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Preface

The third edition of the International Conference on Intelligent Computing and
Optimization (ICO) ICO’2020 will be held via online platform due to COVID-19
pandemic. The physical conference was held at G Hua Hin Resort & Mall, Hua
Hin, Thailand, once the COVID-19 pandemic is recovered. The objective of the
international conference is to bring together the global research leaders, experts, and
scientists in the research areas of Intelligent Computing and Optimization from all
over the globe to share their knowledge and experiences on the current research
achievements in these fields. This conference provides a golden opportunity for
global research community to interact and share their novel research results, find-
ings, and innovative discoveries among their colleagues and friends. The pro-
ceedings of ICO’2020 is published by SPRINGER (Advances in Intelligent Systems
and Computing).

Almost 100 authors submitted their full papers for ICO’2020. They represent
more than 50 countries, such as Bangladesh, Canada, China, Croatia, France,
Greece, Hong Kong, Italy, India, Indonesia, Iraq, Japan, Malaysia, Mauritius,
Mexico, Myanmar, Namibia, Nigeria, Oman, Poland, Russia, Slovenia, South
Africa, Sweden, Taiwan, Thailand, Turkmenistan, Ukraine, USA, UK, Vietnam,
and others. This worldwide representation clearly demonstrates the growing interest
of the research community in our conference.

For this edition, the conference proceedings cover the innovative, original, and
creative research areas of sustainability, smart cities, meta-heuristics optimization,
cybersecurity, block chain, big data analytics, IoTs, renewable energy, artificial
intelligence, Industry 4.0, modeling, and simulation. The organizing committee
would like to sincerely thank all the authors and the reviewers for their wonderful
contribution for this conference. The best and high-quality papers have been
selected and reviewed by International Program Committee in order to publish in
Advances in Intelligent System and Computing by SPRINGER.

ICO’2020 presents enlightening contributions for research scholars across the
planet in the research areas of innovative computing and novel optimization
techniques and with the cutting-edge methodologies and applications. This con-
ference could not have been organized without the strong support and help from the
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committee members of ICO’2020. We would like to sincerely thank Prof. Igor
Litvinchev (Nuevo Leon State University (UANL), Mexico), Prof. Rustem Popa
(Dunarea de Jos University in Galati, Romania), Professor Jose Antonio Marmolejo
(Universidad Panamericana, Mexico), and Dr. J. Joshua Thomas (UOW
Malaysia KDU Penang University College, Malaysia) for their great help and
support in organizing the conference.

We also appreciate the valuable guidance and great contribution from
Dr. J. Joshua Thomas (UOW Malaysia KDU Penang University College,
Malaysia), Prof. Gerhard-Wilhelm Weber (Poznan University of Technology,
Poland; Middle East Technical University, Turkey), Prof. Rustem Popa (“Dunarea
de Jos” University in Galati, Romania), Prof. Valeriy Kharchenko (Federal
Scientific Agro-engineering Center VIM, Russia), Dr. Vladimir Panchenko
(Russian University of Transport, Russia), Prof. Ivan Zelinka (VSB-TU Ostrava,
Czech Republic), Prof. Jose Antonio Marmolejo (Universidad Anahuac Mexico
Norte, Mexico), Prof. Roman Rodriguez-Aguilar (Universidad Panamericana,
Mexico), Prof. Ugo Fiore (Federico II University, Italy), Dr. Mukhdeep Singh
Manshahia (Punjabi University Patiala, India), Mr. K. C. Choo (CO2 Networks,
Malaysia), Prof. Celso C. Ribeiro (Brazilian Academy of Sciences, Brazil),
Prof. Sergei Senkevich (Federal Scientific Agro-engineering Center VIM, Russia),
Prof. Mingcong Deng (Tokyo University of Agriculture and Technology, Japan),
Dr. Kwok Tai Chui (Open University of Hong Kong, Hong Kong), Prof. Hui Ming
Wee (Chung Yuan Christian University. Taiwan), Prof. Elias Munapo (North West
University, South Africa), Prof. M. Moshiul Hoque (Chittagong University of
Engineering & Technology, Bangladesh), and Prof. Mohammad Shamsul Arefin
(Chittagong University of Engineering and Technology, Bangladesh).

