BULLETIN OF MATHEMATICAL ANALYSIS AND APPLICATIONS
ISSN: 1821-1291, URL: HTTP://WWW.BMATHAA.ORG
VOLUME 17 ISSUE 1(2025), PAGES 17-31
HTTPS://DOL.ORG/10.54671/BMAA-2025-1-2

SOME KOROVKIN TYPE APPROXIMATION THEOREMS FOR
MULTIVARIATE BERNSTEIN TYPE RATIONAL OPERATORS
VIA SUMMABILITY METHODS

DILEK SOYLEMEZ

ABSTRACT. In this paper, we derive approximation theorems in the multivari-
ate case for rational operators using power series convergence and A-statistical
convergence. By selecting a special case of power series convergence and con-
sidering A-statistical convergence, we study approximation properties of a
non-tensor product BBH type operator, which doesn’t converge in the clas-
sical sense. Finally, we demonstrate that our new approximation results are
stronger than some previously established results.

1. INTRODUCTION

Approximation theory and summability theory have important applications in
functional analysis, harmonic analysis, partial differential equations, measure the-
ory and probability theory (see; [44] ). Korovkin-type theorems play a central role
in approximation theory (see; [9]). The use of summability methods in approxi-
mation theory contributes studies by providing a more general limit approach for
non-convergent sequences or series. After, Gadjiev and Orhan [29] proved Korovkin-
type theorems for sequences of positive linear operators via statistical convergence,
many researchers have investigated Korovkin-type theorems with various motiva-
tions, considering summability methods such as A-statistical convergence, ideal
convergence, power series convergence etc. (see; [1]- [6]).

A Korovkin-type theorem was proved by Gadjiev and Cakar in [30] on a sub-
class of C[0, 00), which represents the space of continuous and bounded functions on
[0, 00). With the aid of this theorem the uniform approximation of Bleimann Butzer
and Hahn (BBH) operator which is a Bernstein type rational operator was obtained,

o
by considering the test functions (ﬁ) for 7 = 0,1, 2. Thus, the problem of exam-

.
S

14s
for 7 = 0,1,2 was solved, since neither the Korovkin theorem nor the weighted
Korovkin theorem proved in [27], [28] could be applied to BBH operators and their

ining approximation properties of BBH operators with the test functions (
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18 D. SOYLEMEZ

generalizations (see; [30]). When the classical Korovkin-type theorem didn’t work,
some extensions of this theorem were proved via A-statistical convergence, ideal
convergence, power series statistical convergence (see; [7], [24], [40]).

The main objective of this paper is to give Korovkin type theorems in multivari-
ate case using power series convergence, Abel convergence, Borel convergence and
A-statistical convergence. Additionally, we investigate the approximation proper-
ties of multivariate BBH-type operators which do not converge in the ordinary
sense.

Next, we start to mention about power series convergence and regularity of it
[12]:

Let (p;) be a real sequence with pg > 0 and p1, p2, ... > 0, such that the correspond-
ing power series p, = Z;io pjyj has radius of convergence R with 0 < R < oo. If
for all y € (0, R),

R ,
lim — zip;y’ = L,
y=R- p(y) ;) o

then we say that « = (z;) is convergent in the sense of power series method P.

Theorem 1.1. [I2]A power series method P is considered regular if and only if for
any j € Ny
im piy =
o<y—R- p(y)

Korovkin-type theorems can be found via power series convergence in [41], [42].
Power series convergence includes the Abel and Borel summability methods. For
Abel summability method, Korovkin-type theorems can be found in [43], [45]. Fur-
ther results in this direction on different spaces can be found [I1], [33], [35].

As special cases of power series convergence, we recall the Abel and Borel conver-
gences; respectively.

