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IDENTITIES AND RELATIONS FOR FUBINI TYPE
NUMBERS AND POLYNOMIALS VIA GENERATING
FUNCTIONS AND p-ADIC INTEGRAL APPROACH

Neslihan Kilar and Yilmaz Simsek

ABSTRACT. The Fubini type polynomials have many application not only es-
pecially in combinatorial analysis, but also other branches of mathematics, in
engineering and related areas. Therefore, by using the p-adic integrals method
and functional equation of the generating functions for Fubini type polyno-
mials and numbers, we derive various different new identities, relations and
formulas including well-known numbers and polynomials such as the Bernoulli
numbers and polynomials, the Euler numbers and polynomials, the Stirling
numbers of the second kind, the A-array polynomials and the Lah numbers.

1. Introduction

Recently these special numbers and polynomials and their applications have
occupied many mathematicians and researchers of other scholars (see [1H24] and the
references therein). Thus by applying the p-adic integrals technique to generating
functions and their functional equations we give many new formulas and relations
including combinatorial sums, and special numbers and polynomials. In order to
give these formulas and relations we do not need only the following notations, but
also generating functions for the specials numbers and polynomials.

Let N={1,2,3,...}, Ny ={0,1,2,3,...} = NU {0} and let Z denote the set
of integers, R™ denote the set of positive real numbers, C denote the set of complex
numbers and Z, denote the set of p-adic integers.

Now let us introduce generating functions for some well known special numbers
and polynomials.

The Bernoulli polynomials B,,(z) are defined by means of the following gener-
ating function:

t o "
(1.1) 7 1° fZOBn(x)av
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where |t| < 27 (cf. [IH24]). By (L), one can easily deduce the following formula:

where Bj denote the Bernoulli numbers, which are defined by the following recur-
rence relation:

By =1 and Z< >B =0 (neN~{1}).

We also see that B, = B,(0) (n € Np) (cf. [IH24] and the references therein).
The Euler polynomials of the first kind E,(z) are defined by means of the
following generating function:

(1.2) et+1 72

where |t| < 7w (cf. [Bl[71[16l[24] and the references therein).
By (I2)), one can easily deduce the following formula:

B, (z) = Jio (;‘) "I,

where F/; denote the Euler numbers, which are defined by the following recurrence

relation:
=
Ey=1and E 52() ; (neN).

We also see that E,, = E,(0) (n € Ng) (cf. [3I7U1624] and the references therein).
The Stirling numbers of the second kind are defined by means of the following

generating function:
e — 1
Z Sa(n,m)

By using this generating function, we have

1 & j{m n
satnm) = 5 S0 (7 Jom =
Sa(n,n) =1 (n € Ng), S2(n,0)=0 (neN) Ss(n,m)=0, (m>n)

(cf. [TH24] and the references therein).
Let m € Ng and A € C. The Marray polynomials S (x;\) are defined by
means of the following generating function:

0‘6;1 72571:0)\



IDENTITIES AND RELATIONS FOR FUBINI TYPE NUMBERS AND POLYNOMIALS 115

(cf. [1J4)16] and the references therein). Substituting A = 1 into the above equation,
we have

n 1 - m—j m AN
$1.0) = 7 S -1m (T +)
with SQ(z) = S*(z) =1, S§(z) = z™. If m > n, then S” (x) = 0 (cf. [1,416/18]

and the references therein).
The Lah numbers L(n, k) are defined by means of the following generating

function:
ZL"’“ ! k'( : )k’

where k € N (cf. [5L[6l[14]). The Lah numbers are given by the explicit formula:

| (n—1
L(n,k) = (—1)"%(21), n>k>1.

The falling factorial is defined by (z), = x(z — 1)(z —=2)...(x —n+1), (v)o =1
(cf. [6L[6L24] and the references therein).

