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Abstract

Here we consider the degenerate Bernstein polynomials as a degenerate version of Bernstein
polynomials, which are motivated by Simsek’s recent work ‘Generating functions for uni-
fication of the multidimensional Bernstein polynomials and their applications’ (Simsek in
Filomat 30(7):1683-1689, 2016, Math Methods Appl Sci 1-12, 2018) and Carlitz’s degen-
erate Bernoulli polynomials. We derived their generating function, symmetric identities,
recurrence relations, and some connections with generalized falling factorial polynomials,
higher-order degenerate Bernoulli polynomials and degenerate Stirling numbers of the sec-
ond kind.
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1 Introduction

For A € R, the degenerate Bernoulli polynomials of order k are defined by Carlitz as

k 00
t x t"
—— ] U+a)i = Zﬂfﬂ—', (see [4,5]). (1.1)
(1+xH)r —1 =0 n:
Note that limy ¢ ﬁr(lk))h (x) = B,(,k) (x) are the ordinary Bernoulli polynomials of order k

given by

t \¥ s "

Xt __ (k) .

(e’ — 1) et = EOBn (x)n!, (see [1,13,14]).
n=
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It is known that the Stirling numbers of the second kind are defined as
n
"= S D, (see [2,4.8,10]), (1.2)

=0

where (x); =x(x—1)---(x—=1[+1),(>=1), (x)o=1.
For A € R, the (x),,; is defined as

®ox =1 s =x =A@ =24)---(x = =DV, (n=1) (1.3)
In [8-10], (},), is defined as

<X> _ O X =M r = (= l)k)’ (n=1). (X> _1 (1.4)
A A

n n! n! 0

Thus, by (1.4), we get

(1+A)h = Z( ) L (] < 1), (see [7]). (1.5)

From (1.5), we note that

" y X . xX+y
S e

m=0

The degenerate Stirling numbers of the second kind are defined by

((1 + )»l‘)A - 1 Z S$2.(n, k)— (k> 0), (see [7,8]. 1.7
n=k

By (1.7), we easily get
}in%) S22(n, k) = Sa(n, k), (n >k >0), (see[8,10]).

In this paper, we use the following notation.

n

@@y =Y (Z)(x)k,x(y)n_k,x, (n = 0). (1.8)

k=0

The Bernstein polynomials of degree n is defined by

Bin(x) = (Z)xk(l — )" % n=k>0), (see[6,11,19]). (1.9)

Let C[0, 1] be the space of continuous functions on [0, 1]. The Bernstein operator of order
n for f is given by

By (f|x) = Zf ()x (1- Zf ) Bin (%), (1.10)

where n € NU {0} and f € CJO0, 1], (see [3,6,15]).
A Bernoulli trial involves performing a random experiment and noting whether a particular
event A occurs. The outcome of Bernoulli trial is said to be “success” if A occurs and a
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“failure” otherwise. The probability P, (k) of k successes in n independent Bernoulli trials
is given by the binomial probability law:

P, (k) = <Z)pk(l —p)" K fork=0,1,2,...,

From the definition of Bernstein polynomials we note that Bernstein basis is probability mass
of binomial distribution with parameter (1, x = p).

Here we would like to mention that in [18] the author studies the so-called Bernstein type
polynomials, which are different from our degenerate Bernstein polynomials, and derives
many interesting results on those polynomials.

Let us assume that the probability of success in an experiment is p. We wondered if we
can say the probability of success in the ninth trial is still p after failing eight times in a ten
trial experiment. Because there’s a psychological burden to be successful.

It seems plausible that the probability is less than p. This speculation motivated the study
of the degenerate Bernstein polynomials associated with the probability distribution.

In this paper, we consider the degenerate Bernstein polynomials as a degenerate version of
Bernstein polynomials. We derive their generating function, symmetric identities, recurrence
relations, and some connections with generalized falling factorial polynomials, higher-order
degenerate Bernoulli polynomials and degenerate Stirling numbers of the second kind.

