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Abstract: The seagull optimization algorithm (SOA), a well-known illustration of intelligent algo-
rithms, has recently drawn a lot of academic interest. However, it has a variety of issues including
slower convergence, poorer search accuracy, the single path for pursuing optimization, and the
simple propensity to slip into local optimality. This paper suggests a multi-mechanism seagull
optimization algorithm (GEN—SOA) that incorporates the generalized opposition-based, adaptive
nonlinear weights, and evolutionary boundary constraints to address these demerits further. These
methods are balanced and promoted the population variety and the capability to conduct global
and local search. Compared with SOA, PSO, SCA, SSA, and BOA on 12 well-known test functions,
the experimental results demonstrate that GEN-SOA has a higher accuracy and faster convergence
than the other five algorithms, and it can find the global optimal solution beyond the local optimum.
Furthermore, to verify the capability of GEN—SOA to solve practical problems, this paper applied
GEN—-SOA to solve two standard engineering optimization design problems including a welding
optimization and a pressure vessel optimization, and the experimental results showed that it has
significant advantages over SOA.

Keywords: seagull optimization algorithm; nonlinear weights; evolutionary boundary constraints;
opposition-based learning

MSC: 68W50

1. Introduction

With the widespread popularity of computers in recent years, machine learning and
algorithmic learning research have become an important resource for the development of
the computer field and society at large. Nowadays, more and more scholars have been
inspired by capturing the behavioral characteristics of plants and animals in nature and
trying to simulate the behavioral characteristics or natural laws of certain types of plants and
animals in nature to synthesize and propose many new population intelligence optimization
algorithms to search and capture the optimal solutions to complex optimization problems
in a certain spatial range.

Thus, it can be seen that the group intelligence optimization algorithm is a class
of bionic algorithm that mimics the behaviors of organisms in nature. In recent years,
due to its easy-to-implement process, relatively simple structure, and considerable effect,
it has gained great momentum and widespread attention and has become a practical
intelligence technology with rapid development. Typically, academics use multiple types
of engineering optimization problems such as welding design optimization problems
to determine whether the manufacturing costs required for welding applications can be
minimized; pressure vessel optimization problems to determine whether the total cost of
materials, forming, and welding for cylindrical vessels can be minimized; and compression
spring optimization problems to determine the effectiveness of various algorithms by using
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those types of engineering optimization problems as a medium for algorithm performance
testing. As far as we know, the more intensively studied swarm intelligence algorithms
are: bat algorithm (BA) [1], particle swarm optimization (PSO) [2], whale optimization
algorithm (WOA) [3], sine cosine algorithm (SCA) [4], grey wolf optimization (GWO) [5],
butterfly optimization algorithm (BOA) [6], seagull optimization algorithm (SOA) [7], etc.

Among them, SOA is a new population intelligent optimization algorithm proposed by
Gaurav Dhiman, Vijay Kumar, and other research scholars in 2019. The main characteristic
advantage of this algorithm is that its overall construction composition is relatively simple,
and the global search ability and local search ability are strong, which not only meets the
overall requirements of the swarm intelligent optimization algorithm, but also has good
results in solving some industrial production problems and classification optimization
problems. However, although the seagull optimization algorithm is one of the most
popular representatives of group intelligence optimization algorithms today, the basic
seagull optimization algorithm still has some shortcomings. For example, the single
action route of the seagull movement often leads to a lack of algorithm diversity, which
causes the algorithm to fall into the local optimum in the late iteration or affects and
reduces the convergence rate of the algorithm in the late iteration. In order to make the
seagull algorithm in practical application achieve the optimal ideal effect, the initial seagull
optimization algorithm should take appropriate strategies or necessary measures to increase
the algorithm diversity, improve the ability to jump out of the local optimum, etc., so that the
seagull optimization algorithm is improved in all aspects of the systematic improvement.

2. Related Work Overview
2.1. Status of Research

Since the development of intelligent optimization algorithms, the pace of the develop-
ment of optimization design research is accelerating and has become widely popular in
production life and other fields in countries around the world. Because traditional opti-
mization algorithms are often ineffective and bring only weak benefits and low efficiency
in production life, intelligent optimization algorithms have gradually been applied to many
production life fields and have become an important research direction.

Among them, the seagull optimization algorithm, one of the popular algorithms in
bionic metaheuristics, has been widely studied by scientists and related scholars at home
and abroad, and various improvements have been made to the migration behavior and
attack behavior of the seagull optimization algorithm to obtain more optimization strategies
and better optimization effects.

2.1.1. Traditional Research Advances

Since Gaurav Dhiman and Vijay Kumar, two distinguished scholars, first proposed the
underlying theory of the seagull optimization algorithm and its application to large-scale
industrial engineering problems in 2018, it has triggered a large number of local research
scholars to introduce new strategy models and construction methods based on the seagull
optimization algorithm to enhance the optimization strength of the algorithm.

To address the slight shortcomings of the original seagull algorithm, Gaurav Dhiman,
Krishna Kant Singh, Mukesh Soni, and Atulya Nagar proposed MoSOA [§], based on the
basic development, which is a new multi-objective seagull global optimization algorithm
for extensions to multi-objective problems. This multi-objective seagull global optimization
algorithm introduces the concept of dynamic archiving, which gives it the property of
caching non-dominated optimal solutions (Pareto solutions) and uses the roulette wheel
selection method to select an effective archiving solution by simulating the migration
behavior and attack behavior of seagulls. In the same year, a new optimization algorithm,
EMOoSOA [9], was proposed by Gaurav Dhiman, Krishna Kant Singh, Adam Slowik, and
other research scholars. This algorithm is a new evolutionary multi-objective seagull global
optimization algorithm proposed on the basis of the original MoSOA. In the EMoSOA
algorithm, the authors not only introduced the concept of dynamic archiving, but also used
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the lattice mechanism and genetic operators to cache the non-dominated solutions (Pareto
solutions) and used the roulette wheel method to find the best solution. In addition, along
with the proposed multi-objective global optimization algorithm, the researchers used
the proposed EM0SOA algorithm to verify four real-world engineering design problems,
which optimizes the seagull optimization algorithm in multi-objective real-world problems
and enhances the versatility and convergence of the seagull algorithm.

