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Hybrid Cauchy mutation and uniform distribution of grasshopper
optimization algorithm

HE Qing"?', LIN Jie'?, XU Hang'

(1. College of Big Data & Information Engineering, Guizhou University, Guiyang 550025, China; 2. Guizhou
Provincial Key Laboratory of Public Big Data, Guizhou University, Guiyang 550025, China)

Abstract: Due to the strong local exploitation ability and the weak global exploration ability of the location update formula,
the grasshopper optimization algorithm (GOA) is easy to fall into local optimum and easy to prematurely converge.
Therefore, this paper proposes a hybrid Cauchy mutation and uniform distribution of the grasshopper optimization
algorithm (HCUGOA). Firstly, inspired by the Cauchy operator and particle swarm optimization algorithm, a location
update method with segmentation idea is proposed to increase the diversity of the population and to enhance the global
exploration ability. Then, the fusion of Cauchy mutation and opposition-based learning and the variation of the optimal
position which is the target value improve the ability of the algorithm to jump out of the local optimum. Finally, in order
to better balance the global exploration and local exploitation, the uniform distribution function is introduced into the
nonlinear control parameter c, so that a new random adjustment strategy can be built. The optimization performance of
the improved algorithm is evaluated by a sets of simulation experiments and Wilcoxon’s test on 12 benchmark functions
and modern CEC 2014 functions. The experimental results show that the HCUGOA has been greatly improved in terms
of convergence accuracy and convergence speed.

Keywords: grasshopper optimization algorithm; particle swarm optimization algorithm; Cauchy mutation; uniform

