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Abstract: In this paper, we consider fully degenerate Daehee numbers and polynomials by using
degenerate logarithm function. We investigate some properties of these numbers and polynomials.
We also introduce higher-order multiple fully degenerate Daehee polynomials and numbers which
can be represented in terms of Riemann integrals on the interval [0,1]. Finally, we derive their

summation formulae.
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1. Introduction

The generalizations of special polynomials have been one of the most emerging
research fields in mathematical analysis and extensively investigated in order to find
interesting identities and relations. Applications of the generalized special polynomials
arise in problems of number theory, combinatorics, mathematical physics and other sub-
areas of pure and applied mathematics provide motivation for introducing a new class of
generalized polynomials. For example, some special polynomials occur in probability as
the Edgeworth series; in combinatorics, they arise in the umbral calculus as an example
of an Appell sequence which plays an important role in various problems connected with
functional equations, interpolation problems, approximation theory, summation methods;
in numerical analysis, they play a role in Gaussian quadrature; and in physics, they appear
in quantum mechanical and optical beam transport problems. (see [1] for detail).

Recently, many mathematicians as the systematic study of degenerate versions of
some special polynomials and numbers (see Kim-Kim [2—-4], Kim et al. [5], Khan et al. [6-8],
and Sharma et al. [9]) have been established due to Carlitz’s degenerate version of Bernoulli
polynomials given by (see [10,11])

0 14
Y Biall) S = ———(1+ )i, (A eR-{0}), M
(=0 o (14+Aw)x =1

and the degenerate Bernoulli polynomials of higher order are also given by

“ r Ly g
—— | (I +Aw)r = ) )
((1-1—/\(4))/\_1) ( w) ;}ﬁl)\(g) )
with the case
tim B7)(0) = B (@) (=2 0), o
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where B](r) (¢) are the Bernoulli polynomials of higher order.

For any A € R—{0}, degenerate version of the exponential function ei (w) is defined
as (see [2,3,6-8,10,11])

o0 (Uf

&§ (w) = (14 Aw)t = Z(C)mﬁ, @)

(=0
where ({)gr =1and ({)pr =¢(—A)--- (L — (L —1)A) for £ > 1, (see [2-7,10,12]). It is
obvious that limy_, eg(w) = ¢v. Additionally, we note that e} (w) := e, (w).

The generating functions of the degenerating Stirling numbers of the first and second
kinds are defined by

1 > Wl
(logA (1+w)) 251,\ j k) ,— and — ( (w) — 1)k = ZSZ,A(]/k)ﬁ (5)
! ~ !

where

(1+w)* =1

.

which is the inverse of degenerate exponential function (see [4,6]).
Roman [13] defined the Bernoulli polynomials of the second kind given by means of

the following generating function:

log, (1+w) = (6)

w
mlw Zbg 7)

From (3) and (7), we note that, see [8,14].
b(2) =B (C+1), (£20),

It is well known from [2] that

14

k
w (k) w
(logA(1+w)) (1+w)® };B 07 (ke 8)

where B%) (¢) are called A-analogue of Bernoulli polynomials of higher order given via the

following generating function:
[ [ee]
w tw _ (&) oy W
()\e‘*’ —1> e —];)Bm (@

In [2], the degenerate Bernoulli polynomials of the second kind are defined by

w?

w

Note that
lim b\ (§) = be(2), (¢ >0).
—0

The Daehee polynomials are known as, (see [7-9]).

log(1+ w) C B
T Z D;( , (10)

]l

In the case when { = 0, D; = D;(0) are called the Daehee numbers. The Equation (10)
will be our main focus to proceed its fully degenerate version with their identities and
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properties with Section 2. In Section 3, we consider multiple fully degenerate Daehee
polynomials of higher order which can be represented in terms of Riemann integrals on
the interval [0, 1]. We derive their identities and properties among some other polynomials
which will be mentioned in the next sections.

2. Fully Degenerating Daehee Numbers and Polynomials
Recall from Equation (6) that

(1+w)* -1
A

27\] Dia—

log, (1+ w) (11)
wl

i

where
1 2

Wi == D= 2) (1= (~1)7).

In the case A approaches to 0, we see that the Equation (11) turns out to be classical
one as follows:

hm log)\ (14 w) Z = log(1+ w).

