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1 Introduction and motivation

In the classical calculus, if the limit is replaced by familiarizing the parameter g with lim-
itation 0 < g < 1, then the study of such notions is called quantum calculus (g-calculus).
This area of study has attracted the researchers due to its applications in various branches
of mathematics and physics; for details, see [10, 11]. Jackson [19, 20] was the first to give
some applications of g-calculus and introduced the g-analogues of the derivative and in-
tegral.

Using the notion of g-beta functions, Aral and Gupta [10-12] established a new g-
Baskakov—Durrmeyer-type operator. Furthermore, Aral and Anastassiu [7-9] discussed
a generalization of complex operators, known as the g-Picard and g-Gauss—Weierstrass
singular integral operators. Lately, a g-analogue version of Ruscheweyh-type differential
operator was defined by Kanas and Riducanu [21] using the convolution notions and ex-
amined some its properties. For more applications of this operator, see [5]. Moreover,
Ahuja et al. [2] investigated a g-analogue of Bieberbach—de Branges and Fekete—Szego
theorems for certain families of g-convex and g-close-to-convex functions. Also, Khan et
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al. [22] studied some families of multivalent g-starlike functions involving higher-order g-
derivatives. For more recent work related to g-calculus, we refer the reader to [25, 38, 39].

Let M,, denote the class of p-valent meromorphic functions f that are regular (analytic)
in the punctured disc D = {¢ € C: 0 < |¢| < 1} and satisfy the normalization

[ee]

£) = (ip + Y act (CeD). L1)

k=p+1

Also, let MS,,(«) and MC,(a) denote the popular classes of meromorphic p-valent star-
like and meromorphic p-valent convex functions of order o (0 < & < p), respectively.

Definition 1 For two analytic functions f; (j = 1,2) in I, the function f; is said to be sub-
ordinate to the function f,, written as

fi<fr or fi(0)<f(¢) (¢ eD),
if there is a Schwartz function w, analytic in D, such that
w(0) =0, ’w(g“)| <1,
and
A(©) = (W)
Further, if the function f; is univalent in D, then we have the following equivalence relation:
hz)<f@) (€el) < fi(0)=£(0) and A(D)CA(D).

For g € (0, 1), the g-difference operator or g-derivative of a function f is defined by

) -fq)

f
W)=ty € #0aFD), (12)

We can observe that for k € N (where N is the set of natural numbers) and ¢ € D,

8qizﬂk§k} = Z[k’q]dkgk_l: (13)
k=1 k=1

where

1- qk k
[k, q] = =1+ ql and [0,4] =0.
l1-q I=1

The g-number shift factorial for any nonnegative integer k is defined as

glt=1 k=0
(1,41(2,41[3,9] - - - [k,q], keN.
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Furthermore, for x € R, the g-generalized Pochhammer symbol is defined as

xqllx+1,q)---[x+k-1,9], keN,
[x,ql, =
1, k=0.

We now recall the differential operator D, , : M, — M, defined by Ahmad et al. [1] by

Dpugf () = (1+ (2. Q) (©) + gl 58, (0), (1.4)

where u > 0.
Now using (1.1), we get

Dusf €)= 25+ 2 (14 e+ g™

k=p+1
We define this operator in such a way that
Dy () =£(C)

and

D: ()= DM(DMf(;))—;—+ Z 1+ [p.qln + ng’lk,q)) axc”.

k=p+1

In the identical way, for m € N, we get

 [— m
Dl ©)= 15+ Y (L+p gl + nglhq)) "ac™. (1.5)

k=p+1

From (1.4) and (1.5) after some simplification, we get the identity

D) = ugc 0,07 f(0) + (1+ [p,gl) D £(©). (16)
Now as of ¢ — 1—, the g-differential operator defined in (1.4) reduces to the well-known
differential operator defined in [28]. For details on g-analogues of differential operators,

we refer the reader to (3, 4, 27, 32].

Definition 2 ([18]) A function f € A belongs to the functions class S; if
f0)=f(0)-1=0 (1.7)

and

5N~ = == (18)
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Note that by the last inequality it is obvious that in the limit as ¢ — 1—, we have

This closed disk is merely in the right-half planem and the class S; of g-starlike functions
turns into the prominent class S*.

Inspired by the above-mentioned works and [14-17, 23, 29, 31, 34—37, 42—44], we now
define the subfamily M, ,(p, m, O1, O) of M,, using the idea of the operator D}/ as fol-

lows.

