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Abstract

In this paper, we define the bi-periodic incomplete Fibonacci sequences,
we study some recurrence relations linked to them, some properties of these
numbers and their generating functions. In the case a = k = b , we obtain
the incomplete k-Fibonacci numbers. If a = 1 = b, we have the incomplete
Fibonacci numbers.
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1. Introduction

Fibonacci numbers and their generalizations have many interesting properties and
applications to almost every field of science and art [10]. The Fibonacci numbers
F,, are defined by the recurrence relation

F():O, }7‘1:17 Fn+1:Fn+Fn,1,n>l.

There exist a lot of properties about Fibonacci numbers. In particular, there is a
beautiful combinatorial identity

S ("7 (1)

=0
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for Fibonacci numbers [10].
In analogy with (1.1), Filipponi [6] introduced the incomplete Fibonacci num-
bers F),(s) and the incomplete Lucas numbers L, (s). They are defined by

Fn(s):i<"_1__j> (n:1,2,37...;0<s< {";1)

J

and

Ln(s)zs:nijcjj) (n:1,2,3,...;0§5§ gJ)

=0

Further in [11], generating functions of the incomplete Fibonacci and Lucas num-
bers are determined. In [2] Djordevi¢ gave the incomplete generalized Fibonacci
and Lucas numbers. In [3] Djordevi¢ and Srivastava defined incomplete gener-
alized Jacobsthal and Jacobsthal-Lucas numbers. In [15] the authors define the
incomplete Fibonacci and Lucas p-numbers. Also the authors define the incom-
plete bivariate Fibonacci and Lucas p-polynomials in [16]. In [13] we introduce
the incomplete k-Fibonacci and k-Lucas numbers and in [12] we study incomplete
h(x)—Fibonacci and h(z)—Lucas polynomials.

On the other hand, many kinds of generalizations of Fibonacci numbers have
been presented in the literature. In particular, a generalization is the bi-periodic
Fibonacci sequence [4]. For any two nonzero real numbers a and b, the bi-periodic
Fibonacci sequence, say {q,}22, is determined by:

agn-1+ qn—2, if n =0 (mod 2);

. nz2. (1.2)
bGn-1+ qn-2, if n =1 (mod 2);

q0:0> (I1:1a Qn_{

These numbers have been studied in several papers; see [1, 4, 5, 8, 9, 17]. In [17],
the explicit formula to bi-periodic Fibonacci numbers is

=] ,
dn :ag(nil) Z (nZ 1) (ab)l‘nglJia (13)

. (3
=0

where {(n) =n —2|3], i.e.,, {(n) = 0 when n is even and {(n) = 1 when n is odd.
From equation (1.3) we introduce the bi-periodic incomplete Fibonacci numbers
and we obtain new recurrent relations, new identities and generating functions.

2. Bi-Periodic Incomplete Fibonacci Sequence

Definition 2.1. For n > 1, the bi-periodic incomplete Fibonacci numbers are
defined as

l .
_ E(n—l) n—l—l Ln;lJ_i << ’I’L-l 2 1
) =003 (" s osi< [P e
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Bi-periodic incomplete Fibonacci sequences

For a = b, ¢,(I) = F,é,n, we get incomplete k-Fibonacci numbers [13]. If a =
b = 1, we obtained incomplete Fibonacci numbers [6]. In Table 1, some values of
bi-periodic incomplete k-Fibonacci numbers are provided, with a = 3 and b = 2.

n/l 0 1 2 3 4 5 6

1 1

2 3

3 6 7

4 18 24

5 36 54 55

6 108 180 189

7 216 396 432 433

8 648 1296 1476 1488

9 1296 2808 3348 3408 3409

10 3888 9072 11340 11700 11715

11 7776 19440 25488 26748 26838 26839

12 23328 62208 85536 91584 92214 92232

13 46656 132192 190512 208656 211176 211302 211303
14 139968 | 419904 633744 711504 725112 726120 726141
15 | 279936 886464 1399680 | 1613520 | 1658880 | 1663416 | 1663584
16 | 839808 | 2799360 | 4618944 | 5474304 | 5688144 | 5715360 | 5716872

