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Cauchy Product

Introduction

Throughout of the paper, N denotes the set of the
natural numbers, N, denotes the set of nonnegative

integers, R denotes the set of real numbers and C
denotes the set of complex numbers.
The (p, g)-numbers are defined by:

_r-q
[, =2 =0

Corcino (2008; Duran et al., 2016a; 2016b;
Milovanovi¢ et al., 2016; Sadjang, 2013), One can readily
write that [n],, = p"'[n],),, where [n],, is the g-number

_ (¢/p) -1
q/p ( q / p)—l :
appropriately using this obvious relation between the q-
notation and its variant, the (p, g)-notation, most (if not
all) of the (p, g)-results can be derived from the
corresponding known g-results by merely changing the
parameters and variables involved. When p = 1, (p, g)-
numbers reduce to g-numbers. Note that (p, g)-numbers
are symmetric: That is, [#],, = [#],, In conjunction
with the introduction of these (p, g)-numbers, the
theory of (p, g)-calculus has been discussed and

known in g-calculus given by [n]
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Abstract: In this study, we introduce a new class of generalized (p, g)-
Bernoulli, (p, ¢)-Euler and (p, ¢g)-Genocchi polynomials and investigate
their some properties. We derive (p, g)-generalizations of some familiar
formulae belonging to classical Bernoulli, Euler and Genocchi polynomials.
We also obtain a (p, g)-extension of the Srivastava-Pintér addition theorem.

Keywords: (p, g)-Calculus, Generalized Bernoulli Polynomials, Generalized
Euler Polynomials, Generalized Genocchi Polynomials, Generating Function,

investigated extensively by many mathematicians and
also physicists. For example, Corcino (2008) worked
on the (p, g)-generalization of the binomial coefficients
and also provided several useful properties parallel to
those of the ordinary and g-binomial coefficients.
Duran et al. (2016b) considered (p, g)-extensions of
Bernoulli polynomials, Euler polynomials and Genocchi
polynomials and obtained the (p, ¢)-analogues of
familiar earlier formulas and identities. Milovanovi¢ et al.
(2016) introduced a new generalization of Beta
functions based on (p, g)-numbers and committed the
integral modification of the generalized Bernstien
polynomials. Sadjang (2013) developed several
properties of the (p, g)-derivatives and the (p, g)-
integrals and as an application, gave two (p, q)-Taylor
formulas for polynomials.

The (p, g)-derivative of a function £, with respect to x,
is defined by:

D,y f (x)= Dy, f ()= f((’:_);)(f) (x#0)  (LD)
and (D, f )(O)= /'(0). provided that f is differentiable

at 0.
The (p, g)-analogue of (x + a)” is given by:
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(x+a)(px+aq)

...(p"_2x+ aq"'z)(p"_lx +aq"'l), ynzl,

(x@a)M = in=o0.

The (p, g)-power basis is defined by:

.- imp,qp(ilq("f]xw,

k=0

(x(-Da);

where, {Z} and [n],,! are known as:
P9

S

[],.,!

[n—k] (k]!

(nzk)

and
[1],,t=[n],,[»-1],,2],,[1],,(ne ).
Let
. ) () .
= p_X an X)= g X
R, B

denote two types of (p, g)-exponential functions. They hold:

=E,,(-x)=1 (1.2)

I’ ’l
and:

D, e D, E,, (x

p.a p.q

(x)=¢,.,(px). (x)=E,,(4x). (13)

The definite (p, g)-integral of a function f'is defined by:

k .
p p
qk+l f(

y

k+1

[ 71X, 2= (p-q)ay.

k=0

in conjunction with (Sadjang, 2013):

_rf(x)dp»qx = ﬁf(x)dp.qx_ _rf(x)dp»qx (1.4

A more detailed statement of above, including (p,
g)-notations, can be found in (Corcino, 2008;
Duran et al., 2016a; 2016b; Milovanovi¢ et al., 2016;
Sadjang, 2013). Special polynomials covering classical
Bernoulli, Euler and Genocchi polynomials and their
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generalizations with many applications have been studied
extensively and investigated by many mathematicians and
also physicists, (Araci et al., 2015; Carlitz, 1948; 1954;
1958; Chen et al., 2013; Choi et al., 2009; Duran ef al.,
2016a; 2016b; He et al., 2015; Kim, 2011; Kurt, 2016;
Kurt and Kurt, 2016; Kurt, 2013; Luo, 2010; Luo and
Srivastava, 2005; Mahmudov, 2013; Mahmudov and
Keleshteri, 2014; Mahmudov, 2012; Mahmudov and
Keleshteri, 2013; Milovanovi¢ et al., 2016; Natalini and
Bernardini, 2003; Ozden, 2010; Ozden et al., 2010;
Sadjang, 2013; Srivastava, 2011; Srivastava and Pintér,
2004; Srivastava and Choi, 2012; Srivastava et al., 2010;
Tremblay et al., 2011).

