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Abstract

In this paper, we consider the extended central factorial polynomials and numbers of
the second kind, and investigate some properties and identities for these polynomials
and numbers. In addition, we give some relations between those polynomials and
the extended central Bell polynomials. Finally, we present some applications of our
results to moments of Poisson distributions.

MSC: 11B75;11B83

Keywords: Extended central factorial polynomials of the second kind; Extended
central Bell polynomials

1 Introduction

For n > 0, the central factorial numbers of the second kind are defined by

¥ =Y Tz, n>0, (seel,2,20-22]), (1.1)

where ¥ = x(x + £ - D)(x+ 5 -2) - (x4 1), k> 1,20 = 1.

By (1.1), we see that the generating function of the central factorial numbers of the sec-

ond kind is given by
1, t = t"
et - e8) =3 T(m k)~ (see [1-4,21]). (1.2)
’ n=k ’

Here the definition of T'(n, k) is extended so that T'(n, k) = 0 for n < k. This agreement will
be applied to all similar situations without further mention.
Then, by (1.2), we have

k n
T(n,k) = %Z (’;) (-1)k-f(j- g) , mk>0. (1.3)

j=0
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Let us recall that the Stirling polynomials of the second kind are defined by
Lo kv k t"
¢ (ef-1)" = ZSz(n, Ix)E

(see [10, 16, 17]),
n=k

(1.4)
where k is a nonnegative integer.
When x = 0, Sa(n, k) = Sa(n, k|0), n,k > 0, are the Stirling numbers of the second kind
given by
x" = ZSQ(V[, K)(x)x, n>0(see[12,14,15,21]),

k=0

where (x)g =1, ¥)r =w(x=1)---(x—k+1), k> 1.
From (1.4), we note that

Salmklx) =Y (’Z) Sa(l, k)
I=k

1o [k
=— ( ‘>(—1)k"’(j +x)", mk=0. (1.5)
Kkl =\
j=0
The Bell polynomials are given by the generating function
o0 t”
@D = "Bel,(x)—  (see [5-11]). (1.6)
o n!
Then, from (1.4) and (1.6), we get
Bel,(x) = Y _ Sa(n,m)x™  (see [10]). (1.7)
m=0
In [17], the extended Stirling polynomials of the second kind are defined by
Lo kv k t"
Ee (e -1+ rt) = X];Sz,r(n, Ix)a, (1.8)
n=

where n,k e NU {0} and r € R.

When x = 0, Sy, (1, k) = Sz,,(n, k|0), 1,k > 0, are called the extended Stirling numbers of

the second kind. Note that S, o(1, k) = Sa(n, k) and Sy (1, k|x) = So(n, k|x).
From (1.4) and (1.8), we note that

k
S (m,k) = Z (7) PSy(n—-Lk-1), nk=>0/(see[17]). (1.9)
1=0
It is known that the extended Bell polynomials are defined by
oo t”
¢ = N " Bel,,(x)—  (see [13, 18, 19]). (1.10)
o n!

For x = 1, Bel,,, = Bel,, (1) are called the extended Bell numbers.
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Then, from (1.10), we get
Bel, (x) = Y ™S, (n,m) (see [17]). (1.11)
m=0

Recently, the central Bell polynomials were defined by Kim as

£ Lot
E Bel(,f)(x)— =e? ¢ ) (see [1-3]). (1.12)
n

For x = 1, Bel = Bel'“)(1) are called the central Bell numbers.
Thus, by (1.12), we get

Belif)(x) = Zka(n,k), n> 0 (see [17]). (1.13)
k=0

The purpose of this paper is to consider the extended central factorial polynomials and
numbers of the second kind, and investigate some properties and identities for these poly-
nomials and numbers. In addition, we give some relations between those polynomials and
the extended central Bell polynomials. Finally, we present some applications of our results
to moments of Poisson distributions.

2 Extended central factorial polynomials of the second kind
Motivated by (1.8), we define the extended central factorial polynomials of the second

kind by
1 ¢ ¢ > t"
gt ety )=y T, ki) — (2.1)

n=k

where k € NU {0} and r € R. When x = 0, T®(1,k) = T"(1,k|0), n,k > 0, are called
the extended central factorial numbers of the second kind. Note here that, when r = 0,
T (n,k|x) = TO(n, k|x) and T(n, k) = T (n, k) are respectively the central factorial polyno-
mials of the second kind and the central factorial numbers of the second kind.

From (2.1), we note that

= " 1 = t
D TOkl)— =3 — "ty TV (LK)
n=k m=0 1=k
00 n o
-y (Z (’Z) T, k)x”’) - (2.2)
n=k \ I=k ’

Therefore, by comparing the coefficients on both sides of (2.2), we obtain the following
theorem.

