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Abstract

Using weight coefficients, a complex integral formula, and Hermite—Hadamard’s
inequality, we give an extended reverse Hardy—Hilbert's inequality in the whole plane
with multiparameters and a best possible constant factor. Equivalent forms and a few
particular cases are considered.
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1 Introduction
p>1 5+ 2 =1 amb,=0,0< Y0 @ <00,0< 372, bij < 00, then we have the follow-

ing Hardy—Hilbert inequality:

ASIE

(ibz)q, 0

n=1

with the best possible constant factor —~ ) [1]. A more accurate form of (1) with the

sin(r /p.
same best possible constant factor was given in [2, Theorem 323]:

(i bz) | @)
n=1

Inequalities (1) and (2) played an important role in analysis and its applications (see [2—4]).
In 2011, Yang [5] gave the following an extension of (2): If 0 < A1, A3 < 1, A1 + A2 = A,

Ay by > 0,

=

[e S le ] tlmbn T s
sz+n—l < Sin(%) <;“[:n)

n=1 m=1

00 ’
lallpy = {Z(m—a)ﬁﬂ-*ﬂ-laen} e (0, 00),

m=1

1
o q
15l g = {Z(n—a)q“-*”-lbz} € (0,00),

n=1
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then

o0 [o¢] 1
lel E—— o 7 < B2l 16l (050155), (3)

where the constant factor B(A1, ;) is the best possible, and B(u,v) is the beta function
defined as (see [6])

. * 1 u-1
B(u,v):= /0 7(1 " t)uwt dt  (u,v>0). (4)

ForA=1,A; == )\2 = L ando = —, (3) reduces to (2). Some other results related to (1)—(3)
were provided i 1n [7— 24] In 2016-17, a few extensions of (1)—(3) with some reverses in the
whole plane were obtained in [25-27].

In this paper, using weight coefficients, a complex integral formula, and Hermite—
Hadamard’s inequality, we give the following extension of the reverse of (1) in the whole
plane: If0<p<1(g<0), —+—-1 O<Ap, o<, Ai+A=A<1,&n€l0, ] Ay, b, >0,

o0
0< Z |m — ‘§|”(1_“)_laﬁl < 00,
|m|=1

o0
0< Z |n— n|q(1_’\2)_lbz < 00,
In|=1

then setting

A sin(”—il) o gyh-l

01 (k2 m) := b4 =l yr + 1 du
I+n
=0 1 0,1 N 5
= W €(0,1), |m|eN, (5)

we have the following reverse Hilbert-type inequality in the whole plane:

Z Z |m — E|A+|n nl*

[n]=1|m|=1

1
o P

- [Z (1= 61(r,m))|m — & |P(1A1)1a,fni|

g A sin(Z2L)
» 7/ Liml=1

. 1
q
x [Z n - n|61<H2>-1b4 ) (6)

[n]=1

Moreover, we prove an extended inequality of (6) with multiparameters and a best possible
constant factor. We also consider equivalent forms and a few particular cases.

2 Some lemmas and an example
Lemma 1 Let C be the set of complex numbers, Co, = CU {00}, and let z; € C\{z |Rez >
0,Imz =0} (k=1,2,...,n) be different points. Suppose that a function f (z) is analytic in C
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except for z; (i = 1,2,...,n) and that z = 0o is a zero point of f(z) of order not less than 1.
Then, for « € R, we have

/ f@r T dx= ZZRes f(2)2* 2], (7)

where 0 < Imlnz = argz < 2. In particular, if zi (k = 1,...,n) are all poles of order 1, then
setting i (2) = (z — zx)f (2) (@ (zk) #0), we have

n

[ rwtan- S car o, ®

k=1

Proof By [28] (p. 118) we have (7). We find

1-¢€*™ =1—cos2mwa —isin2ra
=-2isina(cosma +isinmwa)

=-2ie"“sinma.

