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1 Introduction

Approximation theory, which is related to a number of branches of mathematics, is the
common subject of applied mathematics and functional analysis. Basically, the purpose
of approximation theory is to express functions by polynomials or rational functions
with more useful structures. With the theorem given by the German mathematician Karl
Weierstrass in 1885, the foundation of the problem of approximation to continuous func-
tions was laid. Weierstrass [29] proved the existence of at least one polynomial sequence
which converges uniformly to the function # which is continuous in a closed and finite
interval [a, b]. In 1912, the Russian mathematician S. N. Bernstein [7] proved an easy and
understandable proof of the Weierstrass theorem by determining this series of polynomi-
als, which are known to converge properly to the function u € C[0, 1].

In 1951, Bohman [8] propounded a crucial theorem about the positive linear operator
sequences being uniformly convergent to the continuous function # in the interval [0, 1].
In 1953, Korovkin [16] made a significant contribution to the use of linear positive oper-
ators in approximation theory by generalizing Bohman’s result. According to Korovkin’s
theorem, the sequence of linear positive operators (L,),cn is uniformly convergent to the
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function u € C[a, b], which is bounded in the real line, if and only if the sequence {L, (")}
is uniformly convergent to the function x* for k = 0,1,2. After proving this theorem, a
number of positive linear operators that satisfy these three conditions mentioned in the
theorem have been introduced, and the approximation properties of these operators have
been studied.

In parallel with these developments, in 1957, Baskakov [6] introduced the following op-
erator named after him:

0 k
R, (u;%) = Z <k+z_ 1)%u(/—;), x €[0,00),neN,

k=0

for u € [0, 00) whenever the above sum converges and examined the approximation prop-
erties of this operator. Baskakov—Kantorovich operators, Baskakov—Durrmeyer operators
and others have been introduced on the basis of Baskakov operators, and various prop-
erties of these operators have been examined, and studies are still ongoing. Some of the
findings can be seen in the relevant direction in [2, 3, 11-13, 15, 17-21, 25].

On the other hand, Cardenes-Morales et al. [9] handled the Bernstein operators in a
different way, obtained the new operator defined by B, (u o T71) o 7 with particular as-
sumptions, and proved their approximation properties. However, the most significant fea-
ture of this newly introduced Bernstein operator is that it preserves the set of {1, 7,72}
instead of the classical Korovkin’s test functions {1,x,x%}. Accordingly, in [1] Bernstein—
Durrmeyer operators by Acar et al., in [4, 5] Szdsz—Mirakyan operators by Aral et al., in
[26] Bernstein—Chlodowksi operators by Usta, in [27] Baldzs operators by Usta, and in [24]
Lupas operators by Qasim et al. have been introduced. In this respect, Patel et al. made a
similar study for the Baskakov operators and obtained the following operator:

00 _ k
R (u;x) = Z (k+: 1)%(1400*)(%), x €[0,00),n €N,

k=0

for u € [0, 00) such that o (x) is a continuous and infinite times differentiable map which
satisfies:

CI 0(0) =0 and infye[o,00) 0" (%) > 1,

C2 o is a continuously differentiable function on positive real line.

Although this newly defined Baskakov operator is valuable, the use of the o (x) function
in three different places in the operator has limited the use of the operator, since a change
in o (x) will make the same change in three different places where this function is used. For
this reason, using different types and characteristics functions in these three places will
both cover the existing operators and provide more opportunities to obtain new Baskakov
type operators. Therefore, in this study, we aim to obtain a more specific and more com-

k
prehensive new Baskakov operator by replacing the % term in the operator with
k
%. By determining the properties of §,(x) and n,(x), we will have obtained a more
n

competitive Baskakov operator.

The whole structure of the paper consists of nine sections, including this one. The rest
of this paper is structured as follows: In Sect. 2, some preliminaries are summarized. In
Sect. 3, the new Baskakov operators are constructed with &,(x), 1,(x), and o (x), while
the fundamental features of the new definition are discussed in Sect. 4. In Sect. 5, direct
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estimates in a weighted space of this newly defined operators are given in some spaces
of continuous functions. Then, a quantitative type theorem is given in Sect. 6. In Sect. 7,
we present the Voronovskaya type theorem for these operators, while some numerical
examples are discussed in Sect. 8. In Sect. 9, we provide some conclusions and further

directions of research.

