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Abstract: In this study, we have introduced a generalization of Szdsz-Mirakyan operators including Dunkl-Appell
polynomials with help of sequences satisfying certain conditions and have derived some approximation properties of this

generalization.
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1. Introduction

Approximation theory, a common scientific field of study where applied mathematics and functional analysis
intersect, is based on the Weierstrass Approach Theorem, which was put forward and proved by German
mathematician Karl Theodor Wilhelm Weierstrass, known as the father of modern analysis, in 1885 [1].
According to this theorem, there is a sequence of polynomials that are uniformly convergent to every continuous
function defined in a closed and finite range. Bernstein operators [2] is one of the best examples of the
polynomials for the interval [0,1]. The other is an extension of Bernstein operators to the infinite interval

and is called as Szész operators defined by Szasz [3] as follows:

Sm (fiz) =

Z(n?)]f<7jn>, rz>0, meN

1
exp(max) =

where f € C[0,00).
Sucu [4] has defined a Dunkl analogue of Szdsz operators with the help of a generalization of the

exponential function given by Rosenblum in [5] as follows

1 > (max)’ |+ 200,
SE(fiz) = Z( V(1209 50 men (1.1)
expy, (mz) <= 7. (j) m
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where >0 and f € C'[0,00). exp, (z) has been given by Rosenblum [5] in here as follows:

exp,, (z) = Z xj, (1.2)

where the coefficients v, (j) are defined by

L 220 (G4t d)

2HTLIC (4 p+ 3
T (2.]) F(,U,+l) ( 2)
2

L (u+3)

and v, (2j+1) =

(1.3)

for j € Ng:=NU{0} and > —3 where I' denotes the Euler’s Gamma function. It is known from [5] that ,,

satisfies the following recurrence relation

where 0; is defined as

1yt .
ej:1+( 1) :{1 , JE2Ng+1 (15)

0 , 7 € 2Np.

On the other hand, we recall that Dunkl derivative operator has been defined by Rosenblum in [5] with

Dy (f (@) = () + p—=—"———, z€C (1.6)
where 1 € C\{—(2k —1)/2: k € N} and f is entire function defined on C. It can be seen that

i) If 4 =0, then D, , is the standard derivative operator,
i) Dp,(f (@)= f" (x) + 24 ' (x) — IO,

i) Dy () = 24 me N

) Dy, (exp, (Ax)) = Xexp, (Az),
V) Dua (f(2)g () = f(2) Dua(9(2) + 9 (=2) Du (f (2) + ' (2) [9 () — g (=2)]

where f and g are entire functions defined on [5].

Through the above properties, authors have studied various generalizations about Dunkl analogue of
Szdsz operators in [6], [7], [8], [9], [10], [11] and [12]. On the one hand, orthogonal polynomials and other
families of polynomials have played an important role in construction of linear positive operators (see [13], [14],
[15], [16], [17] and [18]). At the present, we recall Dunkl-Appell polynomials defined by Cheikh and Gaied in
[19]. From [19], Dunkl-Appell polynomials are symbolized by p; () and defined by

P; (I)Zj:( ‘17/ )ch_u ¥, co#0
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where Dunkl-binomial coefficient is

T .

(

Moreover, from [19], the polynomials p; (x) are generated by

) _ T (J)
M 'VM(V)’YM(]'*V)-

G (t)exp, (zt) =Y 2 (2),5 (1.7)
where G is an analytic function in the disc |t| <7, » > 1 and
Gw=Yc (18)
t) = Cj ——. 1.
s ’ Yu (])

Now, we are going to define our operators thanks to d-Appell polynomials, Dunkl derivative operator and

increasing-unbounded sequences of positive real numbers similar to [20] (also see [21] and [22]) in next section.

