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Abstract: In this work, we study some new applications of symmetric quantum calculus in the field
of Geometric Function Theory. We use the cardioid domain and the symmetric quantum difference
operator to generate new classes of multivalent g-starlike and g-convex functions. We examine a wide
range of interesting properties for functions that can be classified into these newly defined classes,
such as estimates for the bounds for the first two coefficients, Fekete-Szego-type functional and
coefficient inequalities. All the results found in this research are sharp. A number of well-known
corollaries are additionally taken into consideration to show how the findings of this research relate
to those of earlier studies.

Keywords: analytic functions; symmetric quantum calculus; multivalent functions; symmetric
g-difference operator; cardioid domain; multivalent g-starlike and g-convex functions

MSC: 05A30; 30C45; 11B65; 47B38

1. Introduction and Definitions
Let A stand for the family of analytic functions y in the unit disc

U={t:teCand|T| <1},

with power series representation

p(r) =1+ Y aptth (1)
=1

For yy, yp € A, and p; subordinate to yy in U is indicated by

ui1(t) < pua(1), TEU,
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if a Schwarz function s exists, and belongs to class B where
B={s:se€ A, |s(t)]<lands(0) =0, T €U}
such that

11 (t) = pa(s(1)), T €U.

Likewise, if y7 is univalent in I/ then
(1) < p2(7) < p1(0) = p2(0) and pg (U) C p2(U).
Let class P be defined by
P={he A h(0) =1 and Re(t) >0, T€U}.

Let S stand for the collection of all functions belonging to the class of normalized
analytic functions A that are univalent in /. Based on a geometrical interpretation of image
domains, the concept of subordination has been used to build many classes of analytic
functions. In this context, some mathematicians have looked into shell-like curves [1-3],
the oval- and petal-type domains [4], the conic domain [5,6], the extended conic domains [7],
and so on. The function h(T)

14 9272 _1-45

WO =15 e 0= @

produces the shell-like shape. The conchoid of Maclaurin h(eiq’) is given below and is
the image of the unit circle under the function h:

h(ei‘P) = Iy (z) + iha(2)

where
V5

") = 55 2cos )’

0<p<2m

and (4 s
_ cos ¢ —1)sing <
ha(2) 2(1+4cos ¢)(3—2cos¢)’ 0<¢<om

The series of h(z) given in (2) is as follows:

h(T) =1+ ) (w1 +up)9'c,
=1
where
(1-9) —o
U= -—"——
V5

and u; represents a sequence of constants that are closer to the Fibonacci numbers and are
called the Fibonacci coefficients.

The cardioid domain was described by Malik et al. [8], who were inspired by the con-
cept of a circular disc and shell-like curves. Following is their formalization of a new class
of analytic functions:

Definition 1 ([8]). Let CP(R, T) be the class of functions p that satisfy

p(1) <P(R T, 7),
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where p(R, T, T) is defined by

2R®?7% 4+ (R —1)d7 +2
7(R, T, T) = 3
PRI = g (T—1)or 42 ®)

with—1<T<R§1andﬁ:#,Teu.
Let us pretend A is the set of analytic functions i with the following power series:
o0
u(t) =1+ Zat+th+l,l eN, tel. 4)
t=1

For ! =1, then A; = A.
Suppose S* (1) represents the family of /-valent starlike functions y € 4; that satisfy

the following condition:
Re T (1) >0, TEU,
Iu(7)

and /C(!) represents the family of /-valent conex functions i € A; that satisfies the follow-

ing condition:
!/

(v ()

Re ;
Iy (7)

>0, TeEU.

Note that Re indicates the real part and y, and y// represent first and second deriva-
tives with respect to 7. The above two classes S*(I) and K (/) can be written in terms of
subordination as follows:

lu(t) 1-t

K1) = {yeAl:;<1+T§(g)> ~< iz}

Let S/ (a, b) be the family of I-valent starlike functions of order &, which satisfy the fol-
lowing condition:

m{1+2<fl§:/((;)) —1> >0, reu}, beC\{0}, 0<a<1.

Let IC;(, b) be the family of /-valent starlike functions of order «, which satisfy the fol-
lowing condition:

S(1) = {y ca O 1”}

and

m{1—2+1<1+”‘ m) >, reu},yeAl,beC\{O},0§a<1.

bl w(t)

Note that S («, b) and K;(«, b) satisfy the following relation:

1e Ky(a,b) & %w' € 5t (a,b).

