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Abstract: Our goal in this article is to use ideas from symmetric g-calculus operator theory in the study
of meromorphic functions on the punctured unit disc and to propose a novel symmetric g-difference
operator for these functions. A few additional classes of meromorphic functions are then defined in
light of this new symmetric g-difference operator. We prove many useful conclusions regarding these
newly constructed classes of meromorphic functions, such as convolution, subordination features,
integral representations, and necessary conditions. The technique presented in this article may be
used to produce a wide variety of new types of generalized symmetric g-difference operators, which
can subsequently be used to investigate a wide variety of new classes of analytic and meromorphic
functions related to symmetric quantum calculus.
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1. Introduction and Definitions

Let H(J) denote the class of all analytic functions on the open unit disk
J={¢:€C and || <1}
Let A denote the class of all analytic functions g(&)which are normalized by the conditions

¢(0) =0 and ¢'(0)=1

and have a Taylor-Maclaurin series representation of the form

g@)=¢+) anl", (VE€)). @D
n=2

Also, § C A represents all univalent functions in J.
Let P represent the class of Carathéodory functions p, which are analytic in the open
unit disk | and satisfy the following conditions:

p(0) =1and Re{p(¢)} >0, (Vie€]).
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Every p € ‘P has a series representation of the form

p(8) =1+ ) cal" )
n=1
Let M denote the class of all meromorphic functions g of the form
1 & "
g(‘:):*“‘zang/ (3)
g n=0

which are analytic in the punctured open unit disk

J'={¢:¢€C and 0 <[] <1} =]J\{0}

with a simple pole at the origin with residue 1.
Let g and h € M, where g is given by (3) and & is given by

nE) = é 1l

then the Hadamard product (or convolution) g * & is defined by

1 e8]
(§*M) (&) =z + ) anbul" = (h+8)(2).
g n=0
The subordination of two analytic functions g and /, in open unit disk J, can be defined as

8(8) < (@), (Ce])),

if there exists a Schwarz function t which satisfies the conditions
t(0) =0 and [t(G)| <1, (C€])

such that

8(¢) =h(t()), (E€]).

Equivalently, if the function & is univalent in |, then we have the following equivalence
relation:

8(¢) < h(¢) < g(0) =h(0), (€])
and

g() ch()), (E€])).
The meromorphic function ¢ € MS*(«) if it satisfies the inequality

Re(ggg(g)> <—ua, (0<a<1, €] 4)
and meromorphic function g € MK («) if it satisfies the inequality
Re<1+§§((£)> <—a, 0<a<1, &c)). )

The function classes MS™(a) and MK («) are known as meromorphic starlike and convex
functions of order «. It can be observed from (4) and (5) that

g€ MK(r) & —Zg € MS*(a).
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The class of meromorphic é-convex functions of order -y defined by Nunokawa and Ahuja

in [1] is as follows:
A s (8@ g @\ __
R{(l 5)<g(§)>+5<1+ g,(§)>}< v,

(Ce],6>0,v<1, geM).

where

A similar concept is related to the subclasses of meromorphic functions, see [2,3] for examples.

Quantum (or g-) calculus is the name given to the limitless calculus that is used in
several branches of mathematics and physics. Jackson [4] defined the g-derivative (D;) and
g-integral operators using the concept of quantum (or g-) calculus. Geometric Function
Theory (GFT) has examined the many uses of the g-derivative operator, which makes
GFT extraordinarily important. Historically speaking, the concept of g-starlike functions
was initially introduced by Ismail et al. [5]. Srivastava [6] employed the fundamental (or
g-) hypergeometric functions for the first time in Geometric Function Theory while the
g-Mittag-Leffler functions were examined by Srivastava and Bansal in [7]. Arif etal., in [8,9],
constructed and analyzed several novel subclasses of multivalent functions by applying the
principles of the g-derivative operator to practical situations. Mahmood et al. [10] recently
conducted extensive research on the class of meromorphic g-starlike functions connected
to Janowski functions. Following that, Srivastava [11] outlined a few ways fractional
g-calculus can be used in GFT for complex analysis. Al-Shbeil et al. [12] studied some
remarkable results for a subclass of bi-univalent functions employing the g-Chebyshev
polynomials more recently as an application of the g-derivative operator. We refer to [12-18].
for a study of some general classes of g-starlike functions connected to the Janowski domain.

