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Abstract

The article aims to introduce a new unified class of generalized Apostol type polynomials. Further, under a slight modi-
fication on the parameters associated to the generalized Apostol type and generalized Gould-Hopper polynomials and by the
use of generating method, we introduce a new class of generalized-Apostol-type-Gould-Hopper polynomials. We state some
quasi-monomial properties for a new class of extensions of generalized Apostol type polynomials as well as, some summation,
multiplication and explicit formulae which connect this polynomial class with the A-Stirling numbers of second kind and gener-
alized Hurwitz zeta function. Some general symmetry identities involving multiple power sums are also established. The new
class of polynomials contains as its special cases, not only the generalized-Gould-Hopper-Apostol-Bernoulli, Euler and Genocchi
polynomials but many more known smaller classes of polynomials. Finally, the these polynomials are framed within the context
of generalized modified Milne-Thomson’s polynomials.

Keywords: Generalized-Apostol-type-Gould-Hopper polynomials, monomiality principle, summation formula, multiplication
formulae, symmetry identities.
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1. Introduction and preliminaries

The theory of generalized special functions serves as an analytic foundation for the majority of prob-
lems in mathematical physics that have been solved exactly and finds broad practical applications. As
an example, the generalized Hermite polynomials have been exploited to deal with quantum mechanical
and optical beam transport problems and arise in problems ranging from the theory of partial differen-
tial equations to the abstract group theory [8, 9]. We recall the following 2-variable forms of Hermite
polynomials.

Definition 1.1. The 2-variable Hermite Kampé de Feriet polynomials (2VHKJdFP) H,, (x,y) [1] are defined
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by the following generating function:
Xt+yt2 Z Hn (x, y

Definition 1.2. The higher order Hermite polynomials or the Gould-Hopper polynomials (GHP) HY) (x,v)
are defined by the following generating function [11, p.58(6.3)]

Xtert] Z H J > 2

Definition 1.3. The generalized-Hermite polynomials (GHP) Hy (x,y, c) are defined by the following gen-
erating function [37]:

Xttt ZH (xyc)—, c>1

Definition 1.4. The generalized-Gould-Hopper polynomials (GGdHP) Hg ) (x,y,c) are defined by the fol-
lowing generating function [41]:

n

Xyt ZH (xyc)—, c>1 j>2 (1.1)

These polynomials play an important role in problems involving Laplace’s equation in parabolic co-
ordinates, in quantum mechanics and in probability theory and are shown to be solutions of classical and
generalized heat equations.

Operational methods provide powerful techniques to solve problems both in classical and quantum
mechanics. Differential equations have been the primary motivation for the introduction of these tech-
niques. The operational techniques combined with the monomiality principle [5] open new possibilities to
deal with the theoretical foundations of special polynomials and also to introduce new families of special
polynomials.

Definition 1.5. According to the monomiality principle, there exist two operators M and P playing,
respectively, the role of multiplicative and derivative operators for a polynomial set {pn (x)}nen, that is,
M and P satisfy the following identities, for all n € IN:

M{pn(¥)} = pns1(x), Plpn(x)} =n pn1(x). (1.2)

The polynomial set {pn (x)}nen is then called a quasi-monomial. If M and P have differential realiza-
tions, then the polynomial set {pn (x)}nen satisfy the following differential equation:

MP{pn(x)} =1 pn(x).

Most of the properties of families of polynomials, recognized as quasi-monomial, can be deduced
by using relevant multiplicative and derivative operators. The notion of quasi-monomiality has been
exploited within different context. There is a continuous demand of solving problems by means of dif-
ferential equations in research fields like classical and quantum optics. The aforementioned 2-variable
forms of Hermite polynomials are all quasi-monomials and corresponding properties are derived using
the rules associated with monomiality principle, for this see [6, 37, 41].

Various unified forms of Apostol-type polynomials, which are the unifications of the Apostol-Bernoulli,
Euler and Genocchi polynomials are introduced and studied by many authors in a systematic manner, for
this see [2, 3, 13, 19, 23, 24, 26, 28, 29, 34, 35, 38].

We recall the following generalized forms of the Apostol-Bernoulli, Euler and Genocchi polynomials
introduced by many authors [14, 30, 31, 39].
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Definition 1.6. Let a, b, ¢ € R with a # b, x € R and n € INy. The generalized Apostol-Bernoulli
polynomials B (x;A;a,b, ¢) of order « € Z are defined by the following generating function [39]:

In(\)
In(§)|

Definition 1.7. Let a, b, ¢ € R", x € R and n € Nj. The generalized Apostol-Euler polynomials

—

(1.3)

t * = () tn
(M) = Z Bn (x;a,b, C;'}\)H/ It <

n=0

¢ (x;A;a,b, ¢) of order « € Z are defined by the following generating function:

2 * > () tm In(—A)
—_— ¢t = ¢ ;a,b,c;A)—, t] < .
(?\bt+at) T;) n(xa )n! i In(2)

Definition 1.8. Let a, b, ¢ € R", x € R and n € Ny. The generalized Apostol-Genocchi polynomials
97(1“) (x;A;a,b,c) of order & € Z are defined by the following generating function [14]:

n

2t & > () t
xt __ E x . .
n=

(1.4)

In(—A)

In(g) |
We note that

B 0;a,b,¢;0) =B (q,b,c;1), € 0;0,b,c7) =¥ (q,b,c;7), 55%0;a,b,¢A) =5 (q,b,c;7), (1.5)

are the generalized Apostol-Bernoulli, Euler and Genocchi numbers, each of order «.