Definition 3 Under conditions -1 < O, < O; <1 and g € (0, 1), we define f € M,, to be
in the set M, ,(p, m, O1, O,) if it satisfies

-q7¢0,D) f(£) L+ O1¢
. aID f(2)  1+05¢°

(1.9)

where the notation “<” stands for the familiar notion of subordination. Equivalently, we
can write condition (1.9) as

483q D)1 4f(¢)
2.l D f (£) <
#5094 Djigf (©)
O+ O pamr i

+1

L. (1.10)

Remark 1 First of all, it is easy to see that

lim M,4(1,0,01,03) = MS*[O1, O],
q—1-

where MS*[0;, O,] is the function class introduced and studied by Ali et al. [6]. Secondly,

we have

My, 0,1,-1) = MS;,

,q°

where M, is the class of meromorphic p-valent g-starlike functions. Thirdly, we have

Jim Miq(p,0,1,-1) = MS},,,
where MS; is the well-known class of meromorphic p-valent starlike functions. Fourthly,
we have

1iIIll M, 4(1,0,1,-1) = MS*,

q—1-

where MS™ is the class of meromorphic starlike functions. The class MS* and other
similar classes have been studied by Pommerenke [30] and Clunie and Miller in [13, 26],
respectively, and by many others.

In this paper, with the help of a certain g-differential operator, we introduce a new sub-
class of meromorphic multivalent functions involving the Janowski functions. Further-
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more, we investigate some useful geometric and algebraic properties of these functions.
We discuss sufficiency criteria, distortion bounds, coefficient estimates, radius of starlik-
ness, radius of convexity, inclusion property, and convex combinations via some examples,
and for some particular cases of the parameters defined, we show the credibility of these

results.

2 Aset of lemmas

In our main results, we use the following important lemmas.

Lemmal ([24]) Let -1 <0, <Oy, <01 <03 <1.Then

1+0:¢ <1+03§
1+02§ 1+04§.

Lemma 2 ([33]) Let h(¢) be a regular function in D of the form

h§)=1+) dig,
k=1

and let k(¢) be a regular convex function in D of the form
KO =1+ k.
k=1

Soifh(¢) < k(¢), then |di| < |ki| forall ke N={1,2,...}.

3 Main results
Theorem 1 A function f € 2, of the form (1.1) is in the class M, 4(p,m, O1,0,) if and
only if

Y Adlarl < [p,q)(O1 - O3), (3.1)

k=p+1

where

A= (@l q)(1+O5) + 1+ O)p,q)) (1 + [ gl + ng’ [k, q1)".

Proof For f to be in the class M, ,(p, m, O1,05), we need to show inequality (1.10). For

this, consider

o, DIf Q)
Do 1

0 Dif @)
Ov+ 02 puimio

i ‘ P50, D1 () + (gD ()
| Orlp,qIDly f(2) + Oag?2 9Dy f ()|
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Using (1.4), after simplification, by (1.2) and (1.5) we get that it is equal to

Z/iipﬂ(l + [P, IZ],U« + qu[k» q])m(qp[k’ q] * [p’ q])akgk
©1=0ledl | 57 arck

) ‘ Yo L+ .l + gk, q) ™ (@ [k, q) + [p, qaxs *?
- (O1-09)lp,q] + ZZZ,M Vqargkr

_ L+ pdli + ug’k q)" (@ (k4] + [P q)laxd .
- (O1 - 0))[p,q] - Vyla] ’

where

¥ = (L+ B qln + ng’lk q1)" (O1lp, 4] + 024"k, q).

Using inequality (3.1), we can get the direct part of the proof.
For the converse part, let f € M, ,(p, m, O1,05) be given by (1.1). Then from (1.10), for
¢ € D, we have

#Lg DI f(©)
Al D ©)

50Dl f(©)
O+ O uimrm iy

| XS+ ali + ng? Ik )" (@ Tk, q) + [p, qarg P
- 01 - O)p.q] + Xy Dgard<7 '

+1

Since N(¢) < |¢|, we have

m{ YR L+ [ gl + ng? Tk, g)" (g 1k, q) + b, qlax<® } - 62

(O1-09)lp,q] + Z/?ip.ﬂ ﬁqakgkw
Now choose values of ¢ on the real axis such that

P50, D7 f(¢)
G

is real. Clearing the denominator in (3.2) and letting ¢ — 1~ through real values, we obtain
(3.1). O

Example 2 For the function

L. 5 pd0-0)
f@=g+ ) e (eD)

k=p+1

such that

oo
Do lal=1,

k=p+1
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we have

D Adlarl = Y [p,q)(O1 = Og)ll

k=p+1 k=p+1

= [p,q1(O1 - O0,) Z lxk| = [p,q)(O1 = Oa).

k=p+1
Thus f € M, ,(p, m, O1,0,), and inequality (3.1) is sharp for this function.

