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1 Introduction

Balancing numbers are terms of the binary recurrence x,,; = 6x,, — x,_; with initial values
xo = 0,21 = 1 (see [6]). Subsequently, Panda and Rout [5] studied sequences obtained from the
class of binary recurrences G,,, 1 = AG,, — BG,,_; with initial values Gy = 0, G; = 1 where A
and B are natural numbers satisfying A2 — 4B > 0. They showed that if B = 1, the sequence
generated from the above class of binary recurrences behave like the balancing sequence and
hence they called such sequences as balancing-like sequences.

Recently, Davala and Panda [1] established several sum and ratio formulas involving balanc-
ing numbers. The objective of this work is to establish such results with terms from balancing-like
sequence and their associate sequences.

Let a > 3 be a fixed positive integer. The associate sequence corresponding to the balancing-
like sequence G,1 0 = Gy — G, Gy = 0,G; = 1 is the binary recurrence H,, .o = aH,11 —
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H,, Hy =2, H, = a, and is called Lucas-balancing-like sequence [7, p.26]. It is easy to see that
the Binet forms for the sequences {G,, } and { H,,} are respectively

an_ﬂn

a? —

Gn: 5 Hn:an—i_ﬁn?

2__ _ 2__
where, o = ¢2V=1 and g = 4=,

2 Identities involving balancing-like and Lucas balancing-like

sequences

In this section, we establish certain sum formulas in which the summands involve terms from the
balancing-like sequences. The following identities involving terms from the the balancing-like
and their associate sequences are needed for the subsequent development of this work.

G—n = _Gn7 H—n = Hn

Gon = G, H,,.

Hn2 — Hy, =2

Hy, — (a® — 4)G,* =2

2Gn:|:m — GnHm + GmHn

2H,r = H,H,, + (a® — 4)G,,G,p.

We do not provide proofs of these identities as they can be easily proved using Binet forms
for the sequences {G,} and {H, }. These identities will be used subsequently without further
reference.

In a recent paper [1], the authors have established the formula B,,, o = 58,1 +4 ZZZI B;+1
relating to the balancing sequence. The following identities generalize the above formula to

balancing-like and Lucas-balancing-like sequences. Their proofs are similar to that of Theorem
1.1 of [1].

Gniz=(a—1)Grp1+(a—2)> ;G +1,
Hn+2 = (@ - 1)Hn+1 + (a — 2) ZZ:l Hl +a— 2.

Using the above identities and mathematical induction, it is easy to prove the following theo-
rem dealing with weighted partial sums of balancing-like and Lucas-balancing-like sequences.

Theorem 2.1. Forn € N
(a) nGi+(n—1)Ga+ - +2G,_1 + G, = =55 [Gpy1 — (n+ 1)),
(b) nHy+ (n—1)Hy+ -+ +2H, 1+ H, = -5 [Hyp1 — (n+1)(a — 2) + 2].

In the next theorem, we consider finding partial weighted sums involving terms from the se-
quences {G,} and { H,,} with binomial coefficients as weights.
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Theorem 2.2. Forn € N

(a) ZZ‘L:[) (7;) GiHn—i = QnGn,

(b) o () Gnir—2i = a”,
0, if niseven,

7.1_ 1" Gan—Z = —1
(€) (=1 (7) —2(a®> —4)"7, if nis odd.

a(a? —4)z, if nis even,
(a> —4)"2", if nis odd.

Proof. We will prove (a) and (c) only. The proof of (b) and (d) are similar.
Since o — 8 = Va? — 4, we have

Z (?) G;H,_; = 21 ; (TZL) [a" — B" + gra®i — Oénﬁ?i]

=0 ar—
_ —~ (n 1 "\ 2% n — i
=G, 2 <@) + — [ﬁ ;oz a ;5
1
=2"G, + = 4[6”(1 +a?)" —a"(1+ BH"

[(B+a)" = (a+B)"]

a? —14

which proves (a). Further,

i(—l)i <n) GiHni = 21_ (=1)° (?) " — 5" + e — o]

- 2
=0

W

n

= 1_ [6” D (e —a" Y (-1)5

a? —4 —
1 n 2\n n 2\n
—— (81— 0 a1 - )"
1 n n
— (8- )"~ ()"
== (2= = (-1

B 0 if niseven,
—2(a® —4)"7 if nis odd,

and (c) is proved.

