0.8345 1.701e-10 0.452 0.856 1.23e-04 1.685e-16 0 2.814e-05
rank 1 8 3 6 7 4 2 1 5
mean 1.068e-05 8.8212e-05  6.045¢-03 1.56e-03 1.425e-03 5.89%¢-02 7.86e-02 0.1523 2.28e-02
F, std 1.4139e-05  6.6512e-05 5.307e-03 1.23e-03 1.149¢-03 2.13e-02 4.25e-02 0.3546 1.347¢-03
rank 1 2 5 4 3 7 8 9 6

RINZIEILAER I (Fy ~ Fug) MG T4
R, AR 3 AT, R K 2 B i R E pR KR, CGSSA
M GE T 4 R A B AL, RAE Fig ko 2500l

1255 2 67, A IR T FEP 502, 2% 18 31 2 M5 25 oh B
FLIKARBER B CGSSA EH IR F IR R RE ). R4 N
[i] 5 24 22 W T HE BRI (Fy ~ Fos) MR SL it &5
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*3 ZEEERBUNKANGEIHTER

F  Index CGSSA ESSA SSA GWO WOA PSO GSA FEP CS
mean —8875.1424 —4830.2142 —2856.617 —5842.15 —4896.98 —8546.89 —2563.08 —12856 —2289.89
Fy std 3573.8788 708.3124 373.903 1 725.28 702.56 723.45 458.32 45.23 0.589
rank 2 6 7 4 5 3 8 1 9
mean 0 0 18.274 3.5689 0 1.2546 19.256 5.2e-02 0.589
F, std 0 0 8.9812 39826 0 10.263 4 8.524 2.354e-02  2.58e-03
rank 1 1 6 5 1 4 7 2 3
mean  8.8818e-16 8.8818e-16 0.6336 8.958e-12 5.452 0.9586 5.23e-02  2.156e-02  4.25e-10
F, sd 0 0 0.8358 7.562¢e-13 8.248 1.245 03156  3.124e-03  5.36e-09
rank 1 1 6 2 8 7 5 4 3
mean 0 0 0.2441 6.15¢-03 2.813e-03  1.891e-02 20.356 1.859¢-02  0.2481
F, sd 0 0 0.1412 1.23e-02 2.58e-03 2.31e-02 3.256 2.346e-02  3.56e-02
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