Among the many areas where symmetric g-calculus has been shown to be useful are
fractional calculus and quantum physics [19,20]. Sun et al. [21] presented and analyzed
various properties of fractional symmetric g-integrals and symmetric g-derivatives. Using
symmetric g-fractional integrals and fractional difference operators, they looked at problems
related to non-local boundary conditions. Kanas et al. [22] explored several applications
of the symmetric g-derivative operator in the conic domain and constructed a new class
of analytic functions. The idea was subsequently used by Khan et al. [23] in the creation
of the symmetric g-conic domain. Taking this area into consideration, they looked into
several previously unexplored classes of analytic functions. Applications of the symmetric
g-operator, a generalization of the conic domain, and an examination of subclasses of
g-convex and g-starlike functions may all be found in the work of Al-Shbeil et al. [24].
Recent work by Khan et al. [24] explored several novel applications of symmetric quantum
calculus for a class of harmonic functions. In their paper [25], Khan et al. introduced
the concept of a symmetric g-derivative operator for multivalent functions and described
its numerous interesting applications. This article offers a three-pronged explanation of
symmetry: geometry—the most common kind of symmetry studied in school—physics,
biology, chemistry, and other branches.

Here, we provide some foundational concepts and ideas of the symmetric g-calculus
that will be used in the subsequent creation of new subclasses.

For n € N, we have a definition for the symmetric g-number, which is

ml, = =1 ©)

and for n = 0, then
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It is important to keep in mind that the symmetric g-number cannot be written as a g-
number. The factorial representation of the symmetric 4 number is defined as

—~ ~ T~ ~ ~

[n],! = [n],[n — 1] [n = 2],...[2],[1],, n>1,

and for n = 0, the factorial of the symmetric g-number will be equal to 1, and for ¢ — 1—, then

[n] !t = n!.

Definition 1 ([26]). The symmetric q-derivative (g-difference) operator 15q <(&) for the function
g € A s defined by

Dge) = 3(SELSD) e, %

1
g q—q1

= i an(;ml ‘:7&0‘77&)

and
ﬁqg” = [An/]qg”*l, ﬁq{ Z ané‘”} = Z [An/]qan{f"*l.
n=1 n=1

From (7), we can observe that
!

Jim Dyg(@) = g(@).

Inspired by the research presented in [26], we define the symmetric g-derivative
operator for meromorphic functions as

Definition 2. The symmetric q-derivative operator 15q <(&) for the meromorphic function ¢ € M
is defined by

g(q8) —g(q~
(—q71)¢

(Dyg) (@) = 9 _ -z 3 [ngoat” ™, (¥ € J°) ®)
We observe that
lim (Dyg)(2) = £'(2), forg € M.

g—1

Now, by considering the operator defined in (8), we define the following new subclasses of meromor-
phic functions associated with symmetric g-calculus.

Definition 3. A function g € M is in the class %*(q) of meromorphic symmetric g-starlike
functions if it satisfies the inequality

¢Dy8(2)

M@

) <0, E€7. )

Definition 4. A function g € M is in the class //\/l\E(q) of meromorphic symmetric g-convex
functions if it satisfies the inequality

N2
R (1 + ggqg(g)> <0, ZeJ. (10)

qg(g)
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It can be observed from (9) and (10) that
g € MK(q) & ~¢Dyg € MS ()

——%
Definition 5. A function g € M is in the class MS («, q) of meromorphic symmetric q-starlike
functions of order « if it satisfies the condition

§Dgg(5)
§R< 8(¢)

> <—-ua, (0<a<1,ge]). (11)

Definition 6. A function g € M is in the class /T/I\I/C(zx, q) of meromorphic symmetric q-convex
functions of order « if it satisfies the condition

¢D3g(8)\
8%(1+ qug@)< 6 (0<a<1ge]). 12)

We note that o . o
g€ MK(w,q) & —¢Dysg € MS (a,9q),

For o« = 0, we have

o~

MS (0,9) = @*@
MK(0,9) = MK(q).

