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Abstract The artificial bee colony (ABC) is one of the swarm intelligence algorithms used to solve

optimization problems which is inspired by the foraging behaviour of the honey bees. In this paper,

artificial bee colony with the rate of change technique which models the behaviour of scout bee to

improve the performance of the standard ABC in terms of exploration is introduced. The technique

is called artificial bee colony rate of change (ABC-ROC) because the scout bee process depends on

the rate of change on the performance graph, replace the parameter limit. The performance of ABC-

ROC is analysed on a set of benchmark problems and also on the effect of the parameter colony

size. Furthermore, the performance of ABC-ROC is compared with the state of the art algorithms.
� 2016 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The ABC algorithm is introduced by Karaboga (2005), based
on the foraging behaviour of a honey bees swarm. In ABC, the

colony of artificial bees consists of three groups namely
employed, onlooker and scout. A food source position repre-
sents a possible solution to the problem that is to be optimized

and the nectar of a food source corresponds to the quality of
the solution represented by the food source. During each cycle,
the employed and onlooker bees are moving toward the food
sources, thus calculating the nectar amounts and determining

the scout bee and then moving them randomly onto the possi-
ble food sources. If the solution does not improve by a prede-
termined number of trials, the food source is abandoned. The

number of trials for releasing a food source is equal to the
value of limit which is an important control parameter of
ABC (Karaboga and Gorkemli, 2014). After the limit is

achieved, the employed bee is converted to a scout to search
for new food sources.

The scout bee is an important component to control the

exploration process (Karaboga and Basturk, 2008). However,
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recent studies on ABC show that the scout bee component is
redundant and sometimes does not present during the search

process (Bullinaria and AlYahya, 2014a,b). As a result, the
global exploration does not happen during the process because
the global exploration is controlled by the scout bee compo-

nent (Karaboga and Basturk, 2007). Therefore, we propose a
new technique to control the scout bee process.

In this study, we propose a technique to replace the limit of

the standard ABC algorithm. This technique is based on the
changing of slope on the performance graph. The optimization
process causes a decrease in the performance graph in case of
function minimization and increasing of the performance

graph in case of function maximization until the stopping con-
dition achieved. By taking advantage of the changing pattern
on the performance graph, we introduce a new technique

called rate of change (ROC) to improve the performance of
ABC in terms of exploration. The implementation of ROC
technique in ABC algorithm is called artificial bee colony rate

of change (ABC-ROC). Later, the ABC-ROC will be described
in detail and its performance is tested on a set of test problems.
The effect of newly added control parameters such as max-
ROC, maxTrace and maxFlag is investigated. The perfor-

mance of ABC-ROC is also compared to the state of the art
algorithms.

The rest of this paper is organized as follows. Section 2 dis-

cusses the literature review on ABC. Section 3 provides an
overview of ABC algorithm. Section 4 describes the proposed,
ABC-ROC algorithm. Section 5 gives a computational study

and discussion, that include the explanation of the problems
used in this experiment. Section 6 presents the experimental
complexity of ABC and ABC-ROC algorithms. Section 7 pre-

sents the experiment on the effect of colony size (CS). Section 8
presents the comparisons of the number of scout bee between
ABC and ABC-ROC. Finally, Section 9 concludes this paper

and suggests the future direction.

2. Literature review

The standard ABC algorithm has successfully produced good
results in the optimization problem because ABC has advan-
tages of memory, local search and solution improvement

mechanism (Basturk and Karaboga, 2006; Karaboga and
Basturk, 2007, 2008; Zhao et al., 2010; Ozturk and
Karaboga, 2011). However, in some cases, researchers found

ABC may stuck in local optimum that affects the convergence
performance and resulted in uncertainties on the results
obtained from the standard ABC algorithm (Luo et al.,
2013; Xiang and An, 2013; Kong et al., 2013).

Some researchers argued that the problem arose from the
exploration process while other researchers believed that the
problems are caused by the exploitation process of ABC.

The exploration is the ability to investigate the various
unknown region to discover the global optimum in solution
space. This ability is performed by the scout bee component

(Kong et al., 2013; Karaboga and Basturk, 2007). The
exploitation is the ability to apply the knowledge of the previ-
ous good solutions to find better solutions. This process done
by employed and onlooker bees (Kong et al., 2013; Karaboga

and Basturk, 2007). In order to improve the exploration and
exploitation process, many changes have been made on the
standard ABC algorithm.

Aderhold et al. investigated the influence of the population
size of the ABC and proposed two variants of ABC which use
new methods for the position update of artificial bees

(Aderhold et al., 2010). Stanarevic et al. proposed a modified
ABC which includes ‘‘smart bee” that uses its historical mem-
ories of location and quality of the food source (Stanarevic

et al., 2010). Lei et al, discovered that original ABC suffers
from low precision and efficiency in solving optimization prob-
lems thus introduced a modification of the original ABC by
adding an inertial weight which was inspired by particle swarm

optimization (Lei et al., 2010).
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Figure 1 Illustration of slope in graph.

Table 1 Test problems.

Test function C D Interval Min Formulation

Ackley MN 30 [�32,32] Fmin ¼ 0 fðxÞ ¼ �20 exp �0:2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

Pn
i¼1x

2
i

q� �
� exp 1

n

Pn
i¼1cosð2pxiÞ

� �þ 20þ e

Branin MS 2 [�5,10] � [0,15] Fmin ¼ 0:398 fðxÞ ¼ ðx2 � ð5:1=4p2Þx21 þ ð5=pÞx1 � 6Þ2 þ 10ð1� ð1=8pÞÞ cosðx1Þ þ 10

Dixon-Price UN 30 [�10,10] Fmin ¼ 0 fðxÞ ¼ ð1� x1Þ2 þ ð1� x10Þ2 þ
P9

j¼1ðx2j � xjþ1Þ2
Griewank MN 30 [�600,600] Fmin ¼ 0 fðxÞ ¼ Pn

j¼1x
2
j =4000�

Qn
j¼1 cosðxj=

ffiffi
j

p Þ þ 1

Rastrigin MS 30 [�5.12,5.12] Fmin ¼ 0 fðxÞ ¼ x21 þ 2x22 � 0:3 cosð3px1Þ
�0:4 cosð4px2Þ þ 0:7

Rosenbrock UN 30 [�30,30] Fmin ¼ 0 fðxÞ ¼ Pn�1
j¼1 ð100ðx2j � xjþ1Þ2 þ ðxj � 1Þ2Þ

Schaffer MN 2 [�100,100] Fmin ¼ 0
fðxÞ ¼ 0:5þ sin2ð

ffiffiffiffiffiffiffiffiffiffi
x2þy2

p
Þ�0:5

½1þ0:001�ðx2þy2Þ�2

Schwefel MS 30 [�500,500] Fmin ¼ �12569:5 fðxÞ ¼ Pn
i¼1ð�xi sinð

ffiffiffiffiffiffiffijxij
p ÞÞ þ a � n

Sphere US 30 [�100,100] Fmin ¼ 0 fðxÞ ¼ Pn
i¼1x

2
i
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