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Tab. Comparison of statistical test results among different
algorithms (D=10)
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Tab.5 Comparison of statistical test results among differ-
ent algorithms (D=20)

Friedman Wilcoxon 5
By BT -
FEHS R R Py
ABC 53/3/24 4.70 2046.5 1119.5 3.03x107
GABC 47/7/26 3.52 19155 13245 1.04x10°"
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RNSABC 50/9/21 3.85 2180.0 1060.0 1.33x107
ABC_DEE 3.12
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Tab. 6 Comparison of average runtime consumed by dif-

ferent algorithms on all functions
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Artificial Bee Colony Algorithm Based on the Division Between Exploration and Exploitation and Its
Application in Esophageal Cancer Prediction
WANG Yingcong, YAN Jun, SUN Junwei, WANG Yanfeng*

(School of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)
Abstract:

Objective In the artificial bee colony (ABC) algorithm, employed bees search the entire search space while onlooker bees concentrate their ef-
forts near high-quality food sources. From the perspective of exploration and exploitation, employed bees primarily handle exploration, whereas
onlooker bees are responsible for exploitation. However, the basic ABC algorithm prioritizes exploration during the search process and performs
poorly in exploitation, leading to slow convergence speed and low solution accuracy. Therefore, this study proposes an artificial bee colony algo-
rithm based on the division between exploration and exploitation (called ABC_DEE), which consists of three stages: employed bees for explora-
tion, onlooker bees for exploitation, and scout bees for supplementation.

Methods In the exploration stage, excessive reliance on random solution information biased the process toward random search. Therefore, a
solution-search equation guided by diverse elites was designed for employed bees, along with the introduction of a breadth-first search strategy to
enhance exploration. In the exploitation stage, overutilization of optimal solution information led to premature convergence. Hence, a solution-
search equation guided by objective-oriented elites was designed for onlooker bees, using a depth-first search strategy to strengthen exploitation.
Considering that the random initialization method of scout bees discarded the previous search experience, and the search equation of employed
and onlooker bees was singular, a neighborhood search equation was designed for scout bees. This equation considered the optimal solution based
on objective value, the optimal solution based on diversity, and the previous search experience.

Results and Discussions The performance of ABC_DEE was assessed on both the CEC2021 test set and the esophageal cancer prediction prob-
lem, with comparisons made against six ABC variants. In numerical optimization problems with D=10, ABC_DEE outperformed ABC, GABC,
REABC, ENABC, NSABC, and RNSABC on 49, 46, 51, 61, 52, and 48 functions, respectively. In contrast, ABC_DEE performed worse than
these algorithms on 26, 26, 24, 12, 22, and 23 functions, respectively. The Friedman test results indicated that ABC_DEE ranked first. The Wil-
coxon test results indicated that there was no significant difference between ABC_DEE and GABC, but ABC_DEE significantly outperformed the
other algorithms. When D=20, ABC DEE was superior to the comparison algorithms on at least 47 functions and inferior on at most 26 functions.
The results of both the Friedman test and the Wilcoxon test were consistent with those when D=10. In addition, ABC DEE exhibited superiority
in terms of convergence speed and time efficiency. Regarding the optimization problem of the esophageal cancer prediction model based on Ker-
nel Extreme Learning Machine (KELM), in terms of accuracy, ABC_DEE-KELM achieved 85.83%, which was 3.00% higher than the second-
ranked RNSABC—-KELM and 15.72% higher than ABC-KELM. Regarding sensitivity, ABC_DEE—KELM reached 91.98%, outperforming the
second-ranked ENABC-KELM by 0.61% and ABC-KELM by 20.14%. In terms of specificity, ABC_DEE-KELM attained 79.31%, exceeding
the second-ranked RNSABC—-KELM by 0.70% and ABC—KELM by 15.03%. Regarding the F1 score, ABC_DEE—KELM achieved 85.49%,
showing a lead of 2.54% over the second-ranked RNSABC-KELM and 16.23% over ABC-KELM.

Conclusions The classical ABC suffers from an imbalance between exploration and exploitation. Regulating the relationship between exploration
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and exploitation is an effective method for improving the performance of ABC. This study proposes a novel ABC based on the separation of ex-
ploration and exploitation without altering the original ABC framework. Under the “base vector + perturbation” search mode, the proposed ap-
proach strengthens the division of labor between employed bees and onlooker bees in terms of exploration and exploitation through a dual-elite-
guided strategy based on diversity and objective values. Simultaneously, a search equation is formulated for scout bees that incorporates both
search experience and diversified optimal solution information. The proposed algorithm is compared to six other ABC algorithms across 80
benchmark functions, with its superiority evaluated in terms of solution quality, non-parametric tests, convergence speed, and time efficiency. In
addition, its effectiveness in practical optimization problems is validated using esophageal cancer prediction as an example. Future research can
be approached from two perspectives. First, the proposed algorithm will be applied to address more practical problems such as path planning and
image processing. Second, by exploring strategies such as neighborhood topology and inertia weights to fine-tune the balance between explora-
tion and exploitation in ABC.

Key words: artificial bee colony algorithm; exploration and exploitation; elite guidance; search equation
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