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In this paper, we review established concepts and fundamental results of (7, g)
Calculus. Throughout this paper, let r, g be constants with 0 < ¢ < r < 1. We
recall some definitions and theorems related to (r, g)-Calculus that are needed in the
subsequent sections of this paper.

p-valent function, Quantum or (r,q)-Calculus,

1 INTRODUCTION

n the nineteenth century, geometric function theory
Iemerged within complex analysis as a systematic study
of the geometric properties of analytic functions. This
field revealed a wealth of elegant results that remain
highly relevant and continue to motivate active research.
Mathematicians have found these ideas both deep and
accessible, which has helped sustain broad interest in
their development. The present work lies within this
framework of geometric function theory and focuses
specifically on univalent and multivalent functions. One
of the central questions in the study of univalent func-
tions concerns the existence of a univalent mapping
from a simply connected domain. This is a natural
problem that invites deeper investigation. For a given
simply connected domain, the Riemann mapping theorem
provides a powerful tool that reduces the difficulty of
constructing such mappings by relating the domain to the
open unit disk. In this paper, we consider the class A of
all analytic functions f(z) = z + X", a,z"* defined on

the open unit disk U = z € C: |z] < 1. Also, let A(p),
for p e N =1,2,3,..., be the class consisting of all
analytic functions f of the form f(z) = 2P -3~ pa1AnZ",
which are called p-valent functions. It is important to
observe that A(1) = A. The subclass of all univalent
functions in the open disk U is denoted by S(p), which
is a subclass of A(p). Furthermore, let S[(,a/) and Cp, (a)
denote the classes of starlike and convex functions of
order a, respectively, for 0 < @ < p. In particular, SE,O)
coincides with S7, and C), (0) coincides with Cp,, the well-
known classes of starlike and convex p-valent functions
in U, respectively.

Next, let us assume that T'(p)(p € N = {1,2,3,...})
denote the subclass of S(p) of analytic functions having
the structure:

f(Z) =zP - Z an?",a, >0

n=p+1

ey

As it is defined on the open unitdisk U = {z € C : |z] <
1}. Afunction f € T(p) is denoted as a p -valent function
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with negative coefficients. Moreover, it is evident that
S*T’p(cz) and Cr p(a) for 0 < a < p, that are p -valent
functions, respectively starlike of order @ and convex
of order @ which is subclasses of T(p). Clearly, the
class T(1) = T in [1], he derived and investigated the
subclasses of 7 (1) denoted by S’}’l(a) = §7(a) and
Cr.i(a) = Cr(a), for 0 < a < 1 that are respectively
starlike and convex of order @. Many authors such
as [2-7] study related paper. For 0 < g < r < 1, the
Jackson’s ( r, g )-derivative of a function f € A(p) is
given as follow:

frz)-f(gz)

, 2#0,
Dy gf(z):=4  (r=9) 2
r.q {f,(O), 7= 0
From (2), we have
rqf(z)— qup 1+ Z rqanz
n=p+1
where:
P qn P qn
[p]r,q = P 5 [n]r,q = r—gq

Notice that for r = 1, the Jackson ( r, g )-derivative re-
duces to the Jackson g-derivative operator of the function
f.Dyf(z) [8-10]. Clearly for a function g(z) = 2", we
obtain:

n n

r—-4q -1 -1
Dr’qg(z) = Dr,an = 1= [n]r,an
r—q
and
limy_1_ D1og(z) = limy_ - =L -1 = pn-l =
g—1-U1,q8\2) = g—1- T—q Z = nzg =

g’ (z), where g’ is the ordinary derivative.

The theory of g-calculus has been extensively applied
to a wide range of problems in the applied sciences,
including ordinary and fractional calculus, quantum
physics, optimal control, hypergeometric series, operator
theory, g-difference and g-integral equations, as well as
geometric function theory in complex analysis. The initial
application of g-calculus was introduced in [11]. In [12],
the authors employed fractional g-calculus operators to
investigate specific classes of functions that are analytic
in the open unit disk U. For more comprehensive
discussions on g-calculus, readers may consult [13-20],
along with the references cited therein.

Now, let M( A, B, C) be the subclass of A(1) consist-
ing of functions f € A(1) which satisfy the inequality:

f'(2) -1

Ar@+a-| <€
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where 0 < A<1,0<B<landO<C<1forallz € u.
This class of functions was studied by, [21].

In, [21], defined the class MT( A,B,C) by
MT(A,B,C)=M(A,B,C)NT.