—_~—

Definition 7. A function g € M is in the class M(B, q) if it satisfies the inequality

{Dg8(@)) .
3%< 2() >> B, (¢, B>1). (13)

—_~—

Also, a function § € M is in the class N (B, q) if and only if

P

~&Dqg € M(B,9). (14)

—_—

Example 1. Clearly, from (14), for > 1, we know that if g(¢) = &l e N(B,q), then
ED,g(&) = &1 e M(B,9).

P e NI

Here, we give another example of the functions g € M (B, q) and g € N (B, q), respec-
tively.

Example 2. -
C =g P e M(Bg), (GeT)
and
g —_——
~ [u2a-w" du e N(Ba), @€ 0< (o] < [2):
o

Proof. From (13), we know that

&Dyg(2)
B+ _1+¢

p-1 1-¢

@€e)). (15)
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From (15), we know that

Dyg(&) 1 261 .
oo tE-1og €€

Integrating the above equation, we have

2@ = 1-02P e M(Bg), EeT).

Moreover, we have

—_~ —_~—

g €N (B q) & —EDgg € M(B,q),

and we deduce that

¢
~ [u2a-w™ Mau e N(Bg), G €, 0< |2l < 2D
%o

O

In this section, we gave some new preliminary results, which will be used to prove
our main results.

2. Preliminaries
o

Lemma 1. A function g of the form (3) belongs to the class M(B,q) if and only if

¢Dgg(e) | 1-(2p-1)¢

r e @e). (16)
Proof. Let _
B+ ¢Dgg(¢) o
0(8) = Tg(f) (e ge MBa).
Since s € P, which implies that
b 1450 e
T = 1o (Gl seMBY), a7
where s is analytic in | along the conditions s(0) = 0 and |s(¢)| < 1. Thus, from (17), we
find that N @
_6Dg8(6) _ 1-(28—-1)s(¢)
@ s €D
Then N

g(¢) 1-¢

The relationship (16) is proved. For the converse part of Lemma 1, we follow the above
deductive process. Hence, the proof of Lemma 1 is completed. O

P

Lemma 2. A function g of the form (3) belongs to the class N'(B, q) if and only if

B (1+ é‘@ﬁé)) L 1-(p-1)¢

Dyg(g) A

Proof. Using the method for the proof of Lemma 1, we obtain the proof of Lemma 2. O
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Lemma 3. A function g of the form (3) satisfies the inequality
Y (|l + 1|+ |1, = 0 )laal <20, 0 < p= 1. (18)
n=0
Then, g € MS (q).
Proof. To prove g € MS (9), it suffices to show that
§Dy3(3)
+u
8(8)
——| <1, O<u<1, ¢ec]).
D@ _ O<p=liel
8()
We can write (18) as follows:
(40— Y ([inl, = #) ) lan]
n=0
> (1—w)+ Y (|inl, + ) lanl > 0.
n=0
Therefore,
(=) + X (|, + ) laal
0< "0 <1. (19)
1+u) - nl, — a
(+p) = % (|inl, = #]) ol

We can deduce from (3) and (19) that

£Dyg(2) T R
o TH| ot L (0, + )t
D [e0) —

Do) =gt ([~ ) andr

1 B (i

(D) A

n=

This completes the proof of the first part of Lemma 3. For the converse part of Lemma 3,
we follow the above deductive process. [

Lemma 4. A function g € M satisfies the inequality

3l (6 ] = ]l <20 0 < <.

