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Artificial bee colony algorithm based on stimulus-response labor division
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(1. School of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002,
China; 2. School of Artificial Intelligence and Automation, Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract: Aiming at the disadvantages of the imbalance between exploration and exploitation in the artificial bee colony
algorithm, as well as the resulting low solution quality and slow convergence speed, this paper proposes an artificial bee
colony algorithm based on stimulus-response labor division. Firstly, exploration and exploitation are regarded as two
different search tasks, bees explore the search space in the employed bee phase and exploit the search space in the
onlooker bee phase. Then, the environmental stimulus of the search task is designed according to the population
diversity, and the response threshold of bees is designed according to the search success rate. Finally, under the
mechanism of stimulus-response labor division, bees flexibly switch between the employed bee and the onlooker bee to
achieve the exploration-exploitation balance. The experimental results on 22 benchmark functions show the high
efficiency of the proposed algorithm.
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f Mean 4.33e-17 2.04e-32 7.45e-41 2.94e-42 5.40e-80 5.88e-40 5.29¢e-44 6.85¢-48 3.88e-93
! Std 4.49e-17 1.28e-32 7.63e-41 6.26e-42 1.49¢-79 7.89e-40 1.51e-43 7.63e-48 9.71e-93
f Mean 1.55¢-09 5.78e-26 8.18e-38 5.18e-39 4.45e-75 7.80e-32 8.11e-41 9.17e-44 2.56e-89
2 Std 2.01e-09 4.69¢-26 6.06e-38 9.68e-39 1.71e-24 8.08e-32 1.42e-40 1.02e-43 1.11e-88
f Mean 9.12e-19 8.29¢-34 6.08e-42 4.94e-42 6.38e-80 4.32e-38 1.55e-45 1.91e-48 5.72e-94
8 Std 1.01e-18 5.60e-34 5.42e-42 1.45¢-41 1.77e-79 1.98e-38 8.59¢-46 3.76e-48 1.33e-93
f Mean 7.51e-32 5.73e-53 3.80e-63 3.05e-80 1.39e-75 3.96e-48 5.68e-53 7.18e-53  2.60e-148
* Std 1.23e-31 2.13e-52 2.08e-62 9.57e-80 5.80e-75 7.70e-48 2.99e-52 2.19e-52  1.40e-147
£ Mean 1.67e-10 9.73e-18 1.27e-21 6.45¢-23 2.57e-41 8.80e-22 2.98e-23 5.78e-25 1.40e-55
° Std 5.35e-11 2.75e-18 4.28e-22 1.20e-22 3.29¢e-41 5.38e-22 1.39¢-23 2.34e-25 8.82e-56
f Mean 8.91e+00  2.89e+00  7.57e+00  7.34e+00  3.14e+00  3.75¢+00  2.92e+00  2.54e+00  5.91e-04
© Std 3.52e+00  6.77e-01 8.77e-01 1.05e+00  7.28e-01 3.08e-01 1.07e+00  4.81e-01 2.76e-03
f Mean 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
’ Std 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
f Mean 7.18e-66 7.18e-66 7.18e-66 7.18e-66 7.18e-66 7.18e-66 7.18e-66 7.18e-66 7.18e-66
s Std 3.22¢-81 3.22¢-81 3.22e-81 3.22e-81 3.22¢-81 3.22e-81 3.22e-81 3.22¢-81 3.22e-81
f Mean 5.83e-02 2.80e-02 3.69e-02 9.23e-03 7.57e-02 2.32e-02 2.22e-02 2.00e-02 3.07e-03
° Std 1.48e-02 5.33e-03 9.37e-03 3.32¢-03 1.69e-02 6.95¢-03 6.41e-03 7.97e-03 1.17e-03
s Mean 6.31e-02 3.06e+00 1.45e-01 7.93e-01 4.98e+00 7.94e-02 1.54e-01 2.25e-01 1.52e-01
10 Std 6.71e-02  7.20e+00 1.14e-01 9.96e-01 1.78e+01 9.96e-02 1.39¢-01 3.83e-01 1.47e-01
f Mean 3.46e-14  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
