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TWO VARIABLE HIGHER-ORDER GENERALIZED
FUBINI POLYNOMIALS

Nejla Ozmen, Yahya Cin, and Muhammet Agca

ABSTRACT. This article attempts to present two variable higher-order general-
ized Fubini polynomials Ng))\ (z,y). The results obtained here include various
families of multilinear and multilateral generating functions, various proper-
ties, as well as some special cases for two variable higher-order generalized

(r)

Fubini polynomials N, { (z,y). Finally, we get several interesting results of
this two variable higher-order generalized Fubini polynomials and obtain an
integral representation.

1. Introduction

Generating functions branch a prominent part in the exploration of colorful
useful parcels of the rows which they induce. They are used in chancing certain
parcels and formulas for numbers and polynomials in a very diverse disquisition
subjects, really, in modern combinatorics. For a regular preface to, and several
interesting operations of the various styles of carrying direct, bilinear, bilateral or
mixed multilateral generating functions for a quite wide kind of rows of special
functions (and polynomials) in one, two and more variables, among important am-
ple literature, we relate to the expansive study by Srivastava and Manocha [17].
There are numerous studies deal with polynomials and their generating functions.
A many of references to special polynomials and their generating functions are pass
in the monographs [8]- [16]. Looking at it the other way, generating functions have
some applications in many fields similar to applied mathematics, algebra, statistics,
combinatorics, and physics. The Fubini-type polynomials happen in combinatorial
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mathematics and play a significant part in the proposition and operation of math-
ematics, therefore numerous number proposition and combinatorics experts have
remarkably studied their parcels and attained series of fascinating results [1]- [9].

Special functions and figures have important places in colorful classification of
mathematics, theoretical drugs, and engineering. The problems occurring in fine
drugs and engineering are framed in terms of dicriminational equations . Utmost of
these equations can only be treated by using colorful families of special polynomials
which give new means of fine analysis. They are extensively used in computational
models of scientific and engineering problems. Additionally, these special polyno-
mials enable the derivate of different useful individualities in a fairly simple way
and help in introducing new families of special polynomials. Throughout this com-
position, we use the coming after memos and delineations.

Let N={1,2,3,---} and Ng = NU {0}, Z denotes the set of integer numbers,
R express the set of real numbers and C express the set of complex numbers. We
originally flash back the classical two variable Fubini polynomials by the following
generating function [1], [2], [6]- [9]:
xt

i tr e
(1.1) ;Nn(%?})a STy =)

While z = 0 in (1.1), the two-variable Fubini polynomials N, (z,y) reduce to the
normal Fubini polynomials given by [1], [2], [6]- [9]:

— tn 1
(1.2) T;)Nn(y)a STy —1)

Substituting y by in (1.2), we have the known Fubini numbers N, (1) := N, as
follows [1], [2], [6]- [9]:

" 1
7;0 Mo nl 2—et’
For more information about the applications of the normal Fubini polynomials and
numbers, [1], [2], [6]- [9], and see also the references cited therein. Let us give a
short list of these polynomials and numbers as follows [10]:

No(y) =1, Ni(y) =y, Na(y) =y +2y°, Na(y) =y +6y” +6y°,
Ni(y) = y + 1492 + 363> + 24y,
No=1, Ny =1, Ny =3, N3(y) =13, Ny(y) =75.
The two variable Fubini polynomials N,ﬁ’"’ (z,y) of order r are defined by

o0 tn
YN (2,y) = = °
= n!

11—y —1)

where r is a positive integer.
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Here, in this paper y will be an discretionary but fixed real number in order
that N,\" (z,y) are polynomials in = for each fixed y. Note here that

N (zy) ~ (1—y (" =1))" 1)

Especially, if » = 1, then N, (z,y) = N (z,y) are named two variable Fubini
polynomials and they were introduced by Kargin in [1].

This paper enterprises with the following main objectives:

o Carrying theorems giving multilinear and multilateral generating function
relations for the two variable advanced order generalized Fubini polynomials and
agitating their special cases.

o Inferring colorful rush relations for the two variable advanced-order general-
ized Fubini polynomials.