Corollary 1 ([6]) Iff isin the class MS*[O1, O,] and has the form (1.1) in univalent form,
then

o]

D (kA +02) +1+01)la] < (Or - Oy).

n=2

The result is sharp for function given by

(01 -0y)

k _
(k(1+02)+1+01)tk§, where Y |t = 1. (3.3)

k=p+1

ﬂ@=§+

In the following, we discuss the growth and distortion theorems for our new class of
functions.

Theorem 3 Let f € M, ,(p,m, O1,O,) be of the form (1.1). Then for |¢| = r, we have

1 1
< T’ = IF(@0)] < -+

where

_ 91O, - 02)_

T
Ap+1

The result is sharp for the function given in (3.3) with k =p + 1.

Proof We have

IF(©)| =

R — '
C_p+kz ﬂké‘

=p+1
1 > PR .
5Ea+2)@m|=;+2]@v.
k=p+1 k=p+1
Since r* < r? forr<1 and k> p+ 1, for |¢| =r< 1, we have

[F@0)] < rll’ +77 > axl. (3.4)

k=p+1

Page 7 of 16
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Similarly, we have

(&) = = _,,p Z |al.

k=p+1

Now (3.1) implies that

Y Al < [p,q)(O1 - Oy).

k=p+1

Since

p+1 Z lax] < Z Aglagl,

k=p+1 k=p+1

we have

3" Apatlax] < [, 4)(O1 - O),

k=p+1

which also can be written as

> o < 2000

k=p+1 p+1

Now by putting this value into (3.4) and (3.5), we get the required result.

Theorem 4 Letf € M, ,(p,m, O1,0;) be of the form (1.1). Then for |{| =,

[p:Q]m m [p’ q]m
qmp+8rm+p - ‘L'z?’p = |a‘1f(§)| = qmp+érm+p + Ter’
where
- ) ly “
r22((91 O2)[p,qllp +1,4] and 5=Zk.
ap+1 k=1
Proof By (1.2) and (1.3) we can write
m )
9,/ (¢) = W[?p?m Z [k—(m-1), Q]m+1ﬂk§

k=p+1

Since ¥ < r? for m <k and k > p + 1, for || = r < 1, we have

|3mf(é—)| < mp+83m+19 + 7 Z [k—(m— 1), ]m+1|a/<|

n=p+1

(3.5)

(3.6)

Page 8 of 16



Ahmad et al. Advances in Continuous and Discrete Models (2022) 2022:5 Page9of 16

Similarly,

2 lm

mp+érm+p pkzl k (Wl 1) q]m+1|ﬂk|- (37)
=p+

7F ()| =

Now by (3.1) we get the inequality

Api1

[p+14]

> T qllac] < (01 - 02)lp,ql,

k=p+1

so that

i o qllay) < Q1= Op.dllp+ La],

k=p+1 Ap+1
We easily observe that
oo o0
Y [k=(m-1).q)laxl < Y ko qllaxl,
k=p+1 k=p+1

which implies

ad (01—02)[19,4][10"'1;4]
E k—(m-1), < .
k:p+1[ o= q]mk' Api1

Now using this inequality in (3.6) and (3.7), we obtain the required result. O

Corollary 2 Iff € MS,, is of the form (1.1), then

1 2p(p + 1)r? lf( )| 2p(p + )r?
r_P_(k(1+(92)+(p+1)(1+(9))_ Ol=gt k(1+Oy) +(p+1)(1+0Oy))

In the next two theorems, we discuss the radii problems for the functions of the class

Mu,q(p; m, Ol; 02)

Theorem 5 Letf € M, ,(p,m,O1,0,). Then f € MCp(a) for |¢| < r1, where

r :< p(p_a)apﬂq )1”21’
A\ prnnrpr )01 -O)pg)