The following corollary is an immediate consequence of Theorem 2.2 (c).
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Corollary 2.1. Forn € N
(@) (3)Gan— (3)Gaona+ -+ (=1)"(*") Gy = 0,
(b) (2ng—1)G2n+1 . (2n1+1)G2n71 N (_1)n(2n:1)G1 — (&2 _ 4)n

3 Variants of Melham identities for balancing-like sequences
and Lucas-balancing-like sequences

Using the basic identities for Fibonacci and Lucas numbers, Melham [3, 4] managed to find
several sum and alternating sum formulas of certain products of Fibonacci and Lucas numbers.
Motivated by these results, we obtain certain variants of these results for balancing-like sequences
and establish their resemblance with formulas involving natural numbers.

The following theorem, which contains index reduction formulas, will play crucial role for
establishing results of this section.

Theorem 3.1. If x,y, z, w and r are integers and x + y = z + w then
(CL) GerrHerr — G Hyyr = Ga:Hy - G.Hy,
(6) GoirGyir — GoprGusr = GaGy — GG,
(¢) H.H,— H.H,=—(a®—4)[G.G, — G.G,).

Proof. We provide the proof of (a) only. The proofs of (b) and (c¢) are similar.
Using the Binet forms for the sequences {G,,} and { H,, }, we get

Gm—i—rHy—H’ - Gz—i-er—l-r

— a21_ 4[<&x+r _ ﬁxﬂ")(ayﬂ” + Berr) _ (az+r _ ﬂerr)(Oéerr + ﬁerr)}
_ azl_ 4(a$+y+2r o /Bx—f—y—f—QT‘ + Oéx-l—rﬁy-&-r _ Bx-i-ray-&-r)

B (121— 4<a2+w+2r . ﬁz+w+2r + az-‘rrﬁw-‘ﬂ" _ 6Z+7'aw+7')
N —\ﬁkawy — f7a¥) — (a*B" — B7a")]
— (7Y = B 0 — ) — (07— Y 0% — )

1

= = l0" = )@+ ) (0" = ) (@” + 7
= G, H,— G.H,. .

The following two theorems deal with sum formulas for certain products with terms from a
balancing-like sequence and its corresponding Lucas-balancing-like sequence.

Theorem 3.2. Let s, n and m are positive integers, then

GsnGs(n—H) T Gs(n+2m+1) (3 1)

ZGsst(lﬁ-l) T Gs(k+2m)Hs(k+m) = a
k=1 s(m+1)
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Proof. Let [,, and r,, denote the left and right sides respectively, of (3.1). Then

GsnGs(n+1) to Gs(n+2m)

[Gs(n+2m+l) - Gs(n— 1)]

'n —Th—1 =

Gs(erl)
_ GsnGs(n+1) T Gs(n+2m)

[Gs(n+m)+s(m+1) - Gs(n+m)fs(m+1)]

Gsimi)
GsnGS(n+1) o Gs(”+2m)
= [Hs n+m GS m+1 ]
Gs(m+1) ( ) ( :
— ln - ln—l'
Now, e G a
. G 25 Gsmi1)Gsemis) GGas - Gyamin) Hyme1) = b ]

Gs(m+1)

For any natural number n, >} 2k = n(n+1)and > ;_ k(k+2)(2k+2) = "(”+1)(”;2)("+3)

are well known. The identities in the following corollary are consequence of Theorem 3.2 and
resembles the identities just stated.

