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1. Introduction

Volkenborn and the fermionic p-adic integrals of the powers of x give respectively the Bernoulli
numbers and the Euler numbers, while Volkenborn and the fermionic p-adic integrals of the generalized
falling factorials yield respectively the degenerate Bernoulli numbers and the degenerate Euler numbers
(see (1.12)). Thus the latter may be viewed as degenerate versions of the former.

The aim of this paper is to derive some identities on degenerate hyperbolic functions arising from
Volkenborn and the fermionic p-adic integrals on Zp. In more detail, we introduce degenerate
hyperbolic functions as natural degenerate versions of the usual hyperbolic functions and derive some
identities relating to them. Then we evaluate Volkenborn and the fermionic p-adic integrals of the
degenerate hyperbolic cosine and the degenerate hyperbolic sine functions. From those results, we
derive some identities involving the degenerate Bernoulli numbers, the degenerate Euler numbers and
the Cauchy numbers of the first kind.
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The outline of this paper is as follows. In Section 1, we recall Volkenborn integral of uniformly
differentiable functions on Zp and the fermionic p-adic integral of continuous functions on Zp, together
with their integral equations and examples in the case of exponential functions. We remind the reader of
Cauchy numbers of the first kind. We recall the degenerate exponentials as a degenerate version of the
usual exponentials. Then we show that the degenerate Bernoulli and the degenerate Euler numbers arise
naturally respectively from the Volkenborn and the fermionic p-adic integrals on Zp of the degenerate
exponentials. Section 2 is the main result of this paper. We introduce degenerate versions of the
hyperbolic functions, namely the degenerate hyperbolic cosine coshλ(x : a), the degenerate hyperbolic
sine sinhλ(x : a), degenerate hyperbolic tangent tanhλ(x : a) and the degenerate hyperbolic cotangent
cothλ(x : a). Then we derive several identities connecting those degenerate hyperbolic functions. We
evaluate Volkenborn integrals of coshλ(x : a) and sinhλ(x : a). From those results, we obtain some
identities involving the degenerate Bernoulli numbers and the Cauchy numbers of the first kind. We
compute the fermionic p-adic integrals of the same degenerate hyperbolic functions, from which we
derive an identity involving the degenerate Euler numbers. Finally, we conclude this paper in Section 3.
In the rest of this section, we recall the necessary facts that are needed throughout this paper.

Let p be a fixed odd prime number. Throughout this paper, Zp,Qp and Cp will denote the ring
of p-adic integers, the field of p-adic rational numbers and the completion of an algebraic closure of
Qp, respectively. The p-adic norm | · |p is normalized as |p|p = 1

p . The Volkenborn integral on Zp is
defined by

∫
Zp

f (x) dµ(x) = lim
N→∞

PN−1∑
x=0

f (x)µ(x + pNZp)

= lim
N→∞

1
pN

pN−1∑
x=0

f (x), (see [1–7]).

(1.1)

From (1.1), we note that∫
Zp

f (x + 1) dµ(x) −
∫
Zp

f (x) dµ(x) = f ′(0), (see [3, 7]), (1.2)

where f is a Cp-valued uniform differentiable function on Zp.
In [5], the f ermionic p-adic integral on Zp is defined by∫

Zp

f (x) dµ−1(x) = lim
N→∞

pN−1∑
x=0

f (x) µ−1(x + pNZp)

= lim
N→∞

pN−1∑
x=0

f (x)(−1)x,

(1.3)

where f is a Cp-valued continuous function on Zp.
Thus, by (1.3), we get∫

Zp

f (x + 1) dµ−1(x) +
∫
Zp

f (x) dµ−1(x) = 2 f (0) (see [1, 5, 6]). (1.4)

AIMS Mathematics Volume 8, Issue 11, 25443–25453.



25445

Adopting the notation from [7], we let E denote the additive group given by

E =
{
x ∈ Cp

∣∣∣ |x|p < p−
1

p−1
}
. (1.5)

It is known that there is an isomorphism from the multiplicative group 1 + E to the additive group E
given by 1 + x 7→ log(1 + x), where log = logp is the p-adic logarithm. Moreover, the inverse map is
given by x 7→ ex = exp x, where exp = expp is the p-adic exponential (see [7]). We note that

∣∣∣∣1x log(1 + x)
∣∣∣∣
p
≤ 1, for x ∈ E. (1.6)

The Cauchy numbers of the first kind (also called Bernoulli numbers of the second) are defined by

t
log(1 + t)

=

∞∑
n=0

Cn
tn

n!
, (|t|p < 1, t , 0).