For b = ¢ = e, a =1, we have Apostol-Bernoulli, Euler and Genocchi polynomials, each of order «,
for this see [25, 27, 32].

Here, we introduce the following unified form of the generalized Apostol-Bernoulli, Euler and Genoc-
chi polynomials.

Definition 1.9. Let a, b, c e R, x € R; A, i, v € C and n € Ny. The generalized Apostol type polyno-
mials (GATP) ff'}(fx) (x;a,b,¢;1,v;A) of order o € Z are defined by the following generating function:

2R Y\ X xt i (o) tm In(—A)
<7\bt—|—at> ¢ = Zgn (x;a,b,c,'u,v;?\)ﬁ, It| < In(2) |’ (1.6)
n=0 b
where
T (0;0,b,¢1,v;A) = T (a, b, ¢, i N)
denotes the generalized Apostol type numbers of order « defined by
2H Y N & tn
<W> — Z fTT(I“)(a, b,c;u, WMH' (1.7)

For b =c =e, a =1, we have Luo and Srivastava [34] Apostol-type polynomials FLH (A W, v).
In fact, from equations (1.4)-(1.6) and (1.7), we have
(~1)*F (5 a,b,¢;0,1;,-A) = BY (x;0,b,¢;A),
?;“)(x; a,b,c;1,0;,A) = 031(106)(7(,' a,b,c;A), (1.8)
T a,b,61, L) = 51 (x a,b, ¢ A).

To introduce the hybridized forms of generalized Apostol type polynomials and to study their prop-
erties is a new investigation. The process of combining two multi-variable forms of special polynomials
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either by replacement technique or operational technique is called hybridization of polynomials, which
shows that the properties of new hybridized polynomial lie within the context of parent polynomials.
The multi-variable hybrid special polynomials are important as they possess important properties such as
recurrence and explicit relations and functional and differential equations, summation formulae, symmet-
ric and convolution identities etc.. The usefulness and potential for applications of various properties of
multi-variable hybrid special polynomials in certain problems of number theory, combinatorics, classical
and numerical analysis, theoretical physics, approximation theory and other fields of pure and applied
mathematics arose the desire to introduce a new hybrid class of generalized-Apostol-type-Gould-Hopper
polynomials.

In this article, a hybrid class of generalized-Apostol-type-Gould-Hopper polynomials is introduced
and their properties are being characterized via different generating functions method. The differential
operators, differential equations, summation, multiplication and explicit formula and symmetry identities
for these polynomials are established. Certain illustrative special cases are considered and analogous
properties for these special cases are deduced.

2. Generalized-Apostol-type-Gould-Hopper polynomials

In this section, a hybrid class of generalized-Apostol-type-Gould-Hopper polynomials (GATGdHP) is
introduced by convoluting GGdHP and GATP. The GGdHATP are defined as discrete generalized Gould-
Hopper convolution of generalized-Apostol type polynomials.

First, we introduce the generating function applying replacement technique for the generalized-
Apostol-type-Gould-Hopper polynomials. For this, the following result is proved.

Theorem 2.1. Let a, b, c € RY, x, y € R; A, u, v € Cand n € Ny. The generalized-Apostol-type-Gould-
Hopper polynomials are defined by the following generating function:

n

MY \® Xty t j
T ZH? xy;a,b,c;u,v;)\)ﬁ, c>1 j>2; [tI<

In(—A)
Abt + at '

In ()

Proof. Expanding the exponential function e(x198¢)t and then replacmg the powers of x, i.e., (xlogc)?,
(

2.1)

(xlogc)!, (xlogc)?,..., (xlogc)™ by the polynomials H (x y,c), H" (x,y,c), ... (x y, c) in the L.h.s.
and x by the polynomial Hij ) (x,y,c¢) in the rh.s. of equation (1.7) and after summing up the terms in the

Lh.s. of the resultant equation, we have

2 ¢V = o tn

Aot T at ZH (e *:Z n "%y, ¢); a,b, ¢, viA))
which on using equation (1.1) in the Lh.s. and denoting the resultant GATGdHP in the rhs. by
T (x,y;a,b, ¢; 11, v; A) , we are led to assertion (2.1). O

Corollary 2.2. Leta, b, c € R", x, y e R; A, u, v € C; n € Ny and j = 2. The generalized-Apostol-type-
Gould-Hopper polynomials are defined by the following generating function:

n

2H Y\ ¥ 2 t
<> Xt+yt Z H? X U} a, b/ Wy, }\)Hl c> 1/ |t| <

In(—A)
Abt + at ’

in (%)

Note 1. For b = ¢ = ¢, a = 1, equations (2.1) and (2.2) yield the Apostol-type-Gould-Hopper

(2.2)

polynomials H"J"T(I“’j)(x,y ;1,v;A) and Apostol-type-Hermite polynomials HS"T(l“)(x,y;p, v;A), which for
x — 2x, y = —1 becomes the Apostol-type-Hermite polynomials HF (x; 1, v; ), for these polynomi-
als see [19].
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Remark23 For the special case A -+ —A; p=0and v =1 and on use of (—1)*y Iy (o) (x,y;a,b,¢;0,1;A) =
HB (x, y;a,b,c;A), we have generalized-Gould-Hopper-Apostol-Bernoulli polynomials defined by

n

t * t
<}M> Xt+yt] Z H% X Yy, a, b C LYy, 7\) cC > ]., ] > 2, |t| <

Remark 2.4. For the special case p =1 and v = 0 and on use of H?T(l“’j)(x,y; a,b,c;1,0A) = H@;‘X’j)(x,y;
a,b,c;A), we have generalized-Gould-Hopper-Apostol-Euler polynomials defined by

