A COMBINATORIAL IDENTITY AND ITS RELATED
CONJECTURE
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ABSTRACT. In recent researches on a discriminant for polynomials,
I faced with a recursive (combinatorial) sequence An,m that its first
four terms and identities are do,m = (7) = (Z21), Am := (T) =

2 3

(1) » Azm o= (T)° = (3) = (R21)s dam = (T)° = 2(7)(3) +
() = (:1‘?) In this paper I introduce it, prove an identity there-
about, and leave a problem and a conjecture concerning it.

1. INTRODUCTION

In (2], I faced to a new recursive doubled sequence as follows. For ev-

ery integer numbers n,m > 0, define the sequence A, .. by the following
recursive definition

n—1
) m
Mm =1, Apm:= Z(—l)nHH( ))‘j,m-

i=0 n_]

Therefore

4 2 2
m m\“ /m m\ (m m m
A - _ - cee
o= (1) =5(0) () (D)) + () - (5)
As regards finding the coefficients of the above summations a problem and

related conjecture have heen raised. A simplified formula and an explicit
definition for A, . are aimed for this interesting sequence.
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2. MAIN THEOREM AND PROBLEM
Now, we prove the first identity for A, m.

Theorem 2.1. For every integer numbers n,m > 0, we have Ap;m =
m—1+n)
m-1 /°

Proof. For n = 0 the formula is true. Next, assume that the formula holds
for every 1 < k < n. Consider the the following well-known combinatorial
identity (see [1])

k

S (,2)(Mal) =0

Upon replacing k by k + 1 in the above identity we get

(1) () - v ().

Employing the above identity we obtain

Anrim = (=1) ( +1>+Z( 1)"+z+1( ”_‘J) (Zi“i)

j=0

() () - (7 )

Therefore, the proof is complete. O

Now, let m be a fixed positive integer. By using the above theorem, we
observe that

(B =)

(D) = ()

('") - (3) = (4

(M =207 () + (7) = (™19

(D=3 +2P ) + () = (7) = (33

(7)°=4(D) (D) +3(7)* (3) =207 (D) +3(T) (3)=2(T) () +(T) = (m+4

In general, we have

(a2 (D) ()

M4 t+ne=n
0<n <---<ng
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- r ()

W+2+--+nip=n
i; >0
where Chr,,.. n. and d;,, . ;. are integers subject to the next conjecture.
Therefore we have the following problem .

Problem. Find the values of Ch,,... n,: @iy, ....i,. -
Following the above problem, we guess the conjecture bellow.

Conjecture. The values of Cy,,...n., i,,....i, are dependent only on n
(independent from m), dn,..0 =1, do,....01 = (—1)**!, and the summa-
tion of all coefficients d;, ... ;, is zero for all n > 1.
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