Riordan [14] p. 43] gave the relation between falling factorial and Lah numbers
as the following definition:

(1.3) (~2)n =Y Lin. k) (@)

k=0

)

so that (), = > p_o L(n, k)(—x)y.
The Fubini numbers wy(n) are defined by means of the following generating
function [8]:

ng( 2 _ et ng

where wy(0) =1 and |¢| < In2.
®

In [9], we defined a new family of polynomials ay,’ () by means of the following
generating function:

2! - t"
(1.4) F.(t,z;l) = me t_ Z oV (x)=

n=0

where [ € Ny and |t]| < 2.

By (L), we have ag)(()) = a{!) which denotes Fubini type numbers of order
1 [9]. By ([I4), one can easily deduce the following formula:

(1.5) a(z) = Zn:( (”) 2" al).

=0 \
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1.1. p-adic integral and related formulas. It is well known that in re-
cent years p-adic integrals and applications have been widely used in fields such as
physics and engineering besides mathematics. Some special numbers and polynomi-
als can also be computed with the help of p-adic integrals besides the construction
of their generating functions. In order to give some combinatorial sums including
the Bernoulli numbers and the Euler numbers in Section 3, we need some basic
properties of p-adic integrals including the bosonic or Volkenborn integral and the
fermionic p-adic integral.

Let K be a field with a complete valuation and let C1(Z, — K) be a set of
continuous derivative functions:

d
{f: Z, — K: f(z) is differentiable and d—f(ac) is continuous}.
T

Let f € (Z, — K). The Volkenborn integral (bosonic p-adic integral) of func-
tion f is given by

(1.6 | f@dm@ = i = 3 fo)
P =0

where p1(z) = 1 (z +pNZp) = pLN (cf. [1TLA2I[15] and the references therein).
By using ([L0)), the Witt formula for the Bernoulli numbers B,, is given by

(1.7) /Z z"d, (v) = B,

D

(¢f. MILI2)A5] and the references therein).
Let f € (Z, — K). The fermionic p-adic integral of function f is given by

N

(18) | f@dna@) = im 3 (<17 fa),

=0

where i1 () = p_1(z+pNZ,) = (;i,)m (cf. [ITLI2T5] and the references therein).

By using (L8], Witt formula for the Euler numbers E,, is given by

(1.9) / a"d,  (r) = En
ZP
(cf. [IT)A2L15] and the references therein).

Let us briefly summarize the rest of this article. Section 2, by using functional
equations for the generating functions for the special numbers and polynomials, we
derive many identities and formulas including combinatorial sums, the Fubini num-
bers and polynomials, the Bernoulli numbers and polynomials, the Euler numbers
and polynomials, the Stirling numbers, the Lah numbers and the array polynomi-
als. In section 3, by applying p-adic integrals methods to identities and formulas,
we give some new relations including special numbers and polynomials and combi-
natorial sums.
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2. Identities and relations related to functional equations
of the generating functions

In this section, we give some relationships among the Fubini type numbers, the
Bernoulli numbers, the Euler numbers, the array polynomials and the Lah numbers.

THEOREM 2.1. The following identity holds true:

(2.1) ol = i (2;) 1) zn: ( )a(l) )20 — §)m .

7=0 m=0

PRrROOF. By using (L4), we get

2! Z e = (2 — )™ Z alV ()
n=0 n=0

After some elementary calculation in the above equation, we get

n

o 21
lnt_: 21)] 2l] _ t_
I 2_;(] 2i(-1 Zzz )" Z a5

Therefore,
i2l$nﬁ:i(i n a(l)( n mz 2l 2] 2l j)_'
n=0 n! n=0 m=0 m " n!

Comparing the coefficients of % on both sides of the above equation, we arrive
at the desired result. O

By integrating both sides of ([ZI]) with , from 0 to 1, we get with help of (34)
n [9 p.1619], we get the following theorem:
THEOREM 2.2. The following identity holds true:
(l)

(2.2) nii@)ﬂ(l)“%( >21a" mZ( >m k1

Combining ([2Z2)) with Theorem 4.13 in [9, p.1619], we get the following com-
binatorial sum:

THEOREM 2.3. The following identity holds true:

355 () (1) ()
S (1) () (1) S

j=0m=0 k=0
THEOREM 2.4. The following identity holds true:

(2.3) 2! Z —20)n (=1)™S” (z) = aV) ().



