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Abstract: Different number systems have been studied lately. Recently, many researchers have
considered the hybrid numbers which are generalization of the complex, hyperbolic and dual
number systems. In this paper, we define the hybrid hyper-Fibonacci and hyper-Lucas numbers.
Furthermore, we obtain some algebraic properties of these numbers such as the recurrence
relations, the generating functions, the Binet’s formulas, the summation formulas, the Catalan’s
identity, the Cassini’s identity and the d’Ocagne’s identity.
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1 Introduction

The sequences of integers have been investigated by many researchers. The most widely studied
sequences of numbers are the Fibonacci and the Lucas sequences. The generalizations of
Fibonacci and Lucas numbers have been considered in recent years. In this paper, we consider
the hyper-Fibonacci and the hyper-Lucas numbers that were introduced by Mez6 and Dil in [10].
The hyper-Fibonacci sequences E{") are defined by the following recurrence relation for n > 0
andr > 1,

Fr(Lr) - ZFIETil% FfrEO) = Fn7 F()(r) = 07 Fl(r) =1 ) (1)
k=0
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where F;, is the n-th term of the Fibonacci sequence. It is clear that taking » = 0 in (1), the
Fibonacci numbers are obtained. Similarly, the hyper-Lucas sequences L are defined for n >0
and r > 1 as,
LO =30y, L0 =1L, Ly =2 LV =2r+1, )
k=0

where L, is the n-th term of the Lucas sequence.
The generating functions of the hyper-Fibonaci numbers and hyper-Lucas numbers are,

respectively,
— t
Frn = 3
; i Ty 3)
= 2—t
L = 4
; = AT )
which are given in [10]. Also, E and LY satisfy the following identity,
- T n+r—1
S N R ®

Many authors have defined new generalizations of the Fibonacci and the Lucas numbers.
In [10], the authors defined the hyper-Fibonacci and the hyper-Lucas numbers and gave the
generating functions of these numbers. Some combinatorial properties of the hyper-Fibonacci
and the hyper-Lucas numbers were given by the authors in [4]. In [6], Cao and Zhao obtained
some identities for the hyper-Fibonacci and the hyper-Lucas numbers. In [9], the authors gave
basic identities of the hyper-Fibonacci sequences. Komatsu and Szalay studied a new formula
for the hyper-Fibonacci numbers in [13]. In [2], the authors defined the (a, b)—hyper-Fibonacci
numbers and obtained some identities for these numbers. Some combinatorial identities of a new
generalization of the hyper-Lucas numbers are obtained in [3]. In [5], the authors considered
r-circulant matrices with the hyper-Fibonacci and the hyper-Lucas numbers and calculated the
spectral norms of these matrices.

There are most identities of the Fibonacci, the Lucas, the hyper-Fibonacci and the hyper-Lucas
numbers. Now, we give several identities and for more information, please refer to [3,6,9, 10, 14,
27].

Lo+ Ly = 5F 041, (6)
LrJrs - <_1)s L,_s= 5FT‘FS7 (7
Lr+s + (_1)8 Lr—s = LrLsa (8)
Fr—l—s + <_1)8 Fr—s = F’I‘LS7 (9)
Fr+s - (_]-)S F’r—s - Fera (10)

Loy —2(—1)" = 5F2, (11)
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n Frkghti— (=)  Forgj—Fi—(=1)? Fo_;

; J<k

Ja— Lk_(_l)k_lA . k>1, (12)

; * FMMH_(_i)kFZk;)’}:?Jr(_l)ij"“, otherwise

L
n Lyttt —(=1)F Lypyj—Lj+(=1) Ly .

ZL’CH-]' _ ! L;%f(fl)]kflj . L, J <k ks (13)

i—0 L"Hkﬂ_(_lL)kf?fgz:jj HED Bk otherwise
F{) = F7 + FrY, (14)

T ' r n + r
Bl = FiL+ B+ (T ; 1), (1)
r—1
. n+r+k
Fy) = nHr—Z(T_l_k), (16)
k=0
Y B = F, — F, (17)
s=0
L0 =" 4 pr-n, (18)
r—1
(r) _ n+r—1\y n+r+k—1 n+r+k+1
La L"+2r+( r—1 p r—1—kFk + r—1—kFk ’ (19
LY =1, — L, (20)
s=0

A few values of the hyper-Fibonacci and the hyper-Lucas numbers are given in the following
Table 1.

