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1. INTRODUCTION

UTiCEBWT, B(0,R) C R ix H.0r 0, ¥ R> 0 D open ball ZR I L ¥ 5.
B2, Beurling algebra A7, B Z5fH], B} =M% E&HT 3 ([B], [CL], [G] 8).

Definition 1. 1<p< oo ¢75 ¢ %,
A¥ = AP(R")

i/p
= {f . ”f“Ap = inf (/ |f(:1:)lpw(a;)"(l"1)dr> < OO} )
we e
7272 L, Q i positive, radial, |x| {288 L T nonincreasing, & LT

w(0) +/ w(z)de =1
Rn
ThHH R EOBEE w D class THD;

B? = BP(R™)
ny . — 1 , . l/p .
- {feLﬁ,c(R ) Wl =50 (g . ki) < oo},
ny __ . 1 14 P
B! = BY(R") = {f € B Jim oo [, P2 _o}.

ZIT, 1l<p<oolizd LT,
AP B? B? : Banach Z=ff
Thd. £7,1 <pr<p2 < i LT,
' N IP(RY) D AP S A7
LT
B™ > B 5 [*(R")
ThH5.
728, D duality 235K Y 320,
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1 1
Theorem 2 ([B], [CL], [G]). 1 < p,p' < With;-}-; =1&9%. Z0L¥,

(4%)" = B¥

ThHY, £k,
(BEY" = A7
ThHbH.

F7-, [CL, [G] I2BWT, RD Hardy B HA? L CMOP ZRBERINLE.

Definition 3. 1 <p< oo &£95. ZD.& %, Hardy ZEM H AP associated to A¥ %
HA? = {f € AP: f real, f*€ AF}

TEHTH. 7L, f* 1X f ® Poisson f#% @ nontangential maximal BI4%, i.e. Vr € R"
iZxf L C,

(@)= sup |(f*P)(y)]

ly—z|<t
t r (=)
— _ - = 2
- Iy?-liit n /Rn f(y v )(tz + '$/l2)(n+1)/2 dz’l, rn+1)/2°

TH2. £, norm || - |gar &

| fllzar = | £*|4e,
TEERTD.

2T 1<p<0iTHLT,
' H AP : Banach ZE[8]
Thd. £7,1<p <py<oo KRLT,
H'N APt 5 HAP O H AP
ThHD.

Definition 4. 1 <p<oo D& &, f € L] (R") 28 central mean oscillation of order p @
B¥ O class, CMOP, IZ&T 2 L13,

1
P = SU TR/n DY
£ llesro o (IB(O, R)| Jb(.p)

T THB. 2L,
mp(f) =

i/p
1f(z) mR(f)lpda:) < oo

1

—_— z)dx
BO. ) Joon’

TH5.
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ZIT,1<p<oo iZXLT,
CMO? : Banach 2=
ZL<T
CMO? > B? D B}
THD. £72,1<p; <pr <0 IZHLT,
CMOP 5 CMO? > BMO

Ths.

728, Feflerman-Stein’s H'-BMO duality ® analog & LT, RD duality BRI 7.

Theorem 5 ([CL}, [G]). 1 <p,p' < c© with:—)+£;=1 t35BH. ZDOLE,

(HAP)' = CMO?
ThHb,

WIZ, [Ma,] i28W\NC, AP, B?, B} ERZ N EHOMOBERMBEEMB RSN (BFR
M2 (-, . () OEFIZOWTI, [BL], [S], [T] B8).

Theorem 6 ([Ma;]). 1 <pp,p1 <0, 0<f <1 DEXE,
(A”°,Ap1)[9] = (A”",A’”)[g] = AP (equal norms)
1-6 6

Po D1

b5, 7‘:7‘:"1,,;—):

Theorem 7 ([Ma,]). 1 <po,p1 <oc,0< <1 DL X,
(BP, B ) = (B*e, B )l = B*  (equal norms)
1-6 ¢
+—.
Do b

THE. KEL, ;=

Theorem 8 ([Ma;]). 1 < po,p1 <00, 0<<1 D& X,
(B§*. B§' )y = By (equal norms)
1-6 6

Po 4

THD. REL, =

S biZ, [May] 12V T, C. Fefferman and E. M. Stein @ LP(R") & BMO OO
WME# ([FS], [GR], [J], [S] BM) @ analog TH D, KD B & BMO O OFHEEREH
RENT.
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Theorem 9 ([May]). 1 < pp < oo & L, T I linear operator T,
T :B"™ — Bf°
LT
T : L®(R") — BMO
boundedly, &3 5. ZdD & X, Vp with py < p < 00 IZxF LT,
T:B? - CMO?
boundedly.

AEEOBMIX, 2D B} £ BMO OREOFMERICEND CMOP ERIZOWVWT,
TN OMOBERMHLEMEL BRI L THD.

2. HarDY Z/ HA,,

%*}”C, ke Zizxt LT, B, = {.L e R*: [.EI < 2"‘}, Cy = Bk\Bk_l, Xt = X LEE
T%. =1L, x¢, i Cp @ characteristic function THh 5. £, v = if k€N, L
T A{‘D = XB, &1 5.

[G] &R T, J. Garcia-Cuerva i3 A* Z[ & B? ZHOH ) —ODEREER -
(one-dimensional case %, [F] I2BWT, B b T).

