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In this study, a multiparameter Hardy–Hilbert-type inequality for double series is established, which contains partial sums as the
terms of one of the series. Based on the obtained inequality, we discuss the equivalent statements of the best possible constant
factor related to several parameters. Moreover, we illustrate how the inequality obtained can generate some new Hardy–Hilbert-
type inequalities.

1. Introduction

In [1], Krnić and Pečarić proposed an interesting result on
the extension of Hardy–Hilbert inequality with two pa-
rameters, as follows:
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where p>1,(1/p) + (1/q) � 1,am, bn≥0,0< 
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λ1 +λ2 � λ ∈ (0,4]. +e constant factor B(λ1,λ2) in (1) is the
best possible, which is represented by the beta function.
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Obviously, for λ1 � 1 − (1/p), λ2 � 1 − (1/q), inequality
(1) reduces to the classical Hardy–Hilbert inequality ([2],
+eorem 315):
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In a special case, when λ1 � λ2 � (λ/2), p � q � 2, in-
equality (1) leads to a generalization of Hilbert inequality,
i.e.,
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Recently, by introducing more parameters, Yang et al.
[3] established a further extension of inequality (1), as
follows:
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Inspired by the inequality (5) above, in this study, we
construct and prove a newHardy–Hilbert-type inequality by
replacing the term of the series bn with Bn � 

n
k�1 bk(n �
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1, 2, . . .) in the right-hand side of inequality (5). Our method
is mainly based on real analysis techniques and the appli-
cations of the Euler–Maclaurin summation formula and
Abel’s partial summation formula. For details of various
clever uses of these techniques, we refer the readers to
[4–10].

+e rest of the study is organized as follows. We first give
some lemmas on the construction of weight function and
several identities and inequalities related to the weight
function. +e results are then applied to derive a multipa-
rameter Hardy–Hilbert-type inequality containing partial
sums as the terms of one of the series. Finally, we illustrate
the applications of the obtained inequality in discovering
new Hardy–Hilbert-type inequalities.

2. Some Lemmas

Let us first state the following specified conditions (C1) that
we will use in what follows. We suppose that

(i) (C1) p>1,(1/p) + (1/q) � 1α, β ∈ (0,1], λ ∈ (0,5], λ1
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λ1≔ ((λ − λ2)/p) + (λ1/q), λ2≔ ((λ − λ1)/q) + (λ2/p),
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Lemma 1 (See [11]).

(i) Let (− 1)i(di/dti)g(t)> 0, t ∈ [m,∞)(m ∈ N) with
g(i)(∞) � 0 g(i)(∞) � 0(i � 0, 1, 2, 3), and let Pi(t)

and Bi(i ∈ N) denote, respectively, the Bernoulli
functions and the Bernoulli numbers of i-order.4en,
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(ii) In particular, when q � 1, in view of B2 � (1/6), we
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(iv) (See [11]). If f(t)(> 0) ∈ C3[m,∞), f(i)(∞) �

0(i � 0, 1, 2, 3), then we have the following
Euler–Maclaurin summation formulas:
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Lemma 2. For s ∈ (0, 6], s2 ∈ (0, (2/β)]∩ (0, s), ks(s2) �

B(s2, s − s2), we define the weight coefficient as follows:

ϖα s2, m(  ≔ m
α s− s2( ) 

∞

n�1

βn
βs2− 1

m
α

+ n
β

 
s, (m ∈ N). (12)

4en, the following inequalities hold:

0< ks s2(  1 − O
1

m
αs2

  <ϖα s2, m( < ks s2( , (m ∈ N),

(13)

where O(1/mαs2) ≔ (1/ks(s2)) 
(1/mα)

0 (us2− 1/(1 + u)s)du> 0.