Table 1. A few values of the hyper-Fibonacci and the hyper-Lucas numbers.

m Jo12 3 4 5 6 7 8 9

F9%lo 11 2 3 5 8 13 21 34
L9012 13 4 7 11 18 29 47 76
FY/lo 1 2 4 7 12 20 33 54 88
V12 3 6 10 17 28 46 75 122 198
EPTo 1 3 7 14 26 46 79 133 221
L? 2 5 11 21 38 66 112 187 309 507
EPTo 1 4 11 25 51 97 176 309 530
LP |2 7 18 39 77 143 255 442 751 1258

From the last century, two dimensional number systems have been taken into consideration by
many researchers. Especially complex, hyperbolic and dual numbers are among the most studied
topics. In [17], the author introduced the new non-commutative number system that contains of
all three number system together. This number system called hybrid numbers and denoted by K.
The set of new hybrid numbers is defined as follows:
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K:{Z:zl+22i+z3e—|—z4h:21,z2,23,z4ER,i2:—1,62:O,h2:1,ih:—hi:e—|—i}.

Two hybrid numbers are equal, if all their components are equal one by one. The sum of
two hybrid numbers is defined by summing their components. Addition operation in K is both
commutative and associative. 0 = 0 + 0i + Oe + Oh € K is the additive identity element. The
inverse element of Z is —Z. Therefore, (K, +) is an Abelian group. The hybridian product is
obtained by distributing the terms to right, preserving the order of multiplication of units and
then writing the values of the following replacing each product of units by equalities i* = —1,
€2 =0,h? =1, ih = —hi = ¢ + i. The multiplication table of units of hybrid numbers are in the
following Table 2.

Table 2. The multiplication table of units of hybrid numbers.

xl1 i € h

1 i € h
i ||i -1 1-h e+i
€ e h+1 0 —€
h{|h —c—1i € 1

The above table shows us that the multiplication operation of the hybrid numbers is not
commutative, but it has the property of associativity. 1 = 1+0i+0e+0h € Kis the multiplicative
identity element. The set of the hybrid numbers form a non-commutative ring with identity.

In recent years, many authors have investigated the special number sequences with different
number systems. In [19,21,22], the authors defined hybrid numbers whose coeflicients of basis are
the Fibonacci, the Pell, the Pell-Lucas, the Jacobsthal and the Jacobsthal-Lucas numbers. Also,
they obtained some identities of these numbers. The authors presented a new hybrid numbers with
the Leonardo numbers and gave some identities of the hybrid Leonardo numbers in [1]. In [23], the
authors introduced the generalized Mersenne hybrid numbers. A special kind of spacelike hybrid
number which is F'(p, n)—Fibonacci hybrid number was defined and gave some of their properties
in [24]. The authors considered the hybrid numbers with the Padovan numbers and obtained some
identities of these numbers in [16]. Tasci and Sevgi defined the Mersenne hybrid numbers and
obtained some relations among the Mersenne, the Jacobsthal and the Jacobsthal-Lucas hybrid
numbers in [26]. In [8], the author considered the hybrid numbers with generalization of the
Fibonacci numbers and acquired some results. The bi-periodic Horadam hybrid number was
defined in [25]. In [11], Kizilates introduced the other new generalization of the hybrid number
which called the g—Fibonacci hybrid numbers and the g—Lucas hybrid numbers and obtained
some important algebraic properties of these numbers. Other generalization of the hybrid numbers
with special number sequences was given by Szynal in [18]. In [15,20], the authors introduced the
hybrinomials via the Fibonacci, the Lucas and the Pell polynomials and obtained interesting results
of these polynomials. Cerda-Morales defined and studied the third-order Jacobsthal and modified
third-order Jacobsthal hybrinomials in [7]. In [12], the author defined the new generalization of
hybrinomial whose coeflicients of basis are the Horadam polynomials and acquired some results
of the Horadam hybrinomials.
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Inspired by all above papers, we introduce a new hybrid numbers with the hyper-Fibonacci and
the hyper-Lucas numbers. In this paper, we obtain the reccurrence relation, the Binet’s formula
of these numbers. Also, we give the generating function for these numbers. In addition, the
summation formula, the Cassini’s identity, the Catalan’s identity and the d’Ocagne’s identity for
the hybrid hyper-Fibonacci and the hyper-Lucas numbers are given. The hyper-Fibonacci and the
hyper-Lucas numbers are generalization of the Fibonacci and the Lucas numbers. So, all results
obtained in this study can be reduced to the hybrid Fibonacci and the hybrid Lucas sequences.

