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Abstract The trigintaduonions form a 32-dimensional Cayley–Dickson algebra. In this paper, we intend to
make a new approach to introduce the concept of generalized Tribonacci trigintaduonions instead of and
study some properties of this trigintaduonions like Binet’s formula, generating function, summation for-
mula, norm value and matrix formulation.
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1 Introduction and Preliminaries

Tribonacci sequence is a generalization of the Fibonacci sequence. Tribonacci numbers are like the Fibo-
nacci numbers but instead of starting with two predetermined terms, the sequence starts with three pre-
determined terms and each term afterward is the sum of the preceding three terms. The Tribonacci numbers
are described by

Tn ¼ Tn�1 þ Tn�2 þ Tn�3 ð1:1Þ

for n� 4, with initial conditions T1 ¼ 1, T2 ¼ 1 and T3 ¼ 2. The generalized Tribonacci sequence is the
generalization of the sequences like Tribonacci, Padovan, Narayana and third-order Jacobsthal sequences.
The generalized Tribonacci sequence fUngn� 0 is defined by

Un ¼ pUn�1 þ qUn�2 þ rUn�3 ð1:2Þ

for n� 3, where U0 ¼ d, U1 ¼ e and U2 ¼ f are arbitrary integers and p, q, r are real numbers. To know
more about Fibonacci and Tribonacci sequences (see [1, 4, 8, 9, 13, 14, 16, 17, 19, 21, 22]).

If we consider p ¼ q ¼ r ¼ 1 and U0 ¼ 0, U1 ¼ U2 ¼ 1, then fUng is known as Tribonacci sequence
and if we take p ¼ q ¼ r ¼ 1 and U0 ¼ 3, U1 ¼ 1, U2 ¼ 3, then fUng is known as Tribonacci–Lucas

sequence. As fUng is a third-order recurrence sequence, its characteristic equation is x3 � px2 � qx� r ¼ 0,
whose roots are
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l ¼ lðp; q; rÞ ¼ p

3
þ Aþ B;

m ¼ mðp; q; rÞ ¼ p

3
þ aAþ a2B;

d ¼ dðp; q; rÞ ¼ p

3
þ a2Aþ aB;

where

A ¼
�

p3

27
þ pq

6
þ r

2
þ

ffiffiffiffi
-
p �1

3

; B ¼
�

p3

27
þ pq

6
þ r

2
�

ffiffiffiffi
-
p �1

3

with - ¼ -ðp; q; rÞ ¼ p3r
27
� p2q2

108
þ pqr

6
� q3

27
þ r2

4
and a ¼ �1þi

ffiffi
3
p

2
.

Now, we assume that -ðp; q; rÞ[ 0, so that the Eq. (1.2) has one real and two non-real solutions with the
latter being conjugate complex. Now, the Binet formula for the generalized Tribonacci numbers can be
expressed as [7, 11]

Un ¼
Kln

ðl� mÞðl� dÞ þ
Lmn

ðm� lÞðm� dÞ þ
Mdn

ðd� lÞðd� mÞ ; ð1:3Þ

where

K ¼U2 � ðmþ dÞU1 þ mdU0;

L ¼U2 � ðlþ dÞU1 þ ldU0;

M ¼U2 � ðlþ mÞU1 þ lmU0:

Now, we discuss some properties of Cayley–Dickson algebras. In the Cayley–Dickson process we extend
the field R of reals to complex C. It can be carried further to higher dimensions using a doubling process
yielding the quaternions, octonions, sedenions and trigintaduonions. Many authors have studied generalized
Tribonacci quaternions, octonions and sedenions which are of dimensions 4, 8 and 16 respectively.
Octonions and sedenions are hyper-complex numbers as quaternions have been studied in some of recent
papers [3, 12]. In this paper, we want to extend these ideas and study trigintaduonions which is 32-
dimensional Cayley–Dickson algebra. As far we know this idea is new to existing literature. Actually,
trigintaduonions is a 32-dimensional hyper-complex number that is a non-associative extension of a
sedenion. A trigintaduonions is defined by

T ¼ t0 þ
X31

k¼1

tkek;

where t0; t1; . . .; t31 are real numbers, e0 is the identity (or unit) and e1; . . .; e31 are called imaginaries. t0 is

called the real part and
X31

k¼1
tkek is called it’s imaginary part. The trigintaduonions product can be

presented in the matrix-vector multiplication form as follows:

T1 ¼ a0 þ
X31

k¼1

akek; T2 ¼ b0 þ
X31

k¼1

bkek; T3 ¼ T1T2 ¼ c0 þ
X31

k¼1

ckek:

The operations requiring for the matrix-vector multiplication in trigintaduonions are quite a lot. Detailed
informations about these operations have been presented in the literature (see [5, 6, 24]).

