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1 Introduction and main results
The intension of this paper is to obtain boundedness of variation associated with the com-
mutators of approximate identities. Before stating our results, we first recall some relevant
background.

The boundedness of commutators of singular integrals, especially the endpoint esti-
mates, attracts lots of scholars’ interest. Recall that given a locally integral function b and
a linear or nonlinear operator 7, the commutator [, T] is defined by

[b, TIf (x) := T((b(x) - b())f ) (x). (1.1)

And we say that b belongs to BMO(RR") spaces if

16]|BMo(RR) = Sup |b(x) — (b)q| dx < co.

1
Q 1QlJq
Coifman, Rochberg, and Weiss [8] first studied the L”-boundedness of commutators of
singular integrals with the symbol » € BMO(RR"). While the endpoint case p = 1 was the
remarkable work of Pérez [23], it was shown in [23] that the commutators of Calderén—
Zygmund operators enjoy an Llog L estimate instead of being of weak type (1,1). More-
over, it was observed in [22] that the commutators do not always map H*(R") into L!(R").

In fact, Pérez [23] proved that the commutators of Calder6n-Zygmund operators are

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by

L]
@ Sprlnger statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a

copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


https://doi.org/10.1186/s13660-021-02679-8
https://crossmark.crossref.org/dialog/?doi=10.1186/s13660-021-02679-8&domain=pdf
https://orcid.org/0000-0003-0811-0389
mailto:houxianming37@163.com

Wen and Hou Journal of Inequalities and Applications (2021) 2021:140 Page 2 of 14

bounded from H;(R”) (see its definition in [23]) into L}(R"). Precisely, Pérez proved this
result by establishing that

sup{ |[6, T]a ”Ll(lR”)} <00,

where a is a b-atom (see its definition in [23]). However, Ky [15] pointed out that the above
inequality does not suffice to illustrate that [b, T'] is bounded from ’H},(]R”) into L1(R"). Ky
filled this gap and proved that [, T] is bounded from H}(R") into L'(R"), where H}(R")
(see Definition 2.4) contains H(R").

In this paper, we study variation associated with the commutators of approximate identi-
ties. We first recall some definitions, notations, and background. Let I C R* and a := {a;} ¢/
be a family of complex numbers. For p > 2, the p-variation of a is defined by

1/p
lally, := sup(Z \ay, —ay,, |p> :

k>1

where the supremum is taken over all finite decreasing sequences {¢} in I. Let F := {F;}ss0
be a family of operators. We also define the p-variation of the family F by

Vo(FN@ = [{ES @)} o,

Let ¢ € S(R”) satisfy flR” ¢(x) dx = 1, where S(R”) is the space of Schwartz functions. We
consider the following family of operators:

D f(x):={dexf ()}, (1.2)

where ¢,(x) := t "¢ (x/t). Let b € L}

1oc (R™). We will also take into account the corresponding

family of commutators of operators

(@ % f)p(x) = {b(x)(@e % ) %) = b+ (BY)} .

where
1 (x-y
b6 N -0 010 = [ Lo( ) 00~ b0 0)

The p-variation of families ®  f and (P  f); is defined respectively by

1/p
V(@ %f)(x) = sup (ZW #f(0) = Pry *f (x)l”) (1.3)
{t 110 k>1
and
V(@) ) = {sglfo(zw(x)wtk 1))~ by * (B)) (14)
23 k>1

1/p
)y, <)) + b, (bf)(x)l”> .
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In [16], Lépingle improved the well-known Doob maximal inequality by proving a vari-
ational inequality for martingales. Relying upon this result, Bourgain [2] obtained corre-
sponding variational estimates for the Birkhoff ergodic averages and pointwise conver-
gence results. This work has set up a new research subject in harmonic analysis and er-
godic theory. Afterwards, the study of variational inequalities has been spilled over into
harmonic analysis, probability and ergodic theory. Particularly, we refer readers to see [5]
for the classical work of p-variation operators for singular integrals. In [5], the authors
gave the L”-bounds and weak type (1,1) bounds for p-variation operators of truncated
Hilbert transform if p > 2, and then they extended the results to higher dimension in [6].
For results of rough kernels and weighted cases, see [10, 13, 20]. In 2009, Crescimbeni
et al. [9] established the L”-bounds and weak type (1,1) bounds for variation operators
of heat semigroups and Poisson semigroups. Betancor et al. [1] also considered the L?-
boundedness of variation operators of heat semigroups associated with Schréodinger op-
erators, which was generalized to metric spaces endowed with nonnegative Borel measure
by Bui [4] and to weighted cases by Tang and Zhang [25]. The acting on Hardy spaces for
variation operators associated with approximate identities, which include the variation
operators of heat semigroups, was given by Liu [19]. For recent works on variation in-
equalities, we refer readers to [3, 11, 21, 26, 27].