—_—~—

Then, g € MK(q).
Proof. By using a similar method to the proof of Lemma 3, we can prove Lemma 4. O

Lemma 5. Let B > 1. Suppose also that the sequence { Ay, 11 }y,_o can be defined by

Ay=(B-1), if m=0,
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m—1
AmH:Z(ﬁf) <1+ ZAk+1>, if meN, (20)
2+ [m}q k=0

then

ooy 2+,

Apiq = ) —
2B+ ], k0 2+ A,

, meNy=NuU{0} (21)

Proof. To prove the assertion (21) of Lemma 5, we use the principle of mathematical
induction. Now, from (20), we have

A, = HBZD <1+iA1+k>

[1]q +2 k=0

= 287Dy 4

1], +2
_ 261
[1]q+2
From (21), we have
e 261
2 —.
2+ 1],

Hence, (21) holds true for m = 1. Let (21) hold true for m =i, (i > 2), then

2(B—1) 2B+ [k,
Ajgg = L= 1 2
28+ (il i 2+ (M, 22

Combining (20) and (22), we find that

Aipp = ——=

_o2p-y) [ llgH2) a1
2+[z'/4:1/]q(2(/3_1)> 1+1+2+[i+1]q s
o2 (2

2+[i/+\1/],7 26-1) )7
- (Zﬁ—i;—[i]i Az+1

2+ [i+1],

Hence, (21) holds true for m = i + 1. This completes the proof of Lemma 5. [

In this section, we investigate our main results.
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3. Main Results

—~—

Coefficient inequality for the function class M(B, q).

Theorem 1. A function g € M satisfies the inequality
Y (Il + 28 =) + |, + 1] )laal <2(8=1), 0< 7 <1, B> 1,
n=0

then, g € ./\/T(\ﬁ,/q)

P

Proof. To prove g € M(B, q), it suffices to show that

D@ |
3@ <1 (0<p<1,B>1¢€]).

D,
e

By using a similar procedure to the proof of Lemma 3, we find that the assertion of
Theorem 1 holds true. [J

—_—

Integral representation of functions belonging to the class M (B, 7).

P

Theorem 2. Let g € M(B,q), then

S

g
g(&) =2 "exp (Z(ﬁ— 1)/Mdt), Geg, (23)
0

where s is analytic in | and given in (17).

—_——

Proof. For g € M(B,q) and Lemma 1, we see that (16) holds true, then

¢Dg3(8) _ (28— 1)s(8) ~ 1
$0  1-so @< .

where s is analytic in | and given in (17).
We next find from (24) that

Dgg(2) , 1 _ 2(B—1)s(¢)
$@ T8 H1-s@)

which, upon integration, yields

¢
log(5(0) =206 = 1) | 7 ot )
0

Now, we can easily derive assertion (23) of Theorem 2 from (25). O

—_~—

Convolution property for the class M (B, ).
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Theorem 3. Let g € M(B,q), then

—C’1+22 (1- ez‘e)
(1-¢)
g(&) * ( ) £0, (26)

—1 .
iz {1- (28— De}
where § € [*,0 < 0 < 27,

Proof. Let g € /\/lf(Bjﬂ, and by using Lemma 1, we see that (16) holds true, which im-
plies that
 £Dgg(8) 2 1— (28 —1)e'®
8(8) 1—e®

After some simple calculation, we have

, (Ce], 0<0<2m). (27)

(1-¢®)eDyg(@) + {1- 26— 1)e®}2(2) #0, G €T, 0<o<2m).  (28)

We note that

_ 1 -1
80 =@ (£ e g+ ) =g @)
and
— B 1 z
D = s =1+ -+
¢D48(¢) 8(8) ( ¢ z (1—6)2>
—Z 42
= g(&)* (f_(:)z (30)
Thus, by using (28)—(30), we can easily complete the assertion (26) of Theorem 3. [
Coefficient estimates of functions belonging to the class M (S, q).
Theorem 4. Let .
g@) =&+ Y aag" € M(B,q), m € No. (31)
I=m
Then,
2(p—1)
2B+[m]
41| < m2B+[k], ! (32)
s . mGNozNU{O}
= q

