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A B S T R A C T

Recently, there has been huge interest to a new numeric set, which brings together three numerical systems:
complex, hyperbolic and dual numbers, called as hybrid number. Motivated and based on the importance of this
system, we apply the definition of hybrid numbers to Perrin numbers and introduce Perrin hybrid numbers and
examine some properties of them. In other words, we obtain their some properties such as Binet-like-formula,
partial sums, generating functions, etc. Also we investigate some similar properties with Padovan hybrid
sequence. Finally, we give a source Maple 13 code.
1. Introduction

Hybrid numbers are systems of numbers that consists of all three
number systems (complex, dual and hyperbolic) together. Since they
have this property, they have numerous applications in many areas such
as linear algebraic, kinematic, physical applications, etc. Moreover,
especially in the last years, a lot of researchers deal with the geometric
and physical applications of complex, hyperbolic and dual numbers
which are well known two dimensional number systems. For example,
Ozdemir [1] introduced the hybrid numbers as a generalization of
complex, hyperbolic and dual numbers. The hyperbolic and dual
numbers have the same structure with complex numbers. But the hy-
perbolic unit satisfies h2 ¼ 1, and dual unit satisfies ε2 ¼ 0. The hybrid
number is defined as

Z¼ aþ biþ cεþ dh;

where a; b; c 2 ℝ and i; ε; h are operators such that

i2 ¼ � 1 ; ε2 ¼ 0; h2 ¼ 1 ih ¼ �hi ¼ εþ i:

At this content, the author has also given some important properties
such as basic operations, norm and classification, representations (matrix
and polar form) of hybrid numbers, etc. The author exploits the (Table 1)
for the basic multiplication operation:

The conjugate of hybrid number Z is defined as below:

Z¼ aþ biþ cεþ dh¼ a� bi� cε� dh:
az).
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The real number CðZÞ ¼ ZZ ¼ ZZ ¼ a2 þ b2 � 2bc� d2 is called the
character of the hybrid number Z.

There are many studies in the literature that concern the special
number sequences such as Fibonacci, Lucas, Pell, Jacobsthal, Padovan,
Perrin, and etc. The authors, in [2, 3, 4, 5, 6, 7, 8, 9, 10], get some
spectacular properties for some well-known number sequences such as
Lucas, Pell, Fibonacci, Padovan etc. In [3], k� Fibonacci and k� Lucas
numbers are derived and proved by using some special matrices. In [6],
some properties of ðk;hÞ� Pell sequence and ðk;hÞ� Pell-Lucas sequence
are examined. Furthermore, some formulas for nth term and sum of the
first n terms of these sequences are calculated. In [7], special circulant
matrices with ðk; hÞ� Jacobsthal and Jacobsthal-like sequence are rep-
resented. Also, eigenvalues and determinants of circulant matrices
involving these sequences are obtained. In [8], matrices formula is given
for Padovan and Perrin sequences. In [9], by taking into account matrix
properties of new matrix sequences, some behaviours of Padovan and
Perrin numbers are investigated. Moreover, some important correspon-
dences between Padovan and Perrin matrix sequences are denoted. In
[10], many significant properties of Hessenberg matrices and Pell, Perrin
numbers are studied.

Recently, the mentioned number sequences have been combined with
hybrid numbers. The authors, in [11, 12, 13, 14, 15, 16, 17, 18], defined
some special types of the hybrid numbers and obtain their some spec-
tacular properties.

The Padovan sequence, is the sequence of integers denoted by Pn, is
defined by the recursion relation, for all n � 3 :
st 2021
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Table 1. The hybrid numbers multiplication.

