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1. Introduction

Fibonacci sequence, which is a sequence of integers, is the most popular second order sequence
with fascinating application and theory in various areas of modern science. The Fibonacci
sequence, {F',} is defined by recurrence relation F,, = F',,_1 + F,,_o with the initial values F =0,
F{ =1 for n =2 and there are many studies on this sequence and its generalizations [[1-27].
Using the recurrence relation of Fibonacci sequence and different initial conditions, new number
sequences can be created as Fibonacci type sequences. For instance, Lucas sequence, {L,} is
defined by recurrence relation L, = L, _1+ L,_9 with initial values Lo =2, L1 =1 for n = 2.
There is no unique generalization of this sequence. Falcon and Plaza introduced the £-Fibonacci
sequences and k-Lucas sequences by recurrence relations Fy, ,, = kF}, ,_1 +F}, 9 with F, o =0,
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Fri=1and Ly, =kLp -1 +Lppo withLpo=2, L1 =Fk for n>2, k=1, respectively [2,3].
Large classes of polynomials are emerged as the well-known generalizations of Fibonacci
sequences. Such polynomials, called the Fibonacci polynomials, are defined by

fox)=0and f1(x) =1, fr(x) =xfn_1(x)+ frn_o(x), n=2.

Using the recurrence relation of Fibonacci polynomials and different initial conditions, Lucas
polynomials, are defined by

lox)=2and l1(x)=x, I,(x)=xl,_1(x)+1,,_o(x), n=2.

The Fibonacci polynomials have been studied by many authors and are called generalized
Fibonacci polynomials. For instance, bivariate Fibonacci polynomials and bivariate Lucas
polynomials are defined as

Fp(x,y) =xFn-1(x,y) + yFp-2(x,y), Fr(x,y) =0, F1(x,y) =1, n=2
and

Ly(x,y)=xLp-1(x,y) + yLy-2(x,y), Lo(x,y) =2, L1(x,y)=x, n=x=2,
x,y #0 and x2+4y # 0, respectively. Generalized identities of these polynomials are obtained [15].
In [12], the authors defined A(x)-Fibonacci polynomials as a generalization of Fibonacci

polynomials and h(x)-Lucas polynomials as a generalization of Lucas polynomials by recurrence
relations

Fpn(x) =hx)Fp 1)+ Fp p_2(x), Fp p(x)=0, Fj1(x)=1, n=2
and
L n(x) = RGOLjp-1(6) + L n-2(x), L o(x) =2, Ly1(x)=h(x), n=2,

where h(x) is a polynomial with real coefficients, respectively. Several authors presented
generating functions, exponential generating functions, Binet-like formulas, sums formulas,
matrix representations, periods according to the m modulo of Fibonacci polynomial sequences
and obtained many generalizations of these sequences [4-7,14]l. Koshy introduced one of the
most comprehensive sources contains the applications, generalizations and recurrence relations
of Fibonacci and Lucas sequences [9]. As can be seen from the studies in the literature, F,,
and L, are very closely related and hence generalized Fibonacci numbers and polynomials are
studied as generalized Fibonacci type and generalized Lucas type numbers and polynomials,
respectively.

Motivated by of the above-cited studies, it is introduced a new generalization of the Fibonacci
type and Lucas type numbers and polynomials called generalized Fibonacci polynomials.
The generalized Fibonacci polynomial sequence, {G,(x)},>0 is defined by the recurrence relation

Go(x) = po(x),G1(x) = p1(x), Gp(x) =d(x)G,—1(x)+ g(x)Gp_o(x), n=2, (1.1)

where po(x) is a constant and p1(x), d(x) and g(x) are fixed non-zero polynomials in Q[x] with
ged(d(x), g(x)) =1 [4},5]. If eq. (1.1) satisfies the following recurrence relation,

Fo(x)=0,F1(x) =1, F,(x)=dx)F,-1(x)+ g(x)F,_2(x), n=2, (1.2)
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where d(x), and g(x) are fixed non-zero polynomials in Q[x], it is called Fibonacci type
polynomials, denoted by G, (x) = F,,(x). Obviously, for d(x) = x and g(x) =1 we obtain classical
Fibonacci polynomial and F,,(1) = F,, where F,, is the nth classical Fibonacci number. If eq.
satisfies the following recurrence relation,

Lo(x)=po, L1(x)=p1(x), L,(x)=d(x)L,-1(x)+ g(x)L,_o(x), n=2, (1.3)

where |po| =1 or 2 and p1(x),d(x) = api(x), and g(x) are fixed non-zero polynomials in Q[x] with
a an integer of the form 2/p, it is called Lucas type polynomials, denoted by G, (x) = L, (x). Also,
for po=2,p1(x) =x,d(x) = x and g(x) =1 we obtain classical Lucas polynomial and L,(1)=L,
where L, is the nth classical Lucas number.