Proof. Suppose that
V(&) =1+ + 022 +..€EP

is defined by (2) and .
¢Dgg(¢) = (B—1)g(8)v(g) — Bg(S)- (33)
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We now find from (31) and (33) that

—_—

—E 2 (1] mE 42028 + o+ (1 m a8
= (B-D(E FmE Al )
X (1 + 018 + 0282 4 ..+ 0"+ )

—ﬁ(é‘l Y R Y e )

By evaluating the coefficients of ¢+ on both sides of (34), we obtain

[m+ 1]qam+1 = (B—1)(v2ms1 + @10m + o + Apy1) — Bam1-

On the other hand, it is well known that
log| <2, keN.
Combining (35) and (36), we easily obtain
o] <p—1

and

2 -1 m—1
|ﬂm+1| S (ﬁ/-\_)/<1+ 2|ﬂk+1|>, m EN.
2+ [m+1], k=0

Suppose that B > 1. We define the sequence {A,,1};,_, as follows:
Ar=B-1, m=0

m—1
Ay = 2<‘iﬂl<1+ Y Ak+1>, m € N.

2+[1+m]q k=0

In order to prove that
|amy1] < Apy1, m € No.

Using the principle of mathematical induction cannot verify that
| <A =p-1

Thus, assuming that
|€li+1| < Ai+1r i=0,1,..m me NO,

we find from (37) and (38) that

|amy2] < w:i(“— i|’1k+1|>
24 [m+1], k=0

< 2D (14 f )
24 [m+1], k=0

= Am+2, (m S NO)

Therefore, we have
amia| < Apsr, (m € Ny).

(34)

(35)

(36)

(37)

(38)

(39)
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From Lemma 5 and (38), for m € Ny = NU {0}, we know that

2(—1) % 2B+ [K]
Apy1 = (B N) 1 (40)
26+ [m), io 2+ (K],
From (39) and (40), we obtain the coefficient estimates (32) of Theorem 4. [

Sufficient condition for the meromorphic g-starlike functions for the class M (B, q)
Firstly, we find the bounds of 8 for the meromorphic g-starlikeness of

g) =&+ Y mad™ e M(Bg), meN.
I=m
For this, we consider the inequality
o o p([n],+p
Y [n]glan] <} (,13—1)|a” <u (0O<p<1).
n=2 n=2
The above inequality can be written as

i{<”_%)ﬁ+(1+ﬂ)@}lan\ > 0.

n=2
Now, we let - -
Fn,p,B,q) = (V - [n]q)ﬁ + (1 p)[nl,.
Thus, by Lemma 3, we conclude that if g € M, satisfies the condition
Y F(npBq)lanl >0, p>1, (41)
n=2
then g € .//\/l\g*(q)
Theorem 5. If
@ =¢c'"+Y q M eM meN
I=m
satisfies the inequality
(], + B) lanl < B—1,
n=2
(42)

where
], + 1)
~—— 4, neN, 0<u<l,

then g € m*(q)
Proof. Suppose that (42) holds true. We can easily find that

Fnp8,9) = (4~ [n],) B+ (1 + )], > 0.

Hence, (41) also holds true. Therefore, we conclude that g € MS (9). O
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Properties of the Function Class N (B, q)
Theorem 6. Let 0 <75 < 1and B > 1, let a function g € M satisfy the inequality

i\ L[ (0], + @B =) + [, + | el < 208 1),

P

where 0 < u < 1land B > 1, then, g € N(B,q).

