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Abstract

Aiming at the problems of low search accuracy and easy to fall into local optimization of artificial
hummingbird algorithm (AHA), a new artificial hummingbird optimization algorithm (ALAHA)
based on adaptive distance rounding and improved Lévy factor is proposed. First, the improved
Lévy flight is introduced as an adaptive weighting factor to regulate the search step in the AHA
guided foraging and territorial foraging phases, which improves the global search ability of the

SCES| PR, AT, AR BSOS T N T S AL SEIED). AR5 013K, 2024, 13(2): 987-1003.
DOI: 10.12677/mos.2024.132095


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2024.132095
https://doi.org/10.12677/mos.2024.132095
https://www.hanspub.org/

7K RE, 25

population; then, according to the convergence of the population, adaptive distance hunting search
is performed around the individual hummingbird to improve the algorithm’s search accuracy. In
this paper, 23 benchmark test functions were selected to experiment the algorithm and compared
with other algorithms to test the performance of the algorithm from different perspectives, and
the Wilcoxon rank-sum test was used to prove the performance of the algorithm, and the results
showed that the ALAHA algorithm improved in terms of optimization ability, stability and robust-
ness.
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Figure 1. Target individual location update
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Figure 2. Comparison of policy adaptation values
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Figure 3. Improvement of the value comparison between Lévy factor and cause factor
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Figure 4. Strategy scatter distribution comparison
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ALAHA FERAEENE 5 fras, ALAHA SR8 Al R 4 1.

Table 1. ALAHA algorithm pseudocode
% 1. ALAHA EE{ARED

Begin

1: WIRALAPRE, VIRt vimER, tFRESMAERE, WEYIGSEH: MRE n, HOOSRE Maxiter,
2: For It =1:Maxlter do

3: Fori=1n

4: MRAEA(L) (2) () S KATREL

5: #R¥IE=(13) (15) (16)7HF itk 34t K AT 7
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If rand < 0.5 do

AR (A1) BT 1 0 e o B
BT A%

Else

10: #R#ER(2)EHE S H e B
11: SRR

12: End

13: If 6<5

14: R (10) 5 Hrige S B
15: End

16: End for

17: End while

18: XFECRIEENE, X, (1) T4 R AR

© 00 N O

19: End
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Figure 5. ALAHA algorithm flowchart
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BAEA . W AR AT T BB AR S BT, R RE I bRE . 2, B R
TSR 'Y A& R R UE R R 9] .

AHA BEMITHE R A E S5WE . SN I (C). DAL E BRI (N) B RIERIR
H(T), ZRBEYEH(d). AHA BT E W] LRIR N

O(AHA)= O(1+ nd +Tcn +%Tnd +%Tnd +2Lndj
n
Td (7
= O(Tcn +Tnd +7)

St BELVE ALAHA M EG R B0 AHA TERROEAGEFE A #0078 BT 5 — IR 4E Y AT IR 7, 725 S I &M
AiHh £ I AR TR EAR AR URSE AT — R BE S S, IF Hog AR AT AL B SRR R W R R
fift . BT CASCHE J5 SV T 75 O 1) 82 2% B

O(ALAHA) = O[l+ nd +Tcn +1Tnd +1Tnd +£Tnd +1Tnd +£Tnd +1Tndj
2 2 2 2 2 2 (18)
=0O(Ten+3Tnd)

4. SRR

ASCSEIG HIS AT IR 64 7 Windows 10 #:/E R 40, ALFELEE Intel(R) Core(TM)i7-8550U, i A %K
72 MATLAB R2020b. ASCAHH 23 A bk il ik ek 20 A% ALAHA ZEAT3050 K

4.1 SNHEEZEESHRE

N TR SE R Rk, SRR IR N TR S 5L ALAHA 5 AN T8 5VE(AHA). 3E4E
KATHIE(LFD). AR AL SRIE(WOA). FRRMEALSF L (GWO) . 8 IAF S 515 (SSA) g B 1T A1 Ab vk
(HHO)HEAT X bt o X S8Rk OO e SE A RIF R R 1. N THEEIERIEE R AP A IR, CEREE
(B RASE 4 30 15 B RR 50, 25 IAI4E BE B8 K 30, f RIEARIE N 500 IR, BANFILAGIIEST 30 IR, 5
FEARSHE IR 2 . F-F5ME. b2 S Wilcoxon REAIEE6AE 9 EE PR bRtk .

