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1 Introduction and preliminaries

As for the development of singular integral operators, their commutators and multilinear
operators have been well studied (see [1-9]). Let T be the Calder6n-Zygmund singular
integral operator and b € BMO(R"), a classical result of Coifman et al. (see [5]) stated that
the commutator [b, T1(f) = T(bf) — bT (f) is bounded on L?(R") for 1 < p < co. In [10], the
authors obtain the boundedness properties of the commutators for the extreme values
of p (that is, p =1 and p = 00). Note that [b, T] is not bounded for the end point bound-
edness. The purpose of this paper is to introduce some multilinear operator associated
to the singular integral operator with general kernels (see [11]) and prove the weighted
boundedness properties of the multilinear operators for the extreme cases.

First, let us introduce some preliminaries (see [6, 9]). Throughout this paper, Q will
denote a cube of R” with sides parallel to the axes. For a locally integrable functions b
and a weight function w (that is, a non-negative locally integrable function), let w(Q) =
/. QW) dx, wq = 1QI™ /, o W(x) dx, the weighted sharp function of b is defined by

1
b*(x) = sup

o /Q 160) — bo|w(y) dy.

We say that b belongs to BMO(w) if b* belongs to L>®(w), and we define [|b||prom) =
6% || Loo(w)- If w = 1, we denote BMO(w) = BMO(R"). It has been known that (see [9])

16— bykgllsmo < Ck||bllsaro-
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We also define the central BMO space by CMO(R"), which is the space of those functions
f € Lioc(R") such that

If llcamo = su?|Q(O,r)|_1 /Q[f(x) ~fo| dx < oc.
It is well known that (see [6, 9])
IIflemo A sup inf| Q(0, r)|_1/ If (x) - c| dx.
r>1 €€ Q

Definition1 Let 1 < p < oo and w be a non-negative weight functions on R”. We shall call
B, (w) the space of those functions f on R” such that

-1/,
If 18,0 = SUF[W(Q(O,F))] P xaon o) < 0.

The A, weight is defined by (see [6])

-1
A= {0 <welL (R") :sgp(fafow(x) dx> (lla Aw(x)‘l/@‘l) dx)p < oo},

l<p<oo,
and

1
A= {0 <WE LIIOC(R”) ssup— [ w(y)dy < Cw(x),a.e.}.
oax 1Ql Jo

2 Theorems
In this paper, we will study the following multilinear singular integral operator (see [11]).

Definition2 Let T :S — S’ be alinear operator such that T is bounded on L?(R") and has
a kernel K, that is, there exists a locally integrable function K(x,y) on R” x R" \ {(x,y) €
R" x R" : x = y} such that

1)) - [ Kwyfo)dy
RH
for every bounded and compactly supported function f, where K satisfies
|K(%,9)] < Clx—yI™",

/ (|K(xy) - K(x,2)| + |[K(y,%) = K(z,%)|) dx < C,
2|y-z|<|x-y|
and there is a sequence of positive constant numbers {Cy} such that for any k > 1,
1/q
( / (|K(x,9) - K(x2)| + |K(y,%) - K(z,%)|)* dy)
2k|z-y| <|x—y|<2k+! |z—y|
-nlq

< Ge(2Mz-y) ",

wherel<g <2and1l/q+1/q =1.
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Let m; be the positive integers (j=1,...,1), my + - - - + m; = m and b; be the functions on
R"(j=1,...,0).Set,for1 <j <|,

Ry (bjsx,y) = i) — éD"‘b/(y)(x — ).

| <m;

The multilinear operator associated to 7 is defined by

mi+ b; i
T,(f) x)—[ l_[11’%)1[((% ) () dy.
-y

Note that the classical Calderén-Zygmund singular integral operator satisfies Defini-
tion 2 (see [7, 8]). Also note that when m = 0, T} is just a multilinear commutator of 7" and
b (see [1-3]). It is well known that a multilinear operator, as a non-trivial extension of a
commutator, is of great interest in harmonic analysis and has been widely studied by many
authors (see [1-3]). In this paper, we will study the weighted boundedness properties of
the multilinear operators T}, for the extreme cases (see [12-15]).

We shall prove the following theorems in Section 3.

Theorem 1 Let T be the singular integral operator as Definition 2, and we have the se-
quence {k"Ci} € I', w € Ay and D*b; € BMO(R") for all o with |«| = m; and j =1,...,1.
Then Ty, is bounded from L*>°(w) to BMO(w).

