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1 Introduction

Let p be chosen as a fixed odd prime number. We make use of the following notations: Z,,
Qp, Cp, N, Ng and R denote the ring of p-adic integers, the field of p-adic rational numbers,
the completion of an algebraic closure of Q,, the set of natural number, the set of natural
numbers containing zero and the set of real numbers, respectively. We say that | - |, is
normalized if |p|, = p~*. Let C(Z,) be the space of C,-valued continuous functions on Z,.
For f € C(Z,), the fermionic p-adic integral of a function f was originally constructed by
Kim [12] as follows:

)= | @i (1)
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Here I_; is used symbolically due to its fermionic distribution w_;. It follows from (1)
that

Iy (f) +11(f) = 2f(0)  (see [12]) ()

with the assumption f; (x) := f(x + 1). For more information about the applications of p-adic
integrals, one can refer to [4, 8, 9, 14, 17, 22] and the references cited therein.

Very recently, Kim et al. [20] showed that the Fubini polynomials can be represented by
the fermionic p-adic integral on Z, as follows:

/Zp(x( ) dua0) = T ZZF e )

For more information about the Fubini polynomials, one can look at the references [5, 10,
24]. The Stirling numbers of the second kind are defined by (see [11])

K= Sy(m k) @) (4)
k=0

where

x(x—-1)---(x—n+1), whenn>1,
(x)n:

1, when =0,

or equivalently by

o n t k
Y smnt - w0 6

Let A # 0 be any real numbers. Carlitz [1] introduced the degenerate Bernoulli polyno-
mials by means of the following generating function:

[e¢]

t" t
L A)— = 71 Atk 6
;mx )— = (1+xm_1( + L) (6)

When x = 0 in (6), B,(A) =: B,(0; 1) are the degenerate Bernoulli numbers. It is clear from
(6) that

)ILLI)I}) ,Bn(x;k) = Bn(x) (I’l € NO);

where B, (x) are the Bernoulli polynomials given by

o0 n t
S B = e, of (1],
e n e-1

Parallel to (6), the degenerate Euler polynomials are defined by means of the following

generating function:

ZE wno = — 2 rant (04 eR) (see 1), (7)
n (1At 41
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When x =01in (9), E,(\) =: E,,(0; A) are the degenerate Euler numbers.
For 0 # 1 € R, it is worth noting from [16, 21] that

e t) = (1+ 10" (8)

-2(5) %
=Y Wt
n=0 n
where

(®)os =1, (@) i=x(x = A)(x = 24) - - - (x —(n- 1)A) (n>1) see [19].

The degenerate Euler numbers of the second kind are given by

[e¢]

sech, () = #(t) = ZE;Aﬂ. )

e(t) + et — n!
It is obvious that
11m En ,=E,

where E} are the Euler numbers of the second kind given by

2 ZOO t"
— *
e +et E”n!’ ¢- 131

By (5) and (6), the degenerate Stirling polynomials of the second kind are defined by the

generating function

" k
Zs (0] (10)

where x € R, and k is a nonnegative integer (see [13]). In the case x = 0, S(z?i(n, k) =
Sa,.(n, k) are the degenerate Stirling numbers of the second kind, ¢f. [1-4, 6, 7].

Since
lime, (¢) = ¢
r—0
we have

lim 59 (n, k) = S (n, k),

where ng)(n, k) are the Stirling polynomials of the second kind given by

e’”(e - 1)"

ZS;‘% oo
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The central factorial numbers of the second kind, denoted by T'(j, k) with the conditions
j>0and k > 0, are defined by

J
o= TGk (see [11]), (11)

k=0

where

x(x+§—1)(x+§—2)~-~(x—'§‘+1), when k > 1,

1, when k=0

K =

or equivalently by

%(e% —e i) =31, k)j—: (see [11, 23]). (12)
! - !

Kim-Kim [15] introduced the degenerate central factorial polynomials of the second

kind as follows:

° j 1 -1
STk - (@ e @) 0, (13)
2. TR

where k is a nonnegative integer. The case x = 0 yields 7, (j, k) =: T, (j, k|0) that are the
degenerate central factorial numbers of the second kind.

