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Abstract. In this paper, we obtain a new identity using the partial fraction decomposition. As applications,
some interesting binomial identities are also derived.
1. Introduction

The well-known the following binomial identity: forn € N = {1,2,...} and all 6 > 0, we have
- 0 Tk
2D ko+k [] 0+k 1)
k=0 k=1

Recently, Jonathon [14] gave a simple and interesting probabilistic proof of the above binomial identity

who also further extended this binomial identity based on probabilistic method. We state his result as
follows: for all7,n € IN; 0 > 0, we have

n 0\ n k r-1 6]
&“”%Z)(m) ) ﬂm OV VS e G s e ?

j=1 1<ky<-<kj<n

A. Sofo and H. M. Srivastava [26, 27] investigated the products of the shifted harmonic numbers and
the reciprocal binomial coefficients and gave some identities for the harmonic numbers and binomial
coefficients. H. M. Srivastava [29] gave a direct and unified approach to two binomial-coefficient identities.
Verde-Star and H. M. Srivastava [33] found some the binomial formulas by the generating-function of the
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generalized Appell form for a sequence of Newton polynomials. R. Srivastava [32] showed several general
families of combinatorial and other series identities.

The methods and techniques of the partial fraction decomposition are applied in the study of the
harmonic numbers and binomial identity by W. Chu et al [2-8], H. Prodinger et al [19-22]. In the recent past
a lot of papers appeared providing the results of the harmonic numbers and binomial identity and related
investigations; see [1, 10, 12, 13, 16-18, 23-25, 28, 30, 31, 34-37] and the references therein.

The aim of the present paper is to further generalize the binomial identity (2) by using the method of
the partial fraction decomposition. Some known and new binomial identities are also obtained.

2. Main Result and Proof
We first give the following lemma.

Lemma 1. For m,n,s,r € Ny, 0 < m < s <n,0 >0, # 0; z be any complex numbers, ag,ay,...;a, and

b1, bisa, - - ., bs be any different numbers, we have

(z + bys1)(Z + byaa) -+ (2 + b) ( B )r

(z—ap)z—m)---(z—a,) \z+0
n S_ . b r
-y Lol l)( Be) Ly A9r+...+ ”9. 3)
pary szo;#j(a,- — aj) a; + Z—aj (Z + 0) zZ+
Proof. By means of the standard partial fraction decomposition, we have
@4 bu)E b)) E+b) (B v A A n
f@ = (z—ag)z—a1) - (z—a,) \z+0 _gﬁz—ai+(z+9)’+ v o

where the coefficients A; remain to be determined.
Ai =lim(z - a;)f(2)
Z—a;

(z + bys1)(Z + bysa) -+ (2 + by) ( B )

= lim z+ 06

- (z—ag)(z—a1) - (z2—ai-1)(z —aj41) - (2 — ay)
_ iy (@i + b) ( B )r.

[Tj=;izj(ai — aj) \ai + 6

This completes the proof of Lemma 1. [J

Our main result is the following theorem.

Theorem 2. Suppose m,n,s,v € Ny, 0 <m <s <n,0 >0, #0; ap,a1,...,a, and by1, b2, ..., bs be any
different numbers.
When 6 =by,h¢ im+1,m+2,...,sband r > 1, we have

- H?=m+1(ai + bl) ( ﬁ )T

o [Tjzoizj(ai —ap) \ai + 0

- n 1_[i=m+1 (b, - 0) B -1 ‘B"
_ (_1) [ H7:0(aj ’ 6) ]((ao ’ G)r_l ' ]:21 Z ({151 + 9) T (ﬂs/' + 9)

1<s1<<sj<n

S—m ﬁr
+ . Z Z (b, — 0) - (b, — O)(as, + 0) - (as, + ) (4)

i+j=r-1 i m+1<k <--<k;<s 0<s1<--<s;j<n
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When 6 =by,he{m+1,m+2,...,stand r > 2, we have