Now, we present the Binet formulas for the generalized Fibonacci polynomials. For
d?(x) +4g(x) > 0, the explicit formula for the recurrence relation in (I.1) is given by

G,(x)=Ac"(x)+Bp"(x), n=0, (1.4)

where o(x) and p(x) are the roots of the quadratic equation t? — d(x)t — g(x) = 0 of eq. with
P1(x) — po(x)p(x) —p1(x) + po(x)o(x)
= and B=
o(x)— p(x) o(x)— p(x)
So if A and B are used in eq. (1.4), we obtain the Binet formulas of the generalized Fibonacci
polynomials by
p1(x)(0™(x) - p™(x)) + po(x)g(x)(a™ 1(x) — p"(x))
o(x) — p(x) '
If eq. is used for recurrence relations and with a = 2/pg, the Binet formulas for
the Fibonacci type and Lucas type polynomials are given by
o"(x)—p"(x)
o(x)— p(x)

Gul(x) = (1.5)

Fn(x) = (16)

and

o"(x)+ p"(x)

Ly(x)= (1.7)

respectively. Note that roots o(x) and p(x) hold
o(x)+ p(x) =d(x),
a(x)p(x) = —g(x),

o(x)— p(x) =/d?(x) +4g(x).

where d(x) and g(x) are the polynomials defined for recurrence relations and (L.3).
The readers can find more detailed information about the generalized Fibonacci polynomials
in [[4,5].

Ozdemir [[13] introduced the set of hybrid numbers denoted by K which a new generalization
complex, dual and hyperbolic numbers. Hybrid numbers, which have applications in different
fields of mathematics, are a new number system that is not commutative. The set of hybrid
numbers is defined as

K={a+bi+ce+dh:a,b,c,deR,i’=-1,e2=0,h’=1,ih=—-hi=¢c+1i}.
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For z1 =a+bi+ce+dh and z9 = x + yi + ze + th are defined as

Equality: zi=zg9onlyifa=x,b=y,c=2,d=t
Addition and subtraction: zi+zeo=(axtx)+(bxy)i+(ctz)e+(d+t)h
Multiplication: zizo=ax—-by+dt+bz+cy+ilay+bx+bt—dy)

+(az+cx+bt—-dy+dz—ct)e+(at+dx+cy—bz)h

The multiplication of a hybrid number z =a + bi + ce + dh by the real scalar % is defined as
kz=ka+kbi+kce+kdh.

Multiplication of hybrid numbers is associative and not commutative. Addition in the hybrid
numbers is both associative and commutative. Zero 0 = 0+ 0i + O¢ + 0% is the null element.
The additive inverse of z, hybrid number is —z = —a — bi — ce —dh. This implies that, (K;+) is
an Abelian group. The readers can find more detailed information about the hybrid numbers
in [13]]. The multiplication table of the basis of hybrid numbers are as follows:

Table 1. The multiplication of hybrid units of K

1 i € h
11 i € h
I |1 -1 1-h e+i
el e 1+h 0 - €
h|h -e—i € 1

Many studies on new type of hybrid numbers by using special integer sequences such as
Fibonacci, Lucas, Pell, Jacobsthal, Tribonacci and Tribonacci-Lucas numbers, etc have been
introduced, called hybrid sequences in recent years. For instance, in [21-24]], the authors defined
the Fibonacci hybrid numbers, the Pell and Pell-Lucas hybrid numbers and the Jacosthal and
Jacosthal-Lucas hybrid numbers, Horadam hybrid numbers, generalized their results and
obtained various properties of these numbers. Polatli obtained the divisibility properties of
the Fibonacci and Lucas hybrid numbers [[17]]. Tasyurdu [25] and Yagmur [27] introduced the
Tribonacci and Tribonacci-Lucas hybrid numbers and expressed many various properties of
these hybrid numbers. Bilgici introduced unrestricted Gibonacci hybrid numbers by using
Gibonacci sequence is a generalization of Fibonacci sequence [1].

On the other hand, new generalizations of the hybrid numbers by using special polynomials
sequences such as Fibonacci, Lucas, Pell, Jacobsthal, Tribonacci and Narayana polynomials,
etc. have been introduced, called hybrinomial sequences. In [11},19,[20]], the authors introduced
the Pell hybrinomials, the Fibonacci and Lucas hybrinomials and generalized Fibonacci-Pell
hybrinomials, respectively. In particular, Kizilates generalized their results and introduced the
Horadam hybrid polynomials called Horadam hybrinomials and some special cases of these
hybrinomials [8]]. Tagyurdu and Polat defined Tribonacci and Tribonacci-Lucas hybrinomials
and derived these hybrinomials by the matrices [26]. In [10,/16], the authors introduced the
Narayana hybrinomials, the Jacobsthal representation hybrinomials, respectively.

