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ABSTRACT The dung beetle optimization (DBO) algorithm is one of newly excellent swarm intelligent
algorithm while its exploration capability is still insufficient. For this, a multi-strategy DBO algorithm
(GODBO) by utilizing the optimal value in the current population directed shift and the opposition-based
learning (OBL) is proposed. In GODBO, the OBL is used to increase the likelihood of finding a better
solution in the early stage of the algorithm so that the algorithm can find the optimal solution faster.
Meanwhile, the current optimal value (Gbest) is used to guide the solution to search a new solution later in the
algorithm, and the improved algorithm will be searched near a better solution at the later stage to get a better
solution. Therefore, both are used to enhance exploration capabilities. 29 famous mathematical benchmark
functions as test objects are applied to evaluate the abilities of the GODBO algorithm, and the experimental
results demonstrate that GODBO performs better in the light of convergence speed and convergence accuracy
in comparison with other competitors. Furthermore, two constrained engineering optimization problems are
employed in GODBO to validate the effectiveness to solve practice problems, and the experiment results
show that it can make tools to tackling them.

INDEX TERMS Dung beetle optimization algorithm, opposition-based learning, Gbest, engineering opti-
mization, CEC2017.

I. INTRODUCTION laying, foraging and stealing behavior of dung beetles [4] and

All the time, optimization issues have always been the
central point and difficulty of research, but complex optimiza-
tion issues are hard to be used on top of some traditional
mathematical problems. Therefore, in recent times, swarm
intelligence (SI) algorithms have been extensive used due to
their easy implementation and simple framework. The design
of swarm intelligence algorithms is a study of the biologi-
cal swarm behavior phenomena in nature. For instance, the
particle swarm algorithm (PSO) with group collaboration as
inspiration [1], the harris hawk algorithm(HHO) that imitates
harris hawk predation [2], the dragonfly algorithm(DA) based
on the daily activities of dragonflies [3], and the dung beetle
optimization algorithm(DBO) based on the ball rolling, egg

The associate editor coordinating the review of this manuscript and

approving it for publication was Gustavo Olague

SO on.

Unfortunately, SI algorithms also have their drawbacks.
Most SI algorithms have a series of demerits such as slower
convergence speed and lower convergence accuracy at the
early stage, which makes it difficult to be well applied in
other fields. Based on these problems, scholars have pro-
posed targeted improvements to the SI algorithm to propose a
number of optimization algorithms [5], [6] so that algorithm
performance can be effectively enhanced.

Nowadays, after a long period of research on SI algorithms,
the capability of a large number of SI algorithms has been
greatly improved, thus making the algorithms of SI play an
important role in practical problems. The PSO and artificial
bee swarm algorithms (ABC), in turn, have been proposed
as earlier algorithms, and scholars have applied them to
address a large number of practical problems such as hybrid

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

VOLUME 11, 2023

For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

98805


https://orcid.org/0000-0002-6377-0585
https://orcid.org/0000-0001-5773-9517

IEEE Access

W. Zilong, S. Peng: GODBO Algorithm for Optimizing Constrained Engineering Problems

multi-objective algorithm for blocking pipeline scheduling
problem [7], software workload estimation problem on the
basis of PSO [8], application of PSO in water-cooled unit
control [9] and so on.

The dung beetle algorithm in this paper, however, as a
newly proposed algorithm, suffers from the problems that
all SI algorithms have in the early stages of establishment,
and its convergence speed and accuracy still have a possi-
bility for improvement. In view of some problems existing
in dung beetle algorithm, some scholars have made some
improvements to it and applied it in the following aspects,
such as dung beetle optimization algorithm based on adap-
tive ¢-distribution [10], air-quality prediction based on the
arima-cnn-lstm combination model optimized by dung beetle
optimizer [11] and so on. However, compared with other
algorithms, the dung beetle algorithm still has some short-
comings. For this, inspired by the GBest in current population
enhancing the performance of ABC algorithm [12] and the
PSO algorithm based on opposition-based learning [13],
a multi-strategy DBO (GODBO) algorithm is proposed.
These two strategies are used in the early and later stages of
the DBO algorithm, respectively to enhance the convergence
accuracy and accelerate the convergence speed.

The organized structure is listed as follows. Section II of
the paper first introduces the original dung beetle algorithm
with a detailed explanation of the process and some algorithm
will be used at the later stage. Then in Section III the
principle of optimal value guided and opposition-based learn-
ing and how to combine these strategies with the dung
beetle algorithm are explained. Section IV is an experi-
mental comparison of the improved dung beetle algorithm
with other algorithms in various aspects, so as to explore
the strengths and weakness of the improved dung beetle
algorithm. Section V is an engineering application of the
improved dung beetle algorithm, clearly demonstrating that
the dung beetle algorithm can also work well in practical
applications. Finally, the article gives a discussion and anal-
ysis in Section VI and conclusion in Section VII.

Il. RELATED WORK

A. DUNG BEETLE OPTIMIZATION ALGORITHM

In nature, dung beetles roll dung into balls and then roll them
up so that they move as fast as possible as a way to prevent
competition from other dung beetles. This paper calls such
dung beetles rolling balls. The dung beetle will navigate the
direction of movement by the light in the environment, mak-
ing the dung ball move in as straight a line as possible. The
updated description of the dung beetle’s position is defined
when pushing the dung ball as the following Eq.(1).

X" =X"+a-b-X"""+B-Ax
Ax = (X' — X" (1

where X? represents the position information of the i-th
generation of dung beetles after the n-th iteration, and b is
a random number of [0, 0.2] which represents the defect
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coefficient. B represents a constant taking values from [1, 0],
and the value of a is assigned —1 or 1 which represents the
various effects in nature. It is used to simulate the intensity
variation of light, and X" is the global worst position.