Finally, we would like convey our utmost sincerest thanks to Prof. Dr. Janusz
Kacprzyk, Dr. Thomas Ditzinger, and Ms. Jayarani Premkumar of
SPRINGER NATURE for their wonderful help and support in publishing
ICO’2020 conference proceedings Book in Advances in Intelligent Systems and
Computing.

Pandian VasantDecember 2020
Gerhard-Wilhelm Weber

Ivan Zelinka
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Using Non-straight Line Updates in Shuffled
Frog Leaping Algorithm

Kanchana Daoden1,2(&) and Trasapong Thaiupathump1,2

1 Smart Electronics Engineering, Faculty of Industrial Technology,
Uttaradit Rajabhat University, Tha It, Thailand

kanchana.dao@uru.ac.th, trasapong@eng.cmu.ac.th
2 Department of Computer Engineering, Faculty of Engineering,

Chiang Mai University, Chiang Mai, Thailand

Abstract. This paper presents an improved version of the shuffled frog leaping
algorithm (SFLA), called the drunken SFLA. The updating process in the
original SFLA moves a solution toward a hopefully better solution in a straight-
line manner while the algorithm is trying to search for the optimal solution,
however, for some types of problems, moving in a straight-line manner might
not converge effectively or might not converge at all. Since the optimal solution
might not be on the straight line between solutions while the algorithm is
progressing. The idea is to add the angle to the updating process in order to
expand the search space in each step. The updating process of ‘Drunken SFLA’
is no longer in a straight line. This paper explores the possibility of modifying
the updating process of SFLA in a Non-Straight Line manner. The convergence
performance results of the proposed drunken SFLA and the original SFLA are
presented.

Keywords: Optimization � Meta-heuristic � Shuffled frog leaping algorithm
(SFLA) � Truncated Gaussian distribution

1 Introduction

The evolutionary algorithm (EA) is a heuristic-based approach that has been developed
to solving complicated problems in polynomial time and huge search space, classically
NP-Hard problems. For instance, genetic algorithms, particle swarms, ant colony,
SFLA, and anything else that would take too much time. The Shuffled Frog Leaping
Algorithm (SFLA) is a meta-heuristic which related to repeatedly update the frog
positions and segmenting the frogs in searching for food. This research compared the
principle and results of five algorithms based on evolutionary processes, including the
SFLA [1].

SFLA was presented by Eusuff and Lansey in 2003 [2]. This research proposes the
SFLA used to solve the discrete optimization problems. In this case, they applied SFLA
to determine the fitting size of the discontinuous pipe for guiding the new network
pipeline installation and expansion. Besides, it is utilized to find and try to access a
suitable global solution. SFLA is consists of global search and local exploration
step. The SFLA is a discrete search algorithm that imitates the search behavior of frogs

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
P. Vasant et al. (Eds.): ICO 2020, AISC 1324, pp. 954–963, 2021.
https://doi.org/10.1007/978-3-030-68154-8_80



by grouping them to determine which group has the highest fitness function [3]. It has a
local exploration technique and global exploration steps. The local exploration step is
the process to divide all of the analyzed frogs into subgroups, called a memeplex.
Several researchers have modified SFLA to improve the efficiency of solving and have
been successfully implemented for their results [5, 6]. Accordingly, SFLA is broadly
used in various fields of science and industry.