Alharayzeh, Darus and Alzboon [17-20] present a
class of multivalent analytic function associated with
(r, q) derivative operator as follows.

e el D1
@ (Drgf(2)) +(1-7)

D, -1
>k ( qf(Z)) _1’
@ (Dr,qf(z)) + (1 _7)
+B
For0 <a <1,0<B8<1,0<y <Lk =>00c<
g <r<landp € N = {1,2,3,...}. Now, we

present generalizations of above definition by using higher
derivatives as follows.
Definition 1.1 For0<a <1,0<8< 1,0y <1,k >

0,0<g<r<l,p>mandp e N ={1,2,3,...} and
m € N U{0}.
(Dr.qf(2)" -1 )
@ (Drqf(2))" +(1-y)
(3)

(Praf@)" -1 1‘
@ (Dyqf ()" +(1-7)
+p

This study focuses on a particular class of analytic
functions denoted by f € Y(a, 8,7y, k,r,q, p,m).

Following this, the radii of starlikeness and convexity
for functions in Y («, 8,7y, k, 7, q, p, m) are determined.
These results help delineate the geometric domains within
which the functions exhibit starlike or convex properties,
thus contributing to a deeper understanding of their
classification and nature.

First and foremost, let us consider the coeflicient
inequalities, using the method discussed in [22] and also
in [23-26].

2 COEFFICIENT ESTIMATE INEQUALITIES

In this section we present a fundamental and suf-
ficient condition for the function f in the subclass

Y(a,B,v.k,r,q,p,m).

CCBY 4.0
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Theorem 2.1: The function f given by (1) is in the
subclass Y («, 8,7, k, r, q, p, m) if and only if

S ((k+1)(1—a)+a(l-p) (n—1)!
Z ( (1—7)(k+ﬁ)+(k+1))[ ]”"(n—l—m)!“”

<(a(1—/3)+(k+1)(1—a))[p] (p—-D!
T\ (=M +p) +(k+1) "(p-1-m)!
+1
4)
Where,0<a<1,0s8<1,05y<1,k>0,0<g<
r<l,p>mandp e N ={1,2,3,......}.
Proof. Let f € Y(a, B, v, k,r, q, p,m) if and only if
the condition (3) is satisfied assume
W= (Dr,qf(z))m -1
@ (Drgf ()" +(1+y)
Recall that,

Rw)zklw-1|+Biff (k+w)lw-1|<1-8

n=p+1

Now
(k+Djw-=1]=((k+1)=(k+1)
N (n_ 1)' n—-l-m
[(a@=D][n], g ————anz
n;p” T(n-1-m)!
(p—-1)!
—(a - 1)[P]r,qm
(P - 1)' —1-m
/a'[p]r,q(p_l)!Zp ! -
- -1
_Z [n]r,q EZ _ li!anzn—l—m - (7 - 1) <1-p
n=p+1
<1-pB (6)

The above inequality reduces to

(k+1)( D (a—l)[n]r,q%anz'ﬁl—q

n=p+1

(P _ 1)' Zp—l—m

|- D1l - |2—y|)

/( lplr LT

o ngl[n]r,q%anzn_l_m - 1|) Iy
)

©2025 The Authors). 242

After that, Then, we get

D lk+1(1-a)
n=p+1
(n—1)!
+a(l —ﬂ)][n]r,qman
< [a(1-p)
(p-1)!
+ (k+1)(1 —Cl’)][P]r,qm
—(1=-ynA-pH+k+1H(2-7y)

Thus

(o0

D [k+1(1-a)

n=p+1
+a(l-p)][n,]
< la(1-p)
(p-1)!
+(k+1)(1 —a)][p]r,qm
+ (=) (k4 )+ (k+ 1)

(n=1)!

