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Hybrid Aquila and Harris hawks optimization algorithm
with dynamic opposition-based learning
JIA Heming', LIU Qingxin’, LIU Yuxiang’, WANG Shuang', WU Di’

(1. School of Information Engineering, Sanming University, Sanming 365004, China; 2. School of Computer Science and Techno-
logy, Hainan University, Haikou 570228, China; 3. College of Physics and Information Engineering, Fuzhou University, Fuzhou
350108, China; 4. School of Education and Music, Sanming University, Sanming 365004, China)

Abstract: In recent years, optimization algorithms such as the Aquila optimizer (AO) and Harris hawks optimization
(HHO) have been proposed. Although AO has strong global optimization capabilities, its convergence accuracy is low,
and it is susceptible to local optimization. While the HHO algorithm has a strong local development capability, it suffers
from flaws such as limited global exploration capabilities and slow convergence speed. Given the limitations of the ori-
ginal algorithms, this paper combines the two algorithms and proposes a hybrid Aquila and Harris Hawks algorithm with
dynamic opposition-based learning. It introduces a dynamic opposition-based learning strategy and proposes a hybrid
Aquila and Harris Hawks algorithm with dynamic opposition-based learning. First, a dynamic opposition-based learn-
ing strategy is introduced in the initialization phase to improve the initialization performance and convergence speed of
the algorithm. Second, the hybrid algorithm retains the exploration mechanism of AO and the exploitation mechanism of
HHO, which improves the algorithm’s optimization ability. The simulation experiment compares several classical op-
position-based learning strategies using 23 benchmark functions and two engineering design problems to test the optim-
ization performance of the hybrid algorithm. The results show that the hybrid algorithm with dynamic opposition-based
learning has better convergence performance and can effectively solve engineering design problems.

Keywords: Aquila optimizer; Harris Hawk optimization; dynamic opposition-based learning; hybrid optimization;
benchmark function; tubular column design problem; car crash design problem; Wilcoxon rank-sum test
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Table 2 Benchmark function results of DAHHO and contrast algorithm

M SEitfH  DAHHO AO HHO SSA WOA SCA MVO GWO GA
SEHIME 1.068x10 " 6.400x10°° 8.200x10 " 1.667x10 " 7.250x10 "¢ 1.882x10' 1210  8.881x10 > 7.103x10°
i FRUEZ  0.000  2.650x10 " 4.330x10°7 1.752x10 " 3.560x10 ° 4.216x10' 4.300x10 ' 1.838x10 > 2.784x10’
SEHIE 1.819x10° 7 2.800x10 7 4.060x10 1944  1.370x10 " 1.800x10 > 1.150  9.163x10 " 3.539x10'
w2 PR 4.849x107° 1.530x10 7 1.900x10°" 1477  7.420x10 3.000<10° 1390  5.910x10" 5673
SEHE 4.982x10 " 3.040x10 ' 5.060x10 ¥ 1.257x10°  4.663x10"  8.659x10° 2.405x10° 9.791x10° 9.976x10’
w3 PREZ 0.000  1.660x10 ' 2.770x10® 7.937x10° 1.357Ex10° 6.034x10° 1.105x10° 2.516x10° 4.027x10’
SEHE 1.464x107"7 7.100x10 7 1.290x10 7 1.076x10"  4.983x10' 3.364x10' 2080  8.978x10 2.747x10'
w PR 7.860x107"7 3.880x10 " 6.140x10 3439  2.536x10" 1.124x10' 8.000x10' 1.000x10°  4.449
SEHE 4617107 6.500x10° 1.420x10° 2.359x10°  2.793x10'  1.586x10" 3.680x10° 2.721x10' 3.352x10°
" PREZE 7.029x107° 9.000x10° 2.600x10° 4.215x10° 5.200x10"" 2.369x10" 6.076x10° 7.400x10" 1.755x10°
SEHIE 7.443x10° 1.500x10 ¢ 1.400x10° 1.508x107 4.010x10" 2.506x10' 1260  8.188x10° 7.327x10°
£ PRMEZ 1.300x10°  4.000x10* 1.900x10™* 1.290x107 2.340x10" 6.332x10' 3.603x10"" 3.573x10"" 2.203x10’
THIE 9.154x107°  2.000x10 1 1.000x107* 1.600x10™" 2.000x10~° 1.620x10° 1.489x10' 2.323x10° 1581
o FRUEZ  7.424x10° 8.300x10° 1.000x10 ' 6.293x10 > 2.800x10° 8.200x10 ~ 1.028x10' 1.537x10°  1.120
SERIE —1.227%10" —8.154x10° —1.253x10" —7.544x10" —1.018x10" —3.775x10° —7.668x10° —5.702x10° —5.188x10’
s PRUEZ  1.280x10°  4.021x10°  1.354x10°  6.536x10° 2.017x10° 2.577x10° 8.095x10° 6.549x10° 8.136x10
T 0.000 0.000 0.000  4.663x10' 0,000  4.168<10' 1.198x10° 3852  1.911x10’
Pz 0000 0.000 0.000  1363x10" 0000  3315%<10' 3.638x<10' 4545  2379x10'
SEHE 8.882x107'° 8.880x10 '° 8.880x10 ° 2583  3.840x10 7 1.499x10' 1843  9.847x10 " 1.339x10'
O Gz 00 0.000 0.000  7.491x10" 2480x10° 8078  6.290x10" 1.663x10 " 1227
SESIE 0.000 0.000 0.000  1.590x107 1.500x10° 9.300x10" 8.500x10 ' 5.621x10"° 6.088x10'
i WEZ 0.000 0.000 0.000  1.224x10° 4.200x10° 3.330x10 ' 8.000x10° 1.033x10° 1.687x10'
SR 1.842x10° 3.130x10° 6.610x10° .99  2.400x10° 2.638x10* 2048  3.669x10° 1.661x10°
Fl2 PREZ 2.964x10°  4.490x10° 7.650x10° 2859  1.200x10° 7.601x10° 1430  1.645x10° 3.700x10°
THIE 1.19x107° 3.880x10° 8.040x10° 1.902x10' 4.499x10" 8.043x10" 2.242x10"" 7.337x10"" 3.813x10°
3 FRUEZ 2121107 4.540x10° 1.000x10 ' 1.356x10" 2272x10 ' 2.348x10° 1.196x10 ' 2.986x10 ' 3.227x10°
FEE 2706 2.010 1.097 1.230 2.862 2056  9.980x107 3488 1.559
o PREZE 2528 2714 3.033x10" 5.005x10"  3.320 1.006  2.430x10"" 3223 1.287
SEHE 3.543x107 5.000x10 1 4.000x10 " 2.170x10° 6.000x10° 1.000x10 " 4.300x10° 3.701x10° 2.223x10°
s PRUEZ 6.154x107°  1.000x10 1 1.000x10 * 4.955x10° 4.000x10 * 3.000x10 * 1.100x10° 7.579x10° 4.953x10
e FHIE -1.032 -1.032 -1.032 -1.032 -1.032  -1.032  -1.032 -1.032 -1.032