2 Preliminaries
Here, we summarize the definitions of some of the fundamental facts that are vital in the
approximation theory for use in the following sections.

Let u be a continuous function on a positive real line symbolized by R* and p(x) be a

weight function such that
p(x) =1+0°(x),
and let B;(R*) be the normed space by
JBP(R*) = {u :R* - R: ‘u(x)‘ < M, p(x),x € {0} UR},
endowed with the norm
u(x)

Il , = sup —,
P e p(x)

where M, is a constant which depends on u. In addition to these, let us define the following

function spaces:

e
k)
=
N
[

{u € B,(R") : u is continuous on R*},
Ci(RY) = {u € C,(RY): lim u(x)/p(x)isa constant},
X—>00
&,(R") = {u € €,(R") : u(x)/p(x) is uniformly continuous on R*}.
Another significant element in approximation theory is weighted modulus of continuity

which needs to be reviewed. Let w, (u; ) be the weighted modulus of continuity intro-
duced by Holhos [14] for § > 0, that is,

|u(t) — u(x)|

_— (2.1)
treR* o (t) o) <s L) — p(x)

wy (1,8) =

where u € C,(R*). It is worth noting that w,(#,0) = 0 for each u € C,(R*). Moreover,
w, (1, 8) is nonnegative and nondecreasing with regard to § for each u € C,(R").

Lemma 1 lim;s_, o w, (1,8) = 0 for every u € &,(R*).
Proof See [14]. O

In the light of this information, we can now construct new Baskakov operators which
depend on the function o (x) and two sequences of functions, §,(x) and 7, (x).
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3 Configuration of the operators

Let 2 C [0,00) beaninterval, N* = {n € N: n > n* for given n* € N}, and u be a continuous
map on a positive real line symbolized by R*. Additionally, let &,5 : 2 — R be positive
maps on 2 for each x € 2 and n € N*, By taking into account all of these, the new Baskakov
type operators can be introduced as follows.

Definition 1 For x € [0, 00), the new construction of Baskakov operators is

o (k+n—-1\  (E®)" 1 (k
ﬁZM(x) =: Rz(u,x) = ( >7M(MOO— 1)(-), (3.1)
kX:O: ko) (L4 () n

where o is a function satisfying conditions C1 and C2.

The new construction of Baskakov operators described above may not be an approxi-
mation process for all cases of &,(x) and 1,(x). Then, we need to determine the properties
of the &,(x) and n,(x) functions given in the definition in order for the new construction
of Baskakov operators described above to meet the approximation conditions. Thus, by
determining what &,(x) and n,(x) are, new Baskakov type operators can be defined. Now,
accordingly, we are enforcing a couple of assumptions that can fulfil the requirements of
the approximation procedure.

To begin with, the new construction of Baskakov operators must preserve the constant
function 1 straight-forwardly or in the limit case. In other words, the following assumption
must hold:

Ry 1(x) =1+ py(x)

for x € Qsuch that p,, : 2 — Risafunction. Through the instrumentality of newly defined
Baskakov operators, we have

. ~ 2 (k+n-1 (En(x))* [k
Rulla) = kZ;( e teo ()
= (nn(x) —&nx) + 1)—n
for every x € Q and |§,(x)| < |n,(x) + 1|. So we have

(1) = Ea () + 1) 7" = 1+ p, (). (3.2)

Secondly, the new Baskakov operators must also preserve any given function o directly or
in the limit case similarly, that is,

R0 (%) = 0(x) + v,(x)

for x € Q such that u, : 2 — R is a map. Likewise, using the newly defined Baskakov
operators, we deduce that

o o (krn=1\_ (E@)* » (k) e
RG 0 (x) = S (500 ) (=) = £ (nax) - &,
7 §< k )(1+nn(x))k*”(g o)) =@ -6+ 1)
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for every x € Q and |§,(x)| < |n,(x) + 1|, which yields
En) (1n(®) — £,(6) + 1) = 0 (@) + vy (). (3.3)

From equations (3.2) and (3.3), we immediately deduce that

o (%) + v,(x)

) = @)

and

(x) = 1+ 0 )+ pn(x) + v(x) 1
T T

for any x € Q2 and n € N* such that 1, (x) > 1. As a consequence, if all these deduced values
are substituted in equation (3.1), we have

~ k
R u(e) - (1+Mn(x))1+,,z<k+n—l> (o (%) + v, (%)) (uoa‘l)(k>

— k (1 + 0 (%) + pu(x) + vy (x))k*n n

for each x € 2 and each n € N*.