Table 2. Parameter settings of each algorithm
=2 BEHESHERE

TS SHOE
MAHA f=4,M =2n

AHA M =2n

PSO ¢, =2,C, =2,vmax =6, wmax =9,wmin=0.2
HHO $=0.0L4=15
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WOA

GWO

SSA

a,=[2,0],a,=[-21],b=1

a=[2,0]

C, e[O,l],C2 e[O,l]

N TP RAE MAHA FHE R PERER S FRPE L T niE AHA FIHAR AL S, SCEX 2 DA RS
AT PR G AT DO b, PR B R g 5 . RO AR . BRAERE . IR R A E R R E IR 3

Fs o

Table 3. Test function
F< 3. MR

TR) bR E A R YR ¥ ] wAE
F1 Sphere Function 30 [-100, 100] 0
F2 Schwefel’s problem 2.22 30 [-10, 10] 0
F3 Schwefel’s problem1.2 30 [-100, 100] 0
F4 Schwefel’s problem 2.21 30 [-100, 100] 0
F5 GencralizedRoscn-Brock’s Function 30 [-30, 30] 0
F6 Step function 30 [-100, 100] 0
F7 Quartic Function 30 [-1.28, 1.28] 0
F8 Generalized Schwefel’s problem 2.26 30 [-500, 500] —12569
F9 Generalized Rastrigin’s Function 30 [-5.12, 5.12] 0
F10 Ackley’s Function 30 [-32, 32] 0
F11 Generalized Griewank Function 30 [-600, 600] 0
F12 Generalized Penalized Function 30 [-50, 50] 0
F13 Generalized Penalized Function 30 [-65, 65] 0
F14 Shekel’s Foxholes Function 2 [-5, 5] 0.998
F15 Kowalik’s Function 4 [-5, 5] 0.0003
F16 Six-Hump Camel-Back Function 2 [-5, 5] -1.0316
F17 Branin Function 2 [0, 1] 0.398
F18 Goldstein-Price Function 2 [-2,2] 3
F19 Hartmann 3-D Function 3 [1,3] —3.86
F20 Hartmann 4-D Function 6 [0, 1] —3.322
F21 Shekel’s Family 4 [0, 10] —10.15
F22 Shekel’s Family 4 [0, 10] —1040
F23 Shekel’s Family 4 [0, 10] 10.54
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ik AHA Fil LFD JFRBEHHE . XFT F9. F10. F11, ALAHA EFHSHRMLME. T F12, ALAHA
MR, Bl R RICAE IR, TR, ALAHA 14 R38R 68 S MBk 5 3850 i AE 13
E T I E: AHA T LFD, RA AR EIEE T HHO, (B2 SRS BIRSURE B IR . BBk
SO SEIR R T T HIE A R R S UGS T T EE B SR S A A 1 B

F14~F23 JE[H e 45 2 A MR RR 2, SR SO0 SV AE 487 4 J=) R ORI =) B PR 2 e 0 IR ME RE K
XIT F8. F13, ALAHA I ZRBUIRIMNIKT HHO, HE& =, HAHEMEE AHA AT LFD FF & B8 /18 i
X F9. F10. F11, ALAHA IAFIHEISHRMME. XT F12, ALAHA #RHECE LT, Bl mHaitae
e HIULTTT, ALAHA )4 A% 2 fe 71k Jm il AR i Re 0 &0 m T a6 5% AHA R LFD, RAW
AR HI I T HHO, 2 KA BESURIE R e ir it SRRSO i S it i 1 1 B2 Rl & ae
TR T T BRI . X T F14~F23, ALAHA FIJESE AHA -7 2538E BB 4 30 R g ik 21 B R I (i
o N HOE I A A, B RAEN TR AHA, ALAHA [RbRiEZ S i, AR HL R GG LFD At
fi AR 5%, ALAHA TERRAREARREZ AL A0 Fy o FE I e 48 2 ST R 2 b, ALAHA [ 525
ZE RIS IRAR, MR B RS B R, IESE T ALAHA SFATEER SR 4 T8 R Ae 7 B B 5 ik
e, ESIEMRRE M DAL R E R