Theorem 2 Let T be the singular integral operator as Definition 2, and we have the se-
quence (k" Ci} € I', 1< p < 00, w € Ay, and D*b; € BMO(R") for all « with |a| = m; and
j=1,...,1. Then T} is bounded from B,(w) to CMO(w).

3 Proofs of theorems

We begin with two preliminaries lemmas.

Lemma 1 (see [3]) Let b be a function on R" and D*b € L1(R") for |o| = m and some q > n.
Then

[R5, ! Dbfiaz)
Rm 3% SC - " VN Da ’
b =l Z<|Q(x,y)|/é<x,y> ‘ Z)

|ae|=m
where Q(x, ) is the cube centered at x and having side length 5/n|x — y|.

Lemma 2 (see [11]) Let T be the singular integral operator as Definition 2, and we have
the sequence {Cy} € I. Then T is bounded on LP(R", w) for w € A, with 1< p < oo,

Proof of Theorem 1 It is only for us to prove that there exists a constant Cg such that

1
o /Q |T()(x) = Colwix) dx < Cllf 100

holds for any cube Q. Without loss of generality, we may assume / = 2. Fix a cube
Q = Q(x,d). Let Q = 5./nQ and Ej(x) = bj(x) - Zm:m a,(D“b )Qx“ then R,,(bj;x,y) =
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Rm(l;j;x,}/) and Dal;j =Db; - (D"‘laj)(2 for || = m;. We write, for f; :f)((2 and f, :fXR”\Q’

R 1(bjsx,9)
Ty () () / 1_[/1 llexy Ko y)f () dy
R lx — |
/R n M K(oy)i0) dy

R (i, 3)(x — ) D
> ﬁn BRI k)

jar =y lx — y|™
oy (D13, (% — )2 D*2 by
/ (b y,z, Z(y)K(?C;y)ﬁ(y) dy
\atzl oy 27 R | =yl
L[ eop)eDah ()b
+ Z : ‘/ (x—y) 1n(1y) 2(y)1<(x,y)f1(y)dy
g |=my,|ag |=ma 1tz JRre |x — vl
l_[ Rm +1 x,y)
f T K ()00 d
g lx =yl
[T Ry By, )
I o i hatiatians
( lx — | fl)
1 Ry, (b, )(x — )1 DM by )
— T . 2
(qu:ml o! |x_ |m fl
\otz\ m2 |x_ |m 1
1 — D‘l*azDal—’ Do(2~
+ T( — '(x ) mbl b2ﬁ>
log | =g Jag | =rmy 12" v — |
Rm+ (b 3Ky )
+ T(H/ 1%m+1 ml f2>,
e — -
then
2 ~
i Rm bz;x’.
e~ i) = ()
1 Ry, (by;x,-)(x — )1 D" by
T . 2
" ( Z o! |x_|m fl)‘
loeg |[=mmy
1 Ry, (s, ) (x — )2 D2 b,
T . 1
' < Z ay! [ — -] fl)‘
g |=m
flr 1 (oD Do,
oqloy! | — -] 1

lorg |=my, ez |=mp

+ | T (A) ) - Ty () o))

= L(%) + I(x) + I3(x) + I4(x) + I5(x)
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and

@A|Tb(f)(x)_TZ’(fz)(xO)|W(x)dx

‘/Q L(x)w(x)dx + /Q L(x)w(x)dx + @ /Q L(x)w(x) dx

1
w(Q)

+ %Q)‘/lel(x)w(x)dx+%Q)/le(x)w(x)dx

211 +12 +13 +14 +15.

1
<
~wQ

Now, let us estimate 1, I3, I3, 14, and I5, respectively. First, forx € Qandy € Q, by Lemmal,
we get

Ry(bjx,9) < Clx—y|™ Z | D% g

etj|=m

thus, by the L?(w)-boundedness of T for 1 < p < oo (Lemma 2) and Hélder’s inequality, we
obtain

2
=TT X 100 iy [ 70009 bty

IA
a

=1 Nlogl=m )
< cn(l .Z 108 i ) (g5 [ T w0 ">
fcﬁ(lzumnm)( [ earsa)
( )

o Q)
1) () e

|‘¥| =m;

(X 19l ) e

j=1 Clajl=m;

Il
]

| /\

For I, since w € A;, w satisfies the reverse of Holder’s inequality:

