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CESARO-LIKE OPERATOR ACTING BETWEEN BLOCH TYPE SPACES

PENGCHENG TANG* AND XUEJUN ZHANG

(Communicated by I. Peri¢)

Abstract. Let u be a finite positive Borel measure on the interval [0,1) and f(z) = Y,_ga,2" €
H(DD). The Cesaro-like operator is defined by

Cu(f)(z) = io (Hné%) 7", z€D,

where, for n > 0, u, denotes the n-th moment of the measure u, thatis, u, = f[o.l) "du(r).
In this paper we investigate the action of the operators %), from one Bloch type spaces

2% into another one AP .

1. Introduction

Let D ={z € C: |z < 1} denote the open unit disk of the complex plane C and

H(D) denote the space of all analytic functions in D.
For 0 < o < oo, the Bloch-type space, denoted by %%, is defined as

P ={f e HD): ||f]| e = £ (0)] +S‘£(l —[2)*1f (2)] < =}

When o =1, %% is just the classic Bloch space £.
For 0 < o < 1 , the analytic Lipschitz space A, consists of the functions f €

H(D) for which

|f||Aa:SUP{M:z,WED,Z7éW} < oo,

|z —w|®

It is known that (see [13]) B% =2 A|_, for 0 < a < 1 and A, is contained in the disc

algebra.
For f(z) = ¥ gan?" € H(D), the Cesaro operator ¢ is defined by

oo 1 &
2 n—|—1kzoak 7', zeD.
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The boundedness of the Cesaro operator has been studied by several authors on
certain spaces of analytic functions. See, e.g., [12, 14, 25, 26, 28, 29, 30, 39] and the
references therein. The Cesaro operator 4 has also been generalized to various forms
and its generalization has been widely studied on the space of holomorphic functions.
For instance, Stevi¢ [32] studied the generalized Cesaro operator on the polydisc. Hu
[20] studied the extended Cesaro operators on the Bloch space in the unit ball of C".
Stevi¢ also considered the generalized Cesaro operator on weighted-type spaces in [35]
and studied the generalized Cesaro operators acting between Bloch type spaces in [34].
For more information on some generalizations of the Cesaro operator on spaces of
holomorphic functions, the reader is referred to [1, 2, 10, 11, 23, 31, 33].

Recently, Galanopoulos, Girela and Merchén [16] introduced a Cesaro-like oper-
ator ¢, on H(ID), which is a natural generalization of the classical Cesaro operator
% . They systemically studied the operators %, acting on distinct spaces of analytic
functions, such as Hardy space, Bergman space, Bloch space.

Let u be a positive finite Borel measure on [0,1) and f(z) = Y, ga.2" € H(D).
The Cesaro-like operator ), is defined as follows:

ALEES> (uniak> 2= [ 140, zem.

n—0 k=0 0o l-1z

where u, denote the moment of order n of u, thatis, u, = fol du(t). If u is the
Lebesgue measure on [0,1), the operator 4}, reduces to the classical Cesaro operator
C.

The Cesaro-like operator €, can be regarded as an operator induced by the matrix

o 0 0 0---

prpr 00
=m0

U 0 0 0--- ao Hoao
prpr 00 | Ly 1 X ax

o i O - a | = | wIiioa

The Cesaro-like operator %, defined above has attracted the interest of many
mathematicians. Jin and Tang [21] studied the boundedness and compactness of %),
from one Dirichlet-type space % into another one %3 . Bao, Sun and Wulan [3] stud-
ied the range of %, acting on H”. Blasco [8, 9] investigated the operators %), on
Hardy spaces and on weighted Dirichlet spaces induce by complex Borel measures on
[0,1). Galanopoulos, Girela et al. [15] studied the behaviour of the operators €, on
the Dirichlet space and on the analytic Besov spaces. Recently, Sun, Ye et al. [36]
studied the operator ¢, from Besov spaces to X, where X is a Banach space of ana-
lytic functions in D with A} € X C %. Bao, Guo et al. [6] completely characterized

s
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the measures u such that %), is bounded (compact) on Dirichlet space. In [19], the
authors of this paper also considered the boundedness and compactness of %), between
Bergman space and Bloch space. Beltran-Meneu, Bonet and Jorda [7] systematically
investigated the operator 6, on weighted Banach spaces of analytic function. The op-
erators ¢, associated to arbitrary complex Borel measures on ID the reader is referred
to[17, 42].

