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Crow Search Algorithm with Cauchy Mutation and Adaptive Step Size

HUO Lin.GUO Ya-rong and QIN Zhi-jian

School of Computer, Electronics and Information, Guangxi University, Nanning 530004, China

Abstract Aiming at the problems of slow convergence speed and local optimization of crow algorithm, this paper proposes a
cauchy mutation crow algorithm with adaptive step size (CMCSA) .to improve the position updating strategy of two situations in
standard crow algorithm. In each iteration, the Cauchy mutation is used to optimize the gbest,to enhance the global search capabi-
lity and increase the variation range,so as to improve the population diversity and avoid falling into local optimization. The dis-
criminant probability is introduced to optimize the updating strategy of the current individual’s position when the leader finds
himself followed. The step length is adjusted adaptively according to the position distance between the current position and the
leader’s position,so that the algorithm converges smoothly and quickly to the global optimum,thus controlling the search speed
and accuracy,and effectively compensating for the blindness and slow convergence of the standard CSA. In order to evaluate the
effectiveness of the algorithm,the proposed CMCSA is applied to optimize ten basic test functions,and compared with eight other
famous and recent intelligent optimization algorithms. The experimental results show that the proposed algorithm is superior to
other algorithms in average convergence and robustness. The average ranking of the mean value and standard deviation value of
the algorithm is the first,so it has better overall performance.

Keywords Crow algorithm,Cauchy mutation,Function optimization, Adaptive step-size
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Six-Hump X ) PR ) . o
Camel-Back frao=tai—2. o+ ot —dag T 2 [—5.5] —1.031628
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. , . . 2 —2,2 3
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Table 2 Comparison of nine algorithms for f1 — f1o
f dim Algorithm max min avg Rank, std Rank,
CMCSA 0 0 0 1 0 1
CSA 3.89x10 18 1.99x10 ¥ 1.23x10 18 5 8.46x10 1Y 5
ICSA 3.93x10 5.63x10 %8 3.05X10 % 4 6.52X10 % 4
AAP-CSA 7.62%x10 7 1.38x10 8 2.18%x10 7 6 1.70x10 7 7
A 30 BA 1.28X10 ° 7.54%X10 6 1.03X10 ° 8 1.24x10 ° 8
DE 1.17x10 160 5.17x10 04 5.15%x10 102 3 1.66x10 161 3
GWO 0 0 0 1 0 1
PSO 0.550335 1.85x10 ¢ 0.066 608 9 0.110874 9
FA 9.50x10 7 1.45X10° 7 6.44x10 7 7 1.67x10 7 6
CMCSA 25. 858819 25.356419 25. 630242 4 0. 114479 1
CSA 1.50% 102 11.711776 68. 925226 8 97.41323 8
ICSA 2.86x10! 27.800178 28.242214 6 0.183925 2
AAP-CSA 1.19%10° 23.526039 1.38%10° 9 2.27X10° 9
1o 30 BA 29. 404653 3.601504 7.151497 2 5.95777 4
DE 76. 358152 19. 910849 22.722063 3 7.840059 5
GWO 28. 758415 25. 043884 26.553053 5 1.008176 3
PSO 5.68%10% 30. 892825 56. 05257 7 78.290761 7
FA 67.55191 0.001879 6.502717 1 16. 427266 6
CMCSA 0 0 0 1 0 1
CSA 0.083541 1.33%10° 18 0.013725 8 0.016999 8
ICSA 0 0 0 1 0 1
AAP-CSA 0.066355 7.53X10°7 0.008469 7 0.013018 7
f3 30 BA 6.74x10 7 3.35X10 7 5.33X10 7 4 7.58%10° 8 4
DE 0.007396 0 2.96%x10 * 6 0.001464 6
GWO 0.007497 0 1.50x10 * 5 0.00106 5
PSO 0.213452 0.054659 2183 9 0.037035 9
FA 5.21x10 8 6.65%x10 7 3.02%x10 8 3 1.06x10 ° 3
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f dim Algorithm max min avg Rank, std Rank,