In particular, since f(z)z*' = (g (2)z%71), it is obvious that

Z=Zj
Res[f(2)2* 7', -z = 2" ou(zk) = =™ (—21)* o (2x).
Then by (7) we obtain (8). O

Example 1 Forse N={1,2,...},¢cs>--->¢1 >0,6 >0, A;, A >0, A1 + Ay = s\, we define

the function

1

ko (%)) = =————
2. (%) T o))

and constants ¢y = ¢; + (k—1)e (k=1,...,s).

Since ¢; > -+ >¢; = ¢1 > 0, by (8) we find

~ 00 1
k(A1) := — Mlg:
() /0 l_[;(:l(tk +C)

”1”51/ 1 g
A Jo ]_[f(zl(u+ck)
Ao
)\sm(“l)Z 1_[ N, c
j=1(#k)

Since

~ 1S 1 o,
0<ks(kl)=—f [[—=u""du
A Jo aoy Utk

o0
Sl/ L g
Ao (m+c)
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u::ClV 1 /OO 1 V)”Tl—l dv

a2 Jo w1y
1 A A
- T/AB<—1’ —2) €R.,
)\CIZ AA
it follows that

ks(ha) = Tim &)

A1
A31n ”1) Z -’ 1_[

j=1G) 9~

In particular, for s = 1, we obtain

1 [ 40/m-1 -
kl(}\l) = — / du = aln
Ao uta Aep?” sin(

7[)»1)

for ¢, = =cy, we have

% gt 1 oA
k(kl)::/ dt= — //\B(—l,—z)
o (E+a)y hey? Aok

We further assume that s e N, ¢s > --->¢; >0, 0,8 € (0,7), &, € [0,
l,kl+A2=sk(sz2);0<k1,kz<1,0<A1+A2=A§1(s:l).For|t|>%

Arp(t) =1t -]+ (t—C)cosH
((5)0) t) = (S,oe,x) or (771 ﬂ’y)) and

k(2x, )’) =k, (AS,Ot (x)’An,ﬂ (y))
1
T (AL, @) + Al ,(0)

Definition 1 Define the following weight coefficients:

(Ao, m) —Zk m,n _A( ) |m| e N
In]=1 2( )
G = 3 Ko
w (A1, n) = 7, nieN,
' |m|=1 A;a}\l(m)
where 377 - =30 4 4 30 - (f=myn).
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)

(10)

(11)

%]: 0 < )\'1;)“2r)\ S
, we set

(12)

(13)

Lemma 2 With regards to the above agreement, replacing0<i; <1(0<Ai;<1)byr; >0

and setting

hﬂ()\,l) = 2/(5()\,1) 0802 /3,
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we still have

hg(M)(1 = 0(hy, m)) < w(Ay,m) <hg(r1), |m| €N,

1 o0 r1-1
0 (g, 1) 1= / "

A
(1+ng(?+cosﬂ l_[k l(u +Ck)

—O<;)e(0 1), |mleN
ARm) T '

Proof For |x| > %, we set

(1)(x y):= !
] Hk I{A)»a x) + Cr (y )7 COSﬂ 1)] }
1
J’<_§’
1
@ o
(%,7) := [Ty (A%, () + el (y — m)(1 + cos B)I*)
1
Y>3

wherefrom, for y > %,

1

k(l) —y) = )

&) [Ti1{AL () + ck[(y + n)(1 = cos B)]*}
We find
—00 A)q (Wl)
_ (1) &
@)= ) Ko e os - DT
ALL (m)

@)
! ;:k O ) =)0+ cos B2

B AQ}a(m) i kO (m, —n)
" (1-cosB)l*2 — (m + n)l-22

Aga(m) D (m, n)
(1 +cos )12 21 (n—n)l-*2"

It is evident that, for fixed m € N,0 < 1, <1,0< A <1, both k

strictly decreasing and strictly convex with respect to y € ( ,00) and satlsfy

kD (m, (-1)'y)
d kD(m, (-1)'y) .
dy [y — (-1)in]i-*2

>0,
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(14)

(15)

(16)
0

are
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and

d> k2(m,(-1)%)

T TR

By Hermite—Hadamard’s inequality (see [29]) we find

Al o 1 (4, —
(g, 1) < £ (711) ) (m, —y)
(I1-cosp)i=2 J1  (y+n)
ALL (m) © KO (1, )

T Wrcospy e Jy o

dy.

