FORMULAS FOR FIBONOMIAL SUMS WITH GENERALIZED
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ABSTRACT. We consider certain Fibonomial sums with generalized Fibonacci and Lucas num-
bers coefficients and compute them explicitly. Some corollaries are also presented. The tech-
nique is to rewrite everything in terms of a variable ¢, and then to use Rothe’s identity from
classical g-calculus.

1. INTRODUCTION

Define the second order linear sequences {U,} and {V,,} for n > 2 by
Up=pUp_1+Un—2, Uyg=0, Uy =1,
Vi =pVa—1+ Voo, Vo=2, V1 =p.

For n > k > 1, define the generalized Fibonomial coefficient by
{n} — U1U2-”Un

klu (U1U2-”Uk) (U1U2-”Un_k)

with {8} U= {Z}U = 1. When p = 1, we obtain the usual Fibonomial coefficient, denoted by
n

kJF*
In this paper, we will present two sets of 4 identities each, which are presented in the notion

Of {Z}U
Our approach will be as follows. We will use the Binet forms

n _ AQn 1 —qg"
U, = ot -t N e . B, | V,=a"+ 8" =a"(14q¢")
a—f 1—gq
with ¢ = B/a = —a~2, so that o = i/\/q where o, 3 = (pi Vp? +4)/2.
Throughout this paper we will use the following notations: the g-Pochhammer symbol
(50)n = (1 —2)(1 —2q) -+ (1 — 2¢" ') and the Gaussian g-binomial coefficients

[n] _ (&

kle (@ Ok(@@)n—k

As stated, this defines the g-Pochhammer symbol only for nonnegative integers. It is extended
as follows: one forms the infinite product

(2:0)00 = [J(1 — 24),
j=0
and notices that

(31 9)0
x5qQ)y = ———
(0= )’
thanks to cancellations. The righthand side, however, makes sense for any n € C; in particular
for negative integers we have
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(LE; Q)oo _ (LE; Q)oo _ 1
23 oo (@4 On(Ti 00 (2¢T0)n
The link between the generalized Fibonomial and Gaussian g-binomial coefficients is

{Z}U = Fn=k) [Z} with ¢ = —a~2.
q

(T3q)—n = (

We recall that one version of the Cauchy Binomial Theorem is given by
k _ k
> ot s) 3] 2 =TT (1+00").
k=0 k=1

and Rothe’s Formula [1] is

n k n n—1
Z(—l)kq@ [ } 2 = (v =[] (1 — :cq'“) :
klq
k=0 k=0

All the identities we will derive hold for general ¢, and results about generalized Fibonacci
and Lucas numbers come out as corollaries for the special choice of q. We will frequently
denote {Z}U by{Z} ‘ ‘ . . ‘ ‘

We shall consider some Fibonomial sums with generalized Fibonacci and Lucas numbers as
coefficients, and then we compute these sums by using Rothe’s Formula after having converted
them into forms involving the Gaussian g-binomial coefficients. Some special cases of these
sums are also given as corollaries.

Here are our main results.

Theorem 1. If n and m are both nonnegative integers, then

2% [ 2n " (2m -1
Z { k } U(2m_1)k = Pn,m Z { 2% — 1 } U(4k—2)n7

k=0 k=1
2n+1 m
2n +1 2m
> { k } Uk = Pam Y { o } Ulzn+1)2k:
k=0 k=0
2n m—1
2n 2m —1
Z (—1)F Ugm-1)k = Pam Uskn,
k 2k
k=0 k=0
2n+1 m
2n+1 k 2m
> { i } (—=1)* Usmk = —=Pam Y {2k g } Ulgnt1)(2k—1)5
k=0 k=1
where
1__I V2k Zf n 2 m,
Pom = moi
Vle if n<m.
k=1
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Theorem 2. If n and m are both nonnegative integers, then

2n om m —
Z{ k }W2m—1)k = Pn,MZ{ 2k — 1 }W4k—2)n7
k=0 k=1
2n+1 m
2n +1 21
Z { k } ‘/2771]{; = Pn,m Z { 2%k } ‘/(2n+1)2k,
k=0 =0
2n 1
2n it om — 1
k=0 =0
2n+1 m
n+1 k 2m
kZ—O { k } (_1) Vomk = —Pn,m ; {2](3 _1 } ‘/Y(2n+l)(2k—1)a

where Py, , is defined as before.