From (1.2) and (1.4), we note that∫
Zp

ext dµ(x) =
t

et − 1
=

∞∑
n=0

Bn
tn

n!
, (t ∈ E, t , 0), (see [1–18]), (1.7)

and ∫
Zp

ext dµ−1(x) =
2

et + 1
=

∞∑
n=0

En
tn

n!
, (t ∈ E), (see [1, 3, 5]), (1.8)

where Bn and En are the n-th Bernoulli number and the n-th Euler number, respectively.
Throughout this paper, we let λ be any nonzero element in Cp.

The degenerate exponentials are defined by

ex
λ(t) =

∞∑
n=0

(x)n,λ
tn

n!
= (1 + λt)

x
λ ,

(
t ∈

1
λ

E ∩
1
x

E
)
, (see [8, 9]), (1.9)

where the generalized falling factorials (also called the λ-falling factorials) are given by
(x)0,λ = 1, (x)n,λ = x(x − λ) · · · (x − (n − 1)λ), (n ≥ 1).

From (1.6), we see that xt
λt log(1+λt) is in the region of convergence E of ex, when λt ∈ E and xt ∈ E.

Thus ex
λ(t) = exp

( xt
λt log(1 + λt)

)
is convergent when t ∈ 1

λ
E ∩ 1

x E. Here we understand 1
λ
E ∩ 1

x E = 1
λ
E,

for x = 0. Especially, eλ(t) = e1
λ(t) is convergent for t ∈ 1

λ
E ∩ E.

From (1.2), we observe that∫
Zp

ex
λ(t) dµ(x) =

1
λ

log(1 + λt)
eλ(t) − 1

=

∞∑
n=0

βn,λ
tn

n!
,

(
t ∈

1
λ

E ∩ E
)
, (1.10)

where βn,λ are called the (fully) degenerate Bernoulli numbers (see [3, 10]).
Note that limλ→0 βn,λ = Bn, (n ≥ 0), (see [11]).
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From (1.4), we note that∫
Zp

ex
λ(t) dµ−1(x) =

2
eλ(t) + 1

=

∞∑
n=0

En,λ
tn

n!
,

(
t ∈

1
λ

E ∩ E
)
, (1.11)

where En,λ are called the degenerate Euler numbers (see [3, 10]).
Note that limλ→0 En,λ = En, (n ≥ 0).
Thus, by (1.10) and (1.11), we get∫

Zp

(x)n,λ dµ(x) = βn,λ,

∫
Zp

(x)n,λ dµ−1(x) = En,λ, (n ≥ 0). (1.12)

The hyperbolic functions of real or complex variables are given by

cosh x =
ex + e−x

2
, sinh x =

ex − e−x

2
,

tanh x =
sinh x
cosh x

, and coth x =
cosh x
sinh x

.

(1.13)

2. Some identities of degenerate hyperbolic functions arising from p-adic integrals on Zp

Let λ be any nonzero element in Cp, and let a ∈ 1
λ
E∩ 1

x E, (see (1.5)). Let us consider the degenerate
hyperbolic functions given by

coshλ(x : a) =
1
2

(ex
λ(a) + e−x

λ (a)),

sinhλ(x : a) =
1
2

(ex
λ(a) − e−x

λ (a)),

tanhλ(x : a) =
sinhλ(x : a)
coshλ(x : a)

,

cothλ(x : a) =
coshλ(x : a)
sinhλ(x : a)

, (x , 0, a , 0).

(2.1)

Note that limλ→0 coshλ(x : a) = cosh(xa), limλ→0 sinhλ(x : a) = sinh(xa), limλ→0 tanhλ(x : a) =
tanh(xa), and limλ→0 cothλ(x : a) = coth(xa).

From (2.1), we note that

coshλ(2x : a) =
e2x
λ (a) + e−2x

λ (a)
2

= 1 +
e2x
λ (a) + e−2x

λ (a) − 2
2

= 2
(ex
λ(a) − e−x

λ (a)
2

)2

+ 1 = 1 + 2 sinh2
λ(x : a).

