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Abstract Coyote Optimization Algorithm (COA) is a novel intelligent optimization algorithm recently proposed and has great
application potential, but it has some problems such as long running time and insufficient search ability. This paper proposes an
improved COA,namely COA based on Information sharing and Static greed selection (ISCOA). Firstly,a new information sharing
model is constructed and applied to the growth of all coyotes in the subgroup, the difference of the sharing information is larger in
the early growth so as to increase the population diversity,and the one is smaller in the late growth to be beneficial to exploita-
tion. Secondly,a new intra-group growth mode is constructed, that is to say.a new growth way is adopted in the early stage,
mainly based on the information sharing model, to strengthen the growth process to improve the exploration ability, and the
growth method of the original algorithm is kept in the later stage, mainly based on the guidance of the alpha wolf and the cultural
trend, to strengthen the exploiting ability. Finally, the intragroup greedy algorithm of the original algorithm is changed into a sta-
tic greedy algorithm to improve the stability of the algorithm,realize the parallel calculation of the objective function,and improve
the running speed. A large number of experiment results on the complex functions from CEC2017 test set show that,compared
with COA,ISCOA obtains the advantage of 23 and 24 of the 29 10-dimensional and 30-dimensional functions respectively,and its
average running time is 86. 3% and 85. 7% of COA’s on the 10-dimensional and 30-dimensional functions respectively, and its
running time is decreased. Compared with the 7 state-of-the-art algorithms, the average ranking of ISCOA on the 10-dimensional
and 30-dimensional functions are 1. 48 and 1. 69,ISCOA wins 17 and 18 times ranking the first. respectively,and obtains better
optimization results. Experimental results on the practical engineering problem show that ISCOA has achieved the best results.

