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Identities on products of Genocchi numbers
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010021, PR. China functions and Riordan arrays, we establish some identities involving Genocchi

numbers, the Stirling numbers, the generalized Stirling numbers, the higher order
Bernoulli numbers and Cauchy numbers. Further, we get asymptotic value of some
sums relating the Genocchi numbers.

1 Introduction and preliminaries
The Genocchi numbers G, are defined by

2t t"
e+l ZG"E'

n=0

The relationship between the Genocchi numbers G,, and the Bernoulli numbers B,, and

the Euler polynomials E, (x) is
G, =2(1-2")B, =nE,1(0) forn>1.

They are known as follows [1].

Genocchi numbers and Genocchi polynomials are prolific in the mathematical litera-
ture, and many results on Genocchi numbers and Genocchi polynomials identities may
be seen in the papers [2—4]. In this paper, we will mainly study the products of Genocchi

numbers Gﬁ,k) with the following forms:

where 7 is a nonnegative positive integer Gﬁ,l) =G, and Gy = Gg() =0 for k> 1, Gﬁ,k) =0
for n < k.
It is clear that

2[ k 0 t” o0 tn
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(e:+1) =Y G =360 (k=12,..). (11)
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Then we have

t ) .
e+l) = m L m+ kA nt L

where (n);=n(n+1)---(n+j-1).

The paper is organized as follows. In Section 2, we obtain some properties for G® by
means of the method of generating function. In Section 3, we establish some identities
involving G, the Stirling numbers, the generalized Stirling numbers, the higher order
Bernoulli numbers and the Cauchy numbers. Finally, in Section 4, we give the asymptotic
expansion of some sums involving G®.

For convenience, we recall some definitions and notations involved in the paper. Stirling
number of the first kind is denoted by s(n, &, r), let ngk), C,(qk), Bk Pﬁ,k), stand for the higher
order Bernoulli numbers, products of Cauchy numbers, Bell polynomials and the potential

polynomials. The corresponding generating functions are

> " (1 +1) - " (~In(-p)

;Sﬂk ) p m §|S(”l;k;r)|a—my
wheren=kk+1,...,k=0,1,2,...,
s(n,k,0) = s(n, k) (Stirling numbers of the first kind), (1.3)

" e't —lk
ZS(n,kr) (e ), n=kk+l,..,k=0,12,..,

S(n, k,0) = S(n, k) (Stirling numbers of the second kind), (1.4)
o " t\
Z B ) ( 1) (ris an integer), (1.5)
n=0 n!
0 k (k)
t” t C, C,Ci - C;
ZC ) k=1;21"'r = Z #r (16)
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00 o r 00 o
(Zgn—,) =1+ZP£,')—, go =1 (r is a complex number) and (1.8)
n!
n=0

= (gl:gZy !gn = Z(k)jBn,j(glrgZ; . ~)y P(()r) = ]-y
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where (k); = k(k—1)---(k—j+1). (1.9)

In this paper, we let [ 1f(t) denote the coefficient of inf(¢), where f(£) = > o2 f,,t;,
An exponential Riordan array is a pair (d(t), h(t)) of formal power series. Where d(¢) =

oty h(E) = 000 'y
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It defines an infinite, lower triangular array (d, ), en according to the rule

dn,k:[ ]d()(th(t)) neN.

Hence we write (d,,x) = (d(£), h(¢)).
The most important property of Riordan array is: If (d(¢), 4(¢)) is an exponential Riordan

array, and let f(¢) be the exponential generating function of the sequence {fi}xcn, then we
have

]20: dnific = [i—qd(t)f(th(t)) = [;—n!]d(t)[f(y) |y = th(®)], (110)

where we use the notation [f(y) | ¥ = g(¢)] as a linearization of the more common one
S (@)]y=g(») to denote substitution f(g(z)).

A singularity of f(z) at |z| = w is called algebraic if f(z) can be written as the sum of a
function analytic in a neighborhood of w and a finite number of terms of the form

(1 - —)ag(z) (1.11)

where g(z) is analytic near w, g(z) #0, and « ¢ {0,1,2,...} (see [5]).