Gül [10] introduced the k-Fibonacci and k-Lucas trigintaduonions as

TFk;n ¼
X31

i¼0

Fk;nþiei

and

TLk;n ¼
X31

i¼0

Lk;nþiei
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where Fk;n and Lk;n are the nth k-Fibonacci number and k-Lucas number, respectively.
Now, we define generalized Tribonacci trigintaduonions. The nth generalized Tribonacci trigintaduo-

nions is defined by

bT n ¼
X31

i¼0

Unþiei ¼ Un þ
X31

i¼1

Unþiei; ð1:4Þ

where Un is the nth generalized Tribonacci number defined in Eq. (1.2). For all non-negative integer n, it can
be easily shown that the following iterative relation holds:

bT n ¼ p bT n�1 þ q bT n�2 þ r bT n�3: ð1:5Þ

For negative values of n, by using the recurrence (1.5) we extend the sequence f bT ngn� 0 backwards or
equivalently, by using the recurrence

bT�n ¼ �
q

r
bT�ðn�1Þ �

p

r
bT�ðn�2Þ þ

1

r
bT�ðn�3Þ:

Thus, the recurrence (1.5) holds for all integer n. The conjugate of bT n is defined by

bT n ¼ Un �
X31

i¼1

Unþiei ¼ Un � Unþ1e1 � Unþ2e2 � � � � � Unþ31e31:

The norm of generalized Tribonacci trigintaduonions is defined by

k bT 2

nk ¼ N2ð bT nÞ ¼ bT n
bT n ¼ U2

n þ U2
nþ1 þ � � � þ U2

nþ31:

2 Main Results

In this section we introduce some properties of generalized Tribonacci trigintaduonions like Binet’s for-
mula, generating function, summation formula and norm value.

Theorem 2.1 Binet’s formula for generalized Tribonacci trigintaduonions is

bT n ¼
Kblln

ðl� mÞðl� dÞ þ
Lbmmn

ðm� lÞðm� dÞ þ
Mbddn

ðd� lÞðd� mÞ

where K, L and M are defined in Eq. (1.3) andbl ¼ e0 þ le1 þ l2e2 þ � � � þ l31e31;bm ¼ e0 þ me1 þ m2e2 þ � � � þ m31e31;bd ¼ e0 þ de1 þ d2e2 þ � � � þ d31e31.

Proof By using Binet’s formula for the generalized Tribonacci numbers (1.3) and definition of (1.4), we
have
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bT n ¼
X31

i¼0

Unþiei ¼
Kln

ðl� mÞðl� dÞ þ
Lmn

ðm� lÞðm� dÞ þ
Mdn

ðd� lÞðd� mÞ

þ
�

Klnþ1

ðl� mÞðl� dÞ þ
Lmnþ1

ðm� lÞðm� dÞ þ
Mdnþ1

ðd� lÞðd� mÞ

�
e1

þ
�

Klnþ2

ðl� mÞðl� dÞ þ
Lmnþ2

ðm� lÞðm� dÞ þ
Mdnþ2

ðd� lÞðd� mÞ

�
e2

..

.

þ
�

Klnþ31

ðl� mÞðl� dÞ þ
Lmnþ31

ðm� lÞðm� dÞ þ
Mdnþ31

ðd� lÞðd� mÞ

�
e31

¼ Kblln

ðl� mÞðl� dÞ þ
Lbmmn

ðm� lÞðm� dÞ þ
Mbddn

ðd� lÞðd� mÞ :

which is the Binet’s formula for the generalized Tribonacci trigintaduonions. h

Theorem 2.2 The generating functions for the generalized Tribonacci trigintaduonions is

gðxÞ ¼
X1
n¼0

bT nxn ¼
bT 0 þ ð bT 1 � p bT 0Þxþ r bT�1x2

1� px� qx2 � rx3
:

Proof Now, we define gðxÞ ¼
X1

n¼0
bT nxn. Compute that

gðxÞ ¼ bT 0 þ bT 1xþ bT 2x2 þ bT 3x3 þ � � � þ bT nxn þ � � �
pxgðxÞ ¼ p bT 0xþ p bT 1x2 þ p bT 2x3 þ p bT 3x4 þ � � � þ p bT n�1xn þ � � �
qx2gðxÞ ¼ q bT 0x2 þ q bT 1x3 þ q bT 2x4 þ q bT 3x5 þ � � � þ q bT n�2xn þ � � �
rx3gðxÞ ¼ r bT 0x3 þ r bT 1x4 þ r bT 2x5 þ r bT 3x6 þ � � � þ r bT n�3xn þ � � �
By using recurrence bT n ¼ p bT n�1 þ q bT n�2 þ r bT n�3 and above defined table, we have

ð1� px� qx2 � rx3ÞgðxÞ ¼ gðxÞ � pxgðxÞ � qx2gðxÞ � rx3gðxÞ
¼ bT 0 þ ð bT 1 � p bT 0Þxþ ð bT 2 � p bT 1 � q bT 0Þx2

þ ð bT 3 � p bT 2 � q bT 1 � r bT 0Þx3

þ ð bT 4 � p bT 3 � q bT 2 � r bT 1Þx4 þ � � �
þ ð bT n � p bT n�1 � q bT n�2 � r bT n�3Þxn þ � � �

¼ bT 0 þ ð bT 1 � p bT 0Þxþ ð bT 2 � p bT 1 � q bT 0Þx2:

Since bT 2 � p bT 1 � q bT 0 ¼ r bT�1, then the generating function for generalized Tribonacci trigintaduonions is

gðxÞ ¼
bT 0 þ ð bT 1 � p bT 0Þxþ r bT�1x2

1� px� qx2 � rx3
:

h

In the next theorem, we discuss another form of Binet formula for the generalized Tribonacci trigin-
taduonions by using generating function.

Theorem 2.3 For any integer n, the nth generalized Tribonacci trigintaduonions is

bT n ¼
ððl2 � plÞ bT 0 þ l bT 1 þ r bT�1Þln

ðl� dÞðl� mÞ þ ððm
2 � pmÞ bT 0 þ m bT 1 þ r bT�1Þmn

ðm� dÞðm� lÞ

þ ððd
2 � pdÞ bT 0 þ d bT 1 þ r bT�1Þdn

ðd� lÞðd� mÞ :

Proof In this theorem, we use generating function. Since
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1� px� qx2 � rx3 ¼ ð1� lxÞð1� mxÞð1� dxÞ:

Now, the generating function of bT n is given by

gðxÞ ¼
bT 0 þ ð bT 1 � p bT 0Þxþ r bT�1x2

1� px� qx2 � rx3
¼
bT 0 þ ð bT 1 � p bT 0Þxþ r bT�1x2

ð1� lxÞð1� mxÞð1� dxÞ

¼ D

ð1� lxÞ þ
E

ð1� mxÞ þ
F

ð1� dxÞ

¼ Dð1� mxÞð1� dxÞ þ Eð1� lxÞð1� dxÞ þ Fð1� lxÞð1� mxÞ
ð1� lxÞð1� mxÞð1� dxÞ

¼ ðDþ E þ FÞ þ ð�Dm� Dd� El� Ed� Fl� FmÞxþ ðDmdþ Eldþ FlmÞx2

ð1� lxÞð1� mxÞð1� dxÞ :

We need to determine the value of D, E and F, then the following system of equations should be solved:

Dþ E þ F ¼ bT 0;

� Dm� Dd� El� Ed� Fl� Fm ¼ bT 1 � p bT 0;

Dmdþ Eldþ Flm ¼ r bT�1:

Then, we get

D ¼ r bT�1 þ l bT 1 þ l2 bT 0 � pl bT 0

l2 � lm� ldþ md
¼ ðl

2 � plÞ bT 0 þ l bT 1 þ r bT�1

ðl� dÞðl� mÞ ;

E ¼ r bT�1 þ m bT 1 þ m2 bT 0 � pm bT 0

m2 � lmþ ld� md
¼ ðm

2 � pmÞ bT 0 þ m bT 1 þ r bT�1

ðm� dÞðm� lÞ ;