Recently, Bulut [9] developed the following classes of I-valent functions associated
with the vertical strip domain by using the notion of subordination:
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*0,B ) 1 ETP‘/(T) _ .
Sl,b —{,ue.Al.1+b<l e 1) <u(a,B;7)
and ,
ap 1 1 l ™ (T) .
K —{yeAl.l 5o <1+ (D) < (e, B;7) ¢,
where .
2771 =%
N B—«. 1—¢e"Fror
ula, B;t) =1+ p- ilog B
and

0<a<l<pB beC,tecl.

Coefficient constraints were determined by Bulut [9] for these new types of functions.
Scholars working in the field of Geometric Function Theory (GFT) have used the g-calculus
and fractional g-calculus to design and investigate several new classes of analytic and univa-
lent functions. The operator 9, of g-calculus was introduced and defined by Jackson [10,11]
in 1909. One example is the definition of a preliminary class of g-starlike functions in &/
investigated by Ismail et al. [12] who used d;. In a book chapter, Srivastava first employed
the fundamental (or g-) hypergeometric functions in GFT (see [13] and for more informa-
tion [14], and check out [15,16] for additional information on g-calculus operator theory
in GFT). Recently, numerous applications of the symmetric g-calculus have been established
in the field of fractional calculus and quantum physics [17,18]. Sun et al. introduced and
evaluated fractional g-symmetric derivatives for the first time in 2016. Kanas et al. [19] ex-
plored a symmetric g-derivative operator and applied this operator to generate a new class
of analytic functions and to explore some possible applications of this class of functions
in the region of conic. Khan et al. [20] recently extended the new type of conic domain
by implementing symmetric calculus notations and the symmetric g-difference operator
and established some new results and generated a new class of g-starlike functions with
ideas borrowed from symmetric g-calculus. A symmetric g-difference operator for m-fold
symmetric functions was recently presented by Khan et al. [21]. Through analysis of this
operator, some interesting results were explored for m-fold symmetric bi-univalent func-
tions. Khan et al. introduced the concepts of a multivalent symmetric g-derivative operator
in [22], where they also offered various new uses for multivalent g-starlike functions. Here,
we give an overview of the symmetric g-difference calculus, including some fundamental
definitions, which are used throughout this work.

Definition 2 ([19]). Fort € Nand 0 < q < 1, the g-symmetric number is defined as follows:

= g —q =~
1 =91_"9 10 =o.
[t], P [0]

Note that the symmetric g-number cannot be reduced to the g-number.

Definition 3. Foranyt € ZT U {0} and 0 < q < 1, the g-symmetric number shifted factorial is
defined as follows:

Note that
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Definition 4 ([23]). Defining the g-symmetric difference operator as follows and letting y € A,
we have

i) = 11 w; Mg ey

o= B, ) -

lim aqy( T) = y/(T).
qg—1—

Note that

[’18
=
B
HFO-
i

I
—_

and

Consider the symmetric g-difference operator for i € A4, as follows:

Definition 5. Defining the g-symmetric difference operator as follows and letting u € A;, we have

Sou(r) = M0 =k D)

TEU.
T(q—q7")
Note that
9, () = [H—l =1y (Z ap Tt ) = Z[T—T—/Z]qaﬁrﬁt“*l, teN, and T € U.
=1

We establish two new types of multivalent functions using ideas derived from recent
work by [8,9,24].

Definition 6. The function y defined in (4) belongs to the class Sl*’q’h (R, T), if

U100 e
1+b (mq e 1) < 7R, T;7),

where b € C\{0} and p(R, T; T) is given by (3).

Definition 7. The function y defined in (4) belongs to the class IC?’b(R, T), if it satisfies

+ 1 (W) <P(R,T;7),

1
b b\ [,94m(7)

where b € C\{0} and p(R, T; T) is given by (3).