Proof Letf € M, ,(p,m, O1,05). To prove f € MC,(a), we only need to show

‘ of" (&) + (p+ 1) (Q)
)+ +2a-p)f'(C)| ~

Using (1.1), after some simple computation, we get

Z AL (p+”+°‘)| kol < 1. (38)
n=1
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From (3.1) we can easily obtain that

> Ax
Z Arlakipl < [p,q)(O1 - Oy) Z WWH <L

k=p+1 k=p+1

Equivalently, we have

[e¢]

Z &mhﬂ <1
P (O1-0y)p.1q]

Now inequality (3.8) will hold if

(p + k) k +P + Ol) k+2p p+k
kX;‘ G| <ZO = ol

which implies that

|§.|k+2p < p(p - a)AP‘*'k
p+l)k+p+a)(O1-0s)pq]

and thus

€1 PP )iy R
p+k)k+p+a)A-B)pql -
from which we get the desired condition. d

Corollary 3 Iff € MS, is of the form (1.1), then f € MC,(a) for |¢| <}, where

/ (p(p a)(n1+02+(p+/<(1+01)))ﬁ
T wr Ok pra)(Or - Onp :

Theorem 6 Let f € M, 4(p,m, O1,0,). Then f € MS,(a) for [{| < ra, where

VZ( (p_a)ApH( )ﬁ
2N k+p+a)(O01-0y)pql)

Proof We know that f € MS, () if and only if

‘ ¢f'() +pf ()
@)= -2)f(0)|

Using (1.1), after simplification, we get

“(k+p+a
Z( P )IampIICIk*Z" <L (3.9)
p—«o

k=1
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Now from (3.1) we easily obtain

i $|ﬂkw| <1
P (O1-0)p.q]

For inequality (3.9) to be true, it suffices that

> k+p+a) 2y Apik
Ak <Y gyl
kZ( poa ) < o O g
This gives
gl oDyt
(k+p+a)(O1 - 0)lpq]
and hence

|C|<( =) Apik )Mp:r
(k+p+a)(O; - O))[p.q] >

Thus we obtain the required result. 0

Theorem 7 Letf € M, ,(p,m,O1,O,) be of the form (1.1). Then

4] < [, q1(O1 — O2)I(0)
= (@l + L,ql + [p gL

@] < (2, q1(O1 — 0)I(0) <1 . (2, 91(O1 - O) >
P @24+ b\ @+ Lq+pal)
and
0ea] < (2, q1(O1 — 0)I(0) <1 . (2, 91(O1 - O)
PO (@l + 3.4+ [.a)lB) " @?lp+ Lal + [p.ql
(2, q1(O1 — Os) . (I, q1(O1 - 0y))? )
#lp+2,q1+ gl (@lp+2.q]+pa)glp+ 1.9+ p.q)))
where

1K) = (1+[p.qlu+ng’lp+kql)". (3.10)
Proof If f € A is in the class M, 4(p, m, O1, D5), then it satisfies

—q°£9,D}7.f (£) RE O1¢
[p,qlDr f(C)  1+0:¢

The right-hand side

Ly, D)

h(¢) = )
) (p, 41D}, f(¢) (3.11)
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is of the form
o0
h(@Q) =1+ dit,
k=1

which implies that

1+012;

hg) < 1+05¢

However,

1+A¢
1+ B¢

=1+(01—02)§+--~ .
Now using Lemma 2, we obtain
|di| < (O1-0s). (3.12)

Putting the series expansions of 4(¢) and f(¢) into (3.11), simplifying, and comparing the
coefficients at ¢X*” on both sides, we get

-7 (1+[p.qln + ng’lk +p.q))" [ + k qlay.i

=p.ql(1+ p.qli + na’k +p.ql) " apk

k—

+lp.q))_(1+palu+udlp+iq))" apdi-s,

i=0

—

and hence

~(L+ gl + ng’lk+p.q)" (€lp + k. q] + (b, q)) apak
k-1

=lpal)_(1+paln+ngp+iql)" apudii
1

i=

Now by taking the absolute values of both sides, using the triangle inequality, and then
using (3.12), we obtain

(L+ g+ ud’lp+kql)" (¢ o+ kq) + [p:q]) |ap.]
k-1
<lpqlO1-0y)) (1+[pqlu+ng’lp+i,q))"|ap.l.

i=1

Notation (3.10) implies that

g0 -0y S
|ap+k| < l(k)(qp[p +k,q] + [pr]) ;l(l)mpﬂ'l-

Now for k = 1,2, and 3, using the fact that |a,| = 1, we get the required result. O
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Using the notion of subordination, we get the next result on inclusion property of this

class.

