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1. INTRODUCTION
Let µ be a positive continuous function on [0, 1). We say that µ is normal if there exist
positive numbers a and b, 0 < a < b, and δ ∈ [0, 1) such that (see [19]),
µ(r)
µ(r)
is decreasing on [δ, 1) and lim
= 0,
a
r→1 (1 − r)a
(1 − r)
µ(r)
µ(r)
is increasing on [δ, 1) and lim
= ∞.
b
r→1
(1 − r)
(1 − r)b
Let B be the open unit ball of Cn , H(B) be the space of all holomorphic functions
in B. When n = 1, B is the open unit disk D of the complex plane and H(D) is the
holomorphic function space on D.
For f ∈ H(B), the radial derivative and complex gradient of f at z will be denoted
by <f (z) and ∇f (z), respectively, that is,
n
X

∂f
(z) and ∇f (z) =
<f (z) =
zj
∂z
j
j=1
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∂f
(z),
(z), . . . ,
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∂z1
∂z2
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Let ω be normal. An f ∈ H(B) is said to belong to ω-Bloch space (or Bloch type
space), denoted by Bω = Bω (B), if
kf kBω = |f (0)| + sup ω(|z|)|<f (z)| < ∞.
z∈B

The little ω-Bloch space Bω,0 = Bω,0 (B), consists of all f ∈ Bω such that
lim ω(|z|)|<f (z)| = 0.

|z|→1

Bω is a Banach space with the norm k · kBω . When 0 < α < ∞ and ω(t) = (1 − t2 )α ,
we get the α-Bloch space (often also called Bloch type space), denoted by B α = B α (B).
In particular, when ω(t) = 1 − t2 , we get the Bloch space, denoted by B = B(B). See
[32, 36] for more information of the Bloch space B and ω-Bloch space Bω on the unit
ball.
Suppose µ is normal on [0, 1). We say that an f ∈ H(B) belongs to Zµ = Zµ (B) if
kf kZµ = |f (0)| + sup µ(|z|)|<2 f (z)| < ∞,
z∈B

2

where < f (z) = <(<f )(z). Under the above norm, Zµ becomes a Banach space. Zµ
will be called the µ-Zygmund space or the Zygmund type space. The little µ-Zygmund
space, denoted by Zµ,0 , is the space consisting of all f ∈ Zµ such that
lim µ(|z|)|<2 f (z)| = 0.

|z|→1

When µ(r) = 1 − r2 , the µ-Zygmund space becomes the Zygmund space Z . See
[16,24,36] for more information of the Zygmund space on the unit ball. There has been
some recent interest in studying of various concrete operators, including integral-type
ones, from or to the Zygmund type spaces, see, for example, [2, 11, 14, 15, 17, 18, 24, 27].
Some generalizations of the Zygmund type spaces and operators on them, can be
found in [29, 30].
Assume that g ∈ H(B), g(0) = 0 and ϕ is a holomorphic self-map of B. In [20],
Stević introduced the following integral-type operator Pϕg on H(B):
Pϕg f (z)

=

Z1

f (ϕ(tz))g(tz)

0

dt
,
t

f ∈ H(B), z ∈ B.

Some results on the operator has been got in [7, 21–23, 25, 26, 28, 31, 38].
Here we consider a particular case of Pϕg when ϕ(z) = z, that is the operator
Pg f (z) =

Z1
0

f (tz)g(tz)

dt
,
t

f ∈ H(B), z ∈ B.

For all g ∈ H(B), P<g is just the extended Cesàro operator (or Riemann-Stieltjes
operator), which was introduced in [3], and studied in [1, 3–5, 8–10, 12, 13, 16, 32, 34].
Some related integral-type operators can be found in [1, 17, 20–23, 37, 38].
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In [17], Li and Stević studied the boundedness and compactness of the operator
Pg : Bω (Bω,0 ) → Zµ (Zµ,0 ). Motivated by [17], in this paper we investigate the essential
norm of Pg : Bω (Bω,0 ) → Zµ .
Recall that the essential norm of Pg : X → Y , denoted by kPg ke,X→Y , is defined by
kPg ke,X→Y = inf{kPg − KkX→Y ; K is a compact operator from X to Y }.