In 2013, the fast-shuffled frog leaping algorithm (FSFLA) was proposed for two
reasons; First, each sub-group learns from groups using an update strategy. Second,
their algorithm speed is improved through all sorting and grouping of the individual at
regular intervals [7]. Their results show that the FSFLA is a high convergence accuracy
and fast speed. After that, in 2014, many researchers applied SFLA to improve an
optimization problem [8, 9]. The improved SFLA study the parameters. The experi-
mental results showed the improved SFLA solves the optimization problem more
efficiently in convergence accuracy compared to the original SFLA.

This paper is structured as follows: Sect. 1 as an introduction, Sect. 2, the materials
and the proposed method explained, a modified drunken SFLA using the Truncated
Gaussian random with a drift angle in updating process was described, and the impact
parameters used are presented. Section 3 explained the overview of the original SFLA
and the drunken SFLA. Section 4 shows the results of the graphs convergence between
the primary SFLA and three types of drunken SFLA and discussion. Section 5
explained the conclusion.

2 Materials and Methods

2.1 Shuffled Frog Leaping Algorithm (SFLA)

The SFLA technique simulates the evolution of frog populations at locations with the
highest food. The algorithm starts with a random initial population F with is generated
process. The fitness function of each frog, f(i), is evaluated by using its position
searching in the search space with is each fitness function. Afterward, all frogs in each
memeplex are sorted by the fitness function in descending order. Each memeplex is
composed of n frogs, such as F = m x n. In the process of frog’s position updating in
traditional SFLA, the worst frog ðPwÞ positions move in a straight line to the best frog
ðPbÞ position. In this article, the position update vector is identified by the vector D,
calculated in Eq. (1). The D vector uses a uniformly distributed with a random number
called RdðÞ, in the range [0,1].

D ¼ RdðÞ � ðPb � PwÞ ð1Þ

PwðnewÞ ¼ Pw þD ð2Þ

In Eq. (1) vector D is the position updating, where RdðÞ is a random number with a
uniform distribution between 0 to 1, Pb has denoted the best frog position and Pw is
denoted the worst frog positions, respectively. Also, in Eq. (2), the new worst frog
position is denoted PwðnewÞ. If PwðnewÞ has better fitness than old Pw, then PwðnewÞ
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will be replaced to Pw, if not, the global frog (Pg) was used instead of Pb in the
updating position process. If its fitness function value does not improve, the process
will generate randomly the new for Pw. This process is called ‘censorship’. For each
memeplex, a step is performed for a predetermined number of repetition iterations.
Then all the frogs in the entire population are shuffled for global exploration. Local
exploration and global search process will continue alternately until the predetermined
convergence criteria are satisfied.

3 The Drunken SFLA

3.1 The Improved Drunken SFLA

In the step of exploration, the range of the fitness function value around the best frog’s
position are closest to the best frog, while the fitness function values range around the
worst’s position are similar to the worst frog as well. Then the frog’s position updating
is moved from the worst frog’s position to the best frog’s position on the direct line of
the uniform distribution random, the specific of original SFLA. Additionally, when
updating the position. The improved drunken SFLA tends to move the worst frog
position to the area near the center area around the direct line between the worst and the
best frog position.

In addition, the position updating of the modified drunken SFLA probably tend to
move the worst frog’s position to the area close to the middle area around the direct line
between the worst frogs’ and the best frogs’ positions. Thus, the drunken SFLA
replaces the uniformly distributed random number with a Truncated Gaussian distri-
bution. It is possible to fall in the middle of the vector D line, as shown in Fig. 1.

Fig. 1. The Truncated Gaussian distribution with an angle.
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This experiment added the directional movement of the frog’s position updating pro-
cess and the angle value is considering. The drift angle ðhÞ is an important parameter to
the study to investigates the use of the drift angle and compares the results of its which
range from 0 to 90. Further, this study using uniformly random number distribution
combined with the drift angle. Conclusively, this experiment combined the two types
of important parameters, using Truncated Gaussian distribution random number
combined with the drift angle parameter.