Certainly, the characteristics of the u,(x) and v,(x) functions also play a crucial role
in the operators given above, and these functions must fulfill some conditions in order
that the new definition is an approximation process. In other words, (R ),>,+ refers to an
approximation procedure on €2 if the following conditions hold:

lim 0,3 =0 and  [71,(9)] < i (34)
n—0oQ

and
lim v,(x) =0 and ‘v,,(x)‘ <v, (3.5)

together with the relation of &,(x) and 1, (x) according to the weighted Korovkin theorem.

3.1 Some special cases:
Now let us demonstrate that the newly constructed Baskakov operators produce some of
the Baskakov operators that exist in the literature under appropriate selection of w,(x),
v,(x), and o (x) functions.
(A) By choosing u,(x) =0 and v,(x) = 0 in (3.1), we deduce the Baskakov operators
introduced in [23].
(B) By choosing ,(x) =0, v,(x) =0, and o (x) = x in (3.1), we deduce the standard
Baskakov operators given in [6].

21y and o'(x) = x in (3.1), we deduce the

(C) By choosing u,(x) =0, vu(x) = Sz
Baskakov operators, which preserve {1,e?**} where a > 0, given in [30].
(D) By choosing i, (x) = e**(1 — e @&+ Din  g=almy=n _ 1,
V(%) = eax—a/n(l _egalxtDn e—a/n)—n—l e;‘i’::/zl

the Baskakov operators, which preserve {e**, e2%*} where a > 0, given in [22].

—x,and o (x) = x in (3.1), we deduce

It is left to the reader to investigate which values u,(x), v,(x), and o (x) should be chosen
in order to obtain other Baskakov type operators in the literature.
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4 The fundamental features of the operators
In this section, we provide some basic properties of the newly defined Baskakov operators
such as moments and central moments that we will use while examining the approxima-

tion properties of them.

Lemma 2 The following equalities are valid for the newly defined Baskakov operators for
x €
(1) RyL(x) =1+ pu(x),
(2) Roo(x) =0 +v,(x).
(3) R”GQ(x) _ (ﬁ) (0 (1) +vn ()% + 0 (%) +vp (%)
n n ’

Tpep (x) n
30 _ (n243n+2 (0 (®)+vn ()3 31431 (0 (X)+1,(®)? | (0 X)+vu(x)
(4) RZG (x) - ( n2 (1+un?x))2 + ( n2 (1+,unn(x)) ;'12}7 ‘

Proof As the equalities are comfortably deduced by direct computation, the proof is left
to the reader. O

Now, the notation of the central moments of the newly defined Baskakov operators of

degree g is P, , i.e,,
J’Zq =R, (U(t) - a(x))q(x).
Then the following lemma holds.

Lemma 3 The following central moment values are valid for the newly defined Baskakov
operators for x € 2:

(1) Pg=1+p),

2) £, = valx) - o )

2
(3) Prp = (A1) s + 2O 4 02 (0) (1 () ~ 1) = 20 (v, ().

Proof Similarly, the proofs of the above findings are left to the reader as all of them can be

computed by basic calculation. O

With the results obtained above, we can now present the fundamental approximation

features for the newly defined Baskakov operators in the next sections.

5 Directresults

In this section, we present the direct estimations for the newly constructed Baskakov op-

erators in a weighted space reviewed in the previous sections. However, before we start,

let us remember the following weighted Korovkin type theorem defined by Gadjiev [10].
Let (8,),>1 be a sequence of linear positive operators acting from C,(R*) — B,(R*).

Then the following lemma holds.

Lemma 4 ([10]) Let #, > 0 be a constant which depends upon just n. Then (8,),>1 :
C,(R*) = B,(R*) iff the inequality | 8,(p;x)| < H,p(x) holds.

