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SOME FORMULAE OF GENOCCHI POLYNOMIALS OF
HIGHER ORDER

CRISTINA B. CORCINO, JOY ANN A. CANETE, ROBERTO B. CORCINO

ABSTRACT. Formulas of Genocchi polynomials of higher order are derived us-
ing Bernoulli, Euler and Genocchi polynomials of higher order as bases for the
polynomial space. The main results are expressed in terms of the Bernoulli
and Euler polynomials of higher order.

1. INTRODUCTION

Motivated by their importance and potential for applications in a variety of
research fields, numerous polynomials and their extensions have recently been in-
troduced and investigated. One of these polynomials is the Genocchi polynomials
that have been extensively studied in many different context in such branches of
mathematics, for instance, in elementary number theory, complex analytic number
theory, calculus and many more. Some applications for Genocchi polynomials were
derived in [4] to study a matrix formulation. In another paper [B] Araci dealt with
the applications of umbral calculus on fermionic p-adic integral on Z, and from
these applications he derived new identities on Genocchi numbers and polynomi-
als. On the other hand, the paper [7] presented new numerical method for solving
fractional differential equations based on Genocchi polynomials operational ma-
trix through collocation method and the properties of Genocchi polynomials were
utilized to reduce the given problems to a system of algebraic equations.

Many studies in the literature provide relations of Genocchi numbers and poly-
nomials to Bernoulli and Euler numbers and polynomials. Bernoulli, Euler and
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Genocchi polynomials are defined via exponential generating functions to be, re-
spectively,
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where, when z = 0, B,(0) = B, E,(0) = E, and G,,(0) = G,, the Bernoulli,
Euler and Genocchi numbers, respectively (see [1I, [3, 4] 6, [§]). Bernoulli and Euler
polynomials have been extensively studied by various researchers, one specific paper
[8] dealt with some formulae of the product of two Bernoulli and Euler polynomials,
which were then extended in [4] to Genocchi polynomials.

It is known that the Bernoulli and Euler Polynomials of order k are defined
respectively by the generating functions

t" t\*
ZBk (t 1) et Jt| < 2m, (1.4)
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In the special case, z = 0, BX(0) = B¥ and E¥(0 ) EF are called the Bernoulli
and Euler numbers of order k, respectlvely From and ., we have BY(z) =
2" and E%(z) = 2. It is not difficult to show that (see [9, [10]), for Bernoulh
polynomials,

and

For Euler polynomials,

d
L Eh(x) = nBl_, (2)

and
EN(z+1)+ Ej(z) = 2B} (x).

Let P, = {p(x) € Q[z] : degp(z) < n} be the (n + 1)-dimensional vector space
over Q. Using the basis property of higher order Bernoulli polynomials

{Bg(x), B (x),...,By(x)} (1.6)
for the space P,, some interesting identities of higher-order Bernoulli polynomi-
als were derived in [9]. Similarly, using the basis property of higher order Euler
polynomials

{EG(2), By (2),..., Ey(w)} (L.7)
for P, some intersting identities for the higher order Euler polynomials were de-
rived in [10].
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The Genocchi polynomials of higher order are defined by the relation (see [3]),

- k e 2t : xt +
ZGn(m)ﬁ =——) € keZ™, |t|<m. (1.8)
n=0 ’

et +1

Note that when k = 1, (1.8)) reduces to (1.3), hence GL(z) = G, ().

The results in [8] were extended to Genocchi polynomials in [4] while in [3]
theorems on Genocchi polynomials of higher order arising from the Genocchi basis

{Gz(x)7 G£+1($), ey G’i-{-kz—l(x)a G'IrCL-i-k:(x)} ’ (19)
were proved.

In this paper, we use the method of D.S. Kim and T. Kim [9, [10] to establish new
formulas of Genocchi polynomials of higher order parallel to those in [4]. Derived
results are expressed in terms of Bernoulli, Euler and Genocchi polynomials of
higher order.

2. PRELIMINARY RESULTS

In this section, some identities of Genocchi polynomials of higher order are ob-
tained. These properties are parallel to those of Bernoulli and Euler polynomials
of higher order.

When x = 0, (1.8) becomes

k
Rt 2
ZG =) (2.1)

where G are called higher order Genocchi numbers. When k = 1, (2.1]) reduces to
(L.3)-
Now, differentiating both sides of (|1.8)) gives

0o k
d . " [ 2t o kt N

n=0

Hence,
Gy (z) = nGy
By integrating both sides of (2.2]) we obtain

[ s = )

/b G’;(x)d Gn+1( ) — Gﬁ-&-l(a). (2.3)

(x)dz. (2.2)

Consequently,

n+1

The following lemma is a known result. It contains an expression of G¥(z) as
polynomial in & with Genocchi numbers of higher order as the coefficients.

