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  Abstract 
Numerous polynomial variations and their extensions have been explored exten-
sively and found applications in a variety of research fields. In 2019, T. Kim and 
D. Kim defined the type 2 Daehee polynomials by the generating function of the 
type 2 Bernoulli polynomials and express the central factorial numbers of the 
second kind in terms of type 2 Bernoulli and type 2 Daehee numbers of negative 
integral orders. In this paper, we define the generating function of the high-order 
degenerate type 2 Daehee polynomials, then we study the high-order degenerate 
type 2 Daehee numbers and polynomials by using the method of generating func-
tion and Riordon array. First, applying generating functions methods, we obtain 
some character involving the high-order degenerate type 2 Daehee polynomials. 
In addition, we establish some new equations and relations involving two classes 
of generalized Stirling numbers, generalized Lah numbers, high-order type 2 
Bernoulli polynomials, the central factorial numbers of the second kind, genera-
lized Harmonic numbers and so on. 
 
Keywords 
High-order degenerate type 2 Daehee numbers and polynomials, Generalized stirl-
ing numbers, Generalized Lah numbers, High-order type 2 Bernoulli polynomials, 
Generalized harmonic numbers, The bell numbers 

 
1. Introduction 

In recent years, many mathematicians have studied various degenerate versions of Daehee polynomials and numbers, 
obtaining many arithmetic and combinatorial results [1-4]. In reference [5], Taekyun Kim firstly defined type 2 Daehee 
polynomials and numbers and derived a series of identities about type 2 Daehee polynomials and numbers. The 
high-order type 2 Daehee polynomials which are defined by the generating function as follows [5]: 
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when ( ) ( )0, (0)r r
n nx d d= =  is called high-order type 2 Daehee numbers. 

Motivated by the works of Kim [6], we define the high-order degenerate type 2 Daehee polynomials. 
Definition 1.1 Let n  be a non-negative integer, λ  be a real number, 0r ≥  is an integer. The high-order degene-

rate type 2 Daehee polynomials are given by means of the following generating function: 
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when ( ) ( )
, ,0, (0)r r

n nx d dλ λ= =  is called high-order degenerate type 2 Daehee numbers. 
The generating functions of the relevant special combinatorial sequences involved in this paper are as follows [1-16]: 
The Stirling numbers of the first kind and the second kind are defined by 
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The generalized Stirling numbers of the first kind and the second kind are defined by 
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The degenerate Stirling numbers of the first kind and the second kind are defined by 
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The generalized Lah numbers are defined by the generating function 
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For integer , 1n h ≥ , the combinatorial numbers are defined by 
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The generalized Harmonic numbers are given by the generating function 
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The higher-order type 2 Bernoulli polynomials are given by the generating function 
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The second class of Bernoulli polynomials is given by the generating function 
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The central factorial numbers of the second kind are defined by 
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The Bell numbers of the first kind and the second kind are defined by 
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Lemma 2 Let ,f g  be functions defined on the set of positive integers, then we have the following inversion formula 
[16] 
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2. Properties about High-Order Degenerate Type 2 Daehee Numbers and Polynomials 
This section derives some properties of high-order degenerate type 2 Daehee numbers and polynomials using the ge-

nerating function and the method of taking coefficients. 
Theorem 2.1 For non-negative integer 𝑛𝑛, integer 𝑟𝑟𝑖𝑖 ≥ 0, 𝑚𝑚 ≥ 1, the high-order degenerate type 2 Daehee polynomi-

al has the following properties 
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Comparing the coefficients of 𝑡𝑡
𝑛𝑛

𝑛𝑛 !
 In both sides of the last equation, we get the identity. 

Corollary 2.1 For 1 2 0mx x x= = = =  in [20], we obtain 
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Let 𝑟𝑟𝑖𝑖 = 1, 𝑖𝑖 ∈ [𝑚𝑚] in [21], we obtain 
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Corollary 2.2 For𝑚𝑚 = 2 in [20], we obtain 
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Let 𝑥𝑥1 = 𝑥𝑥2 = 0 in [23], we obtain 
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Let 𝑟𝑟1 = 0, 𝑟𝑟2 = 𝑟𝑟 in [23], we obtain 
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Theorem 2.2 For integer 𝑛𝑛 ≥ 1, we obtain 
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Comparing the coefficients of 𝑡𝑡
𝑛𝑛

𝑛𝑛 !
 In both sides of the last equation, we get the identity. 