1 Std 8.66e-14  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
f Mean 4.88e-13  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
2 Std 1.10e-12 0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
f Mean 2.03e-12 7.78e-09  0.00e+00  6.11e-04 3.09¢-12  0.00e+00  0.00e+00  2.44e-10  0.00e+00
18 Std 9.20e-12 4.26e-08  0.00e+00  2.37¢-03 1.54e-11 0.00e+00  0.00e+00 1.06e-09  0.00e+00
f Mean 1.58e+01  3.95e+00 1.76e-12 1.18e+01  2.76e+01 8.18e-05 8.18e-05 8.18e-05 1.21e-12
14 Std 5.14e+01  2.16e+01 3.32e-13  3.6le+01  6.73e+01 6.88e-12 9.96e-13 8.68e-13 8.72e-13
f Mean 1.63e-05 1.22e-11 1.41e-02 2.71e-14 2.82e-14 3.41e-14 391e-14 2.90e-14 2.75e-14
" Std 2.46e-05 3.67e-11 7.74e-02 291e-15 3.42e-15 4.77e-15 2.68e-13 4.03e-15 2.95e-15
s Mean 5.32e-18 1.57e-32 1.57e-32 1.57e-32 1.57e-32 1.57e-32 1.57e-32 1.57e-32 1.57e-32
16 Std 5.06e-18 5.57e-48 5.57e-48 5.57e-48 5.57e-48 5.57e-48 5.57e-48 5.57e-48 5.57e-48
f Mean 8.87e-16 1.24e-31 1.50e-33 1.50e-33 1.50e-33 1.50e-33 1.50e-32 1.50e-32 1.50e-33
1 Std 1.19e-15 9.32e-32  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
f Mean 5.90e-06 9.03e-07 4.69e-22 5.06e-17 1.08e-15 1.30e-16 1.41e-23 1.34e-23 7.40e-18
18 Std 5.02e-06 2.19e-06 4.19e-22 1.30e-16 2.55e-15 2.36e-16 4.51e-23 4.92e-23 4.05e-17
f Mean 1.57e-13 1.65e-31 1.35e-31 1.35e-31 1.35e-31 1.35e-31 1.35e-31 1.35e-31 1.35e-31
1 Std 1.97e-13 6.43e-32 6.68e-47 6.68e-47 6.68e-47 6.68e-47 6.68e-47 6.68e-47 6.68e-47
f Mean 3.39¢-03  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
2 Std 2.90e-03  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
s Mean —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01
2 Std 6.98e-15 9.14e-15 9.5le-15  0.00e+00  0.00e+00 1.0le-14  0.00e+00  0.00e+00  0.00e+00
f Mean —2.94e+01 —2.95e+01 —6.85e+00 —2.96e+01 —2.96e+01 —2.84e+01 —2.84e+01 —2.86e+01 —2.96e+01
2 Std 5.93e-02 2.63e-02 7.21e-01 4.96e-02 1.90e-02 3.71e-01 1.85e-01 2.12e-01 1.90e-02
+/=/- 19/2/1 16/6/0 11/9/2 12/9/1 12/10/0 12/9/1 11/10/1 12/9/1 —
Friedman mean ranking 7.54 6.52 4.97 4.68 4.26 5.26 4.55 4.36 2.86
Wilcoxon p-value 4.95e-05 4.30e-05 1.28e-04 1.12e-04 3.13e-03 6.52e-05 1.66e-04 6.52e-04 —
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BR% ABC GABC REABC ENABC NSABC ABCX MFABC TSaABC SRLDABC
f Mean 1.65E-15  6.52E-30 8.56e-39 7.26e-38 2.72e-77 1.70e-38 3.25e-43 1.43e-46 3.03e-93
! Std 1.31e-15 2.98e-30 4.06e-39 3.16e-37 8.08e-77 1.94e-38 2.18e-43 1.48e-46 2.52e-93
s Mean 1.03e-08 2.13e-23 4.87e-35 7.02e-35 1.11e-72 1.48e-30 9.24e-39 3.05e-42 1.56e-88
? Std 8.92e-09 1.26e-23 3.23e-35 2.07e-34 4.46e-72 2.33e-30 1.14e-38 2.87e-42 3.62e-88
f Mean 5.46e-16 2.38e-30 3.71e-39 8.71e-39 2.25e-77 7.95e-36 4.08e-43 5.32e-47 4.12e-93
8 Std 5.50e-16 1.46e-30 2.22e-39 2.77e-38 5.39e-77 3.97e-36 3.08e-43 5.33e-47 7.64e-93
f Mean 8.85e-31 4.68e-54 1.30e-63 7.76e-78 1.27e-40 1.05e-46 7.58e-52 1.26e-50  6.20e-170
4 Std 2.58e-30 1.17e-53 6.88e-63 2.46e-77 3.80e-40 2.04e-46 2.73e-51 5.14e-50 0.00e+00
f Mean 2.87e-09 3.42e-16 3.11e-20 4.53e-21 4.32e-40 9.85e-21 2.51e-22 4.21e-24 1.78e-58
g Std 6.87e-10 6.36e-17 7.83e-21 1.14e-20 5.00e-40 1.39e-20 1.26e-22 1.95e-24 1.07e-58
