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1. Introduction

Since g-calculus has numerous applications in physics, mathematics and engineering
sciences, it became attractive for many researchers. Jackson ([1,2]) gave the first application
of g-calculus by defining the g-derivative and g-integral. In 1989 [3], Srivastava set the
basic context for using g-calculus in geometric function theory, and in 1990, Ismail et al. [4]
introduced and studied an extension of the class of starlike functions using the notions of
g-calculus in this domain. The class of g-starlike functions was further extended. Agrawal
and Sahoo [5] studied starlike functions of the a« order using g-calculus aspects, and later, the
Hankel and Toeplitz determinants were obtained for a subclass of starlike functions of the
« order [6]. Coefficient inequalities for a subclass of g-starlike functions associated with a
conic domain were obtained in [7]. A certain subclass of g-starlike functions associated with
the Janowski functions was introduced and studied in [8]. Multivalent g-starlike functions
were studied in connection with the circular domain in [9], and by using certain higher-
order g-derivatives, the subclasses of multivalent g-starlike functions were introduced and
investigated in [10]. Special functions have also been associated with g-calculus, such as
the famous Mittag—Leffler function [11-13].

Interpreting geometrically the g-analysis is accomplished by introducing and studying
numerous g-analogue differential operators. Srivastava showed in a comprehensive review
paper in 2020 [14] the applications of g-calculus, mentioning various g-operators introduced
up to that date by researchers using fractional calculus and convolution. In 2014 [15], the
g-analogue of the Ruscheweyh differential operator was introduced. Certain g-integral op-
erators of p-valent functions can be seen in [16], and a g-analogue of the Ruscheweyh-type
operator for multivalent functions was introduced in [17]. In 2017 [18], the g-analogue of the
Séldgean differential operator was defined, and it was extended to the class of multivalent
functions in 2019 [19]. Using these operators, interesting results were obtained by introduc-
ing new classes of analytic functions ([20-22]) and multivalent functions ([19,23,24]).

The results presented in this paper involve the g-analogue of the Sdldgean differential
operator applied to multivalent functions. This study was inspired by the investigation
presented in [25] for the g-analogue of the Ruscheweyh operator.
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The theory of differential subordination initiated by Miller and Mocanu ([26,27]) is
used for obtaining the main results of this paper. In the next section, the results obtained by
different researchers and used to obtain the original results from this article are presented.
Then, in Section 3 of the paper, the new subordination properties regarding the g- Sdldgean
differential operator are explored. A sharp subordination is investigated in Theorem 1, and
an interesting corollary emerges by using a particular function in Theorem 1. An example
is given to show an application of the result. In Theorem 2, a subordination is studied
considering the real part of an expression involving the g- Séldgean differential operator.
The best dominant is obtained for this subordination, and an example is also given to illus-
trate the use of the results. Convolution is involved in the subordination result presented in
Theorem 3. Conclusions on the study presented in this paper are given in Section 4, where
future directions of study are also suggested.

2. Preliminaries

We now explore the definitions and notations used in this research.
Let A(p) be the class of analytic and p-valent functions in the open unit disk & =
{z € C: |z| < 1} of the form

The analytic function f is subordinate to the analytic function g, written as f < g,
if there is an analytic Schwartz function w in U, with w(0) = 0 and |w(z)| < 1 such that
f(z) = g(w(z)) forz e Y.

For the univalent function g in U, the equivalence relation holds, where f < ¢ <
£(0) = g(0) and f(U) C g(U).

We also explore the notations and concepts of g-calculus.

Forx € N, 0 < g < 1, itis noted that

and N
, x € N¥,
1, x =0.

For a function f € A(1), the g-derivative operator D, is defined as in ([2]):

Elit = 20
£'(0), z=

We can see that

: . f(2) = f(zq) _ o
limD =lim————— =
qgr} Q(f(z)) ;lil} Z(l _ q) f (Z)’
when f is a differentiable function.
When f(z) = 2", we obtain Dy(f(z)) = Dy(z") = %z”_l = [n]qz”_l.
The Sildgean differential operator ([28]) has the form S™ f(z) = zP + Z}'ip 11 jmu]-zj for

f@) =2+, 4 ajz) € A(p), where z € U:
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Definition 1 ([19]). We denote by Sj , the extended q-Saligean differential operator

Sppf)=2"+ ¥ [i—p+1ja,
j=p+1

for f(z) =zP + 72, 4 ajz) € A(p), wherez € U.