1—

2. Set of Lemmas

Our key findings are established using the following lemmas:

Lemma 1 ([8]). Let the function p(R, T; T) be defined by (3). Then,
(i) For the disc || < 02, the function p(R, T; T) is univalent.
(i) If h(T) < P(R, T; T), then Re(T) > a, where

2(R+T—2)0+2(2RT — R —T)8 +16(R + T) 9%y
4(T —1)(8 + T83) + 32Td%y ’

with
4402 - T29? — AT — (1 T8?)x(T)

419(1 + T2192)

7
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where
x(T) = \/5(2T82 — (T — 1)8 +2)(2T¢2 + (T~ 1)8 +2)
and
~1<T<R<1, and 8 = 1*2‘/5.
(i) IfF p(R, T;T) = 1+ Y2, Q; !, then
(R—T)3 fort=1,
Q=1 R-T)5-DE fort=2, ()
%19;%,1 — Tﬁzpt,z fort =3,4,5,..
where
-1<T<R<L1.
(iv) Let h(t) < P(R, T;T) and h(t) = 1+ Y5> 6¢t'. Then,
D w max{2, [#(o(R —T) + T —5)|}, veC.
Lemma 2 ([25]). Leth € P and h(t) =1+ ¥, 6. Then,
vy o 2 if0<v<2,
‘52 251‘ < max{2,2jp —1[} = { 2lv—1|,  elsewhere } (6)
and
|0¢] <2, for t > 1. (7)

Lemma 3 ([26]). Let h € P and h(t) =1+ Y52, &¢t'. Then,
‘(52 —véﬂ <2max{1,|2v—-1]}, ve C
and the result is sharp for

147
S 1-12

1+

h(T) =1

and h(T)

Lemma 4 ([27]). Let the function g given by
g(t) =) bt
t=1

be convex in U and -
flo)=Y at
t=1

be analytic in U. If
f(r) < g(7),
then
|Ct| < |b1‘, t>1.

In this section, for the recently described classes of multivalent functions, we obtain
sharp coefficients estimates of the Taylor series, Fekete-Szeg6 problems, and coefficient
inequalities.

3. Main Results
The Taylor-Maclaurin coefficients for the functions y € S/ (R, T, b) :
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Theorem 1. Let yt € Sl*’q’b(R, T) be of the form (4), =1 < T < R < 1. Then,
[1],/B1(R - T)|19|
2([1 +1], - )
b[l],(R —T)[¢ 1,b(R—T
ot < TR (Bt
a(lr+2], - 11,) (1+1),-0,)
The result is sharp for the functions given by (17).
Proof. Letu € Sl*’q'b(R, T). Then,
1( 1 19(7) _
1+ =——1=> 1| <B(R T;7), 8
b ([l]q e ) P(R,T;7) (8)
where -
2RO“T* 4+ (R —1)07+2
R, T, .
PRTT) = gz (T—T)or +2
For the Schwarz function s with
s(0) =0and |s(7)| < 1,
and apply the definition of subordination, such that
1( 1 wo,u(t) _
+ - = -1 = R, T;s(1)). (9)
X (mq e PR, T;s(1))
Let
k(7)1
s(t) = h(t)+1
. 5T+ (527.'2 + (53’[’3 + ...
N 2+51T+(52T2
= 7517 + = <(52 — (52)1’ + - (53 — 6100 + (51) +--- (10)
Since p(R, T;7) =1+ Y12, Q;tt, then
P(R,T;s(7))
— (1 1 —
= 1+ Q1{51T+ 5 (52 - 15%) TZ...} + Q2{151T+ % (52 - ;5%) TZ...} + ..
_ Q151 1 2 Q207
= 1+ 5 5 by — (5 Ql + 4 + (11)

Also consider the function

2R®?712 + (R—1)871+2
2T92712 4+ (T —1)0t 42"

P(R,T;T) =
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Let 97 = ag. Then,

2R + (R —1)ag +2
2Ta3 + (T — 1)ag +2
R+ B g 41
Tod + T ag + 1

— (RDC(Z)—F (Rgl)oco—i-l)

P(R,T,T) =

2

1 T2 — 6T +1
1+a—Tmm+<+>%+m

1 1
= 1+ 5(R—=T)ao+ ZL(R—T)(5—T)oc3+....

This implies that
(R, T;7) =1+ %(R —T)d7T + %(R ~T)(5-T)*7> + ... (12)
From (11), it is clear that
P(R, T;s(1))

B 1 1 1,
= 1+Z(R—T)z9517+ <4(R—T)l9(5 —251>
R —T)(5 = T)9%52
+< ><16 ) 1rz> + ...