118 KILAR AND SIMSEK

PROOF. By using (I4), we get 2'e®*(2 —e!) 72 =37 a,(,l)(ac)%. After some
elementary calculation in the above equation, we get

SR CEC O ]
m=0

Therefore,
2! i —2D)m ZS" = ia,f)(x)tn—n'.
m=0 ’

Since n < m, ST (z) = 0, we deduce the above equation

oo

ol Z ( S (- (_1)"15;(95))% _ agp(x)n_’:.

m=0 n=0

Comparing the coefficients of % on both sides of the above equation, we arrive at
the desired result. O

THEOREM 2.5. The following identity holds true:

21 ) > L(m k)2Dk(=1)" 5y, (x) = al) (x).
m=0 k=0
PROOF. By combining ([3)) with (23)), we arrive at the desired result. O

THEOREM 2.6. We have

n n n—j+1 n—j+1
n (1) 1 a1 n . '_l (1+l) —1

S (5)e i = e (e (-5 (F

= =

where [22]

ya(n, ks \) = 2k|z<>’wz<> YPAZI

PROOF. By using equation (L) in which [ is replaced by —I, we obtain

24) @ =3 ()l

Jj=0

Integrating both sides of (Z4) from 0 to 1 with respect to x, we get

1 n B 1
2.5 / a%_l) z)dr = (n) a(» 1)7"
(25) [t =3 (5)d i
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And also by integrating both sides of (10) in [10] from 0 to 1 with respect to
x, we get

(2.6) /01 a7 (x)dx = (20)!(-1)! zn: (;‘) Yo (j,l; —%) /Ol(x + )" dx

3=0
n Ly
— -1y (" 55 (! .
3 (o3 (=)
By combining ([Z3]) with (Z6]), we arrive at the desired result. O

THEOREM 2.7. The following identity holds true:
agll(x) = 2aV(z) + 20V (@ + 1) — 1oV (2 + 2).

Proor. By applymg ; derivative operator to equation (L4), we get the fol-
lowing functional equatlon

%Fa(t,z;l) =aF,(t,x; 1) + 2lF, (t,x + 1;14+ 1) — I F(t,z + 2; 1+ 1).

From this equation, we get

(2.7)

o0

" "
agzrl —*zZal) +212al+1)z+1 lZal+1)z+2 ok
n=0 n=0

Comparing the coefficients of % on both sides of the above equation, we arrive at
the desired result. O

THEOREM 2.8. The following identity holds true:
‘%(3-1( ) = zaV (x) +212( ) n j(:E—i—l)

Proor. By applymg 7 derivative operator to equation (L), we get the fol-
lowing functional equatlons

0
ot
From this equation, we obtain recurrence relations for the Fubini type polynomials

atz a® (z __;CZCN) +2zza<”x+1 H!ng(n)t
n=0

n=0

(2.8) Fo(t,x;1) = xFy(t,x;1) + 21Fo(t, x 4 1;1) Fy, (1)

Therefore,

ity = St a3 (3 (o)

n=0 n=0 j=0

Comparing the coefficients of % on both sides of the above equation, we arrive at
the desired result. O
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THEOREM 2.9. The following identity holds true:

ZN0)

Frnt (@) = all) (@) + anay) y (2) + 2nlal 7 (@ + 1) = nlay*) (@ +2).
T

PRrRoOOF. By applying the 5= derivative operator to equation ),

0

(2.9) gFa(t,x;l) = tF,(t, z;1).

By applying the % derivative operator to equation (Z9)),

(2.10) o F.(t,x;l) = F(t,z;1) + 8 —F,(t,x;1).
Ozt 8
By using this function with ([ZT]), we get the following functional equation:
92
57 Falt i) = Fa(t, o D)+t Fa(t, 2 1)+ 2Fo (8 0+ 1514 1) —LFo(f, 0+ 25 1+ 1)).