AE o ( AE o (m)
(y+n)(1- cosﬂ (y-n)(1+cos B

Setting u = )) in the first (second) integral, by simplification we find

1 -1
(ko) < (l—cosﬁ " 1+cosﬂ) o [Tee (& + o) du
= 2ks(A1) csc® B = hg(hy).

Since both £ ;;'1' _AJ; and (]; )'f' i')z are strictly decreasing, we still have
A;,la(m) kD (m, —y)
(L=cosp)t=2 Ji  (y+m)i-*
AL (m) > k@ (m,y)

+
rcos Pz i G-mi
Agam)

/1+n (1-cos B) )‘1 ldu
B —cosﬂ ]_[klu*+ck)

Aga( m)

f (1-n)(1+cos B) A ldu
T 1+ cos 1+cospB [Ty & + ci)

A
Agaln A-1

(T+n)(T+cos B) u
> 2csc ———du
p f [T, G + )

=hp(2)(1 - 6(A2, m)) >0,

w(hy, m) >

where 6 (), m)(< 1) is indicated by (15). We obtain

0<9(A2’m)<k()»1)/ Aoy qu

(T+n)(1+cos B)

—)»2 1
= k00 / et u

(T+n)(T+cos B)

~ 1 [(1+n)(1+cosﬂ)]k2
k(M) Ag o (m) '

Then we have (14) and estimate (15). O
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In the same way, we have

Lemma 3 With regards to the above agreement, replacing 0 < Ay <1(0< Ay <1) by Ay >0,

for

ha()\l) = 2ks()¥l) CSC2 o,

we still have

ho (1) (1 =9 (A1, n)) <@ (A1, 1) < ha(r1), |n] €N, (17)
where
1 o0 Aop—1
YAy, 1) = “ du

ks(A1) %’“) [Thc & + 1)

(1+&)(1+cosa.

1
=0 , 1), . 18
(Az}ﬂ(n)) €(0,1), |neN (18)

Lemma 4 If¢ €[0,1],0 € (0,7), (¢,0) = (£,a) (or (1, B)), then, for p >0,

=1 1+0(1)
Hy(,0):= n =
? % AL (K) o
1 1 N
x [(1 +cosf)l+r * 1 —cos@)“f’] (p =0 ) (19)

Proof We find

N 1
HAE0 = 2 e pyeos DT

> 1
" Z [(k=)(cosO +1)]1+»

k=1

1 > 1
" (1 -cosf)l+r kX:I: (k+)t+r

1 o 1
* (1+cos@)+r k2=1: (k=)

Fora = W > 0, by Hermite—Hadamard’s inequality we have

1
H,(z,0) < |:(1 —cos@)1+» * (1 +COS(9)1+pi|
[or St
— (k_§)1+p

1 1
< |:(1 —cosf)l+r * 1+ cosQ)“P]
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ap+(%—§)p[ 1 1 }
)

We still obtain

1 1 - 1
H,(¢,0) = |:(1 —cos@)l+» ¥ 1+ cos@)“ﬂ} ]gl: (k+¢)t+e

+ .
(1-cos@)+» (1 4+ cosf)itr

[ 1 1 ]/“ dy
g (1—cos€)1+”+(1+0059)1+p 1 o)t

(149 1 . 1
T p (1-cos@)+r (1 +cosh)i+r |’
Hence we have (19).