(13)

Since 4 € §/(R, T, b), then

1( 1 (o)
o3 ()

1 /—— = 1
- 1+ bmq([m]q —[0,)mT+ (bmq([m]q ~ i)+

— (1], = ) ) + - (14)

It is straightforward to demonstrate through (9) and by the comparison of the coeffi-
cients from (13) and (14) that we obtain
bI] (R — T)d6;
a4 = — A (15)

a(r+1),-1,)

Taking the modulus, we have

ars] < TaltlR=T)0
+ >~ — — .
2 [z+1]q—[1]q)
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Then, comparing the coefficients in (13) and (14), we have

(ir+21,-0,)
fﬂwz

2 2
51 16 [’l" b al+1

and

b[l],(R—T)8 v
a12] = —== 62— 23,

4<[l+2]q—mq)

(16)

where

=125y AWRZD

2 (r+1),-m,)

When R > T implies v > 2. Thus, application of Lemma 2 yields the desired conclu-
sion.
Extremal function

blI], (R~ T)8

#*(T) — Tl—i- il A - Tl+l
2([r+1, - 0,)
S _—
+ bm/i(E T)f (5—T+b/[l\]N)T’+2+.... (17)
4(lr+2), - m,) 1+1], - [0,

Then, it is clear that

1 Lr5qy*(r) 3 -
1+ 5 (mq 7}1*&) 1) P(R,T,7),

where the series of p(R, T, T) is given by (12). Hence, p. € Sl*'q'b(R, T). O

Using Theorem 1 and setting g — 17, b = 1, and | = 1 yields the known result that
was demonstrated in [28].

Corollary 1 ([28]). Let y € S*(R, T) and p defined in (1), =1 < T < R < 1. Then,

(R-=T)[9|
< A 2
‘ﬂ2| — 2 4
R —T)|8]?
as] < R=DI g _oris,

8
The result is sharp.
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Theorem 2. Let i € Sl* ’q’b(R, T) and y defined in (4). Then,
‘“Hz - ‘7”12+1’
1,b](R - T)|8 R—T)[I],b
. DpbiR-T)pe xmax{z, (_(qu Cros)
4([1+2]q—1) 1+1], -1
([z +2], - 1) [1],b(R ~ T)
+ —— 5 o
1+1], - 1)
This result is sharp.
Proof. Since u € Sl*’q’b(R, T),
1({ 1 T5qy(r) _
14| =— —1) =9(R,T;s(1)), TEU,
b(m.,( e PR, T;s(0))
where s is the Schwarz function such that s(0) and [s(7)| < 1 in /. Thus,
)
1+ % (} (T "(”T()T)> - 1) = (1),
g\ #
1 (tIu(7) 1 )
—~ = -+ (14+0T+6HT"+..),
b[l]q< ) gt (1ramee )
~ - 1
(1) = [l]qby(r) (b + 01T + 6T + )
and following the simple calculations, we have
1,7 + [+ a7+ [+ 2] 0T + .
~ 1
= [l]qb{rl tap T b T } <b + 6T+ 6T+ )
= [ﬂq{‘rl +ap T a4 } (1 + bd1 T + boy T + )
Comparing the coefficients of both sides, we obtain
(1,66, [1],b
41 = —_—, ap42 = N7q~(51111+1 +02).
This implies that
i |b| il b 1+2], - [
[1+2], -1, (1+1], -1, [1+1], -1,
1],1b
= /—\_[/]q7||~ 52 —"05% ,

1+2), - 11,
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where o
[1+2] — 1[I 1] b
oo (U420 ) e
[1+1], - [, [1+1], = [1,
Application of Lemma 1, (part iv) for v = w(f -1 NL"I)N, we obtain
(+1),~11], 1+1,- 0,
the required result. The equality
[1,bI(R = T)[8*| (R~ T)[I];b
al+2_‘ml2+l’ = —r ——— —T+5
a(r+2),-m,) | (t+1,-0,)
) ([z +2], - mq) [1,b(R — T)U
—— .2
(r+1),-0,)
holds for y, given in (17). Consider g : U — C defined as follows:
1, b(R—T
po(t) =7 + [k\/( ~) 24 (18)
2([r+2], - 1l,)

Hence,

1/ 1 quy()(’f) B . )
Hb(ﬁ]q(m(r)) 1)—p(R,T,T)

where p(R, T; 7) is defined in (12). This demonstrates yg € 8;k ’q’b(R, T). Hence, the equality

‘al ) —oa? ‘: [1bl(R = T)[8|
+ I+1 2([l+2]q—mq)

holds for the function g given in (18). [
Setting g — 17, b =1, and | = 1 in Theorem 1, we obtain the following result.
Corollary 2 ([28]). Let u € S*(R, T) and of the form (1). Then,

R-T
-] (218

max{2, |#(—(R —2T +5) +2(R - T)o)|}.
This result is sharp.

