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[ Abstract] As the search continues,Coyote Optimization Algorithm(COA) has several disadvantages of the population reduced
diversity,slow convergence speed,ease to fall into local optimum and unable to obtain a feasible solution when solving a constrained
optimization problem.To overcome these disadvantages,Coyote Optimization Algorithm with Dynamically adjusting Growth
mode(DGCOA) is proposed.First,the mutation crossover strategy is introduced to enhance the population diversity.Subsequently,

the global optimal individual is added to guide the search so thatindividuals in each sub-population can quickly approach the
optimal solution position from different directions,and based on the similarity degree of individuals in the population,the updating
method of coyote growth was adjusted to effectively enhance the ability of balance global exploration and local development of
the algorithm. When solving constrained optimization problems, a new fitness function is constructed by using the adaptive
constraint processing method to coordinate the optimization objective and constraint violation degree.The simulation results of
22 test functions and 3 engineering design problems on CEC2006 reveal that the DGCOA algorithm has higher convergence
accuracy and stability than COA,ICTLBO,and ODPSO algorithms. Consequently, DGCOA can solve complex optimization
problems more effectively.
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-0.803 619104 2 Std 2.88E-02 3.31E-02 5.17E-03 4.34E-02 1.11E-01 3.86E-03 1.20E-02
g03= Mean -1.000 500 1 -0.183 780 634 -1.000 5 -0.997 140 653 -1.000 5 -0.976 384  -1.000 383
-1.000 500 100 0 Std 4.67E-13 3.75E-01 1.97E-13 1.29E-02 0.00E+00 4.41E-02 4.11E-05
g04= Mean -306 65.538 67 —30665.53867 -30 665.539 .« 306 65.538 67 -30665.5387 -30653.533 -30665.54
-30 665.538 671 7834  Std 3.71E-12 3.71E-12 7.43E-12 9.89E-06 0.00E+00 6.27E+00 1.05E-11
g05= Mean 5126.496 71 5345.782 04 5126.496 7 5 181.393 285 5126.496 9 5304.65 5467.756
5126.496 714 007 1 Std 2.78E-12 3.11E+02 1.86E-12 TATE+01 1.00E-04 1.89E+02 3.31E+02
g06= Mean -6961.813876 —6961.813876 (-6961.8139 -6961.813876 -6961.8139 -6961.735 -6959.489
-6961.813 875 580 2 Std 0.00E+00 0.00E+00 3.71E~12 0.00E+00 0.00E+00 5.10E-02 1.18E+00
g07= Mean  24.306 209 068  24.306 567 27 24.306 2 24.334 879 41 24.601 2 26.463 11 24.780 64
24.306 209 068 1 Std 3.86E-12 6.41E-04 5.40E-14 5.86E-02 4.14E-01 1.09E+00 3.12E-01
g08= Mean  —0.095 825 041, —0.095 825 041  -0.095 825 -0.095 825 041 -0.0958 -0.095 825  -0.095 825
-0.095 8250415 Std 1.42E-17 1.42E-17 0.00E+00 5.67E-18 0.00E+00 0.00E+00 0.00E+00
g09= Mean 680.630 057 4 680.630 114 680.63 680.630 057 4 680.6301 681.054 1 680.630 9