Theorem 8 Let -1 <0y, <0y, <0; <03 <1,let D/’Z’,qf(g“) #0inD, and let

(3.13)

IDZ_’I,J(C)) < 1+ Olf

((1 ) -5 75 ) < Trox

wlp,ql
Then f € M,q(p,m, O3, O4).

Proof For D} qf (¢) #0in D, we define the function p(¢) by

~7¢3, D" f(¢)

D7 @) =p) (¢ eh).
’ I

Using identity (1.6), we easily obtain

1 ~ D,’f,qf(é)) ~
ol ((1+[p,q]pc) D1 @) =p(¢).

Therefore, using (3.13), we have

P EDLf©)
b.a)Dpf(0)

1+01§

p(g) < 170"

and by Lemma 1 we get

1+A1§ 1+03§
< ’
1+BI§ 1+O4€

so that f € M, 4(p, m, O3,0,). O
Theorem 9 The class M, 4(p, m, O1, O,) is closed under convex combination.

Proof Let fi(¢) € M, 4(p,m, O1,05) be such that

fi©) = {ip + kzlak',{k fori=1,2and ¢ € D. (3.14)
=p+

We have to show that F(¢) = t/1(¢) + (1 - £)2(¢) € M, 4(p, m, O1, O5). We have

F(5) =)+ 1 -1)/(¢)
1 o0

= — 4 Y (tan+ (1= D)t
&y

=p+1



Ahmad et al. Advances in Continuous and Discrete Models (2022) 2022:5 Page 14 of 16

Consider
Z a(tar; + (1 - az;) =t Z ap;+(1-t) Z as;
k=p+1 k=p+1 k=p+1
<t[p,ql(O1 - O2) + (1 - t)[p, q)(O1 - O3)
=[p,q)(O1 - O,).
Hence F(¢) € M, 4(p,m, O1,0,), which is the desired result. O

4 Conclusions

In this paper, we introduced a subclass of meromorphic multivalent functions in Janowski
domain using the idea of g-calculus. Then we characterized these functions with the help
of some useful their properties like sufficiency criteria, distortion bounds, coefficient esti-
mates, radius of starlikness, radius of convexity, inclusion property, and convex combina-
tions. These results were supported by some sharp examples and corollaries in particular
cases.

We recall the attention of curious readers to the prospect influenced by Srivastava’s [40]
newly published survey-cum-expository review paper that the (p, g)-extension would be a
relatively minor and unimportant change, as the new parameter p is redundant (for details,
see Srivastava [40, p. 340]). Furthermore, in light of Srivastava’s recent result [41], the
interested reader’s attention is brought to further investigation of the (k, s)-extension of

the Riemann-Liouville fractional integral.

Acknowledgements
We would like to thank the reviewers for their valuable suggestions and comments.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors contributed equally to the writing of this paper. All authors read and approved the final manuscript.

Author details

'Govt: Degree College Mardan, 23200 Mardan, Pakistan. 2Institute of Numerical Sciences, Kohat University of Science and
Technology, Kohat, Pakistan. *Department of Economics, Faculty of Economics Administrative and Social Sciences, Hasan
Kalyoncu University, TR-27410 Gaziantep, Turkey. “Department of Mathematics, Pir Mehr Ali Shah Arid Agriculture
University, Rawalpindi 46000, Pakistan. °School of Mathematical Sciences and Shanghai Key Laboratory of PMIMP, East
China Normal University, 500 Dongchuan Road, Shanghai 200241, People’s Republic of China.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 22 October 2021 Accepted: 28 December 2021 Published online: 19 January 2022



Ahmad et al. Advances in Continuous and Discrete Models (2022) 2022:5

References

1.

2.

10.
. Aral, A, Gupta, V.: On the Durrmeyer type modification of the g-Baskakov type operators. Nonlinear Anal., Theory

12.

13.
14.

18.
. Jackson, FH.: On g-functions and a certain difference operator. Trans. R. Soc. Edinb. 46(2), 253-281 (1909)
20.
21.
22.

23.

24.
25.

26.
27.

28.
29.