Corollary 2.3 For 𝑟𝑟 = 1 in [29], we obtain 
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Comparing the coefficients of 𝑡𝑡
𝑛𝑛

𝑛𝑛 !
 In both sides of the last equation, we get the identity. 

3. Identities about High-Order Degenerate Type 2 Daehee Numbers and Polynomials 
In this section, by means of the Riordan matrix and generating functions, we derive some new equalities between 

High-order Degenerate Type 2 Daehee Polynomials and generalized Striling numbers, generalized Lah numbers, high-
er-order type 2 Bernoulli polynomials, Bell numbers and so on.  
𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓 𝟑𝟑.𝟏𝟏  For non-negative integer 𝑛𝑛, we obtain 
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which completes the proof. 
Corollary 3.1 For x =0 in [33], we obtain 
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Proof By [2] and [12], we obtain 

1

1 1

1
1

( )
, 1 1

0 -1

1

ln(1+ln(1+ ) )

ln(1+ln(1+ ) ) ln(1+ln(1+ ) )

1

( )

0

( )

ln(1+ln(1+ ) )( ) (1 ln(1 ) )
!

(1+ln(1+ ) )-(1+ln(1+ ) )

ln(1+ln(1+ ) )

[ln(1+ln(1+ ) )]( )
!

( )

( )

n
r r x

n
n

r x t

t t

l
r

l
l

r
l

t td x t
n

t t

t e
e e

tb x
l

b

λ

λ λ

λ
λ

λ
λ λ

λ
λ

λ λ

λ

λ λ
λ λ

λ

λ

∞

=

−

∞

=

= + +

=

−

=

=

∑

∑
1

0

( )

0

( )

0 0 0

[ln(1+ ) ]( ) ( , )
!

( ) ( , ) ( , )
!

( ) ( , ) ( , ) .
!

k

l k l
n

r k n
l

l k l n k
nn k

r n k
l

n k l

tx s k l
k

tb x s k l s n k
n

tb x s k l s n k
n

λλ

λ λ

λ

∞ ∞

= =

∞ ∞ ∞
−

= = =

∞
−

= = =

=

=

∑ ∑

∑ ∑ ∑

∑∑∑

 

Comparing the coefficients of 𝑡𝑡
𝑛𝑛

𝑛𝑛 !
 in both sides of the equation, we get the identity. 

Corollary 3.6 For 𝑥𝑥 = 0 in [42], we obtain   

( ) ( )
,

0 0
( , ) ( , ).

n k
r r n k

n l
k l

d b s n k s k lλ λ −

= =

= ∑∑  (43) 

Theorem 3.4 For non-negative integer 𝑛𝑛, we obtain 

( ) ( )
,

0 0
( ) ( , ) ( , ) ( ).

n k
r k l r

n l
k l

b x S k l S n k d xλλ −

= =

= ∑∑  (44) 

Proof Replacing 𝑡𝑡 by 𝑒𝑒
𝜆𝜆�𝑒𝑒𝑡𝑡−1�−1

𝜆𝜆
 in [2], we obtain 

( 1)

( ) ( )
,

0 0

1( )
( ) ( ) ( ) .

! !

te
n

n
r r xt r

n nt t
n n

e
t td x e b x

n ne e

λ

λ
λ

−

∞ ∞

−
= =

−

= =
−∑ ∑  

On the other hand 
( 1)

( ) ( )
, ,

0 0

( )
,

0

( )
,

0 0 0

1( ) ( 1)( ) ( ) ( , )
! !

( ) ( , ) ( , )
!

( , ) ( , ) ( ) .
!

te
l

t k
r r l k

l l
l l k l

n
r l k

l
l k l n k

nn k
k l r

l
n k l

e
ed x d x S k l

l k
td x S k l S n k
n

tS k l S n k d x
n

λ

λ λ

λ

λ

λ λ λ

λ λ

λ

−

∞ ∞ ∞
−

= = =

∞ ∞ ∞
−

= = =

∞
−

= = =

−
−

=

=

=

∑ ∑ ∑

∑ ∑ ∑

∑∑∑

 

Comparing the coefficients of 𝑡𝑡
𝑛𝑛

𝑛𝑛 !
 in both sides of the equation, we get the identity. 