� i ε h

i � 1 1� h εþ i

ε hþ 1 0 � ε

h � εþ 1 ε 1
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Pn ¼Pn�2 þ Pn�3
:::
with initial values P0 ¼ P1 ¼ P2 ¼ 1: The first values of Pn are:

1; 1; 1; 2; 2; 3; 4; 5; 7; 9; 12; 16; 21; 28; 37; 49; 65; :::

The Perrin sequence, denoted by Rn, is defined by the recursion
relation, with initial values R0 ¼ 3; R1 ¼ 0; R2 ¼ 2; for all n � 3;

Rn ¼Rn�2 þ Rn�3:

The first values of Rn are given below:

3; 0; 2; 3; 2; 5; 5; 7;10; 12; 17; 22; 29; 39; 51; 68; 90; 139;

From [2, 5, 8] and [9], we can give some well-known identities for
Padovan sequence ðPnÞ and Perrin sequenceðRnÞ, as below:

Pnþ5 ¼ Pnþ4 þ Pn;

Pn ¼2Pn�2 � Pn�4 þ Pn�6;

Rnþ5 ¼Rnþ4 þ Rn;

Rn ¼ 3Pn�5 þ 2Pn�4;

Pnþm ¼ Pn�1Pm�1 þ PnPm�2 þ Pn�2Pm�3;

Rnþm ¼Pn�1Rm�1 þ PnRm�2 þ Pn�2Rm�3:

Also, in [2], the authors give the Binet-like-formula for Padovan and
Perrin sequences, respectively, as follows:

Pn ¼ ðr2 � 1Þðr3 � 1Þ
ðr1 � r2Þðr1 � r3Þr1

n þ ðr1 � 1Þðr3 � 1Þ
ðr2 � r1Þðr2 � r3Þr2

n þ ðr1 � 1Þðr2 � 1Þ
ðr1 � r3Þðr2 � r3Þr3

n;

Rn ¼ r1n þ r2n þ r3n;

where r1, r2, r3 are the roots of equation x3 � x � 1 ¼ 0 and

r1 þ r2 þ r3 ¼ 0; r1r2r3 ¼ 1; r1r2 þ r2r3 þ r1r3 ¼ �1:

The Padovan hybrid sequence [14], denoted by HPn; is defined as
below:

HPn ¼Pn þ Pnþ1iþ Pnþ2εþ Pnþ3h; (1)

where Pn is the Padovan sequence.
In the light of the above-cited recent works, we define Perrin hybrid

numbers. Then, we obtain Binet-like formulas and also represent the
partial sums, generating functions and some properties of this sequence.

2. The Perrin hybrid sequences

In this section, we define a new type of hybrid number called the
Perrin hybrid numbers and get some interesting properties.

Definition 1. Let us define the Perrin hybrid sequence, denoted by

RðHÞ
n , by the relation
2

RðHÞ
n ¼Rn þ Rnþ1iþ Rnþ2εþ Rnþ3h; (2)
where ðRnÞ is thePerrin sequence,n is apositive integer,a; b; c 2 ℝ and i; ε; h
are operators such that i2 ¼ � 1 ; ε2 ¼ 0; h2 ¼ 1 ih ¼ � hi ¼ εþ i:

From the above definition, the initial values of the Perrin hybrid
sequence are given as follows:

RðHÞ
0 ¼ 3þ 2εþ 3h;

RðHÞ
1 ¼ 2iþ 3εþ 2h;

RðHÞ
2 ¼ 2þ 3iþ 2εþ 5h:

Theorem 1. Let n � 0 be an integer. Then the character of the Perrin
hybrid number is:

C
�
RH
n

�¼ � 2Rnþ1ðRnþ2 þRnÞ:
Proof. From the definition of the Perrin sequence, we have

C
�
RH
n

�¼Rn
2 þ Rnþ1

2 � 2Rnþ1Rnþ2 � Rnþ3
2:

Then we get

C
�
RH
n

� ¼ R2
n þ R2

nþ1 � 2Rnþ1Rnþ2 � R2
nþ3

¼ Rn
2 þ Rnþ1

2 � 2Rnþ1Rnþ2 � Rn
2 � Rnþ1

2 � 2RnRnþ1

¼ �2Rnþ1ðRnþ2 þ RnÞ:
Hence, the proof is completed.