n

2 x t . 1
(Abt—i—cﬁ) Xyt Z el xy,abcu,v?\) c>1; j>2 Jti<

Remark 2.5. For the special case 1 =1 and v = 1 and on use of H&" (x y;a,b,c1, LA = H9 (x,y;
a,b,c; A), we have generalized-Gould-Hopper-Apostol-Genocchi polynomials defined by

n

2t « t )
<)\bt+at) Xyt — Z HSY (x,y; 0,0, ¢; VA c>1; j>2 Jtl<

In(—A) |
In(§) |

Note 2. For b = c = ¢, a = 1, Remarks 2.3-2.5 give the Gould-Hopper-Apostol-Bernoulli, Euler and Genocchi
polynomials, each of order «, which for A = 1 yield Gould-Hopper-Bernoulli, Euler and Genocchi polynomials,
each of order &, which again for o = 1 yield Gould-Hopper-Bernoulli, Euler and Genocchi polynomials [17, 19].
Note 3. For j = 2, Remarks 2.3-2.5 give the generalized-Hermite-Apostol-Bernoulli, Euler and Genocchi polynomi-
als, each of order «, which for b =c =e, a =1 yield Hermite-Apostol-Bernoulli, Euler and Genocchi polynomials,
each of order «, which again for A = 1 yield Hermite-Bernoulli, Euler and Genocchi polynomials, each of order «,
which further for o« = 1 reduce to Hermite-Bernoulli, Euler and Genocchi polynomials. Some of these polynomials
are given in [16, 37].

Theorem 2.6. The generalized-Apostol-type-Gould-Hopper polynomials are defined by the following series expan-
sion:

X . .
n U] T (aq,b,c; w, v; A)xkI5ys (logc)kts—Is

(o)) n—k
F ,y;a,b,c; 1, v;A) =n! -
HIn (%, y;a,b,¢; 1, v; A) nkz_os;) (n Ik js)T s!

Proof. Using equations (1.1) and (1.8) in generating function (2.1) yields

ZHCF xy,abcu,v)\ fo (a,b,c; 1, v;A) .ZH (x,y;¢c Y

which on using the series expansion of generalized Gould-Hopper polynomials from [41] gives

5] )k+sf)'s tk

i xkIsys logc
2 2 k—js)! Kt

[o¢] A T‘L
ZHFJFT(L(X'J Xy,abc,p.,v)\ fon (a,b,c;1,v; ?\)—'

n=0

On applying Cauchy product rule in above equation, we find

n 0 3:( ((l b CW,v; }\) k— )'s s (10gC)k+s_js tn

o n
() t ) n—
:}.’ 4 ; /b/ ; 4 ;A = ! 7’
T;)H n (XU a CHY )TL! ZTL (n k).(k—]s) s! n!

which on equating the coefficients of same powers of t yields assertion (2.2). O
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In order to show that ATGGdHP are quasi-monomial, we prove the following result.

Theorem 2.7. The generalized-Apostol-type-Gould-Hopper polynomials are quasi-monomial with respect to the
following multiplicative and derivative operators:
M, e = (xlog e +jy(log e)* 0L ™)
on/()\b(logc)*1 Ox 4 a(logc)*1 ax) x(Ab (logc)™t oy logb +a (logc)~t oy log a) (2.3)
+ (logc)~1 @ (logc)~1! 94 /
(logc)—1 9x(Ablos x 4 qlio8 x)

PHSF(%)‘) = (10g C)_lax' (24)

Proof. On differentiation of equation (2.1) with respect to x, we obtain the following identity:

2R Y\ ¥ - 2R Y\ -
loge)™” a{<7\b+a> “myt]}_t (wrvar) @5)

Again, differentiating both sides of the equation (2.1) w.r.t. t, we find

oav(Abt + at) — x(Abtlog b + a' log a) 2RtV N\ xt4yt
t(Abt 1 at) Atrat) ©

<(x+jytj1)logc+

n

t
_ZH n+1 xy,abcu,vk)

which on using identity (2.5) and equation (2.1) becomes

((x log ¢ +jy(log ¢)* aj;l)

om/(}\b(logc]*1 Ox 4 a(logc)*1 ax) o (Ab (logc)™t 9y logb +a (logc)™t oy log a) 26
(logc)~1 dx(Ablloge)™ P ox 4 qlloge)™t ax) :

o tn n

Z xy,abc,u,v?x—' ZH ong,abc,u,v?\)

On equating the coefficients of same power of t in both sides of the above equation and in view of
monomiality principle equation (1.2) yields assertion (2.3).
Using equation (2.1) in identity (2.5) yields

n

(logc)™ {Z 3" xy,abcp,v?\ } ZH lxy,abc,u,v)\)

On equating the coefficients of same power of t in both sides of the above equation and in view of
monomiality principle equation (1.2) yields assertion (2.4). O

To derive the differential equation for the ATGGdHP, the following result is proved.
Theorem 2.8. The generalized-Apostol-type-Gould-Hopper polynomials satisfy the following differential equation:

On/(}\b(logc)*1 Ox 4 a(logc)*1 ax) _ (x(}\b(logc Ox logb +a (logc)™t 9y 10g a)
(Ab(logc)*1 Oy +a(logc) 19, )

(xax +ijy(logc) ) +
2.7)

—n(logc) ! 6x> I (x,y;0,b, ¢4, v;A) = 0.
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Proof. Using of expressions of multiplicative and derivative operators given by equations (2.3) and (2.4)
in equation (1.3) and on simplification, we get the required differential equation given by (2.7). O

The series expansions, differential operators and differential equations for the above special cases and
particular members can be easily obtained by choosing suitable values of parameters. Thus we omit them.