(2.2)

On the other hand, by (2.1), we get

2 cosh2
λ(x : a) − 1 = 2 ×

e2x
λ (a) + e−2x

λ (a) + 2
4

− 1

=
e2x
λ (a) + e−2x

λ (a)
2

= coshλ(2x : a).
(2.3)

Therefore, by (2.2) and (2.3), we obtain the following proposition.
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Proposition 1. Let a ∈ 1
λ
E ∩ 1

x E. Then the following identity holds true.

coshλ(2x : a) = 2 cosh2
λ(x : a) − 1 = 1 + 2 sinh2

λ(x : a).

By (2.1), we get

sinhλ(2x : a) =
e2x
λ (a) − e−2x

λ (a)
2

= 2
ex
λ(a) − e−x

λ (a)
2

ex
λ(a) + e−x

λ (a)
2

= 2 sinhλ(x : a) coshλ(x : a).

(2.4)

Thus we have the following proposition.

Proposition 2. Let a ∈ 1
λ
E ∩ 1

x E. Then the following identity holds true.

sinhλ(2x : a) = 2 sinhλ(x : a) coshλ(x : a).

Now, we observe that

sinhλ(x + y : a) =
1
2

(ex+y
λ (a) − e−x−y

λ (a))

=
ex+y
λ (a) − e−x−y

λ (a) + ex−y
λ (a) − e−x+y

λ (a)
4

+
ex+y
λ (a) − e−x−y

λ (a) − ex−y
λ (a) + e−x+y

λ (a)
4

=
ex
λ(a) − e−x

λ (a)
2

×
ey
λ(a) + e−y

λ (a)
2

+
ex
λ(a) + e−x

λ (a)
2

×
ey
λ(a) − e−y

λ (a)
2

= sinhλ(x : a) coshλ(y : a) + coshλ(x : a) sinhλ(y : a), (a ∈
1
λ

E ∩
1
x

E ∩
1
y

E).

(2.5)

On the other hand, by (2.1), we get

coshλ(x : a) coshλ(y : a) + sinhλ(x : a) sinhλ(y : a)

=
ex
λ(a) + e−x

λ (a)
2

×
ey
λ(a) + e−y

λ (a)
2

+
ex
λ(a) − e−x

λ (a)
2

×
ey
λ(a) − e−y

λ (a)
2

=
ex+y
λ (a) + e−x−y

λ (a) + e−x+y
λ (a) + ex−y

λ (a)
4

+
ex+y
λ (a) + e−x−y

λ (a) − ex−y
λ (a) − e−x+y

λ (a)
4

=
2(ex+y
λ (a) + e−(x+y)

λ (a))
4

=
ex+y
λ (a) + e−(x+y)

λ (a)
2

= coshλ(x + y : a),

(2.6)

where a ∈ 1
λ
E ∩ 1

x E ∩ 1
y E.

Therefore, by (2.5) and (2.6), we obtain the following proposition.

Proposition 3. Let a ∈ 1
λ
E ∩ 1

x E ∩ 1
y E. Then the following identities are valid.

coshλ(x + y : a) = coshλ(x : a) coshλ(y : a) + sinhλ(x : a) sinhλ(y : a),
and sinhλ(x + y : a) = sinhλ(x : a) coshλ(y : a) + coshλ(x : a) sinhλ(y : a).
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Noting that d
dx coshλ(x : a) = 1

λ
log(1 + λa) sinhλ(x : a) and using (1.2), we have

0 =
∫
Zp

coshλ(x + 1 : a) dµ(x) −
∫
Zp

coshλ(x : a) dµ(x)

= (coshλ(1 : a) − 1)
∫
Zp

coshλ(x : a) dµ(x) + sinhλ(1 : a)
∫
Zp

sinhλ(x : a) dµ(x),
(2.7)

where a ∈ 1
λ
E ∩ E.

Observing that d
dx sinhλ(x : a) = 1

λ
log (1 + λa) coshλ(x : a) and making use of (1.2), we get

1
λ

log(1 + λa) =
∫
Zp

sinhλ(x + 1 : a)dµ(x) −
∫
Zp

sinhλ(x : a)dµ(x)

= (coshλ(1 : a) − 1)
∫
Zp

sinhλ(x : a) dµ(x)

+ sinhλ(1 : a)
∫
Zp

coshλ(x : a) dµ(x),

(2.8)

where a ∈ 1
λ
E ∩ E.