bR 2.580x10°" 3.000x10* 4.830x10° 2.899x10 7 2.170x10° 6.630x10° 2.640x10 " 2.065x10" 6.454x10"°
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¥ ZiHME  DAHHO AO HHO SSA WOA SCA MVO GWO GA
SEHE 3.980x107" 3.980x107 3.980x107 3.979x10 ' 3.980x10”' 3.996x10" 3.980x10 ' 3.979x10 ' 3.979x10 '
7 FREZ 1.073x107° 1.000x10° 6.490x10° 1.437x10 " 1.320x107° 1.646x10° 1.880x10 6.391x10 " 2.875x10 °
FHE 3,000 3.043 3.000 3.000 3.000 3.000 5.700 3.000 3.000
o PRUEZ 21531077 4.000x10° 3.830x10 7 2.116x10 ' 5.570x107° 1.000x10" 1.479x10' 6.101x10° 1.962x10 °
FHIE  -3.861 —3.860 —3.860 -3.860 —3.860 -3.870 -3.860 -3.860 -3.860
o PRUEZ 3.449x10°  6.000x10° 3.300x10° 1.152x10 1.300x10° 1.000x10 > 3.580x10 ° 4.141x10° 2.539x10 "
A -3.074 -3.170  -3.115 -3220  -3250  -2910  -3290  —3.268 -3.233
20 FREZ 1.311x10° 1.020x107" 1.200x10" 5.836x10° 8.300x10° 3.500x10" 5.390x10 6.952x10° 8.950x10
T -1.015x10" —1.015x10' 5381 8240  -7.583 2729  -7.043  —9.476 -9.479
P2l PREZ 3.025%10° 9.900x10° 8.770x10° 3254 2.572 2.105 3.077 1.751 1.747
T -1.022x10" ~1.040x10° 5080  —7.978  -8.554  —3.171  -8.069 —L1011x10' —8836
F22 FRfEZE 9.700x107" 8.000x10° 4.230x10”" 3.114 2.897 1.757 3199  9.898x10°" 2916
T -1.054x10" -1.054x10'° 5120  -8723 5902 3975  —9.012 —1.026x10' —9.690
3 PREZ 3.641x10° 1.400x10° 4.940x10°  3.122 3.020 1.836 2.864 1.481 2.221
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Table 3 Benchmark function results of DAHHO and different types of opposition-based learning hybrid algorithms

