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ABSTRACT.  This study introduces the generalized Francois numbers and investigates their some properties. In
addition, we provide the basic formulas such as Binet’s formula, sums formulas. Also, we obtain some identities
among the Fibonacci sequence, the Lucas sequence, and the generalized Francois sequence.
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1. INTRODUCTION

Number sequences are an important topic in mathematics. The Fibonacci sequence is one of the most renowned.
Leonardo Fibonacci introduced a problem. The Fibonacci sequence emerged the solution of this problem. The se-
quence has extensive uses in many areas from mathematics to art. In addition, the Fibonacci numbers have in various
interesting properties, such as the golden ratio, which arises from the ratio of consecutive the Fibonacci numbers.

For n > 2, the recurrence relation of the Fibonacci sequence is

Fp,=F,1+F,,

with Fy = 0, F; = 1. The Fibonacci numbers are associated with the sequence A000045 in OEIS [13]. The Binet’s
formula of the Fibonacci sequence is

an_ﬁn

F,= , 1.1
- (L.D)
where @ = “T‘B and B8 = %5 Also, the negative indices of the Fibonacci numbers are
F_,=(=D"'F,. (1.2)
The summation formulas for the Fibonacci numbers are
D Fi=Fua—1, (13)
i=1

n
Zin =Fop— 1,
=1

n
Z Faio1 = Fo,.
=1
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In addition, there are the following identities of the Fibonacci numbers:

FuFy = FpsiFoo = (D" FoenFi, (1.4)
F,L, - F,L, = 2(_1)an—m, (1.5)
FoLy + FpuL, = 2F 4, (1.6)

in [5, 14].

One of the other interesting number sequence is Lucas sequence. It is named for honor of the French mathematician
Francois Edouard Anatole Lucas. The Lucas numbers share remarkable similarities with the Fibonacci numbers.

For n > 2, the recurrence relation of the Lucas sequence is given as follows:

L,=L,1+L,»

with Ly = 2,L; = 1. The Lucas numbers correspond to sequence A000032 in OEIS [13]. The Binet’s formula of the
Lucas sequence is

L,=a"+p3", (.7
where @ = HT\B and 8 = I_T‘B Negative subscript of the Lucas numbers is defined as follows:
L, =(-1)"L,. (1.8)

The summation formulas for the Lucas numbers are given as follows:

D Li=L-3, (1.9)
i=1

D Lo = Loy - 1,

i=1

n
Z Ly = Ly, = 2.
i=1

Furthermore, there is the following identity of the Lucas numbers:

Lyim + (=1)"Ly—n = Ly Ly, (1.10)
in [5, 14].
Some identities between the Fibonacci and the Lucas numbers are as indicated below:
Fui1 + Fyoy = Ly, (1.11)
Ly + L,y =5F,, (1.12)
From +(=1)"Fom = Ly Fp, (1.13)
Foim = (=1)"Fy_py = FyLy, (1.14)
Lysm = (=1)"Ly—y = SFyFp, (1.15)
FuioLnii — FreiLy = Fopip —2(=1)", (1.16)
FuFpsr + FnFyyy = 22! _;_l)mL"”" (1.17)
in [5, 14].

Catarino and Borges defined the Leonardo sequences, which are related to the Fibonacci sequence in [2]. Forn > 2,
the Leonardo sequence is determined by the following recurrence relation:

Le, =Le, |+ Le, + 1

with Leg = Le; = 1. The Leonardo numbers are associated with the sequence A001595 in OEIS [13]. The Binet’s
formula of the Leonardo sequence is

2a”+1 _ 2I8n+1 _ a,_,’_'B
Le, = ,
a-p

where a = “T‘B and 8 = 1_7‘5 in [2].
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The researchers investigate topics including generalizations of the Leonardo numbers. The generalized Leonardo
numbers are defined by the following recurrence relation for n > 2:

Lin=Lip1 +Lipo+k,

with the initial conditions £y = L = 1. Furthermore, the relationship between generalized Leonardo numbers and
Fibonacci numbers is presented as

Lin=(k+ DFp1 —k, (1.18)
in [6]. The Binet’s formula of the generalized Leonardo sequence is

a,n+l —,Bn+1
PR — _k’

J:k,,,=<k+1>( —

where a = %5 and 8 = %5 in [7].

Another version of the Leonardo numbers is defined in [3]. The authors introduced a new version of the Leonardo
numbers called the Francois numbers, in honor of the French mathematician Francois Edouard Anatole Lucas. For
n > 2, the recurrence relation for Francois sequence is given as follows:

Fn=Fn-1+Fua+1,

with the initial conditions ¥y = 2, 1 = 1. This sequence corresponds to the sequence A022318 in OEIS that the initial
element is eliminated. The Binet’s formula of the Francois sequence is

a/n+l _ pn+l
ﬁ:a”+ﬁ”+—’8—l,
a-p
where a = %g and 8 = %g The relation among the Francois, the Fibonacci and the Lucas numbers is obtained as

ﬂ:Ln"'FrH—l_l,

in [3].