Proof. For fixed m ∈ N, we define the function g(m, t) by

g(m, t) ≔
βt

βs2− 1

m
α

+ t
β

 
s, (t> 0). (14)

By virtue of (10), we have



∞

n�1
g(m, n) � 

∞

1
g(m, t)dt +

1
2

g(m, 1) + 
∞

1
P1(t)g′(m, t)dt

� 
∞

0
g(m, t)dt − h(m),

h(m) ≔ 
1

0
g(m, t)dt −

1
2

g(m, 1) − 
∞

1
P1(t)g′(m, t)dt.

(15)

Note that − (1/2)g(m, 1) � (− β/2(mα + 1)s). Integration
by parts, we find
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Furthermore, by using (13) and (31), we get inequality
(30). Lemma 3 is proved. □
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Lemma 4. For t> 0, the following inequality holds:
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− 1 � β n + θn( 
β− 1

− 1≤ 0,

θn ∈ (0, 1)( ,

(37)

by (36), we have



∞

n�1
e

− tnβ
bn ≤ 

∞

n�1
Bn e

− tnβ
− e

− t nβ+1( ) 

� 1 − e
− t

  

∞

n�1
Bne

− tnβ ≤ t 
∞

n�1
Bne

− tnβ
.

(38)

Hence, we derive the inequality (35). +e proof of
Lemma 4 is complete. □

3. Main Results

Theorem 1. Under the assumptions described in (C1), we
have the following inequality containing partial sums as the
terms of series:

I ≔ 
∞

m�1


∞

n�1

ambn

m
α

+ n
β

 
λ < λ

1
β

kλ+1 λ2 + 1(  

(1/p) 1
α

kλ+1 λ1(  
(1/q)

× 
∞

m�1
m

p 1− αλ1( − 1
a

p
m

⎧⎨

⎩

⎫⎬

⎭

(1/p)



∞

n�1
n

q 1− β 1+λ2(  − 1
B

q
n

⎧⎨

⎩

⎫⎬

⎭

(1/q)

.

(39)

In particular, for λ1 + λ2 � λ with

λ1 ∈ 0,
2
α

 ∩ (0, λ),

λ2 ∈ 0,
2
β

− 1 ∩ (0, λ), (λ ∈ (0, 5])

0< 
∞

m�1
m

p 1− αλ1( )− 1
a

p
m <∞,

0< 
∞

n�1
n

q 1− β 1+λ2( )[ ]− 1
B

q
n <∞,

(40)

we have the following inequality:

I � 
∞

m�1


∞

n�1

ambn

m
α

+ n
β

 
λ <

λ2
β(1/p)α(1/q)

B λ1, λ2( 

× 

∞

m�1
m

p 1− αλ1( )− 1
a

p
m

⎡⎣ ⎤⎦
(1/p)



∞

n�1
n

q 1− β 1+λ2( )[ ]− 1
B

q
n

⎧⎨

⎩

⎫⎬

⎭

(1/q)

.

(41)

Proof. By virtue of the fact that
1

m
α

+ n
β

 
λ �

1
Γ(λ)


∞

0
t
λ− 1

e
− mα+nβ( )tdt, (42)

from (35), we obtain

I �
1
Γ(λ)



∞

m�1


∞

n�1
ambn 

∞

0
t
λ− 1

e
− mα+nβ( )tdt

�
1
Γ(λ)


∞

0
t
λ− 1



∞

m�1
e

− mαt
am 

∞

n�1
e

− nβt
bndt

≤
1
Γ(λ)


∞

0
t
λ− 1



∞

m�1
e

− mαt
am t 

∞

n�1
e

− nβt
Bndt⎛⎝ ⎞⎠

�
1
Γ(λ)



∞

m�1


∞

n�1
amBn 

∞

0
t
(λ+1)− 1

e
− mα+nβ( )tdt

�
Γ(λ + 1)

Γ(λ)


∞

m�1


∞

n�1

amBn

m
α

+ n
β

 
λ+1

(43)

+en, by (34), we derive inequality (39). +eorem 1 is
proved. □
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Remark 2. Putting β � 1 in (39), we have



∞

m�1


∞

n�1

ambn

m
α

+ n( 
λ<

λ
α(1/q)

kλ+1 λ2 +1( ( 
(1/p)

kλ+1 λ1( ( 
(1/q)

× 
∞

m�1
m

p 1− αλ1( − 1
a

p
m

⎡⎣ ⎤⎦
(1/p)



∞

n�1
n

− qλ2− 1
B

q
n

⎛⎝ ⎞⎠

(1/q)

.