PR it DAHHO OBLAHHO ROBLAHHO QOBLAHHO
B 1.82x107"%° 5.93x10 """ 1.75x10™""* 4.76x10"'"
F2 bR 4.85x10™"° 3.23x10"* 8.86x10 " 2.57x10 "
S 4.98x10™" 5.64x10 "% 7.76x10"*° 8.19x10 "7
F3
hrifEZE 0.00 0.00 0.00 0.00
SR 1.46x107"" 1.75x10 " 7.57x10°"° 1.69x10 "7
F4 — —-117 —111 —113 —117
iRl 7.86x10 8.42x10 4.09%10 5.49x10
SERE 1.87x10° 1.96x107 3.42x10° 6.35x10°
F6 . ) )
bRz 3.72x107 3.84x10° 7.64x10° 9.73x10°
SEHE 8.15x10° 8.53x10° 8.90x10 1.14x10°"
F7 B . ) .
Rl 7.42x10° 7.03x10° 8.28x10° 1.33x10*
SR -1.23x10* -1.23x10* -1.22x10* -1.22x10*
F8
IRl = 1.28x10° 1.38x10° 1.47x10° 1.52x10°
SR 1.12x10~° 2.42x10° 1.18x10° 4.17x10"*
F13 B . . )
bR 2.12x10° 435%x10° 1.67x10" 5.92x10°*
SEHME -3.86 -3.86 -3.86 -3.86
F19
bR 3.45x10°"° 7.20x10°° 3.82x10° 436x10°
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PRIZL SitE DAHHO OBLAHHO ROBLAHHO QOBLAHHO
FHME ~1.02x10' 9.8 -1.01x10' -9.98
F21 _ ) ) )
FRifE 22 3.02x10° 9.30x10”" 5.93x10° 9.30x10”"
SR -1.05x10' -1.05%10' -1.05x10' -1.05%10'
F23 _ ) ) )
FriEE 3.64x10° 5.50x10" 8.70x10° 1.15x107
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Fig.3 Convergence curves of various algorithm
54 Wilcoxon BRI 2 L FUAT S P2 5, 15 DL PRI S 22
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Table 4 Wilcoxon rank sum test results of each algorithm

BRI AO HHO SSA WOA SCA MVO GWO GA
Fl 3392100 3.392x10°  3.392x10°  3.392x10°  3.392x10°  3392x10°  3392x10°  3.392x10°
F2 3392x10°  3392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°
F3  3392x10°  3392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°
F4  3392x10°  3392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°
F5  2.628x<10°  1356x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°
F6  3.691x10°  3357x10°  5.760x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°°
F7  4450x10°  3.615x10°  3392x10°  7477x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°
F8  2329x10°  4.903x10°  3392x10°  2329x10°  3.392x10°  3.392x10°  3.392x10°  4.143x10°
F9 NaN NaN 6.866x10  4.923x10°  6.866x10 6.866x10 6.646x10  6.866x10
F10 NaN NaN 6.866x10 ' 9.954x10 ' 6.866x10  6.866x10  5.902x10 6.866x10
F11 NaN NaN 6.866x107  3.507x10"  6.866x10  6.866x10  3.841x10°  6.866x10
F12  2253x10°  3230x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°
FI13  1282x10°  1.404x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°  3.392x10°°
F14  2.808x10"  4902x10°  1.611x10°  2.290x10"  5.897x10'  2.823x10°  6.700x10 "  1.102x10°
F15  6.152x10°  3.401x10"  3392x10°  4.795x10°  3.392x10°  3.392x10°  1.249x10"  1.140x10°
F16  3392x10°  5202x10"  1.140x10°  4.450x10°  3.392x10°  3.392x10°  3.392x10°  2.739x10°°
F17  4.143x10°  4800x10°  3275x10°  1.620x10°  3.392x10°  5.615x10'  2.253x10°  6.866x10