Corollary 3.1. Ifn € N

(@) > p_1Gor = GnGhy,

n _ GpG +1G +2G +3
(0) > i1 GrGriaGopio = B

Theorem 3.3. If s, n and m are positive integers, then

Hans(n+1) T Hs(n+2m+1)
(@® = 4)G (1)

ZHskHs(kH) o Hyerom) Gshorm) = — Ry,

k=1

where
_ Hans(n—H) T Hs(n+2m+1)

" (CL2 — 4)Gs(m+1)

Proof. Since

- Hans(n+1) to Hs(n+2m)

R,— R, | = Hmvoma1) — Hom—
1 (@ — G [Hs(nt2m+1) (n—1)]
Hans(n+1) T Hs(n—i—Zm)
= Hsnm s(m _Hsn m)—s(m
(@ — D)Coomin [Htntm)+s(m+1) = Hanm)—s(m1)]
Hans(n+1) o Hs(n+2m) )
= a”—4 Gs n+m Gs m
(CL2 _4)Gs(m+1) [( ) (ntm) ( +1)]
= ln - ln—la

it follows that [,, — R,, = ¢, where c is a constant. Now,

C = ll - Rl
HSHQS T Hs(2+2m)

= H Hss - - - Hy(110m)Gs(14m) — (a% = 4)Gyimt)
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H Hyg - -+ Hs(1+2m) 2 2
— G2 — Hyom
(a? — 4)G sty (@” = 4)Cn iy (2m+2)]

_ _HOHSH2$ e Hs(1+2m)
(CL2 - 4)Gs(m+1)

This ends the proof. [

— —Ro.

In the remaining part of this work, we use the notation [F(k)]” = F(b) — F(a). In the fol-
lowing theorem, we state alternative sum formulas for certain products with terms from Lucas-
balancing-like sequence and its corresponding balancing-like sequence. The proof of the follow-
ing theorem is omitted as its proof is similar to that of the Theorems 3.2 and 3.3.

Theorem 3.4. If s,n and m are positive integers then

GsnGs(nJrl) toe Gs(n+2m+1)

Y

L. _1stGs Gs mGs m) — -1)"
;( ) GarGistirn) - Gistrrom) Gstram) = (=1) Homn

n

2. Z(_l)kHskHs(kJrl) T Hs(k+2m)Hs(k+m) = |:

k=n
(=D"HyHygpr1) - - Hs(k+2m+1):|
k=0

s Hom1)
n G2 G2 R G2

3.) GUGsny + Glhrom Gahezm = — s(nt1) s(nt2m+l)
£ EMs(k+1) (k+2m) T s(2k+2m) Gs(2m+2)

2 172 2 k=n
HskHs(kJrl) T Hs(k+2m+1)]

4y HAHZ iy Higom Gooriom) =
; kS (kr1) (k+2m) S s( ) (a? — 4)Gy2mt2)

k=0
One can easily verify the sum formulas 3", (—1)"*k% = 22 and S0 &% - 2k =
"2("—;1)2. The identities in the following corollary, which follows from (1) and (3) of Theorem 3.4,

bears resemblance to the above identities.
Corollary 3.2. Forn € N

n n— GnGn 1
(@) Spoa(=D)"FGE = =

n GLGh
(0) 25 GG = g,
The identity > _,_,(—1)""%(2k — 1) = n can be written as Y _,_,(—1)""*(2k — 1)2 = 2n.
In the following theorem, we state an identity (which can be easily proved by mathematical
induction) involving terms from a balancing-like sequence and resembling the last identity.

Theorem 3.5. Forn € N, ZZ:l G[(—l)”*k(Qk—l)]GQ = Zzzl(—l)n_kGQk_ng = Gap.

The sum formula } ), k* = w is well-known and can be written as » ,_, k- 3k =
w and in the following theorem, we prove an identity with terms involving balancing-

like sequence resembling the last one.

GnGri1G
Theorem 3.6. Forn € N, Y ) G,Gs, = n-(!—;IQ oni1
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Proof. We will use mathematical induction on n. The identity is obviously true for n = 1. As-
sume that the identity is true for n = m. Forn = m + 1,

m+1
ZGngk = ZGngk + Grmt1Games
k=1 k=1
= Gmeé:GMH + Gimt1Gams
= Gg; [GnGomy1 + GoGamys] = GGL; [Gmi2Gomys) -
This ends the proof. [
It is easy to see that Zz;é# = 22;1 In the following theorem, we prove an analogous

identity in terms of balancing-like sequences.