The other side of the shield, the variational inequalities for the commutators of singular
integrals also have been intensively studied. In 2013, Betancor et al. [1] studied the map-
ping property of variation operators for the commutators of Riesz transforms in the Eu-
clidean and Schrodinger setting. A few years later, Liu and Wu [18] obtained the weighted
L?-boundedness for variation operators of commutators of truncated singular integrals
with the Calder6n—-Zygmund kernels. Recently, variation operators of commutators with
rough kernels were also obtained in [7]. For more works on variation operators of com-
mutators, see [17, 28, 29]

From the known results about variation inequalities, none of the boundedness estimates
for variation of commutators have been established, can we establish the corresponding
boundedness results for variation of commutators? In this paper, we give a firm answer to
this question.

Our contribution of this paper is the following.

Theorem 1.1 Let ¢ € S(R”) satisfy fRn ¢(x)dx =1,b € BMO(R"), and 1 < p < 00, then for
p>2andf e LP(R"),V,((P *f)p) is bounded on L¥ (R").

Theorem 1.2 Let ¢ € S(R") satisfy [pn ¢(x)dx = 1 and b € BMO(R"), then for p > 2 and
feHY R, V,((® xf)p) is bounded from H*(R") to LV"*°(R").

Theorem 1.3 Let ¢ € S(R”) satisfy fRn ¢(x)dx =1 and b € BMO(R"), then for p > 2 and
S € Hy(R"), V,((P *f)s) is bounded from H(R") to L'(R").

Specially, we will consider the families of operators

H = {emf(x)}t>0, P= {e’t‘/jf(x)} (1.5)

>0’



Wen and Hou Journal of Inequalities and Applications (2021) 2021:140 Page 4 of 14

2 . . . /
where A =37, aa?’ the heat semigroup e and the Poisson semigroup e *¥~2 are defined
as

etAf(x) _ (ﬂt)_n/2/ e—\x—y\zltf(y) dj/,

_tf Mt2/4uA
B () f/f f () di

te—ﬂ/(4s)esAf(x)S—3/2 ds =

Tl

And we will also take into account the corresponding families of commutators of operators

Hoi= [2((60)-bOY) W)y Poim [ 3 (00 -00N) @)y (10

where €2 ((b(x) — b(-))f) and e"*/j((b(x) —b(-))f) are defined by

etA((b(x) _ b())f)(x) — (nt)fn/z'/ e*|x*y|2/t(b(x) _ b(y))f'(y) dy,

Rn

Y (bo) - OV =1 [ et 0 (b)) )0
0

Similar to (1.3) and (1.4), we can define the p-variation of families H, H;, PP, and P, and
we denote them by V,(H), V,(Hs), V,(P), and V,(P}), respectively. It is well known that
the kernel of the heat semigroup

¢t(x) _ (ﬂt)—n/Ze—\x\z/t

belongs to S(R”) and satisfies [, ¢(x) dx = 1. Following the steps in proving Theorem 1.2
and Theorem 1.3, the endpoint estimates also hold for variation associated with the com-
mutators of Poisson semigroups. Therefore, we have the following corollary.

Corollary 1.4 Let b € BMO(R"), then for p > 2,
(1) V,(Hp) is bounded on L? (R");
(2) V,(Hp) is bounded from HY(R") to LV (R");
(3) V,(Hy) is bounded from H},(R") to L'(R").
The same conclusions also hold for V,(Py).