Note thate, (log, (w)) = log, (ex (w)) = w. By making use of Equation (11), Kim et al. [5]
introduced the new type of degenerate Daehee polynomials as follows:

(<) V4 1
Y D@9 = BT (12)
=0 . w
1
- W/O (1 + w)M*Edy. (13)

At the value { = 0, Dj\ = D;»(0) are called the degenerate Daehee numbers. Moti-
vated by (12) and (13), we give the following definition.

Definition 1. Let A € R—{0}. The fully degenerating Daehee polynomials are defined by means
of the following generating function:

o j
Zd.A(Q‘% = weilogﬂlﬂu)_ (14)

Then, from (13), we see that

[eS) ] 1

Note that, limy 0 d;1(¢) = d;(¢), (j > 0). We note that { = 0,d;, := d;;(0) are
called the new type of fully degenerate Daehee numbers. The following identity will be
useful for proving next theorem already known in [2]:

W'
eGlog, (14+w) _ Z{Z Sia(e, k)g } ik (16)

=0 L k=0
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Theorem 1. Let j > 0, the following identity holds true:

0) :ri ; (it

Proof. It is proved by using (11) that
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By comparing the coefficients of ! on the above, we get the proof of this theorem. [

Theorem 2. For j > 0, we have

j 1 i
— L 1 Z<>/V 'Sy (j =i+ 1,151l k). (17)
b Bk e
Proof. By using (11), we get
o 7 wl log(1+w) (1 .
Zdj,/\(g)]T = %/0 (1+w)A7d17€€10gA(1+)
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j=0

I 1 joj—i+l g . . wl
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1 i=0 r=1 k=0

Thus, we get the result. O

From (1), we note that

r _ w eCw: = I ] r &J
(Z:B])\ )(Zg r'>_ ex(w) — 1 ;(g()ﬁ] r)\g> i (18)
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Theorem 3. For j > 0, we have

:ii<>ﬁz 18 S ). (19)

Proof. By replacing w by log), (14 w) in (18), we get

log)(1+@) eiogy(140) — 3= 3 ( , (log, (1+ @)’

Te gy (14 Zzorzo()ﬁzr(.l' (20)
Z ().Bl r)»g 251/\ ]/
i=0r=0
(o] ] i . .
Z(ZZ Bi-ral 1A )) “.
j=0 \i=0r=0 !

On the other hand,

log, (1 +w) ol log, (14+w) _ w]
T A Z d ]' .

Therefore, by (20) and (21), we obtain the required result. O

(21)

Theorem 4. For j > 0, we have

.
Bip =Y da(2)So(,7).
r=0
Proof. By replacing w by e, (w) — 1in (11), we get

L)e&u — i d”m(g)w
r=0

er(w)—1 r!

© (. . wl
=Y | X da@SaG,r) | 5 (22)
j=0 s
By using (18) and (22), we conclude the proof. O

Theorem 5. For j > 0, we have

io(]) Ta(C =Z(>:X;Xi:0r+lé - 4rS1(0 ).

i=0 k

Proof. By using (11), we note that

1 log, (14 w)
At Clog) (1+w) _ w &A {log, (1+w)
/0 (1+ w)™dny 58 Tog(1 1 @) 5 1082

[ee] ] . B w'
- ,;) (;} @ bfrdr,A(O) ].!]- (23)
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On the other hand, we have

o A (log(1+ w))" ¢ i (log, 1+w))
(r+1)! ZC

0 r=0

XN 2w &R W
=) 251(],1')% Z@kzsl,?\(lfk)%
S k=0 i=k

r:0r+1]’:r
o ar .
=) Y S1(j,7) Z€ Zsmlk
j:0r+1r:0
o (] LT j
zz<z (l) Zz S iirS1al, k)>“’,. (24)
j=0 \i=0 r=0k= /
O

Thus, by (23) and (24), we arrive at the required the proof.