[T (@i + b)) ( B )

i=0 H7=O;i¢j(ai - ﬂ]) a;+0

— n Hi=m+1,l¢h(bl_9) -2 g
_(_1)( ettt ](‘”0“9)” Z:‘ L @ro w0

1<s1<<sj<n

s—m—1 ﬁr
DIDNEDY Y GO GO w0 ©)

i+j=r-2 i=1 m+1<k;<-<ki<s 0<s1<<s;j<n
ki,...ki#h

Proof. Multiplying z on both sides of (3), and then let z — oo, we obtain

[T i1 (@i + by) ( P )r +u=0.

5 [Tjzgizj(ai —ap) \ai + 0

When O =b,,h¢ {m+1,m+2,...,s}and r > 1, we have
(z + b))z + bus2) -+ (2 + by) ( B )

(z-a)z—a1)---(z—ay) \z+0

(Z + bm+1)(z + bm+2) e (Z + bs)
(z—ao)z—ar)---(z—an)

+ bm+1 6)(2 + bm+2 - 6) e (Z + bs - 6)

(z-0-a)z—0—-m)---(z— 0 —ay)

= (_1)n+1‘Br (Hi—mﬂ(bl B G)J[ r—1 (1 + ﬁ)(l + ﬁ) o (1 + ﬁ)
@+ 0) (= 52— 55— 5)

— n+1pr Hi m+1(bl ) r—= i Zj
= (-1™'p (m][ 11(“2 3 (bkl—6>---<bk,.—6>)

i=1 m+1<k;<--<k;<s

j j i
X;(goie) Z;(alie) "';(anie)
S—m

— (_1\*t1 Hi m+1( rl( Zi )
=Y ‘B( 0(11]+9) = ]1+Z‘ Z‘ (bx, = 0)--- (b, — 0)

i=1 m+1<ky<--<k;<s

u=1E+0)"]

=Bz +06)"']

_ﬁ[rl(z

Z]

8 (@, + 0)(a, + 0)---(as, + 0)

— n+l pr Hi:m+1(bl_9) 1
= (=)™ (W]( Z (a5, + 0) -+~ (as,_, + 6)

0<s1<+<s,_1<n

S—m

1
+ Y. )3 (b, — 0) - (b, — O)(as, +6) -+~ (s, + 9))

i+j=r-1 i=1 m+1<k;<--<k;<s 0<s1<--<sj<n

— n+1 1_Il m+1(bl 9) 3 ﬁr
- ( IT_(a; + 6) ((ao +0)1 Z;‘ Z (@5, +0)--- (a5, + 0)

1<s1<-<sj<n
s—m Z ﬁr )
(b, = 6) - (b, = O)(as, + 0) -+ (a5, + 6) ]

+

i+j=r-1 i=1 m+1<k;<-<kj<s 0<s1<--<s;<n
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When 0 =b,he{m+1,m+2,...,sand r > 2, we have

= [(Z + 9)_1] (Z + bm+1)(z + bm+2) c (Z + bs) ( .B )r

z—a)z—a1) - (z—a,) \z+0
(z + bis1)(z + byns2) - - (2 + bs)
(z—ao)(z—a1) - (z— ay)
r o 1.Z + bs1)(Z + byaa) -+ (z + bs)
=z +0)"] Gz—a)z—a) - (z—ay)
- g7 (Z+byp1 —0)--(z+byy — O)z(z+ b1 — 0) -+ (z+ by — 0)
(z-60—-a))(z—0-a1)---(z— 0 —ay,)
= (-1™p (H?"“”"’f’l(bl _ 9)] oy i) (L ) ) (L 52)
IT}_(a; + 0) (- 21— 52 (1— =)

=iz +6)7]

I (bl — 6) s—m—1 ;
_ (_1\nt+lgr I=m+1,l#h -2 z
= (-1 [—H}'zo(ﬂﬁ@) ][z ](1+ Yy ¥ o _6).__(1%_6))

i=1 m+1<k;<-<k;<s,

Ko kit
j j i
Xz(aoie) Z(mi@) "'Z(anie)