1/po
(ﬁ/Qw(x)m dx) ’ < %/(;w(x)dx

for all cube Q and some 1 < py < 0o (see [13]), thus, by the L”-boundedness of T for p > 1,

we get

L<C Y Db 0 D /yT (Do) (%) | i) dx

loea|=mm o1 |= m1

1/p
SN L S (W(Q) f | Dalblﬁ)(x”pw(x)dx)

lara| =3 g |=rmy
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1/p
=C Z ”DDQbZ“BMO Z ( (Q)/ |D°‘1b1(x)f1 x)|pw(x)dx>

lorg |[=mp g |=my
1 / 1ppy
e S LEE D 3 Y LSRR
|aa = oy =y

1/ppo
/ w(x)r° dx) 1l zoo(w
Q

2 1 1/p
=¢ H( > IID“f‘beIBMo)w(@”P|Q|”P(@ /Q w() dx) Nl

Jj=1 Clajl=m;

1/p 1/p
x w(Q)™ Q) (|Q|

= CH( 5 108 ) o

|otj|=m;
For I3, similar to the proof of I, we get
b= CT1( X 19l W1
‘0‘1‘ mj

Similarly, for I,, choose 1 < 11,7, < 0o such that 1/r; + 1/, +1/po = 1, we obtain, by Holder’s

inequality and the reverse of Holder’s inequality,

L<c ) % fQ | T(D* 5iD*2 by ) (x) | i) dx

lay|=my, |z |=m;

1/p
=C 2 ((Q)/ |7 (DD baf) ) [ d")

oy |=my,|ag |=mg

. . 1/p
<C Z w(Q™ < / | D™ by (%) D2 by (x)fi ()| wix) dx)
RVI

g |=my,|ag |=my

1 B » 1/pr 1 5 » 1/proy
<C T/D%()’ld> (T/D%()’zd)
2 (IQI JPrewTds) (i | [P bl dx

lay|=my, | |=mp

1 1/ppo
x W(Q)‘”"IQII”’(T f w(x)P dx) I Nl 2o ow)
1Ql Ja

2
- CH( Z “Dajb/”BMo>|lf||L°°(w)

j=1 Clejl=m;

For I5, we write
T;(f2) (%) — T3 (f2) (%0)

- /R n<1<(x,y) K(xo,y )HRm,(b,,x,y)fz(y)dy

le =y |xo —y|™

m2 (ber’ )

lxo — yI™

/ (le (bl,x,y) le (hlxxOry))
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7 7 Rm (b ’x ’ )
[ RosBi9) = R i) 5202 k()50
R [ — y1™
m b v “ Rm é; ’ - “
_ Z / |: 2 (b2 x,9)(x — y) Kx,y) - 2 (D23 %0, ) (%0 — ¥) K(xo,y):|
Ia1\=m1 R - ylm |xo—y|"‘
x Dby (y)fs(y) dy
1 Rmia;x, x—y)*? R l;;x, xo — y)*?
-y —/ [ i 1|x _y)|(m D% i) - B 1|x0_y)(|,,? ) 1<(xo,y)]
ey [=rm2 R Y 0o-Y
x Dby (y)f> (y) dy
1 (o — y)erre (g — y) 172 }
+ K(x,y) - ————K(xo,
ey |= Z B orlan! /I;"’|: Ix—ylm ( y) |x0_y|m ( ° y)
ay|=my,lag|=m3
x Dby (y)D* by (y)fs (y) dy
=@ + 1P ®) + 1P ) + I () + 1P () + 10 ().
By Lemma 1 and the inequality (see [9])
lbg, — bo,| < Clog(1Qal/|Qi])1bllgmo  for Qi C Qo
we know that, forx € Qand y € 2K1Q\ 25Q,
|ij(bj;x,y)| =Clx—y" Z (”Dabj”BMO |( ab) (Dab)QD
lat|=rm;j
< Cklx=y1" Y |1Dbi] g0
lot|=m;

Note that |x —y| ~ |xo —y| forx € Qand y € R" \ Q, we obtain, by the conditions on K,

11 @)] < /
er

2
+ /R KG9 = Ko, 120 = 717" [ IRy (B 9) [ |o0)]| dy

j=1

1
le—=y"  |xo yl’"

|1<(x,y)|]_[|Rm,( s%9)|[60)| dy

2

oo 1 1 5
= - K{(x, Ry (bj; x, d
- ;/;k»flé\zké lx—y|™  |xo —y|™ ’ (x J/)|!:1[| ;( j xy)“f()’)’ Y
s 2
> /2 k+1é\2ké|1< (5,9) = Ko, )| lx0 =517 [ T |R, (Biie 0| [ 01
k=0 1:1