2. Construction of the operators L%m:bm:#

Let p; (z) be Dunkl-Appell polynomials. We introduce a new generalization of Szdsz-Mirakyan operators by

1 = p; (amz) (j—l—?u@)
Lfnm’bm’” jT) = J L), >0, meN 2.1
) = G exp, (am) 2= 7)o &1

where p is a real parameter with |u| < 1/2, G (¢) is an analytic function given in (1.8), f € C'[0,00),
G (1) # 0, % >0 for j =0,1,2,..., (ay,) and (b,,) are increasing-unbounded sequences of positive real

numbers, satisfying the following conditions

lim bi =0 and lim 2% =1. (2.2)

m—o0b,, m—o0 by,

It is clear that these operators defined in (2.1) are linear positive and if a,, = b, = m, Lo-bmH(f:z) reduces

to the operators given by Sucu in [18].
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Lemma 2.1 For the function given in (1.7), we have the following equalities

i) zwmx) G (1) exp,, (amz) ,

i) J;O %@)@ = exp,, (am) [amzG (1) + G’ (1)]

—|—,uexpu (_amm) [G (1) -G (_1)] )

i) (—1)! 222 — exp, (—apa) [ameG (-1) + G (~1)]

exp,, (amz) [G (1) = G (=1)],

e

<
Il
=3

+

=

iv) Z pj“ a’"x = exp, (am) [afnxQG (1) + 2ap2G’ (1) + G” (1)]

+uexp, (—am) [2G" (1) — (G (1) — G (-1))]
where (a.n,) is the positive, increasing and unbounded sequence.

Proof i) By letting t = 1 and « — a,,2 in the equality (1.7), we obtain the proof of Lemma 2.1-(i).

ii) By applying operator D,, , given by (1.6) both sides of the equality (1.7), using the properties (iv)
and (v) of Dunkl derivative operator in page 2 and then letting ¢ — 1 and z — a,,x, we have the proof of
Lemma 2.1-(ii).

iii) We get the proof of Lemma 2.1-(iii) by applying operator D,, , given in (1.6) both sides of the equality
(1.7), using the properties (iv) and (v) of Dunkl derivative operator in page 2 and then getting t — —1 and
T = Q.

iv) By twice applying operator D, , given in (1.6) both sides of the equality (1.7), using the properties
(ii), (iv) and (v) of Dunkl derivative operator in page 2 and then getting ¢ — 1 and = — a,,x, we acquire the

proof of Lemma 2.1-(iv). O

Lemma 2.2 Let L&mbni(f; ) be the operator introduced in (2.1). Then, we have

i) Lgmbeor(liz) =1,

i) Lggmbmor (o) = e+ %MG'“”“[G(Q(]?H”W””),
2 Iz
§ii)  Lambmo(¢2; z) = («;7”) 2?4 26 (1)+G(1)+(2;;G( Ve @),

1 G ()+G ()+2p°[G(1)—G(—=D]+2u[G (D+G (- 1)]ek, ()
+oz am

2
m

where &, (x) := 7625;(&1"5) .
(@

Proof i) It is clear from Lemma 2.1-(i).

ii) By using the recursion relation given in (1.4), we acquire the proof of Lemma 2.2-(ii).
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iii) We have

. 2
Lam,bm,p(tQ. 1‘) _ 1 o pjlamz) [ j+2u6;
m ? G(l) eXPH(amw) =0 'Y/—L(j) bm
_ 1 = Pi(ame) j+28;

T e, (am®) 24 G0 B,

= 1 § Pit1(am®) j+142p60;11
G ep,(am) 2y 3.0) b2,

from the equality (1.4). Furthermore, we can obviously see that
041 = 0; + (1)
where 6 is a parameter given in (1.5). Using the equalities (1.4) and (2.4) in (2.3), we have

o ybom s ft (42 — 1 __
me " (t ,J?) — G(1)exp,(amx)b2,

o pit2(am) o Pj+1(am) o [ 1\J Piti(amz)
AL TRE T T e T L CUEEG

Consequently, the proof of Lemma 2.2-(iii) is obtained by using Lemma 2.1 in the equality (2.5).
Throughout the rest of this study, we use

e —x
lim P\ 7T) (—2)

=0
T—00 exp,, (x)

cxpu(fm)
X

for |u| < 1/2 and |— @)

<1 for z >0 and x> —1/2 in [12] for approximation properties.