Furthermore, dung beetles are unable to discern the direc-
tion of their movement when there is no light in the
surrounding environment or when the road is rough, in which
case they will climb up the dung ball and dance, which is
used to determine the direction of their next movement. The
formula for the dung beetle’s dance to update its position is
presented as the following Eq.(2).

XM =X+ tan pIX! — X!
0<p=m @

where | X' -X?_l | is the distance between the i-th generation at
the n-th iteration position and the (n-1)-th iteration position.

In nature, dung beetles roll their dung balls to a safe place to
hide them as a place to reproduce their offspring. Meanwhile,
it is crucial for dung beetles to select a suitable location in
a pile of dung balls for oviposition. Therefore, the formula
for determining the boundaries of spawning is defined as the
following Eq.(3).

LB| = max(X" - (1 — T), LB)
UB; = min(X" - (1 + T), UB) A3)

where X" is the current local optimal site, and LB; and UB;
are used to determine the size of the spawning area, where LB
and UB are the upper and lower bounds of the optimization
issues. And T=1-n/Ny,,x where N,y is the maximum quan-
tity of iterations.

After the boundaries of the dung beetle spawning area are
determined, females will only lay eggs in the area determined
by the above formula, and only one egg will be laid per
generation. When the spawning area changes, the female
dung beetle can clearly sense the change in the boundary
and therefore dynamically adjust her spawning location. The
formula for the selection of egg-laying locations in dung
beetles is as the following Eq.(4).

X! =X"+B1- (X' —LB\)+ B, - (X] —UB)) (4)

where X represents the site of the i-th generation after the
n-th iteration, B; and B, are two random matrices of 1eDim,
and the Dim is the dimensional size of the algorithm.

Dung beetles crawl out of the soil as adults in search
of food, and are referred as newborn dung beetles. We set
up foraging zones to guide dung beetles in their foraging,
simulating dung beetles foraging in their natural environment.
The foraging boundaries are determined by the following

Eq.(5)
LB, = max(X~ - (1 —T),LB)
UB, = min(X~ - (1 4+ T), UB) (5)

where X is the global optimal position, and LB; and UB; are
used to determine the upper and lower boundaries of the dung
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beetle’s search area for food. 7' has the same meaning as the
boundary selection strategy of dung beetles when laying eggs.

After the dung beetle’s foraging area is determined, the
dung beetle will determine its foraging location based on the
boundaries of the foraging area and thus the location update
formula is listed as the following Eq.(6).

X" = X"+ Ky - (X! — LBy) + K2 - (X' — UBy)  (6)

where X7 is the position of the i-th generation of small
dung beetles at the n-th iteration, and K; is a number obey-
ing gaussian distribution, and K, represent a set belonging
to [0, 1].

In addition, there are thieves in dung beetle colonies that
steal the dung balls of other dung beetles, which are called
thieving dung beetles. From the previous equation, it is clear
that X* is the best place to get food. Therefore, it is assumed
that X* is the most suitable place to contend. Therefore, the
updated description of the location of the thieves is deter-
mined as the following Eq.(7).

X =X+ Pf (X! X"+ IX" =X (D

where X" is the position of the i-th burglar at the ¢-th iteration,
and f is a stochastic set obeying a normal distribution with
size 1eDim, and P is denoted as a constant value

B. HARRIS HAWK OPTIMIZATION

Harris hawk optimization (HHO) [2] is one of swarm intel-
ligence optimization algorithms proposed by Ali Asghar
Heidari and his colleagues in 2019 based on harris hawk’s
hunting processes. The algorithm divided its hunting pro-
cesses into two parts: global search and local development.
The global search was defined as follow.

Xrana(t) — 111 Xrana (t) — 2r2X(t)|q > 0.5
(Xrabpir (t) — Xim(2)) — r3(LB + r4(UB — LB))
g<0.5

X(t+1) =

®)
where X(t + 1)is the position vector of hawks in the next
iteration ¢, Xyuppir (t) is the position of rabbit, X(¢) is the
current position vector of hawks, ry, rp, r3, r4, and g are
random numbers inside (0,1), which are updated in each
iteration, LB and UB show the upper and lower bounds of
variables, X,4nq (t)is a randomly selected hawk from the
current population, and X, is the average position of the
current population of hawks.

The local development was divided into four parts, soft
besiege, hard besiege, soft besiege with progressive rapid
dives and hard besiege with progressive rapid dives. When
the escaping energy |E| < 1, the local development was
performed. The four-part formulas for local development are
presented as follows.

(1) Soft besiege
X(t+ 1) = AX(1) — E|JXrabpie (1) — X(2)]
AX (1) = Xrabbir (1) — X (1) )

where j is a random number of [1] and [2].
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(2) Hard besiege
Xt + 1) = Xyappir (1) — E|AX (1)] (10)
(3) Soft besiege with progressive rapid dives
Y = Xrabbie (1) — EJXrabpir (1) — X (1)] (1D
(4) Hard besiege with progressive rapid dives

Y = Xrabbit(t) - E|JXrabbit(t) - Xm(t)l
1 N
Xn(t) =+ ;xm (12)

where X;(¢) indicates the location of each hawk in iteration ¢
and N denotes the total number of hawks

C. WHALE OPTIMIZATION ALGORITHM

Whale optimization Algorithm(WOA) [14] is a humpback
whale special hunting method model algorithm, it abstracts
the three behaviors of encircling prey, bubble-net attacking,
and search for prey in the hunting process. The algorithm
obtains the global optimal solution by updating the position of
the whale. WOA is widely used in many fields because of its
simple mechanism, few parameters and strong optimization
abilities [15], [16]. The three-part formula as are described as
follows.

