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The essence of mathematical tools used to exemplify the practical problems that exist
in daily life is as old as the world itself. Mathematical models in science and technology
have recently attracted an increased amount of research attention with the aim to under-
stand, describe, and predict the future behaviors of natural phenomena. Recent studies
on fractional calculus have been particularly popular among researchers due to their fa-
vorable properties when analyzing real-world models associated with properties such as
anomalous diffusion, non-Markovian processes, random walk, long range, and, most im-
portantly, heterogeneous behaviors [1–17]. The concept of local differential operators along
with power law settings and non-local differential operators were suggested in order to
accurately replicate the above-cited natural processes. The complexities of nature have led
mathematicians and physicists to derive the most sophisticated and scientific–mathematical
operators to accurately replicate and capture pragmatic realities [18–25].

In response to the call for papers, 49 submissions were received. All submissions
were reviewed by at least three experts in the field. Finally, 15 papers were accepted for
publication in this Special Issue, all of which are of high quality and well representative of
the areas covered by this Special Issue. This corresponds to an acceptance rate of 30%.

The published papers in this Special Issue are herein briefly studied as follows:
In [26], the authors developed a functional integration matrix via the Hermite wavelets

and proposed a novel technique called the Hermite wavelet collocation method (HWM).
Here, they studied two models. The coupled system of an ordinary differential equation
(ODE) was modeled on the digestive system by considering different parameters such as
sleep factors, tension, food rates, death rates, and medicine. Here, they discussed how these
parameters influence the digestive system and showed the results through figures and
tables. Another fractional model was used to study the COVID-19 pandemic. This model
is defined by a system of fractional ODEs including five variables, labeled S (susceptible),
E (exposed), I (infected), Q (quarantined), and R (recovered). The proposed wavelet
technique investigates these two models. Here, they expressed the modeled equation in
terms of the Hermite wavelets along with the collocation scheme. Then, using the properties
of the wavelets, the modeled equation was converted into a system of algebraic equations.
They used the Newton–Raphson method to solve these nonlinear algebraic equations. The
obtained results were compared with numerical solutions and the Runge–Kutta method
(R–K method), expressed through tables and graphs. The HWM’s computational time
(consumes less time) is better than that of the R–K method.

In [27], the Sumudu decomposition method (SDM) was used as a way to find approxi-
mate solutions to two-dimensional fractional partial differential equations. A numerical
algorithm used for solving the fractional Riccati equation was investigated. The authors
formed a combination of the Sumudu transform method and decomposition method. The
fractional derivative was described in the Caputo sense.

In [28], it was found that the accuracy of control systems applied to motors is influ-
enced by uncertainties and abrupt variations in the load and system parameters. Some

Symmetry 2024, 16, 1. https://doi.org/10.3390/sym16010001 https://www.mdpi.com/journal/symmetry

https://doi.org/10.3390/sym16010001
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/symmetry
https://www.mdpi.com
https://orcid.org/0000-0003-4085-3625
https://doi.org/10.3390/sym16010001
https://www.mdpi.com/journal/symmetry
https://www.mdpi.com/article/10.3390/sym16010001?type=check_update&version=1


Symmetry 2024, 16, 1 2 of 6

robust control strategies for responding to disturbances and uncertainties, parametric vari-
ations, and nonlinearities were proposed in the literature, adding complex control rules
and considerable computational efforts. Therefore, this paper presented the application of
a sliding mode control method based on a washout filter (SMC-w) for speed control in a
permanent magnet DC motor. In addition, the dynamic behavior of the SMC-w was evalu-
ated under changes in the reference speed and load torque. The responses of the control
system under variations in the speed reference signal and load torque were studied. The
results were contrasted with conventional proportional integral derivative (PID) control
to evaluate the efficiency and improvement of the SMC-w. The qualitative shape of the
transient response of the speed and the current concerning changes in the reference speed
were symmetric for the SMC-w controller, but the overshoot, settling time, and steady-state
error values were different. This technique has great potential for industrial application as
it can be controlled efficiently with a low computational cost and a simple design, which
benefits its implementation in practical environments.

In [29], the authors state that the existence of humans is dependent on nature, and that
this existence can be disturbed by either human-made devastations or by natural disasters.
As a universal phenomenon in nature, symmetry has attracted scholars’ attention. The
study of symmetry provides insights into physics, chemistry, biology, and mathematics.
One of the most important characteristics in the expressive assessment and development of
computational design techniques is symmetry. Yet, the use of mathematical models is an
important method of studying real-world systems. The symmetry reflected by a mathemat-
ical model reveals the inherent symmetry of real-world systems. This study focused on the
contagious model of pine wilt disease and symmetry, employing the q-HATM (q-Homotopy
Analysis Transform Method) to the leading fractional operator, Atangana–Baleanu (AB), to
arrive at a better understanding. The outgrowths are exhibited in figures and tables. Finally,
the paper helps to analyze the practical theory, assisting the prediction of its manner that
corresponds to the guidelines when contemplating the replica.