Table 1: Numbers g, (1), for 1 <n < 16, and a =3,b =2

Some special cases of (2.1) are

ag("fl)(ab)LnT_lJ; (n>1) (2.2)

q”(o) -

an(1) = af D (ab) T 4 gt (n — 2) (@)Y (n>3) (2.3)
n—1

qnq 5 D:qn; (n>1) (2.4)
n=3\_ Jeg.—"%, ifn=0 (mod?2);

qn({ 2 J>_{qnl, ifn=1 (mod 2); 23 (25)

2.1. Some recurrence properties of the numbers g, (1)
Proposition 2.2. The non-linear recurrence relation of the bi-periodic incomplete

Fibonacci numbers gy, (1) is

w(D), ifn= d 2); -2

Gnsa(l+1) = JFan(), ifn =0 (mod2); )y _n=2
)+ (), fn=1 (mod 2); 2

The relation (2.6) can be transformed into the non-homogeneous recurrence relation

~Jaguya(l) +ga(l) — a(”fl*l)(ab)L"T_lJ_l, ifn=0 (mod 2);
an2() = {ban(Z) +qn(l) — ("—f-ll)(ab)t"%kl, ifn=1 (mod 2). 2.7)
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Proof. If n is even, then |%]
right-hand side of (2.6) as

I+1 . l .
OR S A Y NETEA BRI U e N A A PR B
a<a Z(i )(a) >+a Z( F ) )

=0

l+1 +1 . . )

_ £t Z K”—l> (:L_—llﬂ (ab)ww) gD (_”1> (ab) 2]

1=0
+1
as<n+1>z<” Z“) (ab)L 21— g

1=0
= gni2(l +1).

|22 ] + 1. Use the Definition 2.1 to rewrite the

If n is odd, the proof is analogous. On the other hand, equation (2.7) is clear from
(2.6). In fact, if n is even

Gni2(l) = agqnyi1(l) + qu(l = 1) = agny1(1) + ¢u (1) + (gn(l = 1) — gn (1))

—1—-1 no1
= agni1(l) + qn(l) — a(n ; )(ab)Lle.

If n is odd, the proof is analogous. O

Proposition 2.3. One has

5 ite(n ité(n —s—1

> <S) g1+ )al R ), 0<i< % (2.8)
1

1=0

Proof. (By induction on s.) The sum (2.8) clearly holds for s = 0 and s = 1 (see
(2.6)). Now suppose that the result is true for all j < s + 1, we prove it for s+ 1.
If n is even, then

s+1

1 it1 i
Z (s—: >qn+i(l+i)aL;JbbJ

=0

sl . )
) L2 gL

;[(i>+<i_1>} Qnyi(l +i)al = Jple

s+1 . " i ‘

)qn+s+1(l + s+ Dal= 1pl="

S
= {4n sl
Q+2(+3)+<8+1
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1=—1

= gnt2s(l + 3) +0+az< >qn+z+1(l+z+ Dal2lpl 5] (_i)qn(l)ambo

=0

= qn+2s(l+8 +GZ ( )qn+z+1(l+i+ l)aL%JbLH-TIJ +0
=0

= qn+23(l + S) + aqn+23+1(l + s+ 1)
= gn+2s+2(l +5+1).