distribution; opposition-based learning; time complexity; statistical test
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ik wRIME  REME BME bfEE S RN Hik S RIE] Rz BEOL N PREZE FERIYs
GOA 2.77e+02 9.83e+02 7.02e+02 2.03e+02 53.7818 GOA —6.74e+03 —5.11e+03 7.02e+02 4.39e+02 52.8227
GOAl  4.49e+00 3.00e+01 1.96e+01 5.85e+00 52.3237 GOAl  —4838e+03 —7.58e+03 1.96e+01 2.23e+02 50.7339
F;  GOA2  0.00e+00 0.00e+00 0.00e+00 0.00e+00 26.8390 || F' GOA2 —1.08e+04 —6.71e+03 0.00e+00 9.37e+02 26.0998
GOA3  0.00e+00 0.00e+00 0.00e+00 0.00e+00 50.3823 GOA3 —1.84e+86 —2.74e+50 0.00e+00 3.35e+85 50.6104
HCUGOA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 28.7335 HCUGOA —9.99e+122 —3.44e+92 0.00e+00 1.85e+122 28.1537
GOA 1.12e+01 2.86e+01 7.02e+02 4.58e+00 55.3564 GOA 9.83e+01 1.87e+02  7.02e+02 2.19e+01 52.8676
GOA1  2.49e+00 8.42e+00 1.96e+01 1.84e+00 53.4809 GOA1 3.58e+01 9.23e+01  1.96e+01 1.53e+01 51.1436
F> GOA2  0.00e+00 0.00e+00 0.00e+00 0.00e+00 27.0981 || Fjy GOA2 0.00e+00 0.00e+00  0.00e+00 0.00e+00 26.4792
GOA3  0.00e+00 0.00e+00 0.00e+00 0.00e+00 52.7359 GOA3 0.00e+00 0.00e+00  0.00e+00 0.00e+00 50.9370
HCUGOA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 29.2753 HCUGOA  0.00e+00 0.00e+00  0.00e+00 0.00e+00 28.1102
GOA 1.99e+03 4.50e+03 7.02e+02 7.73e+02 53.5119 GOA 1.16e+00 3.40e+00 7.02e+02 4.88e-01 53.0531
GOA1  1.10e+03 2.50e+03 1.96e+01 3.82e+02 50.7517 GOA1 7.99-15 1.16e+00  1.96e+01 5.32e-01 50.9831
F3  GOA2  0.00e+00 0.00e+00 0.00e+00 0.00e+00 26.4331 || Fy GOA2 8.88e-16 8.88e-16  0.00e+00 1.00e-31 26.2314
GOA3  0.00e+00 0.00e+00 0.00e+00 0.00e+00 50.9500 GOA3 8.88e-16 8.88¢-16  0.00e+00 1.00e-31 50.8447
HCUGOA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 28.4700 HCUGOA  8.88e-16 8.88e-16  0.00e+00 1.00e-31 28.0339
GOA 2.05e+01 3.71e+01 7.02e+02 4.00e+00 52.3205 GOA 1.67e+00 9.61e+00 7.02e+02 2.27e+00 53.0192
GOA1  4.55e+00 1.23e+01 1.96e+01 2.12e+00 50.5881 GOA1 8.86e-01 1.10e+00  1.96e+01 4.40e-02  50.9324
Fy  GOA2  0.00e+00 0.00e+00 0.00e+00 0.00e+00 25.9882 || F1o  GOA2 0.00e+00 0.00e+00  0.00e+00 0.00e+00 26.2385
GOA3  0.00e+00 0.00e+00 0.00e+00 0.00e+00 50.4795 GOA3 0.00e+00 0.00e+00  0.00e+00 0.00e+00 50.8215
HCUGOA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 28.0496 HCUGOA  0.00e+00 0.00e+00  0.00e+00 0.00e+00 28.2026
GOA 1.71e+04 1.17e+05 7.02e+02 3.00e+04 52.6925 GOA 6.11e+00 1.73e+01  7.02e+02 3.44e+00 43.1112
GOA1  2.03e+02 2.46e+03 1.96e+01 7.03e+02 50.0991 GOA1 2.36e+00 7.70e+00  1.96e+01 1.63e+00 41.5197
Fs  GOA2  2.89%+01 2.90e+01 0.00e+00 2.12e-02 26.0284 || F1;  GOA2 3.80e-01 9.97e-01  0.00e+00 1.55e-01 21.2062
GOA3  2.84e+01 2.87e+01 0.00e+00 5.04e-02 50.3249 GOA3 9.36e-05 3.51e-04  0.00e+00 6.16e-05 41.8243
HCUGOA 1.78e-03 2.12e+01 0.00e+00 7.26e+00 27.7006 HCUGOA  2.66e-06 4.50e-03  0.00e+00 1.51e-03 23.8091
GOA 3.00e+00 5.68e+00 7.02e+02 7.06e-01 52.1765
GOAl 1.79e-02  3.99e-02 1.96e+01 6.50e-03 50.9860
Fs  GOA2  2.83e-06 8.96e-05 0.00e+00 2.62e-05 26.1002
GOA3  9.64e-07 3.29e-05 0.00e+00 8.63e-06 50.4322
HCUGOA 4.96e-07 2.31e-05 0.00e+00 6.64e-06 27.9789
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4 BHEREEAETRHEETHEREEER
_— - dim =10 dim =30 dim = 200
T AR FeHd /s T bR % FERT /s I ntiT FE/s
MS-WOAY! 0.00e+00 0.00e+00 — 0.00e+00 0.00e+00 — 0.00e+00 0.00e+00 —
m-SCA®! — — — 5.70e-03 2.63e- 02 — — — —
Fy IGOA 5.23e-17 5.76e-11  26.1423 1.68e-17 3.28e-17 557765 2.18e+01 8.04e+02 130917
MGOA 2.05¢-92 485e-77  25.6246 1.06e-12 2.15e-12 553427 4.48¢-84 3.10e-74 129.391
HCUGOA 0.00e+00 0.00e+00 147679  0.00e+00 0.00e+00  28.7335 0.00e+00 0.00e+00  69.2165
MS-WOAP! 0.00e+00 0.00e+00 — 1.31e-180 0.00e+00 — 6.59-175 0.00e+00 —
m-SCA® — — — 9.11e-04 1.90e-03 — — — —