The Bolch type spaces #* are closely connected to many analytic function spaces,
such as Bergman space, Korenblum space, Lipschitz space, F(p,q,s) space, mixed
norm space et al. Therefore, the operator ¢, acting between Bloch type spaces can
serve as a good model when we study the operator 4, on the spaces. In this paper
we study the action of the operator %), between Bloch type spaces. The operator %,
on such spaces do not seem to have been studied extensively in the past, so we have
attempted to collect here the consequences of applying to them various standard tech-
niques of analysis.

The Carleson-type measures play a basic role in the studies of 6, . Let I C dD be
an arc, and |I| denote the length of 1. The Carleson square S(I) is defined as

o 1|
S(I) = w:waJ—L<<d.
(1) {re e or ST

Let u be a positive Borel measure on D. For 0 < f < oo and 0 < 7 < e, we
say that u is a f3-logarithmic 7-Carleson measure (resp. a vanishing f-logarthmic
t-Carleson measure) if

u(S(1)) (log )P ( _u(S(D)(log 7 )P )
——————— <o, |resp. lm —————=0].

su
N 1|0 1)

IcoD |1\’

If =0 and r = 1, we say that u is a Carleson measure. See [41] for more about
logarithmic type Carleson measure.

A positive Borel measure @ on [0,1) can be seen as a Borel measure on D by
identifying it with the measure u defined by

w(E)=u(ENI0,1)), for any Borel subset E of D.

In this way, a positive Borel measure p on [0,1) is a [ -logarithmic #-Carleson
measure if and only if there exists a constant M > 0 such that

u([s,1))log? lis <M(1—s), 0<s<1.

Throughout the paper, the letter C will denote an absolute constant whose value
depends on the parameters indicated in the parenthesis, and may change from one oc-
currence to another. We will use the notation “P < Q” if there exists a constant C = C(-)
such that “P < CQ”, and “P 2 Q7 is understood in an analogous manner. In particular,
it“P<Q”and “P 2 Q7 then we will write “P < Q.
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2. Preliminaries

In this section, we present some preliminary results needed for the rest of the paper.
We start with the following lemma which can be found, for example, in [43].

LEMMA 1. Let 0 < @ < o and f € B*. Then for each z € D, we have the
following inequalities:

[l e, if 0<a<1;

F@)] S S 1fllzelog 2. if =1

[1f1].z0x

(1 ‘Z|a17lfa>1

The following result follows from Corollary 3.2 in [37] or Theorem 2.26 in [38].
LEMMA 2. Let >0 and f € H(D), f(z) =X, _¢anz", an =0 forall n >0
Then f € B% if and only if

supn~ 2 kay, < oo.
n=1 k=1

The following result follows from Theorem 2.1 and Theorem 2.4 in [4].
LEMMA 3. Let 0 < s < oo and U be a finite positive Borel measure on the interval
[0,1). Then the following statements hold:

(1) u is an s-Carleson measure if and only if U, = 0(%)
(2) u is a vanishing s-Carleson measure if and only if U, = 0(%).

The following integral estimates are practical. Although we only use a partial case
in this article, we present a complete result here for the reader’s reference.