Lemma 1.1 (See [5]) Suppose that f(z) is analytic for |z| < R, R > 0, and has only algebraic
singularities of on |z| = R. Let a be the minimum of Re(«) for the terms of the form at the
singularity of f (2) on |z| = R, and let w;, o, and gj(z) be the w, o, and g(2) for those terms of
form (1.11), for which Re(a) = a. Then, as n — 0o,

—Otj—l

g(wjn o
z)=ZW+0(R ).

2 Properties of products of Genocchi numbers
In this section, we obtain some properties for G by means of the method of generating
functions and the Euler transformation.

Theorem 2.1 Let n > k > 2 be any integers, then

Gh=3" (”) GG, ,
Jj=k-1 J

where Gg) =G,.

Proof By (1.1), we have

00 o 00 o 00 o 00 n t"
Yo Y oLy 3 3 (f)d oy
n=k m=k-1 m! m=1 m! =k-1j=k-1 n

and the comparison of the coefficients of ¢"/n! in the first and the last formulas completes
the proof. O
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Theorem 2.2 Let n > k +1, k > 1 be any integers, then
kG =2knG®, +2(n - k)G,

Proof Deriving both sides of (1.1) with respect to ¢, we get

S P2 N2
Z G, =k
(n-1)! et +1 et +1

k{ 2t \* o2 Kok o2t \M!
=— —kl— ) + = — .
t\et+1 et +1 2t\ef +1

Multiplying both sides by ¢, we have

00 © o ) © o 00 © nl g 00 “ l)t

—_— = —_— [— + JR—
E I’lGn e =k E Gn I k E Gn + 2 E P n"
n=k = n=k n=k+1

and the comparison of the coefficients of t”/n! in the first and the last formulas completes
the proof. O

Theorem 2.3 Let n > k > 1 be any integers, then
b = kB, x(G1, Gy, ...).

Proof By (1.1) and (1.7), we get

0 0 k 2 k
t" t" t t"” 1
k)~ _ ) — L. .. ) =
> Gl n!_(ZGnn!> —(Glt+G22!+ + Gyt ) k!k!

n=1

t}’l
—k'ZBnk GerZ: )I’Z )
n=k :

and the comparison of the coefficients of t”/n! in the first and the last formulas completes
the proof. O

Theorem 2.4 Let n > k > 1 be any integers, then

S5 ()

i=1 j=0

Proof By (1.1), (1.8), (1.9) and Theorem 2.3, we have
o n o n k
ZGE{‘)% = (1+ZG,,E —1) 2():( )( 1) ‘1(1+ZG —)
j
k "
=y (})( 1)} ZP° (G1,Go-)—.

j=0 =
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Then
Kk k
6 -3 () rpn -3 () 7S )Bu(G, G
j=0 ] j=0 i=1
n k ;
L
i=1 j=0
which completes the proof. g

Theorem 2.5 Let n > k > 1 be any integers, then

Gf’lk)k o +k n+k—,
(e,

Jj=k

Proof By (1.2) and (1.5), we have

3 Gy 1" _ ¢ R “et -1
n+1krz' ef+1 ex -1 k!
K i o (20" i S(m, k)™
Tk By m! m!
m=0 m=k

k! * 2 n . n—j 5]
:FZ ; S(,k)2"7B,” —
n=k j=k
O K ik (n+ k t"
22 ()( > SR I

n=0 j=k

and the comparison of the coefficients of t”/n! in the first and the last formulas completes
the proof. O

Theorem 2.6 Let n > k > 1 be any integers, then

Gk _ Z S(m,)) k), (-1)

(m+ 1) P 2

Proof Let (S(n,j)) = (1, etT’l), and by (1.10), we have

Stk (-1y ¢ 7 ¢\ GY
Z 2 [;](( ‘y ¢ ) [n](e%l) _(n+1)k’

j=0

which completes the proof. d

3 Identities involving G%, s(n, k, r), S(n, k, r), B¥ and C
In this section, by using the Riordan and generating functions method, we explore rela-
tionships between these numbers, the Gﬁ,k), s(n, k,r), S(n, k,r), Bg,k) and Cf,k)
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Theorem 3.1 Let n > k > 1 be any integers, then
n " k
> (j)fo_ B = 2B () = 2"* B, Y sk ),
j=0 Jj=0
where s(n, h) are the Stirling numbers of the first kind, (n)y =n(n—-1)---(n—k +1).