2 Degenerate Bernstein polynomials

For & € Rand k, n € NU {0}, with k < n, we define the degenerate Bernstein polynomials
of degree n which are given by

B (x]2) = <Z>(X)k,x(1 = X)n—k,p, (x €0, 1]). 2.1

Note thatlimy ¢ Bg » (x|A) = By n(x), (0 < k < n).From (2.1), we derive the generating
function of By, (x|A), which are given by

n

ZBk (et = 5 <k>(x)m<1 — Onki
n=k

(x)k - 0
Z n — k)‘ x)n—k,)\t

3
~

(x)“ i xm etk

(x)k,\ kZ( )

(x)k A *
k!

()T 2.2)

Therefore, by (2.2), we obtain the following theorem.
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Theorem 2.1 Forx € [0,1]landk =0, 1,2, ..., we have

1 1-x ad "
GO A+ A T =3 B (xlA) .
’ n=k ’

From (2.1), we note that
n n
By (x]A) = (k) k(I = X) g = (n _ k) k(1 = X)pn—r,a.- (2.3)
By replacing x by 1 — x, we get
n
Bin(1 —x[A) = (n _ k)(l = )k n (ODn—k,n = Ba—k,n(x|2), 24

where n, k € NU {0}, with 0 < k < n.
Therefore, by (2.4), we obtain the following theorem.

Theorem 2.2 (Symmetric identities) For n, k € NU {0}, with k < n, and x € [0, 1], we have

By—kn(x|A) = Bk,n(l — x|A).

Now, we observe that

n—=k k+1
. Bin(x|2) + Bjy1,n(x[A)
n—k(n k+1 n
= (k) (e (1 = X)n—kn + T(k N 1>(x)k+1,)\(1 = X)n—k—1,1
(n —1)! (n — 1)
= m(x)k,x(l — X)n—k,x + m(ﬂk-&-l,k(l — X)n—k—1,1
={—-—x—0—k—DA)Brn-1(x|2) + (x — kA)Bg n—1(x|1)
= (1 +A(1 = n)) B n—1(x|A). (2.5

Therefore, by (2.5), we obtain the following theorem.
Theorem2.3 Fork e NU{0}, n e N, withk <n — 1, and x € [0, 1], we have
(n — k) B,n(x|A) + (k 4+ 1) Biy1,n(x|2) = (1 + A(1 — 1)) B n—1(x|1). (2.6)

From (2.1), we have

n—k+1 n—(k-—1r
( k )(1 —x—(n—k)x)Bk*"”(xm

_(n—k+1 n—(k—1xr .
- < k ) (1 —x—(n— k))»> (k — 1>(x)k—1,/\(1 = X)n—k+1,1

|
= ﬁ(m_m(l — Xn—kn = B (x|A). 2.7

Therefore, by (2.7), we obtain the following theorem.

Theorem 2.4 Forn,k € N, with k < n, we have

n—k+1 n—(k—1Dx _
( X ) (1 — —k))») Bi—1,0(x|A) = By n(x|1).
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For 0 < k < n, we get

(I —x—0—k—DMNBrp-1(x[2) + (x = (k = DA) Br—1,n-1(x|2)

—1
=(l—-x—n—k— 1))»)<n ‘ )(X)k,k(l — X)n—1—k,2

+ & — (k- 1)>~)< )(X)k 1 (L= X)n—k2

_(n-— 1 ) n—1 1
= ( k )(x)k,x( — X)n—k,x + (k B ])(x)k,k( = X)n—k,

_ n—1 n—1 | _(n | ’8
= (( L ) + (k B 1)) Okl = X)p—kp = <k>(x)k,x( — X)n—k,1- (2.8)

Therefore, by (2.8), we obtain the following theorem.
Theorem 2.5 (Recurrence formula). Fork,n € N, withk <n — 1, x € [0, 1], we have
(I—x—=0—k—=1DA)Brn-1(x|2) + (x — (k = DA)Br—1,n—1(x|A) = B n(x|A).