These all proved that ISCOA has stronger search ability and more competitive,and that it has better application prospects.
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4 CEC2017 | Ay 52 50 45 5 DL B B30k W HE 44 1 00 23 Jl dn ke 1 A
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Table 1  Comparison results of 8 algorithms on 10-dimensional functions
Function Value HGSA GWO FWA TLBO CSPSO HFPSO COA ISCOA
Mean  4.7200X%10° 7.3584%10° 3.2036%10° 1.7673x10° 3.1244%10° 2.9673%10° 3.5849%10° 2.4259
Fy Std  6.8500%10" 1.8600x10" 1.7102X10° 2.1250%10° 3.4549x10° 3.5032%10° 1.8467x10° 1.1542
Rank 4 38 7 5 2 6 3 1
Mean  3.0000x10°  6.5064 X107 1.1533x10% 5.2385x10 " 4.3316X10 3.5667x 10" ' 4.7382X10  2.4238x10 °
F3 Std 1.1800%X10° % 1.0266x10° 1.2985x10%  3.3808x10 ' 1.9936X10 2,7756x10” "™  3.1598X10  2,7337x10 °
Rank 7 38 6 2 4 1 5 3
Mean  4.0000x10? 1.1013X10 1.0912X10  1.0203x10 ! 4.6923 8.9402X10 ' 5.7436x10 ° 7.7326x 1074
Fy Std  4.3300x10°2  1.0993X10 1.7893X10  6.6844%X10 ° 1.3128 1.2472X107 1 3.9789X107° 5.8457x 1074
Rank 8 7 6 3 5 4 2 1
Mean  2,2600X10°  5.2248x10%°  5.8638x10%  5.0993X10°  5.5813x10°  3.8871x10%  3.0531Xx10%  2.7712% 102
Fio Std  2.0200x10%  2.3269%x10°  2.5359X10%  3.3028%10° 1.296 1% 102 1.8130%10° 1.5195 % 10% 1.6262%10°
Rank 8 5 7 4 6 3 2 1
Mean 1.1200%10° 2.8334X10 1.9435% 10 6.0699 7.1697 7.3091 1.3212 1.4423
Fp, Std 7.3800 2.5029%10 7.9806 1.4027 1.3788 5.4042 8.1139x 107" 9.1466x10 "
Rank 8 7 6 3 4 5 1 2
Mean 2.1500%10° 5.0770X10 1.8741X10 1.6276X10 1.6101X10 5.3118X10  2.8193x 107!  3.4773X10 !
Fy Std 1.4000 3.3568X10 5.7219X10 1.0266X 10 6.9943 5.3728X10  4,3232x107" 5.1775%x10 "}
Rank 8 6 5 4 3 7 1 2
Mean 2.3100X%10° 1.8305x 102 1.4856x10% 1.516 9102 1. 1497 x 102 1.6165x10% 1.5507 X102 1.1609x 102
Fy Std  4.3300X10 4.9586X10 5.8301X10 5.3522X10 2.3815x% 10 5.8544X10 5.6683X10 3.8382X10
Rank 8 7 3 4 1 6 5 2
Mean 1.4200%10" 4.5720X10° 4.6536%10° 8.4648%10" 9.0978x10" 2.5583x10° 2.8790x10" 1.7257 x 10°
F3 Std 7.1600x10° 8.7799%10° 5.7852X10° 2.2375%10° 4.5638x10* 4.6752%10° 1.2781x10° 1.3965x% 10°
Rank 2 7 8 4 5 6 3 1
Count 0 0 0 1 3 2 6 17
Ave. Rank 7.28 6.14 6.52 3.48 4.00 4.72 2.38 1.48
Total. Rank 8 6 7 3 4 5 2 1
2 8 PRELIRAE 30 YE A LI IG 45 N I
Table 2 Comparison results of 8 algorithms on 30-dimensional functions
Function Value HGSA GWO FWA TLBO CSPSO HFPSO COA ISCOA
Mean  2.6800X10° 7.3300%10°% 4.3987%10° 2.9846x10° 1.5356x10° 3.9338%10° 1.2099%10° 1.4621x 107
Fy Std  2.5000%10° 6.0900x10° 1.4055x%10° 3.1471x10° 1.1306x10° 5.3689X10° 1.2998%10° 1.6248 x 102
Rank 4 8 7 5 3 6 2 1
Mean  4.3600x10" 2.7200% 10" 2.4748%10"  4.0488x10° ' 1.7371x10"  1.5595x 1077  6.0573x10" 1.9681x 10"
F3 Std  5.4900%x10° 8.3200%10° 6.3467X10°  1.6647X10 %  2.2981x10°  2.3334x1077  1.0177x10" 3.7975%10°
Rank 7 6 5 2 3 1 8 4
Mean 5.1900 X 102 5.4100X10° 1.1370 X 10° 5.9054 %10 1.0689X10% 6.9386X10 8.4041X10 5.0569 % 10
Fy Std 2.6300 3.3400X10 1.7315X 10 3.0429X10 1.3722X10 2.1364X10 8.5306 3.2243%10
Rank 7 38 6 2 5 3 4 1
Mean 4,2100X10° 4.0700x10° 3.7800%10° 6.0667%10° 5.3225%10° 2.9908%10° 2.7575%10° 2.4479%10°
F1o Std  2.9300%x 102 9.8000X10°  5.9660x10°  1.0625x10°  3.0892x10%  5.9210X10°  4.6685x10°  5.8631x10°
Rank 6 5 4 8 7 3 2 1
Mean  1,2000X10° 1.420 X10° 1.6164%10% 1.2672x10% 1.1374X 102 1.1553x%10% 4.1143X10 2.9942x10
Fii Std  2.9800X10 3.7800X10% 14.5263X10 1.5717X10 2.3721X10 3.9628X10 2.7367X10 2.5193x 10
Rank 7 8 6 5 3 1 2 1
Mean  2.8600X10° 2.3700%10° 4.6345%10° 2.4392%10° 2.9224X10° 2.6516x10° 2.4290%10° 1.9885x 102
Fao Std  2.2400x10° 1.4000X 10% 1.7129X10° 8.4432X10 4.6404X10 1.1737X10%  1.4995x10° 1.2411X10%
Rank 8 7 6 3 5 1 2 1
Mean 2.4100X10° 2.3700%10° 3.7768%10° 2.6988x10° 3.7692%10° 2.7446%10° 2.5626 X 10° 2.4719 % 10?
Fa Std  5.9000%10 1.9600% 10 7.9462X10 1.9589X 10 2.2070X10 1.9517X10° 1.6800X 10 1.3038x% 10
Rank 7 6 5 3 4 8 2 1
Mean 1,1000x10" 4.2600x10° 1.5965x10* 5.9572 x 10° 2.8412%10" 1.8733x%10* 6.0618%10° 7.0239%10°
F3o Std 2.6000%x10° 3.8900%10° 8.7877X10° 3.9139%x10° 1.9147x 10" 3.4470%10" 4.7022%10° 1.2925x 10°
Rank 4 8 5 1 7 6 2 3
Count 0 0 0 4 3 2 2 18
Ave. Rank 6.38 7.34 5.86 3.79 1.03 4.03 2.86 1.69
Total. Rank 6 7 5 3 4 1 2 1
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Fig. 1 Comparison of average running time of two algorithms on

