@ axioms

Editorial

Theory of Functions and Applications

Inna Kal’chuk

check for
updates

Citation: Kal'chuk, I. Theory of
Functions and Applications. Axioms
2024, 13, 168. https://doi.org/
10.3390/ axioms13030168

Received: 29 February 2024
Accepted: 1 March 2024
Published: 5 March 2024

Copyright: © 2024 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Faculty of Information Technologies and Mathematics, Lesya Ukrainka Volyn National University,
43025 Lutsk, Ukraine; k.inna.80@gmail.com

1. Introduction

In this editorial, we present “Theory of Functions and Applications”, a Special Issue
of Axioms. This Special Issue comprises 15 articles devoted to exploring current problems
in both the theory of functions and in real and complex variables, as well as the applied
applications of both. Though the featured articles are concerned with a variety of topics, is-
sues related to the following fields take particular precedence in this Special Issue: function
approximation, functional analysis, complex analysis, differential equations, numerical
methods, and mathematical modeling. The main aim of this Special Issue is to share
scholars’ theories and methods relating to function theory, their significant, topical, and
novel findings in this area, and applications and solutions for applied problems in related
scientific fields.

2. Overview of the Published Papers

In contribution 1, focusing on oscillations for delay differential equations, investigated
the asymptotic properties of solutions for the fourth-order delay differential equation with
a non-canonical operator. They studied novel properties that contribute to achieving more
effective terms in the oscillation of differential equations, established criteria that guarantee
the exclusion of decreasing solutions and that ensure the oscillation of the studied equation,
and also demonstrated the theoretical aspect of their work through the use of examples.

In contribution 2, extremal problems relating to the approximation theory were con-
sidered; for instance, the approximative properties of Favard sums on the Holder classes of
functions of one and two variables were studied. In this paper, it is proven that the value of
the approximation of the class H''! using the Favard method is greater than the value of the
best approximation of this class using trigonometric polynomials. Moreover, the authors
constructed classes for which these approximative characteristics are equal.

The problems considered in contribution 3 concern shifts in the wide class S of L
functions and the approximations of analytical functions relating to these. Using the
continuous universality theorem, the authors proved that each set of the analytic non-
vanishing functions in a strip can be approximated simultaneously by discrete shifts,
which are defined by the Dirichlet series from the Selberg-Steuding class and the linearly
independent multiset over the field of rational numbers. The probabilistic approach based
on the weak convergence of probability measures in the space of analytic functions was
also used in their research.

The contribution 4 focuses on nonparametric prediction in Hilbertian statistics; specifi-
cally, the authors discuss the Hilbert RE-regression for weak functional time series data.
In addition to conducting an empirical study investigating the behavior of RE-regression
estimation, they also obtained a new kernel estimation for RE-regression that improved the
robustness of the classical regression in its minimizing of the effect of the largest variables.

In contribution 5, the authors studied the boundedness and compactness of the sum
operator, as defined by the complex products of composition, multiplication, and the m-
th-iterated radial derivative operators of Bloch-type spaces to weighted-type spaces on

Axioms 2024, 13, 168. https:/ /doi.org/10.3390/axioms13030168

https:/ /www.mdpi.com/journal/axioms


https://doi.org/10.3390/axioms13030168
https://doi.org/10.3390/axioms13030168
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/axioms
https://www.mdpi.com
https://orcid.org/0000-0001-8822-3716
https://doi.org/10.3390/axioms13030168
https://www.mdpi.com/journal/axioms
https://www.mdpi.com/article/10.3390/axioms13030168?type=check_update&version=1

Axioms 2024, 13, 168

20f3

the unit ball. They also characterized the boundedness and compactness of all products of
composition, multiplication, and m-th-iterated radial derivative operators.

In contribution 6 studied matrix representations of Sturm-Liouville problems with
boundary- and interface-contained eigenparameters. In particular, they constructed a class
of Sturm-Liouville problems based on a given matrix eigenvalue problem relating to a
certain type and condition, depending on the eigenparameter. The authors proved that
each Sturm-Liouville problem is equivalent to the original matrix’s eigenvalue problem,
using the method of characteristic-function factorization.

In contribution 7, the authors investigated two classes of normalized holomorphic and
bi-univalent functions, which include bi-prestarlike functions. They found upper bounds
for the first two coefficients lay | and laz | of the Taylor-Maclaurin series for the functions
of each of these classes, and their findings can be used in the geometric theory of functions.

The authors of contribution 8 devoted their study to the class of twice-continuously dif-
ferentiable functions (including the class of convex functions), and its characteristics, satisfy-
ing second-order differential inequalities; they and obtained new Hermite-Hadamard-type
inequalities for the indicated functions.

The work in contribution 9 focuses on the issue of extending continuous functions,
defined by subsets of metric spaces, to the entire space, so that the extended function
preserves the basic properties of the original function. The authors proposed a new method
that optimizes the integral p-mean instead of its maximum value. They also considered
the more general theoretical approach based on measure-valued representations of metric
spaces and the duality formula. In addition to this, they also discovered some explicit
formulas relating to specific extensions that satisfy Lipschitz-type inequalities.

In contribution 10, the author compared two symmetries of different origins on the
set of average functions and found the asymptotic series expansion for both of them in
terms of a recursive algorithm for their coefficients, enabling them to perform a coefficient
comparison. As a result, the author obtained the class of the means, which allowed for
interpolating between those harmonic, geometric, and arithmetic.

In contribution 11 the author proved that some results of g-analyses and the partition
theory can be obtained as specializations of fundamental relations between complete and
elementary symmetric functions; specifically, he showed that Rothe’s g-binomial theorem
is a specialization of the generating function of elementary symmetric functions. He
also obtained the Uchimura identity, which provides connections between partitions and
divisors. All results are accompanied by combinatorial interpretations involving well-
known functions in the partition theory.

In contribution 12, the authors found new expressions for the high-order derivatives of
different symmetric and non-symmetric polynomials in terms of Euler polynomials, as well
as obtaining connection formulas between different polynomials and Euler polynomials.
They also proved some new definite integral formulas of the products of different symmetric
and non-symmetric polynomials with the Euler polynomials.

Contribution 13 is devoted to the study of the fractional analogue of the Brusselator
model. The authors proposed an effective hybrid method, which is based on a combination
of the quasi-linearization approach and the matrix-collocation method for the approximate
processing of fractional Brusselator equations; these methods were used to model the
problem of an autocatalytic chemical reaction. The authors analyzed the convergence and
error of this method and also presented some numerical models to test its accuracy.

In contribution 14, the authors proved new theorems that simplify the calculation
of improper integrals. Their results allow us to establish many examples of improper
integral formulas and solve them directly, without complex calculations or the use of com-
puter software. They presented some applications related to finding Green'’s function, one-
dimensional vibrating-string problems, wave motion in elastic solids, and computing Fourier.

In contribution 15, the authors studied the hypothesis of Kurepa’s function distribution
and performed the analysis using PARI/GP software (version 2.13.4).
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