LEMMA 4. Let § > —1, ¢ = 0 and k be a real number. Then the integral

1 Y}
I,:/ ( (Unt) logh ¢ dr, (0<r<1)
0

1 —tr)d+et] 1 —¢

have the following asymptotic properties:
()Ifc=0and k< —1, then I, < 1;
(2)If ¢=0 and k= —1, then I, = loglog == ;
(3)If c=0 and k > —1, then I, < log"™ & ;
(4)If ¢ >0, then I, =< ﬁlogkﬁ

Proof. The proof of (3)—(4) is stated in [40, Lemma 2.2 ]. We just need to consider
the case c=0 and k< —1.
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Without loss of generality, we may assume that 1 — g <r <1. Let x =
then

Lo(1—-1)° € r x0 cer(1—x)
1 dt = 1 d
/0 (1)1 % 1 /0 r5+1(1_x) o

T 1—
A/ log dx+ logk el x)dx
)x % l—x 1—r
1
It is clear that o
Jo? ¥ logtedy 1

lim = .
r—1- (1— r)5+1 logk ﬁ (6+ 1)2(erl

This implies that

1—r

1 T 5, k€., . k€ _
At the same time,
1 1 e e &2
“log~ ' Zdy =loglo = loglo r—17). 2.2
/2(1_r)y g Jdy=loglog 5y =log g ( ) (22)
When k < —1, we have
1 1 e S| e -1
—logk-d g/ —logk—dy=——. 2.3
/2(1_r)ygyy )yl = (2.3)

By (2.1)—(2.3) we may obtain that (1) and (2) hold. [

The following lemma is a direct consequence of Theorem 3.1 in [24].

LEMMA 5. Let 0 < 0,8 < 0. Suppose T is a bounded operator from A% into
BB | then T is a compact operator from B* into PBP if and only if for any bounded
sequence {h,} in B* which converges to 0 uniformly on every compact subset of D,
we have ,}EEOHT(h")H%ﬁ =0.

3. The boundedness of %, acting between Bloch type spaces
We now study the boundedness of %), acting between Bloch type spaces.

THEOREM 1. Let u be a finite positive Borel measure on the interval [0,1). If
0<a<1and0< P <2, then the following conditions are equivalent.

(1) 6y : B — BP is bounded.

(2) 6u:HB* — BP is compact.

(3) The measure U is a 2 — 3 Carleson measure.
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Proof. The implication of (2) = (1) is obvious.
(1) = (3). Suppose €, : B* — %P is bounded. Let f(z) = Y5 n® 27", then

=

2(1’14— l)ocflzn

n=0

a 1
<Y+ S g
Z‘o (1= 1z))*

1f' @)=

This means that f € A% . Since

Cu(f)(2)

>

n=1

U (i ko‘2> e BP

k=1
and the sequence {u, (Xf_,k*"%)} _ is a nonnegative sequence, it follows from

Lemma 2 that
n k
supn P N kg Zjo‘*z < oo,
n=1 k=1 j=1

Since o € (0,1), for each n > 1, it follows that

n k
1207 P kg (Z j‘”)
=1 =1
n
> un P Y k= [T
=1

Lemma 2.3 shows that u is a 2 — 3 Carleson measure.
(3) = (1). Assume u isa 2—f3 Carleson measure. Since 0 < o < 1, the integral

fO w < 0. Thus, for any given € > 0, there exists 0 <7y < 1 such that

Ldr

—— <& 3.1
J,w oy

This also yields that

|1y <era. (3.2)
Let {fu};_, be a bounded sequence in Z8” which converges to 0 uniformly on every
compact subset of I. Without loss of generality, we may assume that sup,, | || fu ||z« <

1. By the integral representation of %, we see that

= Iu(fn)(@) + A () (2)-

It follows that
Cu(f)ll 2 < | Zu(fu)ll g + 1|70 ()| 8-

Note that the second part of the right-hand side is the integral type Hilbert operator
(see e.g. [18, 37] for the definition). Therefore, Corollary 5.4 in [37] shows that the
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integral type Hilbert operator .7}, is compact from %% to AP whenever 0 < o0 < 1
and 0 < B < 2. This implies that

Tim (|7 (f)] s = 0.