Now, we recall that the r-th central moment of the operators L%m-Pm:# in (2.1) is given by
MY (x) = Lémbmi (t—2)"52), 1=0,1,2, ...
for m € N and z > 0.
Lemma 2.3 The first few central moments of Lom-bm:F are given by

i) My (@) =1,

)

i . am e G(1)—G(—1)]¢" (z
i) My (0) = (g2 = 1) w4 L SO0 GCIGE

2
i) Mo (@) = (g2 —1) a2

+ L 2[am —bm ]G’ (1) +[am —2pubm &l (2)]G(1)+2p[am +bm ]G (1)L, ()
b2 G x

m

1 G()+G ()42 [G(1)—G(—D)]+2u[G' (1)+G (—1)]€4 (2)

oz G

(2.3)

(2.4)

(2.6)
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Proof From linearity of the operators L&mbm:# it is that

M, (@) = Lgmbmk ((t —x)" ;)

— L b <k§0< : >tk (x)”“;x> 27
- go( i )(—@“’“ Lyt (tF: )

Taking » = 0,1,2 in the equality (2.7) and using Lemma 2.2, the desired results follow. O

3. Rate of convergence for operators L&mtm:#

In this section, we present the rate of convergence of the operators L&m-*m:# thanks to the definitions of various

tools.

g(x)
1422

Theorem 3.1 For every g € E* = {g : g is continuous on [0,00), s convergent as r — 00 } , we have

lim Lembml (g x) = g ()

m—o0
on each compact subset of [0,00).

Proof The proof is based on the well-known universal Korovkin-type theorem in [23]. O

The classical modulus of continuity of g € Cg [0, 00), the space of continuous and bounded functions on [0, c0),
is defined by

w(g;0) = @1\135{'9 (x+h)=g(@)]: zec]0,00)} (3.1)

where § >0 [23].

Theorem 3.2 The operators LemPm# defined in (2.1) satisfy the following inequality

| Ly Pt (g5 ) — g ()] < 20 <9; \/m)

where g € Cp[0,00) and M}, , (x) has been given in Lemma 2.3.

Proof The modulus of classical continuity of function g € Cp [0, 00) satisfies the below inequality in [23]

t—x
90 -9 (@)l < 0) (157 1)) (32
From inequality (3.2), we obtain

| L bmott (g5 @) — g ()| < Lttt (g (1) — g (2) 5 2)

<w(g;0) (1+ FL&mbmob (|t — zf52)) .
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It can be clearly written by Cauchy-Schwarz inequality that

) 2 2 . 2
A sbm 1 _ . _ 1 p'(amm) J+2u0; _
Lyttt = wlso) = 2, (G(l)exp,xamz)) (%(j) ) ( e x)
=

00 . 2
1 pi(amz) (j+2p6;
S \/jX—:O G(l) eXP,l,(amm) 'Y,u(j) ( bm Z‘)

S 1 pj(amz) (3.4)
X\/ > Gemy @) 0)
7=0
= \/Lﬁl’”"b’”"“ ((t —a)%; x) Lo Pmot (1; z)
= MxL,Q ().
Using the inequality (3.4) in (3.3), we have
1
‘L%n,bm,u (g;7)— g (x)’ <w(g;9) (1 + 5 M,‘fh2 (x)) . (3.5)
Choosing ¢ = Mf,;,Q (2) in inequality (3.5), the proof is completed. O

Theorem 3.3 Let LaPm:t be the operator defined in (2.1). Then, we have

Lt (gim) — g (@)] < /Mo () (19 (@) + 20 (/0 (@) )
where g € Cp[0,00) :={g: 9,9 € Cp[0,00)}, x € [0,00) and M}, , (x) have been calculated in Lemma 2.3.