2 Hybrid hyper-Fibonacci numbers

In this section, we introduce the hybrid hyper-Fibonacci numbers. We obtain the generating
function, the Binet’s formula, the summation formulas, the Catalan’s identity, the Cassini’s identity,

the d’Ocagne’s identity and other identities.

Definition 2.1. For n > 1, the recursive definition of the n-th hybrid hyper-Fibonacci numbers
HE" are as follows:
HED = F 4iF", + eF"), + hE( 21)

From the recurrence relation (21) and (16), we have,

r—1 r—1
) _ B n+r—+k ) _ n+r+k+1
e I (S RET IS ol G

k=0 k=0
r—1 r—1
n+r+k+2 n+r+k+3
+€<Fn+2+2r_;0( 1k )>+h<Fn+3+2r_kZ:0( 1 —k ))
Hence
HF'") = HF, o, — HA"), (22)
where
r—1
+r+k n+r+k+1 n+r+k+2 n+r+k+3
HA® = " i h .
" ;((r—l—k>+l( r—1—k >+6( r—1—k >+ < r—1—k ))
(23)

Taking » = 0 in (23), we find H ASIO) = 0. Also, considering (21) and (14), we can obtain as
follows

HE") = F) +iF), + eFy), + hFy),
= (B2 + E70) 1 (B + BLRY ) e (B0 + F5") +h (B2, + BISY)
= HF", + HEY.

The generating function for the hybrid hyper-Fibonacci numbers are obtained in the following

theorem.
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(r)

Theorem 2.1. The generating function for the hybrid hyper-Fibonacci numbers H Fy,’ is given by
3 +it* + et+h e+h(l+rt+t
g (t> - 2 ) T ( 2 ) (24)
21 —t—12)(1—1) t

Proof. We begin with the formal power series representation of the generating function for

(e}
n=0 ’

t) = f: HFEMt",
n=0

That is -
g(t) = Z(F(")+1F() +eF), +hE )
n=0
Hence
1 1 r+1 1 )
g(t):—e¥—h<t—2+ - )+ (1+1;+6——|—h >1§
Using (3), the result is obtained. ]

The next theorem gives the Binet’s formula for the hybrid hyper-Fibonacci numbers.

Theorem 2.2. For the any integer n > 0, the n-th hybrid hyper-Fibonacci numbers is

n+27” n—+2r
HFE!" = — BT HA®M. (25)
a—p
where o and [ are the roots of the characteristic equation of the Fibonacci sequence,
g:1—|—ioz—|—eoz2+hoz3and§:1—|—iﬂ+652+h63.

Proof. Binet’s formula of the hybrid Fibonacci numbers in [22] is

aa” - Bp"
HF, = —=—
a—p

where H F), is the n-th hybrid Fibonacci number. Considering the identity between the hybrid
Fibonacci and the hybrid hyper-Fibonacci numbers (22), the result is obtained. ]

We give some results concerning sums of terms of the hybrid hyper-Fibonacci sequence by
using some identities of the hyper-Fibonacci sequences.

Theorem 2.3. For n > 0, the summation formulas of the hybrid hyper-Fibonacci numbers are

> HF" =HF{*Y —¢—h(2+7),
k=0

ZHF(S F") —HF,

ZHFél? =HFonior41 — HI oy — ZHAQQ, r>1,

ZHFZIZ)H =H P00 — HFy = Y HAY) 7 >1.
k=0

159



Proof. Let us prove the first summation formula. Using the reccurrence relation of the hybrid
hyper-Fibonacci numbers, we have

) NS ) NS )N el — ()
k=0 k=0 k=0 k=0 k=0
Considering (1) and (21), we obtain
Z HEY = B B e (B 1) 40 (FUED —2—7)
—HF"™) —e—h(2+7).