3. New Type of Higher-Order Fully Degenerating Daehee Numbers and Polynomials
Let us define the new type of fully degenerate Daehee polynomials of order r (€ N)
- x [0,1]:

by the following multiple Riemann integral on the interval [0,1] x [0,1] X
k-times

(25)

<1°g(1w+ w)>’/0'1 . /0'1(1 F MGt gz, . dg, logn(i+w)

log,(1+w)\" ;1 w o w!
= (g)t(w)> ollog) (1+w) — Z(:),{](r)z(g)i

In the case when { = 0, d~](,) ~](r)3( ) are called the new type of fully degenerate

Daehee numbers of the order r.

Theorem 6. For j > 0, we have

:i(>zﬂmwmmﬁ

k=0 0

Proof. From (25), we note that

(log)\(l + w) ) reélogA(1+w)
w

o] ; ]'oo 1 ,
:Zd}z,—'zflg(logAler Zd‘M . Zg ZSMkz
Zﬂf Z?Z&Ah

= i(i ( ) ngl)\ k l)d~]( )k)\sl)\(]f )> C]d]

k=0

Thus, by comparing the coefficients of ‘;’—‘] on the above, we obtain the result
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Theorem 7. For n > 0, we have

i i, '
no-xx () S“Efj)r”)akslm k).

(£ 225 (B Lesaons)

i=0 (ltr)
-S(2E () j/'%ksuo—z ).
i=0k=0 )

Therefore, by comparing the coefficients of " on the above, we arrive at the desired
result. [

Theorem 8. For j > 0, we have

»
3 (0)prnst = Dl @ssation

=0

Proof. By replacing w by e, (w) — 1 in (25), we get

E i) (ea(w) = 1) w "
Lo G = (i) ¢
S I T Bt
= Jtizo !
AV
—Jg @O (l) ﬁ]—l,A€> i (26)

On the other hand, we have

0 11 =) =] j
I e W (G N
i=0 : i=0 j=i

:Z(Zd 52“,4)> ‘]"] (27)

By (26) and (27), we complete the proof. [

(‘W“;_l)re@’ = ]2 (io ( )ﬁ; mé’) (28)

From (2), we get
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Theorem 9. For j > 0, we have
GHOED DY (Z) By gnl7S11 0, ).

Proof. By changing f to log, (1 + t) in (28), we get

(W)’eao&mw) Yy @ 8, agrhog L@l

w p=04—0 p!
(o] p p 00 ‘
=L <q)ﬁpq,A§q Y. S1alip) =
i=r

o (j P '
= Z(Z Y (Z) ﬁpq,Aéqsl,A(j,m) ‘;’,] (29)

p=04=0
In view of (25) and (29), we get the result. O

Theorem 10. For j > 0, we have

Joa i
= ]> AP ( P ) ! Si(i
lg()(Z PZ:O ‘71+~Z+‘7r:}7 qi,- - ,4r (‘71+1)(’7r+1) l(’p)
ji
X Y 051G — i k).
k=0
Proof. From (25), we see that

/1 o /1(1 + w)MetH)gr . g7t 1o (1+w)
0 0

_ w "(loga(1+ @)\ 10, (14w) (k=r+1) @° = (1)
_(10g(1+aJ>) ( w ) i ZB K Z (C)]'

1) 4ir) w/
_ Z(%(k) (r=r) 0 kA(g)) T (30)

On the other hand, we have
/1 . /1(1 + w)/\(§1+~~+§r)d€1 .. .dCreélog/\(l—&-w)
0 0

Y R NGERRER L P Zé"M
p=0 k!

[e9)
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i

1 d w
= AP ( p > S1(i,p)—
r;) q1+'“2+{h:;7 1, qr (q1+1)(qr+1) i;p 1( p) 7!

ad ] k . a)]
x Y N *Sia( k)=
j=0k=0

i

[eS) 1 . é
B A ( ’ ) S1(i,p) =
l:Op;O ‘71+Z+£]r:p ql’... /qr (q]+1)"'(qr+l Z 1 p il

x Y Y TSGR
j=0k=0
- J;Ji;o <1> pz:() fh+-~-z+qr:p (‘11/' . /‘7r> @+ (g +1)7" o)
j—i j
x Zéksl,A<j—i,k>‘;.i,. (31)
k=0 :

Therefore, by (30) and (31), we get the result. [

Theorem 11. The following relationship holds true

j
Z ; (p)SM 9.k)" /01()\(@1+“'+§r))pd€1"'dCr

j .
] k—r+1) 3(r
_y ( k) B0, (@),

k=0

Proof. From (25), we see that

/1 e /1(1 + w)/\(€1+"'+§r)d€'1 .. .dgreélogA(Hw)
0 0

_ w "(log,(1+w)\’ oL1og, (14+w) _ 3 plk=r+1) )
B <10g(1+w)) < w ! = L5 k! ;

k=0

7!