From this equation, we obtain another recurrence relation for the Fubini type poly-
nomials

o o'} . m o'} m o'}
2 Zafl)ﬂ(z)a = Zaﬁ)(w)a +xtza§f)(w>—

n=0 n=0
+ 21t Z al*(z + 1 — It Z al* V) (z + 2)
n=0 ! n=0

After some elementary calculation in the above equation, we get

n=0 n=0

+ 21 Z na(l+1) (x + 1

—1 Z na(l+1)(z + 2)—'

TL
n=0

Comparing the coefficients of % on both sides of the above equations, we arrive at
the desired result. O

THEOREM 2.10. The following identity holds true:

d
o oV, (@) = oD () + 2na? | +2nlz< > (ay) ;4 (z+1).

PRrROOF. By using ([Z8)and (2I0), we get the following functional equation:

82

9201 Fo(t,x;l) = Fu(t, o3 1) + t(aFo(t, 23 1) + 20, (t, x + 1; 1) Fy, (t)).
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From this equation, we obtain another recurrence relation for the Fubini type poly-
nomials

oz Z Ay (o Z W@ +wt2a”>
+21t2ag)(ﬂc+1)gzowg(n)t—

n=0
After some elementary calculation in the above equation, we get

(,%Z i ( Z (l) +xZna

n=0
n

+2z2( Z( ) 1)wgo) Wt D)o

7=0

Comparing the coefficients of % on both sides of the above equation, we arrive at
the desired result. O

3. Identities and relations using p-adic integrals

In this section, by applying p-adic integrals to the identities and formulas in
Section 2L we derive combinatorial sums, some new relations and identities includ-
ing specials numbers and polynomials and combinatorial sums. These identities
are related to the Fubini numbers and polynomials, the Bernoulli numbers and
polynomials, the Euler numbers and polynomials and the Stirling numbers.

It is time to give some applications of p-adic integrals in order to give combina-
torials sums including not only the Bernoulli numbers and polynomials, the Euler
numbers and polynomials, but also the Fubini numbers and polynomials and the
Stirling numbers.

By applying the Volkenborn integral to equation (ZI)) and combining with
(T), we arrive at the following theorem:

THEOREM 3.1.
2 /o )
(31) B,=2" <,)2J’(1)2l—j < ) 2l — )y ( > mial).

By applying the fermionic integral to equation (Z1]) and combining with (L3,
we arrive at the following theorem:

THEOREM 3.2.

n

(3.2) En=2"il0(2jl)2j( D* Y ( ) 2l — j)" ’"i("j)Em sl

m=0

By applying the Volkenborn integral to equation (31) in [9] Theorem 4.8,
p.1616] and combining with (L), we arrive at the following theorem:
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THEOREM 3.3.
n 21

(33) By=2">" S (-1y (231) (;)j!Sg(m,j) n;;n (" . m> Bp_m—ial.

m=0 j=0 i3

By applying the fermionic integral to equation (31) in [9, Theorem 4.8, p. 1616]
and combining with (L9, we arrive at the following theorem:

THEOREM 3.4.

(34) E,=2" zn: i(—l)j (2]1) (;)j!SQ(m,j) nim (" . m> Ep—m_ia”.

m=0 j=0 i=0
Combining (B1) with 3], we arrive at the following theorem:
THEOREM 3.5. The following identity holds true:

> i(l)j CO(2)asetmi 3 (™) Bammial

=0

21 n m
20\ . n m
= 27 (1) 20 — )" Bp_ial".
3 (5)re X (et () B
7=0 m=0 =0
Combining (3:2) with 4], we arrive at the following theorem:
THEOREM 3.6. The following identity holds true:

SO 1 R G P

m=0 j=0 1=0
21 921 ) on n m m
— Z (].)2](—1)2[] Z (m) (2[ _ j)nfm Z ( . )Em—iagl)'
7=0 m=0 =0
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