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The purpose of this Special Issue is to present, albeit partially, the state of the art on
the theory and application of polynomial sequences.

Polynomials are incredibly useful mathematical tools, as they are simply defined and
can be calculated quickly on computer systems. They can be differentiated and integrated
easily and can be pieced together to form spline curves.

Stemming from Weierstrass’s well-known approximation theorem (1885) [1], se-
quences of polynomials perform an important role in several branches of science: mathe-
matics, physics, engineering, etc. For example, polynomial sequences arise in physics and
approximation theory as the solutions of certain ordinary differential equations. Among
these sequences of polynomials, we highlight orthogonal polynomials. In statistics, Her-
mite polynomials are very important, and they are also orthogonal polynomials and
Sheffer A-type zero polynomials [2]. In algebra and combinatorics, umbral polynomials
are used, such as rising factorials, falling factorials and Abel, Bell, Bernoulli, Euler, Boile,
ciclotomic, Dickson, Fibonacci, Lucas and Touchard polynomials. Finally, in computa-
tional and numerical mathematics, polynomial sequences are particularly important and
frequently used.

This volume contains both theoretical works and practical applications in the field
of polynomial sequences and their applications. In the following, a brief overview of the
published papers is presented.

Contributions

In [3], Extended Dynamic Mode Decomposition (EDMD) is used for the approximation
of the Koopman operator in the form of a truncated (finite dimensional) linear operator
in a lifted space of nonlinear observable functions. Orthogonal polynomials are used
for the expression of the observable functions, in conjunction with an order-reduction
procedure called p-q quasi-norm reduction. The authors present a Matlab library to
automate the computation of the EDMD. The performance of this library is illustrated with
a few representative examples.

Motivated by the improvements of Bernstein polynomials in computational disci-
plines, Özger et al. [4] propose a new generalization of Bernstein–Kantorovich operators
involving shape parameters λ, α and a positive integer as an original extension of Bern-
stein–Kantorovich operators. Some approximation and convergence results are presented.
Finally, illustrative graphics that demonstrate the approximation behavior and consistency
of the proposed operators are provided by a computer program.

In [5], odd and even polynomial sequences associated with the δ2(·) operator are
determined, being δ(·) the known central difference operator. Many aspects, including
matrix and determinant forms, recurrence formulas, generating functions and an algorithm
for effective calculation, are covered. New examples of odd and even central polynomial
sequences are presented.

In [6], the authors address the problem associated with the construction of polynomial
complexity computer programs. One of the new approaches to the problems is representing
a class of polynomial algorithms as a certain class of special logical programs. One of the
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main contributions of this paper is the construction of a new logical programming language
describing the class of polynomial algorithms. Particularly, the authors find p−iterative
terms that simulate the work of the Turing machine. This language allows one to create
fast and reliable programs and describes any algorithms of polynomial complexity. Its
main limitation is that the implementation of algorithms of complexity is not higher than
polynomial.

Niu et al. [7] give some important approximation results of Chebyshev polynomials in
the Legendre norm. Particularly, interpolation operators at the Chebyshev–Gauss–Lobatto
points are studied. The single-domain and multidomain cases for both one dimension and
multi-dimensions are analyzed.

In [8], the authors focus on the coefficients of the block tridiagonal matrices in linear
systems obtained from block iterative cyclic reductions. They examine the roots of charac-
teristic polynomials by regarding each block cyclic reduction as a composition of two types
of matrix transformations and then examining changes in the existence range of roots. The
fact that the roots are not very scattered allows one to accurately solve linear systems in
floating-point arithmetic.

A general method for proving whether a certain set is p−computable or not is pro-
posed in [9]. The method is based on a polynomial analogue of the classical Gandy
fixed-point theorem. Gandy’s theorem deals with the extension of a predicate through a
special operator and states that the smallest fixed point of this operator is a Σ-set. In this
paper, a new type of operator is used which extends predicates so that the smallest fixed
point remains a p−computable set. Polynomial algorithms for checking if a certain element
belongs to a given data type or not are used.

Paper [10] deals with the general linearization problem of Jacobi polynomials. The
authors provide two approaches for finding closed analytical forms of the linearization
coefficients of these polynomials. An application of some of the derived linearization for-
mulas to the solution of the non-linear Riccati differential equation based on the application
of the spectral tau method is presented.

In paper [11], the authors analyze some manuscript documents of Peter Winn that
came to their knowledge after his death. They concern continued fractions, rational (Padé)
approximation, Thiele interpolation, orthogonal polynomials, moment problems, series,
and abstract algebra. The authors think that these works are valuable additions to the
literature on these topics and that they can lead to new research and results.

A matrix calculus-based approach to general bivariate Appell polynomials is proposed
in [12]. This approach, which is new in the literature, generates a systematic, simple theory
which is in perfect analogy with the theory in the univariate case. Known and new basic
results are given, such as recurrence relations, the generating function, determinant forms
and differential equations.

Paper [13] deals with monic orthogonal polynomials with respect to the perturbed
Meixner–Pollaczek measure. By introducing a time variable to the Meixner–Pollaczek
measure, the authors find some interesting properties such as some recursive relations,
moments of finite order, concise hypergeometric formulae and orthogonality relations.
Moreover, certain analytic properties of the zeros of the corresponding monic perturbed
Meixner–Pollaczek polynomials are studied. Finally, some practical applications
are considered.

Kruchinin et al. in [14] study methods for obtaining explicit formulas for the coeffi-
cients of generating functions. These methods are based on using the powers of generating
functions. The concept of compositae is generalized to the case of generating functions
in two variables. Basic operations on such compositae are defined, such as composition,
addition, multiplication, reciprocation and compositional inversion. These operations
allow obtaining explicit formulas for compositae and coefficients of bivariate generating
functions. Some applications are presented.

In paper [15], an extension of the two-variable Fubini polynomials is introduced by
means of the polyexponential function. Some new relations are derived, including the
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Stirling numbers of the first and second kinds, the usual Fubini polynomials, and the higher-
order Bernoulli polynomials. Two-variable unipoly-Fubini polynomials are introduced
and some relationships between the two-variable unipoly-Fubini polynomials, the Stirling
numbers and the Daehee polynomials are derived.

In [16], as the centenary of the publication of I.M. Sheffer’s famous paper approaches [2],
the authors want to honor his memory by recalling some old and recent results. In particular,
the classification of polynomials by means of suitable linear differential operators and
Sheffer’s method for the study of A-type zero polynomials. Moreover, the theory of Rota
and his collaborators, the isomorphism between the group of Sheffer polynomial sequences
and the so-called Riordan matrices group are considered. The interesting problem of
orthogonality in the context of Sheffer sequences is also reported, recalling the results of
Sheffer, Meixner, Shohat, and the very recent ones of Galiffa et al. and Costabile et al.

Some classes of multivalue methods for the numerical solution of ordinary and frac-
tional differential equations are considered in [17]. Particularly, the authors focus on
two-step and mixed collocation methods, Nordsieck GLM collocation methods for ordinary
differential equations, and on two-step spline collocation methods for fractional differential
equations. The convergence and stability of the proposed methods are reported and some
numerical experiments are carried out to show the efficiency of the methods.
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