6 4

FI8§  3.392x10°  2.808x10"  6.152x10°  1.892x10°  6.152x10°  2.329x10°  1.935x10°  2.668x10"°
F19  1.866x10°  2.134x10'  3.392x10°  1.249x10°  3.230x10°  1.356x10°*  7.716x10"  1.563x10°
F20  4.197x107  3.401x10°  4225x10°  5452x10°  1.140x10°  4.806x10°  9.662x10°  2.622x10""
F21  L711x107"  3392x10°  9.709x10°  9.662x10°  3.392x10°  2.019x10°  1.150x10°  1.968x10™"
F22  2019x10°  3.192x10°  6.709x10*  1.330x10°  3.392x10°  4.150x10°  6.187x10'  6.115x10 "
F23  1.099x10°  3392x10°  4.150x10 "  4.143x10°  3.392x10°  1.057x10°  4.795x10°  5.553x10°
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Fig. 4 Tubular column design problem
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Table 5 Optimization results of each algorithm for tubu-
lar column design

i t ]
(=R d 45
DAHHO 5.4512 0.2920 26.5313
AO 5.4652 0.2934 26.6788
HHO 5.4998 0.2894 26.6285
SSA 54779 0.2906 26.5887
WOA 6.1227 0.2599 27.8744
SCA 5.523 0.2887 26.7019
MVO 5.4847 0.2909 26.6370
GWO 54536 0.2919 26.5375
GA 5.374 0.3092 27.0627
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Fig.5 Convergence curve of each algorithm for tubular
column design problem
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xyo PP AP 8 o 7 & )y, FAARBCA R Ny

H bR BB fx)=1.98+4.90x,+6.67x,+6.98x5+
4.01x4+1.78x5+2.73x7,

Ly

g21(x)=1.16—0.3717 0.009 31x,x4,— 0.009 3 1x,x1g—
0.484x3x¢+0.01343x46x,0 < 1,

25(x)=0.261—-0.015 9x,x,—0.188x;x3—0.019x,x,+
0.014 4x3x5 + 0.000 875 7x5x19 + 0.080 405x4x9 +
0.001 39x4x,,+0.000015 75x,9x;; < 0.32,

23(x)=0.214+0.008 17x5—0.131x,x5—0.070 4x,x9+
0.03099x,x5 — 0.018x,x7+0.020 8x3xg + 0.121x3x9 —
0.003 64xs5x5 + 0.000 771 5x5x15 — 0.000 535 4x4x; +
0.001 21xgx;; < 0.32,

24(x)=0.074-0.061x,—0.163x3x5+0.001 232x3xo—
0.166x7x9+0.227x; < 0.32,

g5(x)=28.98+3.818x3—4.2x,x,+0.020 7x5xo+
6.63x6xg—7.7x7xg+0.32x9x ;) < 32,

26(x)=33.86+2.95x3+0.179 2x,0—5.057x x,—
11.0x,xg—0.021 5x5x19=9.98x7x¢+22.0xgx¢ < 32,

g7(x)=46.36—9.9x,—12.9x,x5+0.110 7x3x;y < 32

23(x) =4.72 = 0.5x4 — 0.19x,x3 — 0.012 2x4x,¢ +
0.009325x4x,470.000191x3, < 4

29(x)=10.58-0.674x,x,—1.95x,x5+0.020 54x3x,¢—
0.019 8x4x,010.028x¢x9 < 9.9

210(x)=16.45-0.489x3x7—0.843x5x+0.043 2x¢x ¢~
0.055 6x4x11-0.000786x7, < 15.7

AT 0.5 < x1 ~ x7 < 1.5, x5, Xy € (0.192,0.345),
=30 < x50, %11 <300
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Fig. 6 Car crash design problem
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Table 6 Algorithms applied to the optimization results of car crush design problem

Bk X X, X3 X4 Xs X7 Xg X9 X10 Xy 4
DAHHO 0.5046 1.2507 0.5000 1.1138 0.5006 0.5009 0.5004 0.3427 0.2768 3.8389 6.9421 22.9975
AO 0.5901 12008 0.5189 1.1813 0.5137 0.7646 0.5853 0.3450 0.1920 0.8966 2.0208 23.7403
HHO 0.5000 1.3342 0.5000 1.1407 0.5483 0.5000 0.5000 0.2000 0.3052 1.7723 82050 23.7233
SSA 0.5000 1.2329 0.5000 1.1635 0.5000 1.2465 0.5000 0.3439 0.2696 0.4011 03779 23.0528
WOA 05000 1.3311 0.5000 1.2461 0.6878 0.5000 0.5526 0.1920 0.1920 0.2747 1.2092 24.5159
SCA 0.5000 1.3338 0.5000 1.5000 0.5000 0.5083 0.5000 0.1920 0.3450 0.1834 18.8321 25.0711
MVO  0.5000 1.2390 0.5000 1.1503 0.5000 0.8584 0.5023 0.3447 0.1986 1.5950 3.4810 23.0468
GWO  0.5000 1.2416 0.5000 1.1408 0.5000 0.5639 0.5003 0.3450 0.2956 2.0066 5.1117 23.0202
GA 0.5907 13087 0.5767 1.1444 1.0940 0.5000 09016 0.1920 0.2401 0.2869 8.1420 26.6149
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