(44)

Theorem 2. If λ1 + λ2 � λ(∈ (0, 5]), then the constant factor

λ
α(1/q)

kλ+1 λ2 + 1( ( 
(1/p)

kλ+1 λ1( ( 
(1/q)

, (45)

in (44) is the best possible. Moreover, if

λ1, λ − λ2 ∈ 0,
2
α

 ∩ (0, λ),

λ2, λ − λ1 ∈ (0, 1]∩ (0, λ),

(46)

and the constant factor (λ/α(1/q))(kλ+1(λ2 + 1))(1/p)

(kλ+1(λ1))
(1/q) in (44) is the best possible, then we have

λ1 + λ2 � λ..

Proof. If λ1 + λ2 � λ(∈ (0, 5]), then we find
λ1 ∈ (0, (2/α)]∩ (0, λ), λ2 ∈ (0, 1]∩ (0, λ),

kλ+1 λ2 +1(  � kλ+1 λ1(  � B λ1,λ2 +1(  �
λ2
λ

B λ1,λ2( , (47)

and then inequality (44) reduces to



∞

m�1


∞

n�1

ambn

m
α

+ n( 
λ <

λ
α(1/q)

B λ1, λ2( 

· 
∞

m�1
m

p 1− αλ1( )− 1
a

p
m

⎛⎝ ⎞⎠

(1/p)

· 
∞

n�1
n

− qλ2− 1
B

q
n

⎛⎝ ⎞⎠

(1/q)

.

(48)

For any 0< ε< qλ2, we set am ≔ mα(λ1− (ε/p))− 1,
bn ≔ nλ2− (ε/q)− 1(m, n ∈ N). +en, we have

Bn ≔ 
n

k�1

bk � 
n

k�1
k
λ2− (ε/p)− 1 < 

n

0
t
λ2− (ε/q)− 1dt

�
1

λ2 − (ε/q)
n
λ2− (ε/q)

, (n ∈ N),

Bn � o e
tn

 , (t> 0; n⟶∞).

(49)

If there exists a positive constant
M≤ (λ2/α(1/q))B(λ1, λ2), (48) is valid when we replace
(λ2/α(1/q))B(λ1, λ2) by M. +en, we have

I ≔ 
∞

n�1


∞

m�1

ambn

m
α

+ n( 
λam

bn <M 
∞

m�1
m

p 1− αλ1( )− 1
a

p
m

⎧⎨

⎩

⎫⎬

⎭

(1/p)

· 
∞

n�1
n

− qλ2− 1B
q

n
⎛⎝ ⎞⎠

(1/q)

.

(50)

By (50) and the decreasing property of series, we obtain

I<M 
∞

m�1
m

p 1− αλ1( )− 1
m

pαλ1− αε− p⎛⎝ ⎞⎠

(1/p)

·
1

λ2 − (ε/q)


∞

n�1
n

− qλ2− 1
n

qλ2− ε⎛⎝ ⎞⎠

(1/q)

�
M

λ2 − (ε/q)
1 + 
∞

m�1
m

− αε− 1⎛⎝ ⎞⎠

(1/p)

1 + 
∞

n�2
n

− ε− 1⎛⎝ ⎞⎠

(1/q)

<
M

λ2 − (ε/q)
1 + 
∞

1
x

− αε− 1dx 
(1/q)

1 + 
∞

1
y

− ε− 1dy 
(1/q)

�
1

εα(1/p)

M

λ2 − (ε/q)
(αε + 1)

(1/p)
(ε + 1)

(1/q)
.

(51)

By employing (31) (for β � 1, s � λ, s1 � λ1) and setting

λ1≔ λ1 −
ε
p
∈ 0,

2
α

 ∩(0,λ), 0<λ2 � λ2 +
ε
p

� λ − λ1<λ ,

(52)

we deduce that

I �
1
α



∞

n�1
n
λ2 

∞

m�1

α
(m + n)

λm
αλ1− 1⎡⎣ ⎤⎦n

− ε− 1

�
1
α



∞

n�1
ω1

λ1, n n
− ε− 1 >

1
α

kλ
λ1  

∞

n�1
1 − O

1

n
λ1

⎛⎝ ⎞⎠⎛⎝ ⎞⎠n
− ε− 1

�
1
α

B λ1, λ2  

∞

n�1
n

− ε− 1
− 
∞

n�1
O

1
n
λ1− (ε/p)+1 ⎛⎝ ⎞⎠

>
1
α

B λ1, λ2  
∞

1
y

− ε− 1dy − O(1) 

�
1
εα

B λ1 −
ε
p

, λ2 +
ε
p

 (1 − εO(1)).