F ¼ r bT�1 þ d bT 1 þ d2 bT 0 � pd bT 0

d2 þ lm� ld� md
¼ ðd

2 � pdÞ bT 0 þ d bT 1 þ r bT�1

ðd� lÞðd� mÞ

and

gðxÞ ¼ ðl
2 � plÞ bT 0 þ l bT 1 þ r bT�1

ðl� dÞðl� mÞ
X1
n¼0

lnxn þ ðm
2 � pmÞ bT 0 þ m bT 1 þ r bT�1

ðm� dÞðm� lÞ
X1
n¼0

mnxn

þ ðd
2 � pdÞ bT 0 þ d bT 1 þ r bT�1

ðd� lÞðd� mÞ
X1
n¼0

dnxn

¼
X1
n¼0

�
ððl2 � plÞ bT 0 þ l bT 1 þ r bT�1Þln

ðl� dÞðl� mÞ þ ððm
2 � pmÞ bT 0 þ m bT 1 þ r bT�1Þmn

ðm� dÞðm� lÞ

þ ððd
2 � pdÞ bT 0 þ d bT 1 þ r bT�1Þdn

ðd� lÞðd� mÞ

�
xn:

Then, we get the Binet formula for the generalized Tribonacci trigintaduonins is

bT n ¼
ððl2 � plÞ bT 0 þ l bT 1 þ r bT�1Þln

ðl� dÞðl� mÞ þ ððm
2 � pmÞ bT 0 þ m bT 1 þ r bT�1Þmn

ðm� dÞðm� lÞ

þ ððd
2 � pdÞ bT 0 þ d bT 1 þ r bT�1Þdn

ðd� lÞðd� mÞ :

h

Now, we discuss the formula which gives the summation of the first n generalized Tribonacci numbers.

Lemma 2.1 ([15]) For every integer n� 0; we have
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Xn

k¼0

Uk ¼
Unþ2 þ ð1� pÞUnþ1 þ rUn þ ðpþ q� 1ÞU0 þ ðp� 1ÞU1 � U2

up;q;r

; ð2:1Þ

where u ¼ up;q;r ¼ pþ qþ r � 1.

Theorem 2.4 The summation formula for the generalized Tribonacci trigintaduonions is

Xn

k¼0

bT k ¼
bT nþ2 þ ð1� pÞ bT nþ1 þ r bT n þ kp;q;r

up;q;r

;

where u ¼ up;q;r ¼ pþ qþ r � 1; k ¼ kp;q;r ¼ xþ e1ðx� uU0Þ þ e2ðx� uðU0 þ U1ÞÞ þ e3ðx�
uðU0 þ U1 þ U2ÞÞ þ � � � þ e31ðx� uðU0 þ U1 þ � � � þ U30ÞÞ and
x ¼ xp;q;r ¼ ðpþ q� 1ÞU0 þ ðp� 1ÞU1 � U2.

Proof By using Eq. (1.4), we have

Xn

k¼0

bT k ¼
Xn

k¼0

Uk þ e1

Xn

k¼0

Ukþ1 þ e2

Xn

k¼0

Ukþ2 þ � � � þ e31

Xn

k¼0

Ukþ31

¼ðU0 þ � � � þ UnÞ þ e1ðU1 þ � � � þ Unþ1Þ þ e2ðU2 þ � � � þ Unþ2Þ
þ � � � þ e31ðU31 þ � � � þ Unþ31Þ:

From Eq. (2.1) and by using notation xp;q;r ¼ ðpþ q� 1ÞU0 þ ðp� 1ÞU1 � U2, we have

up;q;r

Xn

k¼0

bT k ¼ðUnþ2 þ ð1� pÞUnþ1 þ rUn þ xp;q;rÞ

þ e1ðUnþ3 þ ð1� pÞUnþ2 þ rUnþ1 þ x� uU0Þ
þ e2ðUnþ4 þ ð1� pÞUnþ3 þ rUnþ2 þ x� uðU0 þ U1ÞÞ

..

.

þ e31ðUnþ33 þ ð1� pÞUnþ32 þ rUnþ31 þ x� uðU0 þ U1 þ � � � þ U30ÞÞ
¼ bT nþ2 þ ð1� pÞ bT nþ1 þ r bT n þ kp;q;r;

where kp;q;r ¼ xþ e1ðx� uU0Þ þ e2ðx� uðU0 þ U1ÞÞ þ e3ðx� uðU0 þ U1 þ U2ÞÞ þ � � � þ e31ðx� u
ðU0 þ U1 þ � � � þ U30ÞÞ. Thus, we have