Meanwhile, in addition to the successive proposals of MoSOA and EM0oSOA, Ahmed
A. Ewees et al. [10] experimentally found that the global optimization search space of the
seagull optimization algorithm varied linearly, which means that the global search capa-
bility cannot be fully utilized on SOA. They proposed an improved seagull optimization
algorithm, ISOA, using Lévy flight and genetic operators. The algorithm can perform large
spatial jumps by Lévy flight to make the search escape from the local optimal solution,
while genetic operators can balance the weights between global survey and local search to
speed up the optimization search process.

2.1.2. Recent Research Advances

In recent years, as young scholars have been studying swarm intelligence optimization
algorithmes, it is not difficult to find that the shortcomings of the optimization process are
exposed due to the structural characteristics of the algorithm itself. For example, it is known
that the randomization of parameters and the random initialization of the algorithm can
affect the performance of the algorithm itself, and the population diversity can indirectly
affect the algorithm and make it fall into local optimality. Therefore, scholars have tried to
introduce different optimization strategies and improvement measures to optimize and
improve the seagull algorithm, expecting to provide a systematic solution to the basic
problems such as easily falling into a local optimum and poor diversity. To address the
lack of convergence speed and find the optimal solution for the algorithm, Mao et al. [11]
proposed an adaptive t-distribution seagull algorithm (ISOA) integrating improved logistics
chaos and a sine cosine operator, and Wang et al. [12] also proposed a seagull optimization
algorithm (CtSOA) based on chaos mapping with improved t-distribution variance. The
former uses modified logistics chaos mapping to initialize the population and introduces
a sine cosine operator to optimize the algorithm to coordinate the local and global search
capabilities, while the latter introduces tent mapping to enable the initial seagull population
to be uniformly distributed in the search space and uses t-distribution variation to balance
the exploration and exploitation capabilities of the algorithm. Qin et al. [13] tried to improve
the calculation of the value of the additional variable A and hoped to achieve an effect
where the position of the seagull could be adjusted while using a nonlinear decreasing
inertia weight to calculate the value of A. They expected to enhance the global search
ability by introducing the random index value and Lévy flight strategy to greatly increase
the randomness of the seagull flight to obtain a nonlinear inertia weight-based seagull
optimization algorithm (I-SOA). In contrast, Wang et al. [14] first proposed a seagull
optimization algorithm (GSCSOA) integrating golden sine guidance and the Sigmoid
continuum, using the Sigmoid function as a nonlinear convergence factor for the seagull
search process and using the golden sine mechanism to guide the population position
update and improve the global and local search capability of the algorithm. Zhang et al. [15]
proposed a new chaotic seagull optimization algorithm (MESOA) with multi-directional
spiral search because it was considered that the seagull optimization algorithm would have
a relatively single optimal path and optimal solution in the process of finding the optimal
path and optimal solution, and the accuracy of the search needs to be improved. First, in
order to make the gulls more uniform in distribution and closer to the target individuals
in action, it uses chaotic sequences as a new strategy for population initialization; second,
to increase the diversity of the algorithm, it solves the problem of a single flight path by
increasing the spiral flight directions that the gulls can choose, which in turn logically
increases the diversity of the algorithm.
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3. Seagull Optimization Algorithm

Seagulls are a highly intelligent group of animals that exist on Earth and are now
distributed around the globe in a variety of species and sizes. Seagulls are seasonal
migratory birds that migrate according to seasonal climate changes to obtain sufficient food
sources. The main idea of the seagull optimization algorithm is to simulate the migratory
and aggressive behaviors of the seagulls themselves and to find the optimal solution by
constantly updating the seagull positions.

3.1. Biological Characteristics

Seagulls are the most common seabirds in most coastal cities; they basically live in
groups and use their intelligence to search for prey and attack them. Seagulls have two very
important characteristic behaviors: one is migratory behavior and the other is aggressive
behavior. Migration, as the name suggests, refers to the movement of animals from one
place to another by their specific way of moving according to the alternation of climate,
with the intention to seek sufficient food sources to maintain their energy supply. During
the migration process, seagulls mainly fly in flocks, with each seagull in a different position
on the way to avoid collisions between individuals. In a seagull group, each seagull can
move in the direction of the best position, thus changing its position; at the same time, the
gulls will carry out the necessary attack behavior to find food, and in the attack process,
the seagull group will keep moving in a spiral form as a flight norm.

3.2. Biomathematical Modeling

Through the biological characteristics of the seagull population, an individual seagull
is randomly selected and its migratory behavior and aggression are specified, described,
and implemented using the following mathematical model.

3.2.1. Migration Behavior

The algorithm simulates how the seagull population moves from one location to
another during the migration process. During this phase, individual seagulls should satisfy
three conditions:

(1) Collision avoidance: In order to avoid collisions with neighbors (other seagulls),
the algorithm calculates the new position of an individual gull by using an additional
variable A. The variable A is the control to avoid collisions between neighboring seagulls.

C. = Ax P (b (1)
A = fo — (t x (fo/Max_iteration)). 2)

H
As shown in Equations (1) and (2), Cs indicates the new position obtained by the
seagull movement, and this search position will not conflict with other seagull positions.

?S(t) indicates the current position of the seagull. t denotes the number of iterations of the
algorithm at the current time, and Max_iteration represents the largest number of iterations
of the algorithm in operation. A is an additional variable defined to avoid collisions with
neighbors (other seagulls). f; is a hyperparameter defined by the algorithm and the value
of this parameter is fixed to 2, so that the value of A decreases linearly from 2 to 0 as the
number of iterations f is superimposed.

(2) Move in the direction of the best neighbor: To avoid overlapping with other
seagulls, individual seagulls will move in the direction of their best neighbor.

—

M = B x (Pyu(t) — P (£). 3)

B=2xA?xrd. (4)
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where ]\Z denotes the direction of the best seagull and Ig; (t) denotes the location direction
of the best neighbor (seagull). The above rd is a random number in the range [0, 1], rd
can disrupt the algorithm’s execution by performing its own random updates within the
range of values chosen, preventing the algorithm from falling into a local optimum during
execution. B is another random number based on the value of A, and the value of B is used
to weigh the global or local search of the algorithm.