In the next section, we gave some unified formula for the generalized-Apostol-type-Gould-Hopper
polynomials.

3. Summation, multiplication and explicit formula

There is a continuous demand of solving problems by means of formulas, functions equations, re-
lations and identities in research fields like classical and quantum optics. These formulas, functional
equations and identities arise in well-defined combinatorial contexts and they lead systematically to well-
defined classes of functions. It happens very often that the solution of a given problem in physics or
applied mathematics requires the evaluation of infinite sums involving special polynomials. The summa-
tion formula of hybrid type special polynomials of more than one variable often appear in applications
ranging from electromagnetic processes to combinatorics, see for example [7, 15]. This provides mo-
tivation to establish some unified formula for the hybrid type generalized-Apostol-type-Gould-Hopper
polynomials.

First, we establish some summation formula for the generalized-Apostol-type-Gould-Hopper polyno-
mials. For this we prove the following theorems.

Theorem 3.1. For «,3 € Z, the following relation for the generalized-Apostol-type-Gould-Hopper polynomials
holds true:

k

n
nFEERI) (3 yra b, viA) = > (n)Hfﬂ(f"]ﬁ (v va,b,¢nvNTC P (g b,cw A (B
k=0

Proof. We write generating function (2.1) in the following form:

n

oK YV xtp it 3] ) ¢
v yt _ («B5) 1, -,. N
(Abt + at> ¢ - Z Hffn (X’y/ a, b/ cG ‘V/A) n! ’

n=0
which on using equations (1.8) and (2.1) becomes

s 4B m 0 . tn & + ‘[',k
D T e b vid) = 3 nT g b v 5 3 R b e viN) o
n=0

n=0 k=0

Using Cauchy product rule in above equation and then equating the coefficients of same powers of t
in both sides of resultant equation yields assertion (3.1). O

Theorem 3.2. The following implicit summation formula for the generalized-Apostol-type-Gould-Hopper polyno-
mials holds true:

n
H?&“’J)(x—kw,y; a,b,cu,v;A) = Z Gz) wk(logc)k H?noi]k) (x,y;a,b,c; 1, v; A). (3.2)
k=0

Proof. Replacing x by x +w in generating relation (2.1), we have

2H Y\ (x+w)t+yt = (o) tm
<Abt+at> ¢ = ZHffn (X+W/U;a/b,C}H/V})\)H/

n=0
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which can be written as

( 27 >“ Xty exp(logcwt) = OOE J(x+w, y;a,b,cuy; )\)JETL
t t - 7 4 4
Abt+a —

Using the generating function equation (2.1) and expanding the exponential in the l.h.s. of above the
equation, we have

n

t
(Z HIn () (x,y;a,b,¢c; 1, V;A) ) (Zw (logc) k') Z 3" x+w,y;a,b,c;u,v;7\)ﬁ,

n=0

which on using Cauchy product rule in the Lh.s. and then equating the coefficients of like powers of t on
both sides yields assertion (3.2). O

Corollary 3.3. For w = 1 in equation (3.2), we have following implicit summation formula for the generalized-
Apostol-type-Gould-Hopper polynomials:

n

I (x+1,y,0,b, 61, v;A) = Z G:) (logc)® Hffrffijﬁ (x,y;a,b,¢c; 1, V;A).
k=0

Theorem 3.4. The following implicit summation formula for the generalized-Apostol-type-Gould-Hopper polyno-
mials holds true:

mn

?nﬁ’m(z,y;a,b,c;p,v;h): Z (:1) (2)(10gc)s+k(2—x)s+k frrnojr]m k(X y;a, b, v;A). (33)
s, k=0

Proof. Replacing t — t + u in generating function (2.1) and using the following rule:

e m
DI oty Z fl+m 3.4)
in the r.h.s. of the resultant equation, we find
28 (t+u)Y \*® thum
<?\N+u+at+u> cx(tru)ty(thu) Z e n+m (x,y;a,b,c; 1, v;A)— e (3.5)

n,m=0

Rewriting equation (3.5) as:

2R (t4+u)Y \” - My

i St S y(t+u) _ x(t+u) o)

<}\bt+u+at+u> c =c E OH§n+m(x ,y,a,b, e, v A)— Y
n,m=

Replacing x by z in the above equation and then equating the resultant equation to the above equation,
we find

o0 ((X ) tTl. um « tn
Z HImim(z Yy a,b, ¢, V;MFW =z (t+u) Z HS’"n+]m(x y;ab,cu,v; ?\) L
n,m=0 ’ ’ n,m=0 :

which on writing ¢(27%)(*+%) in the form of exponential and then expanding the exponential in the r.h.s.
gives

thum Nt wN
Z gjno—(k)m Z’ y/ a,b,C; }’L/‘V;)\)Hﬁ = Z <10gc (Z_X)) T
e n (3.6)
tTl

X Z H n+m><y,abcu,v7\) mylenyy

n,m=0
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Again, on use of equation (3.4) in the r.h.s. of equation (3.6), we find

Flod) b, A thu™ 1 stk stktius
Z HFLI (2,95 0,0, ¢ 1, V; A) T Z (logc)™ " (z—x) B
K,5=0

n,m=0 (3‘7)
tTL
X Z nF +mxy,abcp.,\/?\)n'ﬁ.
n,m=0
Now, replacing n -+ n —k and m — m — s in the r.h.s. of equation (3.7), we find
+k 7 — X)s+k
Z HS’“no_‘F]m(z,y,a b, ¢, v; 7\ Z Z S ksl
n,m=0 n,m=0%k,s=0 (3‘8)
o) t u™
X ff"n+m sk y;a,b,ciu, v A)