Similarly we can obtain the other summation formulas for the hybrid hyper-Fibonacci numbers
using (12), (16), (17), (21), (22) and (23). [

Theorem 2.4. For positive integers n, m and s with m > s, we have

HE® HF") —HFOHFE" = HFOHAY  — HAY H

n+m m F?Ei)s
_HFn+m+27‘HAn+s + HAn HFn+m+s+2T (26)
+(-1)"F,, (F;(i+3e+4h) — L, (i+2¢—h)),
where F),, L,, and HF,, are the n-th Fibonacci number, the n-th Lucas number and the n-th hybrid
Fibonacci number, respectively.

Proof. Using the Binet’s formula (25) to left hand side (LHS), we obtain

aan+m+2r _ n+m-+2r aan+s+2r _ n-+s+2r
LHS = — £ —HAY ) (= £ —HAY),
a—pf a—pf
n+2r n—+2r n+m—+s+2r _ n+m-+s+2r
(AT ) (2 oo —HAD, ).
o — 6 n a— B n+m-+s

Using following equations,
af (3 n 2\/5) +h (4—\/5) , 27)
gg:i<1—\/5)+e(3—2\/5)+h(4+\/5). (28)
Also, using (6), we get

LHS = HF, 0, HAY) + HAVHFE, 0. — HADHA")

—HFn+m+QTHA£LT_,’)_8 - A;:_mHFn-i-s—l-Qr + HAn+mHA7(1r-‘,)-s

1
+ (—1)n+s+1 <5Lms (i+3e+4h)+ F,_ s (i+2¢— h))

1
+(=1)" (5Lm+s( 3e+4h) — F s (i+2e — h)> )
If we consider (7), (9) and (22) the result is obtained. L]
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Taking m = —k and s = k in (26), it can be obtained the Catalan’s identity of the hybrid
hyper-Fibonacci numbers as following corollary.

Corollary 2.1 (Catalan’s identity). For positive integers n and k, with n > k, the following
identity is true:

HES,HF), -

(HEM)* = HEOHAY — HAD HF"),
— HF, 0, HAY + HAVHF, s, (29)
— (=1)"" (F2(i + 3¢ + 4h)— Fy (i + 2¢ — h)) .
Taking k£ = 1in (29), the Cassini’s identity of the hybrid hyper-Fibonacci numbers is obtained.
Corollary 2.2 (Cassini’s identity). Forn > 1, the following equality holds:
HE" HED, — (HF") = HEOHAD — HAY HFE"),
— HF, 10, HAY)  + HAVHFE, ., (30)
— (=1)""' (e +5h).
Theorem 2.5 (d’Ocagne’s identity). For positive integers n and m with n > m, the following
equality is true
HEVDHFE!), — HF") HFED = HE") HAY) — HF, 5, HA", |
— HAYHEY), + HAU) HF,, s, (31
+ (=1)" (Fhem (i+3e+4h) + L,_,, (i+ 2¢ — h)).

Proof. Using the Binet’s formula (25) to left hand side (LHS), we have

aan+2r _ n—+2r aam+1+2r _ m-+1+42r
LHS = (_ bp - HA,(I)) (_ g - HAm+1>

a—f a—pf
aan—i—l—i—?r _ ﬁﬁn—i—l—i—?r m+27‘ Bﬁm—i—ZT
(4 P _ (r) _ (r)
( —= HAn+1>< —= HAm).

Using (27), (28) and (6), we get

n+1

LHS = <HFn+1+27" HAY) >HA( +HAnr—|)—1HF +2r

— HF, o, HAY), | + HAD (HA;’;H - HFmHHT)

+ (=)™ (Fh—m (i4+3e+4h)+ L, ,, (i+ 2¢—h)).
In the last step, considering (22), the result is obtained. ]

Taking » = 0 in (29), (30) and (31), we have the Catalan’ s, the Cassini’s and the d’Ocagne’s
identity for the hybrid Fibonacci numbers, respectively. This conclusions are seen in [22].