(3) Approach to the best seagull’s location: After moving to the direction of the best
neighbor, the individual seagull will move to the global optimal direction and finally reach

a new location.
— —  —

DS - Cs + Ms . (5)

—_—
where D; combines the conditions for seagulls to avoid collision and move to the optimal
individual, which can be expressed as another new position reached by the seagull, and
also the distance between the current seagull and the optimal seagull.

3.2.2. Attacking Behavior

Seagulls are a class of highly intelligent creatures that are adept at using their history
and experience in the search process. In the process of migration, due to the need for a
long period to hunt and often carry out attack behavior, when seagulls attack their prey,
they will first rely on their wings and their weight to maintain a high degree of stability,
followed by a specific spiral motion behavior in flight, constantly changing their flight
speed and angle of attack. When a seagull attacks, its motion in the three-dimensional
plane x,y, z is described as follows.

x =1 x cos(k). (6)
y =r x sin(k). (7)
z=rxk 8)
r=ux e )

where 7 refers to the flight radius of the spiral flight when the seagull performs the attack
behavior, k is a random number within the interval [0, 27t], while u and v are constants that
define the shape of the spiral, usually defining the value of both to be 1, and ¢ is denoted as
the base of the natural logarithm.

— —

P, (f) = (D. x x X y x 2) + Py (t). (10)

—
Above, P (t) is an updated expression based on a combination of migratory and
attack behaviors to determine the final seagull search location.

4. Design of the Proposed Seagull Optimization Algorithm
4.1. Adaptive Nonlinear Weighting Strateqy

In 2018, He et al. [16] proposed an improved whale optimization algorithm (EWOA)
for a series of problems as the whale optimization algorithm is more likely to fall into
local optimum, slow convergence speed, and low accuracy of the optimization search.
In the above optimization algorithm, the authors combined the idea of using adaptive
inertia weights in the particle swarm optimization algorithm to guide the population’s
search for optimality, and introduced the adaptive strategy into the update formula of
whale position for the first time, which was used to balance the adaptive ability of the
algorithm’s global survey and local exploration. Meanwhile, in 2020, Zhao et al. [17]
proposed a new nonlinear weighted adaptive whale optimization algorithm (NWAWOA)
on top of the basic performance based on the whale optimization algorithm. The above
new whale optimization algorithm not only solves the problems of convergence speed and
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optimization-seeking accuracy to a certain extent, but more importantly, it also provides a
wide range of optimization strategies in the field of intelligent algorithms.

It is well-known that there are many important additional variables in the seagull
optimization algorithm. These additional variables or update parameters not only make
biological individuals behave in a way to avoid collision with other individuals, but the
additional variables and corresponding parameters of the seagull optimization algorithm
are also very important to coordinate the global survey and local exploration process of the
algorithm compared to other metaheuristic optimization algorithms.

Thus, if we want to speed up the algorithm and improve its searchability, it is a good
choice to try to give different weights to the algorithm in the updating process. The size of
the weights for the seagull optimization algorithm is pivotal. When the weight value is
larger, the algorithm converges faster, to a certain extent, to expand its own search range;
when the weight value is small, the search range is reduced and the search accuracy is
greatly improved to constantly approach the optimal individual search for the optimal
solution. At the same time, it is not difficult to see that the traditional seagull optimization
algorithm in the setting of additional parameters linearly decreases with the increase in the
number of iterations, which will lead to the seagull in the search for neighboring positions,
the update of the optimal position, and the process of determining the optimal solution
being the corresponding deviation from the actual problem of nonlinear factors, reducing
the accuracy of the algorithm in the resulting implementation results.

Therefore, in this paper, the nonlinear weights 51, S, were subsequently introduced in
the traditional seagull optimization algorithm, and the nonlinear weights were fused in
Equation (10) to update the final seagull’s search position and make adaptations, as shown
in the following expressions:

S1 = —7 X [cos(7t x t/Max_iteration) — A]. (11)

Sy = 7 X [cos(7t x t/Max_iteration) + A). (12)

In this paper, 7 is the range of Sq, Sy, and v = 0.5; A is a constant; and A = 1 is the best
result according to many experiments. As a result, the weights S1, Sp were introduced into
Equation (10), and the formula is shown in Equation (13).

— — —
P (t) = S; x (Ds x x X y X z) + Sy X Pyg(t). (13)

In practical problem-solving applications, the search process is often carried out step-
by-step with a non-linear search trend. To improve the search capability of the algorithm in
a certain space and to avoid falling into problems such as local optimization, the process of
changing the introduced nonlinear weights is shown in Figure 1.

1 T T T T —
- =31
0.9 | e 520 | |
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0.8 ’

0.7 Vs
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Figure 1. The trend of the nonlinear weights S1, S, with the number of iterations.
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It can be seen from Figure 1 that 5; exhibited a nonlinear increment with an increasing
number of generations in the range of the maximum number of iterations, prompting the
population to conduct a broader global survey in the early stage and leading the population
as a whole to move sufficiently toward the optimal position. In contrast, So showed a
nonlinear decrease in the range of the maximum number of iterations with an increase in
the number of generations so that it enhanced the concentration of the seagull population
to carry out the local search in the later stage and greatly accelerated the convergence speed
of the algorithm. In summary, the introduction of nonlinear weights not only balances the
coordination of the algorithm in global surveying and local exploration, but also accelerates
the algorithm’s own global and local search ability, which makes the search accuracy
qualitatively improved in essence. Moreover, because of the specific spiral attack of each
seagull, it will largely collide with the optimal individual during the spiral flight. For
this reason, the introduction of nonlinear weights optimization can help the individual
seagull behavior to maintain relative asynchrony and subsequently enhance the search
accuracy again.

4.2. Evolutionary Boundary Constraint Handling Strategy

The essence of an optimization algorithm is to achieve the maximum optimization
effect based on the algorithmic strategy, and a powerful algorithm is only one of the
important components to achieving satisfactory results in a real sense. Another important
component is how to properly handle constraints and limitations. From the perspective of
optimization algorithm implementation, the boundary constraints of the corresponding
algorithm are an important basis for achieving correct or even optimal results. Of course, the
seagull optimization algorithm is no exception, as a new star of the population intelligence
optimization algorithm, and this paper will also introduce a new boundary constraint
handling strategy to improve the traditional seagull optimization algorithm.