Remark 1.5 Given a family of operators F = {F¢}¢s0, define the oscillation operator by

o0

1/2
O(Ff)(x) = (Z sup | Fof(x) —Fei+1f(x)|2>

=1 Lit1=€i<€1=t;

with {¢;} being a fixed sequence decreasing to 0. We remark that from the proofs of the
above theorems, the corresponding results also hold for the oscillation associated with the
commutators of approximate identities.

Remark 1.6 For a family of operators given in Remark 1.5, define the «-jump operator for
F atx by

No(Ff)(x) = sup{Ne Z":3ds1<€1 <sp<e3<---<sy<en
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such that|F€kf(x) — Fskf(x)| > a}.

We refer readers to [10, 14] for more details about jump operators. It is trivial that
a(Ny (D *f)p)®)Y? < C,V,((P *f)p)(x), then the results of Theorems 1.1-1.3 also hold
for a(No ((® * £)p) (%)) /7.

We organize the rest of the paper as follows. In Sect. 2, we give some preliminaries.
Section 3 is devoted to proving Theorems 1.1-1.3.

We end this section by making some conventions, we denote a positive constant by C,
which may change at each occurrence. We also denote f < g,f ~giff <Cgandf <g <f,
respectively. For any ball B := B(xy,r) C R”, xo and r are the center and the radius of B,
respectively, and (f)z means the mean value of f over B, xp represents the characteristic
function of B.

2 Preliminaries
In this section, we introduce some necessary definitions and lemmas.

For § > 0, we denote M;(f) := M(|f|®)"/%, where M is the Hardy-Littlewood maximal
operator. The sharp maximal function M* is defined by

ﬁ _ . _ ~ _
M (f)(x) = sup1nf|Q|/[f(y) c|dy sup|Q|/[f(y) (ol dy.

In this paper, we use the following famous Fefferman—Stein inequality, see [12]:

M(f)(x)”dxfC/ M (f)(x) dx
R” R7

for all function f such that the left-hand side is finite, where 0 < p < 0.
Next, let us recall some known facts concerned with H'(R").

Definition 2.1 Denote
= {# e S(RY): ()] + [V )| = (1+147) """},
where V = (3/0x1,...,0/3x,). Define

M (x) := sup sup Lf*@

peB |y—x|<t

where ¢,(x) = t"¢(x/t) with £ > 0. Then the space H'(R") is the space of all tempered
distributions f such that 90if € L!(R") equipped with the norm ||f|| m@n = 19 g

Definition 2.2 Let B be a ball, we say that a function a(x) is an (1, co)-atom if it satisfies:
(1) suppa C B;
2) llaliz~ <|BI™;
(3) [pax)dx=0.
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Lemma 2.3 (Cf. [24]) A function f € L'(R") belongs to H*(R") if and only if f =Y, ha; in

H' norm or L' norm, where a;s are (1,00)-atoms, »; € C with y_,|A;| < 0. Furthermore,

ey ~ inf{z [ Al },

where the infimum is taken over all the above atomic decomposition of f.

As we stated in the introduction, the space H; (R") is introduced to fill the gap left by

Pérez [23]. We present its definition as follows.

Definition 2.4 Let b € BMO(R"). The space H}(R") consists of all f in H*(R") such that
(b, M]f (%) := M(b(x)f (-) — b(-)f (-))(x) belongs to L' (R"). The norm of H},(R") is defined by
|lf||H[§(Rn) = If @ 1bllBmo + 1116, IRf || 1 ey

In [15], Ky gave the following criterion to verify the mapping property of operators on

Hardy type spaces.

Lemma 2.5 (Cf. [15]) Let b € BMO(R™), T be a linear or nonlinear operator, and the com-
mutator be defined as (1.1). If T is bounded from H'(R") to L'(R") and satisfies

| (B~ 8)0) Ta|| 1 uny < 1B lIBMOGEN) (2.1)

for any yr-atom a of H'(R") with suppa C Q, then the commutator [b, T] maps H; (R™)
into L1(R").

Remark 2.6 'We remark that we do not give the definition of y-atom of H'(R") since we
need to state so many backgrounds of it, but only use the properties ||a||;2(q) < |Q|~Y? and
fQ a(y) dy = 0, where Q is a cube. We refer readers to [15] for its definition.

In this paper, we also need the following lemma established in [19].