Proof. By using a similar method to the proof of Theorem 1, we can prove Theorem 6. [

P

Theorem 7. Let g € N'(B,q), then

¢ u
g(&) =— /ufz.exp (2([5 -1) / t(lS(ts)(t))dt> du,

%o 0

where §,u € J*,0 < |&o| < ||, §(Co) = 0, and s is analytic in | and given in (17).
Proof. By using a similar method to the proof of Theorem 2, we can prove Theorem 7. O

Theorem 8. Let -
@) =¢"+ Y ad" e N(Bq), m e Ny,
I=m

then

a 2(6-1) - 254_@; m € Ng=NU{0
|m+1§(%+l)(2,@+%)k—o 2+[Ak];, € Ny U {0} o

Proof. By using a similar method to the proof of Theorem 4, we can prove Theorem 8. [J

Theorem 9. If
s@ ="+ Y qfteM, meN

I=m

satisfies the inequality
3 0, ([ + )l < -1
where B is given by (42), then g € MK (q).
Proof. By using a similar method to the proof of Theorem 5, we can prove Theorem 9. O

Example 3. Let ¢ — 1—and B = 1.5, and let

—_

g(&) =+ Zaz & e M, meN,

™R

which satisfies the inequality
Y n(n+15)a,| <05,

n=2

then g € MK(q — 1-).
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4. Conclusions

Many researchers have recently established new subclasses of g-starlike and g-convex
functions using quantum calculus in the field of Geometric Function Theory. In contrast,
we defined some new subclasses of g-starlike and g-convex functions by using the idea
of symmetric g-calculus operator theory to discover the unique symmetric g-difference
operator for meromorphic functions. This paper contains three sections. In Section 1, we
discussed some basic introductions to the previous literature, and the basic definitions of g-
calculus, the symmetric g-difference operator, and other definitions. In Section 2, we proved
some new preliminary results, which will be used to prove our main results. In Section 3,
we proved our main results, such as convexity, compactness, the radii of g-starlike and
g-convex functions, and necessary and sufficient conditions. Many of these articles make
use of complete characteristics by establishing certain new subclasses of analytic functions
connected with symmetric quantum calculus, which may be extended and explored using
the approach presented in this article (see [27-34]).

Author Contributions: Supervision, S.K.; Methodology, S.K., .A.-s., S.A. and H.A.; Formal Analysis,
H.A. and M.FK,; Writing—Review and Editing, Original Draft, S.K.; Funding Acquisition, S.A. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the editor and reviewers for the careful reading
and suggestions.

Conflicts of Interest: The authors declare no conflict of interest.

References

AL

10.

11.

12.

13.

14.

15.

16.

Nunokawa, M.; Ahuja, O.P. On meromorphic starlike and convex functions. Indian J. Pure Appl. Math. 2001, 32, 1027-1032.
El-Ashwah, RM.; Aouf, M.K. Hadamard product of certain meromorphic starlike and convex functions. Comput. Math. Appl. 2009,
57,1102-1106. [CrossRef]

Liu, J.L. Some properties of certain meromorphically multivalent functions. Appl. Math. Comput. 2009, 210, 136-140. [CrossRef]
Jackson, FH. On g-definite integrals. Q. J. Pure Appl. Math. 1910, 41, 193-203.

Ismail, M.E.H.; Merkes, E.; Styer, D. A generalization of starlike functions. Complex Var. Theory Appl. 1990, 14, 77-84. [CrossRef]
Srivastava, H.M. Univalent Functions, Fractional Calculus, and Associated Generalized Hypergeometric Functions. In Uni-
valent Functions, Fractional Calculus, and Their Applications; Srivastava, H.M., Owa, S., Eds.; Halsted Press Ellis Horwood Lim-
ited, Chichester, John Wiley and Sons: New York, NY, USA; Chichester, UK; Brisbane, Australia; Toronto, ON, Canada, 1989;
pp. 329-354.

Srivastava, H.M.; Bansal, D. Close-to-convexity of a certain family of g-Mittag-Leffler functions. J. Nonlinear Var. Anal. 2017, 1,
61-69.