Proof By (1.1), (1.5), we have

S (e <[ () () -[2] (2
j:Oj n n! [\e+1 et -1 n! [\e? -1

" o 278 k) AR j
= [—] > BY —— = 2" B, ()i =2 B2 > stk ),

n!
m=0 j=0

which yields Theorem 3.1. d

Theorem 3.2 Let n > k > 1 be any integers, then

B3 (st

j=0 h=j
. G(Fk). .
n 3 () -5 i>k
=) i=k,
ik = )1 (T )stn—i—j, k= )(=3), i<k

Proof Since

" (n c o [ F W+
Z(h)s(h’})c”"j_|:n!:|]ni(1+t) P

then by (3, (})s s(h,j)C" ) (]gﬁ#)
From (1.10), we have

(k M ti ~

j=0 h=j

"1 £ Inf@+9)
n JIn'(1+1) (L+ 5K

d .
| W E k,
_|E al i=k
|| wF ’
-~ i k—i
L (1?1(1+t))]2 ’ i < k;
which completes the proof. O

By the proof of Theorem 3.2, we can get the following corollary.
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Corollary 3.3 Leti>1,j> 0 be any integer, then

,, ()¢, is
> (5 )stmict = i~k
(

hej ’l’)() S(}’Z—l]—l)( N, i<k

Theorem 3.4 Let n > k > 1, be any integer, let r > 0 be a real number, then

Xn: s(n, j, r)G;’O - nf: (’;) (-1Ys(n - ;} k,7) (k) ,»k!'
j=0 =

Proof By (1.3) and (1.10), we have

n

, t" 1
]_ZOS(}’Z!JIV)G;I‘) — |:;i| (1+t)r|:(&»v+1) ’y—ln(1+t)i|
[+ 1

"] " o~ (k+m -1 1\" .
:k![;]zks(m,k,r)%Z( " )(—§>t

m=0

= k( )( —1Ys(n — j, k, r) (k) k!
s 2 ’ O

Theorem 3.5 Let n > k > 1 be any integers, let r > 0 be a real number, then

n n-k .
) n\ |s(n —j, k,r —1)|(k) k!
E |s(n,],r)|G](.k): E <) / 5 ki
j=0 o M

The proof of Theorem 3.5 is similar to that of Theorem 3.4, and is omitted here.

Theorem 3.6 Let n > k > 1 be any integers, let r > 0 be a real number, then

n (k)

Gy o r+n—j-1\(k+j-1\1
S £ (1))

0 0 n-j J

Proof For (s(n, ], 1)) = ( 1 1n(1+,:))'

a+)r’ ot

By (1.2), (1.3) and (1.10), we have

n (k)

s Gk+]' " 1
ZS(n1lrr)<].+1>k = I:;i| (1+t) |:<€y+].) ‘)’—ln 1+t)i|

j=0
[ 1 (rn—j-1\ (k+j-1\ 1
’[m}(m)r(uﬁ)k‘”!( I)Z( n-j )( j )W"

j=0

which completes the proof. O
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Theorem 3.7 Let n > k > 1 be any integers, let r > 0 be a real number, then

G(k) n! Z]}io (r k+:—/ 1) (k+j 1)2k s k,
Z|s 1n,j,r) i k” = 2“;)7(, r=k,
nlz ( )(k 1:1 1)2n pog] r<k.