For example, when m = n in Theorem 1, we have the following identities:

2n n
2n 2n—1
Z { k } U(2n—1)k =2 { 2% — 1 } U(4k—2)n7
k=

k=0 1
2n+1 n

2n+1 2n
> { i } Uank = 2 {Qk } Ulen+1)2k:
k=0 k=0
2" (2n (o1

. B _

k=0 k=0
2n+1 n

2n+1 k 2n
Z { 3 } (=1)" Ugpp = —2 {% B 1} Ulzn+1)(2k—1)-
k=0 k=1

2. PROOFS

We will only prove the first formula of the first theorem since all the other verifications
are very similar. Since the argument is quite involved, we break it down for the reader’s
convenience:

(1) Both sides are translated into g-notation.

(2) Both sides are “computed” using Rothe’s Theorem, introducing complex entries. This
leads to 4 terms on each side.

(3) These terms are matched with each other, which leaves us with 4 identities that are
elementary (but tedious) rearrangements. However, the matching of the 4 pairs of
formulas depends on the parities of m and n.
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First suppose that n > m. We rewrite P, ,, in terms of g-binomial coefficients:

n—m n—m
Pn,m = H V2k = H (a2k + 52k)
k=0 k=0
n—m

— a(n—m)(n—m-‘,—l) H (1 + q2k) — 2a(n—m)(n—m+1)(_q2; q2)n—m

This formula holds for n < m as well, with the usual extension of (g; q),, to arbitrary n.
Similarly, the first formula takes the following form in terms of g-binomial coefficients:

2n m— m—
Oé(2 Dk _ ﬁ(2 1)k k(2n—k) |:27’L:|
q

— a—pf k
— 2a(n—m)(n—m+l) (_q2; q2)n—m
y i altk=2n _ g(ak=2)n (k1) (@m—1-2k+1) [27” - 1} ,
P a—p 2k—-1],

which is equivalent to

2n
Z[l _ q(2m—1)k]a2(m+n)k_2(k;rl) [2:]
k=0 .

(n—m)(n—m+1)—2(m+n) (

= 2a —* ) n—m

2m —1
(4k—2)n7  4k(m+n)—2k(2k—1)
xkgl[l q e [2k 1L7

and to

3

2m —1
_(4k=2)n1_1\k ,—2k(m+n)+k(2k—1)
xS — g 2m)(—1)kq [%_Jq.

We are going to prove this form.
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If we denote the left and right hand sides of this equation by L and R, respectively, then L
is the sum of the following two parts:
2n
2n
L= S (—q)-m+mk+(*37)
1= (—9) =)0
k=0 q
2n
— Z(_1)—(m+n—%)k+§q—(m-i-n—l)k-i-(’;) |:27”L:|
k=0 q
2n . .
2 1 1-—
= Y (1) kgD ) [ ﬂ [+ = (-
k=0 q

. 2n
141 —(m+n—1 —(m+n— k 2n
e aas Le 1>k+<2)[ }

k=0

o

. 2n
+ 1—i Z(_1)—(m+n+%)kq—(m+n—1)k+(g) |:2]:‘:|
k=0 q

1-i

(i(=0) """ D g)an +

(=i(=q)""™*" Vs q)ay

and
2n
Ly == g Dk(—q)=tmmk+ (7)) m
k=0 k q
2n ) 2 . on
k=0 q
2n

= — _1\(m—n+1)k_(m—n)k+(}) 2n 1+i 1—i_ .
kzzo(l) 2 Mg 2kq{2+2(1)]

. 2n

__1+1 _ (m—n—l—l)k (m—n)k—i—(k) 2n
= 5 IQEZ;)( 1) /g 2 I .

2n

1—1i 1 Ky | 2n
_ _ 1\(m—n—3)k (m—n)k—i—( )
5 kZ:O( 1) g 2 [k‘L

1+1i

= g g~ G0 )

The evaluations of the sums have been done with Rothe’s formula.
By combining the two parts above we write L as

L+i, —(m+n— 1—i : —(m+n—
5 (=)™ g)an + ——(=i(=a) T g

2
1+1i, . _ 1—1
5 (—i(=¢)" ™ q)2n —

2
=L,+Ly+ L.+ Lgy.