Proof We can clearly write that

0(t) —g(@) = (t—2)g (2) + / (¢ (5) — ¢ (2)) ds (3.6)

for x,t € [0,00). Moreover, because the function g € C} [0, 00) verifies the inequality in (3.2), we have

[ @ —g @)is| <wigso) (“ - +|t—x>. (3.7

xT

If we apply L&mPm# to (3.6) and then taking the absolute value on both sides of this equality, we can write by
using (3.7) and triangle inequality that

| Lotk (gy ) — g (2)] < g/ ()] Lo (|t — ] 2)

Qb . My, ()
o (9'50) (Lt (e = als) + 2222
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Using Cauchy-Schwarz inequality in (3.8), we can write
gt 0i2) = 0 )] <19 @M )+ 0(030) (o0 (0 + 21220,
Choosing 6 = Mff%2 (z) in the above inequality, the proof of Theorem 3.3 is completed. O

Now, we remind that Lipschitz class functions of order « is defined as follows
Lipy (o) :={g € C[0,00) : [g(t) =g (2)| < N [t —2[", t,z € [0,00)} (3.9)

where 0 < o« <1 and N >0 [24].

Theorem 3.4 For the operators Lembm:t given in (2.1), we have

wlR

| Ly Pt (g5 @) — g (2)| < N (M}, 5 (2))
where g € Lipy (o) and M}, , (x) have been calculated in Lemma 2.3.
Proof Using linearity property of L%mbm:# and g € Lipy (a), we get
Lot (g:0) = g )| < Nt (1 — 52 (3.10)

We can write that

L (gia) — g (@) < NLgpt (-l )
S (0% ;x))% (Lot (1)) 7
< N (M, (@)
from Lemma 2.3 and applying Hélder’s inequality for sum with p = § and ¢ = Q_T“ in (3.10). So, the proof is
done. O
Peetre’s K-functional of the function g € Cg [0, 00) is defined by
K(gi0) =t {lo = bleyo00 + 0 Il 0. | (3.11)

for 6 > 0 where [|g]lc,0,00) = up )Ig ()| [25]. Here, C%[0,00) := {g € Cp0,00): ¢',¢" € Cp[0,00)} is
xe|0,00

the normed space with following norm
1912 10,00) = 91l 70,000 T+ 19"l 10,00y T 119"l 10,00 (3.12)
for every g € C%40,00).
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The second-order modulus of smoothness of function g € C% [0, 00) is given by

wa (g;0) := 031225 {lg(®+2h) —=2g(x+h)+g(x): z€[0,00)} (3.13)

for § > 0 [23]. Moreover, we know that there is a connection between Peetre’s K -functional and wo given by

K (9;8) < N {ws (9,v8) +min (1,6) llgll e 0,000 (3.14)
for 6 > 0 and N is positive constant [26].

Theorem 3.5 The operators Lam:bm:t defined in (2.1) have the below inequality

Lz (gi) = g ()] < 2N {ws (9, v/80 (@)) + min (1,60 (2)) 9]¢y 0,000 |

It x
where g € Cpl0,00), N is a positive constant that is independent of n and 0, (x) = /M, 5 (x) + Mmfr"()

Here M), , () is calculated in Lemma 2.3.