In this paper, constants are denoted by C, they are positive and may differ from
one occurrence to the next. We say that A . B if there exists a constant C such that
A ≤ CB. The symbol A ≈ B means A . B . A.
2. AUXILIARY RESULTS
In this section, we give some auxiliary results which will be used in proving the main
results of this paper. They are incorporated in the lemmas which follow.
Lemma 2.1 ([6]). Suppose ω is normal on [0, 1). Then there exists ω∗ ∈ H(D) such
that
(i) ω∗ (t) is positive and increasing on [0, 1),
(ii) for all z ∈ D, |ω∗ (z)| ≤ ω∗ (|z|),
(iii) 0 < inf ω(r)ω∗ (r) ≤ sup ω(r)ω∗ (r) < ∞.
0<r<1

0<r<1

In the rest of the paper we will always use ω∗ to denote the analytic function
related to ω in Lemma 2.1.
To study the compactness, we need the following lemma, which can be get by
Lemma 2.10 in [33].
Lemma 2.2. Suppose ω and µ are normal. If T : Bω (Bω,0 ) → Zµ is bounded, then T
is compact if and only if whenever {fk } is bounded in Bω (Bω,0 ) and fk → 0 uniformly
on compact subsets of B, lim kT fk kZµ = 0.
k→∞

Lemma 2.3 ([21]). Assume g ∈ H(B) and g(0) = 0. Then, for every f ∈ H(B),
<Pg f (z) = f (z)g(z).

By some calculations, we have the following lemma.
Lemma 2.4 ([2, Lemma 2]). Suppose ω is normal. Then the following statements
hold.
(i) There exists a δ ∈ (0, 1), such that ω is decreasing on [δ, 1) and lim ω(t) = 0.
t→1

(ii) Fix α > 1, β ∈ (0, 1). When t ∈ (0, 1), s ∈ (β, 1),
1
ω(t) ≈ ω(t ) ≈
,
ω∗ (t)
α

(iii) For any z ∈ D,

Rz
0

ω∗ (η)dη .

R |z|
0

Zs
0

α

1
dt ≈
ω(t)

Zs
0

1
dt.
ω( t)

ω∗ (t)dt. If |η| ≤ |z|, ω(|z|)|ω∗ (η)| < C.
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Lemma 2.5 ([35, Lemmas 2.2 and 2.4]). Suppose ω is normal. Then the following
statements hold.

R |z| 1 
kf kBω .
(i) If f ∈ Bω , then |f (z)| . 1 + 0 ω(t)dt
R1 1
|f (z)|
(ii) If 0 ω(t) dt = ∞ and f ∈ Bω,0 , then lim R |z|
= 0.
1
dt
|z|→1
ω(t)
0
R1 1
(iii) If 0 ω(t) dt < ∞, {fk } is bounded in Bω,0 and converges to 0 uniformly on
compact subsets of B, then limk→∞ supz∈B |fk (z)| = 0.

The following lemma gives some folklore estimates, but we will prove it for the completeness.
Lemma 2.6. Suppose ω is normal, 0 < r, s < 1 and f ∈ H(B). Then, for all |z| ≤ s,
|<f (z)| ≤

2n
2n(1 − r)
max |f (z)| and |f (z) − f (rz)| ≤
max |f (z)|.
1 − s |z|≤ 1+s
1 − s |z|≤ 1+s
2
2

Proof. Set z = (z1 , z2 , . . . , zn ) ∈ B such that |z| ≤ s. For i = 1, 2, . . . , n, let
n
1 − so
,
Γz,i = η ∈ D : |η − zi | =
2

and

λ(z, i, η) = (z1 , . . . , zi−1 , η, zi+1 , . . . , zn ),

η ∈ Γz,i .

∈ H(B). Taking f as a one complex variable function about
Since f ∈ H(B),
the i-th component of z, by Cauchy’s integral formula, we have
∂f
∂zi

∂f
1
(z) =
∂zi
2π

Z

Γz,i

1
=
π(1 − s)

f (λ(z, i, η))
dη
(η − zi )2
Z2π  
1 − s iθ  −iθ
2
f λ z, i, zi +
e
e dθ ≤
max |f (z)|.
2
1 − s |z|≤ 1+s
2
0

Here we use the change η = zi +

1−s iθ
2 e

|<f (z)| ≤
When |z| ≤ s,
|f (z) − f (rz)| =

Z1

(0 ≤ θ ≤ 2π). Then,

2n
max |f (z)|.
1 − s |z|≤ 1+s
2

df (tz)
dt =
dt

r

Z1
r

h(∇f )(tz), zidt

≤ (1 − r) sup |∇f (z)| ≤
The proof is complete.