30.
31.

32.

33
34.

35.
36.
37.
38.

39.
40.

Ahmad, B, Khan, M.G., Aouf, MK, Mashwani, WK, Salleh, Z,, Tang, H.: Applications of a new g-difference operator in
the Janowski-type meromorphic convex functions. J. Funct. Spaces 2021, Article ID 5534357 (2021)

Ahuja, O.P, Cetinkaya, A, Polatoglu, Y. Bieberbach-de Branges and Fekete-Szeg6 inequialities for certain families of
g-convex and g-close-to-convex functions. J. Comput. Anal. Appl. 26, 639-649 (2019)

. Aldawish, I, Darus, M.: Starlikness of g-differential operator involving quantum calculus. Korean J. Math. 22(4),

699-709 (2014)

. Aldweby, H., Darus, M.: A subclass of harmonic univalent functions associated with g-analogue of Dziok-Srivastava

operator. ISRN Math. Anal. 2013, Article ID 382312 (2013)

. Aldweby, H., Darus, M.: Some subordination results on g-analogue of Ruscheweyh differential operator. Abstr. Appl.

Anal. 2014, Article ID 958563 (2014)

. Ali, RM, Ravichandran, V.: Classes of meromorphic alpha-convex functions. Taiwan. J. Math. 14, 1479-1490 (2010)
. Anastassiu, G.A, Gal, S.G.: Geometric and approximation properties of generalized singular integrals. J. Korean Math.

Soc. 23(2), 425-443 (2006)

. Anastassiu, G.A, Gal, S.G.: Geometric and approximation properties of some singular integrals in the unit disk.

J.Inequal. Appl. 2006, Article ID 17231 (2006)

. Aral, A: On the generalized Picard and Gauss—-Weierstrass singular integrals. J. Comput. Anal. Appl. 8(3), 249-261

(2006)
Aral, A, Gupta, V. On g-Baskakov type operators. Demonstr. Math. 42(1), 109-122 (2009)

Methods Appl. 72(3-4), 1171-1180 (2010)

Aral, A, Gupta, V.: Generalized g-Baskakov operators. Math. Slovaca 61(4), 619-634 (2011)

Clunie, J.. On meromorphic schicht functions. J. Lond. Math. Soc. 34, 215-216 (1959)

Dziok, J., Murugusundaramoorthy, G., Sokot, J.: On certain class of meromorphic functions with positive coefficients.
Acta Math. Sci. Ser. B Engl. Ed. 32(4), 1-16 (2012)

. Hasanov, A, Younis, J,, Aydi, H.: Linearly independent solutions and integral representations for certain quadruple

hypergeometric function. J. Funct. Spaces 2021, Article ID 5580131 (2021)

. Hu, Q, Srivastava, HM., Ahmad, B., Khan, N., Khan, M.G., Mashwani, WK, Khan, B.: A subclass of multivalent Janowski

type g-starlike functions and its consequences. Symmetry 13, Article ID 1275 (2021)

. Huda, A, Darus, M.: Integral operator defined by g-analogue of Liu-Srivastava operator. Stud. Univ. Babes—Bolyai,

Math. 58(4), 529-537 (2013)
Ismail, M.E-H., Merkes, E., Styer, D.: A generalization of starlike functions. Complex Var. Theory Appl. 14, 77-84 (1990)

Jackson, FH.: On g-definite integrals. Q. J. Pure Appl. Math. 41, 193-203 (1910)

Kanas, S., Rdducanu, D.: Some class of analytic functions related to conic domains. Math. Slovaca 64(5), 1183-1196
(2014)

Khan, B, Liu, Z-G, Srivastava, H.M., Khan, N., Darus, M., Tahir, M.: A study of some families of multivalent g-starlike
functions involving higher-order g-derivatives. Mathematics 8, Article ID 1470 (2020)

Khan, M.G.,, Ahmad, B,, Khan, N., Mashwani, WK, Arjika, S., Khan, B, Chinram, R.: Applications of Mittag-Leffler type
Poisson distribution to a subclass of analytic functions involving conic-type regions. J. Funct. Spaces 2021, Article ID
4343163 (2021)

Liu, M.S.: On a subclass of p-valent close to convex functions of type o and order B. J. Math. Study 30(1), 102-104
(1997) (Chinese)