Theorem 2.6. For positive integers n and m with n > m, the following equalities hold:

HE" 4 (~1)"HF" = L,HF, 5 — HA" —(-1)"HA" (32)

n+m

HE" — (~1)"HF" = F,HLy5 — HA"l  +(-1)"HA" (33)

where F,, L,, HF, and HL, are the n-th Fibonacci number, the n-th Lucas number, the n-th
hybrid Fibonacci number and the n-th hybrid Lucas number, respectively.
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Proof. For the proof of (32), using (16), we have

r—1 r—1
n+m+r+k . n+m+r+k+1
LHS<FH+M+2TZ( r—1—k )>+1<Fn+m+2r+1z< r—1—k >>

k=0 k=0
r—1 r—1
n+m+r+k+2 n+m+r—+k+3
+€<Fn+m+2r+2_2( 1k )>+h (Fn+m+2r+3_2( .1k ))
k=0 k=0
r—1 r—1
m n—m+tr+k . n—m+r+k+1
+(*1) ((Fn—m-‘,-QT‘Z( r—1—Fk >>+1<Fn—m+2r+1z< r—1—k )))
k=0 k=0
r—1 r—1
m n—m+r+k+2 n—m+r+k+3
+ (=1) (6 (Fn—m+2r+2_2( R >>+h (Fn—m+2r+3_z< 1k )))
k=0 k=0

Using (9) and (23), we obtain
HE" +(—1)"HF" = L,HF,.5 — HA"l —(-1)" HA"

—-m n+m

The proof of (33) is similar. O

Remark 2.1. Taking r = 0 in (32) and (33), we obtain the following identities between the hybrid
Fibonacci numbers:
HF, i m+ (-1)"HF, ,, = L,HF,,
HF,p — (-)"HF,_,, = F,,HL,,.
Theorem 2.7. For positive integers n and m withn > 1, m > 1 and n > m, we have
HEY HED, —HEY HE", = HE, 5, HAY  — HAY), HF, 1,
—HF) HAY) + HAY HF", (34)

+Lm+n+5+4r - 2Fm+n+4r + 2HFm+n+47"a

where F),, L, and H F,, are the n-th Fibonacci number, the n-th Lucas number and the n-th hybrid

Fibonacci number, respectively.

Proof. If we use Binet’s formula of hybrid hyper-Fibonacci numbers to (LHS), we obtain

gaerlJrQT . 66m+1+2r . gOén+1+2r - B/Bn+1+2r .
LHS = ( = - HAfn)H) ( = — HAY

Oz—ﬁ Oz—ﬁ n—l—l)

OéOém_1+2T _ m—1+4+2r CYOdn_H_QT _ n—1+4+2r
(2 O pat) (2 O pa,).
a—p a—p

Using (7) and following equations,

2=1-0®42a°+a% + 20 (i + ea—l—ha2) , (35)
B=1-p+28"+p°+28 (i+es+hs?), (36)

1o

we have

LHS = (HAS;)H - HFm+1+27’) HASil + HFm—1+2THAv(Ql

+HA1(’:L)—1 (HFn—1+2T - HA£L721> - HAS;LIHFR-FI—&-QT

+Fm+n+7+4r - Fm+n+3+4r + 21Fm+n+1+4r + 26Fm+n+2+4r+2th+n+3+4r-

Afterwards, considering (10) and (22), the result is obtained. L]
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Remark 2.2. For r = 0 in above theorem, we obtain the following identities between the hybrid
Fibonacci numbers:

HFm+1HFn+l - HFm—lHFn—l = Lm+n+5 + 2iFm+n+1 + 2€Fm+n+2 + 2th+n+3-

Theorem 2.8. For positive integers m, k and s with m > k and m > s, the following identity is

true:

HFE" HF" —HEY) HFY = HF, 0, HAY  — HAY) HF, ;.

m-+k m—k m m— m-k
—HFY HAY | + HAY, HEY | (37)

+(i+ 3¢ + 4h) ((—1)’”‘8 F2_(—1)™* F,S)
i+ 26— 1) ()" By — (-1 )

where F,, and HF,, are the n-th Fibonacci number and the n-th hybrid Fibonacci number,
respectively.