10D and 30D functions
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Fig. 2 Comparison convergence curves of different algorithms on 10-dimensional functions

MIEL 2 o], B G B AR SR EOT A R B 3, AE Fy i F,
BRI REL [, ISCOA 1 W S4GH 3 BH 1 Lk COA 1 Wi S8 B 4k
FAFE 5 48 R BE 51 5 ISCOA H COA &, 5 GWO.
FWA,TLBO i} HFPSO . 76 F, b, ki B 5 o6 5O0E

WHLRIHE AN ISCOA f Wi SI0GHE B J& B A5 76 F, | ISCOA
It TLBO 5 HFPSO WU S BERT 22, H L GWO Il FWA [y
W B B T s 7 22 W PR B L L BRTE Fs L By R Fy b A W8I0

AN RSN TE FooFs o Fo Jo Fio B ISCOA 1 W 8303 fE T



KT A A L I S R A S0 50 SR I R AR A AL B vk

223

COA, #it5 COA M, ISCOA TE £ I 55 %1 I 14 W S M fig
. 5 GWO. FWA., TLBO #l HFPSO # tb. # F, L
ISCOA, TLBO Fl HFPSO = 2 4 it &4 i 41 3 » {H ISCOA
B GWO il FWA (W8GR BE P 7E Fo W Fs  Fs M Foo 1
ISCOA MW EGHE FE T GWO,FWA, TLBO #il HFPSO ik
SOHEBE, W5 GWO,FWA, TLBO fil HEFPSO #f It , £ £ I 55
B ELISCOA St A s i se ot . A Fiy — Fy IR
G PRBURE G PR EL L L BR T HE Fuo Rl Fae | ISCOA W 85 1 BE
F 248, ISCOA ByUR St REER UL T COA My Stk fig , F R 7E
FisFiy—Fis s Fig s Foy o Fos B For EARSAN T G, {8 16 H Al bR
B EACHAR I L IE T ISCOA 75 4b B 42 2 4 Ak I8 551 4 fiE
E R T COA, 5 GWO,FWA, TLBO } HFPSO # It,
Bk T 16 Fo | ISCOA # FWA Ay Ui $YERE R 22 4, ISCOA Y
WS E BERRAL F3X 4 A SEIE MU SIMERE L BUFE Fus s Fap s Fos
B Foy FAORSOR I 5 07 Ho b bR 8 RSB AR A B E T
ISCOA 7E AL ¥ & 7% 1k 4k [8] #1 19 6& 1 b K&k T GWO,
FWA,TLBO & HFPSO. M B & B, A48 i 50 £ 0% bR
B.ERBRAME SR, 5 COA,GWO, FWA, TLBO &
HFPSO #f Lt , ISCOA ¥4 547 09 W St fig . 3 156 B 48 3¢
P2 0 B A AR R A K AR & T &R R Ak
T BT R R e,
4.3 Wilcoxon =16