= Cﬁ( Z HD%I’ ”BMO) Zkz /k e x|(:1|+1 lf()’)’ Y

10\2kD |X
j=1 Naglorm; 1Q2kQ o =

T Z 108l ([, 01 )

o=y 2k+1Q\2kQ
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1/q
K@y - K(xo,y)|qdy>
k+1Q\2kQ

(/.
= CT1( X 19 luuo) TR s

lotj|=rm;

IA

CTI( 3 107 o) e

latj|=m;

For Iéz)(x), by the formula (see [3]):

ij(éj;xry) (b X0, )— Z ERm |ﬁ|(D b xx:"CO)(x_.y)/S

|Bl<m

and Lemma 1, we have

[Roy By, 9) = Ry B, D] < € 3 3 b= ol Pl =y [ Dby g

|Bl<mj |a|=m;

thus

201 =TT 2 1lso) & g a0

1
[Pormey k+1Q9\2kQ |x0 —y|n+
] ]

= CH( Z ||Daibi}}gmo) ZszkaHLoo(w)

j=1 Nlajl=m; k=1

< CT](( 32 1% Lo ) Wi

j=1 Mejl=m;

Similarly,

@1 =1 17l W1

|0‘/‘ mj
(4) _— 1) (2)
For I (x), similar to the proof of I;’(x) and I.” (x), we get

[(xo — y)1 K (%0, )]
|xo — y|™

P <c T / Ry (B2%,9) = Rony (B2 %0,)|

o1 |=rm

x [D b)) dy

=y
n| = y|™ Ixo yl"’

x |D“1b1(Y)|[ﬁ(y)|dy
+C Z / |K(x, ) — Kxo,y)|‘( 0~

oeg [=my

1Ko | R (i)

iRm2(521x;y)|
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x |DBi()||)| dy

= 3 el et 3

/ N|D"‘11~91(y)|dy) Il oo )
2kQ

|org |=m eeg |[=mmy |2kQ|
00 1/q
€ X 10 le 3 K[ K - K[
o= oo k=0 \/2Q2Q

. N
x (/ _|pray)” d)’) If Nl oo ()
k+1Q\2kQ

= CH( Z ||D°‘1b,HBMO>Zk 2 +Ck Hf”L“’(w

|Ol/| mj

=C ﬁ( ) IID“f’ijBMo> If 1z

j:1 |0t]|=m]

Similarly,

2
196) =TT X 158l ) Wi

j:1 |Ot]|=m}

For 126)(x), taking 1 < 1,7, < co such that 1/r; + 1/r; = 1, then

Pw<c ¥

ey [=m, |z | =13

< D5 DB 00|

<C Y @) lewm

o1 |=my,len|=my k=1

B 1/n 1 B 1/ry
Db )”d> ( f D*%b )’%l)
<|2"QI o POy ) (5 [ [P B

ﬁ( 2 |7y HBMO> Z 227+ GO et

j=1 Najl=m;

(x = y)1* 2 K(x, y) (xo—y)"‘”“zK(xo,y)‘
o — y|™ [xo — ™

=C ﬁ( 2 ||D“"ijBMo>|lf||L°°<w>

j:1 |Ot]|:m]

Thus

2
= CH( Z ||Dajbj|igMo) 1l zoo ()

j=1 lojl=m;j

This completes the proof of Theorem 1. d
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Proof of Theorem 2 1t is only for us to prove that there exists a constant Cg such that
& 170~ Colwia) s = ci
— x) — Co|w(x w
w(Q) Jo b < r= Br()
holds for any cube Q = Q(0, d) with d > 1. Without loss of generality, we may assume / = 2.
Fix a cube Q = Q(0,d) with d > 1. Let Q = 5,/nQ and Ej(x) =bj(x) - Z\a|=m, i(D“bj)Qx"‘,

then ij(b,';x,y) = ij(l;j;x,y) and D"‘I;, = Db — (D*bj), for |a| = m;. Similar to the proof
of Theorem 1, we write, for fi = f x5 and f2 = f xgm &

1

e

1 Ry (bys%, )6 — ) D by
+W/Q T( 2 o | ﬁ)‘w(x)dx

I
1 1 Ry, (1;1;x, - ')O‘ZD"‘ZEZ
— |Ir 1 )
+ w(Q) /Q <Ia2|2=m2 a! lx — | fl) ‘W(x) x

1 1 (x- .)D‘I*OQDWBID&Z 52
+ M/Q T( Z aloy! PN ﬁ)‘w(x)dx

loeg [=my, |y |=mg

+M/Q|T;,(f2)( - T;()(0 }w dx

=L1 +L2 +L3 +L4 +L5.