|z|≤s

2n(1 − r)
max |f (z)|.
1 − s |z|≤ 1+s
2
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3. MAIN RESULTS AND PROOFS
Theorem 3.1. Assume that µ, ω are normal and g ∈ H(B) such that g(0) = 0 and
R1 1
dt = ∞. If Pg : Bω → Zµ is bounded, then
0 ω(t)
kPg ke,Bω →Zµ ≈ kPg ke,Bω,0 →Zµ

≈ lim sup µ(|z|)|<g(z)|
|z|→1

Z|z|
0

1
µ(|z|)
dt + lim sup
|g(z)|.
ω(t)
ω(|z|)
|z|→1

Proof. The following inequality is obvious.
kPg ke,Bω →Zµ ≥ kPg ke,Bω,0 →Zµ .
First, we find the lower estimate of kPg ke,Bω,0 →Zµ .
Suppose K : Bω,0 → Zµ is compact and {zk } ⊂ B such that |zk | ≥
limk→∞ |zk | = 1. Let
fk (z) =

2p3k (z) 3p2k (z)
−
p2k (zk )
pk (zk )

1
2

and

p3k (z)
p2 (z)
− k
,
2
pk (zk ) pk (zk )

and hk (z) =

R hz,z i
where pk (z) = 0 k ω∗ (t)dt.
By Lemmas 2.1 and 2.4, we have
|pk (z)| ≤

|hz,z
Z k i|
0

ω∗ (t)dt ≤

|z||z
Z k|
0

ω∗ (t)dt,

and

|<pk (z)| = |hz, zk iω∗ (hz, zk i)| ≤ ω∗ (|z||zk |).
R1 1
When j = 2, 3, <pjk (z) = jpj−1
k (z)<pk (z). Since 0 ω(t) dt = ∞, by Lemmas 2.1
and 2.4, we have the following statements.
R |z | 1
(i) fk ∈ Bω,0 , kfk kBω . 1, <fk (zk ) = 0, |fk (zk )| ≈ 0 k ω(t)
dt.
1
(ii) hk ∈ Bω,0 , khk kBω . 1, hk (zk ) = 0, |<hk (zk )| ≈ |ω(zk )| .
(iii) Both {fk } and {hk } converge to 0 uniformly on compact subsets of B as k → ∞.
By Lemma 2.3,

kPg − KkBω,0 →Zµ & k(Pg − K)fk kZµ

≥ µ(|zk |)|<g(zk )||fk (zk )| − µ(|zk |)|g(zk )||<fk (zk )| − kKfk kZµ

≈ µ(|zk |)|<g(zk )|

Z|zk |
0

1
dt − kKfk kZµ .
ω(t)
(3.1)
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Letting k → ∞, by Lemma 2.2, we have
kPg − KkBω,0 →Zµ & lim sup µ(|zk |)|<g(zk )|
k→∞

Z|zk |
0

1
dt.
ω(t)

Since K and {zk } are arbitrary, we obtain
kPg ke,Bω,0 →Zµ & lim sup µ(|z|)|<g(z)|
|z|→1

Z|z|
0

1
dt.
ω(t)

Replacing fk by hk in (3.1), we similarly obtain that
kPg ke,Bω,0 →Zµ & lim sup
|z|→1

Therefore

kPg ke,Bω,0 →Zµ & lim sup µ(|z|)|<g(z)|
|z|→1

Z|z|
0

µ(|z|)
|g(z)|.
ω(|z|)

µ(|z|)
1
dt + lim sup
|g(z)|.
ω(t)
ω(|z|)
|z|→1

Next, we find the upper estimate of kPg ke,Bω →Zµ .
For 0 < r < 1 and f ∈ Bω , let fr (z) = f (rz) and Tg,r f = Pg fr . Since
kfr kBω . kf kBω , we see that
kTg,r f kZµ = kPg fr kZµ . kPg kBω →Zµ kf kBω .

