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On the Quinary Fibonacci-Padovan Sequences

ORHAN DI1SKAYA and HAMZA MENKEN

ABSTRACT. In this paper, we consider the Fibonacci and Padovan sequences. We introduce the quinary
Fibonacci-Padovan sequences whose compounds are the Fibonacci and Padovan sequences. We derive the
Binet-like formulas, the generating functions and exponential generating functions of these sequences. Also,
we obtain some binomial identities, series and sums for them.

1. INTRODUCTION

Special numbers and the corresponding recurrence relations and their generalizations
have many applications to every field of science and they have many interesting proper-
ties [17-19]. Second order linear recurrences related to Fibonacci and Lucas numbers and
their generalizations are investigated in [8,14,15,21]. Fourth order linear recurrences and
their generalizations are studied in [9,10,20,23]. On algebraic identities on a new integer
sequence with four parameters are investigated in [24].

In [3] the authors studied on the quadra Fibona-Pell and hexa Fibona-Pell-Jacobsthal
sequences.

In [9] and [10] various fourth order linear recurrences and their polynomials are defined
and studied.

In [23] the author define the quadrapell numbers and quadrapell polynomials as fourth
order linear recurrences.

In [20] the author defines the quadra Fibona-Pell integers sequences and she gives some
algebraic identities.

In the present work we consider fifth orders linear recurrences and we define the
quinary Fibonacci-Padovan sequences. We give some properties of them.

The Fibonacci and Padovan sequences {F,,} and { P, } are defined by second and third
order recurrences for n > 0, respectively,

Fn+2:Fn+1+Fn7

Pn+3 :Pn+1+Pn7
with the initial conditions are given as follow, respectively,

Fy=0, and F;=1,

P():]., P1:]. and PQZ].,

The first few members of these sequences are given as follow, respectively,
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TABLE 1. The first few members of these sequences

The recurrences involve the characteristic equations, respectively,

xQ—x—le,

Y —y—1=0,

The roots of the equations are as follows, respectively,

= 1+2\/5 and (= 1_2\/5,

= Plastic ratio

A_&/9+W+f 9—f

144 8 18

B \/smﬁ \/9—\F V3 §/9+¢@ .[9— V6D
= 18 18 |-

Then the following equalities follow directly from Vieta’s formulas, respectively,

OL+/6:17 a—ﬂ:\/g7 aﬂ:—l,

. \/9+\F w—r V3 §/9+\/@ 39—@)

A4+d+7=0, MN+Iw+dy=-1, Ay=1.

(1.1)

(1.2)

Moreover, the Binet and Binet-like formulas for the Fibonacci and Padovan sequences

are, respectively,

aniﬂn
a—pB8"

P, =a\" +b0" + ",

F, =

where

CG-Dh-) G- DE-D) _-ne-
SO0 PTGy ™ T NG )

The generating functions for the Fibonacci and Padovan sequences are, respectively,

ZF&U

n=0

T 12—

l—x—5027
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The exponential generating functions for the Fibonacci and Padovan sequences are, re-
spectively,

o0
F eaT _ eﬁ;ﬂ
Ep(x) = g L
| _
= n! a—pf
P
Ep(x) = g —Tm" = ae™® 4 be’® 4 ce®.
n!
n=0

The series for the Fibonacci and Padovan sequences are, respectively,

o0

F, T
Sp(w) = ™ o2 —z—1
n=0
=P, z*(z+1)
Se(z) = B _z—1
n=0

The sum formulas for the Fibonacci and Padovan sequences are, respectively,

TF(JC) - ZFn = LI'm42 — 1,
n=0

Tp(z) = Z P,=P,.5—2.
n=0
The Fibonacci and Padovan sequences and identities in the above passage are available
in [1-6,11-13,17,18,22,25].

2. ON THE QUINARY FIBONACCI-PADOVAN SEQUENCES

In this section, we aim to obtain a new sequence whose characteristic equation has
the same roots as the characteristic equations of the Fibonacci and Padovan sequences.
Then we will examine the situation of these new sequences in the initial conditions, find
the Binet-like formula and reach the generating function, series, sum and binomial sum.
Similar investigations were given in [16,20,23]. In [23] the quadra Pell numbers are de-
fined and some properties are given. In [20] the Fibona-Pell integer sequence is defined
and some algebraic identities are obtained. In [16] the Quadra Lucas-Jacobsthal Numbers
were investigated.