680.630 057 374 5 Std 871E-13 3.13E-05 4.64E-13 9.27E-13 0.00E+00 2.32E-01 5.13E-04
gl0= Mean 7049.278 32 7 149.029 3 7049312859 7053.512497 7132.005 5 10 412.32 7357.461
7 049.248 020 528 6 Std 2.33E-02 2.61E+02 8.39E-02 1.19E+01 4.55E+01 3.11E+02 1.22E+02
gll= Mean 0.749 9 0.989 904 0.7499 0.749 9 0.749 9 0.880 593 0.750 025
0.749 900 000°0 Std 1.13E-16 5.00E-02 1.13E-16 13E-16 0.00E+00 7.95E-02 3.40E-05
gl2= Mean -1 -1 -1 -1 -1 -1 -1
-1.000 000 000 O Std 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
gl3= Mean 0.179 479 598 0.471 047915 0.207 885 952 10.340 434 355 0.053 9 0.891 9249 0.171 074
0.053 9415140 Std 1.82E-01 1.86E-01 1.92E-01 2.36E-01 0.00E+00 3.50E-01 1.75E-01
gl4= Mean -47.764 888 4595 NF -47.764 9 -47.757 801 8 -47.760 9 -42.9508  -47.246 220
-47.764 888 459 5 Std 2.04E-12 NF 2.10E-08 1.25E-02 0.00E+00 1.37E+00 2.86E-01
gl5= Mean 961.715 02 961.762.714 9 961.715 02 961.746 474 5 961.715 965.022 962.173 70
961.715 022 289 9 Std 5.80E-13 2.20E-01 4.64E-13 6.41E-02 0.00E+00 3.00E+00 7.77E-01
glo= Mean  -1.905 155 259 =1.905 0217 -1.905155 -1.905 155259 -1.9051 -1.874 86 -1.905 155
-1.905 155258 6 Std 4.53E-16 6.68E-04 2.79E-15 7.81E-16 0.00E+00 4.88E-02 0.00E+00
gl7= Mean 8 885.492 NF 8 880.595 253  8923.934 753 8 853.537 1 NF 8915.998
8 853.539 674 806 4 Std 3.44E+01 NF 3.69E+01 7.26E+01 2.70E-03 NF 7.08E+01
gl8= Mean -0.866 025 -0.866 023 675 -0.866 0254 -0.827 792 699 -0.797 3 -0.618 16 -0.8657735
-0.866 025 403 8 Std 3.33E-16 3.05E-06 1.48E-13 7.80E-02 1.12E-01 1.26E-01 3.00E-04
gl9= Mean 32.655 592 95 33.933 19373 32.65701994 33.216 633 82 57.3918 219.3912 NF
32.655 5929502 Std 9.52E-13 3.75E+00 1.56E-03 1.19E+00 1.82E+00 6.99E+01 NF
g21= Mean 230.398 4 NF 193.724 51 235.8597855 193.785 8 NF NF
193.724 510 070 0 Std 60.021 811 98 NF 6.00E-11 6.27E+01 1.21E-02 NF NF
g23= Mean -388.822 878 135.999 732 -400.037 16 -311.737 659 -356.205 1 36.039 46 NF
-400.055 100 000 0 Std 1.15E+01 3.20E+02 7.44E-02 1.21E+02 9.59E+00 7.99E+01 NF
g24= Mean -5.508 013272 -5.508 013272 -5.508013 -5.508 013 272 -5.508 -5.508 0133 -5.508 013
-5.508 013271 6 Std 9.06E-16 9.06E-16 5.66E-15 9.06E-16 0.00E+00 0.00E+00 1.78E-15
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Fig.2 Convergence curves of DGCOA,COA and ICTLBO algorithms
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W B Wi S B R 57 T ICTLBO, {H 78 5 ] , DGCOA
i) B B A 50 5 35 4 1, 5 ICTLBO FY Wi 85 132 Al
SRS BEAAH 1N s 7E kg g1 1 M g15 |, DGCOA F 1]
AR B B S0 JE A T ICTLBO, Ho 78 1% 10 5 10 fiE
DL v 1 U SSORS T U SISt A s AE PR R 217 1
DGCOA 7£ 511 % A By B Wi 84K B 75 3k T ICTLBO,
WA AR PR B AT AT %, (A 76 )5 1, DGCOA 11 it 84k
fE# it T ICTLBO,

