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Abstract Some special families of finite sums with squared Horadam numbers and genera-
lized tribonacci numbers are discussed. As special cases of our results sums with squared Fi-
bonacci, Lucas, Pell, Pell-Lucas, Jaconsthal, Jacobsthal-Lucas, balancing, Lucas-balancing, and
tribonacci numbers are stated.

1 Introduction and motivation
Let w, = wy(a,b; p, q) be a general Horadam sequence, i.e., a second order recurrence
Wp = PWp_| — qWp_2, N >2,

with nonzero constant p, ¢ and initial values wy = a, w; = b. The sequence w,, can be extended
to negative subscripts according to

1
Wep = _a(pw_n+1 —W_ps2), n2>1

This family of second order sequences is named after Alwyn Horadam, who studied their
properties in the mid-sixties of the last century [9, 10, 11]. Ab initio many researchers became
interested in the Horadam sequence. We refer the reader to the survey papers of Larcombe et al.
[13] and Larcombe [12]. Both surveys contain condensed information about Horadam numbers
and give an account of work subsequently conducted on this sequence. More recent results on
Horadam numbers can be found in [1, 2, 3, 6, 7, 8, 14, 15].

The popularity of the Horadam sequence is partially substantiated by its obvious connec-
tions to many famous number sequences: w,(0,1;1,—1) = F, is the Fibonacci sequence,
wy(0,1;2,—1) = P, is the Pell sequence, w,(0,1;1,—2) = J, is the Jacobsthal sequence,
wn(0,1;3,2) = M, is the Mersenne sequence, w,(0,1;6,1) = B,, is the balancing number
sequence, w,(2,1;1,—1) = L, is the Lucas sequence, w,(2,2;2,—1) = @, is the Pell-Lucas
sequence, wy,(2,1;1,—2) = j, is the Jacobsthal-Lucas sequence, and w,(1,3;6,1) = C,, is
Lucas-balancing number sequence.

The Binet formula of w,, in the non-degenerated case, p> — 4q > 0, is

(b—aB)a"™ — (b — aa)B™
a—pf ’
=]

_p
=Y

Next, we define the generalized tribonacci sequence v,, = v, (vg, v1, v2). The sequence is a
third order recurrence

(1.1)

Wy =

with

o DT VP —4d
2

Up = Up_1 +Un_2+Vp_3 n= 37
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with arbitrary initial values vy, v;, and v, not all being zero. Members of this sequence are
v, (0,1, 1) = T, the tribonacci sequence and v,,(3, 1,3) = K, the tribonacci-Lucas sequence.

This paper is motivated by some recent results on connections between prominent number
sequences from [3, 4, 5, 6]. Using generating functions we will be able to express some families
of finite sums involving squared Horadam numbers and generalized tribonacci numbers in closed
form. Several special cases will complement our search.

2 Main results, Part 1

Generating functions for powers of (wy, ),>0 have been studied by some researchers in the past.
Horadam himself derived a formula for the functions in 1965 [10]. See also the papers of Man-
sour [16] and Mez6 [17] for alternative expressions. For £ > 1 and z € C, let

Wi(z5a,b;p,q) = Wi(2) = > wpz".
n=0

In [10], Horadam derived the following result:

- (522) 5 () (250 0

=0

As pointed out by Larcombe and Fennessey in [15], the algebraic complexity of Wy (z) in-
creases quickly with k. Even the case W, (z) requires some effort but is, luckily, derived in detail
by the previous authors in [15].

It is stated as a lemma and will be used in our proofs below.

Lemma 2.1. The generating function for squared Horadam numbers equals

B A+ Bz+C22
T 1—Dz+E2—Fz3

Wi (2) 2.1

with
A=d*, B=V-d*(p*—q), C=qb—ap)’, D=p*—q, E=q(p" —q), F=¢ .
Now, we can state the first result of our study.

Theorem 2.2. For eachn > 0,

n

Z((l —D)vpo—i+ (1 4+ E)vpgi—; + (1 — F)vn_z-)wiz
i=0

= Avny3 + Byis + Cvpry — vowy 3 + (Dvg — v1)wiyy + (Dvy — vo — Evg)wy
where the coefficients A — F are stated in Lemma 2.1.
Proof. Recall that the generating function for (v, ),>0 is
2

> n Vot (v1 —wo)z+ (v2 — v —vg)z
Vi(z) = Zvnz = 3 ) (2.2)

n=0
From (2.1) we get that

A+ Bz + C22

=1—Dz+ Ez*— F2°.
Wz(z)

Hence,

A+ Bz+Cz?