Mehmood, S, Raza, N., Abujarad, E.S.A, Srivastava, G, Srivastava, H.M., Malik, S.N.: Geometric properties of certain
classes of analytic functions associated with a g-integral operator. Symmetry 11, Article ID 719 (2019)

Miller, J.E.: Convex meromorphic mappings and related functions. Proc. Am. Math. Soc. 25, 220-228 (1970)
Mohammed, A, Darus, M.: A generalized operator involving the g-hypergeometric function. Mat. Vesn. 65(4),
454-465 (2013)

Mohammed, A, Darus, M.: On new p-valent meromorphic function involving certain differential and integral
operators. Abstr. Appl. Anal. 2014, Article ID 208530 (2014)

Mohammed, PO, Aydi, H., Kashuri, A, Hamed, Y.S., Abualnaja, KM.: Midpoint inequalities in fractional calculus defined
using positive weighted symmetry function kernels. Symmetry 13, Article ID 550 (2021)

Pommerenke, C.: On meromorphic starlike functions. Pac. J. Math. 13, 221-235 (1963)

Rehman, M.S., Ahmad, Q.Z, Srivastava, H.M., Khan, B, Khan, N.: Partial sums of generalized g-Mittag-Leffler functions.
AIMS Math. 5,408-420 (2019)

Rehman, M.S.U., Ahmad, Q.Z, Srivastava, H.M.,, Khan, N, Darus, M., Khan, B.: Applications of higher-order g-derivatives
to the subclass of g-starlike functions associated with the Janowski functions. AIMS Math. 6, 1110-1125 (2021)
Rogosinski, W.: On the coefficients of subordinate functions. Proc. Lond. Math. Soc. 48(2), 48-82 (1943)

Sahoo, SK., Ahmad, H,, Tarig, M., Kodamasingh, B., Aydi, H., De la Sen, M.: Hermite—Hadamard type inequalities
involving k-fractional operator for (h, m)-convex functions. Symmetry 13, Article ID 1686 (2021)

Seoudy, T.M, Aouf, MK.: Coefficient estimates of new classes of g-starlike and g-convex functions of complex order.
J.Math. Inequal. 10(1), 135-145 (2016)

Shi, L, Ahmad, B., Khan, N., Khan, M.G., Araci, S., Mashwani, WK, Khan, B.: Coefficient estimates for a subclass of
meromorphic multivalent g-close-to-convex functions. Symmetry 13, Article ID 1840 (2021)

Shi, L, Srivastava, H.M.,, Khan, M.G,, Khan, N., Ahmad, B, Khan, B., Mashwani, W.K.: Certain subclasses of analytic
multivalent functions associated with petal-shape domain. Axioms 10, Article ID 291 (2021)

Srivastava, H.M.: A new family of the A-generalized Hurwitz-Lerch zeta functions with applications. Appl. Math. Inf.
Sci. 8, 1485-1500 (2014)

Srivastava, H.M.: The zeta and related functions: recent developments. J. Adv. Eng. Comput. 3, 329-354 (2019)
Srivastava, H.M.: Operators of basic (or g-) calculus and fractional g-calculus and their applications in geometric
function theory of complex analysis. Iran. J. Sci. Technol. Trans. A, Sci. 44, 327-344 (2020)

. Srivastava, H.M.: Some parametric and argument variations of the operators of fractional calculus and related special

functions and integral transformations. J. Nonlinear Convex Anal. 22, 1501-1520 (2021)

Page 150f 16



Ahmad et al. Advances in Continuous and Discrete Models (2022) 2022:5 Page 16 of 16

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

43. Tarig, M., Sahoo, SK., Nasir, J., Aydi, H., Alsamir, H.: Some Ostrowski type inequalities via n-polynomial exponentially
s-convex functions and their applications. AIMS Math. 6(12), 13272-13290 (2021)

44. Younis, J, Verma, A, Aydi, H., Nisar, K.S., Alsamir, H.: Recursion formulas for certain quadruple hypergeometric
functions. Adv. Differ. Equ. 2021, Article ID 407 (2021)

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	A subclass of meromorphic Janowski-type multivalent q-starlike functions involving a q-differential operator
	Abstract
	MSC
	Keywords

	Introduction and motivation
	A set of lemmas
	Main results
	Conclusions
	Acknowledgements
	Funding
	Availability of data and materials
	Declarations
	Competing interests
	Authors' contributions
	Author details
	Publisher's Note
	References