3 Main results and some particular cases
Theorem 5 Suppose that0<p<1(g<0), 117 + é =1,

1 1
K1) 1= 5 ()l (A1) = 2k, (Ar) cse? Bescd a,

Ams by > 0 (|m|,|n| € N), and

0< ZAP(1 ) 1 m)ak, < 0o,

|m|=1

0< ZAql r2)- n)bq<oo
=1

We have the following reverse equivalent inequalities:

oo o0 1
lei Z TEr AL + AL,

1

>1<af,,\l{i 1-0(hy, m))A ] |:ZA

|n|=1

"’
Pho— 1
e[ [Zn“ +ckAs,ﬁ<n»} |

[n]=1 [m|=1

> ](a,ﬂ()xl) |: Z (l —6(Ay, m))Aé’](i—M)—l(m)afn] P ’

[m]=1

Lo AR [ 1 T
i ‘; (1= 00k, m))] MZ [Tica (A2, 0m) + il )

=1
1

>Kolﬂ(}"l)|:ZAq(1 ha)- )bqi|q'

[n]=1

N
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(20)

(21)

(22)

(23)
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In particular, fors =c; =1, = B = 7 (0 <Ay, A2 <1, A1 + A5 = A < 1), (21) reduces to (6);
and (22) and (23) reduce to the equivalent forms of (6) as follows:

{oo 00 4 Y
- (3 ) |
=t oy 1 =&+ n =

2 nd 1_1’
= _ _ gp(1-21)-1_p
g Asin(%) |:%1(1 80 m))lm = ﬂm:| , 24
R = by s
|:|Z|:1 (1 =61 (Ag, m))a1 <|n2|=:1 |m—&|* +|n— 77|k> :|
Asm nxl) |:|Zl|n |72 1bq:| . (25)

Proof By the reverse Holder inequality with weight (see [29]) and (12) we find

oo p
(Z k(m, n)am>

|m|=1
1-A1)/ 1-22)/ p
) 00 k( )Af&,,a 1) Q(m)am A;,ﬁ Z)P(n)
- Z m,n A(I—Az)/p A(l—kl)/q
lm|=1 g ) Ag,n T (m)

00 (1 A)plq (1-22)q/p r-1
> Z h(m,n)4() |:Z k(m A—(n)]

o 112( ) o 1 }Ll( )
(1 -M)plq
(w )»1, A (Wl)
= pz\z I Z k(m A2 Ty
4, lm|=1 A, ()

By (17), in view of p — 1 < 0, we have

1 A( - P/Q( ) 7
]>hg()‘1) ZZ/(WI, 1)\ dm:|
| 11=1 m|=1 2(”‘)
1 M plq 5
o 3 3 ke )4
L |m|=1|n|=1 2( )
~HEG)| Y @, mAZ - (m)ap} . (26)
L |m|=1
Then by (14) we have (22).

By Holder’s inequality (see [29]) we have

(27)

I=i|:Az ka, am:| n)b, >][2Aq1A2

|n|=1 |m|=1 |n|=1

I—l
QU

Then by (22) we have (21).
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On the other hand, assuming that (21) is valid, we set

p-1
byi= AV l(n)(z k(m,n)am> , InleN,

lm|=1

and then

1
o r
/= [ZAZ’%_”)_I("MZ} :

[nf=1

By (26) we find J > 0. If ] = 00, then (22) is evidently valid; if J < 0o, then by (21) we have

ZAql —A2)— 1 )bZ

In|=1

1
q

1
oo p[ oo
=JP =15 Kyp(h1) [ > (160 m))Ag’(i_m_l(m)afn:| [Z A;ff;‘”)‘l(n)bz} :

lm|=1 n|=1

1 1
00 P 00 P
J = [ZAgf;—,\z)—l(n)bZ} > Ky,p(A1) |: Z (1 —0(A\o, m))Agf;—Al)—l(m)afn] ,

|n|=1 |m|=1

namely, (22) follows, which is equivalent to (21).
We have proved that (21) is valid. Then we set