Proof. From the Binet’s formula of the hybrid hyper-Fibonacci numbers to left hand side, we have

aam+k+2r _ m~+k+2r aam—k+2r _ m—k+2r
LHS = | = bp —HAS?JFk - bp —HAf];)_k
a—f a—f

B Qam—i—s—l—ZT _ ﬁﬁm—&-s-{—Qr B HA(T) gam—s—‘rQr _ ﬁﬁm—s—i—Qr B HA(T)

o — 6 m-+s o — /B m—s .

Hence
LHS = (HA,, = HFypion ) HASL, — HAS, HF, o,
+HAY, (HFm_HQT - HAL;QLS) N HE, oo HAD
1 s m—

2 (i 3e+4h) ((—1)" " Loy — (=)™ ¥ L)

(i 2e = ) (=17 Foy = (=)™ By ).
From (22) and (11), the result is obtained. O

Remark 2.3. We can give special cases of above theorem for r = 0,
HFEy wHFy o — HFpy sHFy s = (i + 3¢ + 4h) ((—1)7”‘3 F2—(—m* F,f)

+(i+2¢—h) ((—1)’"*8 Fyy — (—1)™* ng) .

3 Hybrid hyper-Lucas numbers

In this part of the study, we define the hybrid hyper-Lucas numbers. Then, we give the generating
function for the hybrid hyper-Lucas numbers. Finally, we obtain some important identities for
these numbers.

163



Definition 3.1. For n > 1, the n-th hybrid hyper-Lucas numbers H LY are defined by
HLD = L0 4L 4+ L), + hLl) (38)

From (5) and (38), we have
-1
R )“(F“wﬁ("*{))
r_ _

(r) (r) n—i—r-i—l (r) (r) 7”L+T+2
+6<Fn+1+F < 1 +h(F,+F", 1 :

Using (5), (21) and (22), we get

HLv(’LT) - HLTL+27‘ - HKT(LT) (39)
where
1 2 3
HKT(Zr):HAq(QleHA&)LI_ n-+r 4 n—+r+ L n—+r+ th n+r+ ‘
r—1 r—1 r—1 r—1
(40)

Taking » = 0 in (40), we find H KT(LO) = 0. Considering (18) and (38), the following expression is
obtained

HL = L 40+ 1+ L
_ (ngl n Lq(;_l)> 4 (Lg,) + LS"J;I)) te (Lgbrll + L£Lr+—21)> +h (LS”J)F2 —+ LS;:;))
_ IO, 4 A

In the next theorem, we obtain the generating function for the hybrid hyper-Lucas numbers.

Theorem 3.1. The generating function for the hybrid hyper-Lucas numbers H Lg) is

2t (P +it’ +et+h) 2 2+ t(2r +1)
90 =—mai—ma—y _12_6( 2 )
h 24t(2r+ 1)+ (r*+2r +3)
- ; )

Proof. We begin with the formal power series representation of the generating function for
{HED}™ byg():

Z <L(r +LT), + eLyl, + th+3>

n=0

Hence

2 [(2+4t(2r+1 24+t (2r+ 1)+t (r* +2r +3

() = —i2 — e +t(2r+1) h +t(2r + 1)+t (r* + 2r +3)
t t2 t3
1 Ll SN
- 1+1¥+e—+ 5 nz

Using (4), the result is obtained. L]
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In the following theorem, we obtain Binet’s formula for the hybrid hyper-Lucas numbers.
Theorem 3.2. For the any integer n. > 0, the n-th hybrid hyper-Lucas numbers is
HL) = aa™? + 8™ — HK(, (41)

where o and [3 are the roots of the characteristic equation Lucas sequence, o« = 1+ia+ea?+ha?
and 3 = 1+iB +€6% +hp3.

Proof. We know that the Binet’s formula of hybrid Lucas numbers is

HL, = aa™ + Bp",
where H L,, is the n-th hybrid Lucas number in [22]. Considering the identity between the hybrid
Lucas and the hybrid hyper-Lucas numbers (39), the result is obtained. U

Now, we give the summation formula of the hybrid hyper-Lucas numbers by using some
identities of the hyper-Lucas numbers.