— z — Zz — 23: —Z—ZZ—ZB.
e +(D-1)z—(E+1)2+(F-1)2=1
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This gives
A4+ Bz+C22+ (D — 1)z — (E+1)22 + (F — 1)23)Wa(2)
Wz(z)
v+ (v1 — o)z + (va — vy — vg)2?
a V(z)

or, equivalently,
AV (2) — voWa(2) + B2V (2) — (v — v9)2Wa(2) + C22V (2) — (v2 — v1 — v9)2*Wa(2)
= (1 = D)2Wa(2)V(2) + (E + 1)2*Wa(2)V (2) + (1 — F)2*Wa(2)V (2).

Now, it is easy (but lengthy) to expand both sides of the equation in power series in z using
Cauchy’s rule for the multiplication of two power series

oo oo o0 n
E apz" - E bz = E agbn_ | 2".
n=0 n=0 k=0

n=0

The identity comes out when comparing the coefficients and straightforwardly manipulating
the relations. We leave the details to the interested reader. O

Some special instances are given below:

Example 2.3. For n > 0,

> (Tays—i = 3T i) F} = Foy3Fy — Tnia + Tosi,
=0

(Tas3—i = 3Tu—i) L} = Lnt3Ln — 4T3 + TToia + T,

ﬂ'
(=)

2 Z (2Tn+3—i - 3Tn—Z)PL2 = P72L + 4P7LPrL+1 —Thi2+ Ty,
i=0
2 (17K i2— — 18Ky 1) B} =3B} 5 — 104B} , + T3B} | — Kpja — Ky
=0

A variant of the sums with even subscripts is stated as our next theorem.

Theorem 2.4. For each n > 0,

n

Y (B =D)vamia—iy + (1+ Eyosmir—iy + (1 = Flogpn_s)wi
=0
= Avipt6 + Bvapsa + Cuopgn
—00wy 43 + (Dvg — va)wp iy + (D = 2)v2 = 201 = (1 + E)vo) w1,
with A — F as stated in Lemma 2.1.

Proof. The generating function for (v2,,),,>0 is

. > n o+ (va—3v)z+ (2v — ’02)22
V (Z) = z UZTLZ - 1 _ 32 _ 2,'2 _ 2,'3 .
n=0

Relating V*(z) to W»(z) as in the previous proof, we derive the following functional equation
AV*(2) — voWa(2) + B2V*(2) — (vy — 30g)2Wa(2) + C22V*(2) — (2u1 — v2)2°Wa(2)
= (3= D)z2Wa(2)V*(2) + (E+ 1)22Wa(2)V*(2) + (1 — F)22W(2)V*(2).

The result follows upon expanding both sides into power series in z and comparing the coef-
ficients. .
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Example 2.5. For n > 0,

Z T2 n+2—1) T2(71+1 —1) + 2T2(n 1))F - T2n+4 - T2n+2 F 2F n+1>s
=0

n

Z (5Ts(ns1-i) = YTa(n—i)) J7 = 2Tons2 — Tonia + Jp o + Jo 41,
=0

2> (Kamar—i) + 2Kons1—i) — Kopni)) P} = Konia — Konya +3P3 3 — 12P2, — 19P |,
i=0

4> (8Tsms2—i) = Os(nr1-9) Bf = =Tonya — Tanya+ Bhoy = 31B5
=0

For completeness, we also give the result involving odd subscripted generalized tribonacci
numbers.
Theorem 2.6. For each n > 0, we have

n

(3 = D)vapnio—ijs1 + (1 + E)vaiar—ipsr + (1 = Fogp_iy1)w
=0

= Avypt7 + Buapgs + Cvanys

—viwy3 + (D = Vo1 — v+ vo)wy 5 + ((D = 4)va + (D = 3)o1 + (D = 2)vo — Evr)w; 1,
with A — F as stated in Lemma 2.1.