(1) Encircling prey

D=|C-X*(t) - X()|
Xt+DH=X*t)—A-D

A=2a-r—a

C=2r (13)
where ¢ indicates the current iteration, A and C are coeffi-
cient vectors, X* is the position vector of the best solution
obtained so far, X is the position vector, a is linearly decreased
from 2 to 0 over the course of iterations, and r is a random
vector in [1, 0].

(2) Bubble-net attacking
X(t+1) =D " cos2rl) + X*(1)
D' = |X*(t) — X(1)| (14)

where b is a constant for defining the shape of the logarithmic

spiral, and [ is a random number in [—1,1].
(3) Search for prey

D// = |C - Xyana — X|
Xt +1)=Xpana —A-D (15)

where X;,,q is a random position vector chosen from the
current population.

D. BUTTERFLY OPTIMIZATION ALGORITHM

Butterfly Optimization Algorithm(BOA) [17] is an algorithm
that simulates the foraging and mating behavior of butterflies
and solves the global optimization problem. It is mainly
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divided into global search and local search, and its location
update formula is presented as follows.
(1) Global search

A =X+ (P egt —xD)efi (16)

where x! is the solution vector x; for i-th butterfly in iteration
number ¢. Here, g* represents the current best solution found
among all the solutions in current iteration. Fragrance of i-th
butterfly is represented by f; and r is a random number in [0,
1].

(2) Local search

xitJrl =x + (2 ox; —xp)efi (17)

where x; and x,i are j-th and k-th butterflies from the solution
space

E. SEAGULL OPTIMIZATION ALGORITHM

Seagulls are social animals that migrate with the seasons.
During the migration, they will change their direction towards
the best position that makes them likely to collide dur-
ing migration and sometimes the gulls will attack prey by
spiraling. Seagull optimization algorithm (SOA) [18] is an
algorithm inspired by the migration and attacks of seagulls.
The migration (exploration) and attacking (exploitation) for-
mula are described as follows. (1) Migration

Cs=A-Py(x)
A = fo — (x - (fo/Maxiteration))
M = B - (Pps(x) — Py(x))
B=2A%.1d
Dy = |Cs + M| (18)
where C; represents the position of search agent which does
not collide with other search agent, P represents the current
position, x is the current iteration, f, which goes from 2 to 0
is to control changes in A, Maxiterarion 1S the max number
of iterations, Mj is the best position, Pp; is the current best

position, Py is the current position, r is a random of [1, 0] and
Dj is the new position.

(2) Attacking
x' =r-cos(k)
y =r-sin(k)
=r-k
r=u-ev
Py(x) = (Ds - x" -y - ) + Pps(x) (19)

where r is the radius of each turn of the spiral, k is a random
number in range [0 < k < 2x]. # and v are constants to define
the spiral shape, Ps(x)save the best solution and updates the
position of others search agent.

lll. THE IMPROVED DUNG BEETLE ALGORITHM

A. OPPOSITION-BASED LEARNING DESIGN IN GODBO

As well known that exploration is an important part in any
algorithm, it is a major indicator of the performance of the
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DBO algorithm. Therefore, in order to improve the perfor-
mance of the DBO algorithm, opposition-based learning is
introduced into the algorithm. The opposition-based learning
has been used in some algorithm [19] and its opposite solution
is defined as follows.

xX'=m+n—x (20)

where x is a random value in [m, n], and x’ is the opposite
number. In the high dimensional problems, the above formula
can be extended as follows.

x; =1Ib+ub — x; 21

where x; is the number of n-dimensional vector, and
Iband ubare the boundaries of DBO algorithm, and x; is the
number of opposite vector.

In the Eq (1) and Eq (2), the algorithm update position
by previous position, that find the time to get the better
solution will be longer. The opposition-based learning is used
to obtain the opposite vector, then renew the position as the
following Eq.(22).

n+1_t n+1
ntl [x X > x;

i )
x (22)
t .t n+1

xjxj < xi

L

B. THE ROLE OF OPTIMAL VALUE IN GODBO

Meanwhile, in the Eq. (6), the generation of candidate solu-
tions is affected by two random numbers (K| and K3 ), which
makes the probability of producing better and worse can-
didate solutions equal. In the particle swarm optimization
algorithm, each particle changes its speed and position as
it moves according to the optimal value it finds and the
nowadays global best value of the swarm, and inspired by the
motion of the PSO, its idea that each particle is influenced
by the optimal value during its motion is applied to the ABC,
resulting in an improved artificial bee swarm algorithm with
improved performance.

Inspired by the improved artificial bee colony algorithm,
this paper introduces the current optimal value to guide the
production of candidate solutions. The newly formulate is
presented as the following Eq.(23).

X" = X"+ K) o (X' — LB1) + K2 o (X' — UB)
+AX" =X (23)

where A is a random value in [0, M], and M is a number
greater than zero. X" is the current optimal value and X/
represents the place information of the i-th generation of dung
beetles after the n-th iteration. Their difference represents the
direction of the current position and the optimal position,
while A is used to control the amount of influence received by
the optimal value so that the probability of producing better
will be larger. As the value of M increases from 0, the new
position is influenced by the current optimal position and
thus the mining ability is enhanced, but if the value of C
is too large, the new solution is influenced by the optimal
solution too much and thus the mining ability of the algorithm
is reduced.
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C. GODBO ALGORITHM DESCRIPTION
The performing process of the GODBO algorithm is
described as the following Algorithm 1.