Theorem 3.3. For n > 0, the summation formulas of the hybrid hyper-Lucas numbers are

ZHL = HLUY —2i —¢(3+2r) ~h (r? + 4r +6) ,
Z HLY = HL'), - HL, 4,

ZHLEQ = HLanyors1 — HLory — ZHKéz), r>1,

k=0
Z HLgZ:)-i-l = HLyyi9r42 — HLy, — Z HKQ(Z)-H, r>1.
=0 k=0

Proof. The proof of the second summation formula is as follows:

ST HLY ZL5)+ ZLn+1+EZLn+2+hZLn+3
s=0

From (20), we have
LHS =LU), — L,y +i (Ln+2 L ) (ijjg - LnH) +h (ijj4 - Ln+2) .

Using the recurrence relation of hybrid hyper-Lucas numbers, the result is obtained.
Similarly, we can acquire other summation formulas for hybrid hyper-Lucas numbers using
(2), (13), (19), (38) and (40) . []

Theorem 3.4. For positive integers n, m and s with m > s, we have

gL, HL)  —HLOHLY) = HLOHKY),  — HKY) HL,, .o

n+m n-+m

~HLYL HEKY) 4 HE H Ly gs52r (42)

4+5(=1)" Fy (Ly (i+2¢ — h) — F, (i + 3¢ + 4h))

where F,,, L, and H L,, are the n-th Fibonacci number, the nth Lucas number and the n-th hybrid

Lucas number, respectively.
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Proof. Using the Binet’s formula of the hybrid hyper-Lucas numbers to left hand side (LHS), we
obtain

LHS = (ga”+m+27‘ + BT HKme> (Qan+s+2r + gpTY HKT(QS)
_ (gan+2r X éﬁn—ﬂr _ HKT(LT)) (gan+m+s+2r +§Bn+m+s+2r _ HK,(LQm+S> '
Using (27), (28) and (39), we obtain
LHS = HL, 5, HK)  + HK"HL, pyoiar — HKOHEK!)

—H L ymiar HK\)y = HK() H Ly + HKY) HEY,

+(=1)"" (Ly_s (1+ 3¢ +4h) + 5F,,_, (i+ 2¢ — h))

— (=1)" (Lypys 1+ 3e+4h) —5F,,,,(i+2¢—h)).
In the last step, considering (7), (9) and (39), the result is obtained. O

Taking m = —k and s = k in (42), the Catalan’s identity for the hybrid hyper-Lucas numbers
is obtained.

Corollary 3.1 (Catalan’s identity). For positive integers n and k withn > k, the following identity
is true:
HLY HLY), — (HLY) = HLOHKY — HK, HL s,
~HL HK"), + HKVHL, 5, 43)
- (=1)"" Fy(i+ 2¢ — h)
— (=)™ F2(i+ 3¢+ 4h) |
Taking k£ = 1 in (43), the Cassini’s identity of the hybrid hyper-Lucas numbers is obatined.
Corollary 3.2 (Cassini’s identity). For n > 1, the following equality holds:

HLY HLY), — (HLD) = HLOHKY — HK" HL, 140
~HLY HK!"), + HKWHL, 5, (44)
—5(=1)" (e + 5h).
Theorem 3.5 (d’Ocagne’s identity). For positive integers n and m, with n > m, the following
equality holds:

HLOHLY,  — HLY) HLY = HLU) HK® — HLOHKD

—HK HLp o1+ HKY) HLp o, (45)
—5(=1)™ (L (i + 2¢ — h) + F,_,, (i + 3¢ + 4h)).
Proof. Using the Binet’s formula (41), we get

HLOHLY  — g™ o

n m—+1 n+1 m

— (Qan-i-Qr +éﬁn+2r . HKS")) (gam+1+2r +§6m+1+2r _ HK,,(;_);'_1>

m

— (QC(”+1+2T _'_éﬁn+1+2r _ HK7(121) (goém+2r +§5m+2r _HK 1“)) )
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Using (27) and (28), we have
HL%T)HLQ)H - HL&)AHL%) = (HLn—l-Qr—i-l - HK;L%) HK}VC) - HKr(LT)HLerH
YHK) HLy o + (HKY — HL,5,) HKY,|
—5(-1)"(F,_, 1+ 3¢+ 4h)+ L, _,, (i+2¢—h)).