Fy IGOA 1.20e-13 221e-09 266332 5.32e-10 6.84e-10 558266 7.46e-03 6.05e-01  139.7579
MGOA 5.66e-58 1.69e-52 259628 2.76e-07 2.80e-07 552711 1.34e-56 2.39-49  137.9058
HCUGOA 0.00e+00 0.00e+00 14.669 8 0.00e+00 0.00e+00 29.2753 0.00e+00 0.00e+00 73.867 1
MS-WOAP! 0.00e+00 0.00e+00 — 5.63e-322 0.00e+00 — 4.74e-312 0.00e+00 —
m-SCA®! — — — 8.48¢+02 5.49¢+02 — — — —
F3 IGOA 5.84¢-08 7.97e-02  27.3995 1.98e-16 5.11e-16 458111 1.97e+04 1.52e+04  142.4474
MGOA 3.18e-02 3.20e+02 262447 1.80e-12 3.66e-12  45.1329 1.31e+05 4.18e+04  140.4843
HCUGOA 0.00e+00 0.00e+00  15.0764  0.00e+00 0.00e+00  28.4700  0.00e+00 0.00e+00  75.8143
MS-WOAL! 0.00e+00 0.00e+00 — 9.64e-170 0.00e+00 — 1.12e-166 0.00e+00 —
m-SCA®! — — — 7.07e-01 5.37e-01 — — — —
Fy IGOA 1.60e-06 1.02¢-03  16.9476 2.85¢-09 3.53¢-09 452030  5.66e+01 6.59¢+00  140.0804
MGOA 2.02¢-01 8.53e+00  16.8291 5.88e-07 8.29¢-07  44.1018 1.20e-03 2.82e+01  138.7262
HCUGOA 0.00e+00 0.00e+00  11.7371 0.00e+00 0.00e+00  28.0496  0.00e+00 0.00e+00  73.3962
MS-WOAL! — — — 2.73e+01 3.64e-01 — — — —
m-SCA®! — — — 2.95e+01 2.43e+00 — — — —
Fs IGOA 6.78¢+00 439-01  17.6294  7.57e+00 3.33¢-01  47.2460  2.09¢+05 7.93e+06  138.2211
MGOA 5.86e+00 4.16e-01  16.4653 6.82¢+00 131e+00 479160  4.74e+01 3.56e-01  139.0233
HCUGOA 2.04e-02 1.97e+00  14.6491 1.78e-03 7.26e+00  27.7006 9.71e-04 8.65e+00  75.5475
MS-WOAL! 4.77e-05 512¢-05 — 1.05e-04 7.57e-05 — 1.58e-04 1.44e-04 —
m-SCAL! — — — 1.95¢-02 6.87¢-03 — — — —
Fg IGOA 3.08¢-04 1.62¢-03  18.1426 9.06¢-05 9.35¢-05  45.9090 4.39-01 436e+00  141.5622
MGOA 6.94¢-06 2.95¢-03  18.9377 9.16e-05 9.14e-05  45.6239 1.06¢-04 456e-03  139.5832
HCUGOA 5.49¢-08 9.74e-06  14.6742 4.96e-07 6.64e-06  28.0339 3.42e-07 7.22e-06 733773
MS-WOAL! — — — —1.26e+04  1.55e+01 — — — —
m-SCAL! — — — —426e+02  2.88e+02 — — — —
Fy IGOA —248e+03  1.63e+02  26.8037  —231e+03  2.17e+02  51.5862  —6.11e+03  4.14e+02  136.1719
MGOA —4.19e+03  6.35¢+02  26.6435  —7.98e+03  2.23e+03  51.5585  —2.09e+04  3.00e+03  137.3575
HCUGOA  —1.12e+128 2.24e+127 14.8113 —9.99¢+122  1.85e+122 27.9789 —5.76e+125 1.05e+125  73.6172
MS-WOA®! 0.00e+00 0.00e-+00 — 0.00e+00 0.00e+00 — 0.00e+00 0.00e+00 —
m-SCA! — — — 7.81e+01 5.21e+01 — — — —
Fs IGOA 0.00e+00 5.20e+00  18.0718 0.00e+00 0.00e+00  52.8868 6.23e+00 6.10e+01  139.8944
MGOA 0.00e+00 0.00e+00  19.0422 8.57¢-14 1.08¢-13 523478 0.00e-+00 0.00e+00  138.3891
HCUGOA 0.00e+00 0.00e+00  14.8238  0.00e+00 0.00e+00  28.1102  0.00e+00 0.00e+00  73.4033
MS-WOAP! 8.88¢-16 0.00e-+00 — 8.88¢-16 0.00e+00 — 8.88e-16 0.00e+00 —
m-SCA®! — — — — — — — — —
Fy IGOA 1.76e-10 1.21e+00  26.6218 2.19¢-09 4.83e-09  47.8905 5.88e-04 9.18e+00 1412315
MGOA 8.88¢-16 2.65e-15 262053 2.94e-07 2.09e-07 474453 8.88¢-16 2.87e-15  139.5626
HCUGOA 8.88e-16 1.00e-31  16.4119 8.88e-16 1.00e-31  28.0339 8.88¢-16 1.00e-31  74.7682
MS-WOAP! 0.00e+00 0.00e+00 — 0.00e+00 0.00e+00 — 0.00e+00 0.00e+00 —
m-SCA®! — — — 3.84e-02 7.15¢-02 — — — —
Fio IGOA 1.45¢-12 9.50e-02  27.9889  0.00e+00 0.00e+00  56.1211 1.01e+00 534e+00  140.6504
MGOA 0.00e+00 2.03e-01 263883 1.12e-11 22211  55.4097 0.00e-+00 5.19¢-02  138.6253
HCUGOA 0.00e+00 0.00e+00  14.8834  0.00e+00 0.00e+00  28.2026  0.00e+00 0.00e+00  73.9957
MS-WOAW! — — — 1.15e-02 5.43e-02 — 5.84e+00 4.29¢+00 —
m-SCA®! — — — 1.45e-01 8.19e-02 — — — —
Fia IGOA 4.95¢-02 541e-02 269681 7.05¢-03 2.10e-03  47.0489 5.99¢+00 1.48¢+07  102.6983
MGOA 2.41e-03 3.06e-01  26.1668 9.99¢-06 4.65e-06  46.7195 1.25¢-02 1.25¢-02  101.2205
HCUGOA 1.73e-06 6.52e-06 151757 2.66-06 1.51e-03  23.8091 3.57¢-07 7.00e-04  55.0631
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MS-WOAP! 4.06e-04 1.05e-04 —
m-SCA®! 5.10e-04 1.00e-04 —
Fio IGOA 3.21e-04 5.19¢-06 10.8759
MGOA 3.08e-04 6.07¢-07 102513
HCUGOA 3.07¢-04 5.86e-07 7.2332