Algorithm 1 GODBO algorithm

Input parameters:maximum quantity of iterations Ny,
population size Pop;
Result: theoptimal site X" and its adaptation value fj,.
1. Set the population, max iteration and so on;
2. while the current frequency of iterations is less
than N, do
for from the first population to pop do
if Rolling dung beetle then
Define the random quantity &;
if random value § is less than 0.9 then
Generate o for Eq. (1)
Updating the dung beetle position using
Eq. (1).
else
10. Updating the dung beetle position by using
Eq. (2).
11. end if
12. Acquire the opposite dung beetle position.
13. Update the dung beetle position by using
Eq. (22).
14. end if
15. if female dung beetle then
16. Updating the dung beetle position by using
Eq. (4).
17. end if
18. if newborn dung beetle then
19. Updating the dung beetle position by using
Eq. (23).
20. end if
21. if thief dung beetle then
22. Updating the dung beetle position by using

© NN kW

b

Eq. (7).

23. end if

24, end for

25. if the new location is better then

26. Updating.

27. end if

28. the number of iterations plus one.

29. end while

30. return theoptimal site X" and its adaptation
value fj,

IV. EXPERIMENT

A. RELATED PARAMETER AND TEST FUNCTION

CEC2017 functions are employed in the original dung beetle
algorithm and a large number of other optimization algo-
rithms are utilized to test how good the algorithm is, hence
they are also used to be as test the algorithms in this paper.
Since the second function of CEC2017 has been removed,
this paper uses the remaining 29 functions for testing. The
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dimension (Dim) of the experiments is set to 10, the initial
population size (Pop) is 30, the peak value of iterations is set
to 500 and 30 runs are performed on each test function.

B. EXPERIMENTAL METHODS

1) COMPARISON OF PARAMETER VALUES

Optimal movement is where the dung beetle is influenced
by the current optimal value during its movement, updating
the position of the dung beetle, which A is used to deter-
mine the magnitude of the influence of the optimal position
during the movement of the dung beetle. To determine the
effect of A on the algorithm, function 1 (Shifted and Rotated
Bent Cigar Function) from cec2017 [20] is used for compar-
ison in this paper. This paper compares the Minimum(Min),
Maximum(Max), Average(Avg) and Variance(Var) to evalu-
ation the algorithm advantages and disadvantages. The Dim
is set as 10 and the initial Pop is set as 30 to determine the
effect of A on the GODBO, and the experimental results are
recorded in Table 1.

TABLE 1. Comparison of parameters.

Different

Min Max Avg Var
values
0.75 1.02E+02 6.10E+07 3.10E+06 1.29E+14
1.0 1.02E+02 1.76E+06 6.33E+04 1.02E+11
1.25 1.50E+02 1.27E+04 4.75E+03 1.29E+07
1.5 1.06E+02 1.13E+07 3.82E+05 427E+12
1.75 6.38E+02 6.80E+08 2.27E+07 1.54E+16

From the Table 1, it is clear that the performance of
GODBO is better when the value of A is taken as 1.25, hence
this paper sets its value as 1.25 for subsequent experiments.

2) COMPARISON OF DIFFERENT DIMENSIONS

To test another initialization parameter (Dim) of the

algorithm, this paper uses some test functions of cec2017 for

testing. The Pop was set to 30, and the Dimensions are 10,

30, 50 and 100. The detailed results are shown in Table 2.
Through the table 2, it is well known that GODBO can also

be applied to higher dimensional problems.

3) ACCURACY TESTING
In this section, the algorithm is evaluated by maximum
value, minimum value, mean value and variance. To test
the accuracy of algorithm, many algorithms are used which
contains DBO algorithm, HHO algorithm, WOA algorithm,
SOA algorithm and BOA algorithm. The analysis results of
various algorithms on test function are shown in Table 3.

From the above data, the GODBO algorithm is a bit better
than all the algorithms tested in all respects of some functions.
However, the GODBO algorithm does not perform so well on
some functions, indicating that GODBO is still inadequate in
some aspects and needs further improvement.