Similar to the proof of Theorem 1, we get

2 1 » 1/p
L= C]_[( Z ”DajbiHBMo> (m v/ﬂ“(ﬁ)(@’ w(x) dx)

j=1 |ozi|=mi

2
¢ H( 2 ||D“fb;||BMo>w<Q)-“Pufx<~g||ww)

j=1 Nlajl=m;

IA

2

C l_[( > log, ||BMO> T

lotj|=mm;

IA

For L,, taking r,s,¢ > 1 such that r < p, t = ppo/(p — 1), and 1/s + 1/(p/r) + 1/t = 1, then, by
the reverse of Holder’s inequality,

1/r
L=C X 10l X (5ig [ IT@ BRG] v i)

loea|=mm o1 |=my

1/r
<C Z ||D“2b2HBMOw(Q)_1/’ (/ |D°‘1b1(x)f1(x)| w(x)dx)

lara| =3 oeg [=my
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1/rs
<C Z |D283 | 3y o W(Q" Z ( /@ |D“El(x)|“dx>

lara|=mm3 ey [=my

1p Urt
» (1-rip)t
X ( /Q If (x)] w(x)dx) ( /Q w(x)-"P dx)

2
=C H( > IID“"b;HBMo) w(Q) 1M I xgll o | QI

j=1 \Dt]'\=m/'

1 1/rt
X <@ /Q w(x) dx)

2 Irt
1 Po
<C (Z ||Da]b/||BMO>W(Q)_1/r|Q|1/rS”fXQ"LP(W)(T/~W(x)dx>
j=1 Nojl=m; QI /&
2 ~
= Cl_[( Z ”Dajbi“BMo)W(Q)_Up”fXQ”LP(W)
j=1 lajl=m;j
2
= CH( Z HDajbi“BMo)HfHBp(w),
j=1 Najl=m;
2
1 = CTT( 3 107l ) i
j=1 \Ot/'\=m/'

For L4, taking r,s1,85,¢t > 1 such that r < p, t = ppo/(p—r), and 1/s; + 1/sy + 1/(p/r) + 1/t =1,
then, by the reverse of Holder’s inequality,

1 5 B , 1/r
L<C Y (m /R |T(D 1D bfs) )| w(x)dx)

lay|=my, | |=mp

1/r
con@™ ¥ ([ I h@0r b v )

log|=my, |z |=my

B 1/rsy B 1/rsy
<ew@™ Y ( / |Dab1(x)|’“dx) ( / |D°‘b2(x)|r52dx>

la |=mp, vz |=my 7 Q Q

U 1/rt
X ( /Q Lf(x) |pw(x) dx) p( /Q W(x)(l—r/p)t dx)

2
< Cl_[ Z ”Da]-bj”BMO) W(Q)—l/r|Q|1/rsl+1/r52+1/rt”fXé”U’(W)

Jj=1 Clajl=m;

1 polrt
X <@/Qw(x)dx>

2
=¢ H( 2 HD‘”’b/HBMo> wQ P I xgll

|otj|=m;

IA

< Z ”Dajbi “BMO) ”f”Bp(W)'

|agj|=rm;

j=1
2

[l

j=1
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For Ls, similar to the proof of the proof of I5 in Theorem 1, we have
T;(f2) () — T;(£2)(0)

- K(xy) )
‘/Rn<|x—y|m e an/(bf”"y)ﬁ(y)dy

7 7 ) E 3%
. /R (R (B29) ~ Ro (B130,9)) 22 P25 0 16 () aly

Ly|™

7 7 my é 3 %05
. fR (R Br5%3) - R (523 0,3)) X C5%0:)) 10 01 )y

Ly[™

Ryny (b2; %,)(x — y)1 Ripy (523 0,9) (=)0
-y /R [ 2 K(x,y) - 222 227 K(O,y)]

oyl & lx —y|™ ly|™
x D by(y)f> () dy
Ry, b X %2 R, E ;0,9)(=y)*2
gl X2 R lx =yl ]
x Dby (y)fa(y) dy
1 — y)erte2 _a\eta
lor1|=rmy, ez |=mmp arlon! Jpnl |2 =l [y

x Dby (y)D*2by(y)f (y) dy
LO@) + L2 ) + L () + LP () + L () + L ().