Definition 2.1. The quinary Fibonacci-Padovan (or Fibona-Padovan) sequence {/'P, },,>
is defined by a fifth order recurrence;

FP,y5=FP, 4 +2FP,,3—2FP,., — FP, (2.3)
with the initial conditions FPy =0, FP, =1, FP, =2, FP; = 4and FP, = 8.

A similar definition has been made in [7]. The first few members of this sequence are
given as follow

n |011]2|3(4]5|6|7 8| 9|10
FP, 0124|814 |25|43|73|123 | 205

TABLE 2. The first few members of the quinary Fibonacci-Padovan sequence
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We note that in Definition 2.1, if we take the initial conditions as follows we generate
the Fibonacci and Padovan numbers.

n [0|1]2|3]|4 Numbers
FP,|0|1|1]|2|3 | Fibonacci numbers
FP,|1]|1]|1]2]|2| Padovan numbers

TABLE 3. The first few members with the different initial conditions

The characteristic equation associated to the recurrence relation (2.3) is
2 -t -2 42241=0. (2.4)

The roots of the equation (2.4) are the root in (1.1) and (1.2). Then the following equalities
follow directly from Vieta’s formulas

at+B+A+d+y=1 and afB iy =—1.
Theorem 2.1. The Binet-like formula for the quinary Fibonacci-Padovan sequence is

FP, =a1a™ + as8" + agA™ + a4d™ + asy",

where,

— 3o+ 2

T (a=B)(a—N)(a—d)(a—7)

= 38 +2

2T B-a)B-NB-0)(B-)

e A+0y+3

T - —H(A )

s — 0+ Ay+3

T =BG N6 —)
Y+ A+ 3

a5 =

(V=) (v =B)(v = Ny =)’
such that o, B, A\, 6 and ~ are the roots of the characteristic equation of the quinary Fibonacci-
Padovan sequence.

Proof.
Fo=a1+ax+a3+as+as =0,
) =aja+ a8+ ash+ agd +asy =1,
Fy = a10® + a2 8% + az\® + asd® + azy* = 2,
Fy = a10® + a2’ + az\® + asd6® + azv® = 4,
Fy = ara* + aaf* + az\* + aqd* + asy* = 8.

By the Cramer’s rule or the Gauss-Jordan elimination method, we can easily compute the
coefficients a;’s of the system of linear equations above this completes the proof.

O

Theorem 2.2. The generating function for the quinary Fibonacci-Padovan sequence is

> n 22+
GFP(x):ZFan - 1—a—222 4224 + 25
n=0
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Proof. Let

Grp(z ZFP”:U = FPy+ FPix + FPy2®> + FP32® + - -+ FP, 2" + ...
n=0

be the generating function of the quinary Fibonacci-Padovan sequence. Multiply both of
side of the equality by the term —z, —222 22* and 2°, respectively, such as

—2Gpp(r) = —FPyx — FPix? — FPyx® — FPya* — -« — FPa™ ™ —
—222Gpp(z) = —2F Pyz? — 2F Pya® — 2F Pya* — 2F P3a® — . — 2F Pa" ™2
20'Grp(x) = 2F Pyz* + 2FPy2® + 2F Poa® + 2F P3x” + -+ + 2F P,a™ ™ +
25Gpp(z) = FPyx® + FPya® + FPyx” + FP3a® + - + Fan”+5 +...
Then, we write
(1—2 —22% 4+ 22* +2°)Grp(z) = FPy + (FP, — FP))x + (FP, — FP, — 2F Py)x?
+(FP3—FPy— 2FPy)a®+(FPy— FP3— 2F P, +2F Py)a*
+ (FPs — FPy — 2FP; + 2F Py, + FPy)x®
+(FP,—FP, 1 —2FP, o+ 2FP, 4+ FP,_5)z" + ...
Now, by using the initial conditions of the quinary Fibonacci-Padovan sequence and
FP,—FP, 1 —2FP, 5 +2FP, 4+ FP,_5=0,

we obtain that

2+
Grp(@ ZFPJC 1—xz— 222+ 22% + 25

Thus, the proof is completed. O

The generating function of the quinary Fibonacci-Padovan sequence is the multiplica-
tion of the generating function of the Fibonacci and Padovan sequence as seen following,

GF(a:)Gp(x):( z )( Lo ): 2 +a — Grp()

1—2— a2 1—2—2a3 0 4224 — 222 —x +1

Theorem 2.3. The exponential generating function for the quinary Fibonacci-Padovan sequence
is
FP,