In [30], the novel auxiliary equation methodology (NAEM) was employed to scrutinize
various forms of solitary wave solutions for the modified equal-width wave (MEW) equa-
tion. M-truncated derivatives along with Atangana–Baleanu (AB)-fractional derivatives
were employed to study the soliton solutions of the problem. The fractional MEW equations
are important for describing hydro-magnetic waves in cold plasma. A comparative analysis
was utilized to study the influence of the fractional parameter on the generated solutions.
The secured solutions include bright, dark, singular, periodic, and many other types of
soliton solutions. Compared to other methods, the solutions demonstrate that the proposed
technique is particularly effective, straightforward, and trustworthy as it contains families
of solutions. In addition, the symbolic soft computation was used to verify the obtained
solutions. Finally, the system was subjected to a sensitive analysis. The integer-order results
calculated using the symmetry method and presented in the literature can be addressed as
limiting cases of the present study.

In [31], a mathematical model for Streptococcus suis infection was improved by using
the fractional order derivative. The modified model also investigated the transmission
between pigs and humans. The proposed model can classify the pig population density
into four classes, including the pig susceptible class, pig infectious class, pig quarantine
class, and pig recovery class. Moreover, the human population density was separated into
three classes, including the human susceptible class, human infectious class, and human
recovery class. The spread of infection was analyzed by considering the contact between
humans and pigs. The calculation of the basic reproduction number (R0), the infectious
indicator, was carried out using the next-generation matrix. The disease-free equilibrium is
locally asymptotically stable if R0 < 1, and the endemic equilibrium is locally asymptotically
stable if R0 > 1. The theoretical analyses of the fractional order derivative model, existence,
and uniqueness, were proposed. The numerical examples were illustrated to support the
proposed stability theorems. The results show that the fractional order derivative model
provides the various possible solution trajectories with different fractional orders for the
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same parameters. In addition, transmission between pigs and humans resulted in the
spread of streptococcus suis infection.

In [32], the author’s aim was to achieve new soliton solutions of the Gilson–Pickering
equation (GPE) with the assistance of Sardar’s subequation method (SSM) and the Ja-
cobi elliptic function method (JEFM). The applications of the GPE are wider because
we studied some valuable and vital equations such as the Fornberg–Whitham equation
(FWE), Rosenau–Hyman equation (RHE), and Fuchssteiner–Fokas–Camassa–Holm equa-
tion (FFCHE), which were obtained by making particular choices of the parameters in-
volved in the GPE. Many techniques are available to convert PDEs into ODEs to extract
wave solutions. Most of these techniques are a case of symmetry reduction, known as
nonclassical symmetry. In our work, this approach is used to convert a PDE to an ODE and
obtain the exact solutions of the NLPDE. The obtained solutions are unique, remarkable,
and significant for readers. The Mathematica 11 software was used to derive the solutions
of the presented model. Moreover, the diagrams of the acquired solutions used to obtain
distinct values of the parameters were demonstrated in two and three dimensions along
with contour plots.

In [33], the authors analyzed the dynamical behavior and chaos control of an atmo-
spheric circulation model, known as the Hadley circulation model, in the frame of Caputo
and Caputo–Fabrizio fractional derivatives. The fundamental novelty of this paper is
the application of the Caputo derivative with equal dimensionality to models that in-
clude memory. A sliding mode controller (SMC) was developed to control chaos in this
fractional-order atmospheric circulation system with uncertain dynamics. The proposed
controller was applied to both commensurate and non-commensurate fractional-order
systems. To demonstrate the intricacy of the models, the authors plotted some graphs of
various fractional orders with appropriate parameter values. They observed the influence
of the thermal force on the dynamics of the system. The outcome of the analytical exercises
was validated using numerical simulations.

In [34], several types of solitary wave solutions of (3+1)-dimensional nonlinear ex-
tended and modified quantum Zakharov–Kuznetsov equations were established success-
fully via the implantation of three mathematical methods. The concerned models have
many fruitful applications to describe the waves in quantum electron–positron–ion magne-
toplasmas and the weakly nonlinear ion acoustic waves in plasma. The results derived via
the MEAEM method, ESE method, and modified F expansion were retrieved and shown to
be expedient to illuminate the collaboration between lower nonlinear ion acoustic waves in
the future. To analyze the physical behaviors of the models, some solutions were plotted
graphically in 2D and 3D by imparting particular values to the parameters under the given
condition at each solution. Hence, the explored solutions have profitable rewards in the
field of mathematical physics.