Corollary 1. The norm of the Perrin hybrid sequence RðHÞ
n is given by

��RðHÞ
n k2 ¼ 2Rnþ1ðRnþ2 þRnþ1Þ:
Proof. By using the definition of character and norm for hybrid

numbers, we have
����RðHÞ

n

����¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi��C�RðHÞ

n

���q
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
j � 2Rnþ1ðRnþ2 þ Rnþ1jÞ

p
:

Therefore, we have

��RðHÞ
n k2 ¼ 2Rnþ1ðRnþ2 þRnþ1Þ:
Theorem 2. Let n � 0 be an integer. Then

RðHÞ
n ¼

X4
k¼1

�
1þ irk þ εr2k þ hr3k

�
rkn:

Proof. From the Binet-like-formula of the Perrin sequence, we have

Rn ¼ r1n þ r2n þ r3n;

where r1, r2, r3 are the roots of equation x3 � x� 1 ¼ 0:

Exploiting the definition of the Perrin hybrid sequence RðHÞ
n ; the proof

can be seen easily.
Lemma 1. Let n � 0 be an integer. Then

Xn
k¼0

Rk ¼Rnþ5 � 2:

Proof. For details, see [4].
Theorem 3. Let n � 0 be an integer. Then

Xn
k¼0

RðHÞ
k ¼ RðHÞ

nþ5 � ð2þ 3iþ 3εþ5hÞ:

Proof. It is known that
Pn

k¼0R
ðHÞ
k ¼ RðHÞ

0 þ RðHÞ
1 þ RðHÞ

2 þ⋯þ RðHÞ
n :

Thus, we obtain
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Xn

k¼0
RðHÞ
k ¼ ðR0 þ R1iþ R2εþ R3hÞ þ ðR1 þ R2iþ R3εþ R4hÞ þ :::
þ ðRn þ Rnþ1iþ Rnþ2εþ Rnþ3hÞ
¼ ðR0 þ R1 þ R2 þ :::þ RnÞ þ ðR1 þ R2 þ :::þ Rnþ1 þ R0 � R0Þi
þ ðR2 þ R3 þ :::þ Rnþ2 þ R0 þ R1 � R0 � R1Þεþ ðR3 þ R4 þ :::

þ Rnþ3 þ R0 þ R1 þ R2 � R0 � R1 � R2Þh

¼
Xn
k¼0

Rk þ
 Xnþ1

k¼0

Rk � 3

!
iþ
 Xnþ2

k¼0

Rk � 3

!
εþ

 Xnþ3

k¼0

Rk � 5

!
h:

Therefore, we get

Xn
k¼0

RðHÞ
k ¼Rnþ5�2þðRnþ6�2�1ÞiþðRnþ7�2�1ÞεþðRnþ8�2�3Þh

¼Rnþ5þRnþ6iþRnþ7εþRnþ8h�ð2þ3iþ4εþ5hÞ
¼RðHÞ

nþ5�ð2þ3iþ4εþ5hÞ:

Thus, the proof is completed.
By considering some properties of Padovan hybrid sequence and

Perrin hybrid sequence, let us give the following theorem:
Theorem 4. Let n � 0 be an integer. Then

a) HPnþ1 þ HPn ¼ αrn1ð1þ r1iþ r21εþ r31hÞð1þ r1Þ
¼ βrn2ð1þ r2iþ r22εþ r32hÞð1þ r2Þ
¼ γrn3ð1þ r3iþ r23εþ r33hÞð1þ r3Þ;

b) RðHÞ
nþ1 þ RðHÞ

n ¼ rn1ð1þ r1iþ r21εþ r31hÞð1þ r1Þ
¼ rn2ð1þ r2iþ r22εþ r32hÞð1þ r2Þ
¼ rn3ð1þ r3iþ r23εþ r33hÞð1þ r3Þ;