We observe that for p = 1, the extended g-Séldgean differential operator Sf , f reduces
to the g-analogue of the Salagean differential operator Sj ([29]). For p = 1and g — 1, the
extended g-Sdldgean differential operator g, f reduces to the familiar Sdldgean differential
operator S"f.

After a short computation, we deduce that

2Dy (S1,f(2)) = [p = 11, Sppf(2) + " Sy (2). M

There are many papers which adapt different lemmas from the classical theory of
subordination considering g-calculus aspects. Some lemmas used for the proof of the new
results are presented next. They are cited over 70 times and are also used in [25,29]:

Lemma1 ([27]). Let g(z) = 1+ a1z + az? + ... be the analytic in U and h be a univalent analytic
and convex function in U with h(0) = 1. If

ZDy(8(2))

b +9(z) <h(z), zeU, b #0,

then

20 <5 [0

t
with Re(b) > 0.

Lemma 2 ([30]). Consider 6 and ¢ analytic functions in a domain D O q(U) such that and
¢(w) # 0, w € qUU) and u is a univalent function in U. Let Q(z) = z¢(u(z))Dy(u(z))
and h(z) = 60(u(z) + Q(z)), assuming that Q(z) is a univalent starlike function in U and
(e

2D4(Q(2)) Dy(0(u(2)))
‘b(z) +Re( "(P(H(Z» ) > 0, wherez € U.

When g(z) is an analytic function in U with the properties g(0) = u(0), p(U) C D and

0(8(2)) +2¢(8(2))Dg(8(2)) < 0(u(2)) + 2¢(u(2)) Dy (u(2)) = h(z),

then § < u, and u is the best dominant.

Lemma 3 ([31]). The necessary and sufficient condition for the function f(z) = (1 —2z)*, a # 0
to be univalent inU is | + 1] < Tor|a —1| < 1.

Lemma 4 ([32]). Considering f;, the analytic functions of the form 1+ a1z + axz> + ... in U
that verify the inequality Re(f;) > w;, 0 < a; < 1and i = 1,2, we obtain that fi * f, is an
analytic function of the form 1+ a1z + axz? + ... in U which verifies the inequality Re(fy * f2) >
1-2(1—a1)(1—ap).

Lemma 5 ([33]). By considering the analytic function f(z) = 1+ a1z + axz> + ... that verifies
the inequality Re(f(z)) > «, 0 < & < 1, then

2(1 —w)

W, zeU.

Re(f(z)) >2a—1+
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3. Main Results
Theorem 1. If f € A(p) satisfies

S”Hf (z) Sppf(z)  Nz+41
+(1—«a) < ,
zP zP Mz +1

@

for =1 <M <N <1,a>0,then

UNION Lo Ne—1) .\
Re(<ﬂ;p> ) > (qoc/o u(Mu_l)du> k>, 3)

where the result is sharp.

Proof. By denoting g(z) = S‘ﬁ’z’i(z) = 1+4+az+..for f € A(p) is analytic in U and
applying the logaritmic g-differentiation, we obtain

D,(3(z)) = D, (8512]; <Z)> _ 7Dy (S1,£(2)) = [p),Sif(2)

qup+l

In addition, by taking account the relation in Equation (1), we obtain

n+1
2Dy (5(@) =~ Lata) + 10
We find that S”“f( 2
— o = 8(2) +qzD4(8(2))
and
Sn+1 St
2 SO 4 (1w 2020 _ g2y (5(2)) + 5(2) + (1 - g )

= aqzDy(g(z)) + 8(2)-

We can write the differential subordination in Equation (2) as follows:

Nz+1
2qzDq(8(z)) + g(z) < Mz 1

Then, by applying Lemma 1, we obtain

1
~1 /Z ti* (Nt 4 1)
0

(z) < iz 7
§ qa t(Mt +1)

Alternatively, by using the subordination properties, we obtain

du.