Proof For f € C%[0,0), we have that

(t — 2)”
2

f&) = f (@) = f'(2)(t — ) + f7(c) (3.15)

where ¢ between z and t. When we apply the operators L%m:’=:# to both sides of (3.15) and remind the

linearity property of the operators L%m-bm#  we acquire

Lt (£52) = F@)] < 1P @I =) + D gt (¢ = a)?;0).
From (3.4), we obtain
Lo (f) = F (@) < 1 @) 1Mo (@) + LD g )

2

1 ¢ 000
1 Nenfo,ce) /Mo 2 (@) + =200, ()

IN

m
m

My, 5 (2)
(V322 @) + 2220 (1 Nengorer + 1 o)

IN

< ( M, 5 (z) + m;(x)> ||f||c?5[o,oo)'
Using the above inequality, we can write
Lyttt (g5 @) — g ()|
= |Lggbmott (g5 @) — Lyttt (fr2) + Ly bt (fr2) = f (2) + f (2) = g (2)]

(3.16)
< Lggbmot (g = fls2) + |g(a) = f(@)] + [Lgr bt (f;2) = f(2)]

M, ()
<2119 Fllogpome) + 21z 0.0 (/Mo () + 2222)
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for g € Cpl0,00). Let K be Peetre’s K-functional of the function g € Cg[0,00). Consequently, we have

gt i) o(o)| < 28 (3 (farzg ) + 22210 ) (3.17)

by taking infimum on both sides of the inequality (3.16) for f € C%[0,00). As a result, the desired result is
obtained from (3.14) and (3.17). O

4. Weighted approximation

Korovkin’s theorem has an important place in approximation theory. According to this theorem, uniformly
convergence of a linear positive operator to some test functions is examined, and by using the approximation
character of these test functions, it is concluded that this operator uniformly converges to a continuous function
in a real closed limited interval [27].

Gadjiev extended to Korovkin’s theorem in an unlimited range for weighted function spaces [28]. Let

function ¢ be a monotonous increased function, lim ¢ (z) = co and p(z) = 1+ ? (z) is a weighted function.
Tr—r 00

Then, we recall some function spaces associated with weighted Korovkin theorem with help of function p as
follows:
B,[0,00) == {g:[0,00) — R | [g(x)| <My (1+¢*(2))},

C,[0,00) :={g € B,[0,00) | fis continuous on [0,00)},

Cg [0,00) := {g € C,[0,00) | limg_oo lfégzl) =5 < oo}7

(cf.[28]). B,[0,00),C,[0,00) and C§ [0, 00) are normed spaces and the weighted norm on the space B, [0, c0)

is given as

lg ()]

lgll, = U @)
for g € B, [0,00). It is obviously C%[0,00) C C, [0,00) C B, [0,00), (cf.[28]).
Theorem 4.1 (cf. [28]) If a sequence of linear positive operators {Ly},~, satisfying two conditions
J1) the operators Ly, act from C,[0,00) to B, [0,00),
72) Tim Ly (ex: ) —exll, = 0, k=0,1,2,

then we have
i (L, (i) = ], =0

Jor f € C5[0,00) where ey (t) :=t*, k€ Ng=NU{0}.
Lemma 4.2 The operators L%m-Pm# defined in (2.1) have the following inequality
Lagbmtt (pyx) < Kp(z) , K >0

where p(t) = 1+ t2.
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We use the inequality | ()] <1 to prove the following theorem.

Theorem 4.3 The operators Lembm:t given in (2.1) verify

lim | L5 om* (g5-) — g||, =0

m— 00
Jor g € C5[0,00) where p: p(z) =1+

Proof J1) Let g € C,[0,00). For p(t) =1+ t2, we have

Am, ,Om . — Am, ,Om g . Am ,0m .
Lttt (g ) = Lomb “(pp,x) < llgll, Lapmtt (prx) < llgl, K p () < Myp (2)

where M, > 0 thanks to Lemma 4.2. From the above inequality, it is L&*m# (g;-) € B, [0,00). So, we obtain
that the operators L&m-bm:# act from C, [0,00) to B, [0,00).
J2) Let e (t) :=t*, k € Ng = NU{0}. It is clear that ||L&mbm* (eg;-) — GOH,) = 0. Furhermore, by

using Lemma 2.2, we can write that

’ G'()+u[G1)-G (1)) ()
G()

a 1
Lamyb'm.)ll' ) < m™ _1ls
|| m (el, ) el||p - bm 21;1())1—’—«%.2 + bng% 1+(E2
1 [07%%% Cl
< S| oql+ 250, (mo
< 3. ‘ + b , (m— 00)

where the constant C; verifies

’G/(]_)—l—,u,[G(].)_G(_l)]gﬁl(x) <Ciy, C1>0

G (1)

thanks to that | (z)| <1 and the function G is an analytic function in the disc |t| <r, r > 1.