i Lk B 2 dE—E ] T ek COA Bk oig
JEAEWCSIORE B A O SA0 B Ty T A 31 T AR KA Tt .
3.3 Wilcoxon #F S #4018

AR SR Wilcoxon 75 Bk ALK 56 g 11 3k ok
M DGCOA 53 1 i AL I Z (7] 22 7 1) i
FE. Hop RAFRRIER B, R-FR R AR, X
PIFR SR 2 B B GE i R 2 S R AR5 7 ==
FETR TR =7 4 ) U BH AT — AN SR B A T B
25 T JE 2 E =T U 2 A BA AT I 2
Wilcoxon 455 e FIAS: 56 45 SR 3% 2 i o

&2 Wilcoxon FSHMQIGER

Table 2 Wilcoxon signed-rank and test results

ik R+ R- £
DGCOA -t0-COA 184.5 5.5 +
DGCOA-to- ICTLBO 85.0 168.0 ~
DGCOA-to- ODPSO 23200 2140 +
DGCOA -to- TWWO 172.0 81.0 ~
DGCOA-to-E-BRM 200.5 95 +
DGCOA -to- MGABC 159.5 30.5 +

2)Tension String Design [A]

A 3 DGCOA 5 ik iz 47 25 R A At 5 3k A
Tension String Design [0] 8 I A9 LA W3R 4 frs . 7]
LA i IFOA #l DGCOA Tt £ Uiz 17 1 RE AR 45 fix
L%, H DGCOA HUAT 1 fe /N i 22 , Bl DGCOA
FREPER AT

R 4 T EEETE Tension String Design 8] & _EAY4E R LLER
Table 4 Comparison of results of different algorithms

on Tension String Design problem

Bk Best Worst Mean Std
CVI-PSO™  0.0126650 0.0128420 0.0127310 5.58E-05
UABCP ©0.0126650 0.012 6830 — 3.31E-05
ITLBO™ .0.0126652 0.0126662 0.0126734 2.12E-06
IEOARY 0.0126652 0.0126652 0.0126652 1.13E-11
DGCOA . 0.0126652 0.0126652 0.0126652 1.01E=16

3)Pressure Vessel ] #l

A 3 DGCOA B % iz 17 &5 5 i Hofh 55325 7
Pressure Vessel [A] @ - LB W3R 5 Fros . Al L&
ICTLBO.,COMDE Fl DGCOA 7t £ (K 1247 H ¥ fiE 3k
53 e f %, H DGCOA 1% 1 fig /I 1Y A5 i 22, B
DGCOA F&5E T 4.

£5 AREE L7 Pressure Vessel [0 81 _F R4 R L&
Table 5 Comparison of results of different algorithms

on the Pressure Vessel problem

Bk Best Worst Mean Std

M FE 20 LIFE L, DGCOA &8 & 1 T COA.
ODPSO. E-BRM #l MGABC & ¥ , 5 ICTLBO I
IWWO Bk [al T g 22 5%

4 TEMHEBEERKSH

Sy E— A K DGCOA B33 i e 52 b T 78 ) 5t
(AT 50T 36 B 3 A4 45 Ry 48 L A 24 R TR 38 3 el
X DGCOA Bk i A7 .

1)Welded Beam [0]

AR X DGCOA B ik 15 17 45 3 f i fth B3k 78
Welded Beam [0 /8 | (19 HE 8 U036 3w 7T VLA H
ICTLBO .IFOA fil DGCOA 7 & ¥ia 17 o ¥ B 3k 15
e th fit , H DGCOA B 5.1 K /N 1 ks o 22, B
DGCOA fa & M it

®3 T REEETE Welded Beam 8 _F 45 R ILE
Table 3 Comparison of results of different algorithms

on the Welded Beam problem

Bk Best Worst Mean Std
UABC"! 1.724 852 — 1.724 853 1.70E-06
IFA! 1.724 894 1.725 321 1.724 978 1.33E-05
ICTLBO"  1.724 852 1.724 852 1.724 852 1.75E-11
IFOARY 1.724 852 1.724852  1.724 852 1.11E-15
DGCOA 1.724 852 1.724852  1.724852  9.06E-16

CVI-PSO™ /6 059.714300 6 820.410 100 6292.123 100 2.88E+02

UABCP! 6 059,714 335 6192.116 200 — 2.04E+02
ICTLBO™. 6 059.714 335 6059.714 335 6 059.714 335 9.28E-13
COMDE™ 6 059.714 335 6059.714 335 6 059.714 335 3.62E-10

DGCOA 6059.714 335 6059.714 335 6059.714 335 9.26E-13

5 #RIE

ARSCHE H—Fh B AR A T B IR A A S
SR A=A IR R 38 A 5 | AR 5 A8 SR 48 in e
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