The aim of this study is to introduce a new generalization of the Fibonacci type and Lucas
type hybrid numbers and polynomials called generalized Fibonacci hybrinomials. It is also
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to give special cases of generalized Fibonacci hybrinomials by generalizing all the results for
Fibonacci type hybrid polynomials and Lucas type hybrid polynomials.

2. The Generalized Fibonacci and Lucas Hybrinomials

In this section, we define the generalized Fibonacci hybrinomials, also called generalized
Fibonacci type hybrinomials and generalized Lucas type hybrinomials, and derive these
hybrinomials by the matrices. Moreover, we obtain Binet formulas and generating functions of
these hybrinomials.

Definition 1. The nth generalized Fibonacci hybrinomial, G, H(x) is defined by
GnH(x)=Gn(x) +iGp+1(x) + €Gpi2(x) + hGpi3(x), (2.1)

where G, (x) is the nth generalized Fibonacci polynomial and hybrid units i,e,h satisfy the
equations i?=-1,e2=0,h%=1, ih=—hi=¢€+i.

Definition (1| is the general model of the various generalizations of the hybrid numbers
introduced by using special polynomials sequences. In the following table we state special cases
of generalized Fibonacci hybrinomials according to initial conditions Go(x) = po(x), G1(x) = p1(x)
and the related parameters d(x), g(x) in given eq. (L.1).

Table 2. Special cases of the sequences {G, H(x)}, >0

Generalized Fibonacci hybrinomials G,H(x) | Go,H(x)(x:po(x),p1(x);d(x),g(x))
Fibonacci hybrinomials [20] F,H(x) | F,H(x)(x:0,1;x,1)
Fibonacci hybrinomials with two variables fnHx) | foH@)x:0,1;x,y)
h(x)-Fibonacci hybrinomials Fp,H(x) | Fp, ,H(x)(x:0,1;h(x),1)
Lucas hybrinomials [20] L,H(x) | L,H(x)(x:2,x;x,1)

Lucas hybrinomials with two variables [18] | [,H(x) | [,H(x)(x:2,x;x,y)
h(x)-Lucas hybrinomials Ly H(x) | Lp,H(x)(x:2,h(x);h(x),1)
Pell hybrinomials [11] P,H(x) | P,H(x)(x:0,1;2x,1)
Pell-Lucas hybrinomials [[11] R.H(x) | @ H(x)x:2,2x;2x,1)
Pell-Lucas-prime hybrinomials Q,H(x) | @ ,H(x) (x:1,x;2x,1)
Fermat hybrinomials O, H(x) | ®,H(x)(x:0,1;3x,-2)
Fermat-Lucas hybrinomials 9, H(x) | 9,H(x)(x:2,3x;3x,—2)
Chebyshev first kind hybrinomials T,H(x) | T,H(x)(x:1,x;2x,-1)
Chebyshev second kind hybrinomials U,H(x) | U,H(x)x:0,1;2x,-1)
Jacobsthal hybrinomials [|10] JyH(x) | J,H(x)(x:0,1;1,2x)
Jacobsthal-Lucas hybrinomials [10] JnHx) | jnHx)(x:2,1;1,2x)
Morgan-Voyce first kind hybrinomials B,H(x) | B,H(x)(x:0,1;x+2,-1)
Morgan-Voyce second kind hybrinomials C,H(x) | CoH(x)(x:2,x+2;x+2,-1)
Vieta hybrinomials Vo.H(x) | V,H(x)(x:0,1;x,-1)
Vieta-Lucas hybrinomials v, H(x) | v,H(x)(x:2,x;x,—1)
Horadam hybrinomials [8] H,H(x) | HHx)(x:a,bx;px,q)
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We present the generalized Fibonacci hybrinomials in two types as the generalized Fibonacci
type hybrinomials {GF,, H(x)},>0 and the generalized Lucas type hybrinomials {GL,,H(x)},>0.
Fibonacci type hybrinomials are Fibonacci hybrinomials F,, H(x), Fibonacci hybrinomials with
two variables f,H(x), h(x)-Fibonacci hybrinomials F, , H(x), Pell hybrinomials P, H(x), Fermat
hybrinomials ®,, H(x), Chebyshev second kind hybrinomials U, H(x), Jacobsthal hybrinomials
J,H(x), and Morgan-Voyce first kind hybrinomials B, H(x), Vieta hybrinomials V,, H(x). Lucas
type hybrinomials are Lucas hybrinomials L, H(x), Lucas hybrinomials with two variables
l,H(x), h(x)-Lucas hybrinomials Ly, ,H(x), Pell-Lucas hybrinomials &, H(x), Pell-Lucas-prime
hybrinomials Q'nH (x), Fermat-Lucas hybrinomials 9, H(x), Chebyshev first kind hybrinomials
T,H(x), Jacobsthal-Lucas hybrinomials j,H(x) and Morgan-Voyce second type hybrinomials
C,H(x), Vieta-Lucas hybrinomials v, H(x). Since the all results given throughout the study are
provided for all generalized Fibonacci type hybrinomial sequences and generalized Lucas type
hybrinomial sequences, the values given in Table|2|can be used in the theorem or corollary of
any hybrinomial sequences which are the generalized Fibonacci type hybrinomial sequences or
generalized Lucas type hybrinomial sequences.