AT ) 00 -1
= ] PO I

[n]=1

and find

. i
L= [ > (1= 0(ha, m) AL (m)at, } ,

[m]=1

If L = 0, then (23) is impossible, so that L > 0. If L = 0o, then (23) is trivially valid; if L < oo,
then we have

o0

Z (1- 9()L2,m))AIJ (1=h1)- (m)a”

[m|=1

1 1
o p[ o= q
=L9=1>K,p5(0) [ > (- Q(Az,m))Ag(i_m_l(m)aﬁi} [ZAZ%‘W‘I(n)bZ} ,

|m|=1 |n|=1

1 1

° q 00 7
L=[Z(1—9<kz’m))A§fi’“)’l(m>a,’;} >Ka,ﬁ(xl)[ZAZ%'”)‘I(n)bz] ,

lm|=1 [n|=1

thats is, (23) follows.
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On the other-hand, assuming that (23) is valid, using the reverse Holder inequality, we

have

1/61) kl( ) ]

Z|: 1- 9)\,2 Wl)) l/p

)»1 (1/q 00
i koo

[n]=1

Z[Z(l—g(kz, ) )ap:|pL, (28)

|m|=1

and then by (23) we have (21), which is equivalent to (23).
Therefore, inequalities (21), (22), and (23) are equivalent.

Theorem 6 With regards to the assumptions of Theorem 5, the constant factorKy g(A1)

(21), (22), and (23) is the best possible.

Proof For 0 < € < pAy, we set T=A—E (e (0,1)), dp= Ayt E (> 0), and

~ —(e/p)-1 T—
U= AL P m) = AL m) (Iml €N),

By 1= A0 ) = AR5 ) (1] €N).

By (19) and (17) we find

1

1
o] p 00
Ip:= [Z (1-60-, m))Ag,(al,_“)_l(m)Zifn} [Z AZ%‘Az)_l(m)bZ}

|m|=1 |n]=1
|:ZA__ ZO A2+F( ):| (ZA—IE )q
[m|=1 |m|=1 |n]=1
%(ZCSC a+o(l) - {;‘O(l))}” (2csc® B +?5(1))‘1? (e > 0%),
T:= "> " k(m,n)amb,
|m|=1 |n|=1
=303 KommAL om A )
|n|=1|m|=1
=3 @ Ay ) < () Y AL ()
n|=2

L (Al - —)(2csc B +0(1)).
&€ p
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If there exists a positive number K > K, g(11) such that (21) is still valid when replacing
Ky,p(11) by K, then, in particular, we have

el=¢ i i k(m, n)ﬁmzn > eKT,.

Im|=1 |n|=1

In view of the preceding results, it follows that

hy (Al - ;) (2csc B+ 0(1)) >K - (2csc o +o(l) — 80(1)) (2csc B +0(1 ))l/q,
and then

4ky(r1)csc® aesc? B> 2K esc?P aresc® B (e — 0%),
namely,

Ky,p (1) = 2ks(A1) csc?? Besc?a > K.

Hence K = K, g(A1) is the best possible constant factor in (21).

The constant factor K, g(11) in (22) ((23)) is still the best possible. Otherwise, we would
reach a contradiction by (27) ((28)) that the constant factor in (21) is not the best possi-
ble. O

Remark 1 (i) For§ =np=0and o = 8 = T in (21), setting

e8] u)\l—l

d
k(1) St T +c0)

1
=0 e €(0,1), |m|eN,

we have the following new reverse inequality with the best possible constant factor 2k;(A1):

9()‘21 ) =

Z Z [T} 1(|mlk+6k|n|”)

|n|=1|m|=1
1 1
o o r o q
>2ks(m)[2(1—0<x2,m))|m|f’“*”lafn} [me“h“bz} . (29)
|m|=1 [n|=1

It follows that (21) is an extension of (29).