Corollary 3.7 For 𝑥𝑥 = 0 in [44], we obtain 

( ) ( )
,

0 0
.( , ) ( , )

n k
r k l r

n l
k l

b S k l S n k d λλ −

= =

= ∑∑  (45) 

Corollary 3.8 By means of Lemma 2, the inverse relation [18], we obtain 
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( ) ( )
,

0 0
( , ) ( ) ( , ) ( ).

n n
r n l r

k l
k l

s n k b x S n l d xλλ −

= =

=∑ ∑  (46) 

Theorem 3.5 For non-negative integer n, we obtain 

( ) ( )
1, ,

0 0
( , ) ( ) ( ) ( , ).

n n
r r

k k
k k

s n k d x d x s n kλ λ
= =

=∑ ∑  (47) 

( ) ( )
1, ,

0 0
( , ) ( ) ( , ) ( ).

n n
r r

k k
k k

s n k d x n k b xλ λ β
= =

=∑ ∑  (48) 

Proof By [17] and [7], we obtain 

1,
! 1( ( , )) (1, [(1 ) 1]).
!

k s n k t
n

λ
λ λ

ℜ = + −  (49) 

( )
,

1,
0

1
1

1 1
-1

-1

( )

0

( )!! ( , )
! !

ln(1+ln(1+ ) ) 1![ ] (1 ln(1 ) ) [(1 ) 1]
(1+ln(1+ ) )-(1+ln(1+ ) )

ln(1+ln(1+ ))![ ] (1 ln(1 ))
(1+ln(1+ ))-(1+ln(1+ ))

![ ] (

[( ) | ]

( )

rn
k

k

n r x

n r x

n r
k

k

d xkn s n k
n k

yn t y y t
y y

tn t t
t t

n t d x

λ
λ

λ
λλ

λ λ

λ λ
λ

λ λ

=

∞

=

= + + = + −

= + +

=

∑

∑

( )

0 0

( )

0

[ln(1+ )])
!

![ ] ( ) ( , )
!

( ) ( , ).

k

nn
n r

k
n k

n
r

k
k

t
k

tn t d x s n k
n

d x s n k

∞

= =

=

=

=

∑∑

∑

 

Equation [47] complete the proof. 
Observe the above proof process, we obtain 

( )
1, , -1

0 0

ln(1+ln(1+ ))( , ) ( ) (1 ln(1 )) .
! (1+ln(1+ ))-(1+ln(1+ ))

( )
nn

r r x
k

n k

t ts n k d x t
n t tλ λ

∞

= =

= + +∑∑  

By [17] and [16], we obtain 
!( ( , )) (1, ln(1+ln(1+ ))).
!

k n k t
n
βℜ =  (50) 

( )

0

-1

( )
1, ,

0 0

( )
1, ,

0

( )!! ( , )
! !

![ ] ln(1+ln(1+ ))

ln(1+ln(1+ ))![ ] (1 ln(1 ))
(1+ln(1+ ))-(1+ln(1+ ))

![ ] ( , ) ( )
!

( , ) ( ).

[( ) | ]

( )

rn
k

k

n r xy
y y

n r x

nn
n r

k
n k

n
r

k
k

b xkn n k
n k

yn t e y t
e e

tn t t
t t

tn t s n k d x
n

s n k d x

λ λ

λ λ

β
=

−

∞

= =

=

= =
−

= + +

=

=

∑

∑∑

∑

 

Equation [48] complete the proof. 
Corollary 3.9 By means of Lemma 2, the inverse relation [18], we obtain 
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( ) ( )
1, ,

0 0
( ) ( , ) ( , ) ( ).

n l
r r

n k
l k

d x s l k S n l d xλ λ
= =

= ∑∑  (51) 

Theorem 3.6 For non − negative integer 𝑛𝑛, we obtain 

( ) ( )
1, ,

0 0
( ) ( , ) ( , ) ( ).

n l
r r

n k
l k

b x B n l s l k d xλ λ
= =

= ∑∑  (52) 