If n is odd, the proof is analogous. O
Proposition 2.4. Forn > 2]+ 2,

s—1
ZaLS?£(2n+1)J7Lq,+§2(n)JbLsfg(n,)J7Li+E(2"+1)Jqn-‘ri(l)

=0

= Gt ((4+1) = FTTE g 4 1). (29)

Proof. (By induction on s.) Sum (2.9) clearly holds for s = 1 (see (2.6)). Now
suppose that the result is true for all ¢ < s. We prove it for s. If n is even, then

21T ol e PR ()

=0
s—1
= a8 g () + s ()
=0
s—1 . :
— b+ pE(s) Z ol g () + g (1)

=0
= aE(SJrl)bE(S) (Qn+s+1 (l + 1) - aL%JbL%JQn-H(l + 1)) + Qn-l-s(l)
- (aﬁ(SH)bé(s)QnJrsH(l +1)+ Qn+s(l)) - a5(8+1)+L%Jbg(s)ﬂ%JQnH(l +1)
= (aE(SJrl)bg(S)Qn+s+l(l + 1) + Qn+s(l)) - aLSg2JbLSJ§1JQn+1(l + 1)

= Qn+s+2(l + 1) - GL#JbL%JQn+1(l + 1)
If n is odd, the proof is analogous. O

Following proposition shows the sum of the nth row of the array in Table 1.
Proposition 2.5. One has
=) n—1t—1 —1
3 ) = (4 Daal)) ~ a0 Z ("7

=0

- (2.10)
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Proof. Let h = L J then

Qn(l) = QR(O) + qn(]-) +oet qn(h)

_ gt <" —é - 0> (ab)*
[ o
+af D K . 0) ab)h+---+(n_;_h)(ab)h_h}
ol

(h+1) < 0>(ab)h+h(nil)(ab)hl+

e er

I

+a(n 1)

252 e

= ; (h+1—i)< 21 )(ab)h
= y
D (4 1) ; ( Zl )(ab)h

E I
—ae Y (" )<b>
= (h+1)gu(l) —at"" Y Lij z(" _2,1 B ’) (ab)" . O

1=0

3. Generating function of the bi-periodic incomplete
Fibonacci numbers

In this section, we give the generating functions of bi-periodic incomplete Fibonacci
numbers.

Lemma 3.1. Let {s,},—, be a complex sequence satisfying the following non-
homogeneous and non-linear recurrence relation:

(n> 1), (3.1)

as$p—1+ Sp—2 +ar,, ifn=1 (mod 2);
Sp =
' bsp—1+ Sp—2+ sp—1, fn=0 (mod 2);

where a and b are complex numbers and {r,}, ", is a given complex sequence. Then
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the generating function U(t) of the sequence {s,}, is

aG(t) +so — 1o + (s1 —asp —ar)t + (b—a)tf(t) + (1 —a)R(t)
1—at—1¢ ’

U(t) = (3.2)
where G(t) denotes the generating function of {r,},— ., f(t) denotes the generat-
ing function of {sant1},., and R(t) denotes the generating function of {rapn},— -
Moreover,

atR(t) +a(l —t3)R'(t) + (s1 — a(r1 + 1))t + (a(so + 1) — s1)t3

f(#) = 1— (ab+2)2 +t4 » (3:3)

where R'(t) denotes the generating function of {ran—1},- ;.

Proof. We begin with the formal power series representation of the generating
function for {s,} —, and {r,},—,

U(t) = s + s1t + s9t% + -+ st + -+,
Gt)=ro+rit+rot>+ - Frpth 4.
Note that,
atU(t):050t+a51t2+a52t3+...+a5ktk+1+,“,
2U() = sot® + 515 + sotd + -+ st 4o
and,
aG(t):aro+arlt+a7“2t2_A,_..._’_arktk_i_”.

Since sopy1 = asop + Sok—1 + aroky1, we get

(1 —at —t)U(t) — aG(t)

= (sg—arg) + (s1 —a(so+ 7))t + Z (S2m — ASom_1 — Som_2 — aTam) 2™,

m=1
Since sop, = bsop_1 + Sop_2 + 1ok, we get

(1 —at —t))U(t) — aG(t)

= (so—aro) + (51— a(so + 1))t + > _ (b= a)szm—1 + (1 = a)ram) "

m=1

= (so—aro) + (51— a(so + 1))t + (b — )t D som 1™ '+ (1—a) Y ropt™™
m=1

= (sp —arp) + (s1 —a(so +r1))t + (b — a)tf(;) +(1—-a)R(t)— (1 —a)rg
=(sg—r0)+ (s1 —a(so+7r1))t+ (b—a)tf(t)+ (1 —a)R(t).
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Then equation (3.2) is clear.
On the other hand,