(53)

+us, we have
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1
α

B λ1 −
ε
p

, λ2 +
ε
p

 (1 − εO(1))

< εI<
1

α(1/p)

M

λ2 − (ε/q)
(αε + 1)

(1/p)
(ε + 1)

(1/q)
.

(54)

For ε⟶ 0+, in view of the continuity of the beta
function, we find (λ2/α(1/p))B(λ1, λ2)≤M. Hence,
M � (λ2/α(1/p))B(λ1, λ2) is the best possible constant factor
of (48).

On the other hand, since λ1, λ − λ2 ∈ (0, (2/α)]∩
(0, λ), λ2, λ − λ1 ∈ (0, 1]∩ (0, λ), we find

λ1 + λ2 �
λ − λ2

p
+
λ1
q

+
λ − λ1

q
+
λ1
p

� λ,

0< λ1, λ2 <
λ
p

+
λ
q

� λ, λ1 ≤
2/α
p

+
2/α
1

�
2
α

, λ2 ≤ 1,

(55)

and λ2kλ(
λ1) � λ2B(λ1, λ2) ∈ R+ � (0,∞).

By using Hӧlder’s inequality ([12]), we obtain

kλ+1
λ1  � kλ+1

λ − λ2
p

+
λ1
q

 

� 
∞

0

1
(1 + u)

λ+1u
λ− λ2( )/p( )+ λ1/q( )− 1du � 

∞

0

1
(1 + u)

λ+1 u
λ− λ2− 1( )/p( )  u

λ1− 1/q( ) du

≤ 
∞

0

1
(1 + u)λ+1u

λ− λ2− 1du 

(1/p)


∞

0

1
(1 + u)λ+1u

λ1− 1
du 

(1/q)

� 
∞

0

1
(1 + v)λ+1v

λ2+1( )− 1dv 

(1/p)


∞

0

1
(1 + u)λ+1u

λ1− 1du 

(1/q)

� kλ+1 λ2 + 1( ( 
(1/p)

kλ+1 λ1( ( 
(1/q)

.

(56)

If the constant factor (λ/α(1/q))(kλ+1(λ2 + 1))(1/p)

(kλ+1(λ1))
(1/q) in (44) is the best possible, then by (48) (for

λi � λi(i � 1, 2)), we have the following inequality:

λ
α(1/q)

kλ+1 λ2 + 1( ( 
(1/p)

kλ+1 λ1( ( 
(1/q) ≤

λ2
α(1/q)

B λ1, λ2 

�
λ

α(1/q)
kλ+1

λ1 ,

(57)

namely, kλ+1(
λ1)≥ (kλ+1(λ2 + 1))(1/p)(kλ+1(λ1))

(1/q). Hence,
(56) keeps the form of equality.

We observe that (56) keeps the form of equality if and
only if there exist constants A and B, such that they are not
all zero satisfying ([12]) Auλ− λ2− 1 � Buλ1− 1 a.e. in R+.

Assuming that A≠ 0, we have uλ− λ2− λ1 � (B/A) a. e. in
R+, and then, λ − λ2 − λ1 � 0, that is, λ1 + λ2 � λ. +e proof
of +eorem 2 is complete. □

4. Some Applications

Theorem 3. Under the assumptions described in (C1), we
have the following inequality which is equivalent to inequality
(39):

J ≔ 
∞

m�1
m

qαλ1− 1


∞

n�1

bn

mα + nβ( 
λ

⎡⎣ ⎤⎦
q

⎧⎨

⎩

⎫⎬

⎭

(1/q)

< λ
1
β

kλ+1 λ2 + 1(  

(1/p) 1
α

kλ+1 λ1(  
(1/q)

· 
∞

n�1
n

q 1− β 1+λ2(  − 1
B

q
n

⎧⎨

⎩

⎫⎬

⎭

(1/q)

.

(58)

In particular, for λ1 + λ2 � λ with

λ1 ∈ 0,
2
α

 ∩ (0, λ),

λ2 ∈ 0,
2
β

− 1 ∩ (0, λ), (λ ∈ (0, 5]),

(59)

we have the following inequality which is equivalent to (41):



∞

m�1
m

qαλ1− 1


∞

n�1

bn

mα + nβ( 
λ

⎡⎣ ⎤⎦
q

⎧⎨

⎩

⎫⎬

⎭

(1/q)

<
λ2

β(1/p)α(1/q)
B λ1, λ2(  

∞

n�1
n

q 1− β 1+λ2( )[ ]− 1
B

q
n

⎧⎨

⎩

⎫⎬

⎭

(1/q)

.