20 720 720

I (b; — 0) s—m—1 ;
_ (_q\ntlpr I=m+1,1#h =2 z
= (-1 (—H,;:O(aﬁ@) ][z 1(1+ i Y (bkl—e)---wki—e))

=1 m+1<k;<-<k;<s,
ki,...ki#h

z/

8 (@, +0)(as, + 0)--(a, + )

— n+1 or Hl:m+1,l¢h(bl -0) 1
= (-1 [W]( Z (15, + 0)---(as_, + )

0<51<<5,p<n

s—m—1 1
+ Z Z Z Z (b, = 0) -+~ (b, — O)as, + O) - - (aS/ + 6))

i+j=r-2 i=1 m+1<k1< -<ki<s 0<s1<-<s;<n
kith

_ n+ I=m+1, l;th(bl 0) B = B
( 1) 1( 0(a1+0) )((g0+9)7’—2 +Zl‘ Z (a51 +9)"'(as,'+6)

j=1 1<s1<<s;j<n

s—m—1

p )

+ .

i+j=r-2 zZ m+1<klz< <k;<s 0<51<Z<s i<n (b’“ - 6) (bk" - 9)(0151 + 6) o (ﬂs/ + 9)
ky,...ki#h

In the above proof process, we apply the relation

B 'S B
G aTd e Z; L o @ e ©

0<s1<<s,_1<n 1<s; <-<sj<n

The proof is complete. [
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3. Some Applications
In this section, as some applications we obtain some interesting binomial identities from Theorem 2.

Corollary 3. Forn € Ny, 0 > 0; ag, a1, ..., a, be any different numbers.
When 6 =a;, t ¢ {1,2,...,n}and r > 1, we have

[T @i +a)) ( 0 )”

T (a; — 0) = o
— (— n ]1 !
-y (H7=o(u;+9>]((ao+e)” Zf L (@ + 6):- @5+ 6)

1<s1<<sj<n

n 9"
t LY Y Y aormomn e o) )

i+j=r-1 i=1 1<k;<--<kj<n 0<s1<-<s;<n

When 6 = a;,t € {1,2,...,n}and r > 2, we have

[T} @i +ap) ( 0 )V

(@ - 0) = .
_ n j=L 0
=D [ I (a; + 6) ]((a0+6)’ 2 Z; )3 @, +0) (@, +0)

1<s1<--<sj<n

n—1
o
+ . (8)
t#kl ..... ki

Proof. Taking p=0,s =n,m=0,b;=a;(j=1,2,...,n) in (4) and (5) of Theorem 2, respectively, we get the
corresponding (7) and (8) of . O

Corollary 4. Forn,d > 1;ay,a1,...,a, be any different numbers.
Whent ¢ {1,2,...,n}, we have

- Hj:m+1(ai + aj) 1
n
= [Tjzg;izj(ai — aj) (@i + a1

I (a;—a) d
1\ j=m+1,\"] 1 1
- ( Moo +ar) )(Wow)”Z )3 (@ + ) (a5 + 1)

j=1 1<s1<-+<sj<n

- 1
DD N D B e S Ty aews et ®

i+j=d i=1 m+1<k;<--<kj<n 0<s1<-<s;<n

Whent €{1,2,...,n}, we have
" Hj:m+1<ai va)
= [T, (ai — a)) (@i + a)™+!