Assume that p; = 1, in this case R = 1 and p(y) = ﬁ Thus power series con-
vergence reduce to the Abel convergence. Let x = (z;) be a real sequence. If the

series
>y (1.1)
=0

is convergent for any y € (0,1) and

o0
lim (1 — iy =
y%l’( Y) Z L5y «a
7=0
then z is said to be Abel convergent to real number o ([12], [34)).
Assume that p; = %, in this case R = oo and p(y) = e¥. Thus the power series

convergence reduces to the Borel convergence. Let z = (x) be a real sequence. If

the series
oo
>y’ (1.2)
=0

is convergent for any y > 0 and
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then x is said to be Borel convergent to real number «. Borel summability method
is regular if and only if it is non-polynomial. ([12], [34])

In [37], Soylemez and Unver studied an application of Korovkin-type theorems
via Abel convergence, considering Cheney Sharma operators. This study allows us
the use of weaker conditions than the classic ones, leading to more general results.
Further applications of power series convergence for different operators can be found
in ([13]-[22])

The remainder of the paper is organized as follows : In Section 2, after re-
calling some definitions and notations in the multivariate setting, we present the
multivariate BBH-type operators (L,,) which do not converge in the classical sense.
In Section 3, we demonstrate some Korovkin-type theorems in the multivariate
case, taking into account power series convergence and its particular cases; Abel
and Borel convergence. In Section 4, as a special case, using the Korovkin type
theorem proved in section 3, we establish the Abel convergence of the operators
{Ln (¢;2)},cn to ¢(z) on S for ¢ belonging to a suitable subspace of continuous

functions that denoted by H’g (S) . In Section 5, we give a Korovkin-type theorem

via A-statistical convergence, and using this theorem, examine the approximation
properties of the operators (L,).
2. PRELIMINERIES

In this section, we mention about the multi index notations and some definitions.
Let us consider the set S € R?, d € N, given by

S:{x:(x1,~- ,xd)ERd:OSxi<oo, 1§i§d}.
The l; norm of z=(z1,--- ,x4) € S is denoted by |z| = Z?:l x; and the Eu-
d
clidean norm is given by > 22 = ||x||*. Also, k = (k1,--- ,kq) € N¢ U {0} and

i=1
n € N we have the following representations:

‘k| = k‘1+k2+"'+k‘d, k' = kllkglkd',

xK .= (m’fleQ . 'xsd), x €R?,  ax:= (azxy, - ,axq), for a€R,
n ol n n—kp n—ky—-—kq_1
=D S S S S
0<|k|<n  k1=0 k2=0 ka=0
On the other hand, we simply write ¢ (x) = ¢ (21, - ,xq) rather ¢ (x1,--- ,24) for
x= (1, -+ ,xq) € S, we also write a,x rather (a1 ,%1,62,,%2, ..., 4q,nTq) . 1 denotes
a function such that ¢ (z1,--- ,z4) = 1 and, for any z= (21, -+ ,za), y= (Y1, - ,Ya) €

s

S, x<y means that z; < y; for each i =1,2,--- ,d.
Let Cp (S ) denote the space of all real valued continuous and bounded functions

defined on S, equipped with norm
16lle,, = sup 6 (x)

x€es

Recall that the well-known total modulus of continuity of a function ¢ € Cp (S) is
defined as

Q.(6:0) = sup {6 () = 6 () : [z — til < 6, .6 €8, 5= (31,05,...,00) € §}
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(see, e.g. [9], [23]).
Below, we give the definition of the general function of modulus of continuity.

Definition 2.1. [I0]A non-negative function w (u) defined in S C R is called a
function of modulus of continuity, if it satisfies the following conditions for any

6:(51""7511)’ M:(Mla"'vﬂ'd)es

(1) §) is continuous for all §;, i =1,--- ,d,
(2) w(0) =0, where 0 = (0,0,---,0),
( w (01, -+ ,04) is non-decreasing, i.e.;

; (w) for & > p,

w (
w (
3) wé
w (0) is sub-additive, i.e.; w (0 + p) <w (6) +w (1) .

)
) =
)
)
(4) w(9)

1)
1)
1)
(S ) denote the space of all real valued functions defined on S satisfying

t
B ) (2.1)
1+|X| 1-‘r|t|

[0(x) =0 (t) <w

(1
14 |x|  1+t]|’

for all z=(x1,...,xq), t=(t1,...,t4) € S. It is easy to see that H (S) CcCp (S) .
By letting univariate modulus of continuity in (|1.1)), we obtain the subclass H,
defined in [30].

In [39] Soylemez et al. under the above definitions of multiindex notations,
constructed non-tensor multivariate BBH operators and show a uniform approxi-
mation of these operators in the class H? (S) In [32], Ozarslan et al. introduced
a Balazs-type generalization of non tensor bivariate BBH operators and gave a
Korovkin-type theorem in the multivariable case for Balazs-type BBH operators,
considering a class which was produced by the univariate modulus of continuity
function.