This paper is organized as follows. In Sect. 2, we consider the generating function of
type 2 degenerate central Fubini polynomials and give some properties of these numbers
and polynomials. In Sect. 3, we introduce degenerate central Fubini numbers and polyno-
mials and derive some properties of these polynomials by using p-adic fermionic integrals
on Z,. In Sect. 4, we introduce type 2 degenerate central Fubini polynomials of two vari-
ables and construct some properties of these polynomials. Also, these polynomials are
closely related to degenerate central factorial numbers of the second kind and degenerate

Euler numbers of the second kind.

2 On type 2 degenerate central Fubini polynomials
In this section, we assume that A # 0 is any real number. We begin with giving type 2

degenerate central Fubini polynomials as follows:

o0 t” 1
PAOEE T (14)
n=0 o 1-x(e) (2) - e % (2)
Note that
— 0 © b 1
lim EF = (x)—:= F(x)—=————— (see[11]).
A—)Onz(; ”)‘( )Vl' ,,,X:(; n ( )I’l‘ 1—96(6%—67%) ( [ ])
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By (14), one may see that

= t" 1
Z FnCA) (x) ; % 7%
n=0 1—-x(e; () —e, *(2)
= Zxk(eé (£) e, (t))k
k=0

Thus, we state the following theorem.
Theorem 2.1 Let n be a nonnegative integer. Then the following holds:
@) =Y AT (n, ). (15)
k=0

The degenerate ordered Bell numbers are defined by the generating function to be

o]

1 t"”
S S N 16
1 - 2sinhy, (%) ; ar (16)
where
1) —el(t
Sinh)h(t) = M’ C_f [3].

2
Corollary 2.1 Taking x =1 in (15) gives
Fy (1) = by, = Xn:km(n, k) (n>0).
k=0
By (14), we have
) o 1

Z n 1 (17)

=0 " 1 —xe,\i(t)(ex(t) -1)

Zxke () (ex(t) - )k

k _ k
- Zxkkge? (ﬂw

oo

= ixkk Z ?k (n, k
k=0 n=k
= e t"
- Z(Zx k1S,2 ' (n, k)) —
n=0

k=0

Thus, we state the following theorem.
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Theorem 2.2 Let n be a nonnegative integer. Then the following relation holds true:
- ()
EQ @) =Y #kk1s, 2 (n, k).
k=0

By (9), we have

L2
2 Friy = ex(t) + e 1(2)
B 2
24 (el (0) - (1)

i ko 1
-3 () Co-ator

k=0

= 3 (—l)k(Zk)'i T, (n 2k)i
; 2 ) M n!

k= n=2k

(4]

o0 k n
= Z(Z (%) (20 T (1, 2k)> %
n=0

k=0

Thus we arrive at the following theorem.

Theorem 2.3 Let n be a nonnegative integer. Then the following relation between Ej, , and
T (n,2k) holds true:

(5] 1\
Ef, = Z<_§> (2K T (n, 2K).

k=0

The following computations based on (14) show that

> t" 1
D e
n=0 1-x(e; () —e, *(2)
=Y e -6 1)
k=0
0 k
:ZkaO( Dl
k=0 =0
9} k
EEOr R
L (oS-,
0 00 k n
(S (e (1) )5
n=0 \k=0  [=0 : 2/ wa)

Thus, we obtain the following theorem.
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Theorem 2.4 Let n be a nonnegative integer. Then the following explicit summation for-

mula holds true:

00 k
FOw) =Y ok (k>(—1)k"(l—/—<> .
@ k2=(; ; l 2 A

3 On type 2 degenerate central Fubini polynomials by the fermionic p-adic
integral on Z,

In this section, let us assume that A € C, and ¢t € C, with the condition [At|, <p_1ﬁ. By

(3) and (14), it becomes

[ Gle - @) dus) - ———— ()
Zp 1-x(el(t)—e, *(2)
o0 t"

From (18), we have

00 o . )
Z;Fi,ck)(x)a = /Z (x(e2 (©) - e2(2)) dp_1(y)

P

-1 1
- [ (el - ) dua
Z}’
S © (oL
=2 Z(—l)"Fn,_A(—x)E,
n=0
Thus, we get the following theorem.
Theorem 3.1 Let n be a nonnegative integer. The following symmetric relation holds true:
() = (-1)'E,2, ().