A simple and effective evolutionary scheme for handling boundary constraints was
first proposed by Gandomi [18] and other scholars in 2012, while in 2018, Zhao [19]
proposed a firefly algorithm based on perturbation and boundary constraint handling
mechanisms to overcome the shortcomings of the firefly optimization algorithm, in which
an effective boundary constraint handling mechanism was employed to deal with the
boundary constraints.

Among them, evolutionary boundary constraints processing means that when an
individual crosses the boundary during the execution of the algorithm, a new solution is
generated at that time, using the optimal solution of the current run and the corresponding
boundary conditions, and the main processing mechanism of this process is as follows:

f(Zi—>xi)={ & X b+ (1 — o) Xpegy ifzi<lbi } (14)
B> ubi+ (1= P)xpest if zi > ub

In Equation (14), Ib;, ub; denote the lower and upper boundaries of the i-th individual,
respectively; Z; denotes the location of the transgressing seagull; x;.s; denotes the location
of the optimal seagull; and «, B represents the random number in the interval [0,1]. The
processing of evolutionary boundary constraints has exceptional benefits and is highly
adaptable. The boundary determination process is focused on the real-time update using
the current optimal position, allowing the generated solution to be based on the optimal
solution rather than an arbitrary random solution. The use of this strategy can significantly
speed up the algorithm’s convergence and improve the algorithm’s optimization effect.

4.3. Opposition-Based Learning and Generalized Opposition-Based Learning
4.3.1. Opposition-Based Learning

Opposition-based learning is an optimization strategy proposed by Tizhooshs [20]
in 2005, which has been widely used in intelligent computing in recent years due to its
powerful optimization mechanism and has been applied in various intelligent optimization
algorithms. The central idea of the opposition-based learning strategy is to select a feasible
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solution at random, compute the inverse solution to which it belongs, and select the better
solution to become the next generation of individuals. However, the opposition-based
learning strategy not only benefits from its good theoretical idea, but Tizhooshs also found
through extensive research that the probability that the backward solution is closer to the
global optimum than the current solution is as much as 50%, which means that the applied
algorithm can be significantly improved in terms of population diversity and also greatly
avoids the situation where the algorithm falls into the local optimum.

Thus, an opposition-based learning strategy was introduced into the metaheuristic
algorithm to expand the current search range by calculating the inverse solution of the
current solution to be able to find a more suitable candidate solution for the given prob-
lem, which effectively improves the accuracy and precision of the algorithm to find the
best solution.

e  (Definition 1): Opposite number

Suppose there exists any real number x, where x € [a, b], then the opposite number x’
obtained by reversing is
X'=a+b—x. (15)

In addition, if the opposite number is found and the conceptual theory of multidimen-
sional space is provided, the opposite point’s definition can be deduced

o  (Definition 2): Opposite point.

Suppose that a target individual of dimension D is a point X = (x1,x2, X3, -+, X4) in
the current search space, where x; € [a;, b;], then the opposite point X = (X1,%2,X3,- - - ,X3),
which is expressed in the following form:

X; = a; + b; — x;. (16)

Collectively, for the opposition-based learning [21] strategy, the objects targeted by the
basic definition are mostly general individuals, while the updated objects appearing in the
algorithm update are mostly biological populations. If the algorithm takes into account
choosing the best individuals to create the next generation population from a population
perspective, it will still be able to indirectly obtain the opposite population through the
generated opposite individuals, speeding up the algorithm’s convergence.

4.3.2. Generalized Opposition-Based Learning

Generalized opposition-based learning is an optimization strategy proposed by intro-
ducing a region transformation model based on opposition-based learning.

Among them, opposition-based learning is comparable to the generalized opposition-
based learning strategy in that the search space of both is b — 4, and the principles and
methods of implementation are largely the same. However, the current solution x, x € [a, b]
for the actual problem of the algorithm is the defined interval given by the problem;
obviously, the search area formed by the candidate solutions is shrinking in the process
of continuous search, and if the algorithm can converge to the global optimal solution
X finql in the iterative process, then the search area of the candidate solutions will eventually
converge to the point xf;,,. It can be seen that as the search area keeps shrinking, if the
opposite solution is continuously generated in the original definition interval, the resulting
opposite solution will fall out of the search area easily due to the definition interval, which
will lead to a much lower convergence rate. Thus, in order to enhance the self-adaptive
capability of the algorithm in practice, a dynamic generalized opposition-based learning
strategy will be introduced to improve the convergence speed and operational accuracy of
the algorithm in actual operation.

Xl’]'(t) =kx (A](t) + B](f)) — XZ](t) (17)

A](t) = min(Xij(t)), B](t) = maX(Xl-]-(t)). (18)
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i=1,2,---,SearchAgent;j =1,2,---,D. (19)

where SearchAgent is the number of populations; D is the resulting dimension; ¢ is the
number of iterations; and k is the random number on the interval [0, 1]. The Xj;(t) is the
component of the i solution of the current population in j dimensions, X;;(t) is the opposite
solution of X;;(f) in the search space, A;(t) is the minimum in the j-dimensional search
space, and B;(t) represents the maximum value in the j-dimensional search space.

4.4. GEN—SOA Algorithm Description

To address the shortcomings and defects of the initial seagull optimization algo-
rithm, this paper proposed a seagull optimization algorithm that integrates nonlinear
weights and evolutionary boundary processing mechanisms, and on this basis, a new
seagull optimization algorithm (GEN—SOA) was generated by incorporating a generalized
opposition-based learning strategy. The basic seagull optimization algorithm uses a ran-
dom initialization method to arbitrarily select individuals in the initial population selection,
which leads to an increase in the uncertainty of the algorithm in the optimization-seeking
phase from the beginning and easily leads to a decrease in the diversity of the seagull
population. Therefore, in this paper, after a large number of experimental comparative
studies, a generalized opposition-based learning strategy was introduced to the seagull
optimization algorithm, in which the optimal position of each generation of the seagull
population is learned by generalized opposition-based learning and the corresponding
inverse optimal solution is obtained. Meanwhile, the opposite population is sorted by the
size of the requested fitness value, and the better seagull is selected as the new generation
of individuals, and its fitness value is taken out and updated. Moreover, this can also
substantially improve the population quality of the seagull optimization algorithm.

