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[ Abstract] For the low convergence accuracy and slow convergence speed of COOT optimization algorithm, a coot optimization
algorithm based on perturbation factor and greedy strategy ( PGCOOT) is proposed. Firstly, the algorithm adopts elite reverse
learning strategy to improve the diversity of coot population during the initial stage. Secondly, the greedy strategy is adopted to select
the best movement mode in order to reduce the search blindness and inefficiency. Then, the proposed algorithm uses perturbation
factor to balance local exploration and global exploration. Finally, the improved algorithm and other swarm intelligence algorithms
are simulated under eight classical test functions. The results show that the optimized COOT optimization algorithm has better search
accuracy, speed and stability, and has more competitive advantages compared with other algorithms. Wilcoxon rank sum test proves
that PGCOOT algorithm is significantly superior to other algorithms.
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Fig. 3 Convergence curves of PGCOOT and other algorithms
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Tab. 3 Comparison between PGCOOT and COOT when running

independently for 30 times

—_ =g

IIE1T 30

RESE () L3R

PGCOOT CooT
F, 3.0150 3.018 0
F, 3.1750 3.009 0
Fy 3.102 0 2.990 0
F, 2.9770 3.038 0
Fy 3.059 0 3.020 0
Fg 3.0770 3.0380
F; 2.929 0 3.160 0
Fg 2.996 0 3.111 0

%®4 PGCOOT REMHEELER
Tab. 4 Results of PGCOOT and other algorithms

BREL Ak Mean Best Std
F PGCOOT 0 0 0
COOT 9013 5E-25 5.504 4E-44 4705 8E-24
GOA 32.020 2 7.513 89 20.337
GWO 1.518 8E-27 2460 8E-29  2.673 5E-27
ALO 0.001 5136 0.000 12975  0.001 670 8
MVO 1.345 8 0.801 34 0318 73
SCA 103591 000946766 322762
F, PGCOOT  3.421 4E-189 1.033 7E-216 0
COoOT 8373 7TE-13  2.894E-24  4.465 9E-12
GOA 15.634 3 3338 97 16.154 7
GWO 94123E-17 2.1258E-17 5321 6E-17
ALO 59.694 2.456 02 51.234 9
MVO 0.882 45 0.555 39 0.358 08
SCA 0020075  0.000 676 68  0.032 385
F, PGCOOT 0 0 0
CooT 4067 7TE-19  1.709E-52  2.184 3E-18
GOA 32007754 8984377 13386312
GWO 8.158 6E-06 5316 SE-08  1.470 1E-05
ALO 49083448 93392993  2849.760 9
MVO 235377 8 111.281 2 84.887 9
SCA 88645761 17989546  5580.8055
F, PGCOOT  9.662 9E-168 4.770 SE-211 0
€ooT 1.605 1E-08  6.943 2E-27  8.761 5E-08
GOA 13.877 7 7.640 76 4.208 31
GWO 5067 9E-07 5.680 1E-08  5.714 9E-07
ALO 18325 1 8.276 29 5.100 66
MVO 2.094 1 0.883 26 0.846 62
SCA 36.755 5 15783 1 11544 5

4ik4
PRAL Ak Mean Best Std
Fs PGCOOT —2447.5323 -15824871 498831 82
CooT ~75674334 -54232632 852368 05
GOA -7 4802682 -57485765 955575 65
GWO -59604599 -5120.8647  507.876 59
ALO -5482.118 -5417.6748  100.469 65
MVO -7596.2323 -5709.9444 742229 95
SCA -37919657 -3293.4979  305.864 86
Fy PGCOOT 0 0 0
CoO0T 9.492 9E-12 0 3.503E-11
GOA 106.522 7 51.236 83 37.414 19
GWO 1.908 3 0 3.263 4
ALO 78.204 4 40.794 21.547 3
MVO 116.867 7 48.539 9 30.429 09
SCA 51.086 3 0.447 146 45264 3
F, PGCOOT  8.881 8E-16 8.881 8E~16 0