Lemma 2.1. The Genocchi polynomials of higher order satisfy the relation

- i:o (:L) Grgn—m. (2.4)
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Lemma 2.2. The following relation holds:

Gh(z) = ()" Gy (k - x).
In particular, when x =1,

Gy(1) = (=1)"*GR(k — 1).

Proof. By replacing « with k — z, equation (1.8 gives

oo k

t" 2t
E GF(k—z)— = efte=ot,
=" n! et +1

Replacing ¢t with —¢ yields

= n tn - Qt k ot [e’e] "

Comparing the coefficients of % gives (2.5)).

Let us introduce the polynomial

n+k
= Z GF(x)z"*=! neN.

Taking the first derivative of ([2.7)),

n+k
p(x) = Z{Gf(a:)(n + k= Da" TRl G (2)a R
I=k
Since Gf_,(z) =0,
n+k
Pla)=m+k+1) Y GF(x)a"t
I=k+1

For the second derivative, one can easily verify that

n+k
p'(x) =(n+k+1)(n+k) Z Gy (z)a L,
I=k+2

Continuing this process yields

n+k

P @) =m+k+)(n+k)...(n+k+2—j) Z GE_ (2)z" 1,

I=k+j

The following lemma states formally this result.

Lemma 2.3. The jth derivative of the polynomial p(x) in (2.7) is given by

n+k
G) (n+k+1)! Z LR
p (Qf) - | Gl ] .
(n+k+1-7) ot

13
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3. MAIN RESULTS
Rewrite (|1.8) into the following:

tvn+k n'ES k(m) n

- tr 2 !
k A xt k k - .
;G”(x)n! (etJrl) t ZE — (n—k)! n!

Comparing the coefficients of 2—, yields

n! &

Gfi(l’) = mEn—k(x)'

(3.1)
Consequently, this gives

Gholw) = R Bl 40) = (04 BB @),

where (n+k)r = (n+k)(n+k—1)...(n+1) is called the falling factorial of n+ k
of degree k. Note that, when x = 0,

G’n+k( ) _ Ek’

- 9 32
and when z =k — 1,
GF L (k—1)
n+k k
———— =F (k—1). 3.3
R (L) (33)
Theorem 3.1. The following identity holds:
n n n+k+1 n
in(x)anrkfl — Z L f ( 1)k+l j+1Gk (k 1)
! Lain+k—j+2 _ AR
1=k §=0 I=k+j—1

- G’Z+kj+1> Bf($)7
where B;C (z) denotes Bernoulli polynomial of order k.

Proof. On account of the properties of the higher order Bernoulli basis given in
(L.6) for P, , then p(z) in (2.7) can be written as

= Z ajBf(a:). (3.4)
j=0

Taking the first and second derivatives of p(x),

ZO'JJBJ 1 ( Z J I ‘71(55)’
n il

p%$%:§:aﬂ0——UBﬁ2@):§:anj%§ﬁ3ﬁﬂx)

j=2 =2

Continuing in this manner yields

- - J!
J=n—

1
= an_1(n — 1)!B¥(z) + a,n! B (z).
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Replacing n with j gives
i—1 . k | pk
PV (x) = aj-1(j — 1)!Bj () + a;j! By (x).

Hence, with Bf(z) =1 and Bf(z) = z — & (see [2]),

. . . k . k )
P (1) = pl=h(0) = ;4! (1 - 2) — agj! (0 - 2) = a;j!.

Thus,
0= 59 W - D) (35
Using Lemma and ,
i = u Tg (=1)FH=itigr o (k—1) =Gk, ..

T+ k—j+2 — =i+l ntk—i+l

Thus, becomes
n (n+l;+1) n+k B

) =Y g | X (UG (=) = G | Bl

j=0 I=k+j—1
which is exactly the desired identity. O

Corollary 3.2. The following equality holds:

n+k n (n+l§+1) n+k _
Yo Gl =y e (3 (DM DB (e )
=k j=0 I=k+j—1

(k= DB ) B ).

Proof. Applying (3.2) and (3.3)) to Theorem 3.1 immediately proves the corollary.
(I

The identity in the next theorem is obtained using the set (|1.7) of Euler poly-
nomials of higher order as a basis for the space of polynomials P,,.

Theorem 3.3. The following identity holds:
n+k n n+k

_ 1/m+k+1 . .
DGt =37 2( : ) D CDMIGE (= 1) + Gl | B (@),
1= =0 J I=k+j
where Ejk(ac) denotes Euler polynomial of order k.