Plm (o - 7)’ ) Divide by (1 = y)(k + B8) + (k + 1) for both side which

yield to (4)

o [((k+1D)(1-a)+a(l-8)
2 ( - (k+pB) +(k+ 1) )[”]”"

(e =B+ (n-1! ®)
—( (n—1-m)! "

+1

n=p+1

Suppose that (4) holds and we have to show (6) holds.
Here the in equality (4) is equivalent to (7). So it suffices
to show that,

CCBY 4.0
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(T (@ = Dl g 2™ = (@ = DIplrg i - 2= )}
-1)! “1-m oo n “1-m
{a'[p]r,q (p(fl_zn)[zp I=m — o (Zn:p+] [n]rq(n( 113,,)"1111 1= ) - (y- 1)}
0 -
(2t (1 = @[y i ian) = (1= [Pl i - 2= )

-1)! ) 1)!
{alplrg 222 - @ (Z5p [1]rg an) - (v = D}

Since
| f(2)=2"
alpl, &zp‘l‘m a(1-B)+(k+1)(1-a) (p-1)! 1
T(p—-1-m)! Todprn ) Plrago=mm + . (10)

((k+1)(1—w)+a(l—ﬁ))[n] (n-1)!
(I=y) (k+p)+(k+1) 74 (n=1-m)!
Proof. Since f € Y(a,B,y,k,r,q,p,m) by
Theorem 2.1 holds.
Now

1 o (k+1)(1-a)+a(1-8) (n—1)!
a[plrq oD petom Zin=p+1 T ErR+(rD) M Gty @n
(p—-1-m)! (k+1)(1—a)+a(1—ﬁ)[ 1 (p—1)! +1
\7\/ T Brh)+k+D) LPlra p—T=m) .
i (n—])‘ - € ave_ " L
S DI o e Bl e LR € e e
n=p+1 an = ((k+1)(1 a)+a(l ﬁ))[n] (n-1)!
(T=y) (k+B)+(k+1) "4 Tn=—T-m)!

The function given by (10) satisfies (9) and therefor
We have f given by (10) in Y(a, 8,7, k, 7, q, p, m) for this

(p-1)! —-1- . .
a [P]r,q ( pfl_m)! P function, the result is sharp.

- ~1)! “1-
B (“ o per 1l G ane?” m) -~
(p-1)!

3 GROWTH AND DISTORTION THEOREMS

2 a[plrg oo FOR THE SUBCLASSY (e, 8,7, k,r,q, p, m)
(o) (I’L 1)’

- Zn=p+l[ ]rq(n T—m)1%n Theorem 3.1: Let0 <a <1,0<8<1,0<

—(1-v), _ y<1,k>00<g<r<l,p>mpeN-=

Where |z] < 1, and hence, we obtain (8). {1,2,3,...... }. if the function f given by (1)

Theorem2.2: Let0<a<1,0<8<1,0<y <

be in the subclass Y («a, B,v, k,r, g, p, m) then for
Lbk>00<qg<r<1lp>mpeN = (a,B,y.k,r,q,p,m)

0<|zl=r<1, weget

{1,2,3,...... } (a(ll—ﬁ);(k+l)(]:—la))[p]rq (=Dl
if the function f given by (1) is in the subclass rP — (a(_ly_);):ﬁjjl() <+1_)a) S _";), P+l
Y(a,B,y,k,r,q, p,m) then (A tEmmtet ) o+ 755
(St o)) ), ety <|f(@|
sy ) Pl Gl
an = ((k+1)(1—n)+n(1—ﬁ))[n] (n—1)!
=) B+ (k) )M ra TaT=m)1 a(1-B)+(k+D(1-a) (p=D!
o ( (=) (F+B)+ (k+D) ) [Plrap=T=mt * i1
n=p+1,p+2,p+3,... 9 =r -+ 21 (kD (1) | N r
Tnepeen ) 1P+ raGom
Equality holds for the function f given by (11)
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Equality holds for the function,
f(z)

(p=1)!

(ry(l—ﬁ)+(k+l)(l n))[ ]rq(p,l,m),ﬂ

(=) (k+B)+(k+1)
(et ) (P41 52
Proof We only prove the right hand side inequality
in (11), since the other inequality can be justified
using similar arguments.

Since f € Y(a,B,v,k,r,q, p,m) by Theorem
2.1 we have,

p+1

0 a(1-B)+(k+1)(1-a) (n—1)!
Zn=p+l ( (I=y) (k+B)+(k+1) ) [ ]r,qman
a(1-pB)+(k+1)(1-a) (p—1)!
= ( (=) (K+B)+ (k= D) ) [Pl p==mm1 +1

Now,
a(1-B)+(k+1)(1-a) p!
( B (T—)+ (kD) ) [P+ g Gmum

00 oo a(1-B)+(k+1)(1—-a)
Zn=p+1 an = Zn:p+l ( (k+B8)(1—y)+(k+1) )

p!
“p—m)
o0 a(1-p)+(k+1)(1-a) (n-1)!
< Zn=p+1 ( (k+B) (1—y)+(k+1) ) [”]rqman <
£ (2)]