The classical Bernoulli FEuler and Genocchi
polynomials of order « are defined by the following
Taylor series expansions at z = 0 (Chen et al., 2013;
He et al., 2015; Kurt, 2013; Luo and Srivastava, 2005;
Natalini and Bernardini, 2003; Ozden, 2010; Ozden et al.,
2010; Srivastava and Pintér, 2004; Srivastava et al.,
2010; Tremblay et al., 2011):

ZBa)( (e‘ lj e”  (|zlk27),
n=0 -

= @ n 2 X Xz

ZE @) (x (ez_'_J e (zkn),
n=0

o z 2z ) -
> )<">7.=(81_J e (k)
n=0 .

For meN and «eC, the generalized Bernoulli

polynomials B (x) of order ¢, the generalized Euler
polynomials £!""“/(x) of order « and the generalized

Genocchi polynomials G!"'“/(x) of order o are

defined, in a suitable neighborhood of z = 0, by means
of the following generating functions (Kurt, 2013;

Mahmudov and Keleshteri, 2014; Natalini and
Bernardini, 2003; Tremblay et al., 2011):
DY L ) A PR A— (1.5)
n=0 n! =z m-1Z
€ _Zh:oﬁ
DINE (T Gl B S (1.6)
n= n! z m-1Z
! e _Zh=OE
ZG!lm—l.rx] (X)i _ 272}’ e, (1 7)
n=0 n! z m-1Z
- Zh:oﬁ
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respectively. When x = 0, we have BI"" (0) :=
Bt gl () = EY and 6" (0) == Gl
which are called, respectively, the generalized (p, q)-
Bernoulli numbers of order ¢, the generalized Euler
numbers of order o and the generalized (p, g)-
Genocchi numbers of order c.

In the next section, we introduce a new class of
generalized (p, ¢)-Bernoulli, (p, g)-Euler and (p, g)-
Genocchi polynomials of order «. Then we investigate
addition theorems, difference equations, derivative
properties, integral representations, recurrence
relationships for aforementioned polynomials. Also,
we derive (p, g)-analogues of some known formulae
belonging to usual Bernoulli, Euler and Genocchi
polynomials. Further-more, we discover (p, ¢g)-
analogue of the main results given earlier by
Srivastava and Pintér (2004).

Generalized (p, ¢)-Bernoulli, (p, ¢)-Euler
and (p, ¢)-Genocchi Polynomials

We consider a new approach to higher order
Bernoulli, Euler and Genocchi polynomials and numbers

in the light of (p, g)-calculus. We firstly state the
following Definition 1.

Definition 1

For p, g, aeC with 0<|g| <|p|<l and meN, the
generalized (p, g)-Bernoulli polynomials BI" " (x, y:
p, q) of order «, the generalized (p, g)-Euler
polynomials £""*l (x, y: p, q) of order & and the

generalized (p, ¢)-Genocchi polynomials GI" " (x, y:

p, q) of order o are defined, in a suitable
neighborhood of z = 0, by the following generating
functions:

S B (xy: pg)—
" [n]pq!
" - @.1)
= [epq(_-)-_]m(_-)] g (xZ)EpJ[ (y:)’
N [m—l,a] . _n
; n (x’y'p’q)[n]pq!
| 2.2)

2" 2" ) 2.3)
=[epq(:)—T”(:)] e,,(x2)E,,()2),

h
in which 777(2)= X o
[h]p7q °

Upon setting x = 0 and y = 0 in Definition 1, we then
have B""“1(0, 0: p, q) == B" ) (p, ), &1 (0, 0: p,
@) = &7 (p, @) and ¢ (0,0: p, g) == G (p, @),
which are called, respectively, »n-th generalized (p, g)-
Bernoulli number of order ¢, n-th generalized (p, g)-
Euler number of order « and n-th generalized (p, q)-

Genocchi number of order «. In the case a = 1 in
Definition 1, we have:

B,[,m_u] (x,y . p,q) - B[nm-ll (x,y . P»‘I),
gy[,m—l,l] (x’y: p’q) - g[nm*ll (x,y p,s q)

and:

g’[:r/—l,l] (x,y : p,q) - G,[:H] (x,y : paQ)

termed as n-th generalized (p, g)-Bernoulli polynomial,
n-th generalized (p, ¢)-Euler polynomial and n-th
generalized (p, g)-Genocchi polynomial.