Proof. Express the polynomial p(x) as a linear combination of Euler polynomials

of higher order ,
p(x) =Y bEf(x). (3.6)
j=0
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Taking the first and second derivatives,

n

)= S hiB ) = Zlbj(jﬂmEmw)

n

@) = 3l - DEElw) = b Bl

Jj=2

Continue in this manner to obtain,

WW@:EZ%UfmFﬁ“@:%m%@»

j=n
Replacing n with j gives
PV (@) = bjj! By ().
Hence, with Ef(z) = 1,
P (1) +p9(0) = b [E5 (1) + EF(0)] = bi![1 + 1] = 205,
Thus,
by = 550 (1) + 5 (0)] (3.7

25!
Using Lemma [2.3] and (2.6)),

Untk+1) [ & »
=5 (" [ X comet -y v ek

I=k+j

Thus, (3.6)) becomes

Dl n+k+1) [ 9X ,
pe =35 (") | X 0+ Gl | o),
i=0 J 1=k +j
which is the desired identity. O

Using (3.2)) and (3.3)), the next corollary immediately follows from Theorem

Corollary 3.4. The following equality holds:

n+k n n+k

e 1/n+k+1 B ,
> Gilw)a = 22( ‘ )( > [0 = B (= 1)
I=k §=0 J I=k+j—1

k= eEL] ) ().

Let us now consider the polynomial,

@ =3 LGl (3.8)
PO= Lot '
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Taking the derivatives,

n+k
1 - ndk—
p/<$) = Z m [Gé{:(m)(n + k — l):anc =1 + lefl(f)fL' +k l}
=k

n+k

1
=2 Z Gy (x)z"Tr=t
S (I=Dln+k=10)!
n+k 1
// 02 k n+k—l1
pilw) =2 lg; T2+ ko 2@

By induction, the following lemma is proved.

Lemma 3.5. The jth derivative of polynomial p(z) in (3.8) is given by

n+k 1

G (x) = 27 — |
P (x) QZ;rj(l—j)!(n+k_l)!Gf_J() k-l (39)

Theorem 3.6. The following relation holds:

Tf 1 GF ()2 Tg 2—k=1 <n+k (—1)!"IG) (k1)
=Gy (z)x = . .
2 (n+ k= D) 2\ Uk = i+ kD)
GI:H-Qk—j k
(n+2k—j)!>Gj(x)'

Proof. Using the set of Genocchi polynomials of higher order given in (1.9) as a
basis for the space of polynomials P,,,

n+k
px) = aGi(). (3.10)
1=k
The nth derivative is given by
n+k
n ) n+k)!
™M)= Y Clmec—n(ﬂf) = Cn+k(k7,)G]1§(l’)~
I=k+n ’ ’
From (3.1)),
G¥(z) = k!EE(x) and G],zﬂ(x) = (k+ 1)EF(2).
Thus,

n n+k)!
P () = e R @) = e+ RIS ).

Replacing n with j — k yields

PR (@) = ¢;5 B (x).
Then, we have
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Thus,
n+k
k 1+2k—j Ak
Cj_* 2" Z (+k— n+k—l)( DGR (k= 1)
+2j"“71 GEion
(Tl I 2% — ])' n+2k—j | *
Substituting this to (3.10]) yields
n+k ~i_p_ n+k 1—
p(x)zZZJ k=1 (1) G, (k= 1) G on G ().
J! (l—f—k:—j)(n—i—k—l) (n+ 2k —j)! J

j=k
O
Using the set of Bernoulli polynomials of higher order given in (1.6 as a basis

for the space of polynomials P,,, the next theorem is established.

Theorem 3.7. The following relation holds:

nZM O SR O S il S LG
| 1l — AN
I n+k = 0\ (l—j+Din+k-=0
B Gflek*jJrlBJk(x)
(n+k—7+1)
Proof. Write
n+k
x) = Z aBf (). (3.11)
1=k
Now, using (3.5) and Lemma [3.5]
2i—1 L (-G ik —1) G’:L—&-k—j—&-l
AT L U=+ Din+k=00 (k=) + Dlln+k—(n+k)
Hence, (3.11) can be written as
p() = ’f 9i-1 g (“D)IIHERGE L (=1) Gh B )
- i — ! Y — | VA
= 7\ L5 (l—7+Dln+k-10) (n+k—7+1)!
which is exactly the identity in the theorem. Il
Corollary 3.8. The following equality holds:
’f _GH@) i ff?*l ’iﬂ (1) (= 4 DB,y (k= 1)BE ()
! — o il — —
ln+k ! PR (= +Dn+k—1)
(n + k- J + 1)kEn J+1B§($))
(n+k—7+1)!