So Tg,r : Bω → Zµ is bounded.
Using the test functions h(z) = 1 and q(z) = zj (j = 1, 2, . . . , n), we have
M1 := sup µ(|z|)|<g(z)| < ∞ and M2 := sup µ(|z|)|g(z)| < ∞.
z∈B

(3.2)

z∈B

By Lemma 2.3,
kTg,r f kZµ = sup µ(|z|)|<2 Tg,r f (z)| ≤ M1 sup |f (rz)| + M2 sup |(<f )(rz)|.
z∈B

z∈B

z∈B

By Lemmas 2.2 and 2.6, Tg,r is compact.
Assume kf kBω ≤ 1 and s ∈ ( 21 , 1). By Lemma 2.3,
kPg f − Tg,r f kZµ = kPg (f − fr )kZµ

≤ sup µ(|z|)|g(z)||<(f − fr )(z)|
|z|≤s

+ sup µ(|z|)|<g(z)||f (z) − f (rz)|
|z|≤s

+ sup µ(|z|)|g(z)||<(f − fr )(z)|
s<|z|<1

+ sup µ(|z|)|<g(z)||f (z) − f (rz)|.
s<|z|<1

(3.3)
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Since

R1

1
dt
0 ω(t)

= ∞, by Lemmas 2.5 and 2.6, we have
1+s

sup |f (z) − f (rz)| ≤

|z|≤s

2n(1 − r)
2n(1 − r)
max |f (z)| .
1 − s |z|≤ 1+s
1−s
2

Z2

1
dt,
ω(t)

0

(3.4)

and
sup |<(f − fr )(z)| = sup |(<f )(z) − (<f )(rz)| ≤

|z|≤s

|z|≤s

Since f ∈ Bω and by Lemma 2.5, we get

1
2n(1 − r)
max
.
1 − s z≤ 1+s
ω(|z|)
2

µ(|z|)|g(z)|
ω(|z|)
s<|z|<1

(3.6)

sup µ(|z|)|g(z)||<(f − fr )(z)| . sup

s<|z|<1

(3.5)

and
sup µ(|z|)|<g(z)||f (z) − f (rz)| . sup µ(|z|)|<g(z)|

s<|z|<1

s<|z|<1

Z|z|
0

dt
.
ω(t)

(3.7)

By (3.2)–(3.7), we have
kPg ke,Bω →Zµ ≤ lim sup kPg − Tg,r kBω →Zµ
r→1

µ(|z|)|g(z)|
. sup
+ sup µ(|z|)|<g(z)|
ω(|z|)
s<|z|<1
s<|z|<1

Z|z|
0

dt
.
ω(t)

Letting s → 1, we get
kPg ke,Bω →Zµ . lim sup µ(|z|)|<g(z)|
|z|→1

Z|z|
0

1
µ(|z|)
+ lim sup
|g(z)|,
ω(t)
ω(|z|)
|z|→1

(3.8)

as desired. The proof is complete.
Theorem 3.2. Assume that µ, ω are normal and g ∈ H(B) such that g(0) = 0 and
R1 1
dt < ∞. If Pg : Bω → Zµ is bounded, then
0 ω(t)
kPg ke,Bω →Zµ ≈ kPg ke,Bω,0 →Zµ ≈ lim sup
|z|→1

µ(|z|)
|g(z)|.
ω(|z|)

(3.9)

Proof. We begin with finding the lower estimate of kPg ke,Bω,0 →Zµ .
Suppose K : Bω,0 → Zµ is compact and {zk } ⊂ B such that lim |zk | = 1 and
k→∞

|zk | > 12 . Let

qk (z) = ω(|zk |)

hz,z
Z ki
0

ω∗2 (η)dη.
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By Lemmas 2.1 and 2.4, {qk } are bounded in Bω,0 and converge to 0 uniformly on
compact subsets of D. By Lemmas 2.2 and 2.5, we see that
lim kKqk kZµ = 0 and

lim sup |qk (z)| = 0.

k→∞

k→∞ z∈B

(3.10)

kPg − KkBω,0 →Zµ & k(Pg − K)qk kZµ

≥ µ(|zk |)|<2 (Pg qk )(zk )| − kKqk kZµ

≥ µ(|zk |)|g(zk )||<qk (zk )| − µ(|zk |)|<g(zk )||qk (zk )|

(3.11)

− kKqk kZµ .

Since Bω,0 → Zµ is bounded and f (z) = 1 ∈ Bω,0 , we get
sup µ(|z|)|<g(z)| < ∞.