[p +1]

<(a(1—,8)+(k+1)(1—a))[ | (p—1D!
Sk T+ kw1 ) P =T=m)!
+1
Therefor,
(St ) (lr.q oo+

I <
n=p+1 an = ((z(lfﬁ)+(k+1)(17(r)

(=) (k+B)+(k¥T) )[p“]rvqm
If f(z) = 2P = XL 41 anZ" We get,
@I =] = 2 an”
< JzlP + [P S L anl2l 0D,
<rP Pty pe1 A
By the inequality (12), yields the right hand side
inequality of (11).
Theorem 3.2: The function f given by (1) be-
longs to the subclass Y(«a, B,7v,k,r,q, p,m) then
for0 < |z] =
l<1wehavekll 1 N
o (0 (5t Pl <z§l—)f—r)ﬁ>!+1r,}
p ((k+1)(1—(r)+a(l—,8)
=) B+ (k1)

!
)[p+1]r,qﬁ
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(k+1)(1-a)+a(1-p) (p-1)!
(p0) (S Lo ]rqm“rp
(k+D)(1-a)+a(1-p)
(St ) 1P+ 11
Equality holds for the function f given by
f(2)

((k+l)(l—a)+a(l—,3)
P _

<prP ' 4

(p-1)!
=) (k+ )+ (ht 1) )[P]r,q (pfl—m)!+1

(k+1)(1-a)+a(1-B) p!
(—(l—y)(k+ﬁ)+(k+1) )[1’“]”1 o

Proof. Since f € Y(«,B,v,k,r,q, p,m) by Theo-
rem 2.1
we have

oo (k+1)(1-a)+a(1-p) (n—1)!
Dinep+1 ( T (k=B +(k+1) ) [n ]rq(nnl )1 én

((k+1)(1—a)+a(1—ﬁ))[ ] (p-1)!
TN kB +k+D) ) LPIra p—T=m)
Now,
(k+1)(1—a)+a(1-B)
( (1=y) (k+B)+(k+1)
ZZozp+l na, <

oo (k+1)(1-a)+a(1-B) (n—1)!
(P+1) 2 lpn ( 0= k+B)+(k+1) ) (2] Gty an

p+1

+1

|
) [p+ 1]r,qﬁ

(k+1)(1-a)+a(1-B) (p—=D)!
< (p+ 1 ( ToTprin ) [Plrap==m + 1
Hence
(k+1) (1-a)+a(1-B) (p-1)!
g na. < (p"'l)( =) (k+B)+ (k1) )[ ]rq(p =1+l
n=p+1 n = (k+1)(1-a)+a(1-B) ’
( (=) (B + (k1) )[P”]w o

If f(z) = pz~' = 252, na,2"", then

plelP™t = [2l? X024 naglz|" 1P

< F@] < plzlP™ = JzlP X524y nanlz|"' 77,
Where |z| < 1 by using the inequality (14), this
Completes the proof.

Theorem 3.3: The function f given by (1) belongs to
the subclass Y («, B8, v, k, r, q, p, m) then f is starlike

of order ¢ and this is sharp for the function
a(l-B)+(k+1)(1-a) (p—1)!
f(Z) = zP _(((1y)(k+[3)+(k+l) )[P]r,q (p—lfm)!+1 p+1

a(1-B)+(k+1)(1-a) p!
(=) (k+B)+ (k+1) )[p"'l]r,qu-m)!

Proof. It is sufficing to show that (4) implies

Smeps1 An(n=38) < 1-6.
That is,

(n=1)!
"4 (n—-1-m)!

(a(l—,li’)+(k+1)(1—a))[ ]

n—o < (1-y) (k+p)+(k+1)

1-6 — (a(l—[)’)+(k+l)(l—a)
(I=y) (k+B)+(k+1)

S

)[p]rq(P,l—l,n)n+]
n>p+1

and ¢(n) > ¢(p + 1), (16) holds true for any 0 <
a<1,0<B8<1,0<y<1L,k>20,0<g<r<li
and p e N ={1,2,3,...... }. this Completes the
proof of Theorem 3.3.
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4 EXTREME POINT OF THE CLASS
Y(a,B,vy,k,r,q,p,m)

Theorem 4.1: Let f,(z) = z7, and f,(z) = 2

((y(l —B)+(k+1)(1— (r))[ ] (p-1)! +1
(1-y) (k+p)+(k+1) "4 (p-1-m)! n

a(1-p)+(k+1)(1—a) e
(1=y) (k+B)+(k+1) [n]rtl(n T—m)!