By (2) and (14), we have
/Z (x(e (0= 2 (1)) dpr () + /Z (x(e(6) - €2 (1)) dpr () = 2. (19)
By (19), we get

N ORIC I ) R E— 2 _2, (20)

L-x(el () -€2() 1-x(e}(t)=e, (1)

It follows from (20) that

3 1 1 t" = t" ad "
B ) ) S
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_ io[xzo (mee((-5)  -(5). )+ F,ﬁ)(x)];—f
ot (3,0

Thus we state the following theorem.

Theorem 3.2 For n >0, we have

E () ).)
i F - - . 21
£Cpel() 6. $

For n € N, by (21), we get

x) = xZ ( )F(C x)(<%>n_m,x B <_%)”‘W>
_ x% (Z)Fif,i(x)« : )n_m } (‘é)m)
()

Thus we get the following corollary.

Corollary 3.1 Let n be a positive integer satisfying with n > 2. Then the following equation
holds true:

1 1
f-smifn <8 (ro((3)_-(43) )

4 On type 2 degenerate central Fubini polynomials of two variable
In this section, we assume that A # 0 is any real number. We are now in a position to state
the type 2 degenerate central Fubini polynomials of two variable as follows:

0 " 1
Y E s = e (22)
=0 o1yl (t)—e, 2 (t)

When x =0, Ffli)(O; y) = (y) F, C) 0;1) = Ff,i)(l) are called the central Fubini polyno-
mials and the central Fublm numbers, respectively.
Since

X ngn
. X't
lim e} (¢) = e = E ,
A—0 n!
n=0

it is not difficult to show that

1
. Q) v
1122,”21” =
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which is the generating function of the central Fubini polynomials of two variables; see
[18].
From (22), we have

¢} © tn 1 "
D Eul ) = ¢ (0)
n=0 To1-y(el () -7 (1)

(i) (o)
—i(z( ) EO (), “> -

Thus, we obtain the following theorem.

Theorem 4.1 Let n be a nonnegative integer. Then the following identity holds:

Bty =3 (Z)Fé,? 0) ()t

k=0
) gives
1 xt - (©) —k (e~ 1)
= Y F Qe
1—)/(@% —e’%) kg(; ko k!
oo n
tVI
-3 (Z ES (9)0" 785 (m, k)) — (23)
n=0 \ k=0 '

By (5) and (23), we have the following theorem.

Theorem 4.2 Let n be a nonnegative integer. Then the following identity holds:

FO(5) = Y M ES (4:5)82(n, %),
k=0

By (22), we see that

et =1- y(ex(t—exz(t) > ES (x;y)% (24)
n=0 :

(Srcen- S (), (D)5

By (8) and (24), we obtain the following theorem.

Theorem 4.3 Let n be a nonnegative integer. The following formula holds true:

1 1
(W) = E i) - yz( ) 9““”’((5)&{(_5>u)'
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Let us observe that

e (1) e’ (t)
1 _1 1 _1
1—yi(ef (£) —e, > (2)) 1 —ya(e] (t) — e, (1))
_»n & ) o » e () (25)
Y1i—Y2q _ % _ *% Yi—Y2q _ % _ *% '
L—y1(e; () —e, (1)) L—ya(e; (t) — e, * (1))
By (22) and (25), we have
. (n t"
3 ( k)F,i?L,gxl; PE (i) — (26)

n=0

B i (ylF,(ﬁ)(xl +x2591) = 72FL0) (w1 + xz;yz)) v
n=0 =72 nt

Therefore, by (26), we obtain the following theorem.

Theorem 4.4 Let n be a nonnegative integer with y; # y». The following formula holds true:

n

©) ©
n yiE, 5 1 + x0591) — yoF, 5 (%1 + %23 92)
Z( )F;?k,x(xl; FES (23 95) = =22 - :
o K =)

Remark 4.1 Taking x; = x, = 0 in Theorem 4.4 reduces to

n C C
)\ © ©) YES 1) = 325 ()
S VB 00ES 02) = )
k=0 k J1—)2

5 Conclusion

In the present paper, we have considered type 2 degenerate central Fubini and type 2 de-
generate central Fubini polynomials of two variables. We investigated some properties,
identities and recurrence relations for these polynomials by making use of generating
functions and p-adic fermionic integrals on Z,. In addition, we have obtained some re-
sults related to degenerate central factorial numbers of the second kind and degenerate
Euler numbers of the second kind.
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