Mm—k)!' (m—s)!"
Equating the coefficients of the same powers of t and u in both sides of equation (3.8), we are led to

assertion (3.3). O

Theorem 3.5. Let a, b, and c be positive integers by a # b. Then for x, y € R and n > 0, we have
[TL

H"J'~ (x—l—ocy,a,b C; U, V;A) —n'Z
k=0

y*(log )k nF M, (2,2, ¢, v M)

(n—jk)! k! (39)

Proof. Replacing x by x 4+ « in generating relation (2.1), we have

tm 2HEY N\ ;
(x+a)t+yt)
Z S"n x+ocy,ab Cu,v; ?\)TL <)\bt+at) cOxretryt

which can be written as
X
2HtY “t :
—w oo | ¢ exp(logcyt)).
M) (2)t>

C

tTl
Z "J'“n x+ocy,abcu,v?\)

Now, using the generating equation (1.7) and expanding the exponential in the rh.s. of above the
equation, we have

Z Fle x—i—ocy,abcu,v?\ <Z? ( cu,v 7\) n) (Zy 1OgC)kt) >,

which on applying Cauchy product rule in the Lh.s. and then equating the coefficients of like powers of
t in both sides yields assertion (3.9). O

Theorem 3.6. Let a, b and c be positive integers by a # b. Then for x, y € R and n > 0, we have
n

n
RFE o yia b G viN) = ) (k) T (a,b,c i viA) HY [y, ). (3.10)
k=0

Proof. By use of equations (1.8) and (1.1), we have

2HtY ¥ cxt+yt t*
bt 1 at = Z&" abcp.,v?\ ZH (x,y,c .

Using Cauchy product rule in the r.h.s. of above equation and then equating the coefficients of like
powers of t on both sides of the resultant equation, yields assertion (3.10). O
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Theorem 3.7. Let a, b, and c be positive integers by a # b. Then for x, y € R and n > 0, we have

—3j

[¥] x
nAC e b oA =k Y Y
s=0n

) kasjfn(log C)kfs(jfl)fnys ?(
=0

o)
/b, C 1, Vi A). 3.11
(k—sj—n)!'sIn! no (e viA) (3.11)

Proof. By the use of equation (1.8) and expansions of e1°8¢)xt and elloge)yt jn generating equation (2.1),
we have

ts)
ZH&"“] (x,y;a,b,c; u,\/?\ ZCF (a,b,c; u,v7\ Zx logc Z S(logc)sy,
n=0 n! s—0 :

which on applying Cauchy product rule becomes

Zw (@) te ZOO Zk kY (e K kon | 6 ZOO t*
’ . . . — . . -—-n —n S S
ngk (X/‘J/ a/blcl H/V/)\)g - (n>(f‘n (alblcl H/V/}\)X (1080) E X Sioy (10gc) sl

k=0 ’ k=0 \n=0
(5] —si
[e%e] j S) .
k— .
= (E > ( nSJ) (@b, ¢, v A

—sj)!s!’

Equating the coefficients of like powers of t on both sides of the above equation, yields assertion
(3.11). O

Theorem 3.8. Let a, b and c be positive integers by a # b. Then for x, y € R and n > 0, we have

—pj

(logc P(logc
Hff‘" (x y;a,b,c; i, v;A) =nl! Z Z ngp) yPl E' T)n'?“ )p] m(a,b,cu, v A). (3.12)

Proof. By the use of equation (1.7) and expansions of e(°8¢)t and e8¢y Y in generating equation (2.1)
with x — x +1, we have

Z x+1 y,abcu,v)\ o ZOEFn (x;a,b,c; u,vA; ZO logc)™ !Zoyp(logc)P
n=0 n m= p=

which on applying Cauchy product rule becomes

n

D I et Lyia b, viN)

n=0
= E fF( ) (x;a,b,¢c; 1, v;A) (lOgC E y': lOgC Ff)
m T 1 7 4 7 4 4 V4

n=0 \ m=0

o (5] n—pj "
_ n—7pj . ot
—g(; mZ0< n )ffn b 580,61, ViA) (log o) ™yP (log ) >(n_m.)!p!.

Equating the coefficients of like powers of t on both sides of the above equation, yields assertion
(3.12). O
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Next, we find multiplication formula for the generalized-Apostol-type-Gould-Hopper polynomials
and for their special cases. For this we prove the following results.

Theorem 3.9. Let a, b, c € RT, x, ye R; A\, u, ve C;r € Nand n € Ny. The following multiplication
formula for the generalized-Apostol-type-Gould-Hopper polynomials holds true:

V1,V V120 B (3.13)

i . b -1 1 zul n—vl 1
nIn <rx,r]y; a,b,—; u,v;7\> - 1 - alrHke > ( )
a (n+ )(1,\,)1 0<v1 <vag vy 1<l V1,V2,-+ -, Vr—1
vitvato v =1 (3~14)

(1) m_ o .b
X (—)\)mH%nﬂl_w1 <(x + Y b, o 7\*) for r even,

where vi +2vo + -+ (r—1)ve_; = m.