Theorem 3. For function y €Ay, y is defined in (4). If u € Sl*’q’b(R, T). Then

1,|bQ
|“l+1|§M,
n+1, -0,
|ﬂz+t|<fW]i[ 1+ /[z]i“@” , 1eN, t>2, (19)
C (0, -m,) =2\ k=1, - 1, -

where |Qy| is given by (22).



Axioms 2024, 13, 366 12 of 19
Proof. Suppose u € 81*’q’b(R, T) and the function S(7) is defined by
1( 1 quy(r)
S(t) =1+ = -1]. (20)
(@) b(m( ()
Then, by Definition 6,
S(t) < p(R, T; 1),
where b € C\{0} and p(R, T; 7) is defined by (3). Hence, by Lemma 4, we obtain
sm) (g _
,() = 0m] < |Q1|, meN, (21)
m
where
S(T) =1+ 8T+ 6T+ ...
and by (5), we have
— ¢
|Q1|:‘(R—T)2’- (22)
Also from (20), we find
T0gu(t) = [I],{bla(t) = 1] + 1}p (7). (23)
As a; = 1, from equation (23), we have
([t +1], - mq)ﬂlth
= mqb{ét + 0 1ap 1+ a1}
ot
= o[, X; Oil] 1 4—i- (24)
i=

and

Equations (21) and (24) yield

S B ot
(lt+11, = M) larel < [, 101 Yloriil, Lte N,
1 |b|[O,]
laj] < /{\]iiw
[H—l]q — [l]q i=1
Fort =1,2,3, we have o
[l]q‘bQ1|
sy —— ’
[ +l]q7 mq
iNe)
rsal < 9L,
[2+l]q - [l}q
el (,, )
[2+l]q—[l]q [1+l]q—[l]q
Ne)
lar;3] < /[\]/#{(1 + lap| +lar2l)

B+1, -0,

|arse—il, 1t €N
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g (H/@J”Qﬂ ¢ Lol (Hﬂz’mlt ))

B+1, -0, 1+1,-0, 2+1,-0, 1+1, -0,

7[3+l]q_[l~] [1+l]q_mq [2+”q_mq

respectively. Let us assume that (19) is true for  + ¢ < + i, that is

e g )
q

([H—l]q—[l}q) k2 k—1+1], -

Consider
1] JUACIEY

( +1+l q)
><(1+|ﬂz+1|+|ﬂl+2\+ A lagyal)

q|b||Ql|
(t+1+0,-0,)

(1,60 (1,]pQ| (1,]pQ|
+ =L + —=Z 1+ =L
1+,-0, R+, 1+1,~(l,
+ = ]| 14— [a]v1] 1+7A”'L|le|
31, (1] [1+1,-10, 2+1],~[1],
M,]6Q1| [1,]6Q |
i/ a1 14— =1
(1+1],-[1, kH2< (k—=1+1],~[1], |

_ 1,161/ | ﬁ - [1,16Q1 |
([tml]q—mq)kzl k—1+1,-1,))

The proof is therefore obviously finished. [

a4t

Theorem 4. Let i € K (R, T) with —1 < T < R < 1. Then,

IN

S [, )

laj2] < Pl (R - Dle) (5 T+ m"b(R_T)>
=+ = — — — - — .
4[l+2]q([l+2]q—[l]q) 1+1], - [0,

These findings are sharp.

Proof. Lety € IC?’b(R, T), then

1 1 5q(75qy(T))
14+ =22 <H(RT;7), (25)
b b( TR A
where
(R, T 7) = 2R®*7% + (R —1)07 +2

2T212 + (T —1)d7 + 2’
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such that o
d,( 70
. ("(T"W)))) = B(R, T;s(1)). (26)

[1+1]
= 1+—

b1l

L (7 - o
q

[I/IT]; (W) a,zﬂrz} o (27)

! (mq - mq)ﬂlﬂT +

7,

It is simple to show that by utilizing (26) and comparing the coefficients from (13) and

(27), we obtain

A1 = —— ——

that is .
b[l]q(R —-T)¢

A1) S ===

z[z+1]q([z+1]q—mq)'

Upon comparing the coefficients in (13) and (27), we have

1+2,(1+2,-1,)

~2 142
bli],
_ _ 252
= }L(R— T)19<52 - ;5%) LR T>(f6 T)o~oy
+[7+‘TJ(W)
q
bmj(R— T)® o
|aj40] = ——T ‘52_55%/
aft+2], ({1 +2), - ;)
where -
[+, = [,