To complete the proof, it is suffices to prove that lim;, e || Zu(f)|| 48 = 0 by Lemma
2.5. It is easy to see that

| Zu( fn / Gy (t)du(r)

where

Gf,(t) _ ‘fr/t(tz)‘ + |fn(lZ)—fn(t)|

11 —1z] |1 —1z]?

, z€D.

The Cauchy’s integral theorem implies that {f; }**_, convergesto 0 uniformly on every
compact subset of D). Hence

sup(1 —|z?) B/ Gi(t)du(t) < sup (|fL(w)| +|fu(w)]) — 0, asn — oo.

zeD [w|<to
Since B* = Aj_q, we have
[falt2) = fuO <t =2 fullay o S 1L —2]'7
For 0 <t < 1 and z € D, the inequalities

11—z 1—1t |t —z]|
[1—tz] = [1—tz] " |l—tg

imply that
|fn(tz)_fn(t)| < 1

[1—1z> |1 —gz|le

(3.3)

By the definition of #% and (3.3) we have

1 . 1 1 1
| G5 | ((1 T g ) 0

N/ l—t\zl O‘“

Bearing in the mind that u is a 2 — 3 Carleson measure and that there exists 0 < § < 1
such that (1 —|z|?)P < ¢ forall § < |z| < 1, by integrating by parts (see [16, Theorem
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5]) and using (3.1)—(3.2) we have

sup(1 ~ 22 | G0y

zeD
2\B du(r)
Sl S A A spr
thl))
=su 1—12ﬁ< “([ OH—I / t)
sup(1 =™ { Tt T (@ DE r||a+2

<8 S<lz<l (1 —10[z])+!

L1 =12 P1 =[P
+su
bty (=)

1—)2 B /7
< (1—1) +e+ Y

s<sup+ sup )(1 2y K )

dt

2-p

Sel-o +e.

Consequently,
i || ()l g = 0.

This implies that ¢, : % — AP is compact. [

THEOREM 2. Let W be a finite positive Borel measure on the interval [0,1). If
o>1and 0< B <oa+1, then €, : B* — BB is bounded if and only if u is an
o+ 1—f Carleson measure.

Proof. Suppose 6, : #% — %P is bounded. For 0 < a < 1, let

(1-a)

fa(2) = 01—

Then it is easy to check that sup_,||fa||#« < 1. By the integral form of €, we get

G = [ S aw+ [ L .

1z o (1

The boundedness of 4, and Lemma 2.1 imply that

[|fall 2

Cu(fa) (2)] S =[P
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Therefore, for any % < a <1 we have

o 2 16u(f) (@) = Gu(£) (@)

(1-a)
L tfu(ta)
>/o = a2 t0

_ ! tdu(t)
_(1_“)/0 (1 —1a)2(1 — 21)"

! du(t)
Z(l_“)/a (1 —1a)2(1 — 21)"

_ w(a1)
~ (1 _a)oH-l'

This gives that
1
u(a, 1)) < (1—a)* =P forall S<a<l.
Hence pu isan o+ 1— 8 Carleson measure.

Conversely, suppose u is an o+ 1 — 3 Carleson measure and f € %% . Using the
integral form of €, (f) and Lemma 1 we deduce that

@< [ Eau+ [ )
Sl || 20 (5.4

Take z €D and let |z] = r. Integrating by parts and using the fact that u isan a+1—f
Carleson measure and Lemma 2.4, we obtain

/017( ) ZH([O,I))+(a+1)r/017(“([t )

1 —¢r)etd 1 —tr)ot

a+lB
([0,1)) +/ tra+2 dt

<u(o.1)+ (l_r),,

This together with (3.4) imply that 6, : 2% — %P is bounded. [

THEOREM 3. Let U be a finite positive Borel measure on the interval [0,1). If
0< B <2, then €, : % — BP is bounded if and only if

u(le,1))log 15
sup ————————

< oo, 3.5
o<t<1 (1 _1)2—[3 (3:5)
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Proof. Suppose 6, : & — 2P is bounded. Let f(z) = logl%z, it is clear that
f € % and