Proof The proof procedure from Theorem 3.5, we obtain 

( )
1, , -1

0 0

ln(1+ln(1+ ))( , ) ( ) (1 ln(1 )) .
! (1+ln(1+ ))-(1+ln(1+ ))

( )
nn

r r x
k

n k

t ts n k d x t
n t tλ λ

∞

= =

= + +∑∑  

By [17] and [15], we obtain 

1!( ( , ) (1, 1).
!

tek B n k e
n

−ℜ = −  (53) 

( )
1, ,

0 0

1
-1

( )

0
( )

! 1! ( , ) ( , ) ( )
! !

ln(1+ln(1+ ))![ ] (1 ln(1 )) 1
(1+ln(1+ ))-(1+ln(1+ ))

![ ]

![ ] ( )
!

( ),

[( ) | ]

( )

t

n l
r

k
l k

n r x e

n r xt
t t

n
n r

n
n

r
n

ln B n l s l k d x
n l

yn t y y e
y y

tn t e
e e

tn t b x
n

b x

λ λ
= =

−

−

∞

=

= + + = −

=
−

=

=

∑ ∑

∑

 

which completes the proof. 
𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓 𝟑𝟑.𝟕𝟕  For non −negative integer 𝑛𝑛, we obtain 

( ) ( ) 2
2, ,

0 0
( , ) ( ) ( ) ( , ).

n n
k r r n k

k k
k k

S n k d x d x s n kλ λλ λ− −

= =

=∑ ∑  (54) 

Proof By [17] and [8], we obtain 
1

2,
! (1 ) 1( ( , )) (1, ).
!

kk tS n k
n

λ

λ
λλ
λ

− + −
ℜ =  (55) 

1 1
( ) 1
,

2, 1 1
0 -1

2

2
1

2 2

( )! ln(1+ln(1+ ) ) (1 ) 1! ( , ) ![ ] (1 ln(1 ) )
! !

(1+ln(1+ ) )-(1+ln(1+ ) )
1ln(1+ ln(1+ )) 1![ ] (1+ ln(1 ))

1 1(1+ ln(1 )) (1 (1 ))

[( ) | ]

( )

rn
kk n r x

k

n r x

d xk y tn S n k n t y y
n k

y y

t
n t t

t ln t

λ λ
λ λ

λ
λ λ

λ λλ λ
λ

λ λ

λ
λ λ

λλ λ
λ λ

−

=

−

+ −
= + + =

= +
+ − + +

=

∑

( ) 2

0

( ) 2

0

( ) 2 ( ) 2

0 0 0

[ln(1+ )]![ ] ( )
!

![ ] ( ) ( , )
!

![ ] ( ) ( , ) ( ) ( , ),
!

k
n r k

k
k

n
n r k n

k
k n k

nn n
n r n k r n k

k k
n k k

tn t d x
k

tn t d x s n k
n

tn t d x s n k d x s n k
n

λλ

λ λ

λ λ

∞
−

=

∞ ∞
−

= =

∞
− −

= = =

=

= =

∑

∑ ∑

∑∑ ∑

 

which completes the proof. 
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𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 𝟑𝟑.𝟏𝟏𝟏𝟏  By means of Lemma 2, the inverse relation [18], we obtain 

( ) 2 ( )
2, ,

0 0
( ) ( , ) ( , ) ( ).

n l
r n l k r

n k
l k

d x S l k S n l d xλ λλ − −

= =

= ∑∑  (56) 

Theorem 3.8 For non − negative integer 𝑛𝑛, we obtain 

( 1)
,

0
( ) ( 1) ( ) ( , ).

n
n k

n n k
k

x x d x S n kλλ − −

=

+ − = ∑   (57) 

Proof Let us take 𝑟𝑟 = −1 and 𝑡𝑡 replaced by 𝑒𝑒
𝜆𝜆𝜆𝜆 −1
𝜆𝜆

 in [2], we obtain 

1
( 1)
,

0

1

1

0 0

0

1( ) (1 ) (1 )( ) (1 )
! ln(1+ )

(1 ) [1 (1 )]
ln(1+ )

(1 ) (1 )
ln(1+ ) ln(1+ )

( 1) ( )
! !