Sipf(z) 1 /1 U™ (Nuw(z) + 1)

2 gaJo u(Muw(z)+1)

Since —1 < M < N < 1, we obtain
S f(z 1,0 _
Re q,pf( ) N i/ u™ (Nu 1)du,
zP ga Jo u(Mu—1)

1
where the inequality Re (x'll) > (Rex)" is considered for n > 1 and Rex > 0.
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To show the sharpness of Equation (3), we consider f € A(p), defined by

Srf(z) 1 [lum(Nuz+1)

z¢ gqato u(Muz+1)
For the defined function, we can write

S"“f( z) ‘a “)ngpf(Z) _ Nz+1

zP P Mz+1

and :
Sgpf(2) 1 [luw(Nu—1)

— = -1,
zP ga Jo u(Mu—1) wasz =

Thus, the proof is complete. [J
Remark 1. For p = 1, we are led to similar results to those given in [29].
Corollary 1. If f € A(p) satisfies

8n+1f( 2) ‘a a)Sgl’pf(Z) . (2b—1)z+1

zP zP z+1

, 4)

fora >0,0<b<1,then

PN ) A\
Re(<fff;f;()> ) > ((2b—1)+2(1qa b) /01 u(u+1)du>  k>1.

Proof. Following the same steps as in the proof of Theorem 1 for g(z) = % Ly f12) , the differ-
ential subordination in Equation (4) becomes

(2b—1)z +1

1qzDy(8(2)) +8(2) < ~———5

Therefore, we obtain

Sppf(2) ¢ 1 1w (26— Du+1) :
Re(( q;’ ) )>(qa/ u(u+1) d”) -
1 2(1— b))\ u %_

(qa/o ((2b—1)+ P ) udu) -

21—b) [1 umw
((Zb_1)+ qu /ou(u—l—l)du>

==

O

Example 1. Let f(z) = 2/ +2F", n = 1, 0 = 2,b = Jand k = 2. Then, S} ,f(z) =
2 + [2] 2Pt = (14 q)zl’+1 + zP and Szpf( z) =zP + [2] 2,p+1 — (1 +q)2zp+1 + 2P,

nl nf(y 2 1
+Zf()+(1_“)3q£() S;f (=) Sf()

We have « =21 Z

= (2> +3q+1)zF + 2z~ 1.
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By applying Corollary 1, we obtain

1
<2q2+3q+l)zp+2pfl =< m, zZ GZ/{,

which induces

1
u2a

\/7 /1 u(u+1)

Rey/(1+g)z*1 427 > du, z € U.

Theorem 2. Consider 0 < o < 1, and y # 0 and is a complex number such that '2" (i=o) _ 1’ <

1or ‘2’1(# + 1‘ < 1. If f € A(p) verifies the inequality

Re<8n+1f( )

,pf()>>a,zeu,

then

%,p) is the best dominant.

where 2T
(1-z) 1

n I
Proof. By considering g(z) = <S”;£ ) > and applying logarithmic g-differentiation, we
obtain
i (Sipf@\"Sip f(2) - Sppf(2)
Dy(s(z)) = £ (2027
gz \  z Sppf(2)
and

2Dy(8(2)) _n Siif(z) 1
8(2) g\ Si,f(z) '

From the above, we obtain that

Syp'f(2) _ 77D4(8(2))
Siufz)  uo gz)

n+1f( )
irf(2)

We can write the inequality Re( ) > o as follows:

Siitf(z) . (1-20)z+1
q,pf() 1-z ’

This is equivalent with

q2D4(8(2)) 41~ (1-20)z+1 seu
no8(2) 1-z 7
Let us suppose that
u(z) = —— g @) =1, plw) = L
2u(l—0) 7 4 ‘Z/l(lJ’
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Then, we find that u(z) is univalent by Lemma 3. It is easy to prove that u,6 and ¢

satisfy the conditions of Lemma 2. The function Q(z) = z¢(u(z))Dy(u(z)) = Z(iig)z is

univalent and starlike in i/, and h(z) = 0(u(z) + Q(z)) = %)ZZH
Following Lemma 2, we obtain the proof. [

Remark 2. For p =1, we are led to similar results to those given in [29].