Theorem 2.1 For n,k > 0, we have

TO(n,klx) = Y (’;) O, k). (2.3)

1=k
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From (2.1), we note that

ad Pl t k ad ad t"
Z F el —e 2 +rt) = Zxk Z TV (n, k);
k=0 k=0 n=k

00 k>

=) Bel ) D
k=0 m=0
o0 n t”

= Z (Z (Z) Belgf) (x)r”_kx”_k) —.
n=0

n!
k=0

Now, we define the extended central Bell polynomials by

e I e T
x(e2—-e 2+rt) _ (Y
e = V?—O Bel,"" (x) o

For x = 1, Bel®” = Bel®”)(1) are called the extended central Bell numbers.

Therefore, by combining (2.4)—(2.6), we obtain the following theorem.

Theorem 2.2 For n > 0, we have

Bel ™ (x) = Y " T (1, k)

k=0

n
- Z <Z) Belgf) ()" Kx k.
k=0

In particular,

R A o

k=0 k=0

Remark By (2.6), we get

xt x(ef—e 7+(V—1)t)

ZBel”

(2.4)

(2.8)
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o0 o0 tn
= Z( T V(n, klx)—>xk
n!

k=0 \n=k
00 n o
=y (Z xt T("D(n,k|x)> —. (2.9)
n=0 \ k=0 "
Comparing the coefficients on both sides of (2.9), we get
Bell™ (%) = Y & T (n,klx), n>0. (2.10)
k=0
In particular,
Bel™) = > " T V(n, k1), (2.11)
k=0
and, invoking (2.3),
Bel®V(x) = Y T(n, klx) = ") Rk, 2.12
en(x);(mm kZOj;l (k) (212)

Therefore, by (2.10)—(2.12), we obtain the following corollary.

Corollary 2.3 For n > 0, we have

Belif’r) (x) = Zxk TV (1, k|x).
k=0

In particular,
Bel®) = > TV (n, k|1)
k=0
and
@) _ (7 n-l+k
Bel @V (x) = kXO:sz: <Z)T(l, a1k,

From (2.1), we note that
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k I" S twl

;ﬁ Xk: n-bk=De—p

00 k o

Z(Z( )rlT(n—l,k—l)>;. (2.13)
=k :

By comparing the coefficients on both sides of (2.13), we obtain the following theorem.

Theorem 2.4 For n,k > 0, we have
K /n
TV (n, k) = Z <l>rlT(n —Lk-1. (2.14)

1=0

From (2.6), we note that

ot Lot > yth ot
e(eZ—e 2 +rt) 26(82—8 2)6 ZBelk Il Z =
k=0

0 n

n t"
(3 () ) s

k n!

n=0 \ k=0

Therefore, by (2.14) and (2.8), we obtain the following theorem.

Theorem 2.5 For n > 0, we have

Bel”)—ZZ( ) n-Lk-1). (2.16)

k=0 =0

From (2.1), we have

1 < [k
" <;>(—1)k-fe0+x-5>f

j=0

k

- k 4 K\"\ "
- Z(/i' (j)(—l)kf <j+x— 5) ) % (2.17)
=0 ‘

Therefore, by (2.17), we obtain the following theorem.

Theorem 2.6 For n > 0, we have

k

1 k , K\" T(n k|x), ifn>k,
F (,)(—l)k’(j+x—§) _ (I’l |x) {ff’l_ K. (218)
o MV 0, ifn<k.
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Now, we observe that

ST

t t
(et=1+rt) rt_e2(e2—e

e =e’e

[ lNe] n n k Vl*mtn
>y <m)T(m,k)(§+r) a

it " i k n-m n
:Zo(k k(::) T(m’k)(i ”) )% (2.19)
n= =0 m=

Therefore, by (1.10) and (2.19), we obtain the following theorem.

Theorem 2.7 For n > 0, we have

Bel,,, = Z Z (:1) T (m, k) (g + r> ”—m' (2.20)

k=0 m=k

From (2.18), we note that

o0 ¢ ¢ o0 1 ‘
ZBel(cr) ‘ erte(eZ—e 2) :Z_'e(r—j)t(et_l)
n=0 n k=0
00 1 k k
515 (ap b
; .
k0 "m0 M
00 00 k n
1 k _ "
-5 (e (ier-3)
n=0 k=0 " j=0 J ’
oo oo t” oo n tn
=Y D Tkl ==Y "> " T(nkln=. (2.21)
k=0 n=k 50 ko "

Therefore, by comparing the coefficients on both sides of (2.21), we obtain the following
theorem.

Theorem 2.8 For n > 0, we have

Bel®) = > " T(n, k|r). (2.22)
k=0

From (1.2), we have

oo

A k
XO:T(V[,/()E: E(e2 —e2 +rt—rt)
n=|
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Z (le: (") AT 01— 1,k - l)) —. (2.23)

Therefore, by comparing the coefficients on both sides of (2.23), we obtain the following
theorem.

Theorem 2.9 For n,k > 0, we have

k
T(mk)=) ( )(—l)lrlT(’)(n —Lk-1). (2.24)
=0

Now, we observe that

k

1, : 1 ! N
E(62—62+rt E;()rt eZ—e 2)
k o n—1
r t
o0 k "
Z(Z( >r’T(n—z,k—1));. (2.25)
n=k ’

Therefore, by (2.1) and (2.25), we obtain the following theorem.