_ Z (ZO (k) (k— r+l)d~](r)k/\(€)> ﬁ] (32)

On the other hand, we have

/01 o /01(1 + )Mt H)gr . gz ,ef1o8 (1+w)
0 1 1 wP & q
=X [ f (e Dt Y Y sk e
Z
k=0

o ] j-p 1 w]
:Z(;Z <p)5u(11r k)Zk /0 (?\(él+~~~+€r))pd§1-~~d§rj—!. (33)

Thus, by (32) and (33), we complete the proof. O
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Theorem 12. For j > 0, we have
i (¢ k () g0 ;
o-x (] )p}:@ T (g A s )
=0 1 r=
Proof. From (25), we note that
Z ~(r)(g) w|J _ (logA(l +W)>reg1ogA(1+w)
j= J: @
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w w
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S k > O ONC
<k§m+~z+qr_k (’11/' c,qr) AT AL
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j=0p=0 I
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=0 \k=0 N/ p=0 gy g=k N1 Y I
In view of (34), we complete the proof. [J
Theorem 13. For n > 0, we have
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3 ) IR S (2,7 y
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© ] § Wl
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xY ¢ SllA(]—l,k)],—'. (35)
k=0 :

Thus we get what we want. [0

Theorem 14. For j > 0, we have

i Z () i lAngl/\(l k).

0k=0

])\

Proof. From 25, we note that

[ ] r
Zj](,;’)(g)‘% _ <10g?\(1+w)> eGlog, (1+w)

w

(B (EEesent)

o0 jooi ; ) w]
=Yy (]> d](.r_)l. ALES1AGLK) ) = (36)
j=0 \i=0k=0 \! ’ J:
Therefore, by (25) and (36), we complete the proof. [

Theorem 15. Forr, k € N, with r > k, we have

P
0 =3 ()46 0

Proof. Since

) w) log,(1+w)\" w
Zdw(é)]ﬁ = (g)\(w)> eloan1+e),
=0 ‘

we have

_ <10g/\(1 + w) ) ok (IOgA(l +w) > keClog/\(ler)

w w

- (Eas) (Eamws)
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-y (Z ( )d”” Y %(C)) < 37)

j=0 \i=0 ]!
Therefore, by (25) and (37), we obtain the result. 0O
Theorem 16. For j > 0, we have
20 -
AG+) = Z )y ( > kA (DS (kPP

k=0 p=0

Proof. Now, we observe that
w

- (Eney)(E(ssenr)i)

k=0 \p

i 4 (T + 17)“’! - (k’gA(lJ““’)) re(ﬁn)logA(Hw)

IRz y
= Z(Z Z (]]()j]('r_)k,/\@)slr/\(k,p)ﬂp) 7]

1
j=0 \k=0 p=0 J:

f“”

Equating the coefficients of % on both sides of the above, we get the result. [

4. Conclusions and Observation

Motivated by [2], we have defined fully degenerating Daehee polynomials, which
turn out to be classical ones in the special cases, as follows:

i w’ 10g(1w+ w) /1(1 + w)Mdy eflosa(1+w)
j=0 0

By making use of this generating function, we derived some new explicit expressions
and identities. Later, we have considered multiple point of view this generating function
as follows:

j L} 1
2 %’)(g)w - <log(1 - w)> /0 e /0 (14 w)Mat+8)gr, ... dg, eflosr(1+w)

j=0 It «“

_ <1°gA(1 +w) > reglogA(1+w)

w

by virtue of which we obtained some new identities, equalities and properties. Seemingly,
the new generalizations, methods and applications for special polynomials involve some
known special polynomials, such as Bernoulli polynomials, Euler polynomials, Genocchi
polynomials, Frobenius-Euler polynomials, Daehee polynomials, and Changee polynomi-
als, and these will be continued because they have interesting relations in mathematical
physics and statistics.
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