Definition 10. 1<p< oo ¢35 &,

AP = AP(R") = {f Nfllae = 30 (27 1% < °°} ‘

k=0

1 1
o

EEL, -4==1Th5;
p p

B? = BY(R") = { £ 1w = sup (247 £50ll) < oo}.
k<0

%7z, [GH] iz T, J. Garcia-Cuerva and M. -J. L. Herrero i, IRD A, , ZEf#i &
B,, ZEHxE® L.

Definition 11. 0<¢<1,¢<p<oo XL T,
Apg = Apg(R")

L 1/q
_ {f : llf“Ap,q — {Z (zkn(l/Q—l/P)“f)zk“p)q} < OO}

k=0
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ZLT,0<¢<],1<p<ooiZxLT,
By g = B y(R")
— {f € Lfoc(Rn) . HfHBp,q = sup {2—kn(1/(1—1/P’)”ffk“p} < OO}
k<0

LEETD. RPL ;-+1%=1 CbB.

ZIT,1<p<oo XL T,

B,,=B" LT A, =47
ThHDH. £7,0<q<1,1<p<ooliZH LT,

Apq C A" C I C B" C B,,
Ths.

Proposition 12 ([GH]). f € B,, TH 3 =D HE+» &M

sup { |B(0 R)Il"”"( | lf(y)l”dy)l/p <o
R>1 ' |B(O,R)| B(0,R)

THD.

128, WO duality B Y 0.

Theorem 13 ([GH]). 0<q51,1<p<oo%b'(-;- 57:1 ETH. ZDLk, |

(Ap,q)* =By,
Thb.

& BiZ, [GH] I8V, IR® Hardy ZZ/ HA,, & A,, ZRBERS L.

Definition 14. 0< ¢<1,g<p<o0 ZFLT fe& ¢35. ZDL X, f i Hardy &
Ml HAp, R 2 &iX, f 3B u(z,t) in RTH O boundary distribution T&H D,

my(z) = sup |u(y,t)| € 4y,
ly—z|<t

EWET L THD. £, quasinomm || - ||ga,, &

Il A, = lImalla,,,

TEERTD.
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2T, 0<q¢<lg<p<o0iTxtLTC,

HA,, : complete ZEfd]
LT

HA,, C H°
ThHs.

Definition 15. 1<p<oo D& %, fe L} (R*) 3A,,with0<g<landl<p<o

BT LI, VRS> 1 I LT, BAN =[n(1/q— 1)] DSEX PYf(z) BEELT,

1/p
_ 1-1/q 1 _ pN pd)
£ Nla e ;t;g{lB(OqR)l (fB(o,R)q o (&)~ FPrf(@)fda }<oo
T LThB.

ZZTC,0<g<L1<p<ooiTHLT,

A, : Banach ZE#
ThHY, £,

A,y =CMOP
Th5.

228, RD duality 235K Y L.

Theorem 16 ([GH]). 0<¢<1,1<p<oo LT %+$7=1 ETH ZDEE,

(HAp,q)* =Apq
ThHb,
3. CMO? OROBREHREIZER
BN, HA,, OB OBRBEZER IOV TR 5.

1 1-6 0
Theorem 17 ([HY]). 0 < 0,1 < 1,1 <pp,p1 <00,0<b<1 &L, ==

126,20 v43. ok,
Qo q1

Do P

L
q

(HAPO g0y HAm ¢ )[0] = HAp.q
THb.

TIT,0<qyq <1 ?D&ED Theorem 17 iX, [GH] icBWTREI N,
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1 1—-6 6
Corollary 18. 1 < py,p1 <00, 0<8< 1 <‘:L,];= +— ¢95. oL E,
Po 1

(H‘Apo,h H_Ap] 1 )[0] = HAPJ-’

i.e.
(HA”“,HA”’)[G] = HAP

THD.

Wiz, BRAMEIEICEIT 2 duality theorem 122V TR 3 ([BL], [S], [T] ZR).

Theorem 19. compatible Banach ZEf8] Ay, A; IZXF LT, Ag N A; 2% Ag, A; T dense D
L&,
(Ao, A1)y = (43, 41 (equal norms)

ThH5.

£, ROEEZAWT, [LY] IZBWT, HA,, IZ8B1F 5 denseness 23R S L7z ([Mi]
BH).

Definition 20. B L 2 LT, k>0 D& X, P, 2RE bk 28220 R" LoEEKX
BIf DL, k<0 DL &, P ={0} LEHETS.

¥, fe LIDC(IR") DLE, fLP, THDHEIX VPeP, IIXLT,
fPeL'R") LT f(z)P(z)dz =0
Rn

ZWMITIETHD.

Proposition 21 ([LY]). 0<¢<1,g<p<oo DL X,
X,={f€C(R"):f L P} with k3> n (% _ 1)

iX HA,, ?® dense subspace T&h 5.

LOLE, INLORREAND L, RO CMO? ZEROBOEREHEEBIB/OND.

Theorem 22. 1<p<oc,0<f<1 kL,l:1;0+p£ LT5 ZDLE,
p 0 I

(CMO™ cMOoM )P = cMOoP

THD.
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Proof. &M, Theorem 5, Theorem 19, Proposition 21 {2 & ¥,
* *\ 6] *
aAfore CAMoOPe — vo’ ( AP - Apo’ n'y
(CMO™,CMO™) ((HA ) (mA ) ) (HA JHA )[9]

1 —9 6 1
rEL, —+—1--—1(z—01) <hs. corx iyl opyge 2l 01
pi pp p’ P p
THHND, Coxollaw 18 1z%k Y,
(HAPO',HAPl’) — HA”.
i)
e, .
(CMO™, MO = (HA") = CMO?
BELND. |
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