In recent years, the generalizations of the Leonardo numbers have been studied. More information about the
Leonardo and the generalized of theL.eonardo numbers can be found in [1,3,4,6,8-12,15].

The following table displays the first terms of the Fibonacci, the Lucas, the Leonardo, the Francois, and the gener-

alized Leonardo numbers:

n || Fol| Lo || Zew || Fo || Lin

0 01 2 1 2 1
L1 1 1 1 1

219 1 3 3 4 2+k
3002 | 4 5 6 342k
41 3 || 7 9 11 5+ 4k
S S (|11 15 | 18| 8+7k
61 8 || 18] 25 |30 | 13+ 12k
T 13|29 41 || 49 || 21 + 20k

Based on the above papers, we introduce the generalized Francois numbers. Furthermore, we derive various identi-
ties concerning the generalized Francois numbers. Finally, all the results are reduced to Francois numbers for k = 1.
2. MAIN Resurts
Firstly, we introduce the generalized Francois numbers.
Definition 2.1. For the positive integer k and n > 2 the generalized Francois sequence ¥, is defined as follows:
Fn = Fn-1 + Fin-z + K, 2.1

with the initial conditions Fro = 2, Fr1 = 1.
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Proposition 2.2. The Binet-like formula for the generalized Francois sequence is

n+l _ pn+l
N
where a = %g and B = "T‘B

Proof. The general solution of the difference equation
7:k,n = 7:k,n—l + 7:k,n—Z + k,
is given by
Fren = 1@ + 28" — k.
Considering that ;o = 2, F¢,; = 1, its follows that
-2+ +1+k
= oy

_Q+ka-1-k

and ¢,
a-p

ci
From here, the result is obtained.

Taking k = 1 in (2.2), we get the Binet-like formula for the Francois sequence as follows:

n+l _ pn+l
u)_ L

T,,:a"+ﬁ”+( py

in [3]. Now, we give the generating function for the generalized Francois numbers in the following proposition.

Proposition 2.3. The generating function for the generalized Francois numbers is as follows:

— k+ Dx2=3x+2
D gt = DT
pary 1-2x+x

where Fy.,, is the nth generalized Francois number.

Proof. Let us consider the following ordinary generating function:
g0 = " Frax.
i=0

From the equation (2.1), we obtain

g(x)—ﬂf—ﬁ,ﬂz8(x)—7~k,0+g(x)+i'
x X 1—-x

Hence,
_(k+ Dx?>=3x+2
- 1-2x+x3

g(x)

Taking k = 1, we get the generating function for the Francois numbers as follows:

>, 2x2=3x+2
;T”x T l-2xto

Proposition 2.4. For any nonnegative integer n, the following identity holds true:
ﬂ,n = Ln + an+l - k,
where F,, L,, and Ty, are the nth Fibonacci, Lucas and generalized Francois numbers, respectively.

Proof. Considering (1.1), (1.7), and (2.2), the result is clear.

From k = 1in (2.3), we have ¥, = L, + F,;,; — 1 in [3].

2.2)

2.3)
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Proposition 2.5. The negative subscript of the generalized Francois numbers is given as follows:
7:k,—n = (_l)n(Ln + an—l) - k,
where F,, L,, and ¥y, are the nth Fibonacci, Lucas and generalized Francois numbers, respectively.

Proof. Using (2.3), we have
7__](,—11 =L, +kF_,.1 -k
From (1.2) and (1.8), the result is clear. |
Proposition 2.6. For n > 1, the following identity holds:
7:k,n+1 + ﬂ,n—l = 5Fn + kLn+l - 2](,

where F,, L, and T, are the nth Fibonacci, Lucas and generalized Francois numbers, respectively.

Proof. Using (2.3), we get
ﬂ,n+1 + ﬂ,n—l = (Ln+1 + Ln—l) + k(Fn+2 + Fn) - 2k.
Considering (1.11) and (1.12), the result is obtained. |

Now, we provide the summation formulas for the generalized Francois numbers.
Proposition 2.7. For n > 0, the following summation formulas hold true:

D Fhi = Frna = 1= kin + 1),

i=0

n
Z 77/(,21‘ = 7:/(,211+1 +1- kn’

i=0

D Frainr = Fianer = 2= k(n + 1),

i=0
where Fy., is the nth generalized Francois number.