Now, we consider the following generalization of BBH-type operators for ¢ €

Cp (S) in several variables which is not a tensor product setting:

L) = g 3 () @ o (o). e

0<|k|<n

where = (21 @, ...,24) € S, by > 0, a;n >0 forall i =1,2,...d, n € N. By using
power series statistical convergence defined in [6] the approximation properties of
the operators were studied in [40]. Throughout the paper, we use the following
test functions:

d 2
-2 ()
2k

3. MAIN RESULTS

In this section, we prove some Korovkin-type theorems via power series conver-
gence. Firstly, we recall the Korovkin-type theorem given in [30].
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Theorem 3.1. [30]Let (A,) be a sequence of positive linear operators from H, —
Cp[0,00). Then we have

lim (|4, (6) ~ s, =0

if and only if
nILH;o ||An (ez) - ei”C’B =0,7=0,1,2,

where e; (x) = (H%)Z

The following three theorems are more useful whenever Theorem and multi-
variate version of it (see; Theorem 2.1 in [39]) can’t be used.

Theorem 3.2. Let {T,, (¢)} be a sequence of linear positive operators from

neN

H (S) to Cp (S) such that supy., g 505 Z IT(é0) || pry™ < oo for any y €

n=0
(0,R). If
li : ny" =0, 3.1
Jm — €0} Pny ) (3.1)
B
lim Z{T é;) — &} pny” =0, forall i=1,---,d,d+1
y— kT p n=0 Cg

are satisfied, then for ¢ € ﬁg (S) we have

=0. (3.2)

Proof. Suppose that ¢ € Hﬁ (S) and x=(x1,...,24), t =(t1,...,tq) are any two

elements of S. Then, from the properties of the general function of modulus of
continuity, for any given € > 0 there exists a n; > 04 = 1,2,...,d and taking
1 = min {n1,n2,...,n4} , we may write

i T
t) — ¢ (x)| < € whenever | — — ———— i=1,2,...,d). 3.3
6(6) 6 () e T < . (33)
Otherwise, if 1+‘t| 1?\(;(\ > n for some i € {1,2,....,d}, then we have
d 2
t _ X Z t; T > Lig Ty n.
T+t 14 x| p 1+t 14 x| 1+t 14 x|

From the boundedness of ¢ on S , one has

2[|9lle,
,]72

t X 2

T+t 1+[x

o (t) — o (x)] <
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when H

2
Z (ptri‘tl _ 1ffx\) > n, for some iy € {1,2,....,d}.

i=1
Hence we obtain for all x, t €S that

_t __x
1+]t] 1+]x|

o) o0 <er Meas (Lo BT g
- o S \L+[t] 1+ x| '
2ele, || ¢ x|
B 7?2 L4+t 1+
If we apply the operators (7;,) to , then we have for all y € (0, R) that
JR >
— T, t); - Y| < —— Ty t) — 5 ny"
o) RZ:%( (¢ (t);x) — ¢ (x)) pny y)nz:%( (g (t) — & (x)]3%)) pny
1 o0
— T, (1;x) — 1) ppy™
ol 5o ;< (1:%) = 1) pay
= I, +1I.

From |D and using the fact that ||¢||, is finite when ¢ € H (S) , we obtain

lim I =0
y—R~
i ollo, s |3 (Tt (%)~ Dpag”| = 0
r-1TNCE ply) | & ma ! '
Since the operator (T3,) is linear and positive and from (3.1)), we obtain that
I <e— (T, (1;x) — 1) pry™| + €
Y7 p(y) ;
2)élle, 1 - < ti > < )
+ 5 Tn
n? p(y)ng0 Z 1+ [t] ; 1+|><|
¢ T; t; T;
-2 : T, Loix ) - ——
;1+IX[ (1+It| > 1+IXI]

8 2d”$”05)p(1y) i (T (L) 1)
’ 4”?;203 p(lyé i{T ((1 +ti|t|) ;X) - (1 f]x)}p”yn
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for all y € (0, R). Then, one can have

1 o0
r() || = o
1 oo
<K ﬁ Z (T, (éd) —€4) pny"
ply n=0 Cg
1 |« N "
— Z (Tn (61) - ei)pny
) || = o
1| . .
+—— IS (@ (o) = o) pay”|| Vs
() = o
d
where K = max {6 + 2 HﬂcB , 4”%}#, } . Hence, we deduce
lim I, =0,
y—R~
which ends the proof. O