Remark 1 For n € N, we have

Z Bin(x]2) = Z <k><x>m(1—x>nu
k=0
n—1 n—1
—Z( )(xmu—x)n “—Z( L )(x)kH,A(l—x)n_l_k,x
k=0

- —1
= (x —k2) Z (n k )(X)k,x(l — Xno1oka = (x — kM) @ (1—x))" L.
k=0

Now, we observe that

é 8Bk,n(x|x> = ; ”;E’; = 3 (k> Ora(l— D
Zk(k ( )( Yer (1= X2
n(n -1
= Z (” B 2) Or(l = Ot
k=2 k=2

n—2
n—2
=> ( L >(x)k+2,/\(1 = X)n—2-k1
k=0

n—2
-2
— @k - kDD Y (" ) )(x)k,m — Dprine (29)

k=0

Similarly, we have

n (k n—i .
3 E,’;;Bk,n(xm = (= kR)is Y <” . ’)(x)k,m — nmikn
i k=0

k=i
= (x — k)5 (x @5 (1 —x))"0. (2.10)
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From (2.10), we note that
I =~ (7)
— ki =—--—--—— LB A, 2.11
(= kRip = kg 0 ko (X]0) (2.11)
where n,i € N, withi <n,and x € [0, 1].
Therefore, by (2.11), we obtain the following theorem.
Theorem 2.6 Forn,i € N, withi < n, and x € [0, 1], we have
L0
x—kN)j)=——""—"—— 2= B (x[A).
YT @ (1—x)) ,; "

From Theorem 2.1, we note that

k
ik s (O Y t 1ox
E(X)k,x(l + AT = X ((1 + At)* 1) (W) (I+ar)=

_ - " *)
= (k.a (ZSz,x(m,k)m!> (Zﬂ (1—x )

m=k

(x)HZ (Z ( >52/\(m bBY, —x)) d (2.12)
n=k \m=k
On the other hand,
(k.2 — "
- KA+ )T ZBk,n(xM)a. (2.13)

Therefore, by (2.12) and (2.13), we obtain the following theorem.
Theorem 2.7 For n, k € NU {0} withn > k, we have

Bin(x|) = (O Y (Z)Sz,x(m, KB, (1= x).
m=k

Let A be the shift difference operator with A f(x) = f(x + 1) — f(x). Then we easily
get

n _ . n _1\n—k
A" f(0) = /; <k>( 1) fk), (n e NU{0}). (2.14)
Let us take f(x) = (x)m.2, (m > 0). Then, by (2.14), we get
n “ n n—
A" () = kZ:(j) (k> (=1 k). (2.15)

For more details on (2.14) and (2.15), we let the reader refer to Chapter 7 of the book [12].
From (1.7), we note that

00 k
" 1 1 ko1
> S bt = (At 1) =) j( )(—1>k—’(1 +

n=k ' : 1=0

) k
1 k n
=Y (k' > <l>(_1)k1(1)"’k) % (2.16)

T 1=0
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Thus, by comparing the coefficients on both sides of (2.16), we have

k .
1, 1 k i Sy(n, k) if n >k,
— A% D D =17 2.17
A0 = k,2<l>( T Onr =1, - (2.17)
By (2.17), we get
1
— AK0),5 = Sp.(n, k), ifn > k. (2.18)

k!
From Theorem 7 and (2.18), we obtain the following corollary.

Corollary 2.8 Forn, k € NU {0} withn > k, we have
n
n\ Lk N
Bin(xl3) = (0 % (m)ﬂn_m,x(l =) A O

Now, we observe that

A+a0f = (A+F —1+1D" =) (;z) (a+20% - 1)k

k=0

= Z(x)k—((l want 1)
k=0

3

ee}

DY S, k);—",
0 n :

k=l =k

(Z(mszm k)) - 2.19)
n=0 \k=0

Mg

On the other hand,
o sx 00 P
1+ r)7 = 2(:) (2)%" = Z(:)(x),, a—, (At < D). (2.20)
n=! n=!

Therefore, by (2.19) and (2.20), we obtain the following theorem.

Theorem 2.9 Forn > 0, we have

Onx =D (OS2, k).
k=0

By Theorem 2.9, we easily get

(= kA)ip =Y (x —kA)Saa(i. D). (2.21)
=0

From Theorem 2.6, we have the following theorem.

Theorem 2.10 Forn,i € N, withi < n, and x € [0, 1], we have

n k
! (;) Bin(x|2).

— kS D = e )
Z(x )iS2,. (A, 1) (x @5 (1 —x))n—i ; (7)

=0
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