When R > T implies v > 2. Thus, application of Lemma 2 yields the desired conclu-

sion.
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The extremal function is

p(T)
o bily(R-T)8 ., bfil; (R - T)e?
= T+ —— == — T+ Y= —
2U+HAU+Hq—MJ 4u+ﬂxu+ﬂq—m0
X (5 T+ W) 24 (28)
1+1), - [0,

Then, it is clear that

11 (3(tm )\
-4 2T ) —%RT,1),
b+b< 1301 () ) PR

where the series of p(R, T, 7) is given by (12). Hence, p, € IC?’b(R, T). O
Theorem 5. Let i1 € K?’b(R, T) be of the form (4). Then,
-

[ 16l(R — T)|8]
4([l+2]q - mq)[wz]q

X max{Z, (—<(/R\/T)[lh’b +T-5

" Ij’ﬁ]qu(Mq - mq) (R - T>(T
mq([l/l/lq_ mq)z

This result is sharp.

Proof. Since u € K;(R, T,b), we have
9, (T,u(T)
1141 ('1( ! ))) =P(R,T;s(1)), T€U,

with s(0) = 0and |s(7)| < 1 in Y. Therefore,

-1l %QE{E& — W),
b b\ [1],00m(7)

N 2 1-b) +b(1+hlr+h2r2+...)
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and after some simple calculation, we have

—2

mq[ﬂqu_l + ([l + 1]qal+1Tl

2
+H[1+2] a4

= [l]q{ 0,7 [+ et + [+ 2] a7+ }

x (1 + bt + by T + )

~ ~ ~

= [l]er + ([l] G 1m0+ [Zﬁb;zl)rl

o~ ~ 2
+{ [l]q[l + 2]qlll+2 + [l]q[l + 1]th1al+1 + [l]thz}TlJrl.
Comparing the coefficients of both sides, we obtain
~2
[1],bh

Al = —— ,—— =

V*‘M(V+”q—ﬂb)

and _
[, b I _
A9 = ————— 1 +1] ha 1 hy ).
1+2 [l+2]q([l+2]q_mq> <[ + 1 ma +[1], 2)
This implies that
‘”l+2 - ‘7”12+1‘
) 0, e
(+2,-m,)1+2,
Iy + /\E]qb 1- @qmq@q _qu)
(r+1,-10,) 11, ((f+10,-0,))
~2
_ __ [l]q|~b| __ ‘hz—vh%,
(1+2), - 0,) (1 +2],
where o B
+2,0, (i +2),- 0,) 1],b
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Implementation of Lemma 1 part (iv) for v gives the required result. The equality

2
’”l+2 - ‘ml+1'

_ Wb®R=DI8l | R-Tp s
4([z+z]quq)[z 2] i

+

q
bfﬁbm:;(ﬁ;h - [ﬂq) (R - T)

—~— o~

(1, - ,)°

holds for y. given in (28). Assume g : U — C is defined as follows:

~2
uo(t) =7 + /ﬂqwﬁt D R
2[z+z]q([z+z]q—mq)

where p(R, T; T) is defined in (12). Hence,

O

Theorem 6. Let i € A; be given by (4). If u € KC;(R, T, b), then

il < — 1
- [1+z]q([1+1]q—[z~]q)

D L 1= Y Gl
S (e, - m,) k2 k=11, (=141, - 0,)

where |Qy | is given by (22) and 1 € N, t > 2.

Proof. Using the same method as in Theorem 3, we can derive Theorem 6. [

4. Conclusions

In this article, we applied the concept of symmetric g-calculus and the cardioid domain
to establish two novel subfamilies, namely, multivalent g-starlike functions and multivalent
g-convex functions. We investigated sharp coefficient bounds, Fekete-Szego functional, co-
efficient inequalities for the function belonging to newly defined subclasses of multivalent
g-starlike functions and g-convex functions. In addition, the study showed how the re-
sults are extended and improved by the use of the parameters, including some recently
published findings.

Researchers may create many new classes of multivalent functions and employ a
variety of ordinary differential and g-analogous of symmetric difference and integral
operators in their work. Many new classes may be discovered by putting this article’s
suggestions into practice. By using the concept of this article, it is possible to generalize
the classes described and examined in [29] and investigate them with more relevant
findings, including initial coefficient estimates, Toeplitz matrices, Fekete-Szego problems,
and Hankel determinants.
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