From Lemma 2.2, we obtain that

26" (1)+G(1)+2pG(=1)ER (=)
22 G) €

sup

+ om
o a—— ——Ssu
x>0 1 + 332 bgn b

>0 1+ a2

2
et -, < |(32) -1

G (D+G' (1) +24°[G(1) =G (=D]+2p[C () +G' (=1)]éh, ()

G(1)
Tz o0 1+ 22
2

A 02 (€29 03
< — ] -1+ ==+ =
< ‘(bm> +2b%+b$n—>0, (m — c0)

where the constants C and Cj satisfy
‘26' (1)+G(1)G+(211)LG(*1)£¢;(I) <Oy, Cy>0

G (1)+G' (1)+2p2[G(1)~G(—D)]+2p[G" () +G (- 1)]e4 (=
(') 2 G0 O D2 E D) | oy gy 50
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thanks to that |£# (x)| < 1 and the function G is an analytic function in the disc |¢| < r, 7 > 1. As a result,
in the light of all the above procedures, we obtain

lim HLZ{"’*’”’“ (ex;) — eka =0, k=0,1,2.

m—r0o0

Finally, since the conditions J1 and J2 are verified, the desired result is obtained by using Theorem 4.1 and so,

the proof is completed. O

5. Conclusion

We introduce a generalization of Szdsz-Mirakyan operators including Dunkl-Appell polynomials and sequences
satisfying certain conditions and obtain some approximation properties. Similarly, the generalizations of
Kantorovich, Durrmeyer and Stancu type of these operators can be constructed. These could be considered for

future research.

References

[1] Weierstrass K. Uber die analytische Darstellbarkeit sogenanter willkiiricher Funktionen enier reellen Verénderlichen.
Sitzungsbericte de Akademie zu Berlin 1885; 789-805 (in German).

[2] Bernstein SN. Démonstration du theéoréme de Weierstrass fondeée sur le calcul de probabilités. Commununications
of the Kharkov Mathematical Society 1912; 13 (2): 1-2 (in French).

[3] Szdsz O. Generalization of S. Bernstein’s polynomials to the infinite interval. Journal of Research of the National
Bureau of Standards 1950; 45: 239-245.

[4] Sucu S. Dunkl analogue of Szdsz operators. Applied Mathematics and Computation 2014; 244: 42-48.

[5] Rosenblum M. Generalized Hermite polynomials and the Bose-like oscillator calculus. Operator Theory: Advances
and Application 1994; 73: 369-396.

[6] Icoz G, Cekim B. Stancu-type generalization of Dunkl analogue of Szisz-Kantorovich operators. Mathematical
Methods in the Applied Sciences 2016; 39 (7): 1803-1810.

[7] I¢oz G, Cekim B. Dunkl generalization of Szész operators via g-calculus. Journal of Inequalities and Applications
2015; 2015: 1-11.

[8] Srivastava HM, Mursaleen M, Alotaibi AM, Nasiruzzaman M, Al-Abied AAH. Some approximation results involving
the g-Szasz-Mirakjan-Kantorovich type operators via Dunkl’s generalization. Mathematical Methods in the Applied
Sciences 2017; 40 (15): 5437-5452.

[9] CaiQ, Yazic1 S, Cekim B, icoz G. Quantitave Dunkl analogue of Szdsz-Mirakyan operators. Journal of Mathematical
Inequalities 2021; 15 (2): 861-878.