Xn

k¼0

bT k ¼
bT nþ2 þ ð1� pÞ bT nþ1 þ r bT n þ kp;q;r

up;q;r

:

h

Theorem 2.5 The norm of generalized Tribonacci trigintaduonions is given by

k bT nk2 ¼ ðm� dÞ2K2ell2n þ ðl� dÞ2L2emm2n þ ðl� mÞ2M2edd2n � 2N

/2
;

where,
/ ¼ /ðl; m; dÞ ¼ ðl� mÞðl� dÞðm� dÞ;el ¼ 1þ l2 þ l4 þ � � � þ l62;em ¼ 1þ m2 þ m4 þ � � � þ m62;ed ¼ 1þ d2 þ d4 þ � � � þ d62;flm ¼ 1þ lmþ ðlmÞ2 þ ðlmÞ3 þ � � � þ ðlmÞ31;fld ¼ 1þ ldþ ðldÞ2 þ ðldÞ3 þ � � � þ ðldÞ31;fmd ¼ 1þ mdþ ðmdÞ2 þ ðmdÞ3 þ � � � þ ðmdÞ31;
N ¼ ðl� dÞðm� dÞKLflmðlmÞn þ ðl� mÞðm� dÞKMfldðldÞn þ ðl� mÞðl� dÞLMfmdðmdÞn.

Proof By using definition of norm and Binet’s formula of Un, we have
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/Un ¼ ðm� dÞKln þ ðd� lÞLmn þ ðl� mÞMdn:

Then,

/2U2
n ¼ðm� dÞ2K2l2n þ ðd� lÞ2L2m2n

þ ðl� mÞ2M2d2n þ 2ðm� dÞðd� lÞKLðlmÞn

þ 2ðm� dÞðl� mÞKMðldÞn þ 2ðd� lÞðl� mÞLMðmdÞn

and

/2k bT nk2 ¼/2ðU2
n þ U2

nþ1 þ U2
nþ2 þ � � � þ U2

nþ31Þ
¼ ðm� dÞ2K2ell2n þ ðd� lÞ2L2emm2n

þ ðl� mÞ2M2edd2n þ 2ðm� dÞðd� lÞKLflmðlmÞn

þ 2ðm� dÞðl� mÞKMfldðldÞn þ 2ðd� lÞðl� mÞLMfmdðmdÞn;
where el;em; ed;flm;fld and fmd are defined above. This completes the proof. h

3 Matrix representation of generalized Tribonacci trigintaduonions

Suppose the sequence fXng which is defined by the third-order recurrence relation

Xn ¼ Xn�1 þ Xn�2 þ Xn�3; X0 ¼ X1 ¼ 0; X2 ¼ 1:

The numbers Xn can be expressed by using Binet’s formula

Xn ¼
ln

ðl� mÞðl� dÞ þ
mn

ðm� lÞðm� dÞ þ
dn

ðd� lÞðd� mÞ

and for negative numbers X�n, it is expressed by

X�n ¼
Xnþ1 Xnþ2

Xn Xnþ1

����
���� ¼ X2

nþ1 � Xnþ2Xn:

Now, we define the square matrix P of order 3 as:

P ¼
p q r
1 0 0

0 1 0

0
@

1
A

such that det P ¼ r and

Pn ¼
Xnþ2 qXnþ1 þ rXn rXnþ1

Xnþ1 qXn þ rXn�1 rXn

Xn qXn�1 þ rXn�2 rXn�1

0
@

1
A: ð3:1Þ

To know more about (3.1) matrix (see [2]). Matrix formulation of Tn can be given as

Unþ2

Unþ1

Un

0
@

1
A ¼ p q r

1 0 0

0 1 0

0
@

1
A

n
U2

U1

U0

0
@

1
A: ð3:2Þ

The matrix P was defined and used in [18]. To know more above matrix, see [20] and [23].
Now, we define the matrix Pt as

Pt ¼
bT 4

bT 3 þ bT 2
bT 3bT 3

bT 2 þ bT 1
bT 2bT 2

bT 1 þ bT 0
bT 1

0
@

1
A:

The matrix Pt can be called generalized Tribonacci trigintaduonions matrix.
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Theorem 3.1 For n� 0; the following holds:

Pt

p q r
1 0 0

0 1 0

0
@

1
A

n

¼
bT nþ4 q bT nþ3 þ r bT nþ2 r bT nþ3bT nþ3 q bT nþ2 þ r bT nþ1 r bT nþ2bT nþ2 q bT nþ1 þ r bT n r bT nþ1