Lemma 2.7 (Cf. [19]) Let ¢ € S(R”) satisfy [pu ¢(x)dx =1 and 1 < p < oo, then for p > 2,
we have

(1) Vo(®@ ) is bounded on L¥ (R");

(2) V(D *f) is bounded from LY(R") to LY>°(R");

(3) V(@ *f) is bounded from H*(R") to L*(R").

3 The boundedness of commutators

To prove Theorem 1.1, we first establish the following lemma.

Lemma 3.1 Let ¢ € S(R”) satisfy f]R,, ¢(x)dx =1 and b € BMO(R"), then for p > 2 and

any 1 < s <00, there is a constant C > 0 such that

MF(V, (@ %/)5)) (%) < Clibllsvon [ M (Vo (@ % ) (%) + M () ()]
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Proof For x € R”, let B := B(xy,7) be any ball containing x. We write f = f; + f5, where
fi =f xap. For y € B, one can see that

V,((@ *f);,)(y) < ‘b()/) - <b>4B|Vp(cD *f)») +V, ((D * (b= (b)as)f)) ()
+V, (@ % (b= (b)a)f2)) ).

Then
B] f Vo((@ %)) 0) = Vo (@ » (b~ (b)as)12) ) (o) | dy
<5 [ 0) - Bssy,@ w00y
1B /B"p(d’ « ((b- (bap)fi)) ) dy

+ é th/p(q) w (b= (B)as)f)) 0) = Vo (@ % (b = (B)as)fs)) (x0) | dy

=I+1I+1I

We first estimate I. Using Holder’s inequality with exponents s and s', then

1 J 1/s' 1 1/s
<|—= [ |bly)-(b d — * Sd
1= (i [1o0r- sl &) (15 [vu@enor )

S.; ”b”BMO(]R“)}\/IS(V,O((I> *f))(x)

To deal with II, choose 1 < p,q < 0o such that g = s. Thus, Lemma 2.7 yields that
1 1/q
15 (o [l (- e ay)
B
1 1/q
< (—/ |b()’) - (b)43|qlf(3’)|qdy)
1B| Jap

, 1/(qu”) 1 1/(qm)
<|B|/|(y) Pual” dy) <|B|/W)|Wdy>

< 116llBmo@nyMf (x).

Finally, we consider III. Note that

Vo (@ * (b= (0)a5)f2)) 0) = V, (@ % (b = (b)as) ) (o)
< |H{ e * (& - (B)as)fo) ¥) — be  ((b— (B)as) 5)(*0)} .0 ”V,,

Z /RW\4B{ [¢tk (y - Z) - ¢£k+1 (y - Z)] - [¢tk (xO - Z) - ¢fk+1 (xO - Z)] }

= sup(
tk 0 «
p) 1/p

x (b(2) — (b)as)f (2) dz
< f@)|[b() = (Bas|| {#:y - 2) - uloo - 2}, [, 4z

R"\4B
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For z € R"\4B, applying the mean value theorem, we get that
{66 -2~z =2,
< sup<
t; 0 ;
| a
E/ 8—(¢t(y—z)—¢t(9€0—z)) dt
0 t

)
|Z X0 | —(n+2
< |y x0|/ t”+2< P dt

_ =l o -l
- _ n+1 n+2 _ n+l”
|z = o o (t+1) |z = xo]

j ' at(qbt(y—Z) — (0 — 2)) dtD
7351

Thus,

Vo (@ % (b= (0)an)f2)) 3) = Vo (% ((b - (b)as)f2)) (%0)|
[y = ol
< _ _y=%ol
N/Rn\wlf(Z)IIb(Z) (b)as| P dz

Observe that
If‘(z)|5 l/S
(/ _ n+1 dZ
Rm\4B |Z = Xol
) R 1/s
< (2
2+1p\B |2 — xo|™
00 1/s
< (Z(zfr)‘ If2)| dz) S M) ().
=2 2+1B

And note that
( / b) -~ (B)sl )”S’
———dz
rr4B |2 —xo|"*
b ¢ 1/s'
Z/ |b( )Bl| de
Y+1B\YB |Z xo|™*

= 1
S —_— b(z)— (b
~ (Z (2 1p)nl /2/413\2/3‘ (@) - (b)s

j=2

1/s'
S/
dz)

_1/s 1 s s
s [22; 1(|2/+IB|  |b@) = (b)yrp| dz+ |(B)ypip — (b)s] )]

= 2+1B

1/s'

[o¢]
<7 bllsmon) (Z 277 (1+ G+ 1))) ~ 1Y |1bllpvogen).