Cu(f)(2) = iun (i %) 7", zeD,

k=1

Since €, (f) € %P, by the definition of %P we have that

= no\ 1
L <
Znun<zk>r” S 0<r<l.

n=1 k=1

For N > 2 take ry =1— % . Since the sequence {u} is decreasing, simple estimations

lead us to the following

Z v Y, nlog(n+1)

n=1
2 unN*log(N +1)

1

ities

) . The desired result follows from the inequal-

u([l_l,l)) </1 tNd,u(t)g/ltNd‘u(t)<;.
N ~ - 0 ~ N2-Plog(N+1)

N

Conversely, suppose (3.5) holds. Integrating by parts we have

/Olt”du(t) :n/olt”’lu([t,l))dt

1
< n/ (1 —1)*Plog ' ——ar.
0 1—1t

Let (1) = (1—1)*Plog™! 15 » then ¢(¢) is regular in the sense of Peldez and Riittyi

[27]. Then, using Lemma 1.3 and (1.1) in [27], we have

! n—1 - _l - 1 _
n/o rendi= ¢ (1 n) T n2-Plog(n+1)

This implies that
1

S forall n>1. 3.6
H ~ n2PBlog(n+1) orat (3.6)
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Let f(z) =X gan?" € A, it follows from Corollary D in [22] that

S Il log(n+1).

S (80) ]
< (1=1zP) }Z,l ;ak

Sz = 12*)P 2 nitylog(n+1)|z|"™!

Sz = PP X P!

n=1
SISz

n
> &
k=1

By (3.6) and above inequality we get

(L= 2P 16u(f) (@) = (1= [z

‘Z|n—l

This shows that

sup(1 = 2P) [6,(/) (2)| 5

Hence, we have that 6}, : % — 2P isbounded. O

There are three cases left: (i) ¢ =1 and f > 2; (ii)) O <o <1 and § > 2
(iii) oo > 1 and B > ac+ 1. We show that the operator €, is always a bounded operator

from 2% to %P in these cases.

THEOREM 4. Let U be a finite positive Borel measure on the interval [0,1). If a
and B satisfies one of the conditions (i)—(iii), then Cu: A — PP is bounded.

Proof. We only prove the case of (i), since the proofs of other cases are similar.
Let f € A, then

[6u(f) ()] < lmdu(t)—f—/ol ||1f£tz) du(t)

o |1—1z] 1z|?

log =i
Sl | i Ul [ o)

Sl [ (gl—”'du(r).

t]z])?

If B > 2, it s clear that

sup(1 —|z)f2log < oo

zeD 1— |Z|
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This implies that

sup(1— )P [6u() ()| £ I

B-

The proof is complete. [

Let 1 < p <o and 0 < a < 1, the mean Lipschitz space AP, consists of the func-
tions f € H(ID) having a non-tangential limit almost everywhere for which w,(, ) =
O(t*) as t — 0. Here wp(-, f) is the integral modulus of continuity of order p of the
function f(eie). It is known that (see e.g., [13, Chapter 5]) A%, is a subset of HP and
AL consists of those functions f € H(D) satisfying

1fllaz, = 1O+ sup (1—r)'=My(r,f") < co.

0<r<1

Theorem 4.2 in [3] and Theorem 1 lead to the following corollary.

COROLLARY 1. Let U be a finite positive Borel measure on the interval [0,1),
O<oa<land 1 <p<oo. Let X and Y be two Banach subspaces of H(D) with
B*CX CH” and Ali CY C A. Then the following conditions are equivalent.

P
(1) The measure u is a Carleson measure.
(2) The operator 6, is bounded from X into Y.

Proof. (1) = (2). Assume that u is a Carleson measure and take f € X. Since
X C H”, we have that f € H”. Theorem 4.2 in [3] shows that €, (H”) C Y if and
only if u is a Carleson measure. This implies that €, (f) €Y.