Proof. First note that by standard methods, we have the generating function for (v2,+1),>0 as
follows

o > n v+ (v2—2v; +vg)z + (v2 — vy — )22
z)—Zv2n+1z B 1-32—22-23

Relating V= (z) to W»(z) as in the previous proofs, the following functional equation is
derived

AV~ (2) — v Wa(z) + B2V (2) — (va — 2v1 + v9) 2 Wa(z)
+C2V7(2) — (v — v1 —vp)2°Wa(2)
=3 =D)Wa(2)V~(2) + (E+ 1)22Wa(2)V~(2) + (1 = F)22Wa(2)V~ (2).

Once more, the result follows upon expanding both sides into power series in z and comparing
the coefficients. O

Example 2.7. For n > 0,

Z Dotnr2—k)y+1 — Dony1—r)41 + 2To(n— wi1)Fr = Tonss — Tonss — Fas — Fr
k=0

n
Z Tonso—t)+1 — Donri—t)+1 + 2DTa(n—)+1) L = 4Tons7 — Thongs — Tonss — Ly 3 — Ly,
k=0

n

Z (5Ksimi1-r+1 — Oo(mia—nyi1)Ji = Tonis — Tonss + Jps + 4T3 — 6J5 41,
k=0

4> (8Tapns2-ry+1 — 9 s(ns1-1)41) B = —Tonss — Tonss + Bl s — 33B), — 28B .
5=0



70 Kunle Adegoke, Robert Frontczak and Taras Goy

3 Main Results, Part 2

In this section, we present a pair of connections between squared odd and even subscripted
Horadam numbers and generalized tribonacci numbers. In the following lemma we derive ex-
pression for sequences (w3, | )n>0 and (w3, )n>o.

Lemma 3.1. The generating functions for squared odd (even) subscripted Horadam numbers are
given by
A+ Biz+C 2%

E 2 n
2 pum— 2 = 3-1
1 ( ) n=0 ot 1 DOZ EOZ2 1 OZ3 ’ ( )

Ay + Byz+C 22
E 2 _n 2 2 2
( 3 = 2 = .2

2( ) o szn 1— D()Z + E022 - F()Z3’ (3 )

A1 =0, Bi=q(a’p’q — 2abp’ + 2abpg + 26°p* — 2%q), Cy = q*(ap — b)?,
Ay =d’, By=(ag—bp)’ —a*(p> —q)(p° —3q), Cr=(ap” —bp—aq)’,

Do= - q) (- 3q), Eo=¢@ —q)@* —3q), Fo=d"

Proof. We provide a proof of formula (3.1). Adapting the featured proof will yield the second
identity, the details of which we leave to the reader.
Using Binet’s formula (1.1), we have

w2 — (b — aﬁ)z a4n+2 ) (b B (Lﬁ)(b - CLOt) 2n+1 (b B aa)254n+2
LT 4 P> —4q P> —4q '
Thus,
Z w§n+l‘rn
n=0
(b—aB) s~ 4 (b—aB)(b—aa) <, 5 (b—aa)® =
= 5 7« ax"—Zq qx"+7ﬂ ﬁ$n
1 a?(b — ap)? ~ 2q(b—aB)(b - aa) n B (b — aa)?
Cpr—4g 1—-a*z 1 — ¢’z 1-p42 )
The result follows after simple algebra manipulations. O

A proof comparable to the one given for Theorem 2.6 yields the following relations between
squared odd (even) subscripted Horadam numbers and generalized tribonacci numbers.

Theorem 3.2. For n > 0, the following identities hold:

n

D (1= Do)vasa—r + (14 Eo)vnsi—x + (1 = Fo)vn—p)wiyy
k=0

2 2 2
= A1vny3 + Biopga + Clopgr — vows,, 7 — (v1 — Dovo)ws,, s — (v2 — Dovi + Eovo)ws,, 3

and

n

Z((l — Do)vpi2—k + (1 + Eo)vns1-k — (1 — Fo)vp_g)wiy,
)

2 2 2
= Ayvni3 + Bavnsa + Covpyt — vows,, 6 — (v1 — Dovo)ws,, 14 — (va — Dovi + Egvo)ws,, 1o,

where all constants are defined as in Lemma 3.1.
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Proof. The formulas are essentially the consequence of the relations

(UO + (U] - U())Z + (1)2 — v — vo)zz)wl(z)
= (A1 + Biz+ C122)V(2) + (Do — 1 — (Eo + 1)z + (Fy — 1)2%) 2w1 (2)V(2)

and
(vo + (v1 —wo)z + (v2 — vy — ’U())ZZ)OJQ(Z>
= (A2 + Bz + C'zzz)V(z) +(Do—1—-(Ey+ 1)z + (Fo — l)zz)zwz(z)V(z)
which we derived from (2.2), (3.1) and (2.2), (3.2), respectively. O