Proof. We consider generating equation (2.1) in the following form:

> & THTt Tt % j
(%) i b tn 1 28 (rt)Y ATt +a b\ rxt+y(rt)
v (e i) = s (Ve ar) (e ) (@) '

n=0

which on simplifying becomes

> x r(byrt & j
(o) j b 1 24 (rt)Y ro1yat (AT ()1 by Txt+y(rt)
3’ 7 ) ; ’bl 7; 4 ;)\ — = < N 1 et ot - (7)
E HIn (rxrya auv >n! o \ ATpTt ot a )\(%)t+1 q
1/ 2% ()Y \* = b ) byt (e
_ (r—1)xt t\k
T orve <)\rbrt+art> a'’ * (E (—A (a) ) > (a) .
k=0

Now, on use of the following formula for the generalized multinomial identity [4]:
x __ x Vi, V2 Vm
It )t = Z <v1,\/2,...,Vm>Xl 2
V1, V2,00 Vm 20

the above equation becomes

]

- . b tn
> g <rx,r’y;a,b =V 7\> -

_ L 28 (rt)V * q(r—Dat
T oyve \ ATprt 4 qrt

X > * (CA)VH2vate (1) Ve ((E >V1+2V2+ Y (E)mtﬂ(m]
V1,V2,...,Vy_1 a a
V1, V2,0 Vr120
1 2% ()Y \Y e Z ”%)T”y(”)j
=—|(—=————] a :
rve ATbTt + art V1,V2,.
V1, V2,0 Vy—1 20
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Now, using equation (2.1) in above equation, we have

(e¢]

C ) b t" o
&, oo v, . v n—voa . (r—1)at
TLZ_OHCT"TL <rx,1‘ y;a,b, o Ww,v; 7\> i Z (r a Z <V1,Vz,---,\/r_1)

n=0 V1,2, Vr—120

n

) m_o.bo t
X (_A)ng_Ongn ((X+ ?Ig/ a, b/ a/ H/‘V/Ar) ) ﬁ

Equation the coefficients of same power of t on both sides of above equation yields assertion (3.13).
Again, with the help of following definition for the multinomial identity [4]:

n
(X1+X2+"'+Xm)n: Z ( >X‘1V1X2V2...X1Ynm
V1,V2,..., Vm
0SVISVasymsn
Vi+Vot-+Vp=n
for v even, we can similarly prove assertion (3.14). The proof is completed. O
In view of Remarks 2.3-2.5, we obtain the following consequences of Theorem 3.9.

Corollary 3.10. Let a, b, c € R*, x, y € R; A € C; r € N and n € Ny. The following multiplication formula
for the generalized-Gould-Hopper-Apostol-Bernoulli polynomials holds true:

(o) I b _.n—« (r—1)at &
B ™, 1y;a,b, —A) =71 a E
H " ( y a > Vl,VZ,...,VT_l

V1,V V120
; b
X (<) B ((X+ ?,y;a,b, a;7\’”> :

Corollary 3.11. Let a, b, c € R*, x, y € R; A € C; r € N and n € Ny. The following multiplication formula
for the generalized-Gould-Hopper-Apostol-Euler polynomials holds true:

< . >
V1,V2,- o, Vr—1
—1l=

b

(Lj) ' b (D' 2" l
¢ Ty, a,b, =N = —— E
HEn (TX rya a ) (n+1) “ V1,V2, ., Vo]

0<Vv1<Vva<vi<l
Vi+voto+ve_1=1

n+l

X (—A)mH%u’j) ((x—i— ?,y; a,b, z;?\r> for r even.

Corollary 3.12. Let a, b, c € R*, x, y e R; A € C; r € N and n € Ny. The following multiplication formula
for the generalized-Gould-Hopper-Apostol-Genocchi polynomials holds true:

Hggloc,]) X, T)y; a,b,—A) = e a(r—l)oct Z x
a >0 V1,V2,--., Vr—1

V1,V2,..., Vi

(Lj) o DY sl (=1t l
Hn <rx,r y;a,b, a,?\) =(-1)"2"r a Z <v1,\/2,...,vr_1

0<v1<Vva<v, 1<l
Vi+vat+ve_1=L1

; b
x (—A) ™y B ) <(x~|— ?,y; a,b, a;)\T> for T even.
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Further, we derive some explicit formulas involving some known functions. For this we recall the
following definition.

Definition 3.13. Let a, b € R", x € R, A € C and v € INy. The generalized array type polynomials
8 (x; a,b;A) are defined by [38]:

t_
M ZS“XQb?\

where 8(n,v; a,b;A) := 85 (0; a, b; A) are generalized A-Stirling type numbers of second kind.
Definition 3.14. The polynomials Y (x, A; a) are defined by [24, 38]:

t TL
(?\at—1> ZYVXAQ—' (a>1),

where Y (A; a) :== Y)Y (x,A; a) are the corresponding numbers.

Definition 3.15. The generalized Hurwitz-Lerch Zeta function @, (z, s, a) [12] is defined by

@H(Z,S, a) = Z (Wn z

nl (m+a)s’

n

n=0
Theorem 3.16. Let a, b e R, x, y e R; A, p, v € C; v € N and n € Ny. The following explicit formula for
the generalized-Apostol-type-Gould-Hopper polynomials holds true:

TL

n—vax)!
H&"T(1 Wx(x y;a,b;u, v;A) = (ZP(L —)k 'k' Z 1)*8" Tk (x; a, b; ?\)(logb) (3.15)

Proof. Replacing c by b in generating equation (2.1) yields

tm L A -
Z nF (xy;a,b;u,v; A)n <> pxt+yt

Abt +at
_ o (Abt + at)* pxt) put’
(2» t")"c o!
(x n tn+)’k
ZHtV ~ ZZ Su(x;a,b; A)(logb) P
n=0k=0
K t
oc n—j
2u o Z Z 8nI¥(x; a,b; —A)(log b)*y ( EEATENL
n=0%k=0
which on equating the coefficients of same powers of t yields assertion (3.15). O

