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Abstract; Grey Wolf Optimizer (GWO) and Artificial Bee Colony ( ABC) are two popular and efficient intelligent
optimization algorithms. GWO has some features such as strong exploitation but weak exploration. ABC has other ones such
as strong global search ability but slow convergence. In order to realize their complementary advantages,a hybrid GWO with
ABC (HGWOA) was proposed. Firstly,a static greedy algorithm was used to replace the dynamic greedy algorithm in the
employed bee phase to enhance the exploration ability,and a new search method was created to make up for the lost conver-
gence quality. Secondly, the scout bee phase which affects the convergence speed was removed,and an opposition learning
strategy was embedded into the employed bee phase to keep the algorithm from falling into the local optima. Finally,in order
to balance the exploration ability of the employed bee phase, GWO was added to the onlooker bee phase to strengthen the ex-
ploitation and improve the optimization efficiency. Experimental results on many function and clustering optimization prob-
lems show that compared with state-of-the-art methods, HGWOA has better optimization performance and stronger universal-
ity and it can solve clustering optimization problems more efficiently.
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3.2 1 AR R Iy 2 A BT U
else
BT 053 ek B
end if
end for
TR A 3 7 B
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JRT A R BE ). BRSO TR A A 28 WL OCHR[ 18 .
R 2 2] S W 1 R 2 U Y o AR R 1 e IR IR A A
g R B /INHE e, HEAE I TR0 0% 28 2 HETE S T 2 U
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Hor ceil () Sy HURE BRER. BERE 2% 2] SRR U Y U =X 2 %
HIR IR AT HE Y AR AN BT, BN
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I 23 A eREUE VT 28 DU S SR 34 SR FH 1 2 1
R, TRARTE DU UL SCHR [ 19 ] f, ~ fy 2 v 4 S0 R 5K
~ s A 1o A 2o W R R, G v Ry S /N s 1) B o I o A
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B ABC, Horbr, —ZH I [a] (19 48 2R SR g A0 2 A48 R ok 7R
thL AP G R R AR, AR P T ABC IR R S
JF K fig 71. GWOepd ( Evolutionary Population Dynamics
GWO) & Saremi 55 A $i t i) — Al & EPD 1) GWO, &
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i ERYSEACE R AT T H TR 28O0 5 SRR A s 1 13
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WOA FLAT 308 ) 42 Jm 48 B8 7, U6 BH S 1) 2 2] MR s
B A R 1) A A AL XA KR, ABC fl
T GWO [ANECH 15, 18] ABC 78 £ U6 R 8 I, L HAE
R4k 20 pR B, KIFEEDL T GWO, X ULIA 7E 4 R i R
AEJ1 b, ABC 58 F GWO. £¢ E Rk, GWO HA & i o)
R AE J1, ABC HAT B A0 4 R i R g )1, i HG-
WOA (i ft Ak 1 fE K BE A F GWO Al ABC, X & H F
HGWOA J& GWO 1 ABC Rl & o ib a5 I, S T — 3%
AN, ZHEBL T HGWOA & =AML 5 2250/
14, it B LR e P

F1 8 AXFELE X 25 4 benchmark F# FHIEULER

Fun | Opt HGWOA ABC GWO MEABC GWOepd EPSDE CCS HCLPSO
Mean 0 1.6903e¢ -28 | 5.3890e —134 | 5.1118e¢-25 | 8.0892¢ -106 | 5.3373e-52 | 6.8758¢-10 |4.0911e-15

fi Std 0 4.0079e -28 | 2.2223e -133 | 3.3859e¢ -25 | 1.5326e-105 | 2.0325¢-51 | 6.8967e —-10 |6.7365¢ -15
Sign + + + + + + +
Mean 0 4.2187e-15 | 1.0736e-77 | 1.0503e -13 | 5.6467e¢-61 | 2.6796e-26 | 4.6105¢-05 |5.730le-08

f Std 0 3.5368e —15 | 2.3552e-77 | 3.756le-14 | 1.2610e-60 | 3.8330e-26 | 2.1853e-05 |2.0024e-07
Sign + + + + + + +
Mean | 3.6891e-06 | 1.1002e¢ +04 | 6.6871e -40 | 1.1634e+04 | 5.0722¢ -24 | 1.0347e¢-03 | 8.2942e¢ +00 |1.5977¢ +01