S2m—1 = GS2m—2 + S2m—3 + aAr2m—1
= a(bsam—3 + S2m—4 + Tom—2) + S2m—3 + Aram_1
= (ab+ 1)s9m—3 + asom—a + a(rom—2 + T2m—1)
= (ab+ 1)s2m—3 + S2m—3 — S2am—5 — aT2m—3 + a(Tom—2 + T2m—1)

= (ab+ 2)s2m—3 — Sam—5 + a(—T2m—3 + rom—2 + ram—_1).

Then

(1= (ab+2)t* + Y f(t) — atR(t) + a(t* — 1) R'(t)

= (51 —a(ro + 1))t + (53 — (ab+2)s; — ary + a(ry — r3))t>

o0
+ Z (s2m—1 — (@b + 2)s2p—3 + S2m—5 — aT2m—2
m=3

+ a(rom—3 — Tam_1)) 2"

=(s1 —a(ro+r1))t+ (s3 — (ab+2)s1 — arg + a(r, — 7“3))153

= (51 —a(ro + 1))t + (a(so +r1) — s1)t°.
Therefore equation (3.3) is obtained. O

Theorem 3.2. The generating function of the bi-periodic incomplete Fibonacci
numbers g, (1) is given by

Qu(t) = aDt' (3.4)
=0
_ aG(t) + i1 + (qaie2 — agai1)t + (b — a)tf () + (1 — a)R(¢) (3.5)
1—at —t? ’ ’
where
1 t2 _1/2 t2 ~1/2
G(t) = —2<(1_(ab)1/2t)l+1(1+(ab) / )+ T any7agr (L (ad) / )), (3.6)
22t adqs 1—22t3 atR(t al—tQR’t
i) = + (agai+ 1Q_l(4;b)+;->t2+(t4)+ ( JR'(t) (3.7)
and
1 t? t?
k) =3 ((1 (@) 2 1t (ab)l/Qt)l“) ’ (8:8)

o 1 t2 t2
R(t) = " 2(ab)1/2 ((1 — (ab)2t) 1 (1 + (ab)1/2t)l+1) : (3.9)
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Proof. Let | be a fixed positive integer. From (2.1) and (2.7), ¢,(I) = 0 for 0 <
n <20+1, gui1(l) = qu+1, and gz42(l) = g2i42, and

qa%:{wndb+%lﬂ0—a074Xwﬂ%ﬂl,ﬁnzo (mod 2);

(3.10)

n—3

bGn—1(1) + gn—2(l) — ("_ll_g) (ab)l* =717t ifn=1 (mod 2).

Now let

50 = qa41(0) = qaig1, 81 = qa2(l) = g2141, and

Sp = Qnt21+1(1).

Also let

n+l—2 w
To—rl—()andrn—< ne )(ab)LQJ 1.

The generating function of the sequence {—r,} is

t? ~1/2
el () )

1 t? —1/2
G(t)z—( (1+ (ab) /)+W

2 \ (1= (ab)'/2t)+1
See [14, p. 355] and bisection generating functions [7]. Thus, from Lemma 3.1, we
get the generating function Q;(t) of sequence {g,(1)},~. O

4. Conclusion

In this paper, we introduce the notion of bi-periodic incomplete Fibonacci numbers,
and we obtain new identities. An open question is to evaluate the right sum in
Proposition 2.5. On the other hand, in [9], authors introduced the bi-periodic
Lucas numbers. They are defined by the recurrence relation

app—1+ Pn—2, fn=0 (mod 2);

. n>=2  (41)
bpn—1 + Pn—s2, if n=1 (mod 2);

pO:27 p1:17 pn:{

It would be interesting to study the bi-periodic incomplete Lucas numbers and
research their properties.
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