CMCSA 0 0 0 1 0 1

CSA 6.99x10° 2.29%10° 4.11%10% 9 1.10x10° 9

ICSA 0 0 0 1 0 1

AAP-CSA 1.93%X10% 5.87X10 1.14X10% 7 2.92X10 8

/i 30 BA 63.679191 12.936619 37.890049 6 11.511926 6

DE 0. 994959 0 0.079597 4 0.272666 4

GWO 0 0 0 1 0 1

PSO 1. 66102 61.340304 1.19%10% 8 25.40097 7

FA 140.793752 24. 874344 32.37634 5 1.130343 5

CMCSA 0 0 0 1 0 1

CSA 2.27X10% 44, 787999 1.23%10% 6 42,446 993 6

ICSA 3.90x10 % 1.29X10 % 4.91%x10 % 2 8.40x10 %° 2

AAP-CSA 9.35%x10" 2.00X10% 4.49%x10% 8 1.55X10% 7

/s 30 BA 20. 026 387 0.245486 1.695506 3 3.512389 3

DE 1.5610% 37.664981 1.16<10% 5 21.676838 4

GWO 1.19%10° 7.18%x10 ¢ 1.35%10° 7 2.34%x10° 8

PSO 1.69x10° 5.052136 31.43531 4 31.132339 5

FA 2.83%10° 57.38253 5.32%10° 9 4.95%10° 9

CMCSA 8.88%x10 ¢ 8.88%x10 ¢ 8.88x 10716 1 0 1

CSA 19.995022 3.574098 7.080553 7 2.996962 8

ICSA 8.88%x10 !¢ 8.88%10 10 8.88x 10716 1 0 1

AAP-CSA 20. 002032 1.155149 11.917516 8 8.853047 9

1 30 BA 3.78574 2.634678 2.634678 5 0.496025 6

DE 7.99x10 1° 4.44%x10° 1 7.64x10 1P 3 1.08x10 1° 3

GWO 20. 838074 20. 451339 20. 732984 9 0. 086805 4

PSO 3.433312 2.149803 2.656236 6 0. 286044 5

FA 3.222754 3.86%x10 0.687924 4 1.147772 7

CMCSA 1.031628 1.031628 —1.031628 1 2.67x10 1 4

CSA —1.031628 —1.031628 —1.031628 1 3.28x10 16 3

ICSA —1.031577 —1.031628 —1.031619 7 1.01X10°° 8

AAP-CSA 1.031628 1.031628 —1.031628 1 8.06x10 1* 5

/1 2 BA —0.215463 —1.031628 —0.933688 9 0.267914 9

DE —1.031628 —1.031628 —1.031628 1 2.24x 10716 1

GWO 1.031628 1.031628 —1.031628 1 1.29%x10 % 7

PSO —1.031628 —1.031628 —1.031628 1 2.67x10 16 2

FA -1 -1 -1 8 9.37x10 2 6

CMCSA 3.000001 3 3 1 2.01x10 7 4

CSA 3 3 3 1 1.91x10°"® 1

ICSA 3.002915 3.000012 3.000493 6 5.90x10 ¢ 6

AAP-CSA 3 3 3 1 8.18x10 1* 3

fs 2 BA 8. 40X 10% 3 3.43X10 8 1.20X 102 9

DE 3 3 3 1 3.47X10 1° 2

GWO 3.000139 3 3.000024 5 3.12x10 ° 5

PSO 30 3 5.7 7 8.182235 7

FA 600 84 94. 32 9 7.30%X10 8

CMCSA 0 0 0 1 0 1

CSA 0.009715 0 0.005 246 7 0.004891 7

ICSA 6.37X10 ° 0 1.27x10 ¢ 2 9.01x10 © 2

AAP-CSA 0.009715 2.42x10 12 0.004714 5 0.004 74 5

fo 2 BA 0.178222 1.15x 1011 0.019413 8 0.021821 8

DE 0.009715 0 0.001783 3 0.003757 3

GWO 0.009716 0 5.12x10 % 6 0.004857 6

PSO 0.009716 0 0.002915 4 0.004497 4

FA 0.101313 0 0.027 386 9 0.044872 8

CMCSA 0.397887 0.397887 0.397887 1 4.20%x10 10 6

CSA 0.397887 0.397887 0.397887 1 3.36x107° 1 1

ICSA 0.398108 0.397 889 0.397 888 7 1.71X10°° 8