(2) = (1). Suppose that €, is bounded from X into Y. Then %), is bounded
from 2% into %. Now, Theorem 1 shows that u is a Carleson measure. [J

4. The compactness of ¢, acting between Bloch type spaces

THEOREM 5. Let U be a finite positive Borel measure on the interval [0,1). If
oa>1and 0< B < a+1, then €, - B — BP is compact if and only if U is a
vanishing oo+ 1 — 8 Carleson measure.

Proof. Assume that 6, : 8% — BB is compact. For 0 <a < 1, set

1—
aa,zeD.

(1—az)

Then it is clear that f, € 2% forall 0 < a < 1 and supy_,; ||fa||ze S 1. Moreover,
fa — 0, as a — 1, uniformly on compact subset of . Lemma 2.5 implies that

fa(Z) =

[Cu(fa)ll zp — 0, asa— 1. (4.1)
Arguing as the proof of Theorem 2 we have

(e, 1)) S (1= a)* PG (fa)ll -
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This and (4.1) show that u is a vanishing + 1 — 8 Carleson measure.
On the other hand, suppose u is a vanishing o + 1 —  Carleson measure. Then
for any € > 0, there exists 0 < 7y < 1 such that

u(r,1)) < e(1—1)*"'=P wheneverry <1 < 1. (4.2)

Let {fi}7_, be a bounded sequence in % which converges to 0 uniformly on every
compact subset of D. It is sufficient to prove that

]{12‘130‘|<€M(fk)”,%[3 =0

by Lemma 2.5. By the integral form of €, (f) we have that
| fi(12)]
sup(1 — 2 16, (0 @) < sup(1 <) [ AL
zeD zeD tz\

+sup(1 B/ Ji(t2)]

zeD tZ|2

The Cauchy’s integral theorem implies that {f;};7_, converges to 0 uniformly on every
compact subset of . This gives

t
sup(1 = [ ) < sup 1| — 0, sk~

~Y
€D —1z \ Iwl<to

Note that there exists 0 < 8 < 1 such that (1 —[z]>)# < & forall § < |z] < 1, by
integrating by parts and using (4.2) and Lemma 2.4 we have

sup(1 — )8 [ gy
z€D fo ‘1 —1z]
1
S sup(l - 12]%)P T _tz(f))m
_ 1([to, 1)) Uou(]r, 1))
— f‘ég(l —|z%)P <7(1 pw e + (o4 1)z T =12 —t|z|)0‘+2dt>

l)) 1 (l_t)OH-l—ﬁ
- 1 p2yp K1) 1—|z)? B/ T onaadt
”(Sup+ i >( syt B = R e

lz]<6  8<lz<1

1—[ o+1-p
Se(l—10)*' P 4 e+ esup(l —|z?) / 1 e dt
zeD

<e.

Since ¢ is arbitrary, it follows that

lim sup(1 — |z|?) / feltz )=0.

) ZZ |
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Similarly, we can obtain that

t
hm sup(1 — )2 B/ filr2)] T——=du(t) = 0.
koo zeD —1z]

It is obvious that
lim [, (/i) (0)] = ([0,1)) Jim |3(0)| =

Therefore,
Jim 16350l s = Jim (19 ()0) +sup(1 ~ 2P () @) ) =0.

This means that €}, : % — %P is compact. [

THEOREM 6. Let U be a finite positive Borel measure on the interval [0,1). If
0< B <2, then 6y : B — BB is compact if and only if

u(le,1))log 15
m-————m—s =
t—1 (1—[)2*ﬁ

Proof. The proof of the sufficiency is similar to that of Theorem 5. Take the test
functions

2
Jfa(z) =log™! 2 <lg 2 >7a6(071)7z€ID).

1—az

Then arguing as the proof of Theorem 5 we can obtain the necessity. [J

REFERENCES

[1] A. ALEMAN AND A. SISKAKIS, Integration operators on Bergman spaces, Indiana Univ. Math. J. 46
2 (1997), 337-356.