( ( ) ( 1)) .
!

t
n

x
n

n

x

x x

n n

n n
n

n

e
t td x t

n t
t t t

t
t tt t

t t
t tx x
n n

tx x
n

λ

λ
λ

−∞
−

=

−

−

∞ ∞

= =

∞

=

−
+ − +

= +

= + + +

= + + +

= − +

= + −

∑

∑ ∑

∑

 

 

 

On the other hand 

( 1) ( 1)
, ,

0 0

( 1)
,

0

( 1)
,

0 0

1( ) ( 1)( ) ( )
! !

( ) ( , )
!

( ) ( , ) .
!

t
n

t k
k

n k
n k

n
k n

k
k n k

nn
n k

k
n k

e
ed x d x

n k
td x S n k
n

td x S n k
n

λ

λ

λ λ

λ

λ

λ λ

λ λ

λ

∞ ∞
− − −

= =

∞ ∞
− −

= =

∞
− −

= =

−
−

=

=

=

∑ ∑

∑ ∑

∑∑

 

Comparing the coefficients of tn

n!
 in both sides of the equation, we get the identity. 

𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓 𝟑𝟑.𝟗𝟗  For non-negative integer 𝑛𝑛, we obtain 

( )
,

0 0
2 ( , ) ( , ) ( , ).

n m
n k k m l

l
m l

n k
T n k k d S m l S n m

k λ λ+ − −

= =

+
+ =

 
 
 

∑∑  (58) 

Proof Let us take 𝑟𝑟 = −𝑘𝑘 in [2], by [2] with 𝑥𝑥 = 0 and 𝑡𝑡 replaced by 𝑒𝑒
𝜆𝜆�𝑒𝑒

𝑡𝑡
2−1�

−1
𝜆𝜆

, we obtain 

2( 1)

( ) 2 2 2 2
,

0

0

0

1( ) 2 2 ! 1( ) ( )
! !

2 ! ( , ) 2 ! ( , )
! ( )!

12 ( , ) .
!

( )

t

e
n

t t t tk
k k k k

n k
n

k n n
k

k
n k n

n
k

n

e
kd e e e e

n t kt
k t tT n k k T n k k

n n kt
tT n k k

n k n
k

λ

λ
λ

−

∞ − −−

=

∞ ∞

= =

∞

=

−

=

 
 


− = −

= +

= +
+



=
+

∑

∑ ∑

∑
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On the other hand 

2( 1)

2
( ) ( )
, ,

0 0

( )
,

0

( )
,

0 0 0

1( ) ( 1)( , )
! !

( , ) ( , )2
!

1 ( , ) ( , ) .
!2

t

e
tl

m
k k l m

l l
l l m l

n
k l m n

l
l m l n m

nn m
k m l

ln
n m l

e
ed d S m l

l m
td S m l S n m
n

td S m l S n m
n

λ

λ λ

λ

λ

λ λ λ

λ λ

λ

−

∞ ∞ ∞
− − −

= = =

∞ ∞ ∞
− − −

= = =

∞
− −

= = =

−
−

=

=

=

∑ ∑ ∑

∑ ∑ ∑

∑ ∑∑

 

Comparing the coefficients of tn

n!
 in both sides of the equation, we get the identity. 

𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓 𝟑𝟑.10 For non-negative integer 𝑛𝑛, we obtain 

( ) ( )
,

0 0 0
( , ; ) ( ) ( ) ( ) ( , ) ( ).

n n l
k r m r

k n l m
k l m

n
L n k h d x h s l m d x

lλλ λ− −
−

= = =

 
 


= −


∑ ∑∑  (59) 

Proof By [17] and [9], we obtain 

!( ( , ; )) ((1 ) , ).
! (1 )

k hk tL n k h t
n t
λ

λ
− −

ℜ = +
+

 (60) 

( )
,

0
1

1

1 1
-1

1- 1

1 1- - -1

( )!! ( , ; )
! !

ln(1+ln(1+ ) )![ ](1 ) (1 ln(1 ) )
(1 )

(1+ln(1+ ) )-(1+ln(1+ ) )

ln(1+ln(1+ ) )![ ](1 ) (1 ln(1 )
(1+ln(1+ ) )-(1+ln(1+ ) )

[( ) | ]

( )

rn
kk

k

n h r x

n h r

d xkn L n k h
n k

y tn t t y y
t

y y

tn t t t
t t

λ

λ
λ

λ λ

λ

λ λ

λ

λ λ
λ

λ λ

−

=

−

−
= + + + =

+

= + + +

∑

( )

0

( )

0 0 0

( )

0 0 0

0 0

)

(ln(1 ))![ ](1 ) ( )( )
!