(60)
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Proof. Assuming that (58) is valid, by using Hӧlder’s in-
equality ([12]), we obtain

I � 
∞

m�1
m

(1/q)− αλ1am m
− (1/q)+αλ1 

∞

n�1

bn

m
α

+ n
β

 
λ

⎡⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎦

≤ 
∞

m�1
m

p 1− αλ1( − 1
a

p
m

⎡⎣ ⎤⎦
(1/p)

J.

(61)

+en, by (58), we have (39). On the other hand, assuming
that (39) is valid, we set

am ≔ m
qαλ1− 1



∞

n�1

bn

mα + nβ( 
λ

⎡⎣ ⎤⎦
q− 1

, (m ∈ N). (62)

If J � 0, then (58) is naturally valid; if J �∞, then it is
impossible that makes (58) valid, namely, J<∞. Suppose
that 0< J<∞. By (39), we have



∞

m�1
m

p 1− αλ1( − 1
a

p
m � J

q
� I

< λ
1
β

kλ+1 λ2 + 1(  

(1/p) 1
α

kλ+1 λ1(  
(1/q)

J
q− 1



∞

n�1
n

q 1− β 1+λ2(  − 1
B

q
n

⎧⎨

⎩

⎫⎬

⎭

(1/q)

,

J � 
∞

m�1
m

p 1− αλ1( − 1
a

p
m

⎧⎨

⎩

⎫⎬

⎭

(1/q)

< λ
1
β

kλ+1 λ2 + 1(  

(1/p) 1
α

kλ+1 λ1(  
(1/q)



∞

n�1
n

q 1− β 1+λ2(  − 1
B

q
n

⎧⎨

⎩

⎫⎬

⎭

(1/q)

.

(63)

Hence, (58) is valid. +erefore, inequality (58) is
equivalent to inequality (39). +eorem 3 is proved. □

Remark 3. Putting β � 1 in (58), we get the following in-
equality which is equivalent to (44).



∞

m�1
m

qαλ1− 1


∞

n�1

bn

mα + n( )λ
⎡⎣ ⎤⎦

q
⎧⎨

⎩

⎫⎬

⎭

(1/q)

<
λ

α(1/q)
kλ+1 λ2 + 1( ( 

(1/p)
kλ+1 λ1( ( 

(1/q)

· 
∞

n�1
n

− qλ2− 1
B

q
n

⎛⎝ ⎞⎠

(1/q)

.

(64)

Theorem 4. If λ1 + λ2 � λ(∈ (0, 5]), then the constant factor

λ
α(1/q)

kλ+1 λ2 + 1( ( 
(1/p)

kλ+1 λ1( ( 
(1/q)

, (65)

in (64) is the best possible. Moreover, if

λ1, λ − λ2 ∈ 0,
2
α

 ∩ (0, λ),

λ2, λ − λ1 ∈ (0, 1]∩ (0, λ),

(66)

and the constant factor (λ/α(1/q)) (kλ+1(λ2 + 1))(1/p)

(kλ+1(λ1))
(1/q) in (64) is the best possible, then we have

λ1 + λ2 � λ.

Proof. If the constant factor (λ/α(1/q))(kλ+1(λ2 + 1))(1/p)

(kλ+1(λ1))
(1/q) in (64) is not the best possible, then by (60)

(for β � 1), we would reach a contradiction that the same
constant factor in (44) is not the best possible. On the other
hand, if

λ1, λ − λ2 ∈ 0,
2
α

 ∩ (0, λ),

λ2, λ − λ1 ∈ (0, 1]∩ (0, λ),

(67)

and the constant factor (λ/α(1/q))(kλ+1(λ2 + 1))(1/p)

(kλ+1(λ1))
(1/q) in (64) is the best possible, then, in view of the

equivalency of (44) and (64) and I � Jq, the same constant
factor in (20) is the best possible. Furthermore, by +eo-
rem 2, we have λ1 + λ2 � λ. +is completes the proof of
+eorem 4. □