f Std 1.9988e¢ -05 | 1.6518e +03 | 2.2751e -39 | 1.5872¢+03 | 2.2300e -23 | 3.1653e¢-03 | 4.6186e +00 |7.341le+00
Sign + - + - + + +
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Fun | Opt HGWOA ABC GWO MEABC GWOepd EPSDE CCS HCLPSO
Mean 0 1.3363e +01 | 2.7789e-33 | 1.0564e +01 1.3935¢ -24 | 4.3397e+00 | 2.5818e-01 |4.6999¢ -01
Ja Std 0 1.4242¢ +00 | 4.0705e -33 | 1.4032e¢ +00 | 6.9647e -24 | 2.1522e¢ +00 | 1.5050e-01 |2.2101le-01
Sign + + + + + + +
Mean | 1.1041e +00 | 1.7827e+00 | 2.6599¢ +01 | 9.7730e -01 | 2.6874e +01 | 3.5830e+00 | 2.7369e +01 |4.8992e +01
fs Std 4.5089¢ +00 | 1.5229e¢+00 | 7.3617e-01 1.0460e +00 | 9.6165e -01 | 2.4379¢ +00 | 1.5357e+01 |3.0056e +01
Sign + + - + + + +
Mean 0 0 0 0 0 1.0000e =01 | 1.0000e -01 0
Js Std 0 0 0 0 0 3.0513e -01 | 3.0513e-01 0
Sign = = = = + + =
Mean | 7.9374e -04 | 8.2230e-02 | 8.9025¢-04 | 5.0939¢-02 | 1.2421e-03 | 3.4035¢-03 | 2.6544e¢-02 |8.8507¢-03
fr Std 1.0498e 03 | 1.5155e-02 | 5.3694e-04 | 9.0092¢ -03 | 5.8723e-04 | 1.2182¢-03 | 9.1599¢-03 |3.3937¢-03
Sign + + + + + + +
Mean | 8.7918e-12 | 1.831le—-11 | 6.2417e¢+03 | 9.0343e—-12 | 7.0634e +03 | 7.2760e —12 | 2.9444e¢ +03 |1.4701e +03
fs Std 8.3880e —13 | 2.4876e-11 | 7.0746e +02 | 3.3210e-13 | 1.3336e +03 0 4.1165e +02 | 2.1354e +02
Sign + + + + - + +
Mean 0 3.1959e¢ -07 | 2.2600e -01 0 0 5.0330e-15 | 1.0221e+02 | 1.0097e +01
fo Std 0 6.9428e¢ -07 | 1.2379¢ +00 0 0 1.3988e —14 | 2.1302e +01 |3.4189¢ +00
Sign + + = = + + +
Mean | 1.9125e¢-14 | 3.9713e-13 | 7.0462e -15 | 1.1999e¢-12 | 8.1120e-15 | 5.3883e-15 | 1.3796e-01 |2.2098¢ -08
fro Std 1.5230e -14 | 1.5759e -13 | 2.2242e¢-15 | 5.294le-13 | 2.9108e-15 | 1.5283e-15 | 3.6331e-01 | 1.6404e -08
Sign + - + - - + +
Mean 0 3.2888e - 04 0 2.0724e -16 | 2.0268e -03 | 4.9307e¢ -04 | 3.4889e-04 |8.2812¢-03
S Std 0 1. 8014e -03 0 7.9726e -16 | 5.4934¢-03 | 1.8764e¢-03 | 1.8180e-03 |1.3312¢-02
Sign + = + + + + +
Mean | 1.5705e-32 | 2.0622e -28 | 2.5769e¢ -02 | 5.400le -27 | 1.6913e-02 | 1.5705¢-32 | 7.2672e¢-01 |9.3739e -17
Jia Std 5.5674e -48 | 8.7683e-28 | 1.2795¢-02 | 4.2493e -27 | 1.0994e-02 | 5.5674e -48 | 8.0338e¢-01 |1.0891e-16
Sign + + + + = + +
Mean | 1.3498e-32 | 1.6764e-28 | 4.3893e -01 1.5255e -25 | 4.3372e -01 1.3621e =32 | 4.7971e-09 |3.1657e-15
Ji3 Std 5.5674e —48 | 3.7249¢ -28 | 1.1553e-01 | 1.4792e¢-25 | 2.7637e¢-01 | 3.7610e -34 | 6.3113e-09 |4.6217e-15
Sign + + + + + + +
Mean | 4.4409e -17 | 8.7415e-14 | 2.0598e +00 0 5.2074e -10 | 4.4409e -16 | 7.6352¢ -10 | 1.0233e -12
Sia Std 9.0336e -17 | 3.6153e-13 | 3.4203e +00 0 3.3391e-10 | 1.8440e-16 | 3.1033e¢-09 |1.1304e -12
Sign + + - + + + +
Mean | 2.8644e-04 | 6.0248¢-04 | 1.4441e-03 | 3.6955¢-04 | 1.9856e—-04 | 1.8774e-07 | 3.4995¢ -04 |2.1159%¢ -04