AAP-CSA 0.397887 0.397887 0.397887 1 8.78x10 2 5

S0 2 BA 0.397887 0.397887 0.397887 1 5.97x10 10 7

DE 0.397887 0.397887 0.397887 1 3.36x10° 18 1

GWO 0.398945 0.397887 0.397936 8 2.12%x10 " 9

PSO 0.397887 0.397887 0.397887 1 3.36x 1071 1

FA 7.782704 7.782704 7.782704 9 149X 101 4

Sy T TR0 0 Ml 5 i SR BE U SRS BE L I 1 — [ 10
ST FM LB, KPR T Six-Hump-Camel-Back
CF ) W bR Z30E Ak T 2 100 385 107 1 7S BT 450, At ) 3K o 4

Ak 2 B A A B B 3E R B BB logyo - BRGA AR BR
log,, Fitness £ A& k5 J P A% R B0 G F /e A0 % R 0 /9 I3 2R
BOR UL O EUS - T log0 AFELE , K I e B 3-8 il & TG vk
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Table 3 Ranking of average values found by nine algorithms

Algorithm /1 fo  fs  fu fs fs f1 fs fo S avg
CMCSA 1 4 1 1 1 1 1 1 1 1 1.3
CSA 5 8 8 9 6 7 1 1 7 1 5.3
ICSA 4 6 1 1 2 1 7 6 2 7 3.7
AAP-CSA 6 9 7 7 8 8 1 1 5 1 5.3
BA 8 2 4 6 3 5 9 8 8 1 5.4

DE 3 3 6 4 5 3 1 1 3 1 3
GWO 1 5 5 1 7 9 1 5 6 8 4.8
PSO 9 7 9 8 4 6 1 7 4 1 5.6
FA 7 1 3 5 9 4 8 9 9 9 6.4

4.4 FHRRINESH
M1 4TI, O FREEIEXE £ A foo TR R R IEH 0,
POV A 4% 3 5 08 B8 (8, CMCSA X Hi 4y 8 /> i ot bR % 1 5
PR 3R A 100 % . ICSA XF 5 A4~ 3k o 6 5 i SO0 o o
100% . DE 5 3 % 4 A~ 5 ok o6 oy 508 82 % S 100%,
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100% . FA Xt 2 A~k sk 800y T8 s T ok 100 %, 1 BA Al
PSO X 1 AN He i A F-E ATy Z y 100% . B I, CMC-
SA Bk YRR TR T R B
A9 RNEE I TR T2
Table 4 Succeed rate of nine algorithms for f1— f1o
(A2 %)
Algorithm /1 /2 /s i Js Js 11 Js Jo Jw

CMCSA 100 0 100 100 100 100 100 100 100 0O
CSA 100 0 42 0 0 0 100 100 46 0
ICSA 100 0 100 100 100 100 80 0 98 0

AAP-CSA 100 0 48 0 0 0 100 100 28 0
BA 36 0 100 0 0 0 88 76 26 0
DE 100 0 96 92 0 100 100 100 76 0

GWO 100 0 98 100 0O 0 100 52 46 0
PSO 0 0 0 0 0 0 100 90 70 0
FA 100 0 100 0 0 0 0 0 72 0

4.5 EBEMESW

25 G H T AR 2 std SIS R HER , std BT 55
B E M. R 2 P sed [R5 v HL X F £ — f B
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CMCSA & 5 Ar .
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Table 5 Robustness ranking of nine algorithms
Algorithm  f1 fo  f3  fo fs  fe fr  fs fo  fio avg
CMCSA 1 1 1 1 1 1 4 4 1 6 2.1
CSA 5 8 8 9 6 8 3 1 7 1 5.6
ICSA 4 2 1 1 2 1 8 6 2 8 3.5
AAP-CSA 7 9 7 8 7 9 5 3 5 5 6.5
BA 8 4 4 6 3 6 9 9 8 7 6.4
DE 3 5 6 4 4 3 1 2 3 1 3.2
GWO 1 3 5 1 8 4 7 5 6 9 4.9
PSO 9 7 9 7 5 5 2 7 4 1 5.6
FA 6 6 3 5 9 7 6 8 8 4 6.2
GERIE A SCT AP AR S 5 XA v O A 5k AT
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