[2] A. ALEMAN AND J. CIMA, An integral operator on HP and Hardy’s inequality, J. Anal. Math. 85
(2001), 157-176.

[3] G.BaAO, F. SUN AND H. WULAN, Carleson measure and the range of Cesaro-like operator acting on
H*, Anal. Math. Phys. 12 (2022), no. 142.

[4] G. BAO AND H. WULAN, Hankel matrices acting on Dirichlet spaces, J. Math. Anal. Appl. 409
(2014), 228-235.

[5] G.BAO, H. WULAN AND F. YE, The range of the Cesaro operator acting on H* , Canad. Math. Bull.
31 (2020), 633-642.

[6] G.BAO, K. GUO, F. SUN AND Z. WANG, Hankel matrices acting on the Dirichlet space, J. Fourier
Anal Appl. 30 (2024), no. 53.

[7] M. BELTRAN-MENEU, J. BONET AND E. JORDA, Cesaro operators associated with Borel measures
acting on weighted spaces of holomorphic functions with sup-norms, Anal. Math. Phy. 14 (2024), no.
109.

[8] O.BLASCO, Cesaro-type operators on Hardy spaces, J. Math. Anal. Appl. 529 (2) (2023), no. 127017.

[9]1 O. BLASCO, Generalized Cesaro operators on weighted Dirichlet spaces, J. Math. Anal. Appl. 540
(1) (2024), no. 128627.



[10]
[11]
[12]

[13]
[14]

[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]
[29]

[30]
[31]

[32]
[33]

[34]
[35]

[36]

[37]

[38]
[39]

CESARO-LIKE OPERATOR ACTING BETWEEN BLOCH TYPE SPACES 135

C. CHANG, S. L1 AND S. STEVIC, On some integral operators on the unit polydisk and the unit ball,
Taiwanese J. Math. 11 (5) (2007), 1251-1285.

C. CHANG AND S. STEVIC, The generalized Cesaro operator on the unit polydisk, Taiwanese J. Math.
7 (2) (2003), 293-308.

N. DANIKAS AND A. SISKAKIS, The Cesaro operator on bounded analytic functions, Analysis 13
(1993), 295-299.

P. DUREN, Theory of HP spaces, Academic Press, New York, 1970.

P. GALANOPOULOS, The Cesaro operator on Dirichlet spaces, Acta Sci. Math.(Szeged) 67 (2001),
411-420.

P. GALANOPOULOS, D. GIRELA, A. MAS AND N. MERCHAN, Operators induced by radial mea-
sures acting on the Dirichlet space, Results Math. 78 (2023), no. 106.

P. GALANOPOULOS, D. GIRELA AND N. MERCHAN, Cesaro-like operators acting on spaces of
analytic functions, Anal. Math. Phys. 12 (2022), no. 51.

P. GALANOPOULOS, D. GIRELA AND N. MERCHAN, Cesaro-type operators associated with Borel
measures on the unit disc acting on some Hilbert spaces of analytic functions, J. Math. Anal. Appl.
526 (2023), no. 127287.

P. GALANOPOULOS AND J. PELAEZ, A Hankel matrix acting on Hardy and Bergman spaces, Studia
Math. 200 (3) (2010), 201-220.

Y. Guo, P. TANG AND X. ZHANG, Cesaro-like operators between the Bloch space and Bergman
spaces, Ann. Funct. Anal. 15 (2024), no. 8.

Z. HU, Extended Cesaro operators on the Bloch space in the unit ball of C", Acta Math. Sci. 23 (B)
(2003), 561-566.

J. JIN AND S. TANG, Generalized Cesaro operator on Dirichlet-type spaces, Acta Math. Sci 42(B)
(2022), 212-220.

I. KAYyuMov AND K. WIRTHS, Coefficients problems for Bloch functions, Anal. Math. Phys. 9 (3)
(2019), 1069-1085.

S. LI AND S. STEVIC, Products of integral-type operators and composition operators between Bloch-
type spaces, J. Math. Anal. Appl. 349 (2009), 596-610.