Example 2. Let f(z) = zP +2zP*, n =1, p = %/ and p = 5. Then, S{,},pf(z) =z +

9
2
[2]q2p+1 (1 + Q)ZP-H zP and qulpf( ) = zP —+ [2} ZP+1 (1 4 q)zzp_;,_l —|—Zp,
By applying Theorem 2, we obtain

82, f(Z) - (1 +q)22—|— 1 1
Re(‘SZl,:f(z)) B Re(M)ZH > 5, z€lU,

1
1—

which induces

(1+q)z+1)7< , zel.

N

Theorem 3. Consider —1 < M; < N; < 1,i = 1,2and « < 1. If the function f; € A(p)
satisfies the differential subordination

SnJrlfl( ) S;zpfi(z) Niz+1 .
e (£ 4 £)(2) i+ f2)(2)
Sgp (1 f2)(z Sgplfaixf2)(z)  (1-2u)z+1
q.p o\ Cap
o o +(1—a) po < | ,

where * represents the convolution product between f1 and foand

. _4(N1—M1)(N2—M2) _i 1i
FE T T Ao M) (1- My) (1 ) u(u+1)du>_

, we can write the differential sub-

n+1 g,
Proof. Considering h;(z) = aS""’Z,{’(Z) +(1—«a) ‘”’fl( )

ordination in Equation (5) as follows: Re(h;(z)) > 1_ Mi' wherei =1,2.
By the proof of Theorem 1, we obtain

1
1. qu
S;/pfl(z) = i/ Mdt, i=1,2,

qo Jo t
and
" _ 1z 1ho()W
Siplh=f)le) = = [ R
e S ) (2) (fi+ f2)(2)
Sn/ f1 *f2 zZ Sn/ f1 *f2 zZ
ho(z) = P AR e - +(1- zx)—qp - =
1
1% /1 U ho) (g,
qu 0 t

Using Lemma 4, we find that 1y * iy is an analytic function in I/ of the form 1 + a1z +
a,z% + ... that verifies the relation Re(hy * hp) > 1 — 2(1 - 11 AI\/? ) (1- 11 ]\1\222) =.
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References

By applying Lemma 5, we obtain

1

1 I

Re(ho(z)) 1 / Re(hy x hy) (uz)us du >
ga Jo u

1 1<2lp—1+2(1_1;0)’”‘“&1”>
0 u

quo ulz| +1
1

1 1 21— )\ uw

aa Jo (2‘/"1+u+1>ud”—

1

4(Ny — M7)(N; — Mp) 1/1 U
1— 1—— | ———du| =y,
(1—M)(1—My) qa o ufw+1)" | T

Thus, the proof is completed. [

4. Conclusions

The study presented in this paper followed the line of research set by introducing g-
calculus in geometric function theory. The extended g-Séldgean differential operator given
in Definition 1 was previously introduced by Hussain, Khan, Zaighum and Darus [25] and
was used mainly for defining and studying new classes of univalent functions. In this paper,
we obtained some interesting subordination results involving this operator. In Theorem 1, a
sharp subordination result is presented with a corollary obtained using a particular function.
An example follows those results. By taking special conditions for the real part of a relation
using the g-Sdldgean differential operator, in Theorem 2, the best dominant of a certain
differential subordination is obtained, and an associated example is presented. The last
theorem gives a property for the g-Sdldgean differential operator applied to a convolution
product of functions.

By following the same steps using the differential superordination theory, the dual
results could be obtained, and sandwich-type relations could emerge for the g-Salagean
differential operator as in [34] or [35]. In addition, the condition in Equation (2) from
Theorem 1 suggests that a new subclass of p-valent functions could be introduced using the
subordination theory. Future studies could be conducted in this regard, as seen in recent
papers [36,37].

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflicts of interest.

1.  Jackson, EH. g-Difference equations. Am.]. Math. 1910, 32, 305-314. [CrossRef]

2. Jackson, EH. On g-definite integrals. Quart. . Pure Appl. Math. 1910, 41, 193-203.

3. Srivastava, H.M. Univalent functions, fractional calculus and associated generalized hypergeometric functions. In Univalent
Functions, Fractional Calculus, and Their Applications; Srivastava, H.M., Owa, S., Eds.; Halsted Press (Ellis Horwood Limited):
Chichester, UK; John Wiley and Sons: New York, NY, USA, 1989; pp. 329-354.