In the comparison between GODBO algorithm and DBO
algorithm, from the mean value, 24 GODBO algorithms are
slightly better than the original algorithm, 2 are equal to
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TABLE 2. Dimension analysis. TABLE 3. Accuracy test.
Function  Algorithm .
Dim=10 Name %ame Min Max Avg Var
Function  Algorithm Min Max Avg Var F1 DBO 733E+02  1.50E+07  1.16E+06  1.37E+13
name GODBO  1.50E+02 127E+04 4.75E+03  1.29E+07
F1 DBO 733E+02  1.50E+07  1.16E+06  137E+13 HHO 3.89E+05 229E+07  3.85E+06  3.97E+13
GODBO  1.50E+02 1.27E+04 4.75E+03 1.29E+07 WOA 6.54E+06  3.52E+08  6.26E+07  7.11E+15
F3 DBO 3.00E+02  4.72E+03  8.94E+02  1.18E+06 BOA 6.42E+09  2.18E+10  144E+10  125E+19
GODBO  3.00E+02 1.02E+03 4.08E+02  2.82E+04 SOA 6.11E+06  9.37E+08  3.07E+08  5.25E+16
F8 DBO 8.15E+02 8.59E-+02 8.31E+02 1.23E+02 F3 DBO 3.00E+02 4.72E+03 8.94E+02 1.18E+06
GODBO  8.08E+02 8.44E+02 8.23E+02  8.04E+01 GODBO  3.00E+02  1.02E+03  4.08E+02  2.82E+04
F12 DBO  443E+03  231E+07 2.51E+06  2.52E+I3 HHO - 3.34E+02 193403 7408402 195E+0
WOA 1.I3E+03  2.97E+04  9.43E+03  5.48E+07
GODBO  2.85E+03 8.78E+06 1.96E+06 1.01E+13 BOA 0795403 S.6SE104  189E+04  617E407
F20 DBO 2.03E+03  2.24E+03  2.12E+03  5.27E+03 SOA 407E102  7S4E403  321E403  S.63E406
GODBO  2.02E+03  2.20E+03  2.10E+03 ~ 3.09E+03 F4 DBO 401E+02  5.13E+02  430E+02  1.44E+03
Dim=30 GODBO  4.00E+02 5.16E+02  4.15E+02  7.56E+02
F1 DBO 246E+07  9.30E+08  3.09E+08  5.83E+16 HHO 401E+02  498E+02  433E+02  1.11E+03
GODBO  5.35E+04 1.44E+08 3.86E+07 1.36E+15 WOA 4.06E+02  6.42E+02  451E+02  3.13E+03
F3 DBO 734E+04  1.90E+05  9.70E+04  9.51E+08 BOA 937E+02  3.97E+03  222E+03  7.76E+05
GODBO  6.00E+04 1.08E+05 7.96E+04 1.22E+08 SOA 4.15E+02  6.22E+02  4.59E+02  1.49E+03
F8 DBO 9.16E+02  1.15E+03  1.04E+03  3.12E+03 F5 DBO 5.19E+02  5.68E+02  5.40E+02  2.15E+02
GODBO  8.77E+02  1.02E+03 9.38E+02  1.06E-+03 GODBO  5.11E+02  559E+02  5.34E+02  1.23E+02
F12 DBO 2 BAE406  213E408  558E+07  3.10E+15 HHO 523E+02  5.93E+02  5.57E+02  3.85E+02
WOA 5.15E+02  5.90E+02  5.52E+02  4.10E+02
GODBO  1.32E+06 1.74E+08 3.24E+07 1.31E+15
BOA 586E+02  7.11E+02  6.59E+02  9.16E+02
F20 DBO 226E+03  3.04E+03  2.72E+03  4.99E+04 SOA S1IE02  S5TE+02  534E+00  1.09E+02
GODBO  2.39E+03 ~ 3.13E+03  2.68E+03  3.17E+04 F6 DBO 601E+02  637E+02  6.13E+02  9.48E+01
Dim=50 GODBO  6.01E+02  6.17E+02  6.07E-+02  2.62E+01
F1 DBO 275E+08  5.02E+10  5.36E+09  7.61E+19 HHO 6.09E+02  6.58E+02  6.39E+02  1.97E+02
GODBO  2.42E+08 3.56E+09 1.06E+09 5.40E+17 WOA 6.15E+02  6.79E+02  6.42E+02  2.60E+02
F3 DBO 1.63E+05  435E+05  2.65E+05  4.58E+09 BOA 6.64E+02  7.19E+02  6.92E+02  2.11E+02
GODBO  1.73E+05 3.70E+05 249E+05  2.82E+09 SOA 6.05E+02  635E+02  6.15E+02  4.36E+01
F8 DBO 1.03E+03 1.53E+03 1.31E+03 1.39E+04 F7 DBO 7.28E+02  7.88E+02  7.53E+02  2.90E+02
GODBO  1.04E+03 1.30E+03 1.14E+03  3.72E+03 GODBO  7.22E+02  7.92E+02  7.44E+02  2.44E+02
FI12 DBO 2.64E+08  2.87E+09  1.03E+09  4.20E+17 HHO 7.30E+02 - 8.33E+02  7.91E+02  6.04E+02
GODBO  3.67E+07 2356409 6.00E+08  4.00E+17 WOA 742E+02  833E+02  7.85E+02  5.28E+02
BOA 9.16E+02  1.12E+03  1.00E+03  3.48E+03
F20 DBO 3.09E+03  429E+03  3.80E+03  9.40E+04
GODBO  204E+03 4485403  378E403 2076405 SOA 741E+02  8.03E+02  7.66E+02  2.65E+02
: > : : F8 DBO 8.I5E+02  8.59E+02 831E+02  1.23E+02
Dim=100 GODBO  8.08E+02 844E+02 8.23E+02  8.04E+01
F1 DBO 1.99E+10 2.57E+11 8.48E+10 5.10E+21 HHO 8.12E+02 8.47E+02 8.32E+02 6.52E+01
GODBO  1.68E+10 5.22E+10 3.15E+10  8.33E+19 WOA 820E+02  891E+02  8.45E+02  2.20E+02
F3 DBO 3.54E+05  129E+06  6.43E+05  6.77E+10 BOA 8.76E+02  9.63E+02  9.24E+02  4.70E+02
GODBO  3.81E+05 145E+06 6.32E+05  7.22E+10 SOA 8.12E+02  848E+02  8.31E+02  8.33E+01
F8 DBO 1.84E+03  2.56E+03  2.14E+03  5.53E+04 F9 DBO 9.01E+02  1.42E+03  9.63E+02  1.14E+04
GODBO  1.69E+03 2.17E+03 1.87E+03  1.59E-+04 GODBO  9.01E+02 1.02E+03 9.20E+02  7.32E+02
F12 DBO 3.05E+09 1.46E+10 7.75E+09  6.11E+18 HHO 1.09E+03  2.03E+03  1.53E+03  5.27E+04
GODBO  1.51E+09  4.55E+09 2.68E+09  6.13E+17 WOA — 996E+02  3.43E+03  1.63E+03  2.98E+05
F20 DBO  539E+03 8.70E+03 749E+03  5.42E+05 BOA  280B+03  8.28E+03  5.04E+03  1.28E+06
GODBO  494E+03  8.60E+03 725E+03  1.07E+06 SOA 921E+02  1.44E+03  1.08E+03  2.32E+04
: - : : F10 DBO 1.03E+03  2.75E+03  1.99E+03  1.10E+05
GODBO  1.18E+03 261E+03  1.81E+03  1.16E+05
HHO 1.69E+03  2.57E+03  2.09E+03  6.06E+04
WOA 1.62E+03  2.85E+03  223E+03  9.52E+04
‘o . . BOA 2.88E+03  4.04E+03  3.48E+03  1.00E+05
the o.rlgma.l algorithm, and 3 are a bit worse than the DBO SOA 1455405 249F+03  199F+03  823B+04
And in variance, there are 21 slightly better than the original Fi1 DBO LIIE+03  1.70E+03  1.23E+03  1.80E+04
. . GODBO  LI1E+03  148E+03  120E+03  121E+04
algorithm and 8 a bit worse than the DBO. HHO LI3E+03  137E+03  1.19E+03  3.78E+03
WOA 1I5SE+03  147E+03  126E+03  7.95E+03
BOA 1.59E+03  2.12E+04  5.60E+03  1.89E+07
4) CONVERGENT ANALYSIS SOA 1.14E+03  1.44E+03  130E+03  7.37E+03
. . . . F12 DBO 443E+03  231E+07  251E+06  2.52E+13
Fig. 1 displays the results of the above six algorithms on the GODBO  2.85E403 8.78E+06 1.96E+06 LOIE+13
test functions of 29 of CEC2017 benchmark functions. HHO L.58E+04  1.78E+07  4.96E+06  2.54E+13
. . WOA 4.79E+04  235E+07  5.16E+06  3.33E+13
From the above images, the GODBO algorithm has a faster BOA 1.96E+08  3.10E+09  136E+09 6.49E+17
convergence than the others in some cases, which means that SOA 427404 L4SEX07  3.69E+06  130E+13
it can find the same optimal value with the least number of 3 bBo 1-92BF03 - 4.40E04 - ILISETO4 - 1.56E+08
. . p . GODBO  2.04E+03  3.48E+04 9.07E+03  9.47E+07
iterations. Unfortunately, GODBO is worse than DBO at f17 HHO L71E+03  5.60E+04  1.71E+04  1.41E+08
TS WOA 243E+03  6.75E+04  1.87E+04  1.98E+08
an.d 25, indicating that GODBQ has a slgw convergence gnd BOA L O1E+05  9.50B+08  107E+08  426E+16
will be attracted to the local optimal solution, thus not finding SOA 2.39E+03  1.I8E+05  2.74E+04  5.79E+08
h imal soluti okl F14 DBO 147E+03  3.60E+03  1.93E+03  4.44E+05
the optimal solution quickly. GODBO  1.45E+03 3.44E+03 1.74E+03  1.92E+05
HHO 1.51E+03  521E+03  223E+03  9.76E+05
WOA 147E+03  6.14E+03  2.83E+03  2.84E+06
5) FRIEDMAN TEST BOA 2.04E+03  4.48E+06  2.72E+05  6.70E+11
. . . SOA 1.50E+03  8.41E+03  3.63E+03  5.17E+06
To reflect differences between multiple samples, the Fried- F15 DBO L68E+03  327E404  531E+03  336E+07
man [21] test is used. The average ranking is an indicator GODBO _ 1.67E+03 1.03E+04 3.76E+03 3.63E+06
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TABLE 3. (Continued.) Accuracy test.