Erp(z) = a1e™® + a2€P + aze™® + aye’® + aze’® = E 'n "
n!
n=0
Proof. We know that,
0 n,.n x n,.n > n,.n X n,.n 0 n,.n
ax B8"x A"z "z Yz
e = E e E , M= g — = g and €=
n! n! n! n! n!
n=0 n=0 n=0 n=0 n=0

Multiplying each side of the identities, respectively, by a1, az, a3, a4 and a5 and adding of
them, we obtain that

Epp(z) = a1e™ + a2€”* + aze™® + aye®® + aze®

S
1
= Z(alan + as 8" + asA" + asd" + a57n)mx
n=0

FPn -
fz .
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Theorem 2.4. The series for the quinary Fibonacci-Padovan sequence is

— FP, at 4o
SFP(@:;::O an @b —at— 2432w+ 1

Proof. Let

FP1 FP2 FP3 Fpn
- + + +t

+...
2 x3 "

> FP,
Spp(r) = Z i FPy +
n=0

be the series of the quinary Fibonacci-Padovan sequence. Multiply both of side of the
equality by the term 2°, —z* —22° and 2z respectively, such as

FP,
°Spp(x) = 2°FPy + 2*FP, + 23FPy + 2> FPy 4 - - - + e
4 4 3 2 FPTL
—Zx SFP(:L‘):—LL' FP()—LC FPl—[L' FPQ—LL‘FP;g—'-'—m—
X
3 3 2 Fp,
—243Spp(x) = —203FPy — 202 FP) — 20FPy —2FPs — - - - — 2——% -
FP, _FPs FP,

2xSpp(x) =20FPy+2FP+2—= +2—— + - +2—— +...
x €T €T
Then, we write
(z° —2* = 22% + 22+ 1)Spp(z) = FPy+ (FP, — FPy)a* + (FPy — FP, — 2F Py)2®
+(FP3— FPy— 2FP))a?+ (FPy— FP3—2F P+ 2F Py)x
+ (FPs— FPy —2FP; +2FP + FRy) + ...

+(FP, — FP,_1—2FP,_5+2FP, 4+FP,_5) +...

xn—>5
Now, by using the initial conditions of the quinary Fibonacci-Padovan sequence and
FP, —FP, | —2FP, o +2FP, 4+ FP, 5=0,

we obtain that

= FP, !+ a2
SFP(:E):Z n :x5_q;4—2x3—|—2.’13+1.

n=0

Thus, the proof is completed. O

The series for the quinary Fibonacci-Padovan sequence is the multiplication of the se-
ries for the Fibonacci and Padovan sequence as seen following,

5e0)80() = (2 ) (5255) ol Sep(2)

22 —z—1 -z —1 x5—x4—2x3—|—2x+1:

Theorem 2.5. The sum of the first n terms of F' P, is

Z FP,=2FP, 3+ 2FP, o —FP, 5+2, n>0.
=0
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Proof. We know that
FP,i 5 =FP, 4 +2FP, 3 —-2FP,, — FP,
So,
FPyis— FPyis=2FPy.5 —2FPy.1 — FP,
Applying to the identity above, we deduce that
FPs— FPy = 2FP; — 2FP, — FP,,
FPs— FPs =2FP, — 2FP, — FP,,
FP; — FPs=2FPs — 2FPs — FPy,

FP7I,+37FP7L+2:2Fp’n,+172FP'IL—17FP7L—27
FPy.y— FPy,y=2FP,.—2FP, — FP,_,,
FPn+5—FPn+4:2FPn+3—2FPn+1—FPn

If we sum of both of sides of the identities above, we obtain,

FPyy5— FPy=2FP, 3+2FP, 5, —2FP, —2FP - Y FP.
=0

Hence, we get the desired result. O

3. CONCLUSION

In this paper, we define a new compound sequence as the Fibonacci-Padovan sequence.
We prove that their characteristic equation is a multiplication of the characteristic equa-
tions of Fibonacci and Padovan. We show that by certain initial conditions from these
sequences we derive all of the compound sequences: the Fibonacci and Padovan. We
give the Binet-like formula for quinary Fibonacci-Padovan sequence. Finally, we obtain
their generating functions, series and sums. Also, we see that the generating functions of
these sequences arise from the multiplication of the generating functions of Fibonacci and
Padovan sequences.

REFERENCES

[1] Boussayoud, A.; Kerada, M.; Araci, S.; Acikgoz, M. Symmetric functions of the k-Fibonacci and k-Lucas
numbers. Asian-Eur. |. Math. 14(03) (2021) 2150031.