Remark 1

The order « of the Apostol type (p, g)-polynomials
in Definition 1 (and also in all analogous situations
occuring elsewhere in this paper) is tacitly assumed to
be a nonnegative integer except possibly in those
cases in which the right-hand side of the generating
functions (2.1), (2.2) and (2.3) turns out to be a power
series in z. Only in these latter cases, we can safely
assume that o eC.

Remark 2

Putting m = 1 in Definition 1 reduces to (p, q)-
analogue of Bernoulli B (x, y: p, ¢), Euler &% (x, y: p,

) and Genocchi polynomials G (x, y: p, q) defined in
(Duran et al., 2016b), as follows:

iB(nfl)(x,y:p,q) 4 ’:(e Z)_IJ epvq(xz)Epﬂ(yZ)
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gé‘ )(xy pq)[n] ( (22)+1J €, (xz)EM(yz)
and:
2

Z)+ IJ e,, (xz)E[Lq(yZ).

¢yl

36 (x.y: p.g)— =[
n=0 [n]pﬂ!

We now give some special cases of Definition 1 as
Corollary 3 and Corollary 4 as follows.

Remark 3

If we take p = 1 in Definition 1,
(Mahmudov and Keleshteri, 2014; 2013):

we then get

Z(;SB[M la] (x, y)[ ] ' ﬁ xz)Eq(yz)
¢ (Z)_Zk:()[k]q!

RIS e e
eq(z)+zk=0[k]q!

Sl ) = ¢, (¥)E, )2)

[1'

where, BI""(x,p), el"(x,y) and &!"'(xy) are

called n-th generalized g-Bernoulli polynomial of order ¢,
n-th generalized g-Euler polynomial of order « and n-th
generalized g-Genocchi polynomial of order ¢,
respectively.

Remark 4
Taking g—>1,p=a=m=1andy=0in 1 gives:

> 5, (X)*

n=0
2 o0
E * and G —
;“, ez+1e an ;“, x) é’ +1

which are known as classical Bernoulli polynomials,
classical Euler polynomials and Genocchi polynomials,
respectively, (Kurt, 2013; Mahmudov and Keleshteri, 2014;
2013; Ozden, 2010; Tremblay et al., 2011).

We now discuss some properties and behaviours of
the aforementioned polynomials in Definition 1. We first
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provide the following basic properties as Proposition 1
without proving, because they can be obtained by using
Definition 1 and Cauchy product.

Proposition 1

The following relations hold true:

n

el n n—k)(n— m-l,a n—k
B 1"(x,y:p,q)=2[k} g" B (02 pg)y
P.q

k=0

Z|:n:| p(n—k)(nfk—l)/ZBlgm—l.a] (O,y . p,q)x”'k,
q

ik p.

n

_ n n—k)(n—k— m-lo 1=K
gt ](x,y:p,fJ)=z{k} g el 1’](’fa()ill”q)y "
P.q

k=0

z":|:n:| p(n—k)(n—kfl)/zglgm717a] (0’ yip q)x"_k,
q

ik p.

n

m-l,o h n=kn=he= L e
gt 17](x,yiP74)=z{k} g G (5,02 pag) y
p.q

k=0

Z|:Z:| p(n—k)(n—k—l)/Zg}[m—l,rx] ((),y : p,q)xn k
p.a

k=0

A special case of Proposition 1 is given by Corollary 1.
Corollary 1

Setting y = 1 (or x = 1) in Proposition 1 yields to:

n

B,[,mfl’a] (x1: p,q) = z Z

k=0

q(n—k)(n—k—l)/ZB}[m—l.a] (.x,O . q)) (2.4)