Theorem 2.10 For n,k > 0, we have

k

TOmk) = (';) AT =1k -1). (2.26)

1=0
Let m, k € NU {0}. Then we have

%(e% _et +rt)m%(e% _et +rt)k

m+k 1 t _t m+k
= " (m+k)!(62—62+rt)

o0 tn
= (m * k) Z T, m + k)—. (2.27)
m n!

n=m+k
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On the other hand,
1 ml ¢ t
%(e% —e’% +rt) E(eé —e‘é +rt)k
_ (r) - QA
=2 TOUmL YT G:k)
I=m j=k
0 n-k n
_ Y ) o) t
=y > )T Lm)TO -1k | =. (2.28)
n=m+k \l=m n

Therefore, by (2.27) and (2.28), we obtain the following theorem.

Theorem 2.11 For n > m + k, with m,k > 0, we have
m+k 1K
( )T(’)(n, m+k) = Z ( )T(’)(l, m) T (n -1, k). (2.29)
m l

I=m

For m, k > 0 with m > k, by (2.1), we get

> - A R m-k, £ _t k
ZT (n,m)az%(eﬂ—e 24rt)" (€2 — €77 +11)
kKim-k)! 1 t ot mk 1, £ _t k
- (m_k)'(eZ—e 2 +rt) E(62—62+rt)
J & v
- (r) ) (;
= 2 TOUm=kg ) TG k)
l=m-k j=k

00 n—k .
= (71) Z( > (;’) TOm k)T (n -1, k)) % (2.30)
k I .

By comparing the coefficients on both sides of (2.30), we obtain the following theorem.

Theorem 2.12 For n,m, k > 0, with n > m > k, we have
m K
( ) TO0m) =y (z) TOU,m—K)T" (n -1, k). (2.31)
l=m—-k

Next, we observe that

1

%(e% —e_% + rt)mE(eé —6_5 +rt)k
mrll 1 £ _tml vl N
L ey ) L e )

E IR

]

n

t
xTm —L,bm-0DT(n—-m —j,k—j)—'. (2.32)
n!



Kim et al. Advances in Difference Equations (2019) 2019:24 Page 10 of 12

Therefore, by (2.27) and (2.32), we obtain the following theorem.

Theorem 2.13 For n,m, k > 0, with n > m + k, we have

(m " k) T (n,m + k)
m

n-k m k
T R
1

ny=m =0 j=0
Remark From (2.33) with r = 0, we can derive the following equation:

n—k

(”"r; k) Tm+k) =Y (’Z) T(,m)T(n—1,k), (234)

I=m

where n,m, k > 0 with n > m + k.

3 Application

A random variable X, taking values 0,1,2,... is said to be a Poisson random variable

with parameter A>0ifP@)=PX =i)=e* A,t, i=0,1,2,.... Then we have ) -, P(i) =
ety 0 = 1. It is easy to show that the Bell polynomials Bel #(%), n > 0, are connected

with the moments of Poisson distribution as follows:

E[x”] =Bel,(A), neNU{0},A>0.

Let X be a Poisson random variable with parameter A > 0. Then we note that

n

ZE[(X + rk)"]% =e
n=0

e
o0
=kae%£ e (e2 e’%)m
m=0

. ”—ftn
Zx nzmjgrn;()mmw)(’:) -

Z(ZZM( >T(J mw)( ) _j)i—n!‘ (3.1)

n=0 \m=0 j=m

Thus, by (3.1), we get

[(X +72) ZZA"“( )T(] m|)\r)<2>n_j.

m=0 j=m

From (2.6), we can derive the following equation:
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) : tk e m
(-1)1152(/<,1|-%) o ZE[(X+r)\)”‘]%

>3]

00 ! [) (}/1) | < ]> ok T
, (178 (k1= 5 )E[(X + )] ) . (3.2)
n=0 \k=0 I=0 j=0 <’ k ’ 2 n.

gy

N————"

an
M»
PjN

n k ! .
Bell(1) =3 >3 x’(f,) (Z) (-1)"s, </<,z| - %)E[(X+ )],

where X is the Poisson random variable with parameter A > 0, and n > 0.

4 Conclusions

T. Kim et al. have studied the central factorial polynomials and numbers of the second
kind which are represented by some p-adic integrals on Z, and investigated some proper-
ties of these numbers and polynomials. In this paper, we introduced the extended central
factorial numbers and polynomials by means of generating functions, which are useful,
for example, in obtaining the moments of Poisson random variables. In addition, we gave
some identities for the extended central Bell polynomials in terms of those numbers and
polynomials. In more detail, in Sect. 2, we investigated some properties of the extended
central factorial numbers and polynomials in connection with the extended central Bell
numbers and polynomials, central factorial numbers and polynomials, and central facto-
rial numbers and polynomials of the second kind in Theorems 2.1-2.13. Furthermore, in
Sect. 3, we have applied our results to the moments of Poisson distribution.
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