c) HPnþ1 � HPn ¼ αrn1ð1þ r1iþ r21εþ r31hÞð1� r1Þ
¼ βrn2ð1þ r2iþ r22εþ r32hÞð1� r2Þ
¼ γrn3ð1þ r3iþ r23εþ r33hÞð1� r3Þ;

d) RðHÞ
nþ1 � RðHÞ

n ¼ rn1ð1þ r1iþ r21εþ r31hÞð1� r1Þ
¼ rn2ð1þ r2iþ r22εþ r32hÞð1� r2Þ
¼ rn3ð1þ r3iþ r23εþ r33hÞð1� r3Þ:

where

α¼ ðr2 � 1Þðr3 � 1Þ
ðr1 � r2Þðr1 � r3Þ; β¼

ðr1 � 1Þðr3 � 1Þ
ðr2 � r1Þðr2 � r3Þ; γ¼

ðr1 � 1Þðr2 � 1Þ
ðr1 � r3Þðr2 � r3Þ:

Proof. By exploiting the Theorem 2, we have

HPn ¼ αrn1
�
1þ r1iþ r21εþ r31h

�þ βrn2
�
1þ r2iþ r22εþ r32h

�þ γrn3
�
1þ r3i

þ r23εþ r33h
�
;

where

α¼ ðr2 � 1Þðr3 � 1Þ
ðr1 � r2Þðr1 � r3Þ; β¼

ðr1 � 1Þðr3 � 1Þ
ðr2 � r1Þðr2 � r3Þ; γ¼

ðr1 � 1Þðr2 � 1Þ
ðr1 � r3Þðr2 � r3Þ:

Thus, we write

HPnþ1 þ HPn ¼ αrnþ1
1

�
1þ r1iþ r21εþ r31h

�
þβrnþ1

2

�
1þ r2iþ r22εþ r32h

�
þγrnþ1

3

�
1þ r3iþ r23εþ r33h

�
þαrn1

�
1þ r1iþ r21εþ r31h

�
þβrn2

�
1þ r2iþ r22εþ r32h

�
þγrn3

�
1þ r3iþ r23εþ r33h

�
:

According to the common factors of the right side of the equality, we
get
3

HPnþ1 þ HPn ¼ αrnþ1
1

�
1þ r1iþ r21εþ r31h

�ð1þ r1Þ� �
þβrn2 1þ r2iþ r22εþ r32h ð1þ r2Þ
þγrn3

�
1þ r3iþ r23εþ r33h

�ð1þ r3Þ;

which is desired. So the proof is completed. The others can be proved by
similar manner.

In [1], the complex, hyperbolic and dual units are given as

i→
�
0 1
�1 0

�
; ε →

�
1 �1
1 �1

�
; h →

�
0 1
1 0

�
:

For matrix representation of Perrin hybrid numbers, with n 2 N; is
obtained as:

RðHÞ
n ¼Rn

�
1 0
0 1

�
þ Rnþ1

�
0 1
�1 0

�
þ Rnþ2

�
1 �1
1 �1

�
þ Rnþ3

�
0 1
1 0

�
:

Thus, we have

RðHÞ
n ¼

�
Rn þ Rnþ2 Rnþ1 � Rnþ2 þ Rnþ3

�Rnþ1 þ Rn Rn � Rnþ2

�
:

Let us take α0,α1,α2,... sequence, where α0,α1,.. are real numbers.
Then, the function

hðxÞ¼α0 þ α1x þ a2x2 þ…þ αnxn þ…

is called the generating function for the sequence αn. If we want to write
the generating function for finite sequence α0, α1, α2, ..., αn where αi ¼
0 for i > n, that is;

hðxÞ¼α0 þ α1x þ α2x2 þ :::þ αnxn:

Here, we will use generating functions as above:

1
1� αx

¼1 þ αxþ α2x2 þ :::þ αnxn ¼
X∞
n¼0

αnxn;

where αn is real number for each n 2 ℕ.