Arif, M.; Srivastava, H.M.; Uma, S. Some applications of a g-analogue of the Ruscheweyh type operator for multivalent functions.
Rev. R. Acad. Cienc. Exactas Fis. Nat. Ser. A Mat. (RACSAM) 2019, 113, 1211-1221. [CrossRef]

Faisal, M.I.; Al-Shbeil, I.; Abbas, M.; Arif, M.; Alhefthi, R K. Problems Concerning Coefficients of Symmetric Starlike Functions
Connected with the Sigmoid Function. Symmetry 2023, 15, 1292. [CrossRef]

Mahmood, S.; Ahmad, Q.Z,; Srivastava, H.M.; Khan, N.; Khan, B.; Tahir, M. A certain subclass of meromorphically g-starlike
functions associated with the Janowski functions. J. Inequal. Appl. 2019, 2019, 88. [CrossRef]

Srivastava, H.M. Operators of basic (or g-) calculus and fractional g-calculus and their applications in geometric function theory of
complex analysis. Iran. |. Sci. Technol. Trans. A Sci. 2020, 44, 327-344. [CrossRef]

Srivastava, H.M.; Khan, B.; Khan, N.; Ahmad, Q.Z. Coefficient inequalities for g-starlike functions associated with the Janowski
functions. Hokkaido Math. ]. 2019, 48, 407-425. [CrossRef]

Saliu, A.; Al-Shbeil, I.; Gong, J.; Malik, S.N.; Aloraini, N. Properties of g-Symmetric Starlike Functions of Janowski Type. Symmetry
2022, 14, 1907. [CrossRef]

Al-shbeil, A.C.I; Shaba, T.G. Second Hankel Determinant for the Subclass of Bi-Univalent Functions Using q-Chebyshev Polyno-
mial and Hohlov Operator. Fractals Fract. 2022, 6, 186. [CrossRef]

Amini, E.; Fardi, M.; Al-Omari, S.; Nonlaopon, K. Results on univalent functions defined by g-analogues of Salagean and
Ruscheweh operators. Symmetry 2022, 14, 1725. [CrossRef]

Alsarari, F.; Alzahrani, S. Convolution properties of ¢ -Janowski-type functions associated with (x, y)-symmetrical functions.
Symmetry 2022, 14, 1406. [CrossRef]


http://doi.org/10.1016/j.camwa.2008.07.044
http://dx.doi.org/10.1016/j.amc.2008.12.070
http://dx.doi.org/10.1080/17476939008814407
http://dx.doi.org/10.1007/s13398-018-0539-3
http://dx.doi.org/10.3390/sym15071292
http://dx.doi.org/10.1186/s13660-019-2020-z
http://dx.doi.org/10.1007/s40995-019-00815-0
http://dx.doi.org/10.14492/hokmj/1562810517
http://dx.doi.org/10.3390/sym14091907
http://dx.doi.org/10.3390/fractalfract6040186
http://dx.doi.org/10.3390/sym14081725
http://dx.doi.org/10.3390/sym14071406

Symmetry 2023, 15, 1439 15 of 15

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

Al-shbeil, L; saliu, A.; Catas, A.; Malik, S.N. Some Geometrical Results Associated with Secant Hyperbolic Functions. Mathematics
2022, 10, 14. [CrossRef]

Raza, M,; Riaz, A.; Xin, Q.; Malik, S.N. Hankel determinants and coefficient estimates for starlike functions related to Symmetric
Booth Lemniscate. Symmetry 2022, 14, 1366. [CrossRef]

Da Cruz, A.M.; Martins, N. The symmetric g variational calculus. Comput. Math. Appl. 2012, 64, 2241-2250.