Theorem 3.17. The following explicit formula for the generalized-Apostol-type-Gould-Hopper polynomials holds
true:

T ) (s, by, viA) = W 3 (L‘)( 18—k, o; a,b;—A)HY (x,1, b). (3.16)
k=0

Theorem 3.18. Let a, be R, x, y e R; A, p, v € C; v € N and n € Ny. The following explicit formula for
the generalized-Apostol-type-Gould-Hopper polynomials holds true:

(2 b t
nFled) () y;a, b, L) < ) Z Z n_ ]k( a;—?\)(logb)kykm.

n=0%k=0
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Proof. Replacing c by b in generating equation (2.1) yields

i)t (2R T
ZHffn (Xryfalb,llll,mm—<w bty

_ (%)“ ((W) bxt) pyt

)5S ot ) ws

n=0%k=0

(o]
o X2 b tn
= (%) X X0 (e i) (log b)*y* 5

n=0%k=0

n=0

which on equating the coefficients of same powers of t yields assertion (3.16). O

Theorem 3.19. The following explicit formula for the generalized-Apostol-type-Gould-Hopper polynomials holds
true:

. 2” o n n b .
HFEN (x,y; 0, b; 1, LA) = (F) > <k>(—1)°‘ ek (a;—%)HS)(X,y,b)-
k=0
Theorem 3.20. Let a, b€ RT, x, y e R; A, n, v € C; v € Nand n € Ny. The following explicit formula for
the generalized-Apostol-type-Gould-Hopper polynomials holds true:
(2]

)

2'"‘)0c (n+va)!
(

by n—jl+l . .
at/ (n—jyru <log—> Qo (A, mn+jLx)y". (3.17)

; b
H?;ta}a(&y; a, b/ a/‘ W, v; A) = <
1=0

Proof. We consider generating function (2.1) in the following form:

- («3) ) b, PV 2« by by xtyt
T;Hffn xuiab uviN——=(5) (A1) ()
(2N~ — (K x Dkt b xtryt
= (&) 2 M Q)
M & & (x) t" b j
:<?> >y k!k)\k(log—)“(k+x)“—'(a)yt
n=0%k=0
2H o 2 et
= (%) Y tog ) oa (xS Yyt
n=0 1=0
(2]
(2N v % bt : ot
= (§> > > (log - Dy (A, M +ijl,x)y CESTRE

which on equating the coefficients of same powers of t in both sides of resultant equation yields assertion
(3.17). O

Next, we establish some symmetric identities for generalized-Apostol-type-Gould-Hopper polynomi-
als.
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4. Symmetric identities

In mathematics and statistics, sums of powers occur in a number of contexts. Many combinatorial
problems can be solved with the aid of these power sums particularly occur in Euler’s sum of powers
conjecture, Fermat Catalan conjecture, Lander, Parkin and Selfridge conjectures, Prouhet-Tarry-Escott
problem etc.. The power sum symmetric polynomials are considered to be building block for symmetric
polynomials.

The symmetry identities related to classical and Apostol type polynomials are established by many
authors [18, 20-22, 36]. This provides motivation to establish symmetry identities for the generalized-
Apostol-type-Gould-Hopper polynomials.

In order to derive the symmetry identities for the GGAHATP HS'}(I“) (x,y;a,b,¢c;1,v;A), we prove the
following results.

Theorem 4.1. For all integers |, m > O0andn > 0; « > 1, A\, u, v € C, and a, b, ¢ € R™, the following
symmetry identity for the generalized-Apostol-type-Gould-Hopper polynomials holds true:

n j .
> (;L) U ImI Y (mx, miy; a, b, e viA) Y- <1> e e
j=0 i=0
< ud 5 (I VY 0, b e, viA)
(4.1)
n j .
=) <T)l> m IV (1, Uy; a,b, ¢, vid) ) (1) alm=HS (m —1; -A)
j=0 i=0
X H"J"j(f;l) (mX, MY;a,b,c;uv;A).
Proof. Let
or(200—1)4v(2a—1) clmxt+y (lmt)) ()\blmt + almt)clth+Y(lmt)j
G(t) :=
® (Ablt + alt)x(Apmt 4 gmt)e ’
which on rearranging the powers becomes
G(t) _ 1 24ty * Clmxt+9(1mt Ablmt + almt
T vaqmy(a=1) \ Ablt o+ qlt Abmt o gqmt
—1 (4.2)
26mYtY A\ LmXE+Y (lmt))
Abmt p gmt ’

Since the expression (4.2) for G(t) is symmetric in 1 and m, therefore we can expand G(t) into series
in two ways. First, we consider the following expansion:

—1
G(t) = 1 24 ()Y N\ lmxt4y(lmt)l Ablmt 4 gtm 2" (mt)Y * ImXt+Y(lmt)l
T vemy(e—1) \ Ablt  qlt ¢ Abmt 4 gmt Abmt f gqmt ¢

4

which on using generating equation (2.1) and the following formula for the numbers 8y (n;A):