(ii) Ifa_,, = a,,, and b_,, = b, (m,n € N), then for

» 1 e8] u}q—l
Bk = 200 / T o ™
:O(L) (0,1), meN,

m2
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(29) reduces to the following reverse Hilbert-type inequality:

Z 221 [Ti- 1(mA + ckn*)

n=1

m=1

>ks(x1)[2(1 O (g, m))m? 170~ } [Z;ﬂl A2) 1bq] ) (30)

(iii) If a_,, = ay and b_, = b, (m, n € N), then setting

ksin(ﬂTM) o0 -1

0r(Ay, m) := d
2(hasm) i mt P
(0] 1 €(0,1) eN
= T oo 1), m )
(m—&)2
Asin(TiL) poo -l
03(Ao, m) := 2 d
3(Aa, ) = % Pl u

1
= O(W) E(O,l), I’I’IGN;

(6) reduces to
1

o0 o0 1
ZZ[(M—S)M(H—W T =€)+ (n+ )

n=1 m=1

1 1
T e ey i)t (mr ) +(n+n)*}“'"b”

27 S _ _ eyp(-a)-1
>Asin(nk1/k){;[(l 62(A2’m))(m 24

+ (1= 030k, m)) (m + s)f’“-*”‘l]aﬁqr

x {Z[(n — )21y (4 n)’f(“ﬂl]bg} q. (31)

n=1

In particular, for § = =0, A=1,A; = Ay = % in(31) (orfors=1=c1=1,A1 =2 = % in
(30)), setting

1 00 u—l/z 1
Q(m)::—/ du=0|——= ) €(0,1), meN,
TS u+l ml/2

we have the following reverse Hardy—Hilbert inequality with the best possible constant 7:

0o 00 ﬂmbn 00 S .
m+n>n|:2(1—9( m2 ai| (an bl .

n=1 m=1 m=1

Hence (21) is an extended reverse Hardy—Hilbert’s inequality in the whole plane.
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4 Conclusions

In this paper, using the weight coefficients, a complex integral formula, and Hermite—
Hadamard’s inequality, we give an extended reverse Hardy—Hilbert’s inequality in the
whole plane with multiparameters and a best possible constant factor (Theorems 5 and 6).
We consider equivalent forms and a few particular cases. The technique of real analysis is
very important, which is the key to prove the reverse equivalent inequalities with the best
possible constant factor. The lemmas and theorems provide an extensive account of this

type inequalities.

Acknowledgements
This work is supported by the National Natural Science Foundation (No. 61772140) and Science and Technology Planning
Project Item of Guangzhou City (No. 201707010229). We are grateful for this help.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

BY carried out the mathematical studies, participated in the sequence alignment, and drafted the manuscript. QC
participated in the design of the study and performed the numerical analysis. Both authors read and approved the final
manuscript.

Author details
"Department of Computer Science, Guangdong University of Education, Guangzhou, PR. China. ?Department of
Mathematics, Guangdong University of Education, Guangzhou, PR. China.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 28 January 2018 Accepted: 2 May 2018 Published online: 11 May 2018

References
1. Hardy, G.H.: Note on a theorem of Hilbert concerning series of positive terms. Proc. Lond. Math. Soc. 23(2), 45-46
(1925)
2. Hardy, G.H, Littlewood, J.E, Pdlya, G.: Inequalities. Cambridge University Press, Cambridge (1934)
3. Mitrinovi¢, DS, Pecari¢, J.E, Fink, AM.: Inequalities Involving Functions and Their Integrals and Derivatives. Kluwer
Acaremic Publishers, Boston (1991)

4. Yang, B The Norm of Operator and Hilbert-Type Inequalities. Science Press, Beijing (2009)

5. Yang, B.: Discrete Hilbert-Type Inequalities. Bentham Science Publishers Ltd., The United Arab Emirates (2011)

6. Wang, Z,, Guo, D.: Introduction to Special Functions. Science Press, Beijing (1979)

7. Gao, M, Yang, B.: On extended Hilbert’s inequality. Proc. Am. Math. Soc. 126(3), 751-759 (1998)

8. Hong, Y.: All-side generalization about Hardy-Hilbert integral inequalities. Acta Math. Sin. 44(4), 619-625 (2001)

9. Zhang, K: A bilinear inequality. J. Math. Anal. Appl. 271, 188-296 (2002)
10. Benyi, A, Oh, C.: Best constant for certain multilinear integral operator. J. Inequal. Appl. 2006, Article ID 28582 (2006)
11. Kuang, J, Debnath, L: On Hilbert's type integral inequalities on the weighted Orlicz spaces. Pac. J. Appl. Math. 1(1),