(3.12)

z∈D

Letting k → ∞ in (3.11), by (3.10) and (3.12), we obtain
kPg − KkBω,0 →Zµ & lim sup
k→∞

Since K and {zk } are arbitrary, we see that
kPg ke,Bω,0 →Zµ & lim sup
|z|→1

µ(|zk |)
|g(zk )|.
ω(|zk |)

µ(|z|)
|g(z)|.
ω(|z|)

(3.13)

Next, we find the upper estimate of kPg ke,Bω →Zµ .
R1 1
Since 0 ω(t)
dt < ∞, for any given ε > 0, there is a ξ ∈ ( 12 , 1), when ξ < r < 1,
R1 1
we have r ω(t) dt < ε.
√
Fix r, s ∈ ( ξ, 1). For all f ∈ Bω with kf kBω ≤ 1, when |z| > s, we have
|f (z) − f (rz)| =

Z1

df (tz)
dt =
dt

r

Z1
r

(<f )(tz)
dt ≤
t

Z1

1
dt . ε.
ω(t|z|)t

r

Thus
sup µ(|z|)|<g(z)||f (z) − f (rz)| . ε sup µ(|z|)|<g(z)|.

(3.14)

z∈B

s<|z|<1

Then similarly to have (3.8), just instead (3.7) with (3.14), we have
kPg ke,Bω →Zµ . lim sup
|z|→1

µ(|z|)
|g(z)| + ε sup µ(|z|)|<g(z)|.
ω(|z|)
z∈B

Since ε is arbitrary, by (3.12),
kPg ke,Bω →Zµ . lim sup
|z|→1

µ(|z|)
|g(z)|.
ω(|z|)

(3.15)
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Obviously, we have
kPg ke,Bω →Zµ & kPg ke,Bω,0 →Zµ .

(3.16)

Then the result follows from (3.13), (3.15) and (3.16). The proof is complete.
Acknowledgements
This project was partially supported by the Educational Commission of Guangdong
Province, China (No. 2017GkQNCX098).
REFERENCES
[1] D. Chang, S. Li, S. Stević, On some integral operators on the unit polydisk and the unit
ball, Taiwanese J. Math. 11 (2007), 1251–1286.
[2] J. Du, S. Li, Weighted composition operators from Zygmund type spaces to Bloch type
spaces, Math. Inequal. Appl. 20 (2017), 247–262.
[3] Z. Hu, Extended Cesàro operators on mixed norm spaces, Proc. Amer. Math. Soc. 131
(2003), 2171–2179.
[4] Z. Hu, Extended Cesàro operators on the Bloch space in the unit ball of Cn , Acta Math.
Sci. Ser. B Engl. Ed. 23 (2003), 561–566.
[5] Z. Hu, Extended Cesàro operators on Bergman spaces, J. Math. Anal. Appl. 296 (2004),
435–454.
[6] Z. Hu, Composition operators between Bloch-type spaces in the polydisc, Sci. China 48A
(supp) (2005), 268–282.
[7] S. Krantz, S. Stević, On the iterated logarithmic Bloch space on the unit ball, Nonlinear
Anal. TMA, 71 (2009), 1772–1795.
[8] S. Li, Riemann-Stieltjes operators from F (p, q, s) to Bloch space on the unit ball,
J. Inequal. Appl., vol. 2006, Article ID 27874, (2006), 14 pp.
[9] S. Li, S. Stević, Riemann-Stieltjes type integral operators on the unit ball in Cn , Complex
Var. Elliptic Equ. 52 (2007), 495–517.
[10] S. Li, S. Stević, Riemann-Stieltjes operators on Hardy spaces in the unit ball of Cn , Bull.
Belg. Math. Soc. Simon Stevin 14 (2007), 621–628.
[11] S. Li, S. Stević, Volterra type operators on Zygmund space, J. Inequal. Appl., vol. 2007,
Article ID 32124, (2007), 10 pp.
[12] S. Li, S. Stević, Riemann-Stieltjes operators on weighted Bergman spaces in the unit
ball of Cn , Bull. Belg. Math. Soc. Simon Stevin 15 (2008), 677–686.
[13] S. Li, S. Stević, Compactness of Riemann-Stieltjes operators between F (p, q, s) and
α-Bloch spaces, Publ. Math. Debrecen, 72/1-2 (2008), 111–128.
[14] S. Li, S. Stević, Products of Volterra type operator and composition operator from H ∞
and Bloch spaces to the Zygmund space, J. Math. Anal. Appl. 345 (2008), 40–52.