Note that if we take po(x), p1(x), d(x) and g(x) as the values in Table [2] Definition [1| gives
the recurrence relations for the generalized Fibonacci type hybrinomial sequences and the
generalized Lucas type hybrinomial sequences.

Definition 2. The nth generalized Fibonacci type hybrinomial, GF,, H(x) and generalized Lucas
type hybrinomial, GL, H(x) are defined by

GFnH(x) :Fn(x) + an+1(x) + 5Fn+2(x) + th+3(x), (2.2)
GL,H(x)=Lp(x)+iLy1(x) + €Ly 2(x) + ALy, 3(x), (2.3)

where F,(x) and L,(x) are the nth generalized Fibonacci type polynomial and the nth
generalized Lucas type polynomial, respectively. Here hybrid units i, €, h satisfy the equations
i2=-1,e2=0,h%=1,ih=-hi=¢c+i.

Using eq. (2.1) we can give the following recurrence relations of the generalized Fibonacci
hybrinomial sequences, {G,H(x)},>0 which are the generalized Fibonacci type hybrinomial
sequences, {GF,,H(x)},>0 and generalized Lucas type hybrinomial sequences {GL, H(x)},>0.

Theorem 1. For n = 2, the following recurrence relation for the generalized Fibonacci
hybrinomial sequences, {G,H(x)},>o holds

GnH(x) = d(x)Gn-1H(x) + g(x)Gp_2H(x) (2.4)
with
GoH(x) = po(x) +ip1(x) + e(d(x)p1(x) + g(x)po(x)) + h(d(x)p1(x) + d(x)g(x)po(x) + g(x)p1(x)),
G1H(x) = p1(x) + i(d(x)p1(x) + g(x)po(x)) + e(d®(x)p1(x) + d(x)g(x)po(x) + g(x)p1(x))
+h(d3(@)p1(x) + d*(x)g(x)po(x) + 2d (x)g(x)p1(x) + g%(x)po(x)).

Proof. Using the egs. (1.1) and (2.1), we obtain
d(x)G-1H(x) + g(x)Gp-2(x)H (x)
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=d(x)Gp-1(x)+iGp(x)+€Gp11(x)+hGp12(x)+ (NG p—2(x)+1G —1(x)+ G (x) + hG 1 1(x))
= d(x)Gp-1(x) + g(x)Gp—2(x) + i(d(x)Gpr(x) + g(x)G - 1(x))
= e(d(®)Gp+1(x) + g(X)Gr(x)) + A(d ()G 1 1 2(x) + g(x)G 1+ 1(x))
=G (x)+1Gp+1(x) +€Gpi2(x) + hGi3(x)
=G,H(x)
which ends the proof. O

Note that if we take po(x), p1(x), d(x) and g(x) as the values in Table [2] Theorem [I] gives
the recurrence relations for the generalized Fibonacci type hybrinomial sequences and the
generalized Lucas type hybrinomial sequences.

Corollary 1. For n = 2, the following recurrence relations for the generalized Fibonacci type
hybrinomial sequences and generalized Lucas type hybrinomial sequences hold

GF,H(x)=dx)GF,-1H(x)+ g(x)GF,_2(x)H (x),
GL,H(x)=d(x)GL,_1H(x)+ g(x)GL,_2(x)H(x)
with
GFo(x) =i +ed(x) + h(d*(x) + g(x)),
GF1(x) =1+id(x) + e(d?(x) + g(x)) + h(d3(x) + 2d(x)g(x)),
where d(x) and g(x) are fixed non-zero polynomials in Q[x] and
GLo(x) = po+ip1(x) + e(d(®)p1(x) + g(x)po) + A(d*(x)p1(x) + d(x)g(x)po + g(x)p1(x)),
GL1H(x) = p1(x) +i(d(x)p1(x) + g(x)po) + e(d*(x)p1(x) + d(x)g(x)po + g(x)p1(x))
+h(d®(x)p1(x) + d*(x)g(x)po +2d(x)g(x)p1(x) + *(x)po),

where |pol =1 or 2 and pi(x), d(x) = api(x), and g(x) are fixed non-zero polynomials in Qlx]
with a an integer of the 2/p, respectively.