(k| Glon_1
Theorem 3.7. Z e =

2k+1 N ng ’
Proof.
ol Z G2k+1 2k - nZ_IGQk+1G2k+1 - G2k+1+1G2k
G2k+1 G2k+1 ng G2k+1 ng
k=0 k=0
_ n—1 G2k+1 . G2k+1+1 _ % B G2n+1
=0 ng GQk Gl GQn
_ GG — G1Ganyq _ Gan_y 0
Gon Gon
Good [2] proved the Fibonacci identity
i 1 7-+5
—~ Fon 2
It is easy to see that lim,, 05:1 = «, where @ = “tvV2=1 a2 . The following corollary, which

follows from the previous theorem and resembles the above identity of Good, links an infinite
sum of reciprocals of a subsequence of a balancing-like sequence to a.

= 1 1
Corollary 3.3. Z = —.

le (0%
k=0 ~2"F

In [1], the authors established the formula

Bm+2n+2k - Bm o Bn—l—k

Bm+n+2k - Bm+n Bk

involving balancing numbers. The following identities generalize the above formula to balancing-
like and Lucas-balancing-like sequences.

Hm n - Hm Gn Gm n — Gm
Theorem 3.8. For m,nandk € N, 2nt 2k = Intk _ +2n+2k

Hm+n+2k: - Hm+n Gk Gm+n+2k - Gm+n
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Proof. From Theorem 3.1 (a), we have

Gn+an+m - Gka - Gan—l-m—i-k - Gn+an+m+2k - Gan+2m+2k7

from which we get
Hm+2n+2k - Hm o GnJrk

Hyinyor — Hpgn Gy
Further, from Theorem 3.1 (b), we have

Gk+nGm+n - GmGk - GnGn+m+k = Gn+an+m+2k - Gan+2m+2k

and rearrangement gives
Gn+k o Gm+2n+2k - Gm

Gk Gm+n+2k - Gm—i—n

]

In the next two theorems, we present certain quotients involving sums or differences of

balancing-like numbers and Lucas-balancing-like numbers simplifying to linear expressions of

balancing-like numbers and Lucas-balancing-like numbers. In some cases, the subscripts of

balancing-like numbers and Lucas-balancing-like numbers involved in the quotients are in arith-

metic progressions.

Hm+2n+1 + Hm Hm+3n + Hm

Theorem 3.9. For m,n € N, each of and are independent

Hm+n+1 + Hm-{—n Hm+2n + Hm+n
of m. Also the following identities hold.

Hm+2n+1 - Hm

= Gn Gn7
<a> Hm+n+1 - Hm-‘rn i *
Hm+2n+1 + Hm
b = Gn - Gn7
( ) Hm+n+1 + Hm-‘rn i
Hm+3n - Hm
c =H,+1,
( ) Hm+2n - Hm+n
Hm n Hm
(d) —imtsn T Im g

Hm+2n + Hern

Proof. We will prove (a) and (d) only. The proof of (b) and (c¢) are similar.

Observe that

(Hm—l-n—l—l - Hm+n)(Gn+1 + Gn) :(Hm+n+1Gn+1 - Hm—l—nGn) + (GnHm+n+1 - Gn+1Hm+n>

—IIm42on+1 — Hm

from which (a) follows. Further (d) follows from

(2Hm+2n + 2Hm+n)(Hn - ]-) :2Hm+2an + 2Hm+on - 2Hm+2n - 2Hm+n

:2Hm+2an + Hm+an - (CL2 - 4>GnGm+n - 2Hm+n

:2Hm+2on +2H,, — 2Hm+n
:2Hm+3n +2H,,.
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The proof of the following theorem is omitted since it is similar to that of the previous theo-
rem.

Theorem 3.10. For m,n € N, each of 2t and +3
Gm+n+1 + Gm+n Gm+2n + Gm+n

are independent
of m. Also the following identities hold.

Gm+2n+1 - Gm
a = Gn + Gn7
( ) Gm+n+1 - Gm+n i

Gm+2n+l + Gm

b = Gpi1 — Gy,
( ) Gm+n+l + Gm+n H
Gm+3n - Gm
c =H,+1,
( ) Gm+2n - Gm+n
(@) St On gy

Gm+2n + Gern
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