We can express Theorem with Abel convergence and Borel convergence for
particular cases as follows:

Theorem 3.3. Let {T}, (¢)},cn be a sequence of linear positive operators from

HY (S’) to Cp (S) such that nz:% ITn(€0)||y™ < oo for any y € (0,1). If

8

= O7
Cs (3.5)

=0, foralli=1,---,d,d+1
Cp

liIny—>1_ (1 - y)

ngo {T5 (é0) — €0} y"
nz::O {T (i) — éity"

8

hmyﬁl* (1 - y)

are satisfied, then for ¢ € ﬁg (S) we have

lim (1—9) > (Ta(6) —d)y"|| =0.
y—1 o Cx

Theorem 3.4. Let {T, (¢)},cn be a sequence of linear positive operators from
HY (S) to Cp (S) such that Z ITn(é0)||y™ < oo for any y > 0. If
n=0

(o]

limy oo e || 2 {T (é0) —é0} L] =0,
n=0 Cp

limy oo eV || S AT (&) — i} || =0, forall i=1,---,d,d+1
n=0 Cg

are satisfied, then for ¢ € Aful (S) we have

Jim e |7 (T, () —0) 2ol <o,
n=0 : Cg
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The following example shows that power series convergence of the operators
holds, but ordinary convergence does not hold. Let p; = 1, in this case R =1 and
1

p(y) = 7=, and we obtain Abel convergence.

Example 3.5. We can give the following sequence as an example for the sequences
(bn) and (a; ) :

{ 0, nisa prime, for eachi=1,2,..d

1 , otherwise,

. 0 , n s a perfect square,
"1 1, otherwise.

Observe that the sequences (by) and (a;n) are not convergent, but they are Abel
convergent (they are bounded and statistically convergent) ([34], [36]).

4. A PARTICULAR CASE OF POWER SERIES CONVERGENCE

In this section, we study a particular case of power series convergence to give
more detailed examples. By selecting the Abel convergence, we investigate the
approximation properties of the operators (L, ) under the following conditions:

lim (1—y) Z 1 —a;,|y" =0, foralli=1,2,...d
n=0

y—1-
[ee]
lim (1 — 1—by|y™ =0, 4.1
Jim y);\ ly (4.1)
> n(n—1)
lim (1— 1—(ajp)*——+ "=0, foralli=1,2,..d
y—>1*( y)nzz% ( z,n) (n+1)2 n|Y
. i n n __ .
ylinlL (1fy); lfb,Lm(aLn) y" =0, foralli=1,2,...d.

Before studying the promised approximation properties of these operators, we
give the following lemma which can be proved as in [39):

Lemma 4.1.

t; n A T .
Lo(—.x) =0, ’ , —1,...d 43

(1+|t| X) n+1 <1+|anx|> for i (4.3)

d 2 d 2
t; n(n—1) ( G nTi ) n Qi nTi
Ly X | = bn, - + ’ .
(Zl (1 + Itl> > Zl{ (n+1)> \1+ |anx] (n+1)>1+]a.x|
(4.4)

Lemma 4.2. The following inequalities hold for the operators
i)

> (L (éo) —éo)y™|| =D [1—baly™
n=0 Cg n=0
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D (L (&) —é)y"
n=0 Cg
d
> ba (Z 11— ai7n|>

=0 i=1

S (L (a) — éa) "

n=0

bn? (aivn) — 1

CB

%) d
gZdbn <Z|1—am|> (d+ |a,|)y" —|—2de <Z|1 am|>
3 n=0 =1
+dz< 7—1)

> n
y'+d )y bp——y".
n+1)2 ) 7;) (n+1)*

Proof of Lemma [4.2| can be obtained Theorem 3.1 in [40]. In the following theo-
rem, we show the Abel convergence of the sequence of the multivariate Bleimann,
Butzer and Hahn-type operators L, (¢) to the function ¢ € H¢ (S) on S.