Now we derive the matrix representations of the generalized Fibonacci hybrinomials with
next theorem

Theorem 2. Let n = 0 be an integer. Then

GnioH(x) Gpi1H)] [GeH(x) G1H(x)][d(x) 1]”
G,+s1Hx) G,H(x) G1H(x) GoH(x)| |g(x) O

where G, H(x) is the nth generalized Fibonacci hybrinomial.

Proof. By using induction on n, if n = 0, then the result is obvious. Now assume that for any

n =0 holds
GnioH(x) Gni1H(x)| [GoH(x) G1H(x)][d(x) 1]"

Gn1H(x) Gp,H(x) | G1H(x) GoH(x)| |g(x) O]
Then, we need to show that above equality holds for n + 1. That is,

GnsH(x) GuioH(x)| [GoH(x) GiH(x)| [d(x) 1]

n+1

GnioH(x) Gri1H(x)| |G1H(x) GoH(x)| [g(x) O]
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Then by induction hypothesis we obtain

n+1 n

GoH(x) G1H(x)] [d(x) 1 _[GeH(x) G1H(x)] [d(x) 1] [d(x) 1

G1H(x) GoH(x)| |g(x) O " |G1H(x) GoH(x)| |lgx) 0] |g) 0]
_ [Gre2H(x) Gri1H)] [d(x) 1
- |Gri1H(x)  GRH(x) | |g(x) 0]
_ [d@)Gri2H(x) + 8(x)G 1 H(x) GrioH(x)
| d@Gr1Hx) +8)GrH(x)  Gpi1H(x)
_ (Gri3H(x) Gpi2H(x)
" |GrieH(®) GpiiHx)|’

which ends the proof. O

Note that if we take po(x), p1(x),d(x) and g(x) as the values in Table |2, Theorem [2| gives
the matrix representations for the generalized Fibonacci type hybrinomial sequences and the

generalized Lucas type hybrinomial sequences.

Corollary 2. Let n =0 be an integer. Then

GF,2H(x) GF,.1H(x)] [GFeH(x) GF1H(x)][d(x) 1]"
GF,.1H(x) GF,H(x) | |GFiH(x) GFoH(x)| |g(x) 0] ’
GLpi2H(x) GLp1H(x)| [GLgH(x) GL1H()][d(x) 1]"
[GLn+1H(x) GL,H(x) ‘[GLlH(x) GLoH(x)| | g(x) 0]

where GF,H(x) and GL,H(x) are the nth generalized Fibonacci type hybrinomial and the nth

generalized Lucas type hybrinomial, respectively.

Binet formulas for the generalized Fibonacci hybrinomial sequences are given in the next

theorem.

Theorem 3. For n =0, the Binet formulas for the generalized Fibonacci hybrinomial sequences

are given by

P16 (x)0™(x) — p(x)p™(x)) + po(x)g(x)(F(x)o™ L (x) — pla)p™ L (x))
o(x)— p(x)

respectively, where 6(x) =1+ io(x) + e0%(x) + ho(x), p(x) = 1 +ip(x) + £p%(x) + hp> and o(x) and

G,H(x)=

M

p(x) are the roots of the quadratic equation z? — d(x)z — g(x) = 0.

Proof. By considering the Binet formula for the nth generalized Fibonacci polynomial given in

eq. and eq. (2.I), we have
GnH(x) = Gn(x) + lGn+1(x) + 5Gn+2(x) + hGn+3(x)
_ (p 1(x)(0™(x) — p™(x)) + po(x)g(x) (o™ L(x) — p”‘l(x)))
o(x)— p(x)
iy (pl(x)(cf””(x) — " (®) + po(x)g(x)(0™(x) - p”(x)))
o(x)— p(x)
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te (p 1(x)(0”+2(x) — Pn+2(x)) +p0(x)g(x)(0-’l+1(x) _ Pn+1(x)))
o(x)— p(x)
A (p1<x)(a"+3(x> ~ 0" 3(x)) + po(®) g (x) pn+z(x)))
o(x) - p(x)
_ p1@)1+io(x)+e0%(x) +ho®(x)0™(x)  p1(x)(1+ipx)+ep®(x) +hp®(x))p™(x)
— o(x) — p(x) B o(x) — p(x)
L Po®)g®)A +io(x) + eo?(x) + ha3(x))o™ L (x)
o(x) - p(x)
_ pox)g(x)(1+ip(x)+ £p2(x) + h,OS(x))pn_l(x)
o(x) - p(x)
_ p1®)(6(x)0"(x) = px)p™ (x)) + po()g ()6 (x)a"(x) — px)p" ! (x))
) o(x)— p(x) J

where
6(x)=1+io(x)+eo(x)+ h03(x),
px)=1+ip(x)+ep>(x) +hp3(x),
which ends the proof. O