n=p+1,p+2,p+3,
Then, f € Y(a,B,y,k,r,q, p,m) 1fand only if it
can be represented in the form

F@ =) (2 (12)

n=p
Where y, > 0and 3,2, y, = 1

Proof. Consider that f can be expressed as in (17),

we must show that f € Y(a,B,vy, k,r,q, p, m) by
(17) we get,

f(z) = Z;ozp Ynfu(z) = ypfp(z) + Z;ozpﬂ Yufn(2),
= ypr+
o0 » (s Pl e i L,
Zn=p+l Yn 2"~ i mr e (-a) (n=1)! ’
(—(1—7)(k+ﬂ)+(k+l) )[”]r,q—(n—l—m)!
= ypzp + Zoo_p+1 Yan
(a(<11 ﬁ)(jci];—)l-i—)((liﬂ(;))[ lr.q (p(l—jl_—l})Wi)!-'-l

- Z20=p+1 Yn

= P

(Sl ), , £
(I-y) (k+B)+(k+1) 4 (n—-1-m)!

(a(l—ﬁ)+(k+1)(l—a)
(1-y) (k+B)+(k+1)

-1t
)Pl 41

— 3y n
n=p+1 a(1-B)+(k+1)(1-a) (n-1)!
(I-y) (k+B)+(k+1) [ ]V‘I(n 1-m)!
After that, f(z) = z¥ — a,z"" we see
—p+l
a(1-B)+(k+1)(1-a) (p-1)
_ [( (=) (B + (e 1) )[ Plra = m)v“]y"
an = a(1-B)+(k+1)(1-a) (n-1)! ’
Ty Eeprr ) e G
n>p+1.
Now, we have Z;’f’:p Yn=Yyp+ Z;":pﬂ yn = 1 Then,
> =1-y,<1
n=p+1 Yn Yp S
Setting
(1=B)+(k+1) (1-a) (p-1)!
(a(l—y)(k+ﬁ)+(k+1(§ )[1’]’-4 TEEDI

(o)
Zn:p+1 Yn a(1-B)+(k+1)(1-a) (n-1)!
=) k+B)+(k+1) [n]r.q (n—T-m)1

(a(l—/ﬁ)+(k+l)(l—a})[ ] (n—1)!

(1=y) (k+B)+(k+1) 4 (n—1-m)!
a(U-p)+(k+D(I—a) Pt
( (=) (kB + (k1) )[P]rwp oyt 1
=y —1- 1
n=p+1 Yn yp

It follows that from Theorem 2.1 the function f €
Y(a,B,v,k,r,q,p,m).

© 2025 The Author(s).
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Conversely, it suffices to show that

a(1-)+(k+) (1-a) (p=1)!
( (=) B+ (k1) )[ Plra =i 1
(n—1)! Yn-

a, = ((1/(1 —B)+(k+1)(1- (r))[n]
(1-y) (k+)+(k+1) 7.4 (n=1-m)!

Now we get f € Y(a,B,v,k,r,q, p,m) then by
previous

Theorem 2.2
a(-F)+(k+1) (1-a) (p-1)!
(—u V) (KHB)+ (R¥D) )[ Plr.a G ==my

ap = (a(l —B)+(k+1)(1- (r))[n] (n—1)! s
(1=y) (k+pB)+(k+1) 74 (n-1-m)!

n>p+1
That is

o (1-p)+(k+1) (1-a) (n=1)!
(—‘(1 N (EHB)+(k+1) )[”]rq—<nn1 m)1dn

a(l1-B)+(k+1)(1-a) (p-1)
( (=) (RB)+ (ke 1) )[ Plra i+l

but y, < 1. Setting,

(a(l—[ﬁ)+(k+l)(l—a))[ ]
(1-y) (k+B)+(k+1)

Yn = a(1-B)+(k+1)(1-a)
) Repr+eeny ) P

n>p+1
Thus, the proof is complete.

Corollary 4.2: The extreme point of the
subclass y(a, B, v, k, v, q, p, m) are the function

fp(2) = 2P, and f,(2)

a(1-B)+(k+1)(1-a) (p-1)!
3 ( =) (G )7k 1) )[P]’»q oot

=pP- (a(l—ﬁ)+(k+1)(1—a))[ 1

+1

(n—1)!
r.q (n—l—m)!a"

(p=1)! >
r.a p=T=my 1

(n-1)! >
"4 (n-1-m)!