(i(=9)"™ " q)2n
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Let
- o —ok(men o [2m—1
Rl — Z[l _ q(4k2 2) ](_1)kq 2k( + )+k)(2k 1)
2k —1
k=1 q
2m—1 k
—(m+n) Z 2kn k —k(m—i—n 1)+ ( ) |:2m - 1:| 1- (_1)
k 2
k= q
2! (%) 2m —1
—(m+n) 2kn k(m—l—n 1)+ -
> e
=0 q
1 ! 2m — 1
o §iq—(m+n) Z [1 _ q2kn]( )kq—k(m—l—n 1)+ ( ) |: B :|
k=0 q
1. —(m+n) —m—n-+1, 1. —(m+n) s —m4n+l
= ig (—iq $@)2m—1 — 5ig (—ig S q)2m—1
s —(MmTn m—n 1 m-rn s —MTn
— igm T (i Yo g+ SigT T (i ).

2

Again, Rothe’s formula has been used for simplification.
In order to form the right hand side R, the last expression must be multiplied by

2(—q)~ (" (g2 ),
Thus R takes the form:

n7m+1)

R=i(—¢) ") (~% (i ™" @)
—i(-a) ) (D (i o
—i(=¢) (") (% P @)oo
+i(=g) "5 (g% P (g @)oo

= Ro + Ry + R + Ry.
We will show that for m =n (mod 2),
Lo =Ra, Ly=Re, Lce=Ry, Lq= Ry,
and for m # n (mod 2),
L,=R., Ly=R,, L.=Ryqy, Lgq=Rp.

We start with the instance m = n (mod 2), and first show that L, = R,. If we rearrange
both sides of it, the claimed equality becomes

1+i,

_ _ . _ n—m-41

—(i(-0) (=1 o = i(—q) ("2 ) (=% D) n—m (—ig ™" @)am1,
or

1_l’_i I . _(n—m+1 .

o (g™ " on = 1(=0) (8 ) (=g ¢ (—i ™ Qa1
or
1+i . . _(n-m
(—ig™™™; @) 2n—2m+1 = i(—0q) ( 2+1)(—q2;q2)n—m.

2
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In order to show the last equality, we consider two cases. For even N, by rearranging both
sides of it we get

1+i, ., _ . —(N+1
5~ (Fia i qanyr = i(—q) C2) (% Py
or
Ui TT 0 o Ny s (YY) o o
5 [Ta+ig ") =i(=g)~ 2 ) (=g )
k=0
or
1+i 4 . N .k . . (Vi
— [T+ [+ +1) =i~ V(=% ),
k=1 k=1
or
Al s —k Al K —(N 2, 2
[Ta+ie™® [ +id") = (-9 U2 ) (=¢%¢*)n
k=1 k=1
or
N N+1
[Tita "+ = (~a)" 2 (% P)n
k=1
or
N+1 N N+1
Vg T+ ) = (02 ) (—¢% P,
k=1
or
iN — (_1)N/2 _ (_1)—(N+1)%’
as claimed.
Now we prove the second claim L, = R.. By rearranging both sides of it, we get
1 —i . _ _ . _(n—m+1
(i) g = —i(-0) ) (=@ P uemlig T g2,
or 1 .
—1,, . _ . _(n—m+1 .
5 (g™ q)an = —i(—q) () (g% ) nem(a™ )ane,
or 1 .
— 1, . _(n—m+1
5~ (14" @)2n—2m41 = —i(—q) ) (% P
or
1—i 2n—2m R
5 11 (1—ig™ ") = ~i(—¢) ") (% ¢*)nmms
k=0
or
1—i 1 . . . o (rmt
ig ™) (1 —ig") - (1 1) = ~i(-0) "5 ) (g% gD,
k=1
or

n—m-+1

) qu (1+¢*) = (=) (% P,

which becomes
7L777L+1)