95-104 (2007)

12. Li, Y, He, B: On inequalities of Hilbert's type. Bull. Aust. Math. Soc. 76(1), 1-13 (2007)
13. Azar, LE. On some extensions of Hardy-Hilbert’s inequality and applications. J. Inequal. Appl. 2008, Article ID 546829

(2008)

14. Zhong, W.: The Hilbert-type integral inequality with a homogeneous kernel of Lambda-degree. J. Inequal. Appl. 2008,
Article ID 917392 (2008)

15. Jin, J, Debnath, L: On a Hilbert-type linear series operator and its applications. J. Math. Anal. Appl. 371(2), 691-704
(2010)

16. Huang, Q. On a multiple Hilbert-type integral operator and applications. J. Inequal. Appl. 2010, Article ID 309319
(2010)

17. Yang, B, Krni¢, M.: On the norm of a multi-dimensional Hilbert-type operator. Sarajevo J. Math. 7(20), 223-243 (2011)

18. Krni¢, M., Vukovi¢, P: On a multidimensional version of the Hilbert-type inequality. Anal. Math. 38, 291-303 (2012)

19. Adiyasuren, V., Batbold, T, Krni¢, M.: Half-discrete Hilbert-type inequalities with mean operators, the best constants,
and applications. Appl. Math. Comput. 231, 148-159 (2014)

20. Huang, Q. A new extension of Hardy-Hilbert-type inequality. J. Inequal. Appl. 2015, Article ID 397 (2015)

21. He, B: A multiple Hilbert-type discrete inequality with a new kernel and best possible constant factor. J. Math. Anal.
Appl. 431, 889-902 (2015)

22. Rassias, M.T, Yang, B.: A Hilbert-type integral inequality in the whole plane related to the hyper geometric function
and the beta function. J. Math. Anal. Appl. 428(2), 1286-1308 (2015)

23. Shi, Y, Yang, B.: A new Hardy-Hilbert-type inequality with multiparameters and a best possible constant factor.
J.Inequal. Appl. 2015, Article ID 380 (2015)



Chen and Yang Journal of Inequalities and Applications (2018) 2018:115 Page 15 of 15

24.

25.
26.

27.

28.
29.

Adiyasuren, V, Batbold, T, Krni¢, M.: Multiple Hilbert-type inequalities involving some differential operators. Banach
J. Math. Anal. 10(2), 320-337 (2016)

Xin, D, Yang, B, Chen, Q. A discrete Hilbert-type inequality in the whole plane. J. Inequal. Appl. 2016, 133 (2016)
Yang, B, Chen, Q:: A new extension of Hardy-Hilbert’s inequality in the whole plane. J. Funct. Spaces 2016, Article ID
9197476 (2016)

Zhong, Y, Yang, B, Chen, Q.: A more accurate Mulholland-type inequality in the whole plane. J. Inequal. Appl. 2017,
315 (2017)

Pan, Y.L, Wang, H.T., Wang, F.T.. On Complex Functions. Science Press, Beijing (2006)

Kuang, J.: Applied Inequalities. Shangdong Science and Technology Press, Jinan (2004)

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	An extended reverse Hardy-Hilbert's inequality in the whole plane
	Abstract
	MSC
	Keywords

	Introduction
	Some lemmas and an example
	Main results and some particular cases
	Conclusions
	Acknowledgements
	Competing interests
	Authors' contributions
	Author details
	Publisher's Note
	References