0
@

1
A: ð3:3Þ

Proof We prove by mathematical induction on n. If n ¼ 0, then the result is clear. Now, we suppose it is
true for n ¼ k, we have

PtP
k ¼

bT kþ4 q bT kþ3 þ r bT kþ2 r bT kþ3bT kþ3 q bT kþ2 þ r bT kþ1 r bT kþ2bT kþ2 q bT kþ1 þ r bT k r bT kþ1

0
@

1
A:

By using Eq. (1.5), then for k� 0, we have bT kþ3 ¼ p bT kþ2 þ q bT kþ1 þ r bT k. Now, by induction hypothesis,
we have

PtP
kþ1 ¼ðPtP

kÞP

¼
bT kþ4 q bT kþ3 þ r bT kþ2 r bT kþ3bT kþ3 q bT kþ2 þ r bT kþ1 r bT kþ2bT kþ2 q bT kþ1 þ r bT k r bT kþ1

0
B@

1
CA

p q r

1 0 0

0 1 0

0
B@

1
CA

¼
p bT kþ4 þ q bT kþ3 þ r bT kþ2 q bT kþ4 þ r bT kþ3 r bT kþ4

p bT kþ3 þ q bT kþ2 þ r bT kþ1 q bT kþ3 þ r bT kþ2 r bT kþ3

p bT kþ2 þ q bT kþ1 þ r bT k q bT kþ2 þ r bT kþ1 r bT kþ2

0
B@

1
CA

¼
bT kþ5 q bT kþ4 þ r bT kþ3 r bT kþ4bT kþ4 q bT kþ3 þ r bT kþ2 r bT kþ3bT kþ3 q bT kþ2 þ r bT kþ1 r bT kþ2

0
B@

1
CA:

Hence, (3.3) holds for all non-negative integers n. h

Corollary 3.2 For n� 0; the following holds:

bT nþ2 ¼ bT 2Xnþ2 þ ð bT 1 þ bT 0ÞXnþ1 þ bT 1Xn:

Proof The proof of the corollary can be easily seen by the coefficient (3.1) of the matrix Pt and (3.3). h

Note that if the matrix P replace with the matrices Q and R, then we obtain the same results as the matrix P,
matrices Q and R are defined by

Q ¼
p 1 0

q 0 1

r 0 0

0
@

1
A and R ¼

0 1 0

0 0 1

p q r

0
@

1
A:
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13. C. Kizilateş, P. Catarino and N. Tuğlu, On the Bicomplex Generalized Tribonacci Quarternions, Mathematics, 7 (2019),

p. 80.
14. P. Y. Lin, De Moivre-type identities for the Tribonacci numbers, Fibonacci Quart., 26 (1988), 131–134.
15. G. Cerda-Morales, On a Generalization for Tribonacci Quaternions, Mediterr. J. Math., 14 (2017), 239.
16. K. Raj, S. Pandoh and S. Jamwal, Fibonacci difference sequence spaces for modulus functions, Matematiche (Catania), 70

(2015), 137–156.
17. A. Scott, T. Delaney and V. Jr. Hoggatt, The Tribonacci sequence, Fibonacci Quart., 15 (1977), 193–200.
18. A. G. Shannon and A. F. Horadam, Some properties of third-order Recurrence relations, Fibonacci Quart., 10 (1972),

135–146.
19. Y. Soykan, Tribonacci and Tribonacci–Lucas Sedenions, Mathematics, 7 (2019), 74.
20. C. C. Yalavigi, A Note on ‘Another Generalized Fibonacci Sequence’, Math. Student, 39 (1971), 407–408.
21. O. Yayenie, A note on generalized Fibonacci sequences, Appl. Math. Comput., 217 (2011), 5603–5611.
22. N. Yilmaz and N. Taskara, Tribonacci and Tribonacci–Lucas numbers via the determinants of special matrices, Appl.

Math. Sci., 8 (2014), 1947–1955.
23. ME. Waddill, Using matrix techniques to establish properties of a generalized Tribonacci sequence (in Applications of

Fibonacci Numbers), (1991), 299–308. Kluwer Academic Publishers, Dordrecht, The Netherlands (1991).
24. Z. H. Weng, Compounding fields and their Quantum equations in the Trigintaduonion space, arXiv: 0704.0136 (2007).

123

428 K. Saini, K. Raj



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2021-07-26T11:06:02+0530
	Preflight Ticket Signature