By solving the system of linear equations in (2.7) and (2.8), we get∫
Zp

coshλ(x : a) dµ(x) =
1
λ

log(1 + λa)
sinhλ(1 : a)

2(coshλ(1 : a) − 1)
,∫

Zp

sinhλ(x : a) dµ(x) = −
1
2

1
λ

log(1 + λa),
(
a ∈

1
λ

E ∩ E
)
.

(2.9)

From (2.9) and Propositions 1 and 2, we have∫
Zp

coshλ(x : a)dµ(x) =
1
λ

log(1 + λa)
2 sinhλ( 1

2 : a) coshλ(1
2 : a)

4 sinh2
λ(

1
2 : a)

=
a
2

cothλ
(1
2

: a
) log(1 + λa)

λa
,

(
a ∈

1
λ

E ∩ E
)
.

(2.10)

Therefore, from (2.9) and (2.10) we obtain the following theorem.

Theorem 4. Let a ∈ 1
λ
E ∩ E. Then the following relations hold true.

λa
log(1 + λa)

∫
Zp

coshλ(x : a) dµ(x) =
a
2

cothλ
(1
2

: a
)
,

λa
log(1 + λa)

∫
Zp

sinhλ(x : a) dµ(x) = −
a
2
.

By Taylor expansion, we get

coshλ(x : a) =
1
2

(ex
λ(a) + e−x

λ (a)) =
1
2

(ex
λ(a) + ex

−λ(−a))

=
1
2

∞∑
m=0

((x)m,λ + (−1)m(x)m,−λ)
am

m!
, (a ∈

1
λ

E ∩
1
x

E).
(2.11)
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From Theorem 4, (2.11) and (1.12), we have

a
2

cothλ
(1
2

: a
)
=

λa
log(1 + λa)

∫
Zp

coshλ(x : a) dµ(x)

=

( ∞∑
l=0

λlCl
al

l!

)1
2

∞∑
m=0

∫
Zp

((x)m,λ + (−1)m(x)m,−λ)dµ(x)
am

m!

=

∞∑
l=0

λlCl
al

l!

∞∑
m=0

(βm,λ + (−1)mβm,−λ

2

)am

m!

=

∞∑
n=0

( n∑
m=0

(
n
m

)(βm,λ + (−1)mβm,−λ

2

)
Cn−mλ

n−m
)an

n!
,

(2.12)

where a ∈ 1
λ
E ∩ E. By Taylor expansion, we get

sinhλ(x : a) =
1
2

∞∑
m=0

(
(x)m,λ − (−1)m(x)m,−λ

)am

m!
, (a ∈

1
λ

E ∩
1
x

E). (2.13)

Thus, by (2.9) and (2.13), we get

−
1

2λ
log(1 + λa) =

∫
Zp

sinhλ(x : a) dµ(x)

=

∞∑
n=0

(βn,λ − (−1)nβn,−λ

2

)an

n!
=

∞∑
n=1

(βn,λ − (−1)nβn,−λ

2

)an

n!
,

(2.14)

(
a ∈ 1

λ
E ∩ E

)
,

and

−
1

2λ
log(1 + λa) = −

1
2

∞∑
n=1

(−1)n−1λn−1

n
an = −

1
2

∞∑
n=1

(n − 1)!(−1)n−1λn−1 an

n!
, (|λa|p ≤ 1). (2.15)

By (2.12), (2.14) and (2.15), we obtain the following theorem.

Theorem 5. For n ∈ N, we have the identity:

−(n − 1)!(−λ)n−1 = βn,λ − (−1)nβn,−λ.

In addition, we have the following relation:

a
2

cothλ
(1
2

: a
)
=

∞∑
n=0

( n∑
m=0

(
n
m

)(βm,λ + (−1)mβm,−λ

2

)
Cn−mλ

n−m
)an

n!
,

where a ∈ 1
λ
E ∩ E.
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From (1.4), we note that

2 =
∫
Zp

coshλ(x + 1 : a) dµ−1(x) +
∫
Zp

coshλ(x : a) dµ−1(x)

= (coshλ(1 : a) + 1)
∫
Zp

coshλ(x : a) dµ−1(x) + sinhλ(1 : a)
∫
Zp

sinhλ(x : a) dµ−1(x),
(2.16)

and

0 =
∫
Zp

sinhλ(x + 1 : a) dµ−1(x) +
∫
Zp

sinhλ(x : a) dµ−1(x)

= (coshλ(1 : a) + 1)
∫
Zp

sinhλ(x : a) dµ−1(x) + sinhλ(1 : a)
∫
Zp

coshλ(x : a) dµ−1(x),
(2.17)

where a ∈ 1
λ
E ∩ E.