" = (1)~ (7,
as claimed.
We note that the other cases (for m = n (mod 2)) can be done similarly.
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Now we consider the case L, = R. if m # n (mod 2). By simplifying both sides of the
claimed equality step by step, we get

1—|—i . _ _ . _(n—m+1 .
5—(i(=a) =1 ) = —i(—=¢) (5 (=% ¢2)nm (g @)oo,
or
1+i._ _ . _(n—m+1 .
— (g™ " an = —i(—¢) (2 ) (=% ) nm (i Qa1
or
1 +i . _ . _(n—m+1
5 (0" s @anzmir = —i(-0)(E ) (g% P,
or
1 2n 2m B
T 11 (1 —ig" ) = ~i(~¢) ("2 ) (=% P,
k=0
or
1+i — . . . . _(n—m+1
. i )1 —ig") - (1 - 1) = ~i(-0) " F ) (<% P
or
. _(n—m+1
i qu (1+¢*) =i ) (g% ) nom,
or

n—m-+1

i —(—1)~ ("5

Y

which is true as claimed.

The other cases (for m # n (mod 2)) can be done similarly.

The arguments hold for n < m as well.

As announced, the remaining 3 cases of the first and the 4 cases of the second theorem
are completely analogous and therefore omitted to save space (and the patience of the gentle
reader).

3. THE IDENTITIES IN ¢-NOTATION

For the reader’s convenience, here is the complete list of g-binomial versions of the identities
given in Theorem 1 and Theorem 2. Let n and m both be nonnegative integers,

i[l — g@m=Dky ()= (mimk+ (1) [271}

k=0 k
_ Z g H=2m)(_ )~ (2h=1)(men—k) 2m —1
e 2k — 1
2n+1
> [ = g?F](—g) i) [% + 1]
k=0 k q
“ 2m
-Pp 1 — o2k@n+1)1(_ ,)k(2k—2m—2n—1)
: kZ:O[ q (—q) ok
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2n
Z(_l)k[l _ q(2m—1)k](_q)—(m—i-n)k-i-(k;rl) |:2n:|

k=0 L
m—1
2m —1
Pom Y [1—¢*"(=q) {%}
k=0 ,
2n+1
> (=1 - g2k (—q) (ke (3) [2n + 1]
k=0 k ,

3

- n — —m—n— 2m
—_P,, Z[l g DEr+D) )R-k 1) [Qk " J 7
q

3

—2)n —(2k—1)(m+n— 2m —1
T S R e e L
q

- n —2m—2n— 2m
_ Pn,mZ[l-i-q%@ +1)](_q)k(2k 2m—2n—1) [2]{} 7
q

k=0 k
m—1
2m —1
P S [1+ g% (—q) { " }
k=0 q
2n+1
> (1M1 + gy i) 2
k=0 k .
S 2m
— P, (2k—1)(2n+1)7(_ \(2k—1)(k—m—n—1)
my [1+4 I(—q) A
k=1 q
where
2= ) (B ) i n>m,
Y=g (=g )t i n<m.

Remark. It is not necessary to split the definition of Py, ,, as the first alternative would work
in both cases, but it is more convenient as given.
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4. CONCLUSION

The coeflicients

{n] _ (¢ Dn

kle (6 Ok(a Dok

are only defined for n, k nonnegative integers. However, as explained in the Introduction, we
could allow n, k, n — k to be anything. In order to give sense to

n
D> ak:
k=0
we could proceed like this:

n
E ap = E ap — E ap = E ap — E An4k+1,
k=0

k>0 k>n+1 k>0 k>0

and this works well if the coefficients a; make sense for arbitrary indices and the series converge.
However, if n is a negative integer, then

—1
E ak—g Qptk+1 = — E ag,

k>0 k>0 k=n+1

and this can be used even without convergence issues.
We believe that our formulas — with these extended definitions — hold as well for a larger
range of values for m and n. However, we have not checked details here.
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