838

Juntao Du and Xiangling Zhu

[15] S. Li, S. Stević, Weighted composition operators from Zygmund spaces into Bloch spaces,
Appl. Math. Comput. 206 (2008) 2, 825–831.
[16] S. Li, S. Stević, Cesàro-type operators on some spaces of analytic functions on the unit
ball, Appl. Math. Comput. 208 (2009), 378–388.
[17] S. Li, S. Stević, On an integral-type opreator from ω-Bloch spaces to µ-Zygmund spaces,
Appl. Math. Comput. 215 (2010), 4385–4391.
[18] S. Li, S. Stević, Products of composition and differentiation operators from Zygmund
spaces to Bloch spaces and Bers spaces, Appl. Math. Comput. 217 (2010), 3144–3154.
[19] A. Shields, D. Williams, Bounded projections, duality, and multipliers in spaces of
analytic functions, Trans. Amer. Math. Soc. 162 (1971), 287–302.
[20] S. Stević, On a new operator from H ∞ to the Bloch-type space on the unit ball,
Util. Math. 77 (2008), 257–263.
[21] S. Stević, On a new integral-type operator from the weighted Bergman space to the
Bloch-type space on the unit ball, Discrete Dyn. Nat. Soc., vol. 2008, Article ID 154263,
(2008), 14 pp.
[22] S. Stević, On a new operator from the logarithmic Bloch space to the Bloch-type space
on the unit ball, Appl. Math. Comput. 206 (2008), 313–320.
[23] S. Stević, On a new integral-type operator from the Bloch space to Bloch-type spaces on
the unit ball, J. Math. Anal. Appl. 354 (2009), 426–434.
[24] S. Stević, On an integral operator from the Zygmund space to the Bloch-type space on the
unit ball, Glasg. J. Math. 51 (2009), 275–287.
[25] S. Stević, On an integral-type operator from logarithmic Bloch-type and mixed-norm
spaces to Bloch-type spaces, Nonlinear Anal. TMA 71 (2009), 6323–6342.
[26] S. Stević, Integral-type operators between α-Bloch spaces and Besov spaces on the unit
ball, Appl. Math. Comput. 216 (2010), 3541–3549.
[27] S. Stević, On an integral-type operator from Zygmund-type spaces to mixed-norm spaces
on the unit ball, Abstr. Appl. Anal., vol. 2010, Article ID 198608, (2010), 40–52.
[28] S. Stević, On operator Pϕg from the logarithmic Bloch-type space to the mixed-norm space
on unit ball, Appl. Math. Comput. 215 (2010), 4248–4255.
[29] S. Stević, Weighted differentiation composition operators from H ∞ and Bloch spaces to
nth weigthed-type spaces on the unit disk, Appl. Math. Comput. 216 (2010), 3634–3641.
[30] S. Stević, Weighted differentiation composition operators from the mixed-norm space to
the nth weigthed-type space on the unit disk, Abstr. Appl. Anal., vol. 2010, Article ID
246287, (2010), 15 pp.
[31] S. Stević, S. Ueki, On an integral-type operator between weighted-type spaces and
Bloch-type spaces on the unit ball, Appl. Math. Comput. 217 (2010), 3127–3136.
[32] X. Tang, Extended Cesàro operators between Bloch-type spaces in the unit ball of Cn ,
J. Math. Anal. Appl. 326 (2007), 1199–1211.
[33] M. Tjani, Compact composition operators on some Möbius invariant Banach spaces,
PhD Dissertation, Michigan State University, 1996.

Essential norm of an integral-type operator. . .

839

[34] J. Xiao, Riemann-Stieltjes operators on weighted Bloch and Bergman spaces of the unit
ball, J. London. Math. Soc. 70 (2004), 199–214.
[35] X. Zhang, J. Xiao, Weighted composition operators between µ-Bloch spaces on the unit
ball, Sci. China 48 (2005), 1349–1368.
[36] K. Zhu, Spaces of Holomorphic Functions in the Unit Ball, Springer, New York, 2005.
[37] X. Zhu, Generalized composition operators and Volterra composition operators on Bloch
spaces in the unit ball, Complex Var. Elliptic Equ. 54 (2009), 95–102.
[38] X. Zhu, Volterra composition operators on logarithmic Bloch spaces, Banach J. Math.
Anal. 3 (2009), 122–130.

Juntao Du
jtdu007@163.com
Faculty of Information Technology
Macau University of Science and Technology
Avenida Wai Long, Taipa, Macau

Xiangling Zhu
jyuzxl@163.com
School of Computer Engineering
Zhongshan Institute
University of Electronic Science and Technology of China
528402, Zhongshan, Guangdong, P. R. China

Received: January 10, 2018.
Revised: March 1, 2018.
Accepted: March 2, 2018.