Example 3.3. For n > 0,

n

> (1Tni2—i = 9Tni1-i) Fiiyy = 5Toi2 = Toga + Fop s — TF3 5,
=0

(TKni2—i = 9Kni1-i) L3y = —Knya — TKpy2 + 313,47 — 2303,,5 + 1915, 3,
=0

n
2> (17T — 18Ty i) Py = —4T 10 — 4Ty + P3, g — 34P5, 5,

(20K 12— — 85K s1—; + 63K, ;) M3; = —9K 0 — 36K, 11 — 62M3,, 4 + 234M3, .
0

9

4 Another extended identity

In this section, we outline how generalizations of the identities from the previous sections can be
derived. As a showcase, we offer a generalization of Theorem 2.2 that is able to produce many
interesting sum identities, including alternating sums.

Theorem 4.1. Let the coefficients A — F be defined as in Lemma 2.1 and x € C. Then, we have
foreachn >0

Zx (1 = Dz)vysor + (1 + ExH) v, p + (1 — F$3)vn,k)wi

= Avpi3 + Brvggo + Omzanrl

—voz" Pw? 5 + (Davy — v1)a" Pw? 5 + (Dxvy — Ex?vg — va)z" M wd .

Proof. Let W5 (z) be defined as

§ " w 2 P

Then, obviously,

A+ Bxz + Cz?2?
1 — Dxz + E2%22 — Fa323°
Proceeding as before, we arrive at the functional equation

W3 (z) = 4.1)
AV (2) — voW5 (2) + Bz2V (2) — (v1 — v0)2W5 (2) + C2222V (2) — (v — v1 — v9)2° W5 (2)
= (1 = Dx)2W5 (2)V(2) + (1 + Ex?)22W;5 (2)V(2) + (1 — F2) 22 W5 (2)V (2),

with V' (z) given in (2.2). The result follows from the equation. Details are omitted. O
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Focusing on Fibonacci and Lucas numbers we get the next corollary.

Corollary 4.2. For each x € C and n > 0, we have

Zm 1_2-73 n+2— k+(1_2$ ) n+l— k+(1+x3)Tn—k)F]g
= T2 — Tt — $n+2F5+2 + (22 - 1)x"+1F5+1
and

Z:L’ 1—21’ Thy2— k+(1—2x) n+l— k+(1—|—$3)Tn,k>Li

= 4T3 — T2Tyi0 — 22Ty — 2" 212 5 + 22 — )™ L2, .

We conclude with the following evaluations:

Example 4.3.
Z 3Tn+2 k— Tn+1—k)F]§ = ( 1)n+1F2+2 + 3( ) F72L+1 - Trb+2 - Tn+l7
k=1
S 2 _ ntlr2 nr2
Z 3Tn+2 k — Tn+1—k)Lk = ( 1) L n+2 + 3( ) L n+1 +4Tn+3 + 7Tn+2 Tn+l7
k=0
- F2 F2+2
Z (AT 1k + 9T i) 52 ok =4T 2 — 2T — #a
k=1
3 ;i L
> (ATi1k + 9T k) 5 = 32T 15 — 28T — 2Tt — 5,
k=0

More special sums of this kind can be derived from Theorem 4.1.

5 Summary and concluding remarks

In this paper, closed forms for special families of non-alternating and alternating finite series
involving squared Horadam numbers and tribonacci numbers were stated. The method of proof
is to derive functional relations between ordinary generating functions, from which the results
follow fairly straightforwardly. The main results have been illustrated by a variety of examples,
which are interesting on their own. For instance, let S,,,(n), m = 1,2, 3,4, denote the four sums
on the left in Example 2.3. These sums form new integer sequences and their first entries are

(Si(n))n>0 = {0,2,3,13,33, ...},
(S2(n))n>0 = {8,6,35,71,205,.. .},
(S3(n))n>0 = {0,4,21,262,1.530,.. .},
(Sa(n))n>0 = {0,66,2.506,85.652,2.910.616, . . .}.
In our future work we are going to investigate more relations for mixed sequences. Specif-

ically, we study finite sums of non-convolutional type of products of Horadam numbers and
tribonacci numbers. We also work on identities involving more than two different sequences.
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