Wilcoxon £F 5 Bk K 46 J5 k1 & — Rl S 805 M G 98
Fvk A SR O R 8 ISCOA 5 COA, HFPSO, CSP-
SO, TLBO,FWA,GWO #il HGSA By 8 3 1 22 % . Wilcoxon
e BRI E R 1.5 2 LK OSID Hig %, 24 ISCOA
e F X FE B B, BN I 524 ISCOA 45 F X He B e i, Ho
i, 3 FIH T ISCOA st b33k 78 AN [ 4 B L (4 Wil-
coxon Kp ¥ & . Hib . p (MR EREFEE ;R B IERN R
LR FR Rk BA, 24 ISCOA 5 %) b 53 15 1y 44 ik AH [R]
If X BB BEE 048 R R R sn/ww/t/1 5y IR AE n A B8
3 I ISCOA WS T w AR, ¢ IRMEREME ], 0 Wk 22 19 45

2 3 Wilcoxon £ 5 Bk K 5 45 S

Table 3 Wilcoxon sign rank test results

7 CEC2017 Mk % 10 £ @ % Eoy 4 R

p-value Rt R™ n/w/t/1
ISCOA vs COA 1.0532x10 % 369 66 29/23/0/6
ISCOA vs HFPSO 3.5150x 10 © 432 3 29/27/0/2
ISCOA vs CSPSO 9.5012X10 ° 378 37 29/26/0/3
ISCOA vs TLBO 2.5631x10 ° 427 8 29/27/0/2
ISCOA vs FWA 3.1652x10 ¢ 433 2 29/28/0/1
ISCOA vs GWO 2.5631x10 ° 435 0 29/29/0/0
ISCOA vs HGSA 2.5631x10 °© 435 0 29/29/0/0

e CEC2017 4R % 30 48 4 F oy 4 R

p-value Rt R™ n/w/t/1
ISCOA vs COA 9.7536x10 * 370 65 29/24/0/5
ISCOA vs HFPSO 1.6542x10 % 363 72 29/25/0/4
ISCOA vs CSPSO 4.7915%x10 * 379 56 29/25/0/4
ISCOA vs TLBO 2.8181x10 ? 319 116 29/23/0/6
ISCOA vs FWA 2.5631x10 °© 435 0 29/29/0/0
ISCOA vs GWO 2.5631x10 % 435 0 29/29/0/0
ISCOA vs HGSA 4.5822%10 ° 106 29 29/28/0/1
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Fig. 3 Tension/compression string design problem
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Table 4 Comparison results for tension/compression string design problem
ISCOA COA GWO TLBO HPSO CPSO CDE
ES 0.051702 0.051682 0.051584 0.051691 0.051706 0.051728 0.051611
z, 0.357018 0.356539 0.354166 0.356756 0.357126 0.357644 0.354714
EN 11.2714 11.2995 11.4446 11.2868 11.26508 11. 24454 11.4108
Best 0.012665 0.012665 0.01267 0.012665 0.012665 0.012675 0.012670
Worst 0.012665 0.012719 0.013134 0.012735 0.012719 0.012924 NA
Mean 0.012665 0.012669 0.012735 0.012685 0.012707 0.012730 0.012703
Std 1.5x10 ¢ 14x107° 9.7x10° 1.8X10° 1.6X10° 5.2x10 1 NA
Time/s 1.0515 1.496 1.1269 1.6097 NA NA NA
MaxFEs 4.0x10" 4.0x10" 1.0x10" 1,0x10" 8.1x10" 2.4X10° 2.4X10°
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