-p.q

n

m-l.a n
B (Ly:pg)=Y. B

=0L%],,

p(n—k}(n—k—l)/26£m—1,a] (O,y : p’q)’ (25)

n

gy[’m—l,a] (_x’l . p’q) — z Z

k=0

q(,,fk)(nfk—l)/zgk[ymfl.a] (X,O . p,q), (26)

-p4q

m—l.o < n
&Ly p.g)=Y. .
k=0

ey )

p(n—k)(n—k—l)/Z(S;[m—l,a] (O, y:p, q) , (2.7)

n

G (x1: pg)= D Z

k=0L™1p g

q(n_k)(y,_k_l)/zglgm—l,a] (x’ 0:p, q), (28)

n

m—1,a n
gLy pg)=) .

=0L%],,

p(n—k)(n—k—l)/Zg}Em—l,a] (O,y . q) (2'9)

Note that Equation 2.4-2.9 are (p, g)-analogues of the
following formulas (Kurt, 2013; Mahmudov and Keleshteri,
2014;2013; Ozden, 2010; Tremblay ef al., 2011):
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B (x+1) = Z(Z] Bl (),

k=0

[ JE[m la] )
k=0

Ert e (x41) = Z

and:

Gt (x41) = i[”)G}ﬁ““’] (x).
oo\ k

Now we present the addition properties of
generalized (p, g)-Bernoulli, (p, g)-Euler and (p, ¢)-
Genocchi polynomials of order « as follows.

Proposition 2. (Addition Properties)
Let neN, and «,feC . We have:

ByEm—l,oﬁﬂ] (x,y . p’q)

< n m—1,a m—1,
=Zu B (x,0: p.q)B" (0.5 : p.g),
k=0 P.q

gr[lm—l.a+/I] (X,y . p)q)

< n m—1,a m—.
=Z[ } £ (0 p.g) & (0. pug).
¢ g

Gt MNx,y: pag)

‘Z{ } g N (x.0: p.g)G" 0.y 1 p.g).
P

Here are (p, g)-derivatives of the polynomials B!"~"*]

@ yip, @), & (e y:pog)and G (x, v: p, g), with
respect to x and y, as follows.

Proposition 3. (Derivative Properties)

We have:
D,, BN (x.y:p.g)=[n], BS N (pr.y: p.g).
D, BN xy:p.q)=[n], B N xqv: p.g).
D, " Nx.y:pa)=[n], & (px.y: pog).
D, & %y p.q)=[n], &7 (x.qv: p.g).
D, .9 Nxy:p.a)=[n], 9" (px.y: p.q).

D, d" Nx.y:p.g)=[n],, G (x.qv: p.q)-

The (p, ¢)-integral representations of BI""“ (x, y: p,

q), €M (x,y: p, g) and G (x, y: p, q) are given by
the following proposition.

Proposition 4

We have:
B[mla](b ] B[mla](a . J
n+l ?y p’ n+l >y'p’q
fB[”" xy:p.q) P P :
[n+1]
B{m—l df b _gmd| 4.
n+l X,—p. n+l X,—:p.q
fB{m_l rx](x y: p’ q q ,
[n+ I]p
éiT{l“]( Vip. j gl a,yrmj
fflm “(xy:p.g) P P .
[n+ l]p
8{m la] b . g[m—l a] a .
N+l x’; Pq =S xa; p.q
[ xyp.a)d, p= ,
[n+1]
m—1,x| b
gnt ](,y p,q]—ng' ][ v p,q]
[ (wy: pa)d, x= d P ,
[n+1]
dm—lﬂ] b . g[m—l.a] a.
a1 x,; ‘P9 {—Y%a x,;-p,q
[d Ay pa)d, v= :
[n+ 1],,4

Proof
Since (Sadjang, 2013):

[D,.,7(x)d, = 1(5)-1(a)

in terms of Proposition 3 and Equation 1.3 and 1.4, we
arrive at the desired result:
(ry:p.q)d, x

[
1 J:D

[n+1],,

—Y:ip.q
p

[n+ I]M

B[m La]

n+l

[m-1.a]
p.q" n+l

.y:p.ql|d, x
(2inala,

( Yl p,q]
p

The other integral representations can be proved by
utilizing similar proof technique used above.
We give the following recurrence relationships.