Using the set of Euler polynomials of higher order given in (1.7) as a basis for
the space of polynomials P,,, the next theorem is proved.
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Theorem 3.9. The following relation holds:

n+k n+k ~i_ n+k —7
i GF(x) gkl i QJ- ! < i (=1) 'j+kGf—j(k —-1)
P Nn+k-=1) = j! Nl =N (n+Ek-=1)!
S j
_ RV ER).
(n—l—k—j)!) (@)
Proof. Write
n+k
p(z) = Z WES(x). (3.12)
I=k
Now, using (3.7) and Lemma [3.5]
n+k k k
b= — (2 > .Gl_j(l) o Gk
2;! I=Nn+Ek-=1) (n+k—j)!

I=k+j

Hence, (3.12) can be written as

n+k 2j71 n+k (_l)l—j-i-kG;c_j(k, _ 1) Gk

) =3 = | X T | B (@),

j=k I=ktj =N n+k=0D"  (n+k—j'] 7

which is the identity in the theorem. ([

An immediate consequence of Theorem [3.9]is

Corollary 3.10. The following equality holds:

’f GH@) ikt _ ’f 271 ’f (1) — ) B (k= 1)
2 n+ kD) 2\ 2 )]
NUETEN & O
(n+k—j)! '

4. CONCLUSION AND RECOMMENDATION

In this paper, the Bernoulli, Euler and Genocchi higher order bases were used
to derive some identities of Genocchi polynomials of higher order. Also, the results
were presented in terms of Bernoulli and Euler polynomials. For further studies,
the following are recommended by the authors: (1) To obtain identities of Genoc-
chi Polynomials of complex order and (2) To obtain similar results for Apostol-
Genocchi polynomials and higher order Apostol-Genocchi Polynomials.

ACKNOWLEDGMENT

The authors would like to thank the referee for reading and evaluating the man-
uscript thoroughly, which resulted to a more improved version of the paper.



20

(1]
2]
(3]

(4]

9

(10]

(11]

C.B. CORCINO, JA. CANETE, R.B. CORCINO

REFERENCES

M. Abramowitz and I.A. Stegun, Handbook of Mathematical Functions, Dover, New York,
1970.

A. Adelberg, Higher Order Bernoulli Polynomials and Newton Polygons, Applications of
Fibonacci Numbers ppl-2.

S. Araci, E. Sen, and M. Acikgoz, Theorems on Genocchi polynomials of higher order arising
from Genocchi basis, Taiwanese Journal of Mathematics, 18(2) (2014), 473-482.

S. Araci, E. Sen, and M. Acikgoz, Some new formulae for Genocchi Numbers and Polyno-
mials involving Bernoulli and Euler polynomials, International Journal of Mathematics and
Mathematical Sciences, 2014, Article IC 760613, 7 pages.

S. Araci, Novel Identities Involving Genocchi numbers and Polynomials Arising from Appli-
cations of Umbral Calculus, Applied Mathematics and Computation, 233(2014). 599-607.
S. Hu, D. Kim, and M.S. Kim, New Identities Involving Bernoulli, Euler and Genocchi
Numbers, Advances in Difference Equations, 74(2013).

A. Isah and C. Phang, On Genocchi Operational Matrix of Fractional Integration for Solving
Fractional Differential Equation, AIP Conference Proceedings 1795. 020015. 2017.

D.S. Kim, D.V. Dolgy, T. Kim, and S.H. Rim, Some Formula for the Product of Two Bernoulli
and Euler Polynomials, Abstract and Applied Analysis. 2012, Article ID 784307, 15 pages.
D.S. Kim and T. Kim, A note on Higher Order Bernoulli Polynomials, Journal of Inequalities
and Applications, 2013.

D.S. Kim and T. Kim, Some Identities of Higher Order Euler Polynomials Aris-
ing from Euler Basis, Integral Transforms and Special Functions, 24(9)(2012). DOI:
10.1080/10652469.2012.754756

Q. Zhou, Identities on Genocchi Polynomials and Genocchi Numbers Concerning Binomial
Coefficients, International Journal of Analysis and Applications, 14(2)(2017), 140-146.

CRISTINA B. CORCINO

DEPARTMENT OF MATHEMATICS CEBU NORMAL UNIVERSITY CEBU CITY, PHILIPPINES

E-mail address: cristinacorcino@yahoo.com

Joy ANN A. CANETE

DEPARTMENT OF MATHEMATICS AND PHYSICS VISAYAS STATE UNIVERSITY BAYBAY CITY, PHILIP-
PINES

E-mail address: joyanncanete@gmail.com

ROBERTO B. CORCINO

RESEARCH INSTITUTE FOR COMPUTATIONAL MATHEMATICS AND PHYSICS CEBU NORMAL UNIVER-
siTY CEBU CITY, PHILIPPINES

E-mail address: rcorcino@yahoo.com