We now define the the two variable higher-order generalized Fubini polynomials
as follows.

2. Two variable higher-order generalized Fubini polynomials

Now we attain new generating function for the two variable higher-order gen-

eralized Fubini polynomials Nér))\ (z,y).

DEFINITION 2.1. The two variable higher-order generalized Fubini polynomials
NT(LT))\ (z,y) are defined via the following exponential generating function:

tn 6)\371‘,

oo r)
@1) 2 MR = T e

For some special cases of (2.1), we have
N () = N () and N7 (0,9) = N ().

We can rewrite (2.1) as

’I’L

SN = (=)
> A”t" > (Azt)"
= LN 2
- (r) n+h$ tn+h
B nZOhZON" YA nlh!
- SN, e
== n—h (n — h)!h!

n=0

(0N ) vynon| B

h=0

5
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Comparison the coefficient of ¢"/n! yields
(r = n T) n _.h

THEOREM 2.1. Formula holds for the two-variable higher-order generalized Fu-
bini polynomials Nér))\ (z,y):

I8 T - n T T
(2.2) N (g1 4as,y) = Y (h> N (21, )N (a2, ).
h=0

PROOF. Replacing r by r; + ro and x by x;+2z2 in (2.1), we get

ri4r tm 6)\(11+I2)t
ZN( 1+ 2) I1+I27y)—' — e
@y
e it eAzat
T -y -1)” (1 —y(eM —1))"
] i i th
= Zfoi)(xhy)n ZN,](;)(@,@,)M
n=0 h=0
n+h
- (1) (r2) t
- ;);)NM 2 N (2 V) T
r r tn
= 33 (3) MmN e
n=0 h=0 :
the last equality which is the required proof. O

3. Generating function for two variable higher-order generalized Fubini
polynomials

In this part of the study, first of all we acquire a few families of bilinear and
bilateral generating functions for the two variable higher-order generalized Fubini

polynomials NT(LZ)\ (z,y) which are generated by (2.1) and given clearly by (2.2) by
using the similar way technique in [11]- [16].

THEOREM 3.1. Let

[n/p] h
7 §
(3.1) 9535 (T, Y5 Y1y Us; € Z apN, ph 2 (z, y)Qquwh (Y155 Us) m7
(an #0).

If

A (01, o U3 €] =D an Qg (91, -, 1, )E", (an # 0)
h=0
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then, for every non negative integer p we have

> Azt

N\ n e
(32) > emy (I Y5 Y1s s U ﬁ) "= e 1))7~Au,w (Y15 s Y53 ] -
n=0

PRrROOF. If we express the left-hand side of (3.2) by T" and use (3.1),

oo [n/p] —ph
P
T= Z Z ath(L )ph)\ (@, ) Quypn (Y1, -, ys)ﬁhm~
n=0 h=0 phy:

Replacing n by n + ph

tn
T = ZZGhNTS)\ (E y ,u+'¢1h(y17‘“7y )nh

n=0 h=0

= ZNfﬁ(x, y)— Zahgy+wh(yla' Lyn”
n=0 " h=0

e)\zt

= A U T

(1—y(€)‘t—1))r o, [ylv 7ys777]
which finishes proof. O

By using alike thought, we as well as attain the next result instantaneously.

THEOREM 3.2. Corresponding to an identically non-vanishing function
Qu(y1,---,ys) of r complex variables yi,...,y, (s € N) and of complex order p,v
let

AZ}L ($1+I2, YUy Yss t)
[n/p]
= Z an Ny (@, 9) Qo (91, y)  (an #0)

and the notation [n/p] means the greatest integer less than or equal n/p. Then, for
p € N, we have

n /D)

n—pr r r

(33) ZZ( D) N8 (010 N ) D )

h —
= A (x1+x27y7y17"'7ys;t)

on condition that each member of (3.3) exists.