Proof Since (|s(n,],r)|) = ((l—lt)’“’ ’l“t )), then by (1.2) and (1.10), we have

G(kkf "] 1 2\
Z\snj, J ’ _[5](1_t)r[<ey+1> ‘y:—ln(l—t):|

a1 1
ey

nl 2;1:0 (r k+:] 1) (k+1 1)2](_1 r> k,

=k r=k,

5 (S e ek

which completes the proof. O

Theorem 3.8 Let n > k > 1 be any integers, and let r > 0 be a real number, then

n i n (k) n—j
. (S1Y(k); (n) Gt

S(n,j, . = - .
,ZO Ty ,ZO: i)

Proof Since (S(n,j,7)) = ("%, Lt‘l), then by (1.3), (1.8) and (1.10), we have

ZS(nlfr) di [;']e"[(1+%) ’)’ 6—1:|

kK n k) n-j

el ) =y (M)

o et+l) i) G+ O
j=0

Theorem 3.9 Let n > 1 be any integer, and let r > 0 be a real number, then

" 2jG1(<k+)' L rin—i-1\[(k+i+j—1 2(z+)

, " ] — 2/{ ! } ] 1 n— l.
Zs(”’r)ml)k m2 2 i+) 1)
j=0 j=0 i=0

Proof Since (s(n,],r)) = ( (1+1:)“ ), we have

“ 2]Gk+
ZS(n,j, r)—d
G+ 1)

j=0

il (G) bemaso]-[Sla oo
Tlalaro | \es1) P T U e G At 02
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el e D))

i=0 i=0 Nj
:an!i n (r+n—i}—1> <k+l:+]:—1) <2(ij"j)>(_1)n—i’
— £ n-i i+j i
j=0 i=0
which completes the proof. d

4 Asymptotics
In this section, we give the asymptotic expansion of certain sums involving quk).

Theorem 4.1 Let r > 0 be a real number, and suppose that n — oo, then

n (k)
Zs(nj ” Gk+]’ N (—1)"2kn”+r 2—7.[
pn G ) et Y n

Proof From the proof of Theorem 3.6, we know

X”: i) Gy I:t”j| 11
s(n,j,r)— ===
LT T L W ey e 9P
In Lemma 1.1, let f(¢) = ﬁ, g(t) = @ Obviously, f(¢) is analytic for |f| < 1, and it
has only algebraic singularity on |£| = 1, namely at ¢ = -1, so by Lemma 1.1 and Stirling’s

formula n! ~ e™n" /27 n, we have

n ‘ GI(<k+)j (_l)nzknmr 2T
> " s(m,j,7) ~ —,
(G + Dk I'(r)e” n

j=0

which completes the proof. O

Theorem 4.2 Let k > 1 be any integer, let r > 0 be a real number, and suppose that n — 0o,

then
ann+r+k 27
] o ey o Tk
Z|S(Vl . 7‘)| k+j ~ S 21 -k
LSOy T Twey e Tk
j=0 nn+k(_1)k—r o e k
T (k)2" n’ :

Proof By Lemma 1.1 and Stirling’s formula, we have

1 1
’ G o Fape ">k
. Y _ ok[n 1 —
E s(n,j,r = n2"|t , r=k,
/ | ( ] )|<]+1>k [ ] (1_%)1(
j=0 (l_t)k—r k
-5F "<
ok yn+r+k 27 rs k,

Tr-Ke"\ n’

~ 3k fon _
TOF\ n’ r=k,
nn+k(71)k—r o

T (k2" n

which completes the proof. d
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Theorem 4.3 Let r > 0 be a real number, as n — 00, and suppose that

n ‘ 2/G]((I:)i (_l)nzknnw o
Z S(nxl; l") . ~ .
G+ Dk I'(r)e” n

j=0

Proof By Lemma 1.1 and Stirling’s formula, we have

n ‘ 2le(<k+)j ., 1 2/( (_1)n2knn+r 2T
E s(n,j,r)——- = n![t ] . VR - —,
(G + 1k A+ (2+2t+12) '(r)e n

j=0

which completes the proof. 0
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