By solving the system of linear equations in (2.16) and (2.17), we obtain

∫
Zp

coshλ(x : a) dµ−1(x) = 1,∫
Zp

sinhλ(x : a) dµ−1(x) = −
sinhλ(1 : a)

coshλ(1 : a) + 1
,

(2.18)

where a ∈ 1
λ
E ∩ E.

Thus, by (2.18) and Propositions 1 and 2, we get∫
Zp

sinhλ(x : a) dµ−1(x) = −
2 sinhλ(1

2 : a) coshλ( 1
2 : a)

2 cosh2
λ(

1
2 : a)

= − tanhλ
(1
2

: a
)
, (2.19)

where a ∈ 1
λ
E ∩ E.

Therefore, by (2.18) and (2.19), we obtain the following theorem.

Theorem 6. Let a ∈ 1
λ
E ∩ E. Then we have the following relations.∫

Zp

sinhλ(x : a) dµ−1(x) = − tanhλ
(1
2

: a
)
,∫

Zp

coshλ(x : a) dµ−1(x) = 1.

Thus, by Theorem 6, (2.13) and (1.12), we get

− tanhλ(
1
2

: a) =
∫
Zp

sinhλ(x : a) dµ−1(x)

=

∞∑
n=0

(
En,λ − (−1)nEn,−λ

2

)an

n!
,

(
a ∈

1
λ

E ∩ E
)
.

(2.20)
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In addition, by Theorem 6, (2.11) and (1.12), we get

1 =
∫
Zp

coshλ(x; a) dµ−1(x) =
∞∑

n=0

(
En,λ + (−1)nEn,−λ

2

)an

n!
,

(
a ∈

1
λ

E ∩ E
)
. (2.21)

Thus, by(2.21), we get
1
2

(En,λ + (−1)nEn,−λ) =

1, if n = 0,
0, if n > 0.

(2.22)

For n ≥ 1, we have

En,λ = (−1)n−1En,−λ. (2.23)

From (2.20) and (2.23), we obtain the following theorem.

Theorem 7. Let a ∈ 1
λ
E ∩ E. Then we have the following relation.

− tanhλ
(1
2

: a
)
=

∞∑
n=1

En,λ
an

n!
.

3. Conclusions

We introduced several degenerate hyperbolic functions which are degenerate versions of the usual
hyperbolic functions. We computed Volkenborn and the fermionic p-adic integrals of the degenerate
hyperbolic cosine and the degenerate hyperbolic sine functions. From those results, we were able
to derive some identities regarding the degenerate hyperbolic tangent and the degenerate hyperbolic
cotangent functions.

In recent years, various kinds of tools, like generating functions, combinatorial methods, p-adic
analysis, umbral calculus, differential equations, probability theory, special functions, analytic
number theory and operator theory, have been used in studying special numbers and polynomials, and
degenerate versions of them.

It is one of our future research projects to continue to explore many special numbers and
polynomials and their applications to physics, science and engineering as well as to mathematics.

Use of AI tools declaration

The authors declare they have not used Artificial Intelligence (AI) tools in the creation of this article.

Acknowledgments

The authors would like to thank the reviewers for their valuable comments and suggestions. All
authors thank Jangjeon Institute for Mathematical Science for the support of this research. The second
author is supported by the Basic Science Research Program, the National Research Foundation of
Korea, (NRF-2021R1F1A1050151).

AIMS Mathematics Volume 8, Issue 11, 25443–25453.



25452

Conflict of interest

Taekyun Kim, Hye Kyung Kim and Dae Sa Kim are the Guest Editors of special issue “Number
theory, combinatorics and their applications: theory and computation” for AIMS Mathematics.
Taekyun Kim, Hye Kyung Kim and Dae Sa Kim were not involved in the editorial review and the
decision to publish this article.

References

1. S. Araci, M. Acikgoz, K. H. Park, H. Jolany, On the unification of two families of multiple twisted
type polynomials by using p-adic q-integral at q = −1, Bull. Malays. Math. Sci. Soc., 37 (2014),
543–554.