![ ] ( ) ( ) ( , ) ( )
! !

![ ] ( ) ( ) ( , ) ( )
!

( ) ( ) ( , )

x

m
n h r m

m
m

n nn
n m r

n m
n n m

nn l
n m r

n l m
n l m

n l
m

n l m
l m

tn t t d x
m

t tn t h s n m d x
n n

n tn t h s l m d x
l n

n
h s l m d

l

λ

λ

λ

λ

λ

∞
−

=

∞ ∞
−

= = =

∞
−

−
= = =

−
−

= =

+
= + −

= −

= −

= −

 
 
 

 
 
 

∑

∑ ∑∑

∑∑∑

∑∑ ( ) ( ),r x

 

which completes the proof. 
Corollary 3.11 For ℎ = 0 in [59], we obtain 

( ) ( )
,

0 0
( , ) ( ) ( ) ( , ) ( ).

n n
k r m r

k m
k m

L n k d x s n m d xλλ λ− −

= =

= −∑ ∑  (61) 

Theorem 3.11 For non-negative integer 𝑛𝑛, we obtain 

( ) ( )
,

0 0 0 0
( , , ) ( ) ( 1) ! ( , ) ( ).

n n k m
k r k m h m r

k m h
k k m h

n m
P h n k d x h s k m d x

k hλλ λ− − −
−

= = = =

   
  = − 
   

∑ ∑∑∑  (62) 

Proof By [17] and [10], we obtain 
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( ln(1 ))( ( , , )) ( , ).
1 (1 )

r
kn t tP h n k

k t t
λ

λ
− − −

ℜ =
− −

 
 
 

 (63) 

( )
,

0

1
1

1 1
-1

1-

1 1- - -1

( )
( , , )

!

( ln(1 )) ln(1+ln(1+ ) )[ ] (1 ln(1 ) )
1 (1 )

(1+ln(1+ ) )-(1+ln(1+ ) )

( ln(1 )) ln(1+ln(1- ) )[ ]
1

(1+ln(1- ) )-(1+ln(1- ) )

[( ) | ]

( )

rn
kk

k

h
n r x

h
n

d xn
P h n k

k k

t y tt y y
t t

y y

t tt
t

t t

λ

λ
λ

λ λ

λ

λ λ

λ

λ λ
λ

λ λ

−

=

− −
= + + =

−

 
 
 

−

− −
=

−

∑

1

( )

0

( )

( )

0 0 0 0

(1 ln(1 ) )

( ln(1 )) (ln(1 ))[ ] ( )( )
1 !

( 1)[ ] ( )( ) ! ( 1) ( , )
1 !

[ ] ( 1) !( ) ( , ) ( )

r x

h m
n r m

m
m

h n
n r h m n

m h
m h n m

nn m
n n n h h m r

m h
n n m h

t

t tt d x
t m

m tt d x h s n m
ht n

m tt t h s n m d x
h

λ

λ

λ

λ

−

∞
−

=

∞ ∞
−

−
= =

∞ ∞
+ −

−
= = = =

+ −

− − −
= −

−

−
= − −

−

= − −

 
 
 

 
 
 

∑

∑ ∑

∑ ∑∑∑

( )

0 0 0 0

( )

0 0 0

!

1[ ] ( 1) ! ( , ) ( )
!

1( 1) ! ( , ) ( ) ,
!

n k m
n k m h m r n

m h
n k m h

n k m
k m h m r

m h
k m h

n
m

t h s k m d x t
h k

m
h s k m d x

h k

λ

λ

∞
− −

−
= = = =

− −
−

= = =

= −

= −

 
 
 

 
 
 

∑∑∑∑

∑∑∑  

which completes the proof. 
Theorem 3.12 For non-negative integer 𝑛𝑛, we obtain 

2 ( ) ( )
, ,

0 0
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Proof By [17] and [11], we obtain 
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which completes the proof. 
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