[10] Mursaleen M, Nasiruzzaman M, Alotaibi A. On modified Dunkl generalization of Szdsz operators via g-calculus.
Journal of Inequalities and Applications 2017; 38.

[11] Mursaleen M, Rahman S, Alotaibi A. Dunkl generalization of ¢-Szdsz Mirakjan Kantorovich operators which
preserve some test functions. Journal of Inequalities and Applications 2016; 317.

[12] Milovanovic GV, Mursaleen M, Nasiruzzaman M. Modified Stancu type Dunkl generalization of Szdsz-Kantorovich
operators. Revista de la Real Academia de Ciencias Exactas, Fisicas y Naturales. Serie A. Matemaéticas 2018; 112:
135-51.

[13] Jakimovski A, Leviatan D. Generalized Szdsz operators for the approximation in the infinite interval. Mathematica
(Cluj) 1969; 11: 97-103.

2364



YAZICI et al./Turk J Math

Varma S, Tagdelen F. Szdsz type operators involving Charlier polynomials. Mathematical and Computer Modelling
2012; 56 (5-6): 118-122.

Sucu S, I¢éz G, Varma S. On some extensions of Szész operators including Boas-Buck type polynomials. Abstract
and Applied Analysis 2012; Article ID 680340, 15 pages.

Aktag R, Cekim B, Tagdelen F. A Dunkl analogue of operators including two-variable Hermite polynomials. Bulletin
of the Malaysian Mathematical Sciences Society 2018; 42: 2795-2805.

Tagdelen F, Soylemez D, Aktag R. Dunkl-gamma type operators including Appell polynomials. Complex Analysis
and Operator Theory 2019; 13 (7): 3359-3371.

Sucu S. Approximation by sequence of operators including Dunkl-Appell polynomials. Bulletin of the Malaysian
Mathematical Sciences Society 2020; 43 (3): 2455-2464.

Cheikh YB, Gaied M. Dunkl-Appell d—orthogonal polynomials. Integral Transforms and Special Functions 2007;
18 (8): 581-597.
Walczak Z. On certain modified Szasz-Mirakjan operators for functions of two variable. Demonstratio Mathematica

2000; 33 (1): 92-100.

Ispir N, Atakut C. Approximation by modified Szdsz-Mirakjan operators on weighted spaces. Proceedings of the
Indian Academy of Sciences-Mathematical Sciences 2002; 112: 571-578.

Atakut C, Karateke S, Biiyiikyazic1 I. On approximation process by certain modified Dunkl generalization of Szész-
beta type operators. Journal of Mathematics and Computer Science 2019; 19: 9-18.

Altomare F, Campiti M. Korovkin-Type Approximation Theory and Its Applications. Berlin, Germany : De Gruyter
Studies in Mathematics 17, W. De Gruyter, 1994.

Gupta V, Agarwal RP. Convergence Estimates in Approximation Theory. Berlin, Germany: Springer, 2014.
DeVore RA, Lorentz GG. Constructive Approximation. Berlin Hei-delberg, Springer-Verlag, 1993.
Butzer PL, Berens H. Semi-Groups of Operators and Approximation. USA: Springer, 1967.

Korovkin PP. On convergence of linear positive operators in the space of continuous functions. Doklady Akademii
Nauk SSSR 1953; 90 (953): 961-964.

Gadzhiev AD. The convergence problem for a sequence of positive linear operators on unbounded sets and theorems
analogues to that of PP. Korovkin. Doklady Akademii Nauk SSSR 1974; 218 (5): 1001-1004.

2365



	On a generalization of Szasz-Mirakyan operators including Dunkl-Appell polynomials
	Recommended Citation

	Introduction
	Construction of the operators Lmam,bm,
	Rate of convergence for operators Lmam,bm,
	Weighted approximation
	Conclusion