4.  Ismail, M.E.-H.; Merkes, E.; Styer, D. A generalization of starlike functions. Complex Var. Theory Appl. 1990, 14, 77-84. [CrossRef]

o

Agrawal, S.; Sahoo, S.K. A generalization of starlike functions of order a. Hokkaido Math. J. 2017 , 46, 15-27. [CrossRef]

6. Tang, H.; Khan, S.; Hussain, S.; Khan, N. Hankel and Toeplitz determinant for a subclass of multivalent g-starlike functions of
order a. AIMS Math. 2021, 6, 5421-5439. [CrossRef]

7. Mahmood, S.; Jabeen, M.; Malik, S.N.; Srivastava, H.M.; Manzoor, R.; Riaz, S.M.]. Some coefficient inequalities of g-starlike
functions associated with conic domain defined by g-derivative. J. Funct. Spaces 2018, 2018, 8492072. [CrossRef]


http://doi.org/10.2307/2370183
http://dx.doi.org/10.1080/17476939008814407
http://dx.doi.org/10.14492/hokmj/1498788094
http://dx.doi.org/10.3934/math.2021320
http://dx.doi.org/10.1155/2018/8492072

Axioms 2022, 11,512 90f9

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.
29.
30.
31.
32.
33.

34.

35.

36.
37.

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]

Shi, L.; Khan, Q.; Srivastava, G.; Liu, J.-L.; Arif, M. A study of multivalent g-starlike functions connected with circular domain.
Mathematics 2019, 7, 670. [CrossRef]

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 2020, 8, 1470. [CrossRef]

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

Hadi, S.H.; Darus, M.; Park, C.; Lee, ].R. Some geometric properties of multivalent functions associated with a new generalized
g-Mittag-Leffler function. AIMS Math. 2022 , 7, 11772-11783. [CrossRef]

Aouf, M.K,; Madian, S.M. Fekete-Szeg6 properties for classes of complex order and defined by new generalization of g-Mittag
Leffler function. Afr. Mat. 2022, 33, 15. [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. J. Sci. Technol. Trans. ASci. 2020, 44, 327-344. [CrossRef]

Kanas, S.; Rdducanu, D. Some class of analytic functions related to conic domains. Math. Slovaca 2014, 64, 1183-1196. [CrossRef]
Selvakurmaran, K. A.; Purohit, S. D.; Secer, A.; Bayram, M. Convexity of certain g-integral operators of p-valent functions. Abstr.
Appl. Anal. 2014, 2014, 925902. [CrossRef]

Arif, M,; Srivastava, H.M.; Umar, S. Some application of a g-analogue of the Ruscheweyh type operator for multivalent functions.
Rev. Real Acad. Cienc. Exactas Fis. Natur. Ser. A Mat. 2019, 113, 1121-1221. [CrossRef]

Govindaraj, M.; Sivasubramanian, S. On a class of analytic functions related to conic domains involving g-calculus. Anal. Math.
2017, 43, 475-487. [CrossRef]

Hussain, S.; Khan, S.; Zaighum, M.A.; Darus, M. Applications of a g-Salagean type operator on multivalent functions. J. Inequal.
Appl. 2018, 2018, 301. [CrossRef]

Khan, S.; Hussain, S.; Zaighum, M. A.; Darus, M. A Subclass of uniformly convex functions and a corresponding subclass of
starlike function with fixed coefficient associated with g-analogue of Ruscheweyh operator. Math. Slovaca 2019, 69, 825-832.
[CrossRef]

Zainab, S.; Raza, M.; Xin, Q.; Jabeen, M.; Malik, S.N.; Riaz, S. On g-Starlike Functions Defined by g-Ruscheweyh Differential
Operator in Symmetric Conic Domain. Symmetry 2021, 13, 1947. [CrossRef]

Naeem, M.; Hussain, S.; Mahmood, T.; Khan, S.; Darus, M. A New Subclass of Analytic Functions Defined by Using Saldgean
g-Differential Operator. Mathematics 2019, 7, 458. [CrossRef]

Wongsaijai, B.; Sukantamala, N. Applications of fractional g-calculus to certain subclass of analytic p -valent functions with
negative coefficients. Abstr. Appl. Anal. 2015, 2015, 273236. [CrossRef]