The generalized opposition-based learning optimization not only improves the di-
versity of the seagull population and accelerates the chance of the optimal individuals
approaching the optimal solution in the search space, but also lays the necessary foundation
for the improvement in local exploration. Second, in order to improve the operational
accuracy and convergence speed of the seagull optimization algorithm in actual opera-
tion, the generalized opposition-based learning introduced in this paper can update the
search boundary in time and keep the search boundary where the individuals are dynami-
cally updated, improving the operational accuracy and convergence speed of the seagull
optimization algorithm in actual operation.

In addition, this paper introduced nonlinear weights 51, S, and evolutionary boundary
constraint mechanisms. The application of nonlinear weights S;, S, can optimize and
improve the integrated mathematical formulation model of the seagull migration and
predation process so that the seagull can adapt within the effective range in the process of
determining the optimal position and maximizing the algorithm to achieve real-time tilt
between global survey and local exploration. At the same time, to improve the algorithm
execution efficiency and result accuracy, this paper focused on the important restriction
significance of the position boundary to the gull’s search for the optimal. To prevent
individuals from transgressing the search boundary in the process of finding the optimal,
the evolutionary boundary constraint processing mechanism was introduced based on the
original optimal position and was used to enhance the accuracy of the search for the optimal,
improve the convergence speed of the algorithm, and provide the necessary guarantee to
find the optimal solution.

In summary, the specific implementation steps and the diagram of the process of
GEN—-SOA are shown below:

Step 1: Initialize the population {X;|i =1,2,---, N}, initialize the parameters A, B
and Max_iteration, set the values u = 1,v = 1, rd is taken randomly in [0, 1], and 6 is taken
randomly in [0, 271].

Step 2: Calculate the fitness value P;(x) of each individual seagull in the population,
find the position of the seagull with the best fitness value Py (x), and record the optimal
solution Xj,,; at this time.
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Step 3: The new position Ds reached by the individual seagull is calculated from
Equations (1), (3), and (5).

Step 4: From Equations (6)—(9) and (13), the final seagull search and attack positions
P;(x + 1) are calculated.

Step 5: Equation (14) determines whether the location of the seagull is out of bounds,
and if it is out of bounds, the position is updated according to the corresponding conditions.

Step 6: Update the position of the resulting best seagull and update the corresponding
fitness value.

Step 7: From Equations (17) and (18), the opposite solution Xp.; is generated by
generalized opposition-based learning on the basis of the original population optimal
solution X,,.», and choose the solution that retains the better fitness value of the two and
update the optimal solution Xp,s;.

Step 8: If the end condition is met, the program is ready to end and output the result,
otherwise skip to Step 2.

Step 9: At the end of the program execution, the optimal value and the optimal solution
Xpest are output.

The diagram of the GEN—SOA process is shown in Figure 2 below:

B

( Start )

Parameter initialization setting and
population imtialization

Calculate individual fitness values
and find the global optimal seagull
position

From equations (1), (3), and (3), the
new positions of individual seagulls [€
were caleulated

From equations (6), (7), (8), (9),
(13) to calculate the seagull search
position and attack position

e——":"{_f.- T Update the location of individual
_—Did individual seagulls—__ x P
= | transboundary seagulls from
—_cross the boundary 7_— ;
= T equation (14)

. o
N

From equations (17), (18) produce

the opposite solution and keep the

solution with a better fitness value

h

ere the maximum
iterations reached ?

Output optimization results ‘

Figure 2. A schematic diagram of the GEN—SOA process.

4.5. Summary of Optimization

This part mainly introduces the specific optimization mechanism of GEN—SOA in
detail compared to the traditional seagull optimization algorithm, in which three main op-
timization mechanisms are introduced, namely: nonlinear weights, evolutionary boundary
constraints, and generalized opposition-based learning. Through the auxiliary optimization
of the above three mechanisms, resulting in GEN—SOA to a greater extent on the conver-
gence speed of the algorithm, the accuracy of the optimal value and the algorithm in the
global survey and local search of the balance of coordination were significantly improved,
and the optimization effect was significant.
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5. Experimental Simulation and Result Analysis
5.1. Simulation Experiment Environment and Parameter Setting

The experimental environment was as follows: A 64-bit Windows 10 operating system,
Intel Core i5-8265U CPU, 8 GB memory, 1.8 GHz main frequency, and the experimental
software by MATLAB R2018b were responsible for the execution of the algorithmic operations.

In the experimental parameter settings, in order to fully demonstrate the feasibility
and accuracy of the GEN—SOA algorithm and to ensure the fairness of the algorithm
results, all of the test data and test methods in the unified algorithm including the number
of populations were set to 30, and the maximum number of iterations was the same as
500 generations in the simulation experiments. To avoid the influence of random deviation
in the algorithm execution, all experiments were executed independently 30 times, the
mean, variance, maximum, and minimum values of the obtained results were kept, and
the best results of the independent experiments were taken for comparison experiments
to ensure the accuracy of the experiments to the maximum extent. Thus, in this paper,
GEN-SOA was implemented with N = 30, Max_iteration = 500, the original definition of
parameter f. = 2, and the constants u = 1,0 = 1.

5.2. Test Functions

To verify the optimization effect of GN—SOA, 12 benchmark test functions derived
from the seagull optimization algorithm theory and its applications for large-scale indus-
trial engineering problems were used in this paper for the simulation and comparison
experiments, and the obtained experimental results were statistically analyzed. The follow-
ing are the 12 benchmark functions: F1 is Sphere, F2 is Schwefel 2.22, F3 is Schwefel 1.2, F4
is Schwefel 2. 21, F5 is Rosenbrock, F6 is Step, F7 is Quartic, F8 is Rastrigin, F9 is Ackley,
F10 is Griewank, F11 is Penalized, and F12 is Kowalik, where F1—F7 is the single-peaked
test function, F§—F11 is the multi-peak test function, and F12 is the multi-peak test function
with fixed dimensions.

5.3. Simulation Results Analysis

The experimental data obtained from the comparison of the above simulation experi-
ments by running tests are shown statistically in Tables 1 and 2, Table 1 is a comparison
of the GEN—SOA and SOA operation results, Table 2 is A comparison of the results of
different algorithm operations (Table 1). The results of the six optimization algorithms
presented in Tables 1 and 2 include the optimal values obtained from the algorithm execu-
tion, the average values of 30 independent runs, and the standard deviation. The optimal
values and average values recorded in Tables 1 and 2 reflect the convergence speed and
optimization accuracy of the algorithms during the basic runs, while the statistics of the
standard deviations recorded can generally reflect the stability of the algorithm execution.