B[m La] B”[Tl La]

n+l
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Theorem 1

We have:

n| !
MB&TJ““‘ (0.y:p.q)=B""(Ly: p.q)
g’

min(n.m-1) n
-2 u B (0.y:p.q) (12 m).
e (2.10)
[n]p.q! B[m—l.a—l] 1: _ B[m—l.a] 0:
B (xe i pag) = B (%01 p.q)
[n—m]M.
min(n.m-1) n r-1.0]
-y {k} B N(x.~1: p.q) (n=m),
k=0 p.a
2m gr[’m—l.a—l] (O,y . p’q) — gy[lm—l.rx] (l,y . p’q)
mm(n.m—l)_n_ i
+ Y i g0,y p.q).
k=0
- @.11)
2”‘85'"’1‘“’1] x,—-l:p.q)= Syllm*l‘a](x,O 1 p.q)
min(n,m-1) _n_
+ . E,[,i",;l"x] (x,—l:p,q),
k=0 L% 1pgq
m[ ]pq [m-1.a-1] ) _ plm-1a] .
g 0.y pg)=6"""(Ly: p.q)
[n— m]pq
min (n,m-1)
SE ] der s ez,
k=0 P
2.12)
2"[n]

7Mg[m La- 1](x’_1:p’q)zgn[m—l,a](x’ozp,q)
[n— m]pq

min (n,m-1)

) H G (51 pag) (2 m),

=0

Proof

By inspiring the proof technique in (Mahmudov and
Keleshteri, 2013) and utilizing the following relation:

T,:;‘f(:)(e”():imﬂ,()] £,,0%)

[nla]

z,(:»[n] T M)[n]p.,,!
=3l = N =
ZB prq)[[ A L R T !["’—IL.H]
—ZB[ 0.y M)H +Z["L,,Bn[ 0y ”)[] :
G 1L i LA PR

ZO T B3 (0. pq[n]ﬂ,
_ = min [m la] z"
$E T mrer g

we then get:

> m—1.o . n m—l.ax "
Z(Bn[ "N Ly: pg)- [k] Bn[_k"](O,y:p,q)][n; :
P9 p,q'

TP‘I

_ZB[m Lo— 1](0y p.q ) z"

e []

Checking against the coefficients of z", then we have
the Equation 2.10. The others in this theorem can be
similarly proved.

By the Equation 2.5 and 2.10, Equation 2.7 and 2.11,
Equation 2.9 and 2.12, we acquire the following formulas.

Note that:

By[lmfl,o] (x’y . P,q) _ gy[lm—l»O] (x,y : p»‘J)

N : 2.13)
="M (xnyipg)=(x@y) .

From (2.13) and Corollary 1, we have:

[n—m],,! ;[ZL P ["””]B[m J(0.y:p.q)

q[n;m] [],.! -

= (n > m)

min (r2.m—

-1)
|: :| BrEmAI] Oy p.q )
p.q

k=0

Zm P [n;k)‘%[m'” (0.:p.q)

| &
27" k=0l g

Y= Tn) min(n.m-1)

n -
AN EEDY u &0,y p.q)
P9

k=0

and:

K 11 (0
2 [nm], 0|:k p gk (0.y:p.q)

(n=m).

=
:

= 1) p
1] .
M L‘L G0,y p.q)

k=0

From Theorem 1, we get the following Corollary 2.
Corollary 2

The following equalities:
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min(n,m—1)

B[mla] ly P.q Z
=0

[ } B" I (1,y: p.q)

r.q

n—1 I’l—l el B
=["]p,q2{ ' } B0,y p.q) B (p.q).
k=0 P.q

min (12,m—

1
)+ Z {} g0,y p.q)
k= pa

-3 )t )

n m—l.a
u G (0.y: p.q)
P.q

i,

E[m la] ly P.q

min(n,m-1)

gy[,mfl,a] (l,y 1D, q) +

k=0

B}Em,al (x,y . p,q) — Z

1=0

gy[,m—l,a] (X,y : p,q) _ n
= p.q
|: i| g[ml lzz]
P9

gim_n,a] (x,y . qu) — Z

37
Proof

From Definition 1 and using Cauchy product, we get:

!

(0.y:p.q)>.

k=0

.

[mlzz] Oy P.q )2

k=0

!
B0,y p.g) Y.

gIEme

l
&0,y pg)y.

gm0,y pag) Y.