Proof. From (2.3), the sum of generalized Francois numbers is

D Fii = D L+ ki = ).
i=0 i=0
Using (1.3) and (1.9), we have

> Fii = Lusa + kFpuz = 1 = 2k~ k.
i=0
Considering (2.3), the result is obtained. Similarly, the other summation formulas can be proved. O

Taking k = 1, the summation formulas for the Francois numbers are obtained as follows:

D Fi=Fan— 1=+ 1),
i=0

D Foi = Faner + 11,

i=0
D Pt = Fonsa =2 = (n+ 1).
i=0
Proposition 2.8. For any nonnegative integer m > 1 and n > m, the following identity holds true:
Fronem + (=" Fon-m = Ln(Fien + k) = k(1 + (=1)"),
Frnem = (D" Fion-m = Fu(SFp + kLps1) — k(1 = (=1)"),

where F,, L,, and Ty, are the nth Fibonacci, Lucas and generalized Francois numbers, respectively.
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Proof. From (2.3), we get
?:k,n+m + (_l)mg:k,n—m = (Ln+m + (_1)an—m) - k(l + (_l)m) + k(Fn+m+1 + (_1)an—m+1)-

Using (1.13), (1.10), and (2.3), the first identity is obtained. Similarly, the other identity is derived by using (1.14),
(1.15), and (2.3). O

Proposition 2.9. For nonnegative integers m and r where m > r + 4, the following identity is valid:

ﬂ,m+r7:k,m+r—2 + ﬂ,l?z—rﬁ,l7z—r—2 = L2m—2L2r - 5k(Fm-H‘—l + Fm—r—l) + 6(_1)m+r

+ k(2F -1 Loy + 6(=1)"") = k*(Lysr + Lin—r)
k2
+ g(Lszz,. +6(=1)"") + 262,

where F,, L,, and Ty, are the nth Fibonacci, Lucas and generalized Francois numbers, respectively.

Proof. Using (2.2) to LHS, we obtain

m+r+l _ pm+r+l m+r—1 _ pm+r—1
LHS = (a,m+r +’Bm+r + k(a ﬁ )_ k) (am+r2 +ﬁm+r—2 + k(a ﬂ )_ k)

a-p a-4
m-r+1 _ pm-r+l m-r—1 _ pm-r-1
+ (o/’” +B" +k (—a - _ﬁ ) - k) (a’"’z +p" vk (—a - _ﬁ ) - k) .

Hence, we have
LHS = Lypi2r—2 + Lom-ar—2 + 6(=1)"""
= k(Lin+r + Linsr-2) = k(Lip—r + Lin—r-2)
+ k(2F 24271 + 2Fomar—y + 3(=1)"" 4 3(=1)""")
+ 2K + ks—z(Lz,,Hz, + Lopor + 6(=1)"*")
~ P (Fpret + Fuori)) = K (Fparot + Fouop)-
From (1.10), (1.11), (1.12), and (1.13), the result is clear. |
Now, we provide the identities between the generalized Francois numbers and the generalized Leonardo numbers.
Proposition 2.10. For any nonnegative integer n, we have
Frnt1 Linrt = FenLion = (k+ D(Fopio = 2(=1)") = kLp—y + kF,((k + DF i3 — 1 = 25),

where Fy, L,, Ly, and Fi, are the nth Fibonacci, Lucas, generalized Leonardo and generalized Francois numbers,
respectively.

Proof. Using (2.3) and (1.18) to left hand side (LHS), we get
LHS = (Lys1 + kFpi2 = k)((k + D)Fpin — k) = (Ly + kFpi1 — K)((k + DF i — k).
Hence, we have
LHS = (k + 1)(Fps2Lp1 = Fui1Ly) — kLy—y + kFy((k + 1)F 43 — 1 = 2K).
Considering (1.16), the result is obtained. |
Taking k = 1, we derive the following identity between the Leonardo and the Francois numbers:
Fur1Lenss — Fuley = (k+ D)(Fapeo = 2(=1)") = Ly-1 + Fy(2F 43 = 3).

Now, we present the relationships between the generalized Francois and the Fibonacci numbers.
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Proposition 2.11. Form > 1 and n > m + 1, the following identities hold true:
FyFim = FnFin = Fpom(=1" + k) + k(Fyy = Fy),
2Lysmar — (=1)" Ly
5 )
where F,, L,, and ¥y, are the nth Fibonacci, Lucas and generalized Francois numbers, respectively.
Proof. Using (2.3) to LHS, we get
LHS = F,L,, — FyL, + k(F,F i1 — FFpe1) + k(Fy — Fp).

Fn?-k,m +Fm7:k,n = 2Fn+m _k(Fm +Fn)+k

From (1.4) and (1.5), the first identity is obtained. Similarly, the second identity can be found by using (1.17) and
(1.6). O

Proposition 2.12. Form > 1 and n > m + 1, the following identities hold true:
LyFim = LnFin = k(=1"" Fyy = k(Ly = L),
LyFim + LnFin = 2Ly Ly — k(Ly + L) + k2 Fpime1 + (=1)" L),
where F,, L,, and Ty, are the nth Fibonacci, Lucas and generalized Francois numbers, respectively.
Proof. Using (2.3) to LHS, we get
LHS = k(LyFu+1 — LinFpe1) — k(Ly = L)

From (1.5), the first identity is clear. Similarly, the second identity can be obtained. O

3. CONCLUSION

In this study, the generalized Francois numbers are considered. The basic identities related to these numbers are
obtained. In addition, the relations between these numbers, Fibonacci and Lucas numbers are provided. In future
studies, other properties of the generalized Francois numbers can be found and the different number systems can be
defined with these numbers and their properties can be analyzed.
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