Table 4. Test results of benchmark functions of each algorithm

F 4. BIERERBUMIAEER

PR3 GiilE ALAHA AHA LFD HHO WOA GWO SSA
FEME 0.000E+00  1.676E-144 1.055E-08  4.727E-101 1.547E-85 2.881E-33 2.134E-08
" Pk 22 0.000E+00  5.071E-144  6.175E-09  2313E-100  6.132E-85 5.435E-33 6.787E—09
“FEME 0.000E+00 1.116E-76 9.949E-03 1.273E-51 7.080E—54 6.213E-20 1.078E+00
B Nl 0.000E+00 2.640E-76 7.647E-03 6.333E-51 2.775E-53 5.630E—20 1.042E+00
FHME 0.000E+00  4.691E-132  9.642E—05 2.658E-76 3.462E+04 6.380E—08 6.308E+02
- FrREZ 0.000E+00  1.508E-131 6.503E-05 1.431E-75 1.092E+04 1.297E-07 4.931E+02
SER5{E 0.000E+00  2.724E—66 3.349E-03 2.679E-52 4.318E+01 2.139E-08 7.435E+00
" i 0.000E+00 1.301E-65 2.177E-03 1.056E-51 2.912E+01 1.902E-08 3.058E+00
s FHH 2.586E+01 2.631E+01 2.789E+01 5.684E—03 2.743E+01 2.677E+01 1.292E+02