Lavagno, A. Basic-deformed quantum mechanics. Rep. Math. Phys. 2009, 64, 79-88. [CrossRef]

Sun, M.; Jin, Y.; Hou, C. Certain fractional symmetric g -integrals and symmetric g derivatives and their application. Adv. Differ.
Equ. 2016, 2016, 222. [CrossRef]

Kanas, S.; Altinkaya, S.; Yalcin, S. Subclass of k-uniformly starlike functions defined by symmetric g-derivative operator. Ukr.
Math. J. 2019, 70, 1727-1740. [CrossRef]

Khan, S.; Hussain, S.; Naeem, M.; Darus, M.; Rasheed, A. A subclass of g-starlike functions defined by using a symmetric g
-derivative operator and related with generalized symmetric conic domains. Mathematics 2021, 9, 917. [CrossRef]

Khan, M.F; Al-Shbeil, I.; Aloraini, N.; Khan, N.; Khan, S. Applications of symmetric quantum calculus to the class of harmonic
functions. Symmetry 2022, 14, 2188. [CrossRef]

Khan, M.E,; Goswami, A.; Khan, S. Certain new subclass of multivalent g-starlike functions associated with symmetric g-calculus.
Fractal Fract. 2022, 6, 367. [CrossRef]

Kamel, B.; Yosr, S. On some symmetric g-special functions. Le Mat. 2013, 68, 107-122.

Seoudy, T.M.; Shammaky, A E. Some properties of certain classes of meromorphic multivalent functions defined by subordination.
Symmetry 2023, 15, 347. [CrossRef]

Elhaddad, S.; Darus, M. On meromorphic functions defined by a new operator containing the Mittag—-Leffler function. Symmetry
2019, 11, 210 [CrossRef]

Totoi, E.A.; Cotirla, L.I. Preserving classes of meromorphic functions through integral operators. Symmetry 2022, 14, 1545.
[CrossRef]

Caglar, M,; Karthikeyan, K.R.; Murugusundaramoorthy, G. Inequalities on a class of analytic functions defined by generalized
Mittag-Leffler function. Filomat 2023, 37, 6277-6288.

Saliu, A.; Jabeen, K.; Al-shbeil, I.; Oladejo, S.O.; Cétas, A. Radius and Differential Subordination Results for Starlikeness Associated
with Limacon Class. ]. Funct. Spaces 2022, 2022, 8264693. [CrossRef]

Al-shbeil, I.; Gong, J.; Shaba, T.G. Coefficients Inequalities for the Bi-Univalent Functions Related to g-Babalola Convolution
Operator. Fractal Fract. 2023, 7, 155. [CrossRef]

Al-shbeil, A.C.I,; Wanas, A K,; Saliu, A. Applications of Beta Negative Binomial Distribution and Laguerre Polynomials on Ozaki
Bi-Close-to-Convex Functions. Axioms 2022, 11, 451. [CrossRef]

Shaba, T.G.; Araci, S.; Adebesin, B.O.; Tchier, F; Zainab, S.; Khan, B. Sharp Bounds of the Fekete-Szegt Problem and Second
Hankel Determinant for Certain Bi-Univalent Functions Defined by a Novel g-Differential Operator Associated with g-Limagon
Domain. Fractal Fract. 2023, 7, 506. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://dx.doi.org/10.3390/math10152697
http://dx.doi.org/10.3390/sym14071366
http://dx.doi.org/10.1016/S0034-4877(09)90021-0
http://dx.doi.org/10.1186/s13662-016-0947-7
http://dx.doi.org/10.1007/s11253-019-01602-1
http://dx.doi.org/10.3390/math9090917
http://dx.doi.org/10.3390/sym14102188
http://dx.doi.org/10.3390/fractalfract6070367
http://dx.doi.org/10.3390/sym15020347
http://dx.doi.org/10.3390/sym11020210
http://dx.doi.org/10.3390/sym14081545
http://dx.doi.org/10.1155/2022/8264693
http://dx.doi.org/10.3390/fractalfract7020155
http://dx.doi.org/10.3390/axioms11090451
http://dx.doi.org/10.3390/fractalfract7070506

	Introduction and Definitions 
	Preliminaries
	Main Results
	Conclusions
	References