PROOF. Let T express the first member of the claim (3.3). Then, upon sub-
stituting for the polynomials Néi{ﬂé) (z1422,y) from the (2.2) into the left hand
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side of (3.3), we attain

(k/p] n—pr

n-— r ™ r

T = > > < > AN pm(l’l,y)Né,f)(I2,y)9u+wr(y1,---,ys)t
r=0 h=0

[n/p] n—pr
n—pr r r r
= > a (Z ( L )N( e (1, 9) N (962731)) Qpuyr (Y155 y) t

=0 h—=0
[n/p]
= Zar nrl;r,z\ (T1+22, ¥) Quggr (Y1, -, ¥)

= AM,Z($1+xz7y,y1,---7ys;t)-

4. Further properties of NT(LT))\ (z,y) and some applications

Now we discuss some applications of Theorem 3.1 and Theorem 3.2. If the
multivarible function Qi (v1,...y,) s € N is expressed in terms of simplicity
functions of one and more variables, then we can give further applications of the
above theorems.

For example, taking

Quvon (1,192 = %, (1, 9)

in Theorem 3.1, where the multivarible polynomials ® J2¢h (y1,...,y,) are gener-
ated by (see [11])
(4.1) Z B (g, .., x )t = (1 — mt)” “elmt Tzt

(aec. < {lnl"}).

we attain the following result, which provides a bilateral generating function for

multivariable polynomials <I>£La) (z1,...,2z,) and two variable higher-order general-
ized Fubini polynomials NTET))\ (z,y).
COROLLARY 4.1. If
oo
Au,w [yla-"ays;g] = Zahfbgﬁwh (ylv""ys)ghv
h=0

(ah 7£ 0, w9y € C)
and
[n/p]

h
W (g &) . = €
OLY (z,y;y1... ys;€) - Z anN, p,, A& ) Qugpn (1,5 ) = ph)’

(nENo,pEN)
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then we have
Azt

. SUAPH ¢ .
(4.2) Z%@’n,if (af Yiyr,. Yss t;) il T v 1))TA,W [Y1, s Y3 71]

on condition that each member of (4.2) exists.
REMARK 4.1. Using (4.1) and taking
=1 (heNy), p=0and =1
in Corollary 4.1, we find that

oo [n/p]
Z SN @) (g, ) gt
n=0 h=0
e)\;vt Y »
T d—y(eM-1) (1= yum) ™ elvztrtvn, (\77| <lml ) :

If we choose

r=2 and Qurpn (y1,92) = N (41, 92)
in Theorem 3.1, then we have the following bilinear generating functions
N,E:_)wh,,\(ylv Ya)-

COROLLARY 4.2. If
AM!/J y17y21 Zah lH"lZ’h)\ ylvyz)fh

(an #0, p, ¥ €C)

and
[n/p] o o .
LY (, 451, 12:€) = D U«hNnr_ph,A(x7y)N;A:-wh,A(ylayQ)m
h=0
(TL € NOa pE N)
then we have
.- ) n erwt
- Ofif (o mi ) " = Ay 91, 1
( ) 7;) np \ T YY1, Y2 tp (1 — y(e)‘t — 1)) 1, [y1 Yo 77}

on condition that each member of (4.3) exist.
REMARK 4.2. Using (2.1) and taking
=1(keNg), pu=0and =1
in Corollary 4.2, we find that

oo [n/p] hyn—ph

(r (r n
Z Z N, )ph N )Nh,i (Y1, 92) m

n=0 h=0

187
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ezt e i
(=g (M 1) (=g (et —1))"

If we choose

r=2and Quipn (y1,52) = N2 (41,92)
in Theorem 3.2, then we have the following bilinear generating functions
NIE:S@)z,h’)\(yl,W)-
COROLLARY 4.3. If
ALY (a1+22; 5 Y1, Yos )

(n/p]
_ Z a Néﬁp—i;z‘zQ I1+$27y)N;51312;h7/\ (yl,yQ) th

(ah%ov /L,?/JE(C)

then, we have

n n—pr r
33 ()N 0 ) N ) N

h=0 r=0
= AZ:Z (Zl+l’2, Y591, Y23 t) .