Table 1. A comparison of the GEN—SOA and SOA operation results.

Function F Algorithm Minimal Value Mean Standard Deviation
SOA 2.8275e—03 2.5640e+02 6.8811e+02
F1 GEN—SOA 0.0000e--00 0.0000e-00 0.0000e-00
SOA 1.8919¢—03 1.5468¢+00 1.9305¢+00
F2 GEN-SOA 0.0000e+00 0.0000e+00 0.0000e+00
SOA 7.12650+04 1.2698¢+05 4.5570e+04
F3 GEN—SOA 0.0000e-+00 0.0000e-+00 0.0000e-+00
SOA 8.3791e—01 6.2427e+01 3.2497e+01
F4 GEN—SOA 0.0000e-00 0.0000e-00 0.0000e-00
SOA 6.4729¢—01 2.4308¢+05 6.4797e+05
F5 GEN-SOA 2.5481e—04 1.9119e—02 43778e—02
e SOA 5.3630e—02 1.4260e+02 3.4514e+02

GEN—-SOA 5.0505e—04 4.1147e—-02 6.7025e—02
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Table 1. Cont.

Function F Algorithm Minimal Value Mean Standard Deviation
SOA 1.2980e—03 2.4578e—01 43941e—01
F7 GEN—SOA 2.1778¢—05 1.0239¢—03 8.0859¢—04
SOA 9.4969¢—03 3.0987e+01 3.9918e+01
F8 GEN—SOA 0.0000e+00 0.0000e+00 0.0000e+00
SOA 2.2230e—05 2.5503e—01 6.8343e—01
F9 GEN—SOA 8.8818¢—16 8.8818¢—16 0.0000e-+00
SOA 2.7151e—02 3.0575¢+00 4.1545e+00
F10 GEN—SOA 0.0000e+00 0.0000e+00 0.0000e+00
SOA 4.1899e—03 1.5062¢+06 6.8057¢+06
F11 GEN—SOA 9.6637e—09 9.4239e—05 1.0249% —04
SOA 1.6553¢—03 3.8346e+03 1.9921e+04
F12 GEN—SOA 3.0926e—04 5.4151e—04 3.5135e—04

Attention: 1.0000e—03
represents 1.0000 x 1073

Table 2. A comparison of the results of different algorithm operations.

Function F Algorithm Minimal Value Mean Standard Deviation

SOA 5.5705¢—03 3.1475¢+02 7.5539¢+02

BOA 1.0990e—11 1.3180e—11 7.6353e—13

SCA 3.5533e—02 1.1023e+01 1.9456e+01

Fl PSO 1.0821e—05 1.8561e—04 2.2138e—04
SSA 3.3465e—08 4.6773e—07 1.3929¢—06

GEN—SOA 0.0000e+-00 0.0000e+00 0.0000e+00

SOA 4.0499¢—04 1.8834¢+00 1.5593¢-+00

BOA 1.7935e—09 41067¢—09 1.5239¢—09

SCA 2.2503e—04 1.3779e—02 1.6216e—02

F2 PSO 5.8455¢—03 4.3850e—02 5.2308e—02
SSA 3.1035e—01 1.8321e+00 9.8341e—01

GEN—SOA 0.0000-+00 0.0000e+00 0.0000e+00

SOA 5.9451e+04 1.2946e+05 5.6264¢+04

BOA 1.1093e—11 1.2546e—11 7.8270e—13

SCA 1.7390e+03 8.9620e+03 6.0929¢+03

F3 PSO 2.3680e+01 7.8689+01 2.7372e+01
SSA 2.1609¢+02 1.6380e-+03 9.0674¢+02

GEN—SOA 0.0000e-+00 0.0000e+00 0.0000e+00

SOA 9.3174e—02 5.3476e+01 3.4563e+01

BOA 5.0831e—09 6.1893e—09 3.2965e—10

SCA 1.0992¢+01 3.6173e+01 1.2981e+01

F4 PSO 5.1537e—01 1.0823¢+00 2.6818e—01
SSA 4.3892¢-+00 1.1410e+01 3.6886+00

GEN—SOA 0.0000e+-00 0.0000e+00 0.0000e+00

SOA 2.7861e—01 454640405 1.9051e+06

BOA 2.8852¢+01 2.8935¢+01 3.2223e—02

SCA 5.4033¢+01 1.6382e-+04 4.3169e+04

F5 PSO 1.1251e+01 1.24640+02 8.6469¢-+01
SSA 2.7336e+01 2.2845¢+02 3.2376e+02

GEN—SOA 6.9571e—05 1.6495¢—02 3.16750—02

SOA 1.5246e—02 1.5274e+02 4.01550+02

BOA 4.3909¢-+00 5.6262¢+00 7.4488e—01

SCA 4.9059+00 1.9951e+01 2.2365e+01

Fo PSO 1.6081e—05 2.4493¢—04 5.5651e—04
SSA 3.9779e—08 1.9503e—07 41929¢—07

GEN—SOA 3.4420e—05 6.4084e—02 1.0824e—01
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Table 2. Cont.