3.2 The Drift Angle ðhÞ is the First Parameter of the Proposed Method

The experiment defined the Truncated Gaussian distributed random number ðRTGÞ in
the range 0 to 1. The mean ðlÞ equals 0.5 used to substitute the uniform random
number in D, as shown in Eq. (3).

D ¼ RTGðÞ � jjPb � Pwjj � b ð3Þ

b ¼ ½cos h1 cos h2�T ð4Þ

h ¼ cos�1 RandTGðÞ � ðPb � PwÞ
jjPb � Pwjj

� �
þDh ð5Þ

The drift angle ðhÞ is during in the range from 0 to 90. When the b is calculating in
Eq. (4), and h is the drift angle from the worst frog direct moving close to the best frog
in the 2-dimensional of the search area, calculated in Eq. (5). Dh is the parameter that
adjusts the deviation from the original direction and when i = 1 and 2. When the h is
the drift angle of deviation moving from the worst frog straightway to the best frog in
the 2D of the search space area. The process is calculating follow the Eq. (6) and (7),
which are parameters that improved from the original direction.

c
c0max

itermax
ð6Þ

Dh � Uð�cmax
max

Þ ð7Þ

The shaded area (cmax) from the Eq. (6) is a moving parameter that modifies the
process where the worst frogs randomly search around the best frogs through a local
exploration process. Moreover, the iter is the parameter number of algorithm iterations
while the cmax is the maximum initial deviation angle that starting from the original
direction. cmax is value between 0 and p/2. Therefore, a result of cmax is the highest
value at the initialization of the algorithm. It is decreasing as a better solution founded.
Since the h parameter in Eq. (7) is the angle between cmax and �cmax, the variation of
the deviation angle will be the interval of [cmax, −cmax], as described in this experiment.
This paper investigates studies and compares the value of drift angle (h), which is the
appropriate values as the explanation. In this experiment, start from angle equal 0, 10,
20, 30, 45, 60, and 90. When the h is smaller and larger, the convergence performance
results are poor. When the h is around 30 to 60, the convergence is better. In the
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simulation results, the best angle = 30, therefore, the reason to choose this value using
in the study. Four cases of these studies of original SFLA and Drunken SFLA
(DSFLA) are shown in Fig. 2.

Case 1. (a) Original SFLA model in locating with the frogs is a random number
where the Rd() is between 0 and 1. Case 2. (b) is DSFLA which distributed randomly
with a uniformly distributed random number where the RTG() is between 0 and 1. The r
is equal to 0.5. Case 3. (c) DSFLA are distributed randomly with a uniformly distributed
random number where the RTG() is between 0 and 1, the h is equal 30. And Case 4. (d) is
DSFLA with distributed randomly with a uniformly distributed random number where
the RTG() is between 0 and 1. The r is equal to 0.5. And the h is equal to 30.

Fig. 2. Four cases of the studies consist of the original SFLA and the Drunken SFLA (DSFLA).
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3.3 The Standard Deviation ðrÞ as the Second Parameter

This research also studies the impact of the standard deviation parameter or the sigma
ðrÞ for the Truncated Gaussian distribution on convergence efficiency. When the r
parameters are large, their distribution is nearly uniform. When the r is small or
approaches zero, the random number is close to the constant of the mean.

In this study, the parameter has is considering a suitable value. Figure 3 shows the
Drunken SFLA (DSFLA) with Truncated Gaussian distribution random numbers [10],
with r equal to 0.2, 0.5, and 0.7 value which is a uniformly random number in the
original SFLA and shown in the shaded area.

4 Results and Discussion

4.1 The Drift Angle ðhÞ During 0 to 90

The number of repetitions requires to reach the global minimum. The average fitness
function values have shown in Table 1.

Fig. 3. The distributions of random numbers used in frogs’ position updating step in SFLA and
Drunken SFLA (DSFLA) with different r values.