2. S. Araci, D. Erdal, J. J. Seo, A study on the fermionic p-adic q-integral representation on Zp

associated with weighted q-Bernstein and q-Genocchi polynomials, Abstr. Appl. Anal., 2011
(2011), 649248. https://doi.org/10.1155/2011/649248

3. L. Carlitz, Degenerate stirling, Bernoulli and Eulerian numbers, Utilitas Math., 15 (1979), 51–88.

4. D. V. Dolgy, J. W. Park, A note on a sum of powers of q-integers of skip count by k, Adv. Stud.
Contemp. Math. (Kyungshang), 33 (2023), 87–93.

5. D. S. Kim, T. Kim, Some p-adic integrals on Zp associated with trigonometric functions, Russ. J.
Math. Phys., 25 (2018), 300–308. https://doi.org/10.1134/S1061920818030032

6. D. S. Kim, T. Kim, J. Kwon, S. H. Lee, S. Park, On λ-linear functionals arising from p-adic
integrals on Zp, Adv. Differ. Equ., 2021 (2021), 479. https://doi.org/10.1186/s13662-021-03634-z

7. T. Kim, On the analogs of Euler numbers and polynomials associated with p-adic q-integral on Zp

at q = −1, J. Math. Anal. Appl., 331 (2007), 779–792. https://doi.org/10.1016/j.jmaa.2006.09.027

8. T. Kim, q-Euler numbers and polynomials associated with p-adic q-integrals, J. Nonlinear Math.
Phys., 14 (2007), 15–27. https://doi.org/10.2991/jnmp.2007.14.1.3

9. T. Kim, D. S. Kim, Some identities on degenerate r-Stirling numbers via Boson operators, Russ. J.
Math. Phys., 29 (2022), 508–517. https://doi.org/10.1134/S1061920822040094

10. T. Kim, D. S. Kim, Some identities involving degenerate stirling numbers associated with
several degenerate polynomials and numbers, Russ. J. Math. Phys., 30 (2023), 62–75.
https://doi.org/10.1134/S1061920823010041

11. T. Kim, D. S. Kim, J. W. Park, Fully degenerate Bernoulli numbers and polynomials, Demonstr.
Math., 55 (2022), 604–614. https://doi.org/10.1515/dema-2022-0160

12. J. Kwon, W. J. Kim, S. H. Rim, On the some identities of the type 2 Daehee and Changhee
polynomials arising from p-adic integrals on Zp, Proc. Jangjeon Math. Soc., 22 (2019), 487–497.

13. W. H. Schikhof, Ultrametric Calculus: An Introduction to p-adic Analysis, Cambridge: Cambridge
University Press, 1984.

14. K. Shiratani, On some operators for p-adic uniformly differentiable functions, Japan. J. Math., 2
(1976), 343–353. https://doi.org/10.4099/math1924.2.343

AIMS Mathematics Volume 8, Issue 11, 25443–25453.

http://dx.doi.org/https://doi.org/10.1155/2011/649248
http://dx.doi.org/https://doi.org/10.1134/S1061920818030032
http://dx.doi.org/https://doi.org/10.1186/s13662-021-03634-z
http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2006.09.027
http://dx.doi.org/https://doi.org/10.2991/jnmp.2007.14.1.3
http://dx.doi.org/https://doi.org/10.1134/S1061920822040094
http://dx.doi.org/https://doi.org/10.1134/S1061920823010041
http://dx.doi.org/https://doi.org/10.1515/dema-2022-0160
http://dx.doi.org/https://doi.org/10.4099/math1924.2.343


25453

15. K. Shiratani, S. Yokoyama, An application of p-adic convolutions, Mem. Fac. Sci. Kyushu Univ.
Ser. A, 36 (1982), 73–83. https://doi.org/10.2206/kyushumfs.36.73

16. C. F. Woodcock, An invariant p-adic integral on Zp, J. London Math. Soc., 8 (1974), 731–734.

17. C. F. Woodcock, Fourier analysis for p-adic Lipschitz functions, J. London Math. Soc., 7 (1974),
681–693.

18. S. J. Yun, J. W. Park, On fully degenerate Daehee numbers and polynomials of the second kind, J.
Math., 2020 (2020), 7893498. https://doi.org/10.1155/2020/7893498

© 2023 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 8, Issue 11, 25443–25453.

http://dx.doi.org/https://doi.org/10.2206/kyushumfs.36.73
http://dx.doi.org/https://doi.org/10.1155/2020/7893498
http://creativecommons.org/licenses/by/4.0

	Introduction
	Some identities of degenerate hyperbolic functions arising from p-adic integrals on Zp
	Conclusions