Proof See [10]. O
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Theorem 1 Let u € C,(R") and (8,),>1 be an approximation procedure defined above. In
this circumstance, for any function u, the following identity

lim ||$,u—ul,=0,
n— 00
holds if the following identities are satisfied
lim ”5,,,01 - pl”p =0,
where [=0,1,2.
Proof See [10]. O

In the light of this information, we can now express the following theorem, which con-

stitutes the main idea of this section.

Theorem 2 Let u € C,(R") and (R}))n=n, be an approximation process defined in (3.1). If
the inequalities given in (3.4)—(3.5) are valid, then the following limit

. | Ry (145.%) — u(x)|
lim sup ————F—— =0

=00 4eq p(x)
holds, where p(x) is a weight function given in the previous sections.

Proof As we know, |u(x)| < #,p(x) as u € C;(R") for x € [0,00). Under these conditions,
the equality

n+ 1) (o (%) + v,(x))? N o (%) + v, (x)

RZ(p;x)=1+un(x)+( » Tt ) ”

holds and leads to (R]),>1: C,(R*) — B,(R*). In addition to this, (R),>1 being linear
and positive is monotone.
Moreover, we have
. IR (o)) — o
lim sup ———— =
n>00 4 p(x)
for [ =0, 1,2, under favor of the results of Lemma 2 and conditions (3.4)—(3.5).
Besides, the newly constructed Baskakov operators (R ),>; are defined on 2. In order

to enlarge it on all the positive real line, let us define the following sequence of operators:

RG(u;x), x€,
R (u;%) =
u(x), xeR"\ Q,

which yields

R (1;.%) — u(x)

S (5.1)

Jim [R5 () -, = sup
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Then, we immediately deduce that
i [R50 —u, =0
as

tim [R5 (") ~ o], =0

n—00

for [ =0,1,2, such that

N TN b (o R e]
||Rn(g) G||p_ilelg p(x)

with the help of Theorem 1, with 4, = R. Consequently, the proof is finalized by consid-
ering (5.1). Thus the proof is completed. O

6 Order of approximation

Now it is time to deliver the quantitative type theorem for the newly defined Baskakov
operator based on weighted modulus of continuity summarized in the previous sections.
We will make use of the technique developed by Patel et al. [14] in presenting this theorem.

So, let us briefly remember this theorem.

Theorem 3 Let F,: C.(R*) - B (R") be a sequence of positive and linear operators with

where ay, by, ¢y, and 4y, approach zero in case n goes to the infinity. So, we have
| W () - qug < (7 +4an + 2Cq)w, (15 8,) + || ull pan,

given these circumstances for all u € C,(R*), where

8, = 2\/(1 +an)(@n +2by + cp) + an + 3b, + 3¢ + dn.
Proof See [14]. O
Now we can present the essential theorem of this section.

Theorem 4 For every u € C,(R"), we have the following inequality:

||RZ(u)—u||p% < <7+4un + 2(%)(2% + V) + % + 4%)a)(,(u;én),
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where
n+1 2 2
5n=2\/(1+ﬂn)(,un+2vn+< )(2vn+v3,)+—+ ")
n non
1 6 6
+un+3vn+3<—n+ )(2Vn+vﬁ)+—+&
n no o n
4 n+1 n?+3n+2
+E(1+vn)+6( — )(1+v5)+(7n2 )(3vn+3vﬁ+v3).

Proof In order to prove this theorem, we first need to calculate a,,, by, c,, and d,. Using
the results of Lemma 2, we can instantaneously obtain the following results:

[R5 (@) =] o < 1w = an,

|#5 (") -0 5 <v=n

n+1 2 2
||"RZ(02)—U2”pli< P )(2vn+v)+;+ n"_cn,
EACHEL e %(1+vn)+6<”};1)(1+v3)

2
(n +5:+2>(3vn+3v5+v2):dn.

It has been observed that the conditions of Theorem 3 are satisfied, which yields the de-
sired result. So, the proof is completed. O

Theorem 5 Forall u € €,(R*), we get

lim ||:RZ(u) - uH 3 =0.
n—00 p2
Proof The proof is immediately deduced by using Theorem 4 and Lemma 1. O

7 Transferring to Voronovskaya type theorem

Another significant subject of the approximation theory is the determination of the con-
vergence rate. In 1932, Voronovskaya [28] expressed and proved his theorem which is
called asymptotic approximation for Bernstein polynomials for the function u(x), which
isbounded in the interval of [0, 1] and has a second derivative at a certain point. Thereafter,
Voronovskaya type theorems are provided for the derivative of Bernstein and many other
operators. Hence, in this section Voronovskaya type theorem will be given to examine the
asymptotic behavior of the new Baskakov operators. However, first let us summarize the
following lemma expressed by Holhos [14].