Table 1. Experiment parameters of the drift angle ðhÞ.
Drift angle ðhÞ Parameters Iteration

h = 0 1.082 200
h = 10 1.006 200
h = 20 1.049 200
h = 30 0.998 88
h = 45 1.000 200
h = 60 0.999 45
h = 90 0.999 66
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Runtime (s.): The success rate was set up in global optimum at (−32, −32), with an
average of 10 runs.

In Fig. 4 shown the convergence rate of the drift angle ðhÞ with different values
comparing between h equal to 10, 30, 45, 60 and 90. The experiment achieved with the
same data set of the initial random population in solution space [−66,66]. When h is
equal to 10, the convergence rate is particularly slow. While the convergence rate for
the h equal to 20 caused is better than for h equal to 10, it still converges to the global
solution much slower. When the h equal to 30, the graph has shown a better conver-
gence performance than in the others, as shown by a solid line at the bottom of Fig. 4,
and when h equal to 45, 60 and 90 respectively. The convergence rates are slower than
the 30, for this reason, to choose h equal to 30 in this experiment.

4.2 The Standard Deviation ðrÞ During 0.1 to 0.9

In the Truncated Gaussian distribution, the standard deviation called the sigma ðrÞ is
the significant parameter investigated in this paper. Also, this experiment studies the
effect of the standard deviation on the convergence efficiency also. Notice that when the
r is large, the distribution is near to the traditional SFLA, means the random is a
uniformly distributed random number. Including when the r is small, the random
number is near to the constancy of the mean value. Table 2 shows, the convergence
rate of the r with different values start from 0.1 to 0.9 and the runtimes using the
convergence rate.

Fig. 4. The different angles when h are during 10–90.
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Runtime (s.): The success rate was found in global optimum at (−32, −32) in 10
runs.

When r is greater than 1, the convergence efficiency can be expected to approach
the performance of the traditional SFLA.

4.3 The Setting of Experimental Parameters.

This experiment is designing the initial populations equal 400 frogs (F = 400) sepa-
rates into 20 memeplexes (m = 20), the number of frogs in each memeplex is equal 20
(n = 20), the number of frogs in each sub-memeplex is equal 15 (q = 15), the number
of evolutions in local exploration is equal 15 (N = 15). The maximum step size allows
equal to 100 (Smax = 100%), the solution space is during −6 to −66, the mean value of
the RTG is equal 0.5 (RTG = 0.5), the random number during in the range 0 to 1
(rand = [0,1]). The value of the drift angle is equal to 30 (h = 30), the r is equal to 0.5.
The maximum iterations of all tests are 200 iterations.

4.4 The Testing Function

The test function used as an evaluation function for this experiment is the De Jong Fn5
function [4]. There are 25 holes with a minimum value, and each hole is close to the
others. The De Jong Fn5 function is reasonable for testing whether a solution has stuck
at a local minimum or not. The global minimum of this function f(x) = 0.998, at (−32,
−32) is calculated by Eq. (8).

f ðxÞ ¼ 1
500

þ
X25
j¼1

1

jþ P2
i¼1

ðxi � aijÞ6
ð8Þ

Table 2. Experiment parameters of the standard deviation ðrÞ.
Sigma (r) Parameters Iteration

r = 0.1 Not found > 55.1707
r = 0.2 145 49.8457
r = 0.3 117 42.3587
r = 0.4 110 39.7841
r = 0.5 59 22.7354
r = 0.6 31 26.6572
r = 0.7 39 28.2036
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5 Experiment Method and Results

This result shows the convergence performance of four types. The comparison graph
between the traditional SFLA, the modified DSFLA using Truncated Gaussian distri-
bution with sigma ðrÞ equal to 0.5, the DSFLA using Truncated Gaussian distribution
with h equal to 30 and the DSFLA using Truncated Gaussian distribution with sigma
ðrÞ equal to 0.5 with the drift angle ðhÞ equal to 30. The mean ðlÞ value is equal to 0.5
in the range [0, 1].

