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Harris Hawks optimization algorithm based on multigroup and
collaborative quantization

LI Yan'2, QIAN Qian"*t

(1. Faculty of Information Engineering and Automation, Kunming University of Science and Technology, Kunming
650500, China; 2. Yunnan Key Laboratory of Computer Technology Applications, Kunming University of Science
and Technology, Kunming 650500, China)

Abstract: Harris Hawks optimization (HHO) algorithm has some advantages, but it still has some problems, such
as insufficient balance between exploration and development abilities, which leads to slow convergence speed, low
optimization accuracy and easy to fall into local optimization. Therefore, multi population is introduced and a multi
energy strategy is proposed to simulate the escape process of two prey with different physical abilities, so that the two
populations evolve in different directions to improve the searching ability of the algorithm. In addition, a cooperative
quantization strategy is also proposed to avoid the algorithm from falling into local extremum in the early stage, and to
improve optimization accuracy at the later stage of iteration. Finally, based on the optimization results, compared with
some other classical or latest algorithms, the improved algorithm greatly improves the convergence speed and optimization

accuracy, and has stronger ability to jump out of the local extremum.
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Keywords: Harris Hawks optimization; multi population; multi energy strategy; quantization; cooperation; swarm
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MFO 6.83e+03/1.51e+06 9.44e+05/1.78e+07 2.40e+05/8.11e+06 2.45e+05/4.75e+06 0.113/0.285

fs BOA 1.17e-11/1.16e-11 1.59¢e-11/1.73e-11 1.40e-11/1.49e-11 1.03e-12/1.22¢e-12 0.174/0.367
HHO 3.70e-114/2.45e-108 1.46e-95/1.17¢-90 5.76e-97/4.08e-92 2.63e-96/2.10e-91 0.197/0.405
MCQHHO 0/0 0/0 0/0 0/0 0.936/0.887

WOA 7.70e+04/2.41e+05 1.24e+05/3.43e+05 9.82e+04/2.99¢+05 1.26e+04/3.07e+04 0.296/0.049

GWO 5.97e-02/8.39e+04 1.13e+03/1.37e+05 1.67e+02/1.08e+05 2.81e+02/1.49¢e+04 0.077/0.182

MFO 2.97e+04/2.41e+05 1.32e+05/5.43e+05 7.84e+04/3.68e+05 2.42e+04/8.09e+04 0.054/0.129

fs BOA 9.08e-12/9.76e-12 1.29e-11/1.35e-11 1.12e-11/1.12e-11 8.73e-13/1.13e-12 0.051/0.059
HHO 2.38e-89/1.28e-47 4.36e-30/3.26e+05 1.45e-31/7.05e+04 7.82e-31/1.15e+05 0.083/0.125
MCQHHO 3.99¢-201/1.32e-191 4.07e-170/4.37e-165 1.37e-171/1.55e-166 0/0 0.211/0.578
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2174 #= % 5 Xk K %39%
=3 ()
Hik wRME w7 H FEME PRt 7 IBATHSIA] /s
WOA 4.54e-02/5.74e-01 1.40e+00/2.74e+00 4.52e-01/1.80e+00 3.21e-01/4.48e-01 0.045/0.075
GWO 8.16e-01/4.78e+00 1.45e+00/6.49e+00 1.12e+00/5.80e+00 1.82e-01/4.12e-01 0.096/0.219
¥ MFO 1.21e+01/1.44e+02 8.44e+01/3.26e+02 3.18e+01/2.27e+02 1.51e+01/4.46e+01 0.073/0.156
i BOA 1.69e+00/ 8.14e+00 3.00e+00/8.65e+00 2.41e+00/8.44e+00 3.19e-01/1.48e-01 0.079/0.108
HHO 4.52e-10/4.47¢-07 1.36e-04/1.39e-03 3.69e-05/1.73e-04 3.58e-05/2.74e-04 0.126/0.207
MCQHHO 1.849¢-18/3.36e-18 7.17e-13/9.20e-12 4.50e-14/9.28e-13 1.46e-13/1.91e-12 0.485/0.684
WOA 1.10e-02/3.18e-02 5.02e+06/1.35e+07 4.37e+05/2.64e+06 1.18e+06/4.45e+06 0.037/0.076
GWO 1.32e-02/1.70e-01 1.37e-01/4.10e-01 5.66e-02/2.68e-01 2.97e-02/6.52e-02 0.081/0.204
¥ MFO 2.42e+00/5.23e+08 5.12e+08/4.25e+09 7.81e+07/1.64e+09 1.34e+08/8.01e+08 0.083/0.228
8 BOA 4.22e-01/7.57e-01 9.76e-01/1.10e+00 6.39¢-01/9.57e-01 1.41e-01/9.51e-02 0.063/0.107
HHO 2.71e-06/2.14e-07 2.94e-02/1.40e-04 1.10e-03/3.47e-05 5.26e-03/3.43e-05 0.107/0.191
MCQHHO 4.19e-17/3.50e-16 6.60e-12/2.11e-11 7.59¢-13/1.66e-12 1.51e-12/4.63e-12 0.370/0.346
WOA 6.47e-02/1.49¢+00 4.77e+05/1.06e+06 2.91e+04/8.15e+04 9.56e+04/2.19e+05 0.042/0.123
GWO 9.78e-04/5.02e+00 1.23e+00/6.75e+00 6.93e-01/5.79¢+00 2.41e-01/4.15e-01 0.086/0.259
¥ MFO 3.56e+00/1.70e+08 4.10e+08/2.49¢+09 1.37e+07/ 8.86e+08 7.36e+07/5.69e+08 0.097/0.287
o BOA 2.11e+00/8.88e+00 2.90e+00/ 8.89e+00 2.73e+00/8.89e+00 1.94e-01/3.46e-03 0.068/0.103
HHO 4.47e-03/2.56e-02 9.56e-01/5.56e+00 3.02e-01/2.05e+00 2.66e-01/1.65e+00 0.124/0.241
MCQHHO 6.92e-18/4.72e-17 8.44e-14/7.82¢-13 7.88e-15/1.00e-13 1.65e-14/1.81e-13 0.388/0.628
o o o
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(d) BRES,(D=90)