Srivastava, H. M.; Mostafa, A. O.; Aouf, M. K.; Zayed, H. M. Basic and fractional g-calculus and associated Fekete-Szeg® problem
for p-valently g-starlike functions and p-valently g-convex functions of complex order. Miskolc Math. Notes 2019, 20, 489-509.
[CrossRef]

Khan, B.; Srivastava, H.M.; Arjika, S.; Khan, S.; Khan, N.; Ahmad Q.Z. A certain g-Ruscheweyh type derivative operator and its
applications involiving multivalent functions. Adv. Differ. Equ. 2021, 2021, 279. [CrossRef]

Miller, S.S.; Mocanu, P.T. Second order-differential inequalities in the complex plane. J. Math. Anal. Appl. 1978, 65, 298-305.
[CrossRef]

Miller, S.S.; Mocanu, P.T. Differential subordinations and univalent functions. Mich. Math. J. 1981, 28, 157-171. [CrossRef]
Saldgean, G.S. Subclasses of univalent functions. Lect. Notes Math. 1983, 1013, 362-372.

Alb Lupas, A. Subordination Results on the g-Analogue of the Saldgean Differential Operator. Symmetry 2022, 14, 1744. [CrossRef]
Miller, S.S.; Mocanu, P.T. On some classes of first-order differential subordinations. Mich. Math. ]. 1985, 32, 185-195. [CrossRef]
Robertson, M.S. Certain classes of starlike functions. Mich. Math. J. 1985, 32, 135-140. [CrossRef]

Rao, G.S.; Saravanan, R. Some results concerning best uniform co-approximation. . Inequal. Pure Appl. Math. 2002, 3, 24.

Rao, G.S.; Chandrasekaran, K.R. Characterization of elements of best co-approximation in normed linear spaces. Pure Appl. Math.
Sci. 1987, 26, 139-147.

El-Deeb, S.M.; Bulboacd, T. Differential Sandwich-Type Results for Symmetric Functions Connected with a g-Analog Integral
Operator. Mathematics 2019, 7, 1185. [CrossRef]

Hadi, S.A.; Darus, M. Differential subordination and superordination for a q-derivative operator connected with the g-exponential
function. Int. ]. Nonlinear Anal. Appl. 2022, 13, 2795-2806.

Owa, S.; Guney, H.O. New Applications of the Bernardi Integral Operator. Mathematics 2020, 8, 1180. [CrossRef]

Oros, G.I; Oros, G.; Owa, S. Applications of Certain p-Valently Analytic Functions. Mathematics 2022, 10, 910. [CrossRef]


http://dx.doi.org/10.1186/s13660-019-2020-z
http://dx.doi.org/10.3390/math7080670
http://dx.doi.org/10.3390/math8091470
http://dx.doi.org/10.3934/math.2020028
http://dx.doi.org/10.3934/math.2022656
http://dx.doi.org/10.1007/s13370-021-00940-3
http://dx.doi.org/10.1007/s40995-019-00815-0
http://dx.doi.org/10.2478/s12175-014-0268-9
http://dx.doi.org/10.1155/2014/925902
http://dx.doi.org/10.1007/s13398-018-0539-3
http://dx.doi.org/10.1007/s10476-017-0206-5
http://dx.doi.org/10.1186/s13660-018-1888-3
http://dx.doi.org/10.1515/ms-2017-0271
http://dx.doi.org/10.3390/sym13101947
http://dx.doi.org/10.3390/math7050458
http://dx.doi.org/10.1155/2015/273236
http://dx.doi.org/10.18514/MMN.2019.2405
http://dx.doi.org/10.1186/s13662-021-03441-6
http://dx.doi.org/10.1016/0022-247X(78)90181-6
http://dx.doi.org/10.1307/mmj/1029002507
http://dx.doi.org/10.3390/sym14081744
http://dx.doi.org/10.1307/mmj/1029003185
http://dx.doi.org/10.1307/mmj/1029003181
http://dx.doi.org/10.3390/math7121185
http://dx.doi.org/10.3390/math8071180
http://dx.doi.org/10.3390/math10060910

	Introduction
	Preliminaries
	Main Results
	Conclusions
	References