Note that if we take po(x), p1(x), d(x) and g(x) as the values in Table [2] Theorem [3| gives
the Binet formulas for the generalized Fibonacci type hybrinomials and the generalized Lucas

type hybrinomials.

Corollary 3. For n =0, the Binet formulas for the generalized Fibonacci type hybrinomials and
generalized Lucas type hybrinomials are given by
o(x)o™(x) — p(x)p"(x)
o(x) — p(x)
o(x)o™(x) + p(x)p"(x)
2 )
respectively, where 6(x) = 1+ io(x) +£02(x) + ha3(x), p(x) =1+ ip(x) +ep%(x) + hp® and o(x) and

GF,H(x)= (2.5)

GL,H(x) = (2.6)

p(x) are the roots of the quadratic equation z? — d(x)z — g(x) = 0.

Now, we give the generating functions for the generalized Fibonacci hybrinomial sequences

the with following theorem.

Theorem 4. The generating functions for the generalized Fibonacci hybrinomial sequences are
> GoH(x)+G1H(x)t —d(x)GoH (x)t
t)=) G,H(x)t" = .
0= 2, Gl 1-d@t-g@rf

Proof. Let g(t) = Y72 ,G,H(x)t" be the generating functions for the generalized Fibonacci

hybrinomial sequences. Then

gt)=) G,H(x)"
n=0
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=GoH(x)+G1H(x)t + i GnH(x)t"

n=2

=GoH(x)+G1H(x)t + i (d(x)Gp-1H(x) + g(x)G -2 H ()"
n=2

=GoH(x)+G1H(x)t + d(x)t Z G, H(x)t" — d(x)GoH(x)t + g(x)t* Z G, (x)Ht"
n=0 n=0

=GoH(x)+G1Hx)t +d(x)tg(t) —d(x)GoH (x)t + g(x)tzg(t)
and we obtain that
1-dx)t— g(x)tz)g(t) =GoH(x)+G1H(x)t —d(x)GoH (x)t.

So the generating functions for the generalized Fibonacci hybrinomial sequences are

)= GoH(x)+ G1H(x)t — d(x)GoH(x)t -
gi= 1-d(x)t — g(x)t? '

Note that if we take po(x), p1(x), d(x) and g(x) as the values in Table |2, Theorem 4] gives

the generating functions for the generalized Fibonacci type hybrinomials and the generalized

Lucas type hybrinomials.

Corollary 4. The generating functions for the generalized Fibonacci type hybrinomials and
generalized Lucas type hybrinomials are given by
o GFoH(x)+GF1H(x)t - d(x)GFoH(x)t
t)=) GF,H)t" =
f@) n;o nH(x) I dwi g :

= n» GLoH(x)+GL1H(x)t — d(x)GLoH(x)t
I(t)= nX::OGLnH(x)t = | d)t -2 :

respectively.

3. Identities of the Generalized Fibonacci and Lucas Hybrinomials

In this section, we present interesting properties such as Catalan’s identity, Cassini’s identity,
d’Ocagne’s identity, Honsberger’s identity for the generalized Fibonacci type hybrinomials and
generalized Lucas type hybrinomials. Also, some relations between the generalized Fibonacci
hybrinomials are given.

Now, we give the Catalan’s identity for the generalized Fibonacci type hybrinomials and
generalized Lucas type hybrinomials. Note that the Cassini’s identity is a special case of the

Catalan’s identity and we only prove the Catalan’s identity.

Theorem 5 (Catalan’s Identity). For 0 <r <n, we have

: _ 2 _ (=8 [6(x)p(x)(1-0" (x)p~" (x))+p(x)G(x)(1—p" (x)a " (x))]
@) GFpirH®)GF,_H(x)~ (GF,H())? = e :

(11) GL N H(x)GL H(x)— (GL H(x))2 _ (=g)"[6(x)p(x) 0" (x)p ™" (x)=1)+p(x)F(x)(p" (x)o " (x)—1)]
n+r n-r n = .

a2
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Proof. (i) By using the Binet formulas of the generalized Fibonacci type hybrinomials given in
eq. (2.5), we have
GF .y H&)GF,_ H(x) - (GF , H(x))*
(6™ (x) = plx)p™ T ()G (x)a"™ T (x) — pla)p” 7 (x)
- (0(x) - p(x))?
_(6(x)a" (x) - p(x)p™ ()G (x)0" (x) — p(x)p" (x))
(o(x) - p(x))?