. a—ap) d
_ 1\ j=m+1,j#t "] 1
= ( 1) ( H;':O({Jl]' + ﬂt) ]((ﬂo + at)d 1 Z Z (asl + at) (as/- + at)

j=1 1<s1<<sj<n

n—m—

m—1 1
VD VD VD) ‘ (10)
i+jmd-1 =1 mal<ki<o<ki<n, 0<s; <-<s;<n (@, —ar) - (@, — ar)(@s, +ar) -+~ (a5, +ar)
t#ky,... ki
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Proof. Taking s = n,b; = a;,f = 1,0 = a;,r = d + 1 in (4) and (5) of Theorem 2, respectively, we get the
corresponding (9) and (10) of . [

Corollary 5. Let n,v € Ng,r > 1,0 > 0; ag, a1, ..., a, be any different numbers,, we have

n

1 ( 6 )’ (=1)" o
_ = (11)
; Hj:o;i;ej(ﬂi —aj)\a;j+ 06 H;':O(”j +0) OSS1SZSS,1SH (as, + 0) -~ (as,_, + 0)
(-1 . o'
=——7 |1+ . 12
H7:0(11j + 0) ; 1<51<Z<S o (a5, +0) -~ (as]. + 6) )

Proof. Taking m =s, = 0 in (4) of Theorem 2 and define that H?:n a=1YY =0, follows. O

Remark 6. Obuviously, the identity (10) is just a new representation of Mansour’s result in [17, p. 138, Theorem 2.5
1. In other words we say that Theorem 2 is an extension of Mansour’s result.

We below give some interesting binomial identities from Theorem 2.

Theorem 7. Forn,m,r € Ny,0<m <n,0 >0.
When O ¢ im+1,m+2,...,n}and r > 1, we have

n k 9 r
Y () (6)
n r—1 9]
[H9+k][n ](1+ Z (0 +51)(0+82)---(0 +5))

k=m+1

n-m

DIPIEDY 2. <k1—e>~--<ki—g;;+sl>---<e+sl>‘ 13)

i+l=r-1 i=1 m+1<k)<--<k;j<n 0<s;<<s;<n

When 8 e {m+1,m+2,...,n}andr > 2, we have
- k\( 6 Y
Z“”%Z)(Zh)(m)
r—2 9]
(n—m)l{H9+ ][ H (k_e)](1+z Z (0 +51)(0 +52)-+- (0 +5))

k=m+1,k+6 j=1 1<s1<+<sj<n

n—m-1

Qr—l
r L L )3 > =0 (h-0)00+s) @+ (14)

i+l=r-2 i=1 m+1<k<-ki<nky,... ki#60 0<s1<-<s;<n

Proof. Taking s = n,f = 0,a; = i,b; = [ and changing the corresponding variable index in (4) and (5) of
Theorem 2, and noting that the relation

0" )
2. 10 0 Ga o ot Z Z G+ 0) 52+ 0) (5 + 0) (15)

0<51<5p<-<s5,-1<n

we get the corresponding binomial identities (13) and (14) respectively. O
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Corollary 8 ([20]). For I < m < n, we have

- c(n\[n+k m m+n\ " - mi~
Z(_l) (k)(m+k)(m+k)r+1‘( m ) (“ Z (51 +m)(s+m) -+ (s +m)

k=0 j=1 Oﬁslﬁ'"SS]‘S

n-m

1
I NEPD ) (kl—m)--'(ki—mxsl+m>---<sj+m>)’ (16)

i+j=r i=1 m+1<ky<--<k;<n 0<s1<<s;<n

- ny(n+k\( p \

é“” (k)(m+k)(m)

B n k n k—p r p]
i )

]:1 1< < <s <n

n—m pr
1 D N e e B e B e 47

+5
itl=r i=1 mal<k <-<ki<n 0<s, <—<s<n (p+s1)

Proof. Taking f=0,s =n,r+—r+1,a;,=ii=0,1,...,n),by=l(l=m+1,m+2,...,n), and taking 6 = m
and 0 = p in (4) of Theorem 2, respectively, we get the binomial identities (16) and (17). O

Remark 9. Obviously, (16) and (17) are just new representation of Prodinger’s result in [20].
Corollary 10 ([15, p. 2, Corollary 2.21]). For n,d € IN,.