= n_l m—1,a
=2[n]p,q;[ L ] " (0.y: p.a)G" N (p.q)
= P.q

hold true.
We here present some new connections among the

polynomials B" " (x, y: p, @), " (x, y: p, q) and

g™ (x, y: p, q) and our main results as given by

subsequent theorems.
Theorem 2
For neN, and x, y, «aeC, the following

relationships are valid:

l m—la m-1,a
{k} &"N(x,0: p.g)&" " (p.q)

P-4

(x.0:p.9)9" " (p.q)

k=0

a]

k=0

l m-la m-La
u B (x,0: p.q) B (p.g)
P-q

H & (0: p.g) ) pog)

L/
{k] B (x,0: p,q) B (pag)

k=0 p.q

1 m-l.a m-l,-a
u &1 (x,0: pg) & (pug).
p.q

S B (xy i pag)—s '
n=0 [n]p,q 4
zm (21 2m @ 2m -

= E _— _—

{ep‘q (z) — wa’ff (z)J €4 (XZ) P.q (yZ)(ep,q (Z) + Tpf’ (Z)] €ra (XZ)[ep‘q (Z) + Tr:fli (Z)]
_ZB[mla]Oy pq Zg[mla]( 0 pq Z(S;EMILY]

[n] T [n] &
— iBy[’m—l,rx](O’y p’q) z" zw:( 7 |:n] Slm l,x](x 0: . q Slm -1 a]

=0 [n]p’q’ pur Wl ) ra

m-la LI/
B0,y P9

5

P9

] 8[m la] x 0: p. q)g[m 1, a](p’q

>J

[],,"
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Checking against the coefficients of z/[n],,!, then we
have desired result in the first equation. The others in
this theorem can be proved in a like manner.

We give some relations between the new and old
(p, @)-polynomials as follows.

Theorem 3

For neN, and x,y, aeC, the following relations
holds true:
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where B, (x, y: p, @), & (x, y: p, ) and G, (x, y: p, q) are
defined in (Duran et al., 2016b), called (p, g)-Bernoulli
polynomials, (p, g)-Euler polynomials and (p, g¢)-
Genocchi polynomials, respectively.
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Proof
Indeed:
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Comparing the coefficients of z"/[n],,!, we get
desired result for (2.14). The others in this theorem can
be proved in a like manner.

Here we present new correlations including the

polynomials Bn[’”'l’“] x, y:p, 9, 55’"'1’“] (x, y: p, ¢) and
g" ' (x, y: p, q) by the following theorem.
Theorem 4

For neN,, meN and x, y, aeC, the following

correlations hold true:
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Equating the coefficients of

L we get desired
n pa’
result for (2.15). The others in this theorem can be

proved in a like manner.
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Here we give the following theorem.
Theorem 5

We have:
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Proof

The proof of this theorem can be easily completed by
using the same proof method in the proof of Theorem 4.
So we omit them.

From Corollary 1 and Theorem 5, we have the
following Corollary 3.

Corollary 3
We have:
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Theorem 1 and Corollary 3 yield to the following
results as stated in Theorem 6.

Theorem 6

For neN, and « e C, the following relationships are
valid:
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The Equation 2.17 is a (p, g)-extension of the
Srivastava-Pintér addition theorem for generalized
Bernoulli and Euler polynomials of order « given by:

min (u,m-1)

ER

k=

mts:&'”ﬁ'“(y) (2.18)

B,Emil'a] (x+y)
1 G| n
g
u-1 u— 1 S
ay [ B ()
il Kk

E _(x)

n—-u

which is obtained just by substituting A = 1 in Theorem 3
derived by Tremblay et al. (2011).

Conclusion

We have introduced new generalizations of Bernoulli
polynomials, Euler polynomials and Genocchi
polynomials which are called generalized (p, ¢)-
Bernoulli polynomials, (p, g)-Euler polynomials and (p,
q)-Genocchi polynomials of order o. We have examined
their several properties and relationships including
additions theorems, difference equations, differential
relations, recurrence relationships and so on. Also, we have
given the (p, g)-extension of the formula of Srivastava and
Pintér (2004). The results derived in this paper reduce to
known properties of generalized g-polynomials of order
when p = 1, (Mahmudov and Keleshteri, 2014; 2013). Also,
in the case ¢ — p = 1, our results in this paper reduce to
ordinary results for the generalized Bernoulli, Euler and
Genocchi polynomials of order c.
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