Remark 4. If we take β � 1 in (41) and (59), respectively,
then for

λ1 ∈ 0,
2
α

 ∩ (0, λ),

λ2 ∈ (0, 1]∩ (0, λ), (λ ∈ (0, 5]),

(68)

we have the following inequalities with the best possible
constant factor (λ2/α(1/q))B(λ1, λ2):
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∞

m�1


∞

n�1

ambn

m
α

+ n( 
λ <

λ2
α(1/q)

B λ1, λ2(  

∞

m�1
m

p 1− αλ1( )− 1
a

p
m

⎡⎣ ⎤⎦
(1/p)



∞

n�1
n

− qλ2− 1
B

q
n

⎛⎝ ⎞⎠

(1/q)

, (69)



∞

m�1
m

qαλ1− 1


∞

n�1

bn

mα + n( )λ
⎡⎣ ⎤⎦

q
⎧⎨

⎩

⎫⎬

⎭

(1/q)

<
λ2

α(1/q)
B λ1, λ2(  

∞

n�1
n

− qλ2− 1
B

q
n

⎛⎝ ⎞⎠

(1/q)

. (70)

(i) Taking λ � α � 1, λ1 � (1/q), λ2 � (1/p) in (69) and
(70), respectively, we obtain the following

inequalities with the best possible constant factor
(π/p sin(π/p)):



∞

m�1


∞

n�1

ambn

m + n
<

π
p sin(π/p)



∞

m�1
a

p
m

⎛⎝ ⎞⎠

(1/p)



∞

n�1

Bn

n
 

q

⎡⎣ ⎤⎦
(1/q)

, (71)



∞

m�1


∞

n�1

bn

m + n
⎛⎝ ⎞⎠

q

⎡⎢⎢⎣ ⎤⎥⎥⎦

(1/q)

<
π

p sin(π/p)


∞

n�1

Bn

n
 

q

⎡⎣ ⎤⎦
(1/q)

. (72)

(ii) Taking λ � α � 1, λ1 � (1/p), λ2 � (1/q) in (69) and
(70), respectively, we get the following inequalities
with the best possible constant factor
(π/q sin(π/p)):



∞

m�1


∞

n�1

ambn

m + n
<

π
q sin(π/p)



∞

m�1
m

p− 2
a

p
m

⎛⎝ ⎞⎠

(1/p)



∞

n�1

B
q
n

n2
⎛⎝ ⎞⎠

(1/q)

, (73)



∞

m�1


∞

n�1

bn

m + n
⎛⎝ ⎞⎠

q

⎡⎢⎢⎣ ⎤⎥⎥⎦

(1/q)

<
π

q sin(π/p)


∞

n�1

B
q
n

n2
⎛⎝ ⎞⎠

(1/q)

. (74)

In particular, if we take p � q � 2, then both (71) and
(73) reduce to



∞

m�1


∞

n�1

ambn

m + n
<
π
2



∞

m�1
a
2
m 

∞

n�1

Bn

n
 

2
⎡⎣ ⎤⎦

(1/2)

, (75)

and both (72) and (74) reduce to



∞

m�1


∞

n�1

bn

m + n
⎛⎝ ⎞⎠

2
⎡⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎦

(1/2)

<
π
2



∞

n�1

Bn

n
 

2
⎡⎣ ⎤⎦

(1/2)

, (76)

which is the equivalent form of inequality (75).

5. Conclusions

In this study, by using the weight coefficients, idea of in-
troducing parameters, Euler–Maclaurin summation for-
mula, and Abel’s partial summation formula, a
multiparameter Hardy–Hilbert-type inequality is estab-
lished, which contains partial sums as terms in one of the

series. As applications, several equivalent statements of the
best possible constant factor related to several parameters
are provided. Moreover, we illustrate that our main results
can generate more Hardy–Hilbert-type inequalities such as
the inequalities (69)–(76) asserted by Remark 4.
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Cambridge University Press, Cambridge. UK, 1934.

[3] B. C. Yang, S. H. Wu, and Q. Chen, “A new extension of
Hardy-Hilbert’s inequality containing kernel of double power
functions,”Mathematics, vol. 8, pp. 1–14, Article ID 894, 2020.

[4] V. Adiyasuren, T. Batbold, and M. Krnić, “Hilbert-type in-
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