(e) BRELf,(D=90)
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B3 MCQHHO A5 EAE AR L

% 301 A %1, MCQHHO7E 1 ~ fo LHISEHR
#RAEF WOA. GWO. MFO. BOA fTHHO, % T f; ~
15 MCQHHO g% 348 2318 S U 4E, B B0 T HoAt
SRV, T B ok B B BRI T R RE T, B
WCSICRS FE. 1% T fs ~ fo, MCQHHO th R % 544 £
SR A U B E, R R R E S
Bkt TR R R, S T A R R AR . AR T
A %, MCQHHO ) 55 224 B H AR SRE T 5 5
e, AR v 22 4 B /0N, 3R B L AR e 14 B 9. %) HHO,
MCQHHO 7E fs " P A 45 it 7 140 D3
G AE fr B T OMNETE fs P E T 104K
B L fo PEESE T 14N BE Y. IS, MCQHHO 7
ANV 4 B 2 BAS 52, 110 MIFO T BOA 4 /% 186 111 J , 7
Jo PBURARIS IR H 22, 3% B SOk SR e IR R 1
&

& 3 0] BLE H, MCQHHO ) il 25 W Sl i
P E B R, MIEARTT LR BRAR LS AR AR 8 4R 2 T
PeAE, H S0 B i 2 o L Aih b8 2. MCQHHO 7
fi ~ fs R R LR 380 R 7 45wl Rk 2 BE L S A4,
e HAN R 4 FE e i th 2 50 K 1 5.
3.3 S5H#MBGHHHO B iExT L S HTLis

16 SCHR [9] 4 HE 1 il 25 B8 5 J) 0 4tk 3 ol 15 2
) 0 144 55 1 5 ey B 30T T R 4K B (THHO), SCHR
[26] #& t 1) 35 T 75 T8 408 3 R0 [l AT 50 26 () ey B A7
e Ak 537 (MHHO) PL B STk [27] 3@ HS 1 fik & 35 48
DR 7 0 B AL O AE S W 50k 0 e L 3T T AR Ak VA
(ERHHO) #4752 56 6F Le. o THHO SR FH 1 8 3 i
) % e B RSP AT BE IR R S5 R, 5 2 3
DAL iIE MCQHHO F £ fe £ 5 W 7£ I K o B ) e 8
& B MHHO ¥4 ) 46 B 8 X1 40 2 A7 Fl i 5 R
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B B 3 = Ao 2 A 1% ERHHO £E Y8R I AR
7 T L P F 25 AP T B AL 2 SR s, 32 vy 1 b L R
PR AR B BE /1, 55 2 0F B PASS: IE MCQHHO HJ £ i

FE&E G0 IR B 1b 1) 2R W A2 Bk R S5 B AR IR R %
P Y5 D = 30, FREE R /NN 30, 5 KIEARIR BN
500. FEAPEIEIEAT 309K, 45 RNk 4 .