P31 200 4E, 5030 3K RS B2 A& FR PRI i T BE,
X R Oy o B A0 A5k o B SR 5 0%, LI R ACE £
VR, AHAH XS T 4 Fhx LL SR, HCUGOA K fg A BEATY
5 i, T 36 AIE 7 HCUGOA 78 A1 45 Al iy 4 4% i R 1)
A U ISR IERE T, 5 56, P3RBT SR A [ 4 2
~, HCUGOA # X} T~ Ho At 9 Bl GOA 55035 I~ 34 #E I
S5 AN RV AEFE T, B A 4 B2 1R 185 0, 3 o B 1)~ 1)
AT I AR AR K, 3 A2 DR D ARG 4 21 7 4, 5 2% 2 )
B, M B AR 2 e B .

3.4 Wilcoxon FkFni& s

IR B, B R BRI S AT AL L
PRI I A PR A PP, AR SR A Wilcoxon Bk
RS 56 SR B0 IE A S U A IR B AT S R R RS
TH b5 H AR EE AR BB e AR IR 7E 5 % 1)
2 K R AT p{E/NT 5 % B, 35 48 HO B 152, it
B b 0T b B L e 2 SR 75 033252 HO M 34, 3t
BF P b 0L 0 2 SR AE B A E oA [R] g 81