In [35], the authors considered time-fractional Emden–Fowler-type equations and
solved them using the rational homotopy perturbation method (RHPM). The RHPM is
based on two power series in rational form. The existence and uniqueness of the equa-
tion were proven using the Banach fixed-point theorem. Furthermore, the authors ap-
proximated the term h(z) with a polynomial of a suitable degree and then solved the
system using the proposed method, obtaining an approximate symmetric solution. Two
numerical examples were investigated using this proposed approach. The effectiveness
of the proposed approach was checked by comparing the graphs of the exact and ap-
proximate solutions. The table of absolute error was also presented to understand the
method’s accuracy.

In [36], the fractional–space stochastic (2+1)-dimensional breaking soliton equation
(SFSBSE) was taken into account in the sense of the M-Truncated derivative. To obtain the
exact solutions to the SFSBSE, the authors used the modified F-expansion method. There
are several varieties of the obtained exact solutions, including trigonometric and hyperbolic
functions. The attained solutions of the SFSBSE established in this paper extend a number
of previously attained results. Moreover, in order to clarify the influences of multiplicative
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noise and the M-Truncated derivative on the behavior and symmetry of the solutions for
the SFSBSE, the authors employed Matlab to plot three-dimensional and two-dimensional
diagrams of the exact fractional–stochastic solutions. In general, a noise term that destroys
the symmetry of the solutions increases the solutions’ stability.

In [37], the authors marked that the half-logistic modified Kies exponential (HLMKEx)
distribution is a novel three-parameter model that is introduced in the current work to
expand the modified Kies exponential distribution and improve its flexibility in modeling
real-world data. Due to its versatility, the density function of the HLMKEx distribution of-
fers symmetrical, asymmetrical, unimodal, and reverse J-shaped forms, as well as increasing
reverse J-shaped and upside-down hazard rate forms. An infinite linear representation can
be used to represent the HLMKEx density. The HLMKEx model’s fundamental mathemati-
cal features were obtained, such as the quantile function, moments, incomplete moments,
and moments of residuals. Additionally, some measures of uncertainty as well as stochastic
ordering were derived. To estimate its parameters, eight estimation methods were used.
With the use of detailed simulation data, they compared the performance of each estimating
technique and obtained partial and total ranks for the accuracy measures of absolute bias,
mean squared error, and mean absolute relative error. The simulation results demonstrate
that, in contrast to other competing distributions, the proposed distribution can fit the
data more accurately. Two actual data sets were investigated in the field of engineering to
demonstrate the adaptability and application of the suggested distribution.

In [38], the authors obtained sufficient conditions to prove the existence and unique-
ness of solutions (EUS) for FDEs in the sense of the ψ-Caputo fractional derivative (ψ-CFD)
in the second-order 1 < α < 2. They know that ψ-CFD is a generalization of previously
familiar fractional derivatives: Riemann–Liouville and Caputo. By applying the Banach
fixed-point theorem (BFPT) and the Schauder fixed-point theorem (SFPT), they obtained
the desired results, and to embody the theoretical results, they provided two examples that
illustrate the theoretical proof.

In [39], the susceptible–infected–quarantined–recovered–vaccinated (SIQRV) epidemic
model was used. The symmetrical aspects of the proposed dynamic model, disease-free
equilibrium, and stability were analyzed. The symmetry of the population size over time
allows the model to find stable equilibrium points for any parameter value and initial
conditions. The assumption that the initial conditions and parameter values demonstrate
strong symmetry plays a key role in the analysis of the fractional SIQRV model. In order
to combat the pandemic nature of the disease, control the disease in the population, and
increase the possibility of eradicating the disease, effective control measures including
quarantine and immunization need to be implemented. Fractional derivatives were used in
the Caputo sense. In the model, vaccination and quarantine are two important applications
to manage the spread of the pandemic. Although some of the individuals who were
vaccinated with the same type and dose of vaccine gained strong immunity, the vaccine
could not give sufficient immunity to the other part of the population. This is thought
to be related to the structural characteristics of individuals. Thus, although some of the
individuals who were vaccinated with the same strategy will be protected against the
virus for a long time, others may become infected soon after vaccination. Appropriate
parameters were used in the model to reflect this situation. In order to validate the model,
the model was run by using the official COVID-19 data from Türkiye from about a year
ago which was the time that this study was conducted. In addition to the stability analysis
of the model, numerical solutions were obtained using the fractional Euler method.

In [40], the authors investigated the existence and uniqueness of implicit solutions in
a coupled symmetry system of hybrid fractional order differential equations, along with
hybrid integral boundary conditions in Banach algebra. The methodology centers on a
hybrid fixed-point theorem that involves mixed Lipschitz and Carathéodory conditions,
serving to establish the existence of solutions. Moreover, it derives sufficient conditions
for solution uniqueness and establishes the Hyers–Ulam types of solution stability. This
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study contributes valuable insights into complex hybrid fractional order systems and their
practical implications.
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