R4 AT E R ER

A7 L 22l FEIHE bRtz IBATIFE] /s
MCQHHO 0 0 0 0 0.175
IHHO 1.93e-174 2.74e-152 1.32e-153 5.31e-153 0.140
h MHHO 7.21e-141 1.24e-105 6.27e-107 2.47e-106 0.113
ERHHO 1.97e-143 7.42e-117 2.6le-118 1.33e-117 0.103
MCQHHO 0 0 0 0 0.380
IHHO 4.27e-249 4.12e-206 2.51e-207 0 0.366
f2 MHHO 1.07e-164 2.73e-124 1.19e-125 5.07e-125 0.226
ERHHO 8.78e-174 3.85e-145 1.44e-146 6.94¢-146 0.211
MCQHHO 0 0 0 0 0.261
IHHO 2.64e-175 3.53e-142 1.18e-143 6.34e-143 0.167
fs MHHO 2.86e-149 3.76e-106 1.27e-107 6.75e-107 0.161
ERHHO 5.03e-136 1.49e-109 6.24e-111 2.74e-110 0.096
MCQHHO 0 0 0 0 0.277
IHHO 4.8%¢-174 4.17e-137 1.39e-138 7.48e-138 0.168
fa MHHO 4.22e-144 7.85e-106 2.62e-107 1.41e-106 0.153
ERHHO 6.73e-136 8.63e-112 3.02e-113 1.55e-112 0.095
MCQHHO 0 0 0 0 0.946
IHHO 4.22e-175 4.93e-151 2.71e-152 9.47e-152 0.732
fs MHHO 7.56e-133 4.47e-105 2.28e-106 8.43e-106 0.807
ERHHO 1.96e-146 2.24e-112 9.96e-114 4.11e-113 0.316
MCQHHO 1.45e-203 3.17e-178 1.11e-179 0 0.209
IHHO 4.80e-77 8.05e-39 2.68e-40 1.45e-39 0.180
fe MHHO 8.29¢e-107 1.83e-51 6.11e-53 3.29e-52 0.175
ERHHO 1.19e-97 1.52e-41 5.05e-43 2.72e-42 0.113
MCQHHO 2.04e-18 1.53e-12 6.84¢-14 2.75e-13 0.559
THHO 1.01e-11 1.23e-07 1.18e-08 2.83e-08 0.348
fr MHHO 9.52e-07 4.57e-04 6.01e-05 9.78e-05 0.251
ERHHO 2.52e-08 9.92e-05 1.80e-05 2.32e-05 0.173
MCQHHO 1.56e-15 2.164e-11 1.954e-12 4.804e-12 0.353
THHO 1.82e-12 2.699e-06 1.598e-07 4.937e-07 0.263
fs MHHO 4.84e-09 9.032e-04 1.710e-04 2.332e-04 0.189
ERHHO 2.10e-07 1.738e-03 1.629¢-04 3.258e-04 0.138
MCQHHO 2.66e-19 5.43e-13 3.42e-14 1.04e-13 0.460
IHHO 1.06e-07 8.29¢-01 7.33e-02 1.64e-01 0.322
fo MHHO 5.30e-03 1.25e+00 3.37e-01 3.50e-01 0.264
ERHHO 9.45e-04 8.40e-01 1.99e-01 1.99e-01 0.160

HHER 4 0 AT a] i O R AE f1 ~ fo S REHR B
U 145 5, T MCQHHO 45 M BT B e br & k.
£ f1 ~ fs "%, MCQHHO fg % 3 4% 2 B it & L 18, 1
HoAth 3 B BRE AN B, IX 3R B HAMA B 4 1 K R
1E fo ~ fo H', MCQHHO tH §&1% -8 21 55 4221 # i i
HRAE FIE, 75 BT 2R B0, MCQHHO H B 2 8 5 HoAth
ST S o s, Fobn vl 22 R A B2 5 A
/I, 2RO B R AR T B 5.

3.4  Wilcoxon #kF#& 5% & Friedman HE %

I Wilcoxon #E S 56 75 5 %o 1 32 35 11 /K~
X4 B2 30 I ()~ 404 45 AT LR, ke g 45 R/
F0.05 I, 2 2 1k HI W 45 RN Y, & B MCQHHO 5
FoAth R LL SR AR AL 25 IR B3 X5 A I 25 R
KT 0.05 I, & 25 VR R W 45 SR 9 N, R B2 X

5. [F) B HEAT Friedman £ 36 37 11 55 507 P ¥ HEA,
RALERINES s, HE ST LLE H, MCQHHO 5
HoAth By AP AR 0 3 2 5, 9 HERE L T HoAth ot Lb
Hk.

5 Wilcoxon B Fn#& 58 & Friedman HE &

HiLk MCQHHO WOA GWO MFO BOA HHO IHHO MHHO ERHHO

Y/N 9/0 9/0 9/0 9/0 9/0 9/0 9/0 9/0

rankings 1 6.778 6.778 8.778 7.667 4.778 2.222 4 3
A}

4 & ®

ASCH HHO WG FPHERI 73 AP R A Rl fe &
IR X FFRE, FER U R S B kAT s — 20
ltk, & T MCQHHO 5.7k, 1% % Rl 5 v E A 14
ISR AT I ) ) St T2 E T R 2 AR PR
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