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A B S T R A C T

Artificial bee colony (ABC) is a novel swarm intelligence optimization algorithm that has been shown to be
effective in solving high dimensional global optimization problem with good performance for its excellent
exploration capability. It has received a great deal of attentions of researchers since it was proposed, and was
employed to many application fields for its advantages of excellent global optimization ability and easy to
implement. However, the basic ABC has some drawbacks like poor exploitation and slow convergence. In this
paper, an improved artificial bee colony algorithm based on modified-neighborhood-based update operator and
independent-inheriting-search strategy for global optimization called MNIIABC algorithm is proposed. In the
proposed algorithm, a modified-neighborhood-based update operator, which contains a global-best term and a
subset-best guided term, is applied in the employed bee stage to balance the exploration and exploitation.
Aiming to improve the solution diversity, a subset partition method for producing perturbation term is
considered. In order to enhance the exploitation of the algorithm, an independent-inheriting-search strategy is
used in the onlooker stage. Experiment results tested on multiple benchmark functions show that the proposed
method is effective, and has good performance. The comparison experimental results illustrate that the
proposed algorithm has good solution quality and convergence characteristics.

1. Introduction

Global optimization developed rapidly in the past years. Besides
deterministic optimization algorithms, many stochastic optimization
methods have been proposed to deal with highly complex optimization
problems. These methods are commonly simple and easy to imple-
ment. At present, many biological-inspired optimization algorithms
have been proposed, for example, genetic algorithm (GA) (Holland,
1992; Tang et al., 1996), particle swarm optimization (PSO) (Kennedy
and Eberhart, 1995), bee algorithm (BA) (Pham et al., 2005) and
artificial bee algorithm (ABC) (Karaboga, 2005). In recent years,
research results on optimization problem based on biological-inspired
intelligence approaches shown that the swarm optimization techniques
have great potential and advantages for complex optimization pro-
blems in the practical applications (Karaboga and Latifoglu, 2013;
Moeini and Afshar, 2012; Chang, 2013). In the engineering application,
biological-inspired optimization methods were applied to obtain opti-
mal designs and conduct complex optimization problems, for example,
robust optimal design and manufacturing (Yildiz, 2013a; Öztürk et al.,

2006), structural design of vehicle components (A.R. Yildiz et al., 2016;
B.S. Yildiz et al., 2016; Yildiz, 2013b), optimization of thin-wall
structures (A.R. Yildiz et al., 2016), vehicle crashworthiness and
NVH (noise, vibration, and harshness) optimization (Kiani and
Yildiz, 2015), and structural damage detection (Gökdagˇ and Yildiz,
2012).

The ABC algorithm proposed by Karaboga (2005) solves the
optimization problem by simulating the intelligence foraging behavior
of honey bees. It has own unique characteristics in some numerical
optimization problems compared with some conventional biological-
inspired swarm optimization approaches such as PSO, GA, and
differential evolution (DE) (Storn and Price, 1997, 1995; Price,
1996). Due to the advantages of less control parameters, outstanding
exploration ability, and it is easy to implement, the basic ABC
optimization method and modified ABC approaches have been applied
to numerical optimization (Das et al., 2013; Tsai, 2014), parameters
identification (Sun et al., 2013), SAR image segmentation (Ma et al.,
2011), job-shop scheduling (Li et al., 2014), control (Chang, 2013;
Zhang et al., 2014), transportation (Szeto and Jiang, 2014), signal
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processing (Karaboga and Latifoglu, 2013), and other research areas,
for solving different optimization problems.

ABC algorithm was applied to numerical optimization problem for
its good exploration ability and search performance. Researchers
proposed various modified ABC algorithms like I-ABC, PS-ABC,
ABC/best1, ABC/best2, MABC, SAABC, ERABC, GABC, COABC, best
so far ABC, hybrid ABC-BA, and VABC algorithms (Li et al., 2012; Gao
et al., 2012; Gao and Liu, 2012; Chen et al., 2012; Xiang and An, 2013;
Zhu and Kwong, 2010; Luo et al., 2013; Banharnsakun et al., 2013;
Tsai, 2014; Imanian et al., 2014). Reference Tsai (2014) proposed a
hybrid ABC-BA algorithm to deal with constrained optimization
problem. Reference Akay and Karaboga (2012) presented a modified
ABC algorithm to solve the real-parameter optimization problem.
Reference Imanian et al. (2014) presented the VABC for high dimen-
sional continuous optimization problem. In the control application,
ABC algorithm was applied in controller parameters design (Zhang
et al., 2014; Chang, 2013). An improved ABC algorithm that integrated
cyclic exchange neighborhood with chaos (CNC-ABC) was presented in
Zhang et al. (2014), aiming to search proper parameters for fractional
order proportional-integral-derivative (FOPID) controller designed in
an automatic voltage regulator (AVR) system, and the listed experi-
mental results showed its good performance. In Chang (2013), a new
controller design method was proposed for an unstable nonlinear
continuously stirred tank reactor chemical system, the PID control
gains were calculated out via using the ABC optimization method. ABC
algorithm and its modified version algorithms have been used to signal
extraction, filter design and harmonic estimation problems (Sabat
et al., 2010; Ahirwal et al., 2014; Karaboga and Latifoglu, 2013;
Biswas et al., 2013). To extract small signal equivalent circuit model
parameters of GaAs metal extended semiconductor field effect transis-
tor (MESFET) device, literature (Sabat et al., 2010) applied the ABC
optimization method to search the model parameters, and compared
its obtained results with those got by the PSO, and found that the ABC
algorithm has better performance. In Ahirwal et al. (2014), by using the
artificial bee colony algorithm, the authors constructed an adaptive
noise canceller for electroencephalogram (EEG)/Event Related
Potential (ERP) filtering with modified range selection. Reference
Karaboga and Latifoglu (2013) proposed an method for the elimination
of noise on transcranial Doppler by using artificial bee colony (ABC). In
Biswas et al. (2013), the researchers hybridized the ABC algorithm with
the least square algorithm for harmonic estimation problems in power
quality signals. These applications show the effectiveness of the ABC
method in dealing with these kinds of optimization problems.