Moreover for every convenient choice of the coefficients aj, (h € Np) if the mul-
tivarible functions €,y (y1,...,9,), s € N are expressed as an suitable product
of several simpler functions, the claim of Theorem 3.1 and Theorem 3.2 can be
applied in order to derive various families of multilinear and multilateral gener-
ating functions for the two variable higher-order generalized Fubini polynomials

N ().
THEOREM 4.1. Forr >1 andn > 1, we have
0 r r
(4.4) 5N (@ y) = N, (2. y).
PRrROOF. By (2.1), we have

5 0 - m _ ) 6>\zt
o (Z Nn)/\(zr,y)n!> = oz ((1 —y (e — 1))r>

n=0

Azt

=9 () t" e
ZiNn)\(I7y)7 = M T
— Oz n! (1—y(eM—1))

tn+1

= )\ZNT(K (z y)
n=0

(r) t"
= )\ZN 1>\$y(n71)!.
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Especially, for n = 0, we get

N (z,y) =

and

(4.5)

=9 (7- t
N b
7;1 ax n7 '

9
- No (2,9) = 0

_ (7) "
)\ZN ( -t

O

Comparison the coefficients on both sides of (4.5), we attain the following

theorem.

THEOREM 4.2. Forr >

(1+y) a9

Proor. By (2.1), we have

1 andn >

0, we have

0

izN(r))\( ,y)tn _ . Azt (]_ e)\t) 7
e ! (1—y(eM—1)"""
1 At 1 - a N(T) tn
( —y(e - ))Zay nA(x y)ﬁ
n=0
_ o (1) ) (4, ) ()"
= —rngONn’)\( —&—T;};}N —' o
. ., ()"
(1+79) Z N,Ei yZZa N )5 OO
n= 0 n=0 h=0 Yy hl
r (Mt e tn
DD I (RS o7 L
n=0 h=0 ! n=0 .
(r L h r) "
Za N n! y;};f M) G
B (r) SN
(4.6) ;),;)A N, (, y)( h)'h' ;Nn)\(x,y)m.
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Comparison the coeflicients on both sides of (4.6),

o 0 o
(1+y)3ny yz< )Ah N, ()
TINN —rN)

nfh,A(‘x?y) r n7)\($;y)7

N (@, y) + N, y)

e () he ) - B0 o
- Tz<h>>\ Nn—h,/\(xay)+y};)< )A ayNn h)\( 5y)

so the proof is complete. O

THEOREM 4.3. For n > 0, we have
Nrgi)lA( ):AlﬁNé 33?/ +y7‘z< )Nér)hA Iy)Nh (171/)‘|~

PROOF. If we take the derivative of (2.1), with respect to ¢ either sides of the
expression, we have

d > ) t" d et

- N - - =

dt <n=o W(”’y)n!) dt ((1 e —1) )’
e n—1

Y N () (Tf_ ol

n=1

e)x:ct eA:ct e>\t
Y 1y . ,
gy Ty )y G-y (e -1)

tn
§ : n+1)\

> . tn , nth
= )\xZNfL’;(x,y)ﬁ—kyMZZN(AxyNhA(l y)— il
n=0 ’

n=0 h=0

71

2: n+1)\ 7|

(oo} tn

= XY Nz, y) +y/\7'ZZN(T—)h/\(I DN (L) E

n=0 n=0 h=0
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n

Z o)
- )‘fUZNéT/i( —|—y)\rzz< > poa (T Y) N (1, y)tn

n=0 n=0 h=0

On equating like powers of ¢t /n! on both sides in the above expression and

alter some simplification we arrive at our desired result. ([

THEOREM 4.4. The following integral representation

N™
(47) /N’I(LT))\('Z.7 y)dm — ”Jrl A(’B’ ) n+1 )\( ay) .

Aln+1)

PROOF. From (4.4), we derive that
B
/Nr)a:y :/ N (z,y)dz
Al A(n+1) 81: ntLA
«

- n+1 /ax "*1’\xy)d

m{ 751)1/\(6’ y) — N¢E+)1 ,\(a,y)}

which means the asserted result (4.7). O
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