Function F Algorithm Minimal Value Mean Standard Deviation

SOA 42231e—03 1.3850e—01 1.9401e—01

BOA 6.0478e—04 1.4740e—03 6.6901e—04

SCA 5.1751e—03 1.5355¢—01 1.6426e—01

F7 PSO 8.1705e—02 1.7972e—01 7.2889% —02
SSA 5.4324e—02 1.6609e—01 6.8852e—02

GEN-SOA 1.4940e — 04 8.6969e—04 7.3195¢ 04

SOA 3.4831e—05 2.1340e—01 5.1107e—01

BOA 0.0000e-00 43704e+01 7.9380e+01

SCA 9.8702¢—05 4.6418e+01 3.0997e+01

F8 PSO 2.5024e+01 5.6589¢+01 1.1871e+01
SSA 3.0844e+01 5.7409¢+01 1.8411e+01

GEN-SOA 0.0000e+00 0.0000e+00 0.0000e+00

SOA 3.4462e—06 1.6553e+01 2.6461e+01

BOA 3.6048¢—09 5.9321e—09 5.7171e—10

SCA 4.6654e—02 1.4528e+01 8.6114e+00

F3 PSO 1.1023e—03 2.3887e—01 5.0739e—01
SSA 7.6431e—01 2.8211e+00 7.6174e—01

GEN-SOA 8.8818e—16 8.8818e—16 0.0000e+00

SOA 2.2980e—02 9.4165e—02 1.5722e—01

BOA 9.3481e—13 5.0655¢—12 2.2069e—12

SCA 8.6876e—02 1.1251e+00 5.0442¢—01

F10 PSO 2.2610e—06 6.7482e—03 6.8143e—03
SSA 2.4708e—03 2.8211e+00 7.6174e—01

GEN-SOA 0.0000e+00 0.0000e+00 0.0000e+00

SOA 2.1108e—01 1.8830e+00 2.0135¢+00

BOA 2.4732¢+00 2.8531e-+00 2.6660e—01

SCA 4.8024e+00 1.8943e-+05 3.9451e+05

Fi1 PSO 4.0481e—06 4.0536e—03 5.9102¢—03
SSA 1.9603e—02 1.4912e+01 1.3975e+01

GEN-SOA 42256e—07 1.1751e—04 1.8398¢—04

SOA 7.1719e—04 2.4626e+05 6.7593¢+05

BOA 3.1041e—04 3.8635¢—04 7.2566e—05

SCA 5.0323e—04 1.1968e—03 3.4658e—04

F12 PSO 4.9930e—04 8.7830e—04 1.7683e—04
SSA 5.5978¢—04 3.8762e—03 6.7479—03

GEN-SOA 3.1008e—04 4.2529e—04 9.8394e—05

Attention: 1.0000e—03
represents 1.0000 x 1073

5.3.1. GEN-SOA Compared with SOA

First, the optimized GEN-SOA was compared with the conventional SOA. For the
single-peaked test function F1—F7, the convergence of the test algorithm during the ex-
ecution could be determined by the unique global optimal solution based on the basic
characteristics of the single-peaked test function. In contrast to the multi-peaked test func-
tion F8—F12, the multi-peaked test function could better verify the ability of the algorithm
to perform global surveys. For the deterministic analysis, the results of the GEN—SOA and

SOA experiments are shown in Table 1.

From the experimental results in Table 1, it can be seen that the GEN—SOA algorithm
outperformed the SOA algorithm to a large extent in the execution of the test functions
F1—F12. For the single-peak test functions F1—F4 and multi-peak test functions F8, F10, the
optimal results of GEN—SOA reached the theoreticalf the test functions, and for the fixed-
dimensional multi-peak test function F12, a optimal value olthough the difference between
the two values under the comparison of the optimal values was not significant, the global
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weighting by nonlinear weighting for the average of 30 independent runs of the 12 test
functions, the GEN—SOA algorithm had a smaller average value than the SOA algorithm,
and the difference in value was at least 10 times; meanwhile, for the stability of the two
algorithms, by comparing the standard deviations obtained from the test experiments, we
found that the GEN—SOA algorithm had a smaller average value than the SOA algorithm.
The standard deviation of the GEN—SOA algorithm was higher than that of the SOA
algorithm, and the magnitude difference of F11 was at least 10 times higher than that of the
SOA algorithm.

In summary, the experimental results of the table and the analysis of the function
convergence graph showed that the GEN—SOA algorithm had good convergence in the
range of the maximum number of iterations and could improve the optimization-seeking
accuracy through multi-mechanism optimization and find the theoretical optimal value
within a certain number of generations.

5.3.2. Comparison of GEN—-SOA with Other Optimization Algorithms

To verify that GEN—SOA had a more outstanding performance in finding the best
performance and could grasp enough competitiveness in the core area of optimization
algorithms, PSO was chosen as one of the representatives of classical intelligent algorithms
in this paper, while SCA, SSA, and BOA were chosen for the comparison experiments
to measure the effectiveness of the seagull optimization algorithm in finding the best
performance in new areas. Additionally, from the perspective of experimental intuitiveness,
this paper took the optimal values of F1—-F12 test functions for the SOA algorithm along
with all control algorithms, with the mean and standard deviation shown in the statistics in
Table 2, and plotted the convergence curves of each test function for convergence analysis.
The convergence curves of the six optimization algorithms are shown in Figure 3.
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Figure 3. The convergence curves of the six optimization algorithms.

(1) Algorithm accuracy analysis

For the experimental single-peak test functions F1—-F7, SCA and SOA had weaker
execution capability in terms of seeking accuracy compared to other optimization algo-
rithms, while BOA and GEN-SOA were slightly better in terms of seeking the accuracy
capability. For F1—-F4, GEN-SOA could find the theoretical optimum within the maximum
iteration range, while the convergence speed of BOA was also comparable to GEN-SOA in
the first four test functions, and was on average nearly eight orders of magnitude or higher
in numerical accuracy. For the test function F5, GEN—SOA remained the smallest in terms
of optimal values, at which point the seagull characteristic behavior with that possessed by
SOA helped the algorithm to improve the late local search ability and accelerate the con-
vergence speed of the algorithm in the late stage. For F6, although SSA and PSO achieved
smaller optimal values, thanks to the introduction of nonlinear weights and the restriction
update of the boundary constraint, it helped GEN—SOA to present fast convergence on
the global search in the early stage, with good global survey ability. For F7, it can be
found that GEN—SOA had good global search ability with BOA and SOA in the early
stage, but through general backward learning, could select better population individuals
to update the optimal position in the late stage of the algorithm, which enhanced its local
search ability to obtain the optimal value and the minimum mean, and showed better
searchability. However, for the multi-peak test function F§—F12, GEN—SOA found the
theoretical optimal values on the functions F8 and F12, and although the BOA algorithm
was slightly deficient in the evaluation parameters compared with the F12 test function, in
general, GEN—SOA still had excellent searchability.
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(2) Algorithm convergence analysis

From the algorithm convergence graph, it can be seen that for the test functions
F1—F12, the global optima of the GEN—SOA algorithm all converged and fell at a high
rate, and the algorithm had significant superiority in the coordination ability of global
survey and local search, as shown by the example that the test functions F5 and F9 are
still able to find the optimal values at a later stage by strong local search values. For the
test functions F1, F7, F8, F10, and F11, GEN—-SOA converged to the optimal value in
about 350 generations, and was the optimization algorithm with the fastest convergence
speed and the smallest convergence accuracy, while the test function F12 showed the
strongest convergence, converging to the optimal value in 50 generations. The strongest
convergence was shown in the test function F12, which converged to the optimal value of
the algorithm and the global minimum in 50 generations, demonstrating the stable global
search capability of the GEN—SOA algorithm.