(aim)Q -1

Theorem 4.3. Let (L,,) be the operator defined by and suppose that {bn#}w

n 0
is Abel null, (b,) and (a; ) hold the condition (4.1)), for each i =1,2,3,...,d. Then
for any ¢ € Flg (S) we have

=0.
Cp

lim (1—
y~>1*

Proof. By using Theorem we prove (3.5) holds for the operator (L,,). Indeed,
from Lemma and Lemma (7) by the hypothesis, we have

Z -1y

Moreover, from Lemma (i), we have for all i =1,2,3,...,d

=0.
Cp

y~>1*

o

> (Lo (&) =) y"

n=0 Cg
00 d ') n

< bﬂ 1- R0 " b in) — 1 y™.

<3 (St annl ) 2 )
n=0 i=1 n=0

By using (4.1)) and the hypothesis, we reach to
lim (1—y L, (&) —¢é)y" =0,i=1,---.,d
Jim (=03 (@ =0w|
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Finally, from Lemma [4.2] (i), we obtain that

> (Lo (éa) = éa)y™

n=0 Cp
oo d 00 d

< Z db,, <Z |1 - ai,n|> (d + |an‘) yn + Zdz by <Z |1 - az’,n|> yn
n=0 =1 n=0 i=1

oo

0>

=0

nn=1) 2 _
bn( +1)2 ( z,n) 1

e n
"+d by,———=y".
)y 2 b

From (4.1)), we get

lim (1—y)||Y (Ln(éa) —éa)y™|| =0.
y—1 0 Cn
Thus, we reach to the desired result. ([

5. A -STATISTICAL CONVERGENCE

In this section, taking into account A-statistical convergence, we give a Korovkin
type theorem.
Now, we recall that for an infinite non-negative regular summability matrix A =
(ajn) a real sequence x := (x,) is called A-statistically convergent to a number
L if, for every € > 0, lim;_, S5 Gin = 0 holds. Then we say that a real
sequence & = (x,,) is said to be A-statistically convergent (see, [25], [26] ) to a real
number L. If A is the identity matrix I, then I-statistical convergence reduces to
the classical convergence, and, if A = C1, the Cesdro matrix of order one, then it
coincides with statistical convergence. Some Korovkin type approximation results
obtained using A-statistical convergence may be found [8], [31], [35], [38]. In [24],
a Korovkin-type theorem was obtained to prove A-statistical convergence of tensor
product multivariate BBH operators which have a different construction from the
operators ([2.2)).

For the sequence of the operators we can not use Theorem and mul-
tivariate version of it proved in [39], therefore it may be benefical to consider the
following theorem.

Theorem 5.1. Let A = (aj,) be a nonnegative regular summability matriz and
{T (¢)},,cn be a sequence of linear positive operators from ﬁfj (S) to Cp (S) , Sta—
lim b, =1, st4 — lim a;, =1 foralli=1,2,....d. If

n—oo

n—oo

StA - limn_>00 HTn (60) - éO”CB = 0,

sta —limy, oo [|Th (&) — éiHCB =0, forall i=1,---,d,d+1 (5.1)

are satisfied, then for ¢ € f[g (S) we have

sta— lim [T, (6) ~ dllc, = 0.
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Proof. From ({3.4]), we deduce

T (¢ (t) ;%) — ¢ (x)]

2d9llc,
,,72

sf+(ewwb3+ T, (é0) — éol

4|lo 2[19llc,

ey & L L
B N T (é) — €l + ——5 2 [T (€a) — éal |
U 7

which implies

dt1
1Tn (9) =9l e+ K {Z 1T (€2) = éill,, } ;

=0

2dll¢llc, 44l
where K = max {5 +1¢lle, + nQCB , nQCB } .

For a given s > 0 we select € > 0 such that € < s. Next, we establish the following
sets

U= {neN:|T,(4) - ¢llg, > s},
Ui: i

€
- T @) — el > —— V01,2, d+1.
n € N: T, (&) — éillg, K +2)} 1=0 +

d
d+1

Then, by (5.1) , we have U C <U Ui> . Hence, for all n € N,
=0

Zajn < Zajn+ Zajn+ ZCLJn++ Z Qjn

nelU nel, n€Us neUs; neUqgyi1
letting 7 — oo and we get from (5.1]) that
li in =
fim, 2 aim =0,
nelU
which ends the proof. O

In the following, we study aproximation properties of the operators (2.2)) via
A-statistical convergence.