’ -1 ;
Z( Dk( )(K+k) (”+K) ( +Z Z (K+51)-K-]-(K+sj)' (18)

j=1 1<s1<--<s;<n

Proof. Taking n = m and 6 = Kin (13), we get (18) immediately. O
Remark 11. Obuiously, (18) is just a new representation of Kirschenhofer’s result in [15, p. 4, Corollary 2.2 ].
Taking m = 0 in Theorem 7, we have

Corollary 12. Forn e N, 6 > 0.
When 6 ¢ {1,2,...,n}, we have

n+k
Z( Dk( )( k )(9+k)
n k—0 r—1 9}
= [k_l TkJ(l +];1<sl< @rs)@+s) (0 +s)
n -1 19
’ itl=r—1 i=1 1gk1<~Zik,gn 05s1s-2-5s15n (k1 =6)--- (ki = 0)(@ +51)--- (O +351) ] 1

When 6 € {1,2,...,n}, we have

- +k\( 0 Y
Ly (Z)( K )(m
= ﬁL [T -0 (e+r2 Y o
w1t U k k=120 j=1 1<s)<<sj<n (0 +51)(0 +52)-- (0 +5))

n—=1

+

Qrfl
2 Z0) k=000 +s)- 0+ 0

k
i41=r=2 =1 1<ky <o<kisi k. kit 0<si<<si<n (1= 0)
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Corollary 13 (see [14]). For v,n € IN; 8 > 0, we have

r—1

n g/
kZ—O(_l)k(Z)(9+k) [H9+k)(1+ D (0 +51)(0 +52)--- (0 +5)) ) =

]':11< <<<

Proof. Taking m = n,f = 0 in (13) of Theorem 14, it is must that 6 ¢ {m + 1,m + 2,...,n} and define that
HZ:rHl =1, Z?:l =0, follows. [

Setting r = 1 in (19), define the suitable empty sum Z?:l = 0, we have the following new binomial
identity.

Corollary 14. Foralln € Nand 6 >0

S ) 115

Setting r = 2 in , define the suitable empty sum Z?:l = 0, we have the following new binomial identity.

Corollary 15. Foralln € Nand 6 > 0

() ) =55+ o)

Setting r = 1 in (19), define the suitable empty sum Z?:l = 0, we have the following new binomial identity.

Corollary 16. Forn € IN,m € Ny, 0 <m <n; 6 > 0.
When 0 ¢ im+1,m+2,...,n}, we have

g(_l)k(Z)(Zilii)mk [H6+k][ﬁ = 6]- (24)

When O e {im+1,m+2,...,n}, we have

n

. +k\ 6 1 ok
kZa(_l)k(Z)(Zt+k)9+k:(n—m)!(g6+k]( H (k_Q)J' (25)

k=m+1,k#6

In a similar manner as the proof in Theorem 2, we can also get the following results.

Theorem 17. Supposen,r € N,m,s € No0 <m <s,#0,0>0;ay,...,a,and by1,bmia, ..., bs be any different
numbers.
When @ =by,h¢é¢ im+1,m+2,...,stand r > 1, we have

[T— (@i + b)) ( B )

e 171,400 — aj) \ai + 0

IE_ (b —0) p
= (_1)yntl | =mel
- ( T, (aj + 0) J( Z (@5, +6) - (3., +0)

1<51<<s1<n

S—m ﬁy
DIDIEDD Y Go GO w0 26)

i+j=r=1 i=1 m+1<k; <--<ki<s 1<s1<<s;<n




J.-K. Ge et al. / Filomat 30:7 (2016), 1957-1967 1965

When 6 =by,he{m+1,m+2,...,stand r > 2, we have

g H?-mﬂ(ﬂi"'bl)( B )