Jis Std 1.7496e -04 | 2.2776e -04 | 5.0654e -03 | 9.9627¢ -05 | 1.5677e -04 | 4.3034e-07 | 9.6807e¢-05 |1.1593e-04
Sign + + + - - + -
Mean 0 1.1450e —14 | 4.7964e -08 | 2.8503e —14 | 4.3614e-07 | 9.9270e -10 | 9.3365¢-08 |6.6758e —09
Jis Std 0 1.6155e - 14 | 4.6321e-08 | 1.5612¢-13 | 1.0248e-06 | 5.4314e-09 | 1.1536e -07 |2.6721e-08
Sign + + + + + + +
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Fun | Opt HGWOA ABC GWO MEABC GWOepd EPSDE CCS HCLPSO
Mean | 1.1842e-16 | 1.7637¢ -07 | 4.0686e -03 | 2.9563e -07 | 4.0912¢ —04 | 6.4555e¢ -08 | 4.4997e¢ -07 |4.2973e -07
Sz Std 4.5068e -16 | 3.8914e-07 | 1.8926e-02 | 1.0167e-06 | 1.5571e—-03 | 2.1783e-07 | 6.6898e -07 |2.2893e -06
Sign + + + + + + +
Mean | 1.6283e-16 | 8.5785e-04 | 1.0345¢-04 | 2.5812e—11 | 3.2759¢ -05 | 1.2760e —14 | 1.2443e-06 |5.7773e-10
Jis Std 4.1205e-16 | 2.3812¢-03 | 1.2682e-04 | 7.3988e—-11 | 3.8895e-05 | 1.1195e-14 | 2.5095¢ -06 |6.4825¢-10
Sign + + + + + + +
Mean 0 1. 1450e =10 | 1.1640e -03 0 5.1138e¢-05 | 5.7139e -15 | 8.6544e-07 |7.7012¢ - 10
Sio Std 0 4.2295e -10 | 2.2354e-03 0 8.1821e-05 | 5.3846e-15 | 9.3630e —07 |6.8597¢-10
Sign + + = + + + +
Mean | 3.7007e¢ -16 | 1.0713e-10 | 7.856le-02 | 1.2782e¢-09 | 2.0494e-02 | 1.0857e¢-05 | 8.8310e-04 |3.1873¢-04
Jro Std 1.6833e -16 | 3.0008e —10 | 8.0580e-02 | 4.1600e -09 | 4.6556e—-02 | 5.4803e-05 | 6.0679¢ -04 | 1.5364e -03
Sign + + + + + + +
Mean | 2.3685e-16 | 2.7818e¢—-04 | 1.4759¢+00 | 7.4459e¢-02 | 9.3674e-01 | 2.0891e-02 | 5.0613e-02 |1.6868e-01
S Std 6.1417e -16 | 7.4149¢ -04 | 2.5616e +00 | 2.0566e -01 | 2.1568e +00 | 6.3180e-02 | 5.2521e-02 |9.224le-01
Sign + + + + + + +
Mean | 8.2897e-16 | 4.2968e —04 | 3.4876e-03 | 1.4938¢-03 | 1.8352¢-01 | 2.2033e-04 | 6.3729¢-02 |4.7711e -04
fn Std 1.0149¢ -15 | 8.6897e -04 | 1.8502e -03 | 5.8161e—-03 | 9.6264e -01 | 8.4565¢-04 | 7.7935¢-02 |2.4490e -03
Sign + + + + + + +
Mean | 9.4739¢ -16 | 2.7928e¢-04 | 3.506le -03 | 5.1800e-03 | 7.9236e-03 | 3.6388¢-04 | 1.0188e¢-01 |1.7875¢-01
f Std 1.0149e¢ —15 | 5.4629¢ -04 | 2.2032¢-03 | 1.1911e-02 | 4.2938e-03 | 1.9057¢-03 | 7.6405¢-02 |9.7888e-01
Sign + + + + + + +
Mean | 4.7370e -16 | 1.8123e-04 | 1.0062e -01 0 1. 1150e -01 | 2.2533e-08 | 7.7512e -02 |7.2776e -02
o Std 1.8027e¢ -15 | 8.936le -04 | 3.3366e —-02 0 3.6809e¢ -02 | 1.1481e-07 | 4.7495¢-02 |1.0259%¢ -01
Sign + + - + + + +
Mean | 3.0316e -14 | 2.8726e-07 | 5.3747¢-01 | 1.5015e¢-02 | 3.1579e¢-01 | 1.7844e-09 | 2.0096e —02 |2.7859%¢ —02
s Std 3.2477e -14 | 1.1810e-06 | 6.7670e —01 | 3.0544e-02 | 5.3159e -01 | 4.448le-09 | 2.5758e -02 |3.6608e —02
Sign + + + + + + +
+/-/= 24/0/1 21/2/2 19/3/3 20/3/2 21/3/1 25/0/0 23/1/1
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