Jj=2

(3.1)

Page 8 of 14
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Combining with the above two estimates, we conclude that
Vo (@ (b= (B)48)2)) 0) = Vo (@ + (b - (B)as)2)) (0)|
s Us b(2) — (BYarls /s’
= (fewaimn®) (o et %)
S b llsao@n M) (%) = 1B lsmoEn M (f) @),
which implies that
11 5 16l smoee) Ms(f) (x).
This together with the estimate of I and /I completes our proof. d
Now, we are in the position to prove Theorem 1.1.

Proof of Theorem 1.1 Assume that [|M(V,((P % f)s))ll.rmn) is finite, then for f € C°(R")
and any s satisfying 1 < s < p, we make use of the Fefferman—Stein inequality, Lemma 3.1,
and Lemma 2.7 to get that

“ Vo ((CD *f)h) “LP(R”) S HM(VP ((<D *f)b)) “LP(R”)
S HMj (Vp ((q’ *f)b)) ”LP(IR”)

< 11bllpmon) | Ms (Vo (@ * f)) ||U;(Rn) + |16l BmMo®n)

Ms (f) ||l}’(R”)

S 1blmo®m) Il Nl @),

then by density we get our result.

Now, we return to proving that [|M(V,((® *f)s)) |l .rrn) is finite, where f € C°(R”). By
the L”-boundedness of M, we only need to verify that [|V,((® *f)p) || .r(rn) is finite, where
f € CX(R"). If b is a bounded function, then by Lemma 2.7, we have

[V (@ %1)s) “U’(R") < 1bllzsoqn | Vo (@ ) ”mRn) + [ Vo (@ % (6)) “l}’(R”)
S Dl oo If e @y + 116 Nl o )

S bl zoe ey Lf 22wy < 00.

While for the general BMO functions b, let N € N, define

N, bx)>N,
by(x) = {b(x), |b(x) <N,
-N, b(x)<-N.

Then it is easy to check that ||by|lsmo®n) < c||bllsmogrn), where the implicit constant is
independent of N. Keeping in mind that f € C°(R”) and ¢ € S(R"), using |bx| < |b| and
belLl

1oc(R™), by the Lebesgue dominated convergence theorem, we get

A}im / (bn(®) = bn (1) (be (8 = 9) = by, (x = N)f () dy
—00 JRn

Page 9 of 14
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- [ (66 50)) (8159 - B =DV O) .
From this, one can check that
V(@ /)) < liminf V), (@ )y )-

Letting N — oo and applying the Fatou lemma, we deduce that ||V, ((® xf)p) || »wn is finite
for general BMO functions b. O

Next, we give the proof of Theorem 1.2.

Proof of Theorem 1.2 Let f € H'(R"), then by Lemma 2.3, we can write f = ), A;4;, where
a; is an (1, 00) atom. To prove this conclusion, we only need to prove it for f being a finite
sum f = Z/ Mja; with Zj [A;] < 2|fll11rny, Where a; is a (1,00) atom and suppa; C B; :=
B(x;j,r;). In fact, assume that V,((® % f);) is bounded from H'(R") to L*°(R") for such f,
then for the general f, one can select a sequence {f;}x with f; being a finite sum as above
such that f; converges to f in H! norm or almost everywhere when k — oco. Therefore, by
a limit argument, Theorem 1.2 follows from the L?-boundedness of V,,((® * f)5).