TABLE 3. (Continued.) Accuracy test.

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

F26

F27

F28

HHO
WOA
BOA
SOA
DBO
GODBO

1.92E+03
1.70E+03
8.92E+03
1.66E+03
1.60E+03
1.60E+03
1.61E+03
1.67E+03
1.98E+03
1.62E+03
1.72E+03
1.73E+03
1.74E+03
1.74E+03
1.94E+03
1.75E+03
2.65E+03
2.49E+03
2.22E+03
1.93E+03
2.86E+06
1.83E+04
1.95E+03
1.93E+03
3.03E+03
2.56E+03
2.07E+05
2.63E+03
2.03E+03
2.02E+03
2.08E+03
2.06E+03
2.26E+03
2.05E+03
2.20E+03
2.20E+03
2.21E+03
2.23E+03
2.25E+03
2.20E+03
2.30E+03
2.27E+03
2.31E+03
2.27E+03
2.95E+03
2.32E+03
2.62E+03
2.61E+03
2.62E+03
2.62E+03
2.69E+03
2.61E+03
2.50E+03
2.53E+03
2.50E+03
2.60E+03
2.85E+03
2.74E+03
2.90E+03
2.90E+03
2.62E+03
2.91E+03
3.35E+03
2.91E+03
2.90E+03
2.80E+03
2.82E+03
2.92E+03
4.07E+03
2.93E+03
3.09E+03
3.09E+03
3.10E+03
3.10E+03
3.21E+03
3.09E+03
3.20E+03

1.53E+04
2.62E+04
3.89E+05
1.36E+04
2.09E+03
1.99E+03
2.19E+03
2.38E+03
3.16E+03
2.03E+03
1.90E+03
1.88E+03
1.94E+03
1.90E+03
2.51E+03
1.98E+03
4.06E+04
4.96E+04
4.61E+04
4.40E+04
2.34E+09
2.05E+05
1.12E+05
2.62E+04
8.57E+04
6.33E+05
1.50E+08
5.92E+04
2.24E+03
2.20E+03
2.30E+03
2.40E+03
2.74E+03
2.30E+03
2.34E+03
2.36E+03
2.40E+03
2.40E+03
2.53E+03
2.34E+03
2.34E+03
2.32E+03
2.33E+03
4.02E+03
5.02E+03
3.96E+03
2.68E+03
2.71E+03
2.75E+03
2.69E+03
3.13E+03
2.67E+03
2.80E+03
2.79E+03
2.96E+03
2.84E+03
3.34E+03
2.78E+03
2.97E+03
2.99E+03
3.03E+03
3.04E+03
4.89E+03
3.04E+03
3.76E+03
4.23E+03
4.66E+03
4.84E+03
5.81E+03
4.17E+03
3.20E+03
3.17E+03
3.31E+03
3.28E+03
3.72E+03
3.10E+03
3.41E+03