Ko TMA K%~ GOA. IGOA. MGOA.
GOA1. GOA2 1 GOA3 3t 6 Ffi 5172 5 HCUGOA ¥ #%
I8 P S p A, R B R VAR 5 B BT H
B R 6 FARICCH “Na” RonANIE H, BTG T
ENEHIMT, CR” R E IR, +7 L “—
53 7~ HCUGOA PEREAR T 5 T AAH 4 T Xt L
% R 6 LUE ORI 7 plEIE/NT 5%, “R” R
“L7 AT B, B4k EHCUGOA 5 HiAth 6 F
Hkz 18 BB % 7, HHCUGOA .3 L.

” o __»
N =

=6 Wilcoxon BRAIHEIE p1&

GOA IGOA MGOA GOALl GOA2 GOA3

P R D R p R P R P R P R

13 1.21e-12 + 1.21e-12 + 1.21e-12 + 1.21e-12 + Na = Na =
Fy 1.21e-12 + 1.21e-12 + 1.21e-12 + 1.21e-12 + Na = Na =
F3 1.21e-12 + 1.21e-12 + 1.21e-12 + 1.21e-12 + Na = Na =
Fy 1.21e-12 + 1.21e-12 + 1.21e-12 + 1.21e-12 + Na = Na =
Fy 3.02¢-11 + 3.02e-11 + 3.02e-11 + 3.02¢-11 + 3.02¢-11 + 3.02e-11 +
Fps 3.02¢-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 + 8.29¢-06 + 1.15¢-01 -
Fr 3.02¢e-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 +
Fy 1.21e-12 + 1.61e-01 - 1.21e-12 + 1.21e-12 + Na = Na =
Fy 1.21e-12 + 1.16¢-08 + 1.21e-12 + 1.16¢-12 + Na = Na =
Fio 1.21e-12 + 1.61e-01 - 1.21e-12 + 1.21e-12 + Na = Na =
Fi 3.02¢e-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 + 3.02e-11 + 9.21e-05 +

3.5 {£CEC2014 £ iR £
KT 3 — 4 B HCUGOA A5 501 Fi & 1k,
AR ICAE CEC2014 H2. H BRI AL bR 50+ 358 BT 40 B

%7 CEC2014 & (ZB5Y)

PR AT HHE SE S R
CECO01 30 UN [—100,100] 100
CEC05 30 MN  [—100,100] 500
CEC17 30 HF [—100,100] 1700
CEC18 30 HF [—100,100] 1800
CEC24 30 CF [—100,100] 2400
CEC25 30 CF [—100,100] 2500

Z Vg RGN A B bR B AT R AR R X i
B350 43 BR AR B 5 B 28 7 T, A S o6 A B N
30, f KIEARIKECN 1000, 4E % dim = 30.

CEC2014 ix % [ B A 5 4 B FFAE, 5 F SR 56 UE
SRS A SCE RS 34 Sk SR Sk, 2
A~ GOA 2214 PL K A5t PSOM™ Al i B DE 5743017 Eb
. Hod: [ L-SHADE! #£ CEC 2014 5% %04 i H £
T, AR N RS 5346, PSO F1 L-SHADE L 7E
Z25 SCHR R CEC 2014 s 047 7 K. CEC 2014
W2 BRI EOMSTIZ AT 30 IR I 45 AR 8 B,

