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Improved Aquila optimizer with multi-strategy fusion
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Abstract . At present, the intelligent optimization algorithm has some problems, such as the low level of global exploration,and it is not easy
to jump out of local optimization. Although the Aquila optimizer (AO) has improved this problem, it still cannot cope with the increasingly
complex practical problems in the future. Therefore, in this paper, aiming at the problem that Aquila optimizer ( AO) algorithm has
insufficient local development ability and weak global optimization ability, an improved Aquila optimizer with multi-strategy fusion (IAO-
MSF) is proposed. Firstly, the population is initialized based on reverse learning strategy and greedy selection algorithm, which improves
the probability that the current population is close to the global optimum and ensures the diversity of the population. Then, the adaptive T-
distribution mutation strategy has the advantage of strong local development ability, replacing strategies 3 and 4 in the original Aquila
optimizer to improve the local development ability of the algorithm, and introducing the firefly algorithm with strong global optimization
ability to mutate the whole population to produce " new Aquila" individuals for firefly mutation, further improving the optimization
performance of IAO-MSF. Finally, in order to verify that the IAO-MSF proposed in this paper has stronger optimization ability, five
mainstream intelligent optimization comparison algorithms are selected for comparison, and tests are carried out on 41 low-dimensional
functions, 1 high-dimensional function and 2 composite benchmark functions. The results show that compared with the other five intelligent
optimization algorithms, the IAO-MSF proposed in this paper has higher convergence accuracy, faster convergence speed and stronger
stability.

Keywords: Aquila optimizer; global optimum; opposition-based learning; greedy selection algorithm; firefly algorithm; adaptive t-
distribution mutation; new Aquila
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Tab.1 Comparison of algorithm performance under low-dimensional and high-dimensional benchmark functions
Dim=50 Dim =500 Dim=1 000
PREL Bk - - -
RIEE CFSE fREE A P e RIGE CFSE feiER

TAO-MSF 0.00e+00 0.00e+00 0.00e+00

0.00e+00 0.00e+00 0.00e+00

0.00e+00 0.00e+00 0.00e+00

AO 1.46e-160 5.79e-100 3.16e-99 1.31e-160 4.76e—100 2.60e-99 2.06e—158 2.68e—-100 1.46e-99

GJO 2.39e-57 3.4le-54 1.55e-53 3.60e-57 3.25e-54 1.23e-53 8.12e-59 1.36e-54 2.18e-54

f WOA 5.56e-86 6.08e-73 3.27e-72 9.35e—-85 2.42e-74 9.1le-74 7.57e—88 1.03e-72 5.65e-72

GWO 1.39¢-29 1.34e-27 1.74e-27 1.87e-29 1.05¢-27 1.15e-27 6.86e-29 2.16e-27 3.02e-27

FA 6.85e-08 1.06e-07 1.57e-08 6.91e-08 1.07e-07 1.68e-08 6.94e—08 1.11e-07 1.75e-08

JAO-MSF 8.88e-16 8.88e-16 0.00e+00 8.88e—-16 8.88e—-16 0.00e+00 8.88e—-16 8.88e-16 0.00e+00

AO 8.88e—16 8.88e—16 0.00e+00 8.88e—16 8.88e—16 0.00e+00 8.88e—16 8.88e—16 0.00e+00

7 GJO 4.44e—15 6.80e—15 1.70e—15 4.44e-15 7.16e—15 1.52e—15 4.44e-15 7.16e-15 1.52e-15

’ WOA 8.88e—-16 4.20e-15 2.27e-15 8.88e—-16 3.37e-15 2.66e-15 8.88e—16 4.08e—15 2.52e-15

GWO 7.54e-14 1.08e—13 1.63e-14 7.54e—14 1.02¢-13 1.73e-14 7.90e—-14 1.02e-13 1.39%e-14

FA 6.55e—05 7.73e-05 6.67¢—06 6.99¢-05 7.83e-05 3.89¢-06 6.47e-05 7.56e-05 4.63e-06

®2 EEEENKBEHTHEEMEREILL
Tab.2 Comparison of algorithm performance under composite benchmark functions
/3 fa
TAO-MSF AO GJO WOA GWO FA TAO-MSF AO GJO WOA GWO FA

FAGME 9.98e-01 9.98¢—-01 9.98¢—01 9.98e-01 9.98e-01 9.98¢—-01 3.00e+00 3.00e+00 3.00e+00 3.00e+00 3.00e+00 3.00e+00
SEHEIME 1.94e+00 3.37e+00 7.37e+00 3.51e+00 4.36e+00 1.03e+00 3.00e+00 3.03e+00 5.70e+00 3.00e+00 3.00e+00 3.00e+00
FRUEZE 2.17e+00 4.29e+00 4.68e+00 3.42e+00 3.83e+00 1.8le—01 1.79e-04 3.52e-02 1.47e+01 4.80e—-05 2.79¢-05 8.99e-14
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