=1 H;l:l;l'¢]'(ai - ﬂ]) a; + 0

_ <1y 511,01 = 0) ( Z B
H']?zl(aj + 0) - (as, +0)---(as,_, + 0)

s—m—1
=1

+

ﬁr
. 27)
m+l$k1<k'“<ki§5 1S51SZ"SSan (bkl - 9) o (bki - 6)(1151 + 9) o (asf + 6)

ki,enes i#h

i+j=r-2 i

Corollary 18. For ay, ay, ..., a, be any different numbers, and n,d > 1, we have

Lo @ +a)  q

T jmin (i — ) af*!

i

— n+ 1_I?=m+1 (bl _ 6) ‘Br
= (-1 (W]( Z (as, + 0) -+~ (as,_, + 6)

1<51<-<s5,-1<n

s—m ﬁr
DY Y GO GO @) 28)

i+j=r=1 i=1 m+1<k;<--<k;j<s 1<s1<-<s;<n

Proof. Takings=n,m=0,b;=a;,j=1,2,...,n,=1,0=0,r =d + 1in (26) of Theorem 17, follows. [
Remark 19. Obviously, (28) is just new representation of Mansour’s result in [17, p. 136, Theorem 2.1 |.

Corollary 20. Forn,v € N,m € No,0<m <n,0>0.
When @ ¢ {m+1,m+2,...,n}andr > 1, we have

3 L (n—-1 +k\( 6 Y
;(_1)k 1(2_1)(Z+k)(m)

1 ok k-0 (e o
:n(n—m)![ge+k][n m](z Z ©+s1)--(0+s))

k=m+1 j=1 1SS1S"'SS]'SH

n—-m 87—1

DIDIEDY Y, o G owTy @) @)

i+l=r-1 i=1 m+1<ky<-<ki<n 1<s1<-<s;<n

When @ e {m+1,m+2,...,n}andr > 2, we have
. _ -1 +k 6 Y
;(_1)k 1(2_1)(Z+k)(m)
1 n k n r=2 9]
zn(n—m)![g6+k][ [] (k_e)}(z 2 @+s1) (O +s)

k=m+1,k+6 j=1 1<s1<-<sj<n

n—m-1

Qr—l
) ) L @oomawen @) (30)

i+l=r-2 i=1 m+1<ki<--ki<n 1<51<<s;<n
ki,...ki#60

Proof. Taking s = n, = 6,a; = i,b; = | and changing the corresponding variable index in (26) and (27) of
Theorem 17, respectively, we get (31) and (32) of . O
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Corollary 21. Forn,vr € N, 0 > 0.
When 6 ¢ {1,2,...,n}and r > 1 we have

- o n=1 +k\; 6 Y
;‘(_1)k1(:—1)(nk )(m)
o/
Hk(k+6) (Z ). @+s1) (O +s)

j=1 1<s1<<s;<n

Qr—l
Y3 Y Y Goa-ser e ey

i+l=r-1 i=1 1<k <--<k;<n 1<51<-<s;<n

When 6 € {1,2,...,n}and r > 2, we have

Y ()%

k=1
n n r—2 X
1 1 o
= P (k-06) (
" 11!21[ k+0 kzll;[ée ]Z—;lﬁslsz:"ﬁs/'ﬂl (9+51)"'(9+S]')
n—1
Qr—l
’ : (32)
i+l=r-2 i=1 1<k1;< <n, 1<51<Z<s <n ((kl - 9) s (ki — 6)(9 + 51) .. (9 + Sl)

ky,...ki#60

Proof. Taking m = 0,s = n, = 0,a; = i,b; = [ and changing the corresponding variable index in (26) and
(27) of Theorem 17, respectively, we get (31) and (32) of . O

Corollary 22. Forall n,d € N, we have

n - k 1 1
;(_1)k1(2)(n+ )kd X ) kiky -k 2. S5 (33)

i+j=d 1<ki<-<ki<n 1<51<<si<n ]
Proof. Takings=n,m=0,=1,0=0,r =d,b; = a; = j,a; = i in (26) of Theorem 17, follows. [

Remark 23. Obviously, (33) is just new representation of Prodinger’s result in [20, p. 292, Theorem 1 ]
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