From (39), the result is obtained. L]

Theorem 3.6. For positive integers n and m, with n > m. Then, the following equalities hold:

gL+ (~1)"HL = L,HLy. — HK) — (-1)"HK" (46)
L) — (-1)"HLY  =5F,HF, 5 — HK") +(-1)"HK", (47)

where F,,, L,, HF, and HL, are the n-th Fibonacci number, the n-th Lucas number, the n-th

hybrid Fibonacci number and the n-th hybrid Lucas number, respectively.

Proof. For the proof of (46) and (47), using the recurrence relation of hybrid hyper-Lucas numbers
and (7), (8) respectively, the results are obtained. [l

Remark 3.1. Taking r = 0 in (46) and (47), we obtain
HLyym+ ()" HL, ,, = L,HL,,
HLyym — (-1)"HL,_,, = 5F,,HF,.
Theorem 3.7. For positive integers n and m withn > 1, m > 1 and n > m, we have
HL, W HL), — HLY  HLY ) = HLyo1i0, HK, — HKG HL,

—HLp140, HKY) + HKS HLY | (48)
+5Lm+n+5+4r - 10Fm+n+4r + 10HFm+n+4r7

where F,,, L,, HF,, and H L, are the n-th Fibonacci number, the nth Lucas number, the n-th

hybrid Fibonacci number and the n-th hybrid Lucas number, respectively.
Proof. Using Binet’s formula to (LHS), we have
LHS = (o™ 12 4 gt - gi () (a0 4 griiie - gkl )
_ (Q(Jém—uzr +éﬂmfl+2r _ HKﬁ;")_l) <g&nfl+2r _i_éﬁnflJrZr _ HKSL) ‘
Then, using (7), (35) and (36), we get
LHS = HK") | (HLn_HQT - HKS?I) 4 HLy 10 HK,
~HEL, (HLupizr = HED) ) = HLpprio HEL,

+5Fm+n+7+4r - 5Fm+n+3+4r + 1OiFm+n+l+47’ + 1O€Fm+n+2+47‘+10th+n+3+4r‘

Afterwards, considering (10) and (39), the result is obtained. [
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Remark 3.2. Ifwe take r = 0 in (48), we obtain the following identity for hybrid Lucas numbers

HLpg HLy1 — HLyy 1HLy y = 5Lings + 10iF 0 1 + 10, o+ 100F, 3.

Theorem 3.8. For the positive integers m, k and s with m > k and m > s, the following identity

holds:
HLG ALY — HLY HLG) = HE) H L gy — HLU ) HE,

+(i+ 3¢+ 4h) ((_1)’"*’“ Lop — (—=1)™* L25>
+5 (i + 2 — h) ((-1)’”* Foyp — (—=1)™* FQS) .

where F,,, L,, and H L,, are the n-th Fibonacci number,the n-th Lucas number and the n-th hybrid
Lucas number, respectively.

Proof. From the Binet’s formula, we have
LHS = (gam+k+2r + é5m+k+2r _ HKglk) (aamfk+2r 4 éﬁmkarQr . HK,(:)_]C>

o (gam+s+2r + 66m+s+2’r o HK;:;_)ﬁ) (gam—s+2r + Bﬁm—s—l—Qr o HK;,:)_S> )

Hence
LHS = (HLpsgsar = HEGL ) HES - HES, H Lo,
- (HLm+k+2r - HKglk) HE®  — HE") HL, o
+(i+ 3¢ + 4h) ((—1)’”“‘f Lo — (—=1)™* LQS>
45 (i+ 2 —h) ((—1)’"*’“ Fop — (—1)™ FQS) .
From (39), the result is obtained. L]

Remark 3.3. Forr = 0 in (49), the following equality for the hybrid-Lucas numbers is true:
HILpsp HLp s — HLmysH Ly = (i + 3¢ + 4h) ((—1)’”"“ Log — (—=1)™* L25>

+5(i+ 2 —h) ((—1)’”*’“ Fop — (—1)™ F25> .
4 Conclusion

In this research, we have defined a new type of hybrid numbers whose coeflicients of basis are the
hyper-Fibonacci and the hyper-Lucas numbers. We have derived the Catalan’s, the Cassini’s and
the d’Ocagne’s identities for these numbers. For future works, more identities can be obtained.
In addition, the applications of the hybrid hyper-Fibonacci and the hybrid hyper-Lucas numbers
can be considered.
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