Figure 5 shows the convergence rates of the original SFLA and the modified
DSFLA. The original SFLA represents in a small black line. The DSFLA with the
truncated Gaussian distribution and the r equal to 0.5 uses the dashed line. The DSFLA
with the truncated Gaussian distribution and the h equal to 30 presents by the dashed
dot line, while the DSFLA with the drift angle h equal 30 is a solid black line,
respectively. The x-axis of the graph represents the number of iterations equal to 150,
while the y-axis shows the average population fitness level using in the log scale.

Fig. 5. The Original SFLA comparison with DSFLA combine purposed method.
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6 Conclusion

This paper presents an improvement in SFLA using a Truncated Gaussian distribution
in the Non-Straight Line updates of the frog position update process instead of the
uniform distribution in conventional SFLA. The simulation results show the efficiency
of convergence into the optimum point of the Truncated Gaussian distribution case
differs from the original SFLA. The different parameters are the drift angle, which is
considering and studying. The results of studies illustrate that when the drift angle is
smaller or larger, it affects the speed convergence efficiency. Therefore, this research is
to investigate the value of the drift angle and how it affects convergence. The simu-
lation results for improving SFLA with the sigma corrected the Truncated Gaussian
distribution of 0.5, with a mean of 0.5 and a drift angle at 30. The outcomes
demonstrate that the proposed algorithm performs better convergence efficiency than
the original SFLA with the sigma-modified SFLA of the truncated Gaussian distri-
bution of 0.5 and the SFLA with a drift angle of 30, respectively. Future work will
apply this purposed method to discrete optimization.

References

1. Emad, E., Tarek, H., Donald, G.: Comparison among five evolutionary-based optimization
algorithms. Adv. Eng. Inform. 19, 43–53 (2005)

2. Muzaffar, E., Kevin, L.: Optimization of water distribution network design using the shuffled
frog leaping algorithm. J. Water Resour. Plan. Manag. 129, 210–225 (2003)

3. Muzaffar, E., Kevin, L., Fayzul, P.: Shuffled frog leaping algorithm: a memetic meta-
heuristic for discrete optimization. Eng. Optim. 38, 129–154 (2006)

4. Nagham, A., Ahamad, K.: De Jong’s sphere model test for a social-based genetic algorithm
(SBGA). Int. J. Comput. Sci. Netw. Secur. 8, 179–187 (2008)

5. Ziyang, Z.,Daobo, W.,Yuanyuan, L.: Improved shuffled frog leaping algorithm for
continuous optimization problem. In: IEEE Congress on Evolutionary Computation (2009)

6. Mohammad, A., Mohammd, A., Amin, S.: An efficient modified shuffled frog leaping
optimization algorithm. Int. J. Comput. Appl. 32, 0975–8887 (2011)

7. Lianguo, W.,Yaxing, G.: A fast shuffled frog leaping algorithm. In: IEEE International
Conference on Natural Computation (2013)

8. Guang-Yu, Z., Wei-Bo, Z.: An improved shuffled frog-leaping algorithm to optimize
component pick-and-place sequencing optimization problem. Expert Syst. Appl. 41, 6818–
6829 (2014)

9. Ehsan, B., Malihe, F.: An improved adaptive shuffled frog leaping algorithm to solve various
non-smooth economic dispatch problems in power systems. In: IEEE Intelligent Systems
(2014)

10. Kanchana, D., Trasapong, T.: A modified shuffled frog leaping algorithm using truncated
Gaussian distribution in Frog’s position updating process. In: Conference: Information
Science and Applications (ICISA), Ho Chi Minh City, Vietnam, vol. 376s (2016)

11. Zhen, W., Danhong, Z., Biao, W., Wenwen, C.: Research on improved strategy of shuffled
frog leaping algorithm. In: 34rd Youth Academic Annual Conference of Chinese
Association of Automation (YAC), Jinzhou, China (2019)

Using Non-straight Line Updates in Shuffled Frog Leaping Algorithm 963





 

 