HH 3 8 W] A1 7E L U% pR % I, L-SHADE B #
A %, 1 PSO 5 HCUGOA 1 B8 #H 164, 71 fn %t F



%7 81 il K 5 BAFEH T FAah oA ehse R HALH & 1567
+£8 CEC20141{bEREESE:
=R EiEns CECO01 CECO05 CEC17 CEC 18 CEC24 CEC25
mean 1.214 2e+06 5.208 8e+02 5.208 8e+02 2.848 0e+03 2.6002e+03 2.707 1e+03
HCUGOA
std 4,989 8e+05 5.202 1e+02 5.202 1e+02 3.746 4e+02 0.000 0e+00 0.000 0e+00
mean 5.8819¢e+08 5.228 4e+02 5.228 4e+02 9.900 0e+05 2.1325e+03 2.742 6e+03
GOAl
std 8.343 7e+07 5.2192e+02 5.2192e+02 6.837 4e+04 6.200 0e+00 2.630 1e+00
mean 3.502 2e+06 5.208 4e+02 5.208 4e+02 8.1304e+03 2.615 6e+03 2.720 1e+03
GOA2
std 6.954 9¢+05 5.209 2e+02 5.209 2e+02 3.747 6e+03 0.000 0e+00 0.000 0e+00
mean 2.216 6e+07 5.2105e+02 5.210 5e+02 9.132 0e+04 2.4159e+03 2.608 5e+03
GOA3
std 2.537 7e+06 5.208 9e+02 5.208 9e+02 7.009 8e+03 7.616 0e+00 0.000 0e+00
mean 4.715 0e+08 5.223 4e+02 5.2234e+02 2.070 5e+08 2.9100e+03 2.742 1e+03
1GOA
std 3.878 4e+08 5.218 3e+02 5.218 3e+02 4.3194e+08 6.615 6e+00 5.624 5e+01
mean 7.8319e+06 5.210 1e+02 5.210 1e+02 3.036 0e+07 2.523 1e+03 2.726 0e+03
MGOA
std 5.631 4e+06 5.2069e+02 5.206 9e+02 2.188 6e+07 4.6162e+00 2.640 4e+00
i mean 6.69¢+06 2.09e+01 2.09e+01 3.97e+03 2.30e+02 2.09e+02
PSO!
std 8.99¢+06 8.52e-02 8.52e-02 4.62e+03 6.64e+00 1.64e+00
S (9] mean 1.42e-14 2.01e+01 2.01e+01 6.58e+00 2.24e+02 2.03e+02
L-SHADE
std 3.61le-15 1.70e-02 1.70e-02 2.74e+00 1.15e+00 4.97e+02

CEC 01, L-SHADE 31t ¥4 J& /2 e-14, 11 HCUGOA Al
F At GOA AL A5 (1) 5 MG B 72 e+05; 7E 2 U [ |, 6
N GOA MR FH LRI AEFE ML EREMNE &
bR $h, B L-SHADE 2 4, HCUGOA [¥) 5-flt 45 S e
o b B3y o e T PR S i, H B PSO T R e, I E T
HCUGOA B A R U7 A st Fifz e v, thah, I SEES
45 0] LLE HH, L-SHADE 5 GOA A8 /&4 b B A B &
4%, HCUGOA LA Az HoAtl GOA 5% 34 Joikik H| L-
SHADE [#)7K -, 1% 1] 5 A& Ky 22 43 A S R 5 7
TR AR A B GOA B ELAR A JELAL

4 4 ®

N ELEE GOA Gk [, A 32 7T 1 A% = FTPSO 1) 5
R, BT ORI AL B TE Ry 2 DL I Rl B 2 R T,
W54 JR PR ER B 0 0] P AR 5 A0 ) 2% 2T (1 it
b B bR AT AR S B, A R e B N SR S
e 9 T B I BT A RAR R 5 R T R, K A
I3 AT R BT N S H e, M T PR A S SRR
7~: HCUGOA X 225 1 I8 bR 45011 3K i 45 AL T MS-
WOA. m-SCA %5 #f 8 e 51, 5 8 ook iy s s B0y
IGOA 1 MGOA #H Lt 2 5% 4+ P Wilcoxon Fk A
U0 UE T A SO L B A R 1 2 S )
CEC 2014 #8473 BRHCR ff 45 AR T A SCHRIEM A
RO, A5 5 SRR FT b, 25 R SOt P s A A B 8

FH 21 WSN i H B8 #E 3-8 7 /A, 4R B REFE s /N )™
FEEAR, LA — 2D B0 E SRR T RE.
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