COOT 5.596 7TE-06  8.881 8E-16  3.038 7E-05

GOA 5.856 8 33291 1.466 4
GWO 1.011 9E-13  7.549 5E-14  1.532 2E-14
ALO 6.825 8 1.341 4 3.852
MVO 3.049 2 0.521 33 4.5373
SCA 15.481 8 0.061 726 5 8.288 31
Fy PGCOOT 0 0 0

CooT 3515 7E-16 0 1.229 8E-15
GOA 1.159 7 0.889 36 0.122 46
GWO 0.000 819 24 0 0.003 121 6
ALO 0.069 363 0.027 032 0.035 533
MVO 0.863 65 0.632 15 0.084 46
SCA 0.945 64 0.059 149 0.467 64

(2) NZIEREL F, ~ F, BIZ55RTT I T8 Fy B
b BARTA SRR S R ES SR E (A
PRI F/ ME R FLEE K F , PGCOOT Y45 R fin T
ISR, 15 F, Fl F, RE |, PGCOOT .GWO 5
COOT ¥kt JryiB et , -2 B e e i, 1H 2 T
PIE 5512k E , PGCOOT ELA T IT1Fa M, bk
1% 100% S HERAME ., X T F,, B PGCOOT
L HADS A AR T BB B E, {2 PGCOOT K15
M EAIE 8.881 8E-16 J& T A B th i i #lig A
a2 —, IF EAEBIE SR 2 a5 Rl UaE
F|,PGCOOT M EME R IF, XKW THE F, R
T, PGCOOT AHX FH B AL R R H a4 ),

N T HE—HEUEA ST PGCOOT ik K 5
IRgE R AR GWO F1 COOT 7E d = 100 Hi}
PRI TS, I sc s WL 5 sk Ze DL IR 4.,
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Fig. 4 Convergence curves of PGCOOT, GWO and COOT
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Tab. 5 Results of PGCOOT . GWO,COOT

PRI (RN Mean Best Std
F, PGCOOT 0 0 0
COooT 8.793 4E-19  8.256 4E-57 4.816 3E-18
GWO 1.9054E-12  1.883 2E-13  2.032 9E-12
F, PGCOOT 5.155 7E-194 1.095 3E-253 0
COOoT 4.824 4E-11  2.650 9E-24  2.635 2E-10
GWO 4.781 2E-08  2.446 6E-08  1.497 7E-08
Fy PGCOOT  1.943 7E-308 0 0
COoT 1.607 5E-16  5.12E-50  8.804 5E-16
GWO 652.942 8 67.007 86 507.981 9
Fy PGCOOT 2114 4E-186 4.311 4E-247 0
COOT 9.431 2E-07 2.206 4E-28  5.165 7E-06
GWO 0.939 5 0.095 852 0.91 53
Fs PGCOOT -4393.034 -3014.6436 992491 11
CooT -18 862.834  —-12969.379 2 857.586 55
GWO —-15602.845 1 -6 190401 35 2 694.470 98
Fy PGCOOT 0 0 0
COooT 3.382 3E-10 0 1.849E-09
GWO 7.9917 2.106 6E-10 6.070 3
F, PGCOOT 8.881 8E-16 8.881 8E—-16 0
COOoT 1.802 5E-10  8.881 8E-16  9.841 4E-10
GWO 1292 9E-07 6.122 4E-08  4.582 4E-08
Fy PGCOOT 0 0 0
COOT 1.501 4E-10 0 8.223 3E-10
GWO 0.003 4712  1.230 1E-13 0.009 272

M 4 0] UL X F F, ~ F, %F ,PGCOOT .GWO ,
COOT 9 TR BLES AL, PGCOOT B Si Hh £&
TR, T GWO ,COOT B YA SI il 2 T 45k 2% Al
MFE 5 FIE 4 5kF ,PGCOOT 7 F, BEWE 100% F-15F#
WAE, MR R A T RIS RN E, 76 F, F,
PRECT ,PGCOOT B ABUSEEHARIE , [H5 GWO F1
COOT #tb, B E M —%, JfH PGCOOT 7EF-
YA ShREZE A B RGE ., 76 F, RECT,
PGCOOT BARESARIE 100% F-159 3iS e 18, (EATS
PRRFISCSIORS B RS SR 25— B AT DL, 76 4 o
I PR 5256 B, GWO T COOT £ - B 1 Fiie 8¢
R A g, AR R AL, 5 A L
PGCOOT 1REPRFE R 4F 1 FLRE Ty, i — BRI T