Theorem5.The generating function for Perrin hybrid sequenceRðHÞ
n is

X∞
n¼0

RðHÞ
n xn ¼ RðHÞ

0 þ RðHÞ
1 x þ ð � 1þ 3iþ 2hÞx2

1� x2 � x3 :

Proof. Suppose that the generating function of the Perrin hybrid
sequence RðHÞ

n has the form

gðxÞ¼
X∞
n¼0

RðHÞ
n xn ¼ RðHÞ

0 þ RðHÞ
1 x þ RðHÞ

2 x2 þ RðHÞ
3 x3 þ⋯ :

Then we have

x2gðxÞ¼RðHÞ
0 x2 þ RðHÞ

1 x3 þ RðHÞ
2 x4 þ RðHÞ

3 x5 þ⋯ ;

and

x3gðxÞ¼RðHÞ
0 x3 þ RðHÞ

1 x4 þ RðHÞ
2 x5 þ RðHÞ

3 x6 þ⋯ :

Thus, we obtain

gðxÞ�x2gðxÞ�x3gðxÞ¼
	
RðHÞ
0 þRðHÞ

1 xþRðHÞ
2 x2þRðHÞ

3 x3þ⋯



�
	
RðHÞ
0 x2þRðHÞ

1 x3þRðHÞ
2 x4þRðHÞ

3 x5þ⋯



�
	
RðHÞ
0 x3þRðHÞ

1 x4þRðHÞ
2 x5þRðHÞ

3 x6þ⋯



¼
	
RðHÞ
0 þRðHÞ

1 x


þ
	
RðHÞ
2 �RðHÞ

0



x2þ

	
RðHÞ
3 �RðHÞ

1 �RðHÞ
0



x2þ⋯

þ
	
RðHÞ
n �RðHÞ

n�2�RðHÞ
n�3



xnþ⋯

We deduce that
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gðxÞ� x2gðxÞ� x3gðxÞ¼RðHÞ
0 þRðHÞ

1 x þ �RðHÞ
2 �RðHÞ

0

�
x2:
Thus, we get

gðxÞ�1� x2 � x3�¼RðHÞ
0 þRðHÞ

1 x þ ðiþ εþ hÞx2:

Therefore, we have

X∞
n¼0

RðHÞ
n xn ¼ RðHÞ

0 þ RðHÞ
1 x þ ðiþ εþ hÞx2

1� x2 � x3 :

Taking into account the Padovan numbers, Morales [5] has defined
the following sequences:

Qn ¼ Pn þ P�n

and

�Qn ¼ Pn � P�n;

where n � 0 is an integer and P�n ¼ � P�ðn�1Þ þ P�ðn�3Þ.
Additionally, the author gives the following table:

n 1 2 3 4 5 6 7 8 9 10 11 12
Pn
 1
 1
 2
 2
 3
 4
 5
 7
 9
 12
 16
 21
P�n
 0
 1
 0
 0
 1
 -1
 1
 0
 -1
 2
 -2
 1
Here, by following the same method, let us consider the Perrin
numbers as below:

R�n ¼ � R�ðn�1Þ þ R�ðn�3Þ;

where Rn the nth Perrin number:

n 1 2 3 4 5 6 7 8 9 10 11 12
Rn
 0
 2
 3
 2
 5
 5
 7
 10
 12
 17
 22
 39
R�n
 -1
 1
 2
 -3
 4
 -2
 -1
 5
 -7
 6
 -1
 -6
Now we define the new sequences QðHÞ
n , Q

0 ðHÞ
n , TðHÞ

n and T
0 ðHÞ
n .