Comprehensive analysis showed that GEN—SOA retained the characteristic advan-
tages of traditional spiral search based on the SOA algorithm, and this paper ensured the
effectiveness and accuracy of the optimal position by updating the optimal position with
the introduced nonlinear weights and keeping dynamic monitoring in the position update,
while the multi-mechanism seagull optimization algorithm updated the optimal position
adaptation value of each generation in reverse order to obtain the optimal solution. The
GEN—SOA algorithm not only had outstanding search ability and convergence accuracy
compared with other algorithms, but the participation of multiple mechanisms ensures
that the GEN—SOA algorithm also has a unique strategy for finding the optimal position.

5.4. Performance Testing of GEN-SOA

To practically verify the optimization effect of GEN—SOA on the premise that the pre-
vious algorithm achieved excellent convergence effect and optimization-seeking ability, this
paper used two standard engineering optimization design problems to verify GEN—SOA
and SOA by example. The population size was set to 30, and the maximum number of
iterations was 500 for both.

The welding design optimization problem focuses on minimizing the required manu-
facturing cost in welding applications using optimization algorithms. The variables to be
optimized for this problem mainly include the thickness of the weld (%), the length of the
connected part of the reinforcement (1), the height of the bar (t), and the thickness of the
bar (b). According to the above constraints, the mathematical model of the problem can be
obtained as shown in Equations (20) and (21).

¥ =[x, 30,35, 0] = [ 1,,1],
Min.f(¥) = 1.10471x2x, + 0.04811x3x4 (14.0 + x7)

S.t.
g1(%) = (?)—136oo<0g2(x) o(x) — 30000 < 0
23(%) = 6(X)—025<0,94(X) =x1 — x4 <0 (20)
g5(§):6000 %(1—ﬁ\/7) 26(X) = 0125 —x; <0
37(x)=f( ) 50<0

Where.

2\ 6000 \2 6000 MR x 2

) = A 42 M ”
—

(T(x):Lig?é)L,é(x) 3202“ M = 6000(L + %)

] =2V2x1xR% R = %2 + (359)? E = 366, = 14, G = 1266
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On the other hand, the pressure vessel optimization design problem minimizes the
cylindrical vessel’s total materials, forming and welding costs, and this problem also has
four main optimization variables including the shell thickness (Ts), top thickness (Tj),
inner radius (R), and the length of the cylindrical part, ignoring the top (L). Again, the
mathematical model of this problem can be obtained from the above constraints, as shown
in Equation (22).

‘}
X = [xl_/)XZr X3, x4] = [TS/ Thr Rr L]I
Min.f(x) = 0.6224x1x3x4 + 1.7781x2x3 + 3.1661x3 x4 + 19.84x7x3

©n
/\H‘

= —x; +0.0193x3 <0
= —x3 4+ 0.00954x3 < 0 (22)
—mxdxy — 371x3 4 1296000 < 0

SE T B ®
Rlwlvlw]’
Il

x; <100,i = 1,2

10 <x; <200,i =3,4

In this paper, GEN—SOA was verified by applying GEN—SOA and traditional SOA to
the pressure vessel optimization problem and the welding design optimization problem as
examples. The effect of the pressure vessel optimization problem is shown in Figure 4, and
the effect of the welding design optimization problem is shown in Figure 5. It is clear that
GEN-S0A not only had significant advantages in the accuracy and convergence speed
of the preceding analysis, but it also outperformed traditional SOA in the following two
standard engineering optimization problems.

welded design optimization problem

14 m—t— SOA ¥
GEN-SOA

Fitness
®

5 10 15 20 25 30 35 40 45 50
Iterations(1 o' )

Figure 4. The welded design.

pressure vessel optimization design problem

17 =t SOA |
GEN-SODA |

5 10 15 20 25 30 35 40 45 50
Ileralions{‘\O')

Figure 5. The pressure vessel.
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5.5. Summary of Experiment

In this part, simulation experiments were conducted on GEN—SOA, and the results
were analyzed. In this simulation experiment, 12 benchmark test functions with different
characteristics were used to verify the performance of GEN—SOA. Among them, the perfor-
mance of GEN—SOA was compared with the above five optimization algorithms of SOA,
BOA, SCA, PSO, and SSA, and by comparing the optimal values obtained from the execu-
tion of the six optimization algorithms, the mean and standard deviation of 30 independent
runs, combined with the convergence curve in Figure 3, showed that the optimization
effect of GEN—SOA was outstanding in the evaluation indices of algorithm accuracy and
convergence speed. This paper also used two standard engineering optimization design
problems to verify GEN—SOA and traditional SOA by example and found that GEN—SOA
also had more outstanding optimization effects than SOA in performance testing.

6. Conclusions

In this paper, we proposed an improved seagull optimization algorithm (GEN—-SOA)
through extensive learning experiments to address the problems of slow convergence,
low search accuracy, and easy fall into the local optimality of the seagull optimization
algorithm. At the same time, this paper also stimulated the GEN—SOA algorithm by
12 standard test functions, and the data comparison based on the obtained experimental
results showed that the GEN—SOA algorithm had high accuracy in finding the optimal
value, fast convergence, and could find the global optimal value beyond the local optimal,
which can make up for the shortcomings and defects of the seagull optimization algorithm
to the maximum extent. However, to a certain extent, the GEN—SOA algorithm also has
some shortcomings in the execution process. The algorithm can be further optimized
in subsequent improvement research to reduce the mean and standard deviation values,
thereby improving the algorithm’s stability.

In summary, the above research not only shows that the GEN—SOA algorithm had
superior performance but also showed that the algorithm had certain research significance.
In the future, this paper will continue to focus the research results obtained from GEN—-SOA
on some engineering optimization design problems, and we will expect GEN—SOA to
achieve excellent optimization results in other problems such as compression spring design.
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