Theorem 5.2. Let A = (a;,) be a nonnegative regular summability matriz and

{Ln (¢)},,en be a sequence of linear positive operators defined in from ffff (S) to
Cg (S) , sta— lim b, =1, sty — lim a;, =1 foralli =1,2,...,d. If
n—oo

n—oo

sta — limy o0 || Ln (é0) — éOHCB =0,

sta —limp oo [|Ln (é5) — éills, =0, forall i=1,-- ,d,d+1 (5.2)

are satisfied, then for ¢ € ﬁg (S) we have

sta— lim [|Ly (8) ~ e, = 0.
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Proof. By using the Theorem [5.1] it is enough to show that (5.2 holds for (L)

From Lemma [4.2] (ii), we have
[ Ln (€:) = éillcy
d
< by, <Z 11— ai,n|> +
i=1

for all e = 1,2, ...,d. Next, we establish the following sets for any ¢ > 0,
N; = {n eEN: L, (&) — éi”CB > 5},

n
bpn—— (a;n) —1].
) 1]

d
€
N} = {neN: by, <Z|1—ai7n|> > 2},
=1
n €
N? = {nGN: bnin—&—l (ain) — 1| > 2},
for i =1,---,d, it is clear that N; C N} U N2. Therefore, we can write
doam S| D am+ Y am
neN; neN} neN?

letting j — oo and we get from the hypothesis that
sta — lm ||y (¢0) — éill e,y =0,
for i =1,---,d. Moreover, by using Lemma (ii1), we reach to

|1 Ln (éa) — édllc,,
d

Jo (B () )5 ()

i=1

d
<> {dbn |1 = ain| (d+ |an]) + 2dby |1 = ;0

=1

n
+db,—— ;.
(n+1)2}

(n=1) _ 1 and sty — lim a;n = 1 for all
n— oo

Since sta — limy, 00 bn> sta — limy, oo (n+1)
(nil)( i,n)2 = 1. Now, we define the

n(n—1) w )2
" (n—&—l)2 (@in) !

. o . n
i = 1,2,...,d, observe that st nl;ngo by, D)

following sets for any € > 0 that
K:={neN:|/(Ln () —€a)llc, > ¢},

€
: n — Wgn n Zi )
{neN |dby |1 — ain| (d + |an]) 4d}

Kl .=
) g
;= : —Qin| 2 —
Kz {’I’LEN 2dbn|1 azn| 4d}7
—1) 2 9
K3 = nenN: b, =D g2 g s 2L
{ (n+1)2( ) ~4d

€
Kl ={neN:b,— > — ¢,
{ (n+1)° 4d}



KOROVKIN TYPE THEOREMS 29

we easily see that

d
Kc|J(KlUK}UK}UK})
i=1
which yields
d
Zajnﬁz Zajn+ Zajn+ Zajn+ Zajn
neK i=1 \nekK} neK? nekK? neK}

letting j — oo and we get from the hypothesis that

lim ain, =0,
j—oo TLEZK J
it follows that
sta — nh_}H(;lo | Ly (éq) — éd”C’B =0.
Thus, the proof is completed. O

The example below demonstrates the existence of a sequence (b,,), (a;,,) where
A-statistical convergence holds, but classical convergence does not hold.

Example 5.3. Let (b,) and (a;,) be the sequences defined by

% , if n is a perfect square,
by =
1+ % , otherwise,
% , if n is a perfect square,
Qin = ‘ for eachi=1,2,....d.
e n otherwise.

It is easy to see that (by,) and (a;,) are not convergent, but they are statistically
convergent, i.e., Cq-statistically convergent.

6. CONCLUDING REMARKS

This paper presents several Korovkin-type theorems by utilizing power series
convergence and A-statistical convergence, which are stronger than Theorem
Note that Theorem can not be used for the operators , but these theorems
can be used. By selecting, Abel convergence as a special case, we can give more
detail example in Example

Acknowledgments. The authors would like to thank the anonymous referee for
his/her comments that helped us improve this article.

REFERENCES

[1] P. N. Agrawal, R. Shukla, B. Baxhaku, Characterization of deferred type statistical conver-
gence and P-summability method for operators: Applications to q-Lagrange—Hermite opera-
tor, Math. Methods in the Applied Science, 46 3 (2022).