i 2.222E-01 3.804E—01 1.455E-01 8.455E-03 4.267E-01 5.406E—01 2.367E+02
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2R
SEA5E 2.071E-05 1.842E-02 3.643E-03 4.266E-05 5.759E—02 4.373E-01 1.994E—08
" Pk 2 8.507E-05 6.180E—02 5.515E-03 5.439E—05 5.223E-02 2.944E-01 5.778E-09
“FEME 2.243E-05 2.017E-04 9.945E-03 7.056E-05 2.616E-03 1.231E-03 1.024E-01
" bRtz 2.339E-05 1.574E-04 5.725E-03 5.203E-05 2.967E-03 6.930E—-04 4.000E-02
M -1.231E+04  —1.205E+04  —1.045E+04  —1.257E+04  —1.082E+04  —6.096E+03  —7.563E+03
" b2 2.540E+02 2.948E+02 9.772E+03 3.953E-01 1.856E+03 7.115E+02 7.364E+02
P 0.000E+00 0.000E+00 1.029E+01 0.000E+00 0.000E+00 2.983E+00 4.033E+01
" i 0.000E+00  0.000E+00 2.862E+01 0.000E+00  0.000E+00 3.305E+00 1.432E+01
SEH5{E 8.882E-16  8.882E-16 1.391E-04 8.882E-16  4.086E-15 4293E-14 2.009E+00
o Nl 0.000E+00  0.000E+00 2.359E-05 0.000E+00 2.487E-15 6.090E-15 6.367E-01
FHE 0.000E+00 0.000E+00 7.691E-09 0.000E+00 5.497E-03 3.941E-03 9.844E-03
o PRl 22 0.000E+00  0.000E+00 2.914E-08 0.000E+00 2.960E—02 9.510E-03 1.380E—-02
SEE 1.346E-06 3.074E-05 1.745E-03 2.807E-06 8.842E—03 2.851E-02 4.994E+00
F2 i 2.037E-06 1.756E-05 8.779E-04 3.983E-06 1.305E-02 1.535E-02 2.351E+00
M 5.547E-04 1.486E+00 8.747E-01 6.172E-05 2.085E-01 4.158E-01 2.621E+00
e PREZ 2.477E-03 6.960E—01 1.234E+00 8.866E—05 1.858E-01 1.942E-01 6.512E+00
“FEME 9.980E-01 9.980E—01 1.097E+00 1.230E+00 2.857E+00 3.521E+00 1.097E+00
i Pk 2 0.000E+00  0.000E+00 3.928E-01 5.546E-01 3.587E+00 3.158E+00 2.982E-01
FHIME 3.075E-04 3.075E-04 9.483E-04 3.376E-04 7.158E-04 3.721E-03 1.520E-03
e Pt 22 2.302E-12 1.735E-11 3.810E-04 2.277E-05 4.483E-04 7.446E-03 3.511E-03
SEYME —1.032E+00  —-1.032E+00 -1.032E+00 —1.032E+00 —1.032E+00 —1.032E+00  —1.032E+00
e Frift 22 5.889E-16 6.148E-16 3.283E-10 6.069E—11 3.411E-10 1.157E-08 1.377E-14
FEME 3.979E-01 3.979E—01 3.979E-01 3.979E-01 3.979E-01 3.979E-01 3.979E-01
! Frift 22 0.000E+00  0.000E+00 4.206E-09 3.935E-06 1.300E-06 1.221E-05 1.163E-14
FEME 3.000E+00 3.000E+00 3.026E+00 3.000E+00 3.000E+00 3.000E+00 3.000E+00
e bRt 2 1.112E-15 1.253E-15 2.206E—02 2.007E-08 1.120E-05 1.137E-05 1.889E-13
P -3.863E+00 —3.863E+00 —3.861E+00 —3.861E+00 —3.860E+00  —3.861E+00  —3.863E+00
o bRt 2 1.665E-15 2.651E-15 1.337E-03 2.247E-03 4.456E-03 2.650E-03 1.160E-13
SFHf -3.318E+00 —3.314E+00 —3.208E+00  —3.169E+00  —3.255E+00  —3.272E+00  —3.231E+00
720 PR 2 2.134E-02 2.966E—02 9.047E-02 8.207E-02 1.061E-01 6.876E—02 5.519E-02
SEf -1.015E+01  —-1.015E+01  —8.634E+00  —5.559E+00 —8.448E+00 —8.970E+00  —7.063E+00
i bRt 2 6.339E-15 6.188E—15 2.578E+00 1.515E+00 2.405E+00 2.142E+00 3.396E+00
SEHMH —-1.040E+01  —1.040E+01  —7.543E+00 —5.435E+00 —8.788E+00 —1.022E+01  —8.856E+00
22 i 7.252E-16 4.558E-07 3.116E+00 1.304E+00 2.592E+00 9.539E-01 2.860E+00
o2 SEH4{H —-1.054E+01  —1.054E+01  —8.035E+00  -5.306E+00  —8.634E+00  —1.026E+01  —9.766E+00