7.04E+03
8.82E+03
1.20E+05
5.71E+03
1.78E+03
1.75E+03
1.93E+03
1.96E+03
2.70E+03
1.79E+03
1.79E+03
1.77E+03
1.79E+03
1.81E+03
2.18E+03
1.81E+03
2.12E+04
1.76E+04
1.85E+04
1.71E+04
7.05SE+08
5.73E+04
2.21E+04
7.50E+03
2.01E+04
1.27E+05
1.26E+07
2.08E+04
2.12E+03
2.10E+03
2.18E+03
2.20E+03
2.49E+03
2.14E+03
2.22E+03
2.29E+03
2.33E+03
2.35E+03
2.43E+03
2.21E+03
2.31E+03
2.31E+03
2.31E+03
2.45E+03
3.83E+03
2.88E+03
2.65E+03
2.64E+03
2.68E+03
2.65E+03
2.87E+03
2.64E+03
2.74E+03
2.76E+03
2.82E+03
2.77E+03
3.02E+03
2.76E+03
2.94E+03
2.94E+03
2.93E+03
2.96E+03
4.09E+03
2.95E+03
3.15E+03
3.11E+03
3.55E+03
3.75E+03
4.90E+03
3.37E+03
3.11E+03
3.10E+03
3.17E+03
3.15E+03
3.44E+03
3.09E+03
3.31E+03

1.34E+07
5.67E+07
9.62E+09
1.15E+07
1.65E+04
1.25E+04
1.77E+04
2.60E+04
7.81E+04
1.61E+04
1.75E+03
1.37E+03
2.74E+03
2.05E+03
2.40E+04
3.08E+03
1.85E+08
2.03E+08
2.08E+08
1.79E+08
5.44E+17
1.35E+09
8.78E+08
4.49E+07
3.44E+08
3.64E+10
8.29E+14
1.31E+08
5.27E+03
3.09E+03
3.41E+03
9.00E+03
1.39E+04
4.48E+03
8.34E+02
3.83E+03
3.80E+03
1.37E+03
3.10E+03
1.04E+03
4 47E+01
6.22E+01
2.10E+01
1.79E+05
2.76E+05
4.14E+05
2.87E+02
3.51E+02
1.07E+03
2.34E+02
8.29E+03
1.95E+02
7.48E+03
2.01E+02
1.32E+04
2.61E+03
1.04E+04
1.22E+02
5.89E+02
7.53E+02
5.12E+03
9.31E+02
9.74E+04
8.67E+02
3.20E+04
7.89E+04
3.23E+05
3.87E+05
1.72E+05
2.19E+05
6.77E+02
2.13E+02
3.46E+03
2.22E+03
1.89E+04
3.95E+00
8.25E+03
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GODBO 3.20E+03  3.74E+03  3.37E+03  1.84E+04

HHO 3.10E+03  3.77E+03  3.47E+03  2.84E+04

WOA 3.12E+03  3.75E+03  3.50E+03  2.86E+04

BOA 3.64E+03  4.50E+03  4.05E+03  3.66E+04

SOA 3.17E+03  3.73E+03  3.34E+03  1.52E+04

F29 DBO 3.15E+03  3.39E+03  3.26E+03  5.30E+03
GODBO 3.15E+03 3.41E+03  3.26E+03  4.94E+03

HHO 3.22E+03  3.63E+03  3.36E+03  8.34E+03

WOA 323E+03  3.72E+03  3.40E+03  1.64E+04

BOA 3.55E+03  4.33E+03  3.84E+03  4.17E+04
SOA 3.16E+03  3.44E+03  3.24E+03  5.99E+03
F30 DBO 7.87E+03  6.02E+06  1.08E+06  2.00E+12

GODBO 5.80E+03  2.67E+06  7.32E+05 6.49E+11
HHO 6.68E+04  9.95E+06  2.10E+06  6.38E+12
WOA 3.08E+04  6.07E+06  1.99E+06  3.28E+12
BOA 4.11E+07  2.85E+08  1.30E+08  4.80E+15
SOA 6.49E+04  8.86E+05  3.88E+05  8.68E+10

Results 22/29 15/29 20/29 16/29

TABLE 4. Average ranking.

Algorithms Average Ranking
DBO 2.28
GODBO 1.48
HHO 3.66
WOA 4.41
BOA 6.00
SOA 3.17

to access the differences in the samples. The smaller the
average ranking is, the larger the differences between the
examples are. For algorithms, the less the mean differ-
ence, the more significantly different the designed algorithm
is from the algorithm involved. That means the designed
algorithm is better. The following algorithms with compar-
ison are tested by the Friedman and their rankings are listed
in Table 4.

From Table 4 we can see that it shows that the GODBO
algorithm has the smallest average ranking in compari-
son with other competitors, which is an indication that the
GODBO algorithm is completely different from others.