M. LINDSTROM, D. NORRBO AND S. STEVIC, On compactness of operators from Banach spaces of
holomorphic functions to Banach spaces, J. Math. Inequal. 18 (3) (2024), 1153-1158.

J. M1AO, The Cesaro operator is bounded on H? for 0 < p < 1, Proc. Amer. Math. Soc. 116 (1992),
1077-1079.

V. MILLER AND T. MILLER, The Cesaro operator on the Bergman space Az(]D)) , Arch. Math. 78
(2002), 409-416.

J. PELAEZ AND J. RATTYA, Weighted Bergman spaces induced by rapidly increasing weights, Mem.
Amer. Math. Soc. 227 (2014), 1-122.

A. SISKAKIS, On the Bergman space norm of the Cesaro operator, Arch. Math. 67 (1996), 4312-318.
A. SISKAKIS, Composition semigroups and the Cesaro operator on H , J. London Math. Soc. 36
(1987), 153-164.

A. SISKAKIS, The Cesaro operator is bounded on H', Proc. Amer. Math. Soc. 110 (1990), 461-462.
S. STEVIC, Boundedness and compactness of an integral operator on a weighted space on the poly-
disc, Indian J. Pure Appl. Math. 37 (6) (2006), 343-355.

S. STEVIC, Cesaro averaging operators, Math. Nachr. 248-249 (2003), 185-189.

S. STEVIC, Integral-type operators from a mixed norm space to a Bloch-type space on the unit ball,
Siberian Math. J. 50 (6) (2009), 1098-1105.

S. STEVIC, On an integral operator between Bloch-type spaces on the unit ball, Bull. Sci. Math. 134
(2010), 329-339.

S. STEVIC AND S. UEKI, Integral-type operators acting between weighted-type spaces on the ball,
Appl. Math. Comput. 215 (7) (2009), 2464-2471.

F. SUN, F. YE AND L. ZHOU, A Cesaro-like operator from Besov spaces to some spaces of analytic

functions, Comput. Methods Funct. Theory (2024),

https://doi.org/10.1007/540315-024-00542-7.

P. TANG AND X. ZHANG, Generalized integral type Hilbert operator acting on weighted Bloch
spaces, Math. Meth. Appl. Sci. 46 (2023) 18458-18472.

H. WULAN AND K. ZHU, Mébius invariant Qg spaces, Berlin: Springer—Verlag, 2017.

J. X1A0, Cesaro-type operators on Hardy, BMOA and Bloch spaces, Arch. Math. 68 (1997) 398-406.


https://doi.org/10.1007/s40315-024-00542-7

136 P. TANG AND X. ZHANG

[40] X.ZHANG, Y. GUO, Q. SHANG AND S. LI, The Gleason’s problem on F(p,q,s) type spaces in the
unit ball of C", Complex Anal. Oper. Theory 12 (2018), 1251-1265.

[41] R.ZHAO, On logarithmic Carleson measures, Acta Sci. Math. (Szeged) 69 (3—4) (2003), 605-618.

[42] Z.ZHoU, Pseudo-Carleson measures and generalized Cesaro-like operators, preprint.

[43] K. ZHU, Spaces of holomorphic functions in the unit ball, Springer-Verlag (GTM 226), New York,
2005.

(Received November 6, 2024) Pengcheng Tang
School of Mathematics and Statistics

Hunan University of Science and Technology

Xiangtan, Hunan 411201, China

e-mail: www.tang-tpc.com@foxmail.com

Xuejun Zhang

School of Mathematics and Statistics
Hunan Normal University
Changsha, Hunan 410081, China
e-mail: xuejunttt@263.net

Mathematical Inequalities & Applications
w ele-math.com

mia@ele-math.com