Lemma5 Let a,x> 0,8 >0, and u € C,(R*). Then we have

lo(c) — o (%)

(@) - u(@)| < (p(a) + p(x)) [2 s

:|a)g(u,8).

Proof See [14]. O
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Theorem 6 Letu € C,(R"), x € Q, and assume that (uoo ') and (uoo™)" exist at o (x).
If (uo oY) is bounded on R, the following equality

lim n[ R (1) (x) - u(x)] = ulx)o + (B — o (¥)a) (o a’l)/(p(x))

n—00

+ %a(x)(l +0(®)(uo 0’1)//(0(96))
holds, where

lim nu,=a and lim nv, =p.
n—0oQ n— o0

Proof Through the instrument of the well-known Taylor expansion of (zoc ~!) at the point

of o (x) such that there exists ¢ lying between ¢ and x, we have

(u o 0"1)(0(1.‘)) - (u o 0"1)(0(96))
=(0t)—o@)(moo™) (0 () + %(a(t) —o®)}(uoo™) (o))

+ A (0(8) - o)),

where

1 /
AL(t) = 5 [(#o a’l)”(a(a)) —(uoo™) /(a(x))]. (7.1)
It is obvious that
lim A,(¢) =0, (7.2)
—x
and A,(t) is bounded such that |A,(f)| < H, where H is a constant, because of the nature

of function # and (7.1) for all £. Then, implementing the newly defined Baskakov operators

given in (3.1) and multiplying by #, we immediately deduce that

n [JRZ u(x) — u(x) R, l(x)]
=nR (0 () - o) @) (n oo™ (0 (x))

+ %nm” (o) - a(x))z(x)(u oo ) (o)) + nRE(A(t) (o (t) - a(x))z)(x).

Here, thanks to Lemma 2 and Lemma 3, the following identities can be conveniently de-
duced:

lim nR7 (c(t)—o(@)(x) = Tim n(va(x) — o (@) pn(x)) = B — 0 (%),

nler;o nR; ((,o(t) - ,o(x))z)(x) = a(x)(l + a(x)).
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So, we have

lim n[RYu(x) — u(x)] = u@®)e + (B —ox)a)(u o o_l)/(,o(x))

n—00

+ %a(x)(l +0o(x))(uo a'l)”(a(x))

+ lim 1R (| A0 (0 () -0 ()*) @ (7.3)

Finally, in order to complete the proof, we need to show that the value of the last term of
equation (7.3) is zero. To do this, we will make use of a well-recognized Cauchy—Schwarz
inequality. In accordance with this purpose, let § > 0 such that |o,(¢) < ¢| for each £ > 0

because of (7.2) for each ¢ > 0. Then we obtain that
lim nR5 (| A:0)](0(0) - 0 @)) &)
<& lim nRS ((0() - 0(x))*) () + M im nRS (o () - o (®)") )
N n 82 n—>oo n ’
It is quite apparent
lim 1R (| A:0)](0(0) -0 @)) x) =0,
in connection with

lim nRS ((o(t) - o(®))")(x) = 0,

n—00

thus the proof is completed. d

8 lllustrative examples

In this section, the Baskakov operators presented in this paper are applied to provide the
approximation of three illustrative examples. Thus, we will have the opportunity to ob-
serve the relevance of the theoretical and graphical results or the new construction of
Baskakov operators. All of the computational processes are performed on an Intel Core
i5 personal laptop by running a code implemented in MATLAB 9.7.0.1190202 (R2019b)
software. To clarify the accuracy and efficiency of the introduced operators, the values of
approximation are compared with the values of a test function by plotting them on the

same figure.