PR 22 1.123E-15 1.319E-14 3.122E+00 9.657E-01 2.969E+00 1.456E+00 2.313E+00

DOI: 10.12677/mos.2024.132095 999 e RSE TR


https://doi.org/10.12677/mos.2024.132095

7K RE, 25

4.3. WCSKERZE 4T

ST R I BT UM R IR AN SR ) A R A 2R B RIS L, AR SC N 23 AR R R ks T 9 A
BE, FL. F3. F7 NS, REREIR SRR AR RS . FO. F12. F12 HZHASwE, mIb
MBI 2R REET): F15. F20. F22 N[EE4E 2 B sR AL, 7] LA I 00 0L 52 31 S A8 P47 R i
KA FIA R IR R R ) LIRS, WSl Zeansl 6 Fiok. 75 F1 R F3 b, ALAHA Wit & T H A5
%, WNSIORS FE de e, AHA BEAEIRAR 500 IR JEIE ARIE B RAE, T ALAHA R FEAAANH] 200 Y RIATE
FIER R, WEOEER. £ F7 4, ALAHA BAAKRIERH IR RE, (H2HAeRM I HEE, B
S L R R, A SR B v T H A L . TR F9, EAR ALAHA. AHA. HHO 1 WOA #
SR 2 R A, BRI AR SE, ALAHA HREE 10 YOkt Be sk BB, MRAEEST
HAEE . T F12 1 F13, ALAHA YSSIGH 2RI A0S BE AT S 4, I HAH B A L B 55 B0 Bk H =)
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Figure 6. ALAHA convergence curves
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4.4. Wilcoxon B iE

N T LA ALAHA SR VE RE, AR SCRH Wilcoxon KRR 36 R 361 SE 30 45 1) B 35 M 25 5
FRAN 56 7F 025 P55 F 5% 1K R HETIAE, 4 p<0.05 B, o] LN BRI REAAIE R 25, BIHA
NP EVEF B E BB R RSO 7 FEEAE NREAS, TE DLFHE RIS 4> 5 15 B 50, 7% [R] 4E 5
BE K 30, FRIERIRECH 500 IR, FANFIEMALIZLT 30 IRISAE T, Xt 23 AN FEENNR R BRI, I
¥ ALAHA 5 AR R 45 AT LG, RIS R E T REZER . Wilcoxon K56 p {415 5 A
, H N/A BRI FEARZARARR, R ToR. MWERPATLUE H, ALAHA (1 p {iFr T 1E F17~F23 |
SFEE5VE AHA XFEE KT 0.05, Xt 2 RN JE L AHA 76X 88 b8 8 - th#00E i e Ui i S a8, X
B T A SR A BRI R 0 R AP RE . BRI A ALAHA 5IASER p E3A/NT 0.05, 8
ALAHA BEX L AR ZE S 8, TEREFE 4T .

Table 5. Wilcoxon rank sum test results of each algorithm
2 5. & E 3% Wilcoxon L Fnig b 45 R

BR £ AHA LFD HHO WOA GWO SSA
F1 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
F2 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
F3 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
F4 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
F5 8.31E-04 1.73E-06 1.73E-06 1.73E-06 6.89E-05 2.88E—06
F6 1.73E-06 2.37E-05 3.52E-06 1.73E-06 7.69E-06 1.73E-06
F7 6.98E—06 1.73E-06 2.60E-05 1.73E-06 1.73E-06 1.73E-06
F8 3.16E-02 3.59E-04 1.73E-06 2.11E-03 1.73E-06 1.73E-06
F9 N/A 1.73E-06 N/A N/A 7.60E-06 1.73E-06
F10 N/A 1.73E-06 N/A 1.83E-05 1.30E-06 1.73E-06
F11 N/A 1.73E-06 N/A 1.56E—-02 2.44E-04 1.73E-06
F12 2.35E-06 1.73E-06 8.22E-03 1.73E-06 1.92E-06 1.73E-06
F13 5.22E-06 3.41E-05 1.64E—05 3.72E-05 3.11E-05 1.25E-04
F14 1.56E—-02 2.26E-02 7.27E-03 9.63E—04 1.13E-05 4.67E-02
F15 3.16E-03 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
F16 N/A 2.60E—06 1.31E-04 1.73E-06 1.73E-06 4.48E—-05
F17 5.00E-01 4.73E-06 1.82E-05 1.73E-06 1.73E-06 1.73E-06
F18 2.19E-01 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.71E-06
F19 N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 2.20E-06
F20 2.50E-01 2.37E-05 3.18E—06 8.19E-05 1.24E-05 3.52E-06
F21 1.25E-01 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
F22 1.25E-01 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
F23 5.00E-01 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
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(22692105100).
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