For L(sl)(x), taking 1 <r <ocosuchthat1/p+1/g+1/r =1,by w € A; C A1, we get

oo

1
R R |y|m <xy>|1_[| Bl 0)]dy
K(x,y) - K(0, -m
+k20:/2kﬂé\2kéi (xy) ( y)||y|

2
X H|Rm,(i)i;x,y)| Lf(y)|w(y)1/10w(y)71/p dy

j-1

<eT1( X 1280

—|f ()| dy
i1 Nl m; k+1Q\ kQ de 1

. cn( 5 108 o Zkz(/z

ol ; k+10\2kQ

( oksl QVU’ ["w() dy) v ( /2 o )" dy) Ur

<1 X 108lo) SRz tet20) ([ orPworsr)

j=1 Clejl=m;

1/q
|K(x,) - K(0,9)| dy)
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1 Ur s q o (P-Dip
(|2le wo) y) (|sz| wor dy)

' CH( 2_ |7, ”BMO) ik Ciw(2"Q) W(/ F) IPW(y)dy> ’

|otj|=m; k=1

1 4 Up s q o g Ur
X(lzkél " y) (|2ké| /mw@) y)

2
= CH( ) ”Daib/HBMo)”f”Bp(w).

j=1 Najl=m;

Similarly, we get, for 1 < ry, 73,73, rs,s <ocowith1/p+1/r +1/s=1,1/p+1/q+1/ry +1/s =1,

andl/p+1/g+1/rs +1/rys +1/s =1,
|L(2)(x) + L(B) (%) + L(4) () + L(5)(x) + L(6)(x)|

<o ¥ 10blae) T Y [

lt|=mmg la|=my k=0

o Ile) XX kg RO 0

lee|=rmy lee|=mgp k=0
e o L 10 blo) 3K K-k
lerl=rm loel=rmy k=0

x Db )| lf )] dy
(I nle) XXk, K K0

k+1 k
|oe|=m11 la|=my k=0 +H\2fQ

x | Dby ()| [ ()| dy

rco >y / |K(x,9) - K(0,9)|[D" by ()| | Db (0)||f )| dy

k+1 H\ ok
lay |=rmy, o |=rmy k=0 ¥ 2 poivaye:

IA

o X 1alo) X k([ oo )

k+1
|ot|=m1p la|=my k=0 Q

v 1/s
* ( 414 o wo) dy) ( /2 kﬂ@w(y)'”’” dy>

+C< > ||D°‘b1||BMo) > Zk</ (:)|sz[~92(y)|r1 dy)url

ler|=rmy la|=my k=0

1/p 1/s
( )P wly) dy) ( [ Nwm-s/f’dy)
2k+1Q 2k+1Q

o0 1/q
+C< Z ”Dab2”BMO) Z Zk(/Zk ~ ~]K(x,y)—K(o,y)‘qdy)

19\2k
lor|=r3 lee|=rm1 k=0 ot

1/ry 1/p 1/s
b " ’ -s/,
<[ bors) ([ roros) ([ o)
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00 1/q
+ c( > | poh ||BMO> Zk( /2 k+1Q\2kQ|K(x’ y) - K0, dy)

oe|=rmy loe|=mg k=0

~ 1/ry » 1/p / 1s
%) r slp
% (/Z.kﬂé |D bz (y) | dy) ( 2k+10) Lf(y) | W()/) dy> (/2‘/<+1Q W(y) dy)

> 1/q 1/s
— q —s/p
" Z Z (/;ku Q\2%Q [ y) = k(0. dy) (/2k+1Q vo) dy)

loeg |[=my,|aea|=my k=0

5 1/r3 5 1/ra
< ([ owonta) ([ bl a)
k+lQ 2k+1Q

<([L, Joros)
=CT1( X 197luue) TR - el frorrnar)

j=1 |a]|:m]

c ﬁ( > Dy, ||BMo)nf||B,,

|0‘/| mj

IA

Thus

2
Ls = CH( Z ”DajbeBMo) |lf||Bp(w)

j:l Oti|=mi

This finishes the proof of Theorem 2. d
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