Now, in the following, we assume that f = Z/ Aja; is a finite sum satisfying » . |2;| <
2|[f | 2 mny, where a; is a (1, 00) atom and suppa; C B;. Note that

Vo (@ %)) @) < Y 14V, (@ % 7)) (%) xas; (%) (3.2)

]
+ Vp (q) * (Z )‘ja/'(b - (b)B))) (x)X(4B/)”(x)
j

+ Y Inl[b) = (b5, Vo (@ * @) (%) X(ap e ()
j

3
= Y L.
i=1

Firstly, we consider /1 ;(x). By Holder’s inequality and Theorem 1.1, we obtain
[ Vol@ v an)eman ) ds
R”

1/2
< (f V,,((CI:'aﬁrcl,')b)(x)2 dx) |B,'|1/2
4B/
) 1/2
< ||b||BMO(Rn)|B,|”2( / |a;(x)]| dx)
B;
< 1bllsmon | Bj1M21Bi| ™2 = 1Bl smon).-

Thus, by the Chebyshev inequality and Z]. 121 < 201 [l 2. gy

[{x e R": I;(x) > a/3}| (3.3)
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<—Z|x|/ (D @) (5) s ()

S o IIbIIBMO(Rn)ILfllHl(Rn)~

Next, we pay our attention to /5 ;(x). By Lemma 2.7 and

1 ) 1/2
(— [ 1610, dx) < Ibllsmo,
By

we deduce that

[{x e R": () > a/3}| (3.4)

LL(R")

=- Z |4 ||| b)g “1 ”LI(R”

1 1/2 1/2
< o ; |)L}-|</];j’b(x)— (b)3j|2dx) (/B/’a}-(x)‘2dx>

1 _
< = D IxllBllmvogn ;1 1B 2
j

1
S o 161l BMmo®») If 11 112 ()

Finally, we deal with I3;(x). We make use of (3.1) and the vanishing property of a; and
Minkowski’s inequality to obtain

V(P % a;)(x) (3.5)
s (2

— (¢ (v — %) — Py, (= x/))]ﬂ/@) dy

g [(py (k=) = By, (=)

P)l/ﬂ

o R e

ly — 1
/| 1(y)||x x|n+1

Observe that

/ |a,~(y)| dy <1.
5
From (3.5), we deduce that

/R [b6) — (61 [V (@ 2 )3 e (0)

Page 11 of 14
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M

/21+13\2IB |/ o — |n+1| ;()/)|dydx
/l+1B 21+1r n+1 |b )B,-!alx

_ 1
l(m fm [6G) = (B | dx + [ (B) o, = (B, |)

27/[1+ 27+ D)]IIblsmogn) ~ 1BlBMmo@n)-

~
1|

2

A
Mz

~
Il

2

A
M2
N

N
)

M

~
Il
[ -]

Therefore,
Hx eR": I3(x) > a/3}‘ (3.6)
3
= « A{n Z |)Lj||b(x) - (b)Bj‘Vp(cp * a;) (%) X X(4B))c ye (o) dx
j

1
< = D Inlliblsvogen
j

< o 61l BMo@) IIf | 71 gy -
Combining with (3.2), (3.3), (3.4), and (3.6), we get the desired result. a

Finally, we prove Theorem 1.3.
Proof of Theorem 1.3 From Lemma 2.5 and Lemma 2.7, we only need to check condi-
tion (2.1). For any y-atom a of H*(R"), suppose that suppa C Q and xq is the center of

cube Q. By Holder’s inequality, [|al/;2(q < |Q|™"/, and the L?-boundedness of V(P * a),

we have

1/2
f }b(x)—<b>Q|vp(d>*a)(x)dx§( LQ|b(x>—<b>Q|2dx> llall 12 gy

4Q
< 1blIBMo®n)- (3.7)

On the other hand, using (3.5), [|all;2(q) < |Q|~"2, and Hoélder’s inequality, we have
/_ _ |b(x)—(b)Q|Vp(<D*a)(x)dx
7*1Q\2Q

< Lo 0= 0al [ R k)| v
271Q\2Q o — o]

10 [ Jbta) - Ghalle - [ [ato)| v
2}+1Q\2/ Q

< |Q|“"f [b) — (B)o|Ix — %0l dx.
7*1Q\2Q
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Now, in fact, we get that

/( o |b(x) = (b) |V, (@ * a)(x) dx (3.8)

[ee}
< 1/n _ _ -n-1
s2_lQ /y g7 el =l " dx

j=2
< i ',Q'U" ( 1 |b(x) — (B)yis1q| dox + |(B) g1 — <b>Q|>
~ - |2/+1Q|1/n |2/+1Q| Y10 Q 2*Q
< I1BlleMo®n)-
Then, by (3.7) and (3.8), we get (2.1). This completes our proof. a
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