V. ENGINEERING APPLICATIONS

A. PRESSURE VESSL DESIGN ISSUES

Pressure vessels are designed to reduce the cost of ves-
sel fabrication, which is controlled by four parameters
(s1,82,83,54) and four constraints (g;,22,23,84) during the
calculation of the cost and it can be presented as the
following Eq.(24).

minf(s) = 0.6224s15354 + 1.778 15253 + 3.166157 54
+ 19.84s%s3
s.t. g1 = —s1 +0.0193s3 < 0,
g2 = —s2 4+ 0.0095453 < 0,
g3 = —TS3ss — %nsg + 1296000 < 0,
84 = S4 — 240 <0
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FIGURE 1. (Continued.) Convergence analysis.

0<s1,5 <99,

0 < 's3, 54 < 200. (24)

The GODBO algorithm was compared with DBO and
other optimization algorithms, such as HHO, WOA, DA [3].
Through the data in Table 5, the GODBO has smaller
manufacturing cost and is more suitable compared to other
algorithms. Therefore, GODBO can be optimal cost when it
addresses such problems.

B. WELDED BEAM DESIGN ISSUES
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ye =0.125— s <0,

y7 = 1.10471s7 + 0.048115354(14.0 + 52) — 5.0 < 0,
0.1 <sy1,84 <2.0,
0.1 <sp,s53 <10.0 (25)

Among them

The welded beam design problem is to reduce the cost in
the welding beam design process. The welded beam prob-
lem has four parameters (s1,52,53,54) and seven constraints
condition(y1,y2,y3,y4,yY5,Y6,y7)- The formula for constraint
and manufacturing costs is as the following Eq.(25).

cos 1 (s) = 1.1047s7sy 4 0.048115354(14.0 + 57)
5.ty (s) = t(s) — 13600 < 0,

yo(s) = o(s) — 30000 < 0,

y3(s) = 8(s) — 0.25 < 0,

Y4 =151 —54 <0,

Yys =p —pc <0,
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4.013n

Pe=—F>H

i

S—;S4

_a [T

m=12 x 106,n=30>< 109,

pa = 6000 1b,i=14in, 1) = —

mr

I

Nowadays, many scholars have applied the algorithms to the
welded volume problem. The detailed results of the experi-
ment are recorded in Table 6. It can be seen form Table 6 that
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TABLE 5. Pressure vessel design issues.

. Optimal
Algorithm S Sy S3 Sy l(]:;l::a
GODBO 0.778169  0.384649  40.31962 200 5885.333

DBO 0.81254  0.402322  42.098439  176.6367  5949.13541

HHO 0.982363  0.481957  50.42212 95.0319 6364.267

WOA 1.258149  0.521658  52.87878 77.0291 7829.96

SOA 0.865917  0.427362  41.73767 184.6834 6537.428

DA 0.788358  0.443888  40.47234 200 6157.191
TABLE 6. Welded beam problem.

. Optimal

Algorithms S S2 S3 S4 lé;::a
GODBO 0.205734 3.25304 9.036624  0.20573 1.695245
DBO 0.20163 3.3477 9.0405 0.20606 1.7050958
HHO 0.146605  4.695901  9.163467  0.206891 1.81673
WOA 0211444 2941222 9908907  0.221792 1.936495
SOA 0.173676  4.049001  9.031598  0.206151 1.751655
DA 0.189313  3.573864  9.052871  0.205961 1.717927

GODBO has achieved better result than other algorithms, and
hence it can be better applied.

VI. DISCUSSION AND ANALYSIS

Through the above experiments, this paper explores differ-
ent GBest impact factors and finds the most suitable GBest
impact factor. In addition, this paper also compares GODBO
with other algorithms in different dimensions to explore
the performance of GODBO algorithm at higher Iatitude.
In this paper, we use 29 test functions of cec2017 to com-
pare GODBO with other algorithms and thus explore the
exploitation and exploration capabilities of GODBO. Finally,
Friedman tests are used to compare GODBO with other algo-
rithms, and GODBO is applied to some simple engineering
problems.

From the above experimental results, it can be seen that
GODBO still achieves better results compared to DBO as
the dimensionality becomes larger, and surface GODBO can
also achieve better results when facing problems of higher
dimensionality. In addition, it is clear that the exploration
capability of GODBO was significantly enhanced in certain
test functions. The GODBO introduces the Gbest guided and
opposite-based Learning to enhance the exploration power
of GODBO by making it stronger in certain subpopulations.
In this paper, Friedman tests are performed, showing that
GODBO has significant differences with other compared
algorithms. Finally, in simple physical problems, GODBO
can achieve better results compared to other algorithms, indi-
cating that GODBO has better practical value.

However, from the images of GODBO we clearly see that
in the early stage of the algorithm, the convergence speed of
GODBO in some test functions is not significantly improved
compared to the DBO algorithm, which indicates that the
exploitation ability of GODBO is still insufficient, making
the algorithm cannot converge quickly. In addition, in some
cases, the stability of GODBO is not so ideal, making the
algorithm may achieve poor results with a smaller number
of experiments. Therefore, how to improve the exploitation
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capacity and stability of the algorithm and apply it to practical
problems will be the next goal.

VIi. CONCLUSION

Based on Opposite-Based Learning and the current optimal
value(GBest) guided dung beetle algorithm, an enhanced
DBO algorithm called GODBO is proposed. In GODBO,
the Opposite-Based Learning and the current optimal value
is employed to enhance exploration as soon as possible.
The 29 test functions of CEC2017 are employed and the
results indicate that GODBO has improved in convergence
accuracy and convergence speed. Meanwhile, the design of
the GODBO is better than other algorithms as illustrated
by the Friedman test. In addition, the GODBO algorithm is
successfully applied to two constrained engineering design
problems, which verifies the practicality of the GODBO
algorithm. However, there are still some shortcomings in the
GODBO algorithm, how to make the algorithm be better will
be the future work.
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