[2] Cook C. K.; Bacon, M. R. Some identities for Jacobsthal and Jacobsthal-Lucas numbers satisfying higher
order recurrence relations. Ann. Math. Inform. 41 (2013), 27-39.

[3] Diskaya, O.; Menken, H. On the Quadra Fibona-Pell and Hexa Fibona-Pell-Jacobsthal Sequences. MSAEN,
7 (2019), No.2, 149-160.

[4] Diskaya, O.; Menken, H. On the Split (s, t)—Padovan and (s, t)—Perrin Quaternions. Int. J. Appl. Math.
Inform. 13 (2019), 25-28.

[5] Diskaya, O.; Menken, H. On the (s,t)—Padovan and (s,t)—Perrin quaternions. J. Adv. Math. Stud.
12(2019),186-192.

[6] Fayeab, B.; Lucab, F. Pell and Pell-Lucas numbers with only one distinct digit. Ann. Math. Inform. 45 (2015),
55-60.

[7] Gogin, N. D.; Myllari, A. A. The Fibonacci-Padovan sequence and MacWilliams transform matrices. Pro-
gram. Comput. Softw. 33 (2007), No. 2, 74-79.

[8] Gwang-Yeon, L. k-Lucas numbers and associated bipartite graphs. Linear Algebra Appl. 320 (2000), No. 1-3,
51—61.

[9] Harne, S.; Parihar, C. L. Some generalized Fibonacci polynomials. J. Indian Acad. Math. 18 (1996), No. 2,
251--253.

[10] Harne, S.; Singh, B. Some properties of fourth-order recurrence relations. Vikram Math. ]. 20 (2000), 79-—8
[11] Horadam, A. F. Jacobsthal representation numbers. Fibonacci Quart. 34 (1996), No. 1, 40-54.



48 Orhan Diskaya and Hamza Menken

[12] Isbilir, Z. and Giirses, N., Pell-Padovan generalized quaternions. NNTDM 27 (2021), 171-187.

[13] Kartal, M. Y. Gaussian Padovan and Gaussian Perrin numbers and properties of them. Asian-Eur. |. Math.
12(06) (2019), 2040014.

[14] Kilic, E.; Tasci, D. On the families of bipartite graphs associated with sums of Fibonacci and Lucas numbers.
Ars Combin. 89 (2008), 31-40.

[15] Kilic, E.; Tasci, D. On the second order linear recurrences by tridiagonal matrices. Ars Combin. 91 (2009),
11--18

[16] Kizilates, C. On the Quadra Lucas-Jacobsthal Numbers. Karaelmas Sci. Eng. ]. 7 (2017), No. 2, 619-621.

[17] Koshy, T. Pell and Pell-Lucas numbers with applications. Springer, New York, 2014.

[18] Koshy, T. Fibonacci and Lucas Numbers with Applications Volume 1. John Wiley & Sons, New Jersey, 2018.

[19] Koshy, T. Fibonacci and Lucas Numbers with Applications Volume 2. John Wiley & Sons, New Jersey, 2019.

[20] Ozkoc, A. Some algebraic identities on quadra Fibona-Pell integer sequence, Adv. Difference Equ. 148 (2015),
10pp.

[21] Sato, S. On matrix representations of generalized Fibonacci numbers and their applications, in Applications
of Fibonacci Numbers, Vol. 5 (st. Andrews, 1992) (Kluwer Acad. Publ., Dordrecht, 1993), 487—496.

[22] Soykan, Y. A study on generalized Jacobsthal-Padovan numbers. Earthline J. Math. Sci. 4(2) (2020), 227-251.

[23] Tasci, D. On quadrapell numbers and quadrapell polynomials. Hacet. ].Math. stat. 38 (2009), No.3, 265-275.

[24] Tekcan, A.; Ozkog, A.; Engur, M.; Ozbek, M. E. On Algebraic Identities On A New Integer Sequence With
Four Parameters. Ars Comb. 127 (2016), 225-238.

[25] Vieira, R. P. M., Alves, F. R. V.; Catarino, P. M. M. C. On the (s, t)—Padovan n-Dimensional Recurrences.
Bull. Int. Math. Virtual Inst. 12(2) (2022), 387-395.

DEPARTMENT OF MATHEMATICS

MERSIN UNIVERSITY

DEPARTMENT OF MATHEMATICS

MERSIN, TURKEY

Email address: orhandiskaya@mersin.edu.tr
Email address: hmenken@mersin.edu.tr