)\e(n—O—l]t -1 0 tk
Tre1 2SNy

gives

» o WY me (L PV (mt)t
G(t) = IRrmr=y (Z Hff" mx,m)y,a,b,c,u,v,k) o a m (loga> ZS 1-1; 77\)7
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X ZHS"). JAX, UY; a,b, ¢; v A) et J| ,
j=0 '

which on using [40, p.890 Corollary 2] and Cauchy product rule gives

(l 1)mt X

n
Gt =amve Z (Z < >1”_’m’+VH3"£L“)j(mx, miy;a,b,c; 1, v;A)
j=

] (4.3)
j byi, . (1) v 1, Y
X ZO <1> (log E) $il—1L-AudF; % (X, VY;a,b,¢ p,,v,)\))$
Similarly, we have
q(m—1tt n . .
S0 = varve > (Z < > ni]lHVHﬁ(ﬁ)j(lX, Vy;a,b,c; 1, v;\)
. (4.4)

n

. byt — j t
y Z (;’) <10g a) S_L(mfl,' 7A)H3*](i(1 1)(mX/ m]Y; a, b, C; ”'/V; A))E
i=0

Equating the coefficients of same powers of t in rh.s. of expansions (4.3) and (4.4), we are led to
assertion (4.1). O

Theorem 4.2. Forall integers |, m > 0andn >0; « >1; A, u, v € Cand a, b € R, the following symmetry
identity for the generalized-Apostol-type-Gould-Hopper polynomials holds true:

1-1 m—1 m . b
Z < >Z Y (- 1+hlpmn7pH§]g“)(mx+Ti,mJy;a,b,a;u,V;M

p=0 i=0 h=0
l
XH&" (1X+n—1leab ,u,v%)
n —11-1 ) . (4.5)
- Z < > Z Z ”hmpl“‘pH&"é“)(tw —1,Vy;a,b, —; 1, v;A)
p=0 \P/ iS5 oo m a
b
XHH’( p(MX+ lhmYab — W, V;A).
Proof. Let
22u(xt2vocblm7‘t+y“mt (}\lblmt_i_almt)(}\mblmt+almt)hlth+Y(lmt)j
H(t) == (Ablt 4 glt)etl(Apmt 4 gmt)otl : ’
which on rearranging the powers becomes
" o 1 1 RV LY o blmxt+y(1mt)j Alptmt 4 gqlmt 2HMVEY o
(t) == Ve mve \ Ablt 4+ glt a Abmt f gmt Abmt 4 gmt >
blth+Y(lmt Amblmt—f—a ( . )
x a < AbLt + qlt )

Since expression (4.6) for H(t) is symmetric in | and m, therefore we can expand H(t) into series in
two ways. First, we consider the following expansion:

1 1 2H(lt)V b lmxt+y(lmt)) }\lblmt + almt Zu(mt)v s
blth+Y(lmt }\mblmt 4 (1 (47)
“a < Ablt 4 qlt >
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Now, using the series expansions for (M) and (M) in the r.h.s. of equation (4.7),

Abmtpgmt )\blt+alt
we have
Mo L1 2rey ysptmxenmin Z i
' 1vee mvee \ Aplt + alt a
j 1
o (2 my)Y * ElmXHYumt)J (m—1)lt mZ juth
Abmt famt /) a =

Combining the terms in the above equation, we have

1-1 mj j j
H() : = L 1 L2mit-mi-le Z(—}\ i 24(1t)Y o E(mer ) lt+miy(lt)
Ve mve Ablt + qlt a

i=0

7

m—1 s j j
y Z (_)\ h 2“(mt)" [ E(lX+mh)mt+l Y(mt)
Abmt fagmt /. q

which on using equation (2.1) becomes

1 1 S e m. b (Lt)P
H(t) .= l\/ioc my« a2m1t_mt_lt Z(_)\)l Z ngpoc (mX + Tll m]U/ a, b/ a/ K, V/)\)T
i=0 (4.8)
ot s 1. b (mt)" ‘
x (Z (A Y IR X+ —h,UY;a,b, =1, v;A) )
m a n!
h=0 n=0
Applying the Cauchy product rule in the r.h.s. of equation (4.8), we find
1 1 1-1m-—1 (o)
. g2mlt—mt—lt +h _ o
MO = i @S ()5S e
n=0p=0 i=0 h=0 (49)
; b t“
% (mx + ?i,m]y;a,b,—;u,v;A)H? (X + le a,b, ,u,v N
Using the similar way, we obtain the second expansion of H(t) a
11 m—11-1 '
H(t) : = mvalvi(x g2mit—mt—lt Z Z < > Z Z(_)\)l—l—hmpln—pH?]()oc)
n=0p=0 1=0 h=0 (4.10)
L, . b ; b tn
x (Ix + Ei' Vy;a,b, a; L, V;A)H"fnoi)p(mx + ?h, mY;aq,b, < W,V ?\)
Equating the coefficients of like powers of t in rh.s. of expansions (4.9) and (4.10), we are led to
assertion (4.5). O

In view of Remarks 2.3-2.5, we can obtain the symmetry identities for the generalized-Gould-Hopper-
Apostol-Bernoulli, Euler and Genocchi polynomials simply by choosing suitable values of parameters p
and v. For the lack of space, we omit them.

Appendix A.

In 2006, Luo and Srivastava [33] introduced the Milne-Thomson’s polynomials q)i{’" (x) of single vari-
able defined by
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and framed Apostol-Bernoulli and Euler polynomials within the context of Milne-Thomson’s polynomials
ol (x).

Recently, Dere and Simsek [10] gave a new class of the Milne-Thomson’s polynomials ol (x, y)
defined by

n

> t
> cDE{")(x,y)ﬁ = f(t, «) eXtTN(tY), (A1)

In view of equation (A.1), we gave a unified form of generalized Milne-Thomson’s polynomials
O (x,y; 1, v;A) defined by

o tn
> 0 ey vid) o = ft o, viA) X,

n=0

Simply by choosing f(t, o; 1, v;A) = (%) " and h(t,y) = yt/, we get generalized-Apostol-type-

Gould-Hopper polynomials.
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