In the other research fields, the ABC algorithm and its modified
versions were employed to solve the optimization problem in structural
system model identification, hydroelectric generation prediction, bi-
level transit network design of transportation, and environmental
vehicle routing (Sun et al., 2013; Uzlu et al., 2014; Szeto and Jiang,
2014; Zhang et al., 2014). For structural system parameters calcula-
tion, reference Sun et al. (2013) proposed a modified ABC to search the
model parameters, and identified the structural system model. In Uzlu
et al. (2014), the authors proposed an artificial neural network (ANN)
model with the ABC algorithm, i.e. ANN-ABC model, and applied this
ANN-ABC model to predict hydroelectric generation, and received
better performance compared with the classical ANN trained with the
BP algorithm. When it comes to the application in transportation,
reference Szeto and Jiang (2014) proposed a bi-level transit network
design problem in which the transit routes and frequency settings were
determined simultaneously, and employed a hybrid ABC algorithm to
deal with this bi-level problem. A hybrid ABC algorithm was presented
to solve the environmental vehicle routing problem (EVRP) model
(Zhang et al., 2014), and the performance of the hybrid algorithm was
evaluated by comparing with the well-known capacitated vehicle
routing problem (CVRP) instances.

The applications of ABC algorithm show its excellent performance
in solving optimization problems. Although there are some problems

remain to deal with. The exploitation ability of the ABC is poor, and the
convergence speed is lower than some other population-based algo-
rithms such as PSO, DE. It is easy to get trapped in local optima in
some cases. To improve its exploitation ability and convergence speed,
researchers have proposed some algorithms, for example, GABC,
VABC, ABC-BA, COABC algorithm, and so forth. And these algorithms
have their own characteristics and advantages. The GABC applied a
global best term to guide the search aiming to increase the convergence
speed. Reference Sun et al. (2013) employed a nonlinear factor to
control the convergence speed, and balance the exploration and
exploitation abilities of ABC algorithm. In Luo et al. (2013), each
employed bee repeats the search for several times each iteration, which
helps improve the obtained solution quality.

Base on the discussion above, a modified ABC that based on modified-
neighborhood-based update operator and independent-inheriting-search
strategy is proposed in this paper. In the proposed algorithm, a modified-
neighborhood-based update operator is employed in the employed bee
stage, and a proposed independent-inheriting-search strategy is used in the
onlooker stage. Neighborhood-based search method was applied in various
optimization algorithms such as MNDE (Zhao et al., 2013), Differential
evolution with a neighborhood-based mutation operator (Das et al., 2009),
CNC-ABC (Zhang et al., 2014), and performed well. The global-best and
subset-best guided terms are applied in the modified-neighborhood-based
update operator. Thus, in the employed bee stage, the exploration and
exploitation are balanced. An independent-inheriting-search strategy is
used in the onlooker stage to enhance the exploitation of the algorithm.
Finally, multiple test experiments on optimization for several benchmark
functions are conducted. Experimental results tested on benchmark
functions illustrate that the proposed method is effective. Comparison
experimental results show that the presented modified algorithm has good
performance in solving optimization problems.

The main works of this paper are shown as: (1) In the proposed
algorithm, a modified-neighborhood-based update operator is em-
ployed in the employed bee stage, the structure required less computa-
tion. The global-best and subset-best guided terms are applied in the
modified-neighborhood-based update operator. The subset partition
method for generating perturbation term can help to improve the
solution diversity. The use of global-best and subset-best guided terms
increases the exploitation of the search domain. Thus, in the employed
bee stage, the exploration and exploitation can be adjusted and
balanced during the searching process. (2) A proposed independent-
inheriting-search strategy is used in the onlooker stage, to use the
found good information of the bees efficiently and increase the
convergence speed in the local search domain. The independent search
is retained to help to maintain the solution diversity. (3) Convergence
analysis for the MNIIABC algorithm is analyzed theoretically. (4)
Multiple test experiments on optimization for some benchmark func-
tions are conducted. Experimental results tested on the benchmark
functions show that the proposed algorithm is better than the
compared methods herein.

The rest of this paper is organized as follows. Section 2 introduces
the basic ABC algorithm briefly; Section 3 analyses some existed
modified ABC algorithms and presents the proposed algorithm,
together with the convergence analysis; Experimental results of
optimization on some benchmark functions with the proposed method
are presented and analyzed in Section 4; Finally, conclusions are given
in Section 5.

2. Basic artificial bee colony algorithm

Artificial bee colony algorithm is a class of swarm intelligence
technique that simulates the intelligent foraging behaviors of honey bee
swarms. And it has been effectively applied in non-constrained
optimization, constrained optimization, signal processing (digital filter
design), controller design, imaging processing (Chang, 2013; Karaboga
and Latifoglu, 2013; Das et al., 2013; Tsai, 2014; Zhang et al., 2014;
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