f Mean 5.24e+01  3.88¢+01  4.55e+01  4.79e+01 1.38e+01  3.37e+01 3.21e+01  2.94e+00  3.49e+01
¢ Std 2.32e+00  2.06e+00  1.42e+00  2.61e+00  1.30e+00  7.04e+00  2.38¢+00  1.45e+00  6.44e+00
f Mean 0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  1.99e+02
7 Std 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 2.84e+02
s Mean 7.10e-218  7.10e-218  7.10e-218  7.10e-218  7.10e-218  7.10e-218  7.10e-218  7.10e-218  7.10e-218
8 Std 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
s Mean 2.66e-01 1.69e-01 1.95e-01 3.39¢e-02 9.26e-01 1.38e-01 1.29¢e-01 1.11e-01 1.67e-02
o Std 6.07e-02 1.59e-02 2.38e-02 8.65¢-03 1.17e-01 1.22e-02 1.67e-02 1.05e-02 3.84e-03
f Mean 1.43e-01 2.13e+01 2.96e-01 1.20e+00 1.02e+01 3.85e-02 5.69e-01 1.04e+00 5.28e-01
10 Std 1.75e-01 3.60e+01 2.60e-01 1.03e+00 2.44e+01 9.94e-03 7.02e-01 1.57e+00 6.00e-01
f Mean 8.15e-09  0.00e+00  0.00e+00  0.00e+00  4.44e-15 0.00e+00  0.00e+00  0.00e+00  0.00e+00
H Std 3.55e-08  0.00e+00  0.00e+00  0.00e+00  2.59e-15 0.00e+00  0.00e+00  0.00e+00  0.00e+00
f Mean 1.42e-01 0.00e+00  0.00e+00  0.00e+00  4.62e-15 0.00e+00  0.00e+00  0.00e+00  0.00e+00
2 Std 3.45e-01 0.00e+00 0.00e+00 0.00e+00 2.94e-15 0.00e+00 0.00e+00 0.00e+00 0.00e+00
f Mean 4.37e-16 0.00e+00 0.00e+00 8.13e-09 6.53e-14 0.00e+00 0.00e+00 2.78e-17 0.00e+00
s Std 6.60e-16  0.00e+00  0.00e+00  4.45e-08 1.71e-13 0.00e+00  0.00e+00  9.85e-17  0.00e+00
f Mean 547e+02  1.58e+01 2.01e-01 3.76e+01  7.11e+01 2.72e-04 2.75e-04 2.73e-04 1.32e+01
1 Std 2.13e+02 4.09e+01 1.10e+00 5.50e+01 9.12e+01 3.99¢-12 7.28e-12 4.93e-04 3.64e+01
f Mean 3.73e-05 3.03e-09 2.84e-02 1.23e-13 2.23e-13 1.35e-13 1.46e-13 1.25e-13 1.22e-13
5 Std 2.70e-05 5.17e-09 1.02e-01 7.62e-15 1.82e-14 1.31e-14 3.23e-13 1.31e-14 9.55e-15
f Mean 5.73e-17 1.07e-31 4.71e-33 4.71e-33 7.72e-33 4.71e-33 4.71e-33 4.71e-33 4.71e-33
16 Std 6.99¢-17 5.19e-32 1.39¢-48 1.39¢-48 3.05e-33 1.39¢e-48 1.39¢-48 1.39¢-48 1.39¢e-48
f Mean 3.66e-14 3.86e-29 1.50e-33 1.50e-33 1.08e-32 1.50e-33 1.50e-33 1.50e-33 1.50e-33
v Std 2.63e-14 2.28e-29 0.00e+00 0.00e+00 6.64e-33 0.00e+00 0.00e+00 0.00e+00 0.00e+00
f Mean 1.71e-03 5.71e-05 2.04e-17 1.29e-15 5.85e-15 5.28e-15 2.11e-22 4.39e-23 3.63e-25
18 Std 2.85e-03 5.46e-05 1.11e-16 1.48e-15 5.84e-15 1.07e-14 3.10e-22 8.89%¢e-23 9.45e-25
f Mean 1.84e-13 1.47e-30 1.35e-31 1.35e-31 2.35e-31 1.35e-31 1.35e-31 1.35e-31 1.35e-31
19 Std 2.40e-13 1.19¢-30 6.68e-47 6.68e-47 6.88e-32 6.68e-47 6.68e-47 6.68e-47 6.68e-47
f Mean 4.27e-02 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
20 Std 1.50e-02 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
f Mean —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01 —7.83e+01
2 Std 297e-14  489%-14  524e-14  270e-14 32914  34le-14 29314 5.10e-14  2.40e-14
s Mean —9.76e+01 —9.86e+01 —1.72e+01 —9.95e+01 —9.92e+01 —8.74e+01 —8.85e+01 —8.89e+01 —9.95e+01
2 Std 2.16e-01 9.61e-02 1.35e+00 4.16e-02 1.65e-01 6.77e-01 9.42¢-01 7.15e-01 1.83e-02
+/=/- 19/1/2  16/5/1 11/8/3  14/7/1 18/2/2  10/8/4  11/8/3  12/7/3 —
Friedman mean ranking 7.86 6.29 5.12 4.86 4.63 4.93 4.33 4.11 2.87
Wilcoxon p-value 4.95e-05 4.32e-05 4.31e-05 7.34e-04 1.46e-03 4.02e-04 4.31e-05 1.83e-03 —
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