Definition 2. Let n � 0 be an integer. Let us define

QðHÞ
n ¼ PðHÞ

n þ PðHÞ
�n ; Q

0 ðHÞ
n ¼ PðHÞ

n � PðHÞ
�n

and

TðHÞ
n ¼RðHÞ

n þ RðHÞ
�n ; T

0 ðHÞ
n ¼ RðHÞ

n � RðHÞ
�n ;

where

PðHÞ
�n ¼P�n þ P�ðnþ1Þiþ P�ðnþ2Þεþ P�ðnþ3Þh

and

RðHÞ
�n ¼R�n þ R�ðnþ1Þiþ R�ðnþ2Þεþ R�ðnþ3Þh:

According to these new sequences, we can give the following table for

the first terms of sequences PðHÞ
n , PðHÞ

�n , Q
ðHÞ
n and Q0 ðHÞ

n :

n 1 2 3 4 5
PðHÞ
n

1 þ i þ 2ε þ
2h
1þ 2iþ 2εþ
3h
2þ 2iþ 3εþ
4h
2þ 3iþ 4εþ
5h
3þ 4iþ 5εþ
7h
PðHÞ
�n
i
 1þ h
 ε� h
 i� εþ h
 1� iþ ε
QðHÞ
n

1þ 2i þ 2ε þ
2h
2þ 2iþ 2εþ
4h
2þ 2iþ 4εþ
3h
2þ 4iþ 3εþ
6h
4þ 3iþ 6εþ
7h
Q
0 ðHÞ
n

1þ 2ε þ 2h
 2iþ 2εþ 2h
 2þ 2iþ 2εþ
5h
2þ 2iþ 5εþ
4h
2þ 5iþ 4εþ
7h
4

As an example, for n ¼ 2, we have

PðHÞ
�2 ¼P�2 þ P�3iþ P�4εþ P�5h ¼ 1þ 0iþ 0εþ h ¼ 1þ h:

Additionally, one can find the following table for the first terms of

sequences RðHÞ
n , RðHÞ

�n , T
ðHÞ
n and T 0 ðHÞ

n :

n 1 2 3 4 5
RðHÞ
n

2
iþ 3εþ 2h 2
þ 3iþ 2εþ
5h
3þ 2iþ 5εþ
5h
2þ 5iþ 5εþ 7h 5
þ 5iþ 7εþ
10h
RðHÞ
�n
� 1þ iþ 2ε�
3h

1
4

þ 2i� 3εþ
h

2� 3i� 4ε�
2h
� 3þ 4i� 2ε�
h

4
� 2i� εþ 5h
TðHÞ
n

� 1þ 3iþ 5ε�
h

3
9

þ 5i� εþ
h

5� iþ εþ 3h
 � 1þ 9iþ 3εþ
6h

9
1

þ 3iþ 6εþ
5h
T
0 ðHÞ
n

1
þ iþ εþ 5h 2
þ iþ 5εþ h
 1þ 5iþ 9εþ
7h
5� iþ 7εþ 8h 1
þ 7iþ 8εþ
5h
For n ¼ 1, we have

RðHÞ
�1 ¼R�1 þ R�2iþ R�3εþ R�4h ¼ �1þ iþ 2 ε� 3h:

Theorem 6. Let n � 0 be an integer. Then

(1) HPnþ1 ¼ QðHÞ
n þ QðHÞ

n�1 � QðHÞ
n�3 ,

(2) RðHÞ
nþ1 ¼ TðHÞ

n þ TðHÞ
n�1 � TðHÞ

n�3.

Proof. Let n � 0.be an integer. By definition of QðHÞ
n ; we have

QðHÞ
n ¼HPn þ HP�n;Q

ðHÞ
n�1 ¼ HPn�1 þ HP�ðn�1Þ

and

QðHÞ
n�3 ¼HPn�3 þ HP�ðn�3Þ:

Thus, we get

QðHÞ
n þQðHÞ

n�1�QðHÞ
n�3¼

h
ðPnþPnþ1iþPnþ2εþPnþ3hÞ

þ�P�nþP�ðnþ1ÞiþP�ðnþ2ÞεþP�ðnþ3Þh
�i

þ
h
ðPn�1þPniþPnþ1εþPnþ2hÞþ

�
P�ðn�1ÞþP�niþP�ðnþ1ÞεþP�ðnþ2Þh

�i
�
h
ðPn�3þPn�2iþPn�1εþPnhÞ

i
¼
h
ðPnþP�nÞþ

�
Pn�1þP�ðn�1Þ

���Pn�3þP�ðn�3Þ
�i

þ
h
ðPnþP�nÞþ

�
Pn�1þP�ðn�1Þ

���Pn�3þP�ðn�3Þ
�i
i

þ
h
ðPnþP�nÞþ

�
Pn�1þP�ðn�1Þ

��	Pn�3þP�ðn�3Þ

i

ε

þ
h	

PnþP�n



þ�Pn�1þP�ðn�1Þ

���Pn�3þP�ðn�3Þ
�i
h:

Therefore, we have

QðHÞ
n þ QðHÞ

n�1 � QðHÞ
n�3 ¼ ðQn þ Qn�1 � Qn�3Þ þ ðQnþ1 þ Qn � Qn�2Þi

þðQnþ2 þ Qnþ1 � Qn�1Þεþ ðQnþ3 þ Qnþ2 � QnÞh:

Then, we get

QðHÞ
n þQðHÞ

n�1 � QðHÞ
n�3 ¼ Pnþ1 þ Pnþ2iþ Pnþ3εþ Pnþ4h ¼ PðHÞ

nþ1:

Thus, the proof is completed.
By similar way, one can prove that

RðHÞ
nþ1 ¼TðHÞ

n þ TðHÞ
n�1 � TðHÞ

n�3:
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3. Conclusion

Recently, a new numeric set was defined, by €Ozdemir in [1], called as
hybrid number, which brings together three numerical systems: complex,
hyperbolic and dual numbers. Motivated by the work [1] and based on the
importance of this system, we apply the definition of hybrid numbers to
Perrin numbers and introduce Perrin hybrid numbers and examine some
properties of them.Additionally,wegiveaMaple13 source code toget them.
restart:

with(LinearAlgebra):with(linalg):

n:¼ –:

R:¼ proc(n)

if n ¼ 0 then

return 3:

elif n ¼ 1 then

return 0:

elif n ¼ 2 then

return 2:

elif n ¼ 3 then

return 3:

else

return R(n�2)þR(n�3)
end if;

end proc;

R(n):

R: ¼ proc(n)

if n ¼ 0 then return 3

elif n ¼ 1 then return 0

elif n ¼ 2 then return 2

elif n ¼ 3 then return 3

else return R(n�2) þ R(n�3)
end if

end proc

RðHÞ
n :¼ Rn þ Rnþ1iþ Rnþ2εþ Rnþ3h :
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[17] Y. Taşyurdu, Tribonacci and Tribonacci-Lucas hybrid numbers, Int. J. Contempor.
Mathemat. Sci. 14 (4) (2019) 245–254.

[18] A. Szynal-Liana, I. Wloch, On Generalized Mersenne Hybrid Numbers, Annales
Universitatis Maria Curie-Sklodowska Lublin, 2020. Vol. LXXIV, no. 1.

http://refhub.elsevier.com/S2405-8440(21)01868-5/sref1
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref1
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref1
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref2
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref3
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref3
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref3
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref3
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref3
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref3
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref3
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref4
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref4
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref4
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref5
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref5
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref6
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref6
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref6
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref7
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref8
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref8
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref8
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref9
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref9
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref10
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref10
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref10
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref11
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref11
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref11
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref12
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref12
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref12
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref13
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref13
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref13
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref14
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref14
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref14
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref14
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref14
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref14
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref15
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref15
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref15
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref16
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref16
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref16
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref16
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref17
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref17
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref17
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref17
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref18
http://refhub.elsevier.com/S2405-8440(21)01868-5/sref18

	A combined approach to Perrin and Padovan hybrid sequences
	1. Introduction
	2. The Perrin hybrid sequences
	3. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	References