PGCOOT &AM BEA L

TEZIWERELF, ~ Fy ¥R, PGCOOT 1£ F, PR 3%
BT AR FIERE S, N S AR 4 SR AT LR
F,5 GWO F1 COOT AL PGCOOT 43 T Hip v
M, TEF, ~ Fy PREC L, PGCOOT [ YL S50 i Eb
GWO 5 COOT , s il i S 2 fe AL (T, 5
d = 30 FHAI L, PGCOOT HNCSIORS B | 8 & AR 1k
PR — 80, X 2 PGCOOT HA {543 5 ot 1) £
PERIRGEVE, 258 F, ~ F, REUNSS R E 04t
LW PRELII IS OL T, PGCOOT {75545 BL 41y S fig
FNS S | T GWO ,COOT 5 i 4 55 3R i 52 2 k%
Bb 2 Hh RS AN, SR RE ST BRI AT L

PR AN FE AR A 2 3 4 4514 7, PGCOOT 4R
FUA R FU0RS B AR e e R SO0 X
WKW T PGCOOT REMS AT WU DA A 1 1= 24 1Y) pR R
Akl
3.3  Wilcoxon #4118

REGUE PGCOOT 33 553 (ALO) | KR
AL (CWO) (8 AR AL TRTL (GOA) (IERIZHA
B:(SCA)  ZnFH ML L (MVO) R iR i
COOT BIEAE Ay T L& AR AE 35 PR DXl X
BRI T T REREINA L, IR BB IR IESS
Sy, R FH 38 0 A S 5506 50 07 %, R SRR
Wilcoxon 7k FIAG L

Wilcoxon B AL 1A 38 - 15, 42 H Uk
H,: PGCOOT H3k 5 H AW 1L 2 8] 14 e A A7 7F B i
E5 . BN H, . PGCOOT Bk 5 Hifth B9 2 ]
PEREA HEH T 25 RE, R Wilcoxon FkFIAS 56
JREFRE P A, fn , FIFR IS5 R P EK L
B AL R GAEZESR, 4 PE/NT 0.05 B, 40
ofi H,y, RIS PR 76 M RE A7 A6 BB X5 24
P{HKTF 0.05, A4E4s H,, RN R k2 18]
FEAERA 25 53 W FP Bk 7 42 Jm) SO0 PR RE AR 24,
Wilcoxon Bk FIKE: 36 45 5 W3 6,

%R 6 PGCOOT Hixk5EHAE %A Wilcoxon BRI LR
Tab. 6 Wilcoxon rank sum test results of PGCOOT algorithm and other algorithms

COOT GOA SCA GWO ALO SCA
F, 4.470 8E-134 8.640 8E-161 1.252 6E-160 1.700 6E-122 3.213 6E-158 1.077 5E-161
F, 2.856 4E-129 8.541 6E-160 1.882 1E-157 2.495 5E-95 8.129 5E-160 4.300 6E-161
Fy 3.936 9E-126 1.827 4E-161 4.762 6E-162 5.282 3E-152 2.703 9E-161 1.350 2E-162
F, 1.832 6E-137 7.917 7TE-162 8.947 TE-164 1.946 1E-144 1.941 8E-161 7.187 TE-163
Fs 4.117E-157 1.759 8E-162 2.621 4E-163 1.138 5E-161 5.432 2E-164 8.911 4E-163
Fg 4.353 2E-169 3.658 8E—-182 3.277 6E-181 6.332 3E-180 3.039 8E-181 3.015 3E-183
F; 6.165 9E-154 1.074 4E-175 1.072 6E-175 1.801 1E-125 3.656 3E-175 6.597 SE-177
Fg 1.019E-151 1.667 6E-179 1.898 5SE-179 1.729 2E-167 2.233E-177 4.593 9E-180
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M 6 Wilcoxon FkFNH: % vl LLFE H, PGCOOT
Bk 5 HAW S S 2 18] 1 Wilcoxon B FIAS K T A5 () P
B KA 2.495 SE-95, i/ME M 3.015 3E-183,
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