(1=y) (k+B)+(k+1)

n=p+1,p+2,p+3,......

S RADIUS OF STAR LIKENESS AND CON-
VEXITY

The radius of star likeness and convexity for the
function in the subclass Y (a, 8,7y, k, r, g, p, m) will
also be considered.

Theorem 5.1: Let the function f given by (1) isin the
subclass Y(a, B,v, k,r, q, p,m) then f is star like of
order 6(0 < 6 < p), in the disk |z| < R where R =

a(1-B)+(k+1)(1-a)
(—<1—y><k+ﬁ>+<k+1(> )[”]

1
(n—1)! n-p
4 (n—-1-m)! % p—o
W)[ 1o 7 \n=s ’
(I-y) (k+B)+(k+1) 4 (p—1-m)!
Wheren=p+1,p+2,p+ 3,
Proof : Here (18) implies

a(1-B)+(k+1)(1-a) (p—1)! —
(st ) [Phag i +10 =)l

(a(l—ﬁ)+(k+1)(l—a))[ 1, _(n=1! (p - 6)
(1—y) (k+B)+(k+1) .4 n=1—-m)! \P
It suffices to show that

sz(z) p‘<p S

inf
(
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For |z| < R, we get: must satisfy to belong to this subclass, using coeffi-
cient characterization as the main tool. Within this
(13) framework, we derive several properties of the class,

Zf(Z) _ ‘ < Z:lo=p+1(n_p)arLlZln_p

— Y@ n—p . . . . .
/@) . Zn=p+1 anz| including coefficient bounds, growth and distortion
By aid of (9), we get theorems, identification of extreme points, determi-
f(z) p‘ nation of the radius of starlikeness, and convexity
/@) sk (1) (o1 results. The findings indicate that the usefulness of

= = “DL 1) (n-p) I[P o .

yieo (et )P g oy +1) -l Jackson’s derivative operator extends beyond this

n=p+1 (a(l—ﬁ)+k+l)(l—a))[n] (n—1)! . L. K .
< LR el (L particular subclass, providing a basis for defining

- a(l- —-a p-1)! . . .
oy (= gty ) g 2! and analyzing more general families of multivalent
n=p+1 ((x(lfﬁ)+(k+l)(lfa)

hich is bounded <i)—y><k+€)+<k+1> )6["?}"’("")! analytic functions. Throughout, we emphasize the
whic 13[( S(IIJ_I; ) +e(k+?)(l(i/f:)[}; D —(p_ll)!. +]](n_ . role of the involved parameters in shaping broader
e (=) )+ (5T )P 7r4 p-T-m)! PE classes, thereby clarifying the underlying structure

n=p+1 a(1-p)+(k+)(1-a) (n-1)! . . . .
( ) (G k1) )["]r,q e of these functions and their geometric behavior.

. [( a((ll:ﬁ)(;g;r)?((/:;l(;) ) (P]r.q (p(f;jl)Ti)! +1] lz|*=7
< |1=E0 o e et | ACKNOWLEDGEMENT
( (1-y) (k+B)+(k+1) )[ ]r,q (n—-1-m)!
(p - 6), N/A
And it follows that
nene O‘(’Vﬁlﬁ%kn)(la))[ﬂ - FUNDING SOURCE
n—p < (1=y) (k+B)+(k+1) 4 (n—1-m)! p_—6
|2["7F < a(1-p)+(k+D) (1-a) (p-D)! (n—d) ’ No funds received.
() (P o2 1
n=ptl DATA AVAILABILITY
Which corresponds to condition (18) given in the
Theorem. N/A
Theorem 5.2: The function f given by (1) belongs to
DECLARATIONS

the subclass Y (a, 8,7y, k,r, g, p, m) then f is convex
of order € (0 < € < p), in the disk |z| < w where  Conflict of interest

= inf (U((ll_}ﬁ))<7<5r]}+)?<(/:f§))[”]r,q e The authors declare that they have no known
( a((l L _f;)& <+123+) 1+>(< k1+—lr;> ) [Pl p(fl— _lm)’_)! +1 competing financial interests.
1
% (P(P — €) )] P Consent to publish
n(n —e) Not Applicable
Wheren=p+1,p+2,p+3,... )
Proof: By applying the same method used in the Ethical approval
proof of Theorem 5.1, It follows that N/A
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