[2] O. Duman, M.K. Khan, C. Orhan, A-statistical convergence of approzimating operators,
Math. Inequal. Appl. 6 4, (2003) 689-699.

[3] O. Duman, C. Orhan, Statistical approzimation by positive linear operators Studia Math.
161 2 (2004) 187-197.

[4] O. Duman, A Korovkin type Approzimation Theorems via I-Convergence, Czechoslovak
Mathematical Journal, 57 132 (2007) 367-375.



30

(5]

(6]

(7]
(8]
(9]
[10]
(11]

12]
(13]

(14]

(15]
[16]

(17]

(18]
(19]
20]
21]

22]

23]
[24]

[25]
[26]

27]

(28]
29]

(30]

D. SOYLEMEZ

H. Ulucay, M. Unver, D. Soylemez, Some Korovkin type approximation applications of power
series methods, Revista de la Real Academia de Ciencias Exactas, Fisicas y Naturales. Serie
A. Matemdticas 117 1 (2023).

M. Unver, C. Orhan, Statistical Convergence with Respect to Power Series Methods and
Applications to Approximation Theory, Journal Numer. Func. Anal. Optim. 40 5 (2019)
535-547.

H. Aktuglu , M. A. (")zarslan, Korovkin-type approximaton theorem for Bleimann, Butzer
and Hahn Operators via I—convergence, Math. Slovaca 60 6 (2010) 865-876.

H. Aktuglu , M. A. Ozarslan, O. Duman, Matriz summability methods on the Approzimation
of Multivariate g-MKZ Operators, Bull. Malays. Math. Sci. Soc. 34 2-3 (2011) 465-474.

F. Altomare, M. Campiti, Korovkin-type approzrimaton theory and its applications, Walter
de Gruyter, Berlin-New York, 1994.

R. Anderson, Y. Babenko, T. Leskevych, Simultaneous approrimation of a multivariate
Sfunction and its derivatives by multilinear splines, J. Approx. Theory 183 (2014) 82-97.

O. G. Atlihan, M. Unver, Abel transforms of convolution operators, Georgian Math. J. 22 3
(2015) 323-329.

J. Boos, Classical and Modern Methods in Summability. Oxford Univ. Press, UK (2000).

B. Baxhaku, P. N. Agrawal, R. Shukla, Some fuzzy Korovkin type approximation theorems
via power series summability method, Soft Computing 26 (2022) 11373-11379.

N.L. Braha, T. Mansour, M. Mursaleen, Approximation by Modified Meyer—Kénig and Zeller
Operators via Power Series Summability Method, Bull. Malays. Math. Sci. Soc. 44 (2021)
2005-2019.

N.L. Braha, Some properties of Baskakov-Schurer-Szdsz operators via power summability
methods, Quaestiones Mathematicae, 42 10 (2018) 14111426.

N.L. Braha, Some Properties of New Modified Szasz-Mirakyan Operators in Polynomial
Weight Spaces Via Power Summability Methods, Bull. Math. Anal. Appl. 10 3 (2018) 53-65.
N.L. Braha, U. Kadak, Approzimation properties of the generalized Szasz operators by mul-
tiple Appell polynamials via power summability method, Math. Meth. Appl. Sci. 43(2020)
23372356.

N.L. Braha, T. Mansour, M. Mursaleen, T. Acar, Convergence of A-Bernstein operators via
power series summability method, J. Appl. Math. Comput. 65 1-2 (2021) 125-146.

K. Demirci, S. Yildiz F. Dirik. Approzimation via Power Series Method in Two-Dimensional
Weighted Space 43 (2020) 3871-3883.

K. Demirci, S. Yildiz, S. Cmar, Approzimation of matriz-valued functions via statistical
convergence with respect to power series methods, J. Anal. 30 (2022) 1179-1192.

D. Séylemez, M. Unver, Korovkin type Approzimation of Abel Transforms of q-Meyer Kénig
and Zeller operators, J. Nonlinear Anal. Appl. 26 (2020) 339-350.

D. Séylemez, M. Unver, Rates of Power Series Statistical Convergence of Positive Linear
Operators and Power Series Statistical Convergence of g- Meyer—Konig and Zeller Operators,
Lobachevskii J. Math. 42 2 (2021) 426-434.

F. Cao, C. Ding, Z. Xu, On Multivariate Baskakov Operator, Journal of Mathematical
Analysis and Applications, 307 (2005) 274-291.

E. Erkus, O. Duman, A-Statistical extension of the Korovkin type approximation theorem,
Proc. Indian Acad. Sci. Math. Sci. 115 (2005) 499-508.

H. Fast, Sur la convergence statistique, Colloquium Mathematicum, 2 (1951) 241-244.
A.R. Freedman, J. J. Sember, Densities and summability, Pacific J. Math., 95 2 (1981)
293-305.

A.D. Gadjiev, The convergence problem for a sequence of positive linear operators on un-
bounded sets and theorems analogues to that of P. P. Korovkin, Dokl. Akad. Nauk SSSR 218
(1974).

A.D. Gadjiev, Theorems of the type of P. P. Korovkin’s theorems (in Russian), Math. Z.
205, 781-786, 1976. Translated in Maths Notes, 20 5-6(1977) 995-998.

A. D. Gadjiev A. D., Orhan, C. Some approzimation theorems via statistical convergence,
Rocky Mountain J. Math. 32 (2002) 129-138.

A.D. Gadjiev, O. Cakar, On uniform approximation by Bleimann, Butzer and Hahn Oper-
ators on all positive semiazis, Transactions of AS Azerbaijan. Series of Physical Technical
and Mathematical Sciences 19 5 (1999) 21-26.



KOROVKIN TYPE THEOREMS 31

[31] M. A. Ozarslan, O. Duman, H. M. Srivastava, Statistical approzimation results for
Kantorovich-type operators involving some special polynomials, Math. Comput. Model., 48
3-4 (2008) 388-401.

[32] M. A. Ozarslan, H. Aktuglu, Korovkin type theorem for non-tensor Baldzsz type Bleimann,
Butzer and Hahn operators, Math. Meth. Appl. Sci., 38 (2015) 1937-1944.

[33] I. Ozgiic, Lyp-approzimation via Abel convergence, Bull. Belg. Math. Soc. Simon Stevin 22 2
(2015) 271-279.

[34] Powell, R. E., Shah, S. M. Summability Theory and Its Applications, Prentice-Hall of India,
New Delhi, 1988.

[35] I. Sakaoglu, and M. Unver, Statistical approzimation for multivariable integrable functions,
Miskolc Math. Notes 13 2 (2012) 485-491.

[36] I. J. Schoenberg, The integrability of certain functions and related summability methods, The
American Mathematical Monthly, 66 5 (1959) 361-775.

[37] D. Soylemez, M. Unver, Korovkin type theorems for Cheney—Sharma Operators via summa-
bility methods, Res. Math., 73 3 (2017) 1601-1612.

[38] D. Soylemez, F. Tagdelen Approzimation by Cheney-Sharma Chlodovsky operators, Hacet. J.
Math. Stat.49 2 (2020) 510-522.

[39] D. Soylemez, D. Aydin-Ari, G. Bagcanbaz-Tunca, On multivariate Bleimann, Butzer and
Hahn operators, Mediterr. J. Math. 17 (2020) 191.

[40] D. Soylemez, Korovkin type theorem for non-tensor Baldzsz type Bleimann, Butzer and Hahn
operators, Mth. Slovaca 72 1 (2022) 153-164.

[41] E. Tasg, T. Yurdakadim, 0. G. Athihan, Korovkin type approximation theorems in weighted
spaces via power series method, Oper. Matr. 12 2 (2018) 529-535.

[42] E. Tas, 0.G. Atlihan, Korovkin type aproximation theorems via power series method, Sao
Paulo J. Math. Sci., 13 (2019) 696-707.

[43] M. Unver, Abel transforms of positive linear operators. In: ICNAAM 2013. AIP Conference
Proceedings, 1558 (2013) 1148-1151.

[44] M. Unver, K. Khan, C. Orhan, A-distributional summability in topological spaces, Positivity
18 1 (2014) 131-145.

[45] M. Unver, Abel transforms of positive linear operators on weighted spaces, Bull. Belg. Math.
Soc. Simon Stevin, 21 5 (2014) 813-822.

DILEK SOYLEMEZ
SELGUK UNIVERSITY, FACULTY OF SCIENCE, DEPARTMENT OF MATHEMATICS, SELGUKLU, 42003,
KoNyA, TURKEY

E-mail address: dsozden@gmail.com