_ 6(0)p)a” (x)p" (x)(1 - 0" (x)p™" (%)) + p(x)6(x)p™ (x)a™ (x)(1 — p" (x)o ™" (x))

B (0(x) - p(x))?

_(=g@)"[6(x)p(x)(1— " (x)p™"(x)) + p(x)5 (x)(1 — p" (x)a ™" (x))]

(0(x) - p(x))
(i1) As the way used in (i), we get Catalan’s identity for the generalized Lucas type hybrinomials

by using the Binet formulas of the generalized Lucas type hybrinomials given in eq. (2.6). [

Note that if we take r =1 in Theorem [5, we obtain the Cassini’s identity for the generalized
Fibonacci type hybrinomials and generalized Lucas type hybrinomials. So we can write following

corollary.

Corollary 5 (Cassini’s Identity). For 1 < n, we have

. _ 2 _ (—g@)'[6(x)p(x)1-a(x)p "1 (1)) +p(x)F(x)(1—p(x)a L (x))]
1) GF,,1Hx)GF,_1H(x)—(GF,H(x))" = 0@ —p)? s

_ REA()A 10y 1Va A+ A 10y
(ii) GLn+1H(x)GLn_1H(x)—(GLnH(x))2:( 8(x)"[6(x)p(x)o(x)p™(x)—1)+p(x) plx)p(x)a ™ (x) 1)].

a2

Theorem 6 (Honsberger’s Identity). For n,m =0, we have

_ 2@ M (x)(1+0* (@) HE ) -G (x)px)0"™ @)p™ (x)+p(x)6 ()p™ (@) ™ @D +H(H2 @)™ (1+p*(x))
(o(x)—p(x))? ’
(i) GL,H(x)GL,H(x)+GL,1H(x)GL,.1H(x)

_ G200 ™ (0)(1+02(x))+(1=g ()N (x) p(x)a™ (%)™ (%) +H (%) (x) p" ()™ (%)) +(H2(x)p™ ™ (1+p%(x))
= o )

Proof. (i) By using the Binet formulas of the generalized Fibonacci type hybrinomials given in
eq. (2.5), we have
GF,Hx)GF,H(x)+GF, 1H(x)GF,,.1H(x)
_ (6(x)0™(x) — p(x)p" ()6 (x)a™ (x) — p(x)p™ (x))
) (0(x) - plx))?
s (6(x)0™ 1 (x) — p(x)p™ LG ()™ (x) — pla)p™ ()
(o(x) - p(x))*
620 M (x)(1 + 02(x)) — 6(x)p(x)a™ (x)p™ (x)(1 + o(x) p(a))
B (0(x) — p(x))?
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_ P@)E)P" ()01 + p(x)a(x)) — p*(x)p™ (1 + p(x))
(0(x) - p(x))?
_ 62(x)0™ M (x)(1 + 02 (x)) + (g(x) — (6 (x)p(x)0™ (x)p™ (x) + P(a)6 () p™ ()™ (x))
- (0(x) - p(x))?

s (p2(x)p™ (1 + p2(x))

(0(x) - p(x))?
(ii) As the way used in (i), we get Honsberger’s identity for the generalized Lucas type

hybrinomials by using the Binet formulas of the generalized Lucas type hybrinomials given in

eq. (2.6). O

Theorem 7 (d’'Ocagne’s Identity). For n <m, we have
() GFnH(x)GFp1H(x)—GFp 1 Hx)GFH(x) = (-g(x))"
(i) GL,,H(x)GL,+1H(x)-GL ,+1H(x)GL,H(x)

= (—g())" (0 (x) — p(x)) | 2D PN T

a’

G(x)px)a™ " (x2)—p(x)d(x)p™ " (x)
o(x)—p(x) ’

Proof. (i) By using the Binet formulas of the generalized Fibonacci type hybrinomials given in
eq. (2.5), we have
GF,,H(x)GF,,1H(x)-GF,,.1H(x)GF, H(x)
_(6(@)0™(x) - px)p™ ()6 ()™ (x) — plx)p™ (%))
- (0(x) — p(x))?
(6™ (x) = p)p™ @G (x)0 ™ (x) = p(x)p" (x))
(o(x)— p(x))?
0 (x)p(x)a™ (x)p™ (x)(—p(x) + o(x)) — p(x)6(x)p™ (x)o™ (x)(0(x) — p(x))
(0(x) - p(x))?
6(x)p(x)o™(x)p™ (x) — p(x)6(x)p™ (x)0" (x)

o(x)—b(x)
(gl | FRPDO") ~ pSx)p™ )|
o(x)—p(x)

(i1) As the way used in (i), we get d’Ocagne’s identity for the generalized Lucas type hybrinomials
by using the Binet formulas of the generalized Lucas type hybrinomials given in eq. (2.6). [

Other relations for the sequences {GF,H(x)},>0 and {GL,,H(x)},>o are given by the following

theorem.