8.1 Example 1

As the first example, we consider the following function:
u(x) = cos(10x)e™>* + 3.1

as a test function. In this example, we select 1, (x) = %5, v,(x) = -*7, and o (x) = 2x for
n =100.
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0.035 T
Aeas
0.03
0.025
=0015
0.01
—u(z)
0005 —+— Ryu(z) |
A~ Riu(z)
240 05 1 15 [ 0.1 02 03 U‘A 05 06 07 D‘E 0‘9 1
(A) pn(z) = 2/(n—1), vp(z) = x/(n-1), (B) pn(z) = 2/(n—1), vo(z) = x/n, and
and o(z) = 2z o(x)==x
Figure 1 Test function (black line), standard Baskakov operator (red-star), and newly constructed Baskakov
operator (blue-upward pointing triangle) with the given parameters on equally spaced grid

8.2 Example 2
For the second example, we take

u(x) = e ¥x?
asatest function. In this example, we select j1,,(x) = %5, v,(x) = 7, and o (x) = x for n = 100.
Figure 1 indicates that the newly defined Baskakov operators show markedly better ap-
proximation behavior for the test functions u(x) = cos(10x)e™>* + 3.1 and u(x) = e *x? in
comparison to the classical Baskakov operators. Of course, the selection of the functions
£,(x), n.(x), and o (x) plays a significant role in getting good approximation performance.
These two experiments confirm that the newly defined Baskakov operators provide note-

worthy performance with the suitable selection of &,(x), n,(x), and o (x).

9 Concluding remarks

The aim of the present study was to construct new Baskakov operators such that their
construction depends on a function. This newly defined Baskakov operators have an im-
portant place in terms of covering the existing Baskakov operators and giving the oppor-
tunity to define new Baskakov operators that will give better approximation results under
appropriate conditions. In order to demonstrate that these newly defined operators are an
approximation process, some fundamental properties of them are also presented. At the
end, some numerical examples are given.

Acknowledgements
The author would like to thank the editor and the referees for their valuable comments and suggestions that improved
the quality of our paper.

Funding
No funding sources to be declared.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or analyzed during the current study.

Competing interests
The author declares that they have no competing interests.

Authors’ contributions
All authors contributed equally to the writing of this paper. All authors read and approved the final manuscript.



Usta Advances in Difference Equations (2021) 2021:269

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 23 March 2021 Accepted: 13 May 2021 Published online: 22 May 2021

References

1.
2.

11.
12.
13.

14.
15.

20.

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.

Acar, T, Aral, A, Rasa, |.: Modified Bernstein-Durrmeyer operators. Gen. Math. 22(1), 27-41 (2014)
Acar, T, Mohiuddine, S.A., Mursaleen, M.: Approximation by (p,q)-Baskakov-Durrmeyer-Stancu operators. Complex
Anal. Oper. Theory 12, 1453-1468 (2018)

. Acu, AM,, Gupta, V.: Direct results for certain summation-integral type Baskakov-Szész operators. Results Math. 72(3),

1161-1180 (2017)

. Aral, A, Inoan, D, Rasa, I.: On the generalized Szdsz—Mirakyan operators. Results Math. 65(3-4), 441-452 (2014)
. Aral, A, Ulusoy, G, Deniz, E.: A new construction of Szasz-Mirakyan operators. Numer. Algorithms 77, 313-326 (2018)
. Baskakov, V.: An instance of a sequence of linear positive operators in the space of continuous functions. Dokl. Akad.

Nauk SSSR 113(2), 249-251 (1957)

. Bernstein, S.: Demonstration du theoreme de Wesierstrass, fondee sur le calculus des piobabilitts. Commun. Soc.

Math., Kharkow 13, 1-2 (1913)

. Bohman, H.: On approximation of continuous and analytic functions. Arkif for Matematik 2(3), 43-56 (1951)
. Cardenas-Morales, D., Garrancho, P, Rasa, |.: Bernstein-type operators which preserve polynomials. Comput. Math.

Appl. 62, 158-163 (2011)

. Gadjiev, A.: A problem on the convergence of a sequence of positive linear operators on unbounded sets and

theorems that are analogous to PP. Korovkin's theorem. Dokl. Akad. Nauk SSSR 218, 1001-1004 (1974)

Gupta, V.: A note on modified Baskakov type operators. Approx. Theory Appl. 10(3), 74-78 (1994)

Gupta, V.: An estimate on the convergence of Baskakov-Bezier operators. J. Math. Anal. Appl. 312(1), 280-288 (2005)
Heilmann, M., Rasa, I.: A nice representation for a link between Baskakov and Szsz-Mirakjan-Durrmeyer operators and
their Kantorovich variants. Results Math. 74,9 (2019)

Holhos, A.: Quantitative estimates for positive linear operators in weighted spaces. Gen. Math. 16(4), 99-110 (2008)
Kilicman, A.,, Ayman Mursaleen, M., Al-Abied, A.A.H.: Stancu type Baskakov-Durrmeyer operators and approximation
properties. Mathematics 8, Article ID 1164 (2020). https://doi.org/10.3390/math8071164

. Korovkin, PP: On convergence of linear positive operators in the space of continuous functions. Dokl. Akad. Nauk

SSSR 90, 961-964 (1953)

. Mohiuddine, S.A, Acar, T., Alotaibi, A.: Construction of a new family of Bernstein-Kantorovich operators. Math.

Methods Appl. Sci. 40, 7749-7759 (2017)

. Mohiuddine, S.A, Ahmad, N., Ozger, F, Alotaibi, A, Hazarika, B.: Approximation by the parametric generalization of

Baskakov-Kantorovich operators linking with Stancu operators. Iran. J. Sci. Technol. Trans. A, Sci. 45, 593-605 (2021)

. Mohiuddine, S.A, Kajla, A, Mursaleen, M., Alghamdi, M.A.: Blending type approximation by t-Baskakov Durrmeyer

type hybrid operators. Adv. Differ. Equ. 2020, 467 (2020)

Mursaleen, M., Al-Abied, A AH., Ansari, KJ.: On approximation properties of Baskakov-Schurer-Szasz-Stancu operators
based on g-integers. Filomat 32(4), 1359-1378 (2018)

Ozger, F, Srivastava, H.M.,, Mohiuddine, S.A.: Approximation of functions by a new class of generalized
Bernstein-Schurer operators. Rev. R. Acad. Cienc. Exactas Fis. Nat,, Ser. A Mat. 114, 173 (2020)

Ozsarag, F, Acar, T.: Reconstruction of Baskakov operators preserving some exponential functions. Math. Methods
Appl. Sci. 42(16), 5124-5132 (2019)

Patel, P, Mishra, V.N., Orkcti, M.: Some approximation properties of the generalized Baskakov operators. J. Interdiscip.
Math. 21(3), 611-622 (2018)

Qasim, M., Khan, A, Abbas, Z,, Qing-Bo, C.: A new construction of Lupag operators and its approximation properties.
Adv. Differ. Equ. 2021, 51 (2021)

Ulusoy Ada, G.: On the generalized Baskakov Durrmeyer operators. Sakarya Univ. J. Sci. 23(4), 549-553 (2019)

Usta, F.: Approximation of functions by a new construction of Bernstein-Chlodowsky operators: theory and
applications. Numer. Methods Partial Differ. Equ. 37(1), 782-795 (2021)

Usta, F.: A new approach on the construction of Balazs type operators. Submitted

Voronovskaya, E.: Determination de la forme asymptotique d’approximation des fonctions par les polynomes de M.
Bernstein. Dokl. Akad. Nauk, 79-85 (1932)

Weierstrass, K.: Uber die analytische Darstellbarkeit sogenannter willkiirlicher funktionen einer reellen Veranderlichen.

Sitzungsberichte der Akademie zu Berlin, 633-639 (1885)
Yilmaz, 0.G, Gupta, V, Aral, A: On Baskakov operators preserving the exponential function. J. Numer. Anal. Approx.
Theory 46(2), 150-161 (2017)

Page 13 0f 13


https://doi.org/10.3390/math8071164

	On approximation properties of a new construction of Baskakov operators
	Abstract
	MSC
	Keywords

	Introduction
	Preliminaries
	Conﬁguration of the operators
	Some special cases:

	The fundamental features of the operators
	Direct results
	Order of approximation
	Transferring to Voronovskaya type theorem
	Illustrative examples
	Example 1
	Example 2

	Concluding remarks
	Acknowledgements
	Funding
	Availability of data and materials
	Competing interests
	Authors' contributions
	Publisher's Note
	References