Theorem 8. Let {GF,H(x)},>0 and {GL,H(x)},>0 be equivalent generalized Fibonacci

hybrinomial sequences. If m and n are positive integers, then
(i) gx)GF,_1H(x)+GF,1H(x)=aGL,H(x),
(ii) (o(x)— p(x)?*GF2H(x) + 02GL2H(x) = 2(6%(x)0?™ (x) + p%(x)p*"(x)),
(iii) (o(x) - p(x))2GF2H(x) - 0%(x)GL2 H(x) = 2(—g(x))* (=6 (x)p(x) — p(x)5(x)),
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(iv) GFp,oH(x)+ g?GF,_oH(x) = (0%(x) + p?(x))GF,H(x),

V) Q(GLnH@GF,Hx)+ GF Hx)GL, H(x) = 200 02w )

Proof. By using the Binet formulas for the Fibonacci type hybrinomials and Lucas type
hybrinomials given in egs. (2.5) and (2.6), we get
(1) gx)GF,-1H(x)+GF,.1H(x)
a(x)o™ L(x) - p (x)p”_l(x)) .\ (af(x)an“(x) —p(x) p"*(x)
o(x)— p(x) o(x)— p(x)

_ G(x)0™(x)(g(x)o 1 (x) + o (x)) + ) p™ (x)(—g(x)p~H(x) — p(x))
o(x)— p(x)

=g(x)

=6(x)o" (x) + p(x)p" (x)
= aGL,H(x),
(i) (o(x)—- px)?’GF2H(x) + 0>GL2 H(x)
6(x)0™(x) - p (x)p”(x))2 o (a(x)a"(x) + ﬁ(x)Pn(x))2
o(x)—p(x) a
62(x)0?(x) — 6(x) p(x)o™ () p™(x) — P(x)6 () p™ ()™ (x) + ﬁz(x)pQ"(x))
(0(x) - p(x))?

o2 (az(xwzn(x) +6(x)p(x)T™(2)p"(x) + p()6 ()™ ()0 (x) + ﬁz(x)pz"(x))
0!2

= (0(x) — p(x))> (

= (0(x) — p(x))> (

= 2(6%(x)0 ™" (x) + p2(x)p"(x)),
(iii) (0(x) - p(x))’GF2H(x) - 0*GL% H(x)
6(x)o™(x) — ﬁ(x)p"(x))Q e (afoc)a”(x) + fs(x)p%c))2
o(x)— p(x) a
62(x)0 2™ (x) — 6(x) ()™ (x)p™ (x) — ()G (x)p™ (x)o™ (x) + ﬁ2(x)p2”(x))
(0(@) - p(x))”

2 (62(x)02”(x) +0(x)p(x)a"™ (%) p™ (x) + p(x)0(x)p™ (x)0™ (x) + ﬁ2(x)p2"(x))
o2

= (0(x) — p(x))* (

= (0(x) — p(x))> (

= 2(—g (X)) (—6(x)p(x) — p(x)6(x)),
(iv) GFpi2H(x)+g*GFp_sH(x)
_ (6@)0"™ (%) — p)p™ P (x)) + £2(@)(G (%)0"*(x) — p0)p"~*(x)
o(x)— p(x)
_ 60" @)(0%(x) + g0 7*(0) — pa)p" (x)(p*(x) + g%p*(x))
o(x)— p(x)
_ (6o () - P(x)p™ ()2 (x) + p?(x))
o(x)— p(x)
= (0%(x) + p*(x))GF, H(x),
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(v) a(GL,,Hx)GF,H(x)+GF,,H(x)GL,H(x))

o (tﬂx)am(x) + ﬁ(x)pm(x)) (6(x)0”(x) - ﬁ(x)p"(x))
a o(x) - p(x)

N (6(x)0’”(x) - ﬁ(x)p’”(x)) (6(x) o™ (x) + ﬁ(x)p”(x))]

o(x)— p(x) a

_26%(x)a™ ™ (x) — 2p%(x)p" ™ (